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CHAIRMAN®S FOREWORD

The Proceedings of the Sixth international Symposium on Automated
Cartography are landmark in the documentaticn of the field of computer
assisted cartography. None of the previous five sets of proceedings
is comparable, as Auto-Carto Six has a number of unique characteris=
tics which are reflected in this record of the symposium.

A special effort was made to emphasize international perspectives and
the authors whose papers are presented here represent more nations
than at any other Auto-Carto meeting., The proceedings also have a
urniquely Canadian flavour, with a number of outstanding papers in hoth
English and French. Canada has been in the forefront of the field of
computer assisted cartography for the last two decades, and Auto-Carto
Six provides Canadians with a unigue opportunity to take stock of
their achievements and te identify new challenges.

Aithough the editor of the Proceedings, Dr. Barry Wellar, has played a
special role in their production, they would not have been possibie
without the assistance of aii those who participated in Auto-Carto
Six. The Proceedings of Auto-Carto S$ix are the written record of a
remarkable coilective endeavour.

D.R.F.T Tayiar, Chairman
National Steering Committee
September 27, 1983 for Auto-Carto Six
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PROGRAM DiRECTCR/EDITOR'S FOREWORD

The Proceedings are a single, but nevertheless very important
indicator of what was said and dome at any Conference. And, their
value increases if a representative selection of papers can be assem-
bled for the benefit of participants, as well as for interested
parties not able to attend the meeting.

In the instance of Auto-Carto Six, it appears fair to say that the
international Auto-Carto community outdid itseif: one hundred and ten
complete papers and fifty abstracts from speakers representing nine-
teen countries, including submissions in English and in French. | am
grateful to the Technical Program Committee for assistance in securing
papers, and to authors and their typists for submitting materials in
the appropriate format. Their cooperation made distribution of the
Proceedings in a timely manner possible.

it is appropriate in closing to acknowledge the efforts of several
persons who not only made my job easier but improved the quality of
Auto-Carto Six products and processes: David Douglas, Department of
Geography, University of Ottawa, who was of invaluable assistance
through his work as Special Sessions Coordinator, and as a resource
person for the General Tracks as weli; Johanne C. Forgues and Manon
Forget, Department of Geography, University of Cttawa, and Doreen
Ramplee-5Smith, Carole Baker, Lloyd Mackey and Anne Buie of Carleton
University, who prepared much of the material leading up to production
of the Proceedings; and Bob Aangeenbrug, University of Kansas,
Director of Auto-Carto 2, 3 and 4, Jack Foreman, {U.5.)} National
Cceanic and Atmospheric Administration, Director of Auto~-Carto 5, and
William French, American Society of Photogrammetry, who by their
efforts set the production precedents for this publtication.

September 27, 1983 Barry S. Wellar
Ottawa, Ontario, Canada Department of Geography
University of Ottawa



PREFACE

Papers in the Proceedings are grouped to reflect the Sympos ium

themes and sub-themes as follows:

A.

B.

Keynote and Plenary Addresses {Volume |)

General Track Sessions {Volume I)

a)
b)
c)
d}
e)

integrated Systems

Practical Applications

Problem Analysis/DPecision Support Systems
Research and Development

Education and Training

Special Track Sessions {(Volume 1)

QO] A Il B owa

Limited Investment Mapping Systems

Institutional Mapping Efforts: Status and Prospective
Data Structures

Mathematical Cartography

Problem Analysis: Projects to Processes

Thematic Mapping

Remote Sensing: Systems and Activities

Electronic Distribution/Exchange of Cartographie Data

The majority of articles presented in the Proceedings were assem-

bted from camera-ready copy provided by authors. Abstracts are
inctuded in cases where complete papers were not submitted. In all
events, editorial changes were kept to a minimum.
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THE XYNIMAP FAMILY OF FROGRAMS
for
GECGRAPHIC INFORMATION PROCESSING
and
THEMATIC MAFP PRODUCTION

David H. Douglas
University of Dttawa

ABSTRACT

The XYNIMAP family of programs cffers a wide range of cartographic and
geographic information processing capabllity including XYNIMAP itself, an
interactive digitizing and graphic editing system, BNDRYNET and CCNSURF,
programs for reorganizing data topology, and XYNIDRAW, XYNISYM, and
VUBLOK, which are thematic mapping programs. Collectively the system
illustrates what can be done utilizing timesharing and communication
speeds which are considered as minimal for interactive text editing and
other asynchronous remote terminal operations. The ayatem was designed
for all sorts of pilot and demonstration prejects, to be a robust and
flexible tool for undergraduate teaching, and as a research tool for
geographic and cartographie projects that might be undertaken by faculty
members who are not speclalists in thia field.

INTRODUCTION

Tt was in the universities in the late sixties, and the early seventies,
that very much of the seminal development took place in the fields of
computer assisted cartography and geographic information processing,
especially in terms of concepts and algorithms, Yet it is ironic that
most of the presently manufactured and marketed turnkey systems, {both
large and small), which are part of the commercial expression of those
early research efforta, are beyond the financial capability ef the
departments and schools that were so early involved. Geographic
information processing is a tool which promises such an impact in fhe
diseiplines using maps it is imperative that students be introduced to it
early in their post secondary careers if they are to keep up with the
developments that will take place in their fields in the next few decades.
It is a well known fact that evolution and development in most disciplines
is profoundly affected by the available tools.

XYNTMAP

In response to a need for a asimulation of a non-trivial interactive
graphics work station environment for teaching, the IYNIMAP line
digitizing system was developed exploiting the selective erasability,
colour and flashing capabilities of a modern colour raster CRT display,
and the available computing resocurces supplied by the University in the
form of timesharing with a powerful central mainframe computer. Data
output was to be easily massaged to a form required for commonly available
geoprocessing and graphics systems, such as GIMMS (Waugh), the venerable
SYMAP program which is still used because of the vast array of concepts it
demonstrates {Doudenik), and innumerable programs cbtained less formally
than by commercial purchase. Modelled after the I.B.M. Scientific

Subrout ine Package which incorporates the documentation as detalled
comnents within the code itself, Douglas (1974} distributed a small

2



geoprocessing subroutine library through the Harvard Laboratory for
Computer Graphics and Spatial Analysis. The XYNTMAP family of programs,
or system, represents a further progression, and perhaps a culmination of
this latter work.

With the XYNIMAP program lines may be recorded as "reduced" streama of
coordinates (reduced by the Douglas line reduction algorithm discussed in
Douglas and Peucker, 1973), with identifying header, in files which may be
stored, copied, archived, concatonated, or otherwise managed by any file
handling system. Hardware components {Figure 1} include a digitizer or

"B GENTHAL
i COMPUTER

XYMIMAR

WORK STATIOM AREA

DUGITIZER
READCRIT

AL LA T
MGOEM

CLRSCR
SWITGH

=]

=

X
DIGITIZER TABLE

* ST e

WIERFACE ‘l

ABGE
TERMIMAL

Figure 1. XYNIMAP Hardware Confuguration.

graphic tablet with point and time-stream modes of recording, a colour
raster graphic CRT display terminal, a programmable interface, a modem and
communication lines ¢ a mainframe computer. XYNIMAP is a FORTRAN program
which runs interactively with a graphics subroutine package for colour CRT
terminals. The LOGITEK package (Karam and Raymond)}, with which XYNIMAP is
currently implemented, is one of any number that would suffice, including
the TEKTRONICS PLOT10 Library, and the Presentation Level Protocol {PLP)
of TELIDON (O'Brien et al), XYNIMAP utilizes only the basic graphic
functions from the display package, that is: change colour, fill a
rectangle or polygon, draw a line, receive coordinates from a screen
curscr, and write text. All scaling, windowing, and clipping functions

are performed within the XYNIMAP program itself.

XYNIMAP mimics the actions of a "pencil and eraser", allowing the operator
to: 1. trace digitize lines {(at 3 points per second, a limitation

imposed by the communication speed of 2400 baud), viewing them on the CRT
screen almost immediately; 2. graphically "find" a line from a number of
lines displayed with either the CRT or the digitizer cursor; 3. mave,
stretch, delete or break into shorter lengths, the line thus found; and i,
join pairs of lines. This activity is made clear to the operator by



continuously updated menus displayed on a quarter panel of the graphic
display, and by the use of selective erasability, signal colours and
flashing with which the image is drawn. The graphlic thus displayed
matches what i3 being entered, changed or deleted from the data-set.

The coordinate values of points are transformed between the coordinate
system of the digitizing table and that of the intended output coordinate
system of the digital map, and again between the digital map and the
graphics screen. The latter transformation is @ simple scale and shift to
a user defined window. The former is more complicated. By typing the
coordinate values of "reference" points, and by digitizing these points
frow the graphic source decument on the table, all other locations are
transformed to the coordinate system represented by the typed values of
the reference points. Three types of transform for this table-to-digital
map conversion are implemented in XYNIMAP; namely: planimetric,
projective, and confarmal. Two reference points are necessary and
sufficient to provide the parameters required for a planimetric transform.
A11 digitized data are translated, scaled and rotated automatically,
maintaining planimetric shape through the transform. Four reference
points define a projective transform for which the code was taken from
Baxter (pp. 133-134). The four points as typed need not be planimetric
with those digitized, which implies a capability for shape change from the
table tc the output digital map. In fact a document may be stretched,
sguashed, inverted and distorted as desired, maintaining the property that
straight lines remain straight. The conformal {or the Lauf Crphometric)
transform maintains orthomorphiasm, or constant angles, The conformal
transform parameters are calculated by the program with as few as three
and as many as 100 reference points, although between four and eight are
optimal. The multi-point confarmal transform is especially useful for
digitizing from the confarmal projecticns, such as Mercator, Transverse
Mercator, Lamberts, or Polar Stereographic projections. Since a conformal
transform will convert straight lines to curves points are automatically
inserted to ensure that curves result. If the user types the coordinates
of reference points in latitude and longitude format, the output
coordinate system is automatically set t¢o the "Equatorial Mercator®
projection. Data from other conformal projections are converted to that
within tolerances required for a hand digitized product. Subsequent
conversion to other projections directly, or indirectly through Plate
Carree, is straight forward. Figure 2 illustrates the projection options.

/ — e

" Vf 7

L /J‘L\_h_’ /

#7

Figue 2. Transform Options: a) Input Lambert Conformal,
b) Planimetrie, ¢) Projective, d) Conformal.
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Line data collected or generated by XYNIMAP are written into external
files as binary numbers in variably spanned records with a header which
allows the record to be reread by XYNIMAP, and the other programs in the
family, without user invelvement at the level of data formats, etc. This
means that the actual numerical values, (that is the X,Y coordinates} are
no longer a concern of the operator, who uses only the graphic form for
his compilation or artistry.

COMMAND INTERPRETER

XYNIMAP, and the other programs in the family use a common command input
interpreter which is similar tc those found in GIMM3 {Waugh)} and ODYSSEY
(Morehouse and Broekhuysen). The user can enter commands in a fairly free
Flow of words, numbers and carriage returns. For most command operations
there is a liberal allowance c¢f alias words, This is demonstrated by the
gub~system in XYNIMAP which interprets locations entered aa Graticule
coordinates.

From time to time it is necessary for a user to enter lccations in
latitude and longitude coordinates. The problem is made more complex than
normal interactive entry of numerical data because of the fact that
entries will likely be made in an unknown selection of words and numbers
representing axis, (ie. LATITUDE and LONGITUDE), direction, {ie. NORTH,
S0UTH, EAST and WEST}, and real values or integers representing DEGREES,
MINUTES, and SECONDS, and it may be made in a variety of format
conventions, (ie. longitude entered first). & specific module waa

encoded to interactively interpret longitude and latitude allowing for the
above complications. The module calls the command analyser which receives
the user’s list of words and numbers and then processes the axis,
direction, degrees, minutes and seconds into radians. By means of
displayed tables the process offers the cpportunity to interactively
correct and, if necessary, to re-enter the whole selection of points asked
for by the XYNIMAP. The Latitude/Longitude reader routine utilizes the
command parser and analyser, and its versatility is illustrated by the
following set of valid responsea for two required points.

LAT NOR 31 32 33 LON EAS 3 42 1 LAT NOR 34 35 356 LON EAS 5 6 10
NOK 31 32 33 EAS 43 42 41 NOR 34 35 36 EAS L6 U5 44
31 32 33 43 42 41 34 35 36 46 45 uL =

LAT NOR 31 32 32 34 35 36 LON EAS 43 42 41 46 45 44
NOR 31 32 33 EAS 43 42 41 NOR 34 EaS U5 #

LAT NOR 31 LON EAS 43 LAT NOR 34 LON EAS B6 #

LAT 31 LON 43 LAT 34 LON L6

SERIES 31 32 33 34 35 36 U3 42 41 46 45 L4y #

31 32 42 43 34 35 46 4y

31 43 34 46 #

LON EAS 43 42 41 LON EAS 4 LAT NOR 31 32 LAT NOR 31
NOR .031E+02, EAS 33.333 ~13.6 -34.

The number of entries made per coordinate, per line of typing, ete., are
compensated, and non~-standard words and forms are analysed. All of the
above twelve entries represent valid user responses to a program
requirement to enter two points. Any of them may have been interrupted by
cne or more carriage returns and typed on a number of lines. Decimal, and
exponential numerical values, including negative values, may be entered
where integers are shown above, Complete words, or truncaticn to three
letters, may be used for: LATITUDE, LONGITUDE, EAST, WEST, NORTH, SOUTH,
and SERIES. Entries may be made without seconds, or without minutes and
seconds, and since decimal numbers may be utilized, decimal degrees may be
entered employing this feature.



The module has important recovery procedures for typographical errors. It
displays a request for the number of points to the user and an example of
a correct response. On receiving a blank line/carriage return, the

routine first queries the user on words which it cannot Iinterpret, such as
the misspelled LITITUDE. On completion of this basic synkaX recovery
procedure a list of the interpreted and converted coordinate values is
displayed. Tt then queries for confirmation providing the opportunity to
retype any point, or it invites the user to re-enter the whole list if he
chooses to do so.

One objective of the module’s design was to make it unnecessary to trouble
the user with detailed instructions illustrating the variety of ways to
enter points. It is sufficient to instruct the user to enter LATITUDE and
LONGITUDE as demonstrated by instructions issued by the module. The
experienced user will very likely discover the possibilities on his own
Without the need for explicit instructions which, as can be seen, must be
fairly verbose. In fact the philosophy Dehind the XYNIMAP syatem is that

a minimum of rote learning from manuals should be necessary. Instead,
input modules for all command sequences are designed to display acceptable
actions as options, and robustly react sensibly teo most other actions.

BNDRINET

4 number of informal experiments carried out suggested very strongly
that the easiest way to hand digitize the boundary lines of a spatial
partitioning is to follow the lines with the cursor without reference tc
the topology of the boundary network (see Douglas 1973). This applies to
man-made networks, such as state and tract boundaries, as well as to
representations of natural networks such as a soil-type partitioning.
This is because at sach node there is often one or more lines that pasa
right through without a change in direction at the node, For example it
is possible to trace a single mid-continent line in the United States,
from Canada to Mexico, which forms a part of the boundaries of eleven
states, and passes through eleven network nodes, without a change in
direction caused by the nodes themselves. It is easier to trace digitize
this whole line in one pass, than to break it up in any other way. There
are many other lines of this type forming this and any other network.
Many of the lines seem to pass right through the nodes, almost as if
oblivious of the topology, while the nodss are formed by other lines
intersecting with them,

Becapse it is relatively easy to digitize simple lines a program was
written to automatically recognize and record the topology of the polygon
network implicit in them. BNDRYNET is, in other words, a cartographic
spaghetti-to-polygon converter. Written in 1972, and possessing rather
severe limitations in the number of segments, lines and polygonsa it can
handle, it has nevertheless been incorporated as an output massager for
YYNIMAP, but because of its limitations it is useful only to produce
polygon perimeters for simple networks such as generalized represent-
ations of the U.S. states, the countries of Africa, or the census tracts
of a small city. The program produces a line record for each polygon
identified by a point digitized from the graphic within each desired
pclygon. Many programs and processes which employ this organization are
available. Choropleth mapping programs for colour CRT plotters, for
instance, are trivial to write if the polygons are recorded by their
perimeters. Each beoundary line which is output by BNDRYNET is, of
course, made up of the same points as the boundary of the nelghbouring



polygon and there are no slivers or overlaps. A new algorithm now being
encoded will provide a basis to eliminate these restrictions and output
segment lists in a manner suitable for segment reading systema such as
GIMMS. An efficient boundary network processor which produces a segment
Tile without serious size limitations will form the foundation of a
polygon network overlay system.

CONSURF

As discussed by Clarke, Gruen and Loon, contours are increasingly being
used as gsources of data for grid digital elevation models (DEM s). The
contour map is practically the universal method for recording surface
morphology in detail on paper maps, and they have stood the test of time
for commensurabiity, utility, interpretability, and economy {(of symbolism
required for the information conveyed). A surface may be stored in
digital form by line traces of the contcurs, but there are certain
shortecomings related to what can be done with it in that form. On the
other hand, a grid digital elevation model lends itself to many processes,
operaticna, and to producing displays of all kinds. The reason for this
ocbviously relates to its symmetry, but more especially to the implicit
topologieal structure of the neighbourhood relations of each peint.
Nothing has to be searched to find which grid intersection point, or grid
cell, or grid link is next tc¢ the current one, and data locations in
storage are instantly calculable from the ccordinate location in space. 4
contour to grid digital elevation model system seems an essential part of
any integrated family of geoprocessing systems.

Conversion of structure frem contours to a grid DEM consists of
considerably more than reordering data elements on the basis of topology.
Unlike conversion from line data (cartographic spaghetti) to a polygon
structure, conversion from contours to grid involves a complete
recalculation of all data element values. Hardly a single exact value
will remain, except for the very occasional one where a point defining a
contour falls exactly on a grid intersection. This is very rare. In
general, therefore, all grid intersection values will be interpolated.
The problem has two major components, a geometric one: that is the
calculation of the value of a point from the values and locations of the
contours near it, and an algorithmic one: the problem of finding those

Figure 3. The Geometric Interpclation Component.



contours that apply, and the location aleong each contour to use for the
interpclation, and further, to incorporate these in a tractable algorithm,
given that for a problem of reasonably standard magnitude, 22,500 grid
point values {ie. 150 by 150} might be calculated from a contour file
comprised of as many, or more, than 150,000 points.

Figure 3 illustrates the geometric interpolation problem, In theory the
value of a point must be interpolated along a slope line. Slope lines
cross contours at right angles, and they converge to asymptotes along
ridges and channels terminating at peaks or pits (see Warntz and
Woldenburg, p. 57). A linear interpclation would probably suffice along
the slope lines at A and B in Figure 3, however a four peint polynomial
interpolation, an overlapping pair of three point interpclations with a
spline weighting function applied to the mid section, as suggested for
line smoothing by Junkins and Jancaitis, or a third degree Hermite
pelynomial, suggeated by Yoeli and discussed later, all merit serious
consideration. These more sophisticated interpolations would likely
reflect a more probable behavior ¢f the surface in zones of transition
such as evident along slope line C. Definition or calculation of a slope
line from contoura is very difficult however, and the gain by doing so
will be marginal. For instance the value calculated at point 1 in

Figure 3, by linear interpolation along the vertical grid line is probably
cloae enough to an esoteric spline interpolation along a curving slope
line that the difference can be ignored. This applies to peints twe and
three as well, where the diagonal and horizental grid directions are used
to approximate the slope line., Points U and 5 indicate that a two
direction approximation may even be closer to the curving slope line, and
computations based on that may warrant consideration.

Figure 4. The Algorithmic Interpolation Problem.

Figure Y4 illustrates some of the problem areas. At point 1 where there is
little problem, it is evident that the value computed using the vertical,
or the horizontal grid lines would not be very much different from that
calculated along the Northwest-3Southeast diagonal. The method suggested

by Yoeli {1567) interpolates along a stratified sample of vertical grid
lines using a three point Lagrange polynomial equation to find the slope
at the centre of three consecutive contour intersections. & third degree
Hermite polynomial is applied with the slopes at the contour intersections
to interpolate to the grid points. A similar procedure is invoked to fill
in the remaining points along the horizontal grid lines between the sample
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of vertical grid lines., The method lends itself to algorithmic

expression, and the surface produced is generally smooth and of acceptable
appearance. However there are serious directional biases that stem from
the large angles between the approximated slope lines uged, that is the
orthogonals, and the actual slope lines. This shortcoming is criticized
by suggestion in the text of Clarke, et al. though not specifically
stated. At point 1 in Figure 4 it can be seen that the Northwest-
Southeast diagonal can easily be isolated by a variety of tests, including
a simple leéngth test of the grid orthogonal or diagonal jeining contoura
(d} and (e), length of the shortest "half" ray, that is the Southeast ray,
or along the ray yielding the maximum slope. Clarke, et al, suggest that
selection from four grid lines, that is the orthogonals and the diagonals,
iz superior. & line more closely paralleling a slope line can obviously
te better selected from four cheices than from two. Values computed for
points 2, 3, U, and 5 indicate changes of choice of grid directions along
which to interpolate, and in fact, discontinuities occur in any surface
ealeulated through such transiticns, Point & illustrates a problem in
extended contour loops such as along ridges and channels. Point 6 would

be calculated as the value of contour {b), because none of the orthogonal,
or diagonal rays necessarily intersect another contour. Points 7 and 8
demonstrate other difficult cases, the former the problem of generating a
decent surface behavior in passes, and the latter where contours do
peculiar things, such as looping in and out in opposite directions, when
the expectation is that they remain more or less parallel. The only
simple case, therefore, cccurs when contoura are close to parallel, and
are relatively straight. At all other locations, which seem to be in a
majcrity on most contour maps, surface irregularities and discontinuities
result from all of the procedures so far discussed, and would occur for
any other interpolation method, even if done along the exact slope line
regardless of how it curvea. A method for dealing with these
discontinuities will be discuased below.

The algorithmic problem can be very succinctly stated. For a small grid
measuring 150 by 150 grid cells, 22,500 values must be computed. For each
one a search for the eight intersections of contour lines closest to the
point along the four radiating grid lines must be conducted. This search
must consider all the contours that pass over the 150 by 150 grid patch,
and such a file can easily be composed of 150,000 pointa. Without a
careful structuring of the process this could involve several hundred
billion operations just for the search,

The objectivea of CONSURF were defined as follows. Since the contour file
is likely to be large the search through it for intersection points must
be restricted to one pasa. Further, as always, there is a requirement to
use a3 little core as posaible. Core allocated for CONSURF is restricted
to three times the core required to store the grid itself. An algorithm
based on a linear insertion list was devised. Arrays are created with

each element to act as an independent entry root to the liat, one for each
grid line (Figure 5). Each segment of the contour file is examined to see

1 Lists 2 Lists 3 Lists 4
E-wW SW-NE SE-NW

HIEZRS

A\

11—z 27| | N

Figure 5. Superimposed Grid Line Lists.
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what grid lines it crosses, if any, and for each one it does cross the Z
value of the contour, is inserted intc the list, along with, and

sorted on, the Y value of the intersection with the grid line. In the

case of horizontal grid lines, the X values are used. The raoot element

for entry to the list is calculated from the segment coordinates. The
multiple root system actually makes the one single list behave as thnough
it were wany individual lists, but because only one YNEXT" peinter is used
for record entry, they are all, in effect, superimposed. This list, which
can be quite large, may be written into direct access external storge, or,
if available, may be kept in core.

When the search and the list are complete each grid line of intersection
points may be reconstructed by retreiving from the list starting at the
appropriate root entry. Grid point values are calculated along each grid
1ine for each set of grid lines: all the horizontal lines, the vertical
lines, and the two sets of diagonal lines. Two values are stored for each
grid point, a Z value, and a D value. Each grid point is interpolated
four times, and depending on the D value, the previous Z value and D value
are retained, or replaced, There is a choice of what to use as the D
value. Tt could be distance between successive intersection points in the
XY plane, the slope, or the half ray length. & mumber of tests suggest
that the half ray length was more useful, although the differences were
marginal. To assist in making a better choice of grid ray in extended
contour loops, and in passes, the D value ccmputed from a horizontal
interpolation segment is multiplied by four to make it less likely to be
used over that computed From a sloping segment,

The surface that results from these algorithms represents the linear
interpolated value along the grid line selected from the four on the basis
of a contour intersection being closest to the grid point. This is
modified, as discussed above, if the slope is zero aleng this segment.

Figure 6. Contours interpclated from a Grid, which in turn
was Interpclated from Digitized Contours.

The resulting DEM ia predictably gquite well behaved in areas well defined
by parallel, relatively straight contours. The discontinuities mentioned
abtove are frequent in ofher areas. These are dealt with by a selective
local smoothing operator, The D grid, generated and stored along with the
Z grid, records the distance from each grid point to the nearest contour.

10



As Tobler notes (p. 179), edge effects creep inward towards the centre of
a geographic matrix with each conasecutive local smocthing operation. In
the same way, the smocthing effect diffuses cutward from grid points
protected from being smoothed no matter how this may be done. Since the D
value records distance from the nearest contour, it provides a convenient
indication of those pointa further than a grid unit from one. Only these
peints are smoothed, but the smoothing cperator considers all neighbouring
points, whether they are smoothed or not. In this way the fidelity of the
cpresentation in the vicinity of the contours is retained. Careful
visual examination of perspective view plots of surfaces produced by these
algorithms confirm that they produce an accurate reflection of the surface
represented by the contours, and a very well behaved surface in regions
between contours.

Figure 6 illustrates the contours from which a grid digital elevation
model was interpoclated, the grid lines, and contours computed from the
grid,

GRAFPHIC ROUTIRES

A prerequisite of any geoprocessing system, especially for teaching, is a
considerable graphic output capability. If data are well crganized, and
not too veluminous, thematic mapping programs, especially of the
statistical map variety such as choropleth map3, properticnal sized symbol
maps ete. may be written with relative ease. Difficulties ccour only

when hidden line eperations for line drawing plotters must be
incorporated.

The XYNIMAP family at present offers three graphic options: XYNIDRAW,
XYNISYM and VUBLOK.

fnput line
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Figure 7. XYNIDRAW Line Symbolism Sample.
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YYNIDRAW consists of a command input interpreter that allowa
identification of line features to which a line symbol type may be
applied, along with scaling and window optiocna. Line symbols may be
created with permutations of line type commands selected from: WIGGLE,
JAGGED, SMOOTH, DOUBLE, SOLID, BOXED, DASHED, DOTTED, SPOTTED, TRACKS,
ZIGZAG, and DIAMOND. Each line type command has one or more numerical
parameters to indicate such things as size. For exawple, SOLID may be
followed by two real numbera giving the outer and inner widths of a solid
line, which results in a hollow solid line, Figure 7 illustrates a sample
of several hundred permutations that have been tested.

YYNISYM combines the capability to produce PILLAR maps {pouglas, 1979) and
Proportional Circle Maps, (Rase, 1973).

VUBLOK is a perspective view display system which illustrates grid digital
elevation models with a variety of symbolism types (Douglaa, 1972).
Surfaces may be illustrated in perspective view with plastic like relief
shading if a raster display with a greyscale capability is available,
profile lines, and horizontal plane contour lines. It is also peoagsible to
plot other input lines on the surface. These lines may be entered with
fixed Z values associated with the lines themselves, such as shore lines
and contour lines, or they may have their 2 values computed from the
model. The line symbols are plotted on visible zones of the surface only,
which is of course dependent cn the projection of the image and the relief
of the surface itself.

SUMMARY

The XYNIMAF program, with its component software and hardware, acts as an
automated pencil and eraser to record line data from graphic source
documents into a previously defined coordinate system. A common
configuration of the system (taking into account the C.P.U. core storage,
and the direct access storage that can be allocated at a particular
installation), will enable 1,000 lines of 1,000 points each to be
recorded, edited, and stored in a single session. Linea are recorded
without explicit structured relations to each other (cartographic
spaghetti}, and certain structuring procedures and data massage operations
are available through the Boundary Network Program (BNDRYNET) and the
contour Lo grid program (CONSURF). These programs are integrated on the
basis of common data requirements and output, as are the graphic plotting
and display programs with which a wide variety of thematic map types can
be produced.

Pernaps more importantly, the development of this system has resulted in
several algorithms ineluding a new hidden line algoritmm for digital
elevation model surface displays, which is actually an optimal combination
of three contrasting methodologies, an efficient polygon window clipper,
the contour to grid procedure, and several others. With the XYNIMAP

family some work has been carried out on the cartographic feature code
problem, and on surface compreasion technigues.

ACKNOWLEDGEMEN TS
The author wishes to acknowledge Thomas Wray of the Dept. of Energy Mines
and Resources, Canada, for interpreting the Lauf Orthomorphic Transform.

Funding for important enhancements to the VUBLOK system was generously
granted by The Department of Energy Mines and Resources, Canada.

12



REFERENCES

Baxter, Richard 3., 1976, Computer and Statistical Technigues for
Plannera, Methuen and Co. Ltd., London :

Clarke, A.L., Gruen, A., and Loon, J.C, 1982, "The Applicaticn of Contour
Data for Generating High Fidelity Grid Digital Elevation Models",
Proceedings of Auto-Carto 5, ACSM/ASP Conference Crystal City VA, pp.
213-222

Doudenik, James A., 1975, "SYMAP User’s Manual", Laboratoery for Computer
Graphics and Spatial Analysis, Harvard Graduate 3chocl of Design,
Cambridge Mass,

Douglas, David H., 1972, "VIEWBLOK: A Computer Program for Constructing
Perapective View Block Diagrams", La HRevu de Geographie de Montreal, Vol.
X¥VI, No 1. pp 102-104

Douglas, David H., 1973, "BNDRINET", in Peucker, T.K., Interactive Map in
Urban Research: Final Report after Year One, University of British
Columbia, Vancouver

Douglas, David H., and Peucker, Thomas K., 1973 , "Algorithms for the
Reduction of the Number of Points Required to Represent a Digitized Line
or Ita Cariecature®™, Canadian Cartographer, Vol. 10, No. 2, pp.112-123

Douglas, David H., 1974, Collected Algerithms, Paper No. 20, distributed
by the Laboratory for Computer Graphics and Spatial Analysis, Graduate
School of Design, Harvard University

Douglas, David H., 1979, "The Pillar Mapping Program", in Harvard
University Mapping Collection, vol. 2, Mapping Software and Cartographic
Data Bases, Laboratory for Computer Graphics and Spatial Analysis, Harvard
University, pp. 51-62

Junkina, John L., Jancaitia, James R., and Miller, Gary W., 1972, "Smooth
Irregular Curves", Photogrammetric Engineering, Vol. 38, pp. 565-573

Karam, Gerald, and Raymond, Jacgques, 1981, VM/LOGITEK User’s Guide, 3rd.
Edition, Dept. of Computer Science, University of Ottawa.

Lauf, G.B., 1970, "The Orthomorphic Transformation of Co-ordinate
Systems', Proceedings of the First Canadian Symposium on Mining Surveying
and Roeck Deformation Measurements, Canadian Surveyor, Vol. 2U, Ne. 1.,
pp. 238-245

Morehouse, Scott and Broekhuysen, Martin, 1982, ODYSSEY User s Manual,
Laboratory for computer Graphies and Spatial Analysis, Cambridge MA.

0’Brien, C¢.D., Brown, H.G., Smirle, J.C., Lum, Y.F., and Kukulka, J.Z.,
1682, TELIDON, Videotex Presentation Level Protocol: Augmented Picture
Description Instructions, Communications Research Centre, Canada Dept. of
Conmunications, Ottawa

Rase, Wolf D., 1980, Subroutines for Plotting Graduated Symbol Maps:

Deseription and User s Manual, Version 1.2E, EDV Report 2,
Bundeaforschungsanstalt fur Landeskunde und Raumordnung.

13



Tobler, Waldo ®., Ed., 1970, Selected Compufer Programs, Dept., of
Geography, University of Michigan, Ann Arbor

Warntz, William and Woldenburg, Michael, 1967, "Spatial Order: Concepts
and Applications", Harvard Papera in Theoretical Geography, No. U4,
Graduate School of Design, Cambridge

Waugh, Themas C., 1975, GIMMS Reference Manual, Program Library Unit,
University of Edinburgh, Inter-University Research Council Seriea

Yoeli,P., 1967, "The Mechanization of Analytical Hill Shading",
Cartographic Journal, Vol. 4§, No. 2, pp. 52-89

14



CONVERSATIONS WITH ODYSSEY®

Martin Broekhuysen and Geoffrey Dutton
Labaoratory for Computer Graphics
and Spatial Analysis
Graduate School of Design
Harvard University
Cambridge, MA 02138 U.5.A.

ABSTRACT

ODYS3EY is a software system for the management, analysis and display of
geographic information. It consists of nine Fortran programs, each
devoted to one or more related tasks, including map digitizing, editing,
transformation, verification, overlay and cartographic display. While
the ensemble of tasks the system can perform is large, CODYSSEY can be
understcod and operated by relatively untrained individuals. This is no
accident: man-years were spent in the development and refinement of
command protocols and dialects which are simple to underatand and
consistent in the way they operate. This paper concentrates on
describing the user command language: its logic, features and uses.
Following a discussaion of the philosophy of control embodied by
ODYSSEY s language syatem, command language syntax is summarized, with
examples (principally from the POLYPS mapping program) demonstrating
both the consistency and flexibility built into the language syatem.
Examples of user-program interaction are presented which illustrate the
options availahle for controlling ODYSSEY programs and the forms of
Feedback presented to usera, including informational, warning and error
messages. Finally, command procedures are discussed, coneluding with a
description of ODISSEY’'s interactive tutorial capabillity, a relatively
simple extenaion of command file processing which provides users with
on-line instruction upon demand, at the same time that they are in
command of the program.

INTRODUCTION

The ODYSSEY system comprises a rich set of toola for the manipulation of
two~dimenzional ecartographic data. Using the full set of tools, a user
can digitize the coordinate and topologlcal data defining the boundaries
of a two-dimenaional area coverage of a regionj process the resulting
file to make it geometrically accurate and topologically conaistent;
overlay it with one or more pre-existing similar cartographic files for
the same region; perform a variety of common cartographic operations on
the map file such as boundary generalization, coordinate scaling,
tranalation or rotation, and polygon selection and aggregation; create

¥ The ODYSSEY language system was built by a number of researchers at
the Laboratory for Computer Graphics and Spatial Analysis, The design
and implementation of the system was done by Nicholas Chrisman, James
Dougenik and Bruce Donald, with contributions from Denis White, Mark
Kriger, Geoffrey Dutton and Thomas Jaskiewicz. The POLYPS language was
designed and implemented by Scott Morehouse. The TUTOR language system
was designed by Geoffrey Dutton, and implemented together with Scott
Morehouse. Early research leading to the Laboratory’s language syatem
was supported in part by NSF grant MCS-T4~1UU37-A01. An extended
version of this paper wWas presented at Harvard Computer Graphics
Conference, Cambridge Mass., 1983.
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estimates of statistical attribute values for the polygons of a coverage
from the values for polygons of a related coverage; and draw thematic
maps of the resulting value distribution in black-and-white or color,
and in either two-dimensional or three-dimensional perspective form, on
a variety of display devices.

These capabilities are implemented in the nine programs of the system.
Each program is invoked as an executable module called from the resident
operating system; each program exits to the operating system under user
control., The programs communicate via sequential files of cartographic
data and statistical attributes in well-defined formats.

A single program c¢omprises a functionally coherent set of capabilities
within the entire system. Common applications of ODYSSEY ecall on
several of the programs as a matter of course. A user may routinely use
three cor mora of the programs in the course of half a day”“s work,
returning to each of them more than once. For example, a standard
demonstration of ODYSSEY capabilities consists of treating this problem:
"Given an on-line map file of the boundaries of counties of the state of
Wyoming; a corresponding attribute file of population statistica for
these counties; and a paper map of the three-~digit zip-code areas of
Wyoming. Create an on-line map file of these zip-code areas by tracing
them on a tablet; generate estimates of the population statisties for
these areas; and draw a thematic map of population density by zip~code
area.™ A solution of this problem invokes six of the nine ODYSSEY
programs: HOMER and PENELOPE to create the map file of zip codes,
WHIRLPOOL and CALYPSO to generate the estimated population statisties,
CYCLOPS to create a polygon zip-code file, and POLYPS to draw the map.

As we mean to describe in this paper, the dialog with the user is
consistent in form and meaning from one program to the next. The
communication rules are uniform, and the programs’ behavior is highly
predictable. This 13 an important advantage to users of a large,
multi-funetion application system.

It will be sean that the dialog is user-driven. There ars no menus, no
gratuitous prompts; and programs pose almost no questions to the user.
The medium for interaction, and the means by which the user controls the
program, is the ODYSSEY language system. It forms the user-program
interface from the time the program is invoked, except during input from
a digitizing device and during graphic ocutput to a display device. Its
functions can be described as follows:

(1) to prompt for commands;

{2) to parse user input;

(3) to assess the validity of each command;

{l4i) to report lexical and syntactic errors in the user input;

(5) to display the values of parameters;

(6) to initiate data input, processing and output on demand; and
{7) to process command files and conduct tutorials.

Digitizing and drawing are initiated by commands; and program-generated
messages appear bracketed between items in the dialog with the language
system. Evidently the language system holds the central place in
ODYSSEY as perceived by the user. Our concern in this paper will not, be
with the exact structure or the meaning of ODYSSEY language commands,
but with the user-program dialog as mediated by the language system.
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INTERACTION WITH THE LANGUAGE SYSTEM

When an ODYSSEY program is invoked from a user’s interactive terminal,
1t 13 ready to accept all command sentences. This initial state is
signaled by the single-character prompt "?"., This prompt 1a used by all
programs when awaiting new commands, and cannot be disabled. POLYPS
identifies itself, then awaits a command {here and in the following,
user input will be shown indented in lower-case letters, and
language-aystem responses in capltals):

polyps

4 WELCOME TO POLYPS
+++ ODYSSEY CROROPLETH MAPPING

?

Commands are typed as strings of 80 characters or less, terminated and
transmitted by a carrlage return. One or more commands can be typed on
a line., After the program has processed a line of complete, correct
commands, the language syatem returns to initial state.

Commands conaist of verbs, object names, modifying phrases, values (or
expresaions representing values}, and punctuation. Sach is terminated
by a2 semi-~colon, as these examples from POLYPS show:

classifys
include map overlay;
zoom in: 23

An input line is read, then analyzed character by character. In doing
80, the language syatem analyzes value expressions and expands word
abbreviations, checking each lexeme agalnst the stored table of legal
construets. A legal command, terminated properly by ";", is parsed,
acknowledged, and, if appropriate, executed immediately.

If an illegal lexeme or expression construction is encountered in the

input line, the language system discards the remainder of the string,

issues an error message to the terminal, and prompts the user with the
partial legal command, if any:

2

make key continuous;
WHAT? - UNRECOGNIZABLE SYNTAX
TMAKE EEY

In this interchange, MAKE KEY 1s a legal beginning of a command; but
the word CONTINUQUS cannot follow MAKE KEY. At this point -~ following
the prompt ~- the user can continue with the correct language:

type continuous;
.=+ MAKE KEY TYPE
.—.+ CONTINUQUS
?

ODYSSEY acknowledges input by displaying echoes (identified by the
prefix ".-.") of the processed input, from the beginning of the command
through the last complete, correct semantic unit. This language-echo
function 1s optional; the experienced user can disahble it to speed the
interactive process. The new user may call on it to reinforce learning
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how worda within commands can be abbreviated:

ma ke ty contj
.=. MAKE KEY TYPE

+~. CONTINUQUS
?

Any word may be abbreviated by its first few letters. The minimum
abbreviation is the set of letters needed to distinguish the word from
any other word which would be legal in the same context.

Typing "?" prompts ODYSSEY to display to the user a liat of the legal

next words {each prefixed by "==z="), and then to prompt as above:
? €7
mk? === CONTINUOUS

=zz= MAXTICKS = NOMINAL
=== SJZE zz= (QRDINAL
=== COLOR TMAKE KEY TYPE
=== FONT c ?
zz= TYPE ==% 3

= NDECIMAL ?MAKE KEY TYPE CONTINUQUS

= PENSIZE 5
=== POSITION .—. MAKE XEY TYPE
?MAKE KEY .~. CONTINUQUS

?

In this manner new users can explere the command language tree to any
level, identifying their choices and not committing themselves until
they intend to.

An incomplete command line already accepted by the syatem can be
cancelled by typing "!" as the firsat character of the next line:

ma ke coj
WHAT? ~ UNRECOGNIZABLE SYNTAX
PMAKE KEY

!
?

The partial command MAKE KEY is forgotten, reatoring initial state.

The dialog involving command language and the special character nen is
nearly symmetric between program and user. As input, the language
amounts to prompts to the program to do certain processing, and the g
prompts the program to display a liat of the possible next inputs.
Qutput lines beginning with "?" are prompta to the user for further
input. This behavior encourages a smooth and responsive dialog between
ODYSSEY and its users. During the dialog, a user is always prompted
with the current lexical state and optionally with the legal next
inputs; and is empowered to commence, complete, correct, and cancel
commands.
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SEMANTIC ENFORCEMENT OF COMMANDS

Errcor messages, warning messages, and "+++" informational messages are
generated not by the language system, but by the cther processing
modules attempting to carry out correct commands. Any of these may be
triggered when a ayntactically legal command asks for unusual or
imposaible results. The message ia displayed feollowing the language
echo. The interaction following such a message depends on the sort of
command. An error message is followed by a return to initial state.
For example, this happens when an input data file ecan’t be found:

open bage filename: “ua.pdg’;
=, OPEN BASE FILENAME: "US.PDG"
ERROR -~ CANNOT OPEN FILE “US.PDG"
PLEASE CORRECT ERROR AKD TRY AGAIN

?

Similarly when a parameter is assigned a semantically invalid value:

make classification nlevels: -T;
.~, MAXE CLASSIFICATION NLEVEL3: -7
ERROR - NLEVELS MUST BE GREATER THAN O AND LESS THAN 21

PLEASE CORRECT ERROR AND TRY AGAIN
?

The language system’s behavior in the case of a warning is of two kinds.
These corresapond tc the two general kinda of commands: commanda to
manipulate program parameters, and commands to procesa files. A command
which manipulates a parameter in a dubious fashion may have unwanted
results; this produces a warning message and a return to initial state:

make viewport size: (13,10);
.-, MAKE VIEWPORT SIZE: (13, 10)
WARNING -~ VIEWPORT IS PARTIALLY OUTSIDE THE PAGE LIMITS

Here, a probable oversight has been noted by POLYPS, one that can be
corrected by simply re-specifying the page size or the viewport size.
Potentially more aserious, a command to process a file could result in
expensive, useleas resulta, due toc certain parameters having not been
specified. In many instances, OGY3SSEY can warn users about the
situation. The user is given the option aof aborting the processing
command ¢

run;
.~. RUN
WARNING - NO ERRORREPORT FILE
+++ TYPE C TO CONTINUE
TYPE Q TO RETURN TO THE COMMAND LANGUAGE

In this dialog with the WHIRLPOOL program, the displayed warning reminds
the user that potential errors from the run will not be documented
because nco report was requested. Every program uses the "C or Q" prompt
to give uaers the chance to begin or abort processing when potentially
adverse conseqguences have been identified.

COMMAND.FILE TINPUT

Typing READ COMMAND FILENAME: T™name"; directs the language system to
immediately begln accepting command text from the designated file rather
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than from the user s terminal, If it can be found and cpened, the file
is read and executed, line by line. Upon reaching end-of-file, control
is returned to the user, or to the prior command file. As many as ten
command files can be stacked (left open asimultaneously). While this may
seem unessential, this capability teo "layer" command files is regularly
exploited in "tutorial® command mode, discuased below.

During command file processing, ODYSSEY programs act consistently, with
adaptations in recognition that dialog 19 imposaible with canned
instructiona. As before, output from the language syatem and the rest
of the program is directed to the terminal, including language echoes,
program warnings and error messages. Furthermore, should syntax or
certain other error conditions occur, subsequent commandas to DRAW, COPY
or otherwise process files are acknowledged but ignored, as is standard
practice in batch processing. In ODYSSEY sessions, command-file errora
may be rectified (or ignored) by the user, who can elect to reissue the
directive to process, which the program will then obey.

Command files can also include comments to document their purpose and
explain choices of parameters, authorship, etec. Commenta are any text
following the character § (dollar sign); all text following this flag
i3 read and echoed {if echoing has not been disabled}, but not otherwise
interpreted by the language system. {One excepticn: character strings,
such as Titles and Text annotation, can include dollar signs, which will
be plotted as such.) The comment feature, more or less an afterthought
in the design of the system, turned ocut to provide a basis for
implementing on-line tutorials, described next.

ON-LINE TUTORIAL FACILITY

A potential deficiency in ODYSSEY ‘s user interface is the lack of "help”
messages. While the language system could feature a HELP command, the
complexity and diversity of ODYSSEY would be hard to describe in simple
messages. Since the meaning of commands such as DO, MAKE, CREATE and
SHOW is fairly colloquial in ODYSSEY, the kinds of help users might want
Wwill normally be at higher conceptual levels, involving explanations not
of lexemes but of techniques. Assistance of this nature has been made
available as a prototype tutorial for the POLYPS mapping program.

Rather than being built into POLYPS, it resides in a set of files
accessed by the READ COMMAND FILE command and managed by a special
interpreter, common to all ODYSSEY programs.

Tutorials are specially atructured command files, containing both
commands and comments, with comments of certain types acting as
instructions to contrel the structure and progress of the tutorial.
Normally, when exscuting a command file, control is transferred to the
file (away from the user) until the file issues a QUIT command (ending
the session) or reaches its end (returning control to the user). If
that file is conducting a tutorial, however, it can be made to pause at
any line to let the user issue commands, either to the tutorial {to
continue, select, list, or skip} or to the program itself, as usual:
users always have a choice between issuing commands and getting
information and examples: they are never force-fed with “computer-aided
instruction®. More important, the ease of structuring tutorial files
empowers users to produce their own for the benefit of others.

ODYSSEY s language system includes a faecility to recognize tutorial
command files and manage interaction between them and users, the TUTOR
subprogram. It behaves appropriately when a tutorial file opens an
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ordinary command file, as well as when a lower-level file is 1taelf
another tuforial. When several-levels of tutorlials are active, the
effect iz like a "menu", from which users can select toples, browsing up
and down the hierarchy. The POLYPS tutorial, supplied with ODYSSEY,
actually consists of aseveral dozen command files organized in a tree
structure, plus a set of cartographic files used to formulate examples.
Usera need not be aware of what or where these files are, but do need
read-access to all of them.

To activate this tutorial is the decision of the user, who is infermed
of that option when first invoking POLYPS. The following message,
stored in a "profile" command file (which POLYPS opens and eXecutes
automatically upon startup) is issued:

exec polyps

+++ WELCOME TO POLYPS
+++ ODYSSEY CHOROPLETH MAPPING

DEFINE HELP: "PTUTOR.CMD ";

Help is available on many topics in POLYPS.
To receive it, please type the following command:

READ COMMAND FILE:HELP;

You will be instructed then on how to ask for
more specific information. Back to you,.

~) L £ B OF B OF OF o

If at any point during the execution of POLYPS the user aska for this
help, the following occursa:

read command file:helpj {User invokes tutorial>
+++ BEGINNING TUTORIAL

You are now engaged in the POLYPS tutorial. All program
commands will still be executed, but you may also consult
any of the available topies for discussicons and illustrations
of how to control POLYPS and what you can do with it.

There are § special commands for uaing the tutorial:

. ~proceed to the next paragraph;

3+ =-s3kip to the next topicg

.! -~get the next more general topic;
.®  -1list current set of topics;

+iN ~gelect topic N3

.? w~review these commandsj

As distributed by Harvard, this Tutorial for POLYPS has
eleven major topies, all of which have many subtopics containing
instruction, hints and demonstrations. The set of topies
available to you changes asg you enter into greater detail.

Use the ",.®" command to 1ist current ones.
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Here we go...

1 Getting Started <Firat topic announced.>
.7 <Control returned to user.>

At this point, the user is free to continue with the tutorial or issue
commands to POLYPS. Typically, one is interested in learning what is
available in the tutorial, and would regquest its table of contenta:

K <{User asks for toplc 1list.>
1 Getting Started

2 Using the POLYPS Command Language

3 Data Files Used by POLYPS

4  Underatanding Graphle Display Devices

5 Map Elements: Their Properties and Uses

6 Geo-graphic Formatting: Manipulating Base Maps

T Clazssificatlon; Tnterpreting Thematic Variation

8 GREYSCALE Maps: Black & White and Graphic all over
3  MYSHADE: A Symbolism Kit

10 NOMINAL Maps: Communicating Categorical Data

11 Using Color Symbolism and Annotation

The user can select any of these subjects (using the tutorial command
.:) or simply wade in by typing a period, if just getting started.

Consistent with ODYSSEY“s overall approach, the interaction strategy
adopted for tutorials is to keep the user in control, with the program
passive, but responsive. Suggestions are offered, but specific
responses are neither demanded nor evaluated. There 13, in fact, no

mechanism for processing feedback,
operator. Consequently, tutorials
attempt to converse. They provide
to speak, allowing users to peruse
commands, Wwithout interference and

not even a simple YES/NO branching
explain and illustrate, but do not
consultation, "over-the-shoulder® so
the tutorial or issue ODYSSEY

at their own pace.

Field Production of Tutorials

Its consistency, interactivity and power notwithstanding, the 0DYSSEY
language system is formally, immutably specified by its designers and
cannot readily be modified in the field. In contrast, the tutorial
facility is an open-ended tool, available for documenting the devices,
databases, procedures and projects at any installation. By adding
commentary and embedding certaln control flags, one can expand any
command flle into a tutorial. These flags must be positioned at the
beginning of records, which must be identified as a comment. That is,
its first character must be a Dollar Sign (%}. A command file is
identified as a tutorial if and only if its firat two characters are
ngd#r . Tn addition to waking up the TUTOR subprogram, this record also
contains the name of a file which lists the topics of the tuterial.
This menu is printed when the user types ".,®7,

Another comment-command, "$/", must terminate every tutorial file.
Unless the last record of a tutorial containa these two characters, the
pre~tutorial environment may be incorrectly reatored. Once bracketed by
these sentinels, a command file is a tutorial, at least formally. Four
other commands can then be interspersed at will to annotate and
structure the file. These control statements commence with the
characters "$$", "$7", "$.7 or "$;%, and function aa follows:
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$3 Flags text to be printed

4 Flags the end of a paragraph
$7 Controls echoing of subsequent records
$. Flags the start of a toplc

A11 tutorial actlons are controlled with these four operators (along
with the 4% and %/ sentlnels described above), making the task of
ereating a tutorial little more than the task of organizing a command
file, documenting it with text, inserting control statements, and then
extracting the flagged topics as a menu file (optional but recommended).

Tutorial Text: the $% Flag. A line commencing with double dollar sign
is by definition a comment, but it will be printed by TUTOR itself
(simple $ comments are always passed on to the language system). TUTOR
will strip off the $% before printing the line. Furthermore, echoing of
%% comments cannot be suppressed while a tutorial is active, although
the user can skip to the next topic by typing ".;".

Paragragh Demarcation: Iﬂﬁ $; Flag. A toplc may consisat of any number
of paragraphs, each one of which is delivered to the user aa a text
block. At places where an author wishes to pause a tutorial (to let the
user think and act on it) the sequence $; should be inserted as the
firat two characters in a record. The reat of the record will be
printed, and control turned over to the user.

Controlling Echo: The $? Flag. Authors can suppress the printing of
text and echoes of ODYSSEY commands in a tutorial file. This is mainly
used to hide certain ODYSSEY commands from view during the courase of a
tutorial, as when initilalizing a program for special demos. This is
done with the $? file command, which has four forma: 4270 (no echo};
421 (echo input); $72 {echo interpretation); %23 (echo everything).

Tutorial Topics: The $. Flag. When a record is encountered by TUTOR
which begins with the characters "$.", file reading is halted, the
record 1s numerically indexed as a topic, and its text printed as a
title. Input is then read from the user’s terminal. The toplc’s index
number is automatically derived from the number of perlods {from one to
ten} in 1ts flag. A& "top-level" topic 1s flagged by the two characters
n§.", A second-level topic is denoted by ng. .M, a third-level topic by
ng_..", and s0 on. TUTOR will generate an index number in the form
1.J.K... where I, J and K are 1 or 2 digit integers, contextually
computed to the correct cardinality. Automatic numbering relieves
authors of numbering tutorial topies, and protects users from mistakes
that might be made in the proceas.

CLOSING THE LOOP

To fully realize its interactive potential, ODYSSEY needs a capability
which is as-~yet unimplemented. This might be called the capability to
create command files (C?F}. Currently, one experiments interactively
with parameters for maps and proceasing, tolling until the dealired
pesult is attained. To document the procedure arrived at, its inventor
must remember all its details long encugh to exit from ODYSSEY and type
the commands into a text file. Doing this can be error-prone and
tedlous, and could easlly be ohviated.

A11 that would be needed to achieve C3F is a procedure for recording
commands typed into ODISSEY, saving them as tutorial command files. The
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TUTOR moduls could be enhanced to perform this without adding any new
sentences to the command language, by intercepting users’ comments., One
way i3 to scan each comment typed in for one such as:

$®<{filename>

This would signal TUTOR to create the file specified and begin echoing
all user input into it. When the comment "$/" was typed, the file would
be closed, just as tutorials are when being read. Other comments in the
form of tutorial file commands can be entered, of course, or can be
incorporated later by text-editing the new file, which will probably
need to be revised in order to remove errcneous or superfluous commanda.

ODYSSEY s language system is a powerful tool for interactive control of
applications programs. Its many features, only some of which were
discussed here, provide not merely a "user-friendly" environment, but
one which iz self-descriptive and extensible as well. Throughout the
nine program modules, ODYSSEY commands follow uniform rules of syntax
and employ a consistent, colloquial vocabulary. The aystem’s tutorial
facility backs up the command language, making documentation, advice and
illustrations available to users during interactive sessions. More
fluent users can add their own tutorials on any topiec, extending the
repertoire of conversations with ODYSSEY.
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UN LOGICIEL DE CARTDGRAPHIE
ASSISTEE PAR MICRO-ORDINATEUR

Jean-Paul Donnay
Université de Liége
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RESUME

Cette communication présente un logiciel original permettant la
création de cartes thématiques sur une configuraticn centrée sur un
micro-ordinateur. Quatre types de documents thématiques sont
possibles - hachurage, formes proportionneiles, isclignes, 3-D -
tandis qu'une base de données géographiques permet d'effectuer toute
une série de traitements préatables. A cela se joint un ensemble de
modules de traitements graphiques traditionnels qui permettent
d'améliorer ou de compléter le dessin final. Le Jogiciel est
totalement interactif. Sa structure modulaire Tui permet d'évoluer
aisément par ajouts de routines nouvelles. Traduit en deux langages
- Basic compilé et Pascal sous CP/M - ie logiciel peut tourner sur
ptusieurs systémes. De méme le software de commande des
périphériques graphiques est court-circuité au profit de routines
originales intégrées au logiciel de maniére i rendre 1'ensemblie
adaptable au plus grand ncmbre de configuraticns.

INTRODUCTION

Les logiciels de cartographie assistée par ordinateur sont Te plus
fréquemment 1i&s & un hardware imposant (Boyle 198@, Nagy et Wagle
1979). D'une part la masse d'informations 3 saisir et d'autre part
te degré de finition demandé par les agences publiques, généralement
3 1'origine de ces recherches, imposent en effet un &quipement
sophistiqué tant au riveau du processeur et des capacités de mémoire
qu'au niveau des périphériques graphiques. Cependant, parallé&lement
i cet essor de 1'infographie, 1'apparition et la rapide banalisation
du micro-ordinateur ont apporté un outil de travail plus & la mesure
des petits centres de recherche tels nombre de services
universitaires ou de bureaux d'é&tude privés {Toong et Gupta 1983).
Moyennant un &quipement minimum, cette génération de micro-
ordinateurs est pré&te @ accomplir un travail, sans doute peu

en rapport avec les exigences d'une carte topographique, mais trés
efficace en matiére de cartographie thématique. Diverses
réalisations du Groupe Image de 1'Université& de Rouen notamment sont
1a pour le prouver {Leduc 1979),

Aprés s'étre essayé a plusfeurs applications cartographiques
s'appuyant sur un systéme informatique reiativement puissant (Dornay
1981}, nous avons imaging de réaliser un logiciel infographique
intégré adapté au micro-ordinateur. Infographique car, & terme, ce
logicie} doit &tre en mesure d'exploiter les routines graphiques de
hase & d'autres fins que la cartographie. Intégré car piusieurs
programmes de traitement doivent étre disponibles d'une maniére
transparente pour 1'utilisateur et 1'ensemble des opérations doit
étre prévu depuis la saisie de données jusqu'a Ta réalisation du
dessin.
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UK SYSTEME PORTABLE ET QUVERT

Dans la mesure ol le legiciel est susceptible d'étre utilisé dans
divers environnements, i} est souhaitable de le rendre indépendant
de la machine sur laguelle i1 a &té créé. De plus il est préférable
qu'il présente une structure qui permette un enrichissement
ultérieur éventuel. Ce sont ces deux notions que nous traduisons
par portabilité et ouverture du systéme.

Un systéme portable

Rendre te logiciel indépendant de 1'ordinateur est en premiére
approximation une question de Tangage de programmation. Le rendre
indépendant des périphériques graphiques utilisés demande une
structure de programme adéquate et une nouvelle définition des
taches graphiques &lémentaires.

En ce qui concerne le langage de programmation, et pour rencontrer
une Yarge gamme d'utilisateurs, une version du logiciel est écrite
en BASIC &tendu APPLESOFT - ordinateur utilisé : Apple II Plus de
48 K de mémoire centrale. Au moment de 1'exécution ta version
interprétée est abandonnée au profit d'une version compilée. La
structure du logiciel nous a d*ailleurs amenés & utiliser les
extensions de langage offertes par le compitateur TASC de Microsoft,
notamment en ce qui concerne la réservation de variables communes
{common}.

Pour atteindre une portabilité libérée du matériel Apple, une
version plus riche mais non encore totalement achevée est
opérationnelle en Pascal/Z sous CP/M. Structure et place-mémoire y
gagnent évidemment beaucoup.

Les tables tragantes offertes sur le marché différent par leur degré
d'intelligence, en d‘autres termes par leur relative richesse en
routines graphiques implantées et par 1'accés qui leur est accordé.
La diversité est particuliérement grande dans les bas de gammes
géquipant les micro-ordinateurs puisque certains traceurs sont
fournis sans software intégré.

Pour permettre la portabilité du logiciel au niveau de ce
périphérique, nous avons &té amen&s a créer uh nouveau logiciel
graphique de base, partie intégrante du Togiciel g¢énéral. Par ce
fait, toute tibrairie éventuelle propre au traceur est
court=-circuitée. Les routines nécessaires aux applications sont
ainsi fournies dans le Tangage et les conditions voulues.

En amont du logiciel de dessin 118 & Ta table tragante, toute une
série de modules de saisie et de traitement de données a &té
développée. Elle constitue un base de donndes réduite et fait
référence & un autre périphérique : le digitaliseur. IT ne nous a
pas été permis jusqu'ict de confronter les divers équipements de
prise de coordonnées susceptibles d'étre connect&s online sur une
configuration micro~informatique. D&s Tors, jusqu'ad plus ample
informé, cette partie du logiciel! reste 1iée au type de périphérique
gquipant notre installation, en 1’occurrence une simple tablette
graphique Apple.

Néanmoins les guelgues instructions commandant 1'enregistrement des
couples {(X,Y) sont confinées & une seule sous-routine afsément
modifiable voire généralisable st la chose s'avére possible. Bien
que cela ne soit pas imaginé comme sotution alternative, signalons
néanmoins que 1'introduction de coordonnées psut &tre réalisée au
départ du clavier.

Un sytéme ouvert
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La structure du logiciel doit permettre son enrichissement uitérieur
&ventuel. Dés le départ, c'est ainsi qu'il a &té& congu. Chaque
module de programmes ou sous-programmes du logiciel a été mis au
point de fagon indépendante puis inclus au systéme. Un structure
hiérarchisée de menus permet d'activer isolément chacun des modules.
Le logiciel graphique de base doit constituer une 1ibrairie de
sous-routines accessibles depuis tous les modules. Néanmoins, en
BASIC, une telle librairie ne peut &tre indépendante de son
programme principal et il a fallu adjoindre a chague module de tracé
les sous-programmes graphiques qu'il est susceptible d'utitiser.

lIne redondance qui augmente sensiblement ta tailie des modules et
qui est bien sir évitée dans la version Pascal du togiciel.

STRUCTURE GENERALE DU LOGICIEL

Le logiciel est composé de deux ensembles de modules distincts : la
base de données et le logiciel graphique proprement dit. Ce dernier
est développé selon trois axes : cartographique, graphique et
utilisation conversationnelle des routines graphiques de base.

La base de données

La premiére tache de cet ensemble de modules est de constituer une
banque de données géographigues dont dépendra toute application
ultérieure. La technique de représentation a &té déterminée sur
hase de trois composantes &lémentaires : le nosud, la chaine et la
zone. Des relations de type higérarchique entre ces trois éléments
permettent la représentation de tout objet physique dans un plan.

La technique est connue et largement discutée dans ta littérature
{(Kobayashi 198§, Corona Burgenc 1980, Smedley et Aldred 1980).
Rappelens que le noeud est un point situé au croisement d'au moins
trois segments et qu'il est identifié par ses coordonnées planes.

La chaine est constituée d’une suite de segments - eux mémes définis
par les coordonnées de Teurs points iimites - entre deux noeuds.
Elle porte &galement dans notre application les caractéristiques du
tracé (&paisseur, continuité ou non, opérationnel ou nen}. La zone
est définie par une suite de chaines. La zone peut Btre ouverte
{route) ou fermée {district} et ne comporter qu'une chaine {zone
fermée & une chaine : ile) ou plusieurs {zone ouverte & plusieurs
chaines : réseau de routes}. I1 va de soi que les exemples ne sont
pas timitatifs.

La banque de données s'appuie ainsi sur quelques fichiers
glémentaires a accés aléatoire et les interconnections sont
réalisées au moyen d'une série de pointeurs {figure 1}.

Un effort particulier a été censenti quant aux fonctions d'édition
de ia banque de données. Ainsi toute introduction cu définition de
donnédes @lémentaires est soumise & une procédure interactive de type
“ful] screen® et divers algorithmes de contrdle et de présentation
standard ont &té introduits {par exemple la présentation des chafines
constituant les zones selon le sens horaire}., La structure de
représentation choisie permet en outre une réalisation aisée des
fonctions diinsertion, de correction ou de suppression d'infor-
mations &lémentaires, notamment par le fait qu'elle interdit toute
redondance de 1°information.

La notion de base de données suppose 1'existence de procédures de
traitement de la banque de données, conduisant & une utilisation
pius efficace de celle-ci. En effet, si Ta forme sous laquelle se
présente la banque de données s'avére pratique pour 1'edition et la
mise & jour, 1*intervention de multipies pointeurs hiérarchisés lors
de 1a phase de lecture d'un éiément complet {ainsi 1a frontiére
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d'une zone) est peu rentable lorsquielle se répéte de fagon continue
{lors du hachurage de 1a zone par exemple).

Le premier rdle de la base de données est dés lors de fournir des
fichiers distincts sous 1a forme la plus indiquée & leur utilisation
ultérieure (essentiellement : limite en séquentiel, réseau
quadrilié de points valudés, fichier texte et fichier de valeurs).

Il est utile de signaler que les nombreuses manipulations de
fichiers susceptibles d'Etre réalisées par 1a base de données
restent transparentes pour 1'utilisateur sous couvert d'un nom
générique d'application. Telle est en tout cas 1'option par défaut.
En plus de la simple remise en ardre des informations, la base de
données peut effectuer quelques traitements préliminaires. Les deux
principaux actuellement disponibles sont la généralisation du tracé
(optionnelle) Tors d'une modification d'échelle et la concaténation
d'éléments dé&finis dans la banque de données ({agrégation de zores en
aires plus vastes de niveau hiérarchique supérieur). L'extraction
de fenétres constitue aussi une tdche importante qu®il est
nécessaire d*inclure parmi Tes fonctions d’une base de données.

Dans le cas particulier des zones fermées, 1‘affectation de labels
et leur positionnement automatique au sein de la zone constitue une
des facilités offertes par la base de données. I1 s'agit en fait de
créer un fichier texte particulier et de modifier les caracté-
ristiques de ta frontiére de la zone pour y inclure une enciave
détourant le Tabel en question (figure 2).

Plus simplement et sans d&tourage, le logiciel prévoit en outre
1'affectation de labels aux noeuds du graphe,

Enfin Tes valeurs d'une variable peuvent &tre associBes aux zones ou
aux noeuds du sytéme, Ces fichiers de valeurs représentent en fait
te phénoméne & cartographier.

Toute constitution de banque de dennées géographiques est Tongue et
teur relative complexité nécessite une préparation minutieuse qui en
augmente encore le cout. Malgré le peu d'attributs présents dans ce
systéme - vis-d-vis des banques de données urbanistiques ou
géologiques par exemple - son emploi requiert la consultation d'un
protocole d'utitisation qui peut seul en définir toutes les
possibilités et les contraintes.

Le togiciel graphigue

Le coeur de ce logiciel est constitué d'une douzaine de
sous-routines dites de base qui permettent de répondre aux
spécifications des programmes plus évolués. Dans la version
actuelle du logiciel, les principales routines sont les suivantes :
- Initialisation d'un espace virtuel de travail;

- Déplacement entre deux points par interpolation linéaire
{Epaisseur et continuité variables des traits);

- Définition d'un jeu de 64 caractéres et symboles et positionnement
de texte quelconque ou hirarchisé autour d'un point ou d‘une forme;
- Définition de formes d'orientation et de taille variables;

~ Tracé d'axes gradués, cotés et commentés.

Lors de la mise en route du systéme, le logiciel passe par une phase
d'initialisation. Celle-ci permet la lecture - cu la définition -
des paramétres de configuration (caractéristiques du traceur}, la
définition des variables communes et, seule tache réservée &
tutitisateur dans cette phase du travail, la définition d'un espace
virtuel.

Ensuite apparait le premier aiguiilage appellé Menu Général. I
peut étre activé soit par la procédure d*initialisation soit par les
menus de second crdre en retour d'exécution (figure 3). Le menu
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général permet de choisir entre les trois maniéres d'utiliser le
logiciel graphigue, & savoir : le module conversationnel, le module
cartographigue et le module graphique. Rappelons que ia structure
en arbre adoptée permet d'utiliser successivement ces différents
modules lors d‘une méme application.

C'est précisément dans ce but qu‘a &t& développé 1'accés
conversationnel aux routines de base. Le module conversationnel
permet de dé&finir d'une maniére interactive les différents arguments
nécessaires & 1'exécution de chaque routine de base. De la sorte il
est possible d'effectuer tout travail graphique selon une procédure
pas-d-pas. Mais son utilité essentielle consiste @ fournir un outil
de finition d'un travail. Ajouter un commentaire, un cadre ou un
symbole sont autant de réalisations qui peuvent étre effectuées une
d une en dehors ou en sus d'un programme d'application traditionnel.
Les quelques graphiques illustrant ce texte sont réalisés de cette
maniére.

Le module cartographique prévoit quatre procédures de traitement
accompagnées de deux programmes de mise en page. Ceux~ci réalisent
d'une part le fond de carte et les &critures et d'autre part
1'habitlage des cartes (échelles, direction du nord, titre, cadre,
commentaires divers). Ces deux programmes peuvent é&tre appelés
isolément ou en complément d'une des quatres procédures de
traitement cartographique.

Ces derniéres permettent Te tracé de cartes choropléthes, le
positionnement de formes de tailles proportionneties, le tracé
d'isolignes et Ta perspective 3-D. Chacun de ces traitements a fait
1'objet, antérieurement, diun programme spécifigue écrit en Fortran
et installé sur une configuration plus importante. Le tracé
d'isolignes et la perspective 3-D instailés sur micro ne sont
d'ailleurs gque des traductions plus ou moins bien adaptées de ces
programmes originaux. Toutes deux seront amélior&es dans un proche
avenir.

Les procédures de hachurage et de positionnement de formes sont par
contre entiérement revues en fonction de leur utiiisation sur
micro-ordinateur. La premiére réalise le hachurage de zones suite &
ta lecture de valeurs préalablement classées. Les trames utilisées
sont soit pointées dans une "banque de 24 trames" standards, soit
définies en tous leurs paramétres par T'utilisateur.

La méme affectation de trames peut étre utilisée pour hachurer des
formes centrées sur les noeuds de la carte et dont la taiile est
proportionnelle & la valeur de la variable & cartographier. Cing
formes de base sont prévues : rectangle, triangle équilatéral,
hexagone, demi-cercle et cercle complet. Les formes asymétriques
peuvent tre orientes dans deux ou guatre directions. Lorsque la
routine de hachurage est appelée, elle propose une 1égende

reprenant les trames utilisées accompagnées de commentaires
optionnels.

Le tracé d'isolignes suit la technique des moyennes mobiles & deux
dimensions. Le semis de points valués constituant Te fond de carte
est 1issd en un réseau quadrillé lors de la phase "base de données"
{voir supra}. La procédure de tracé réalise 1'interpolation
linéaire entre les sommets du réseau carré, Les cotes des isolignes
sont indiquées mais jusqu'ici aucun algorithme de Tissage des
courbes n'a été introduit.

La procédure 3-D est 1iée au traitement d'isolignes. Le méme réseau
quadrillé sert de référence de départ et plusieurs routines sont
commuhes., Moyennant quelques paramétres (angles de rabattement et
de rotation, exagération des hauteurs,...} une vue classique de
perspective axonométrique est dessinée sur traceur. Les lignes
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cachées n'apparaissent pas et des commentaires sont possibles
{échelles spécifiques par exemple).

Le module graphique constitue la derniére fagon d'utiliser le
logiciel. Cette derniére utilisation rassemble quelques programmes
réalisant le dessin de diagrammes conventionnels. Les graphes de
fonctions mathématiques demandent Ta définition d'un espace virtuel
de travail et de la fonction @ dessiner. Ils appellent ou peuvent
appeler les routines de base de tracé d'axes, de positicnnement de
texte et les différents types de traits.

L'histogramme et le diagramme en quartiers de tarte, qui constituent
les deux autres représentations graphiques implantées, peuvent en
outre faire appe! @ la routine de hachurage et a sa légende
optionnelle. D'autres diagrammes peuvent etre introduits dans le
logiciel sans aucune difficultéa.

CONCLUSION

On a pu constater que le logiciel, tcut en &tant opérationnel,
demande encore plusieurs améliorations (traitements d'isolignes et
3-D) ou compléments de fonctions {nouvelles fonctions de la base de
données ou nouveaux diagrammes). En fait depuis sa création, le
logiciel a connu de multiples mises & jour en fonction des demandes
formulées par les utilisateurs. La structure ouverte qui Jui a été
conférée a toujours permis ces nouvelles implantations. Parmi les
tiches qu'il est prévu de réaliser, on retiendra encore }a connexion
des modules graphiques et cartographiques ({association de diagrammes
d des éléments du fond de carte) et, a plus long terme, la
traduction intégrale du logiciel en Pascal U.C.5.D. qui en
permettra notamment une utilisation beaucoup pius souple sur Apple
i1, équipé seulement d'une carte langage supplémentaire.
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LA CAD
A COMPUTER-ASSISTED DESIGN PACKAGE
FOR MICRO-COMPUTERS

Robert M. Itami
Randy Gimblett
School of Landscape Architecture
University of Guelph
Guelph, Ontario NIG 2W1

ABSTRACT

With the rapid decrease in cost of computer graphics
hardware, it is rapidly becoming feasiblie for small design
offices to take advantage of the benefits of computer
assisted design and drafting packages. This paper describes
a software package called LA CAD developed for applications
in Landscape Architecture. The package allows interactive
graphic input of maps, base plans and sections, storing them
in sequential access disk files. It provides a facility for
overlaying planting plans onto base plans and interactively
simulating the growth of plants from any user-selected time
in the future.

The program draws on user-defined graphic libraries of
standard plant symbols, construction details and other
graphic symbols in plan or section and scales them to the
drawing. Output programs allow the user the option to
select the scale of the output, edit and update graphic
files, and manipulate the location of graphic objects on

the screen. LA CAD provides some powerful capabilities for
computer assisted design for use on low~cost micro-computers

INTRODUCTION

Computer assisted design and drafting packages have been
availabie for some time on large, expensive mini-computers
and main-frame computers. Because of the high cost of
these systems the advantages of automated design and
drafting have remained out of reach of small design firms
and schools. With rapid development of micro-computer
technology and the concurrent reduction in their cost, many
of the features of large CAD systems may be provided
through low-cast micro-computer technology. For the small
office, a micro-computer based drafting and design system
must not only be relatively low cost but must aiso perform
routine tasks with speed, ease of use, and accuracy. In
addition such a system should take advantage of the more
powerful potentials of the computer which provide the user
with capabilities which may have been too expensive to
execute manually.

With these thoughts in mind the authors have developed a
computer assisted design package called Landscape
Architectural Computer Assisted Design (LA CAD). LA CAD
performs most routine drafting tasks plus some capabilities
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FIGURE 1: Sample ocutput from LA CAD. Top illustration
shows plotted output of construction detail selected,
scaled and piotted from user-defined library. Bottom
illustration shows sample output from MDRAW.
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designed specificaily for landscape architectural design
applications, Briefly, LA CAD provides the follaowing
functions:

1) Interactive input and editing of drawings {base plans
or sections) incorporating text and graphics.

2} Creation of user-defined graphic libraries.

3} Creaticn of planting plans or sections using
standardized symbols from plant iibraries.

4) Simulation of plant growth at any user-defined period
of time in the future.

5} User-controlled selection, Tocation and scaling of
standard symbels from user-defined graphic 1ibraries onto
base sheets.

6) OQutputs to color graphics terminal or digital pen
plotter with user controlled scating.

These capabilities are discussed in more detail in the
remainder of this paper.

APPLICATION OF LA CAD FOR DESIGN

In a typical design, the Architect and Landscape Architect
will draft up a base plan which jis used as a base for
subsequent sketch plans and refinements. This function is
provided by LA CAD using the program module called MDRAW.

This module allows the user to create a new graphic file or
update an existing graphic file. Using a keyboard and a
digitizer the user may select the color of the plot, and
whether ta draw vectars, polygons, circlies, filled circles
or inciude text. The program gives simultanecus graphic
feedback on a color monitor during the digitizing process.
The user may then check the input for accuracy before saving
the werk in the file. This process significantly reduces
user errors and an inexperienced user may produce an error-
free file in his first session. (See figure sample output
figure 1.)

As the design is refined, the base plan will usually
remain unchanged excapt for the additioen of standardized
symbols or additional graphic data. LA CAD eliminates the
necessity of re-digitizing the same base plan by providing
a means of graphically overlaying drawings created and
sayed in different files.

In the case of a ptanting design, the Landscape Architect
will normally use only a limited number of ptant symbols to
illustrate the planting plan. LA CAD provides a facility
for performing this operation in the program module re=~
ferred to as LAYOUT. (See figure 2.)

LAYOLT allows the user to select any baseplan or section
file created by MDRAW and create a separate design file
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which is graphically overlayed onto the base. Like MDRAW ,
LAYOUT aliows the user to create a new design file, or
update an existing file. Because the design files are
handied separately from the base plan, it is possible to
create alternative planting designs or other drawings for
the same base plan without having to re-digitize or make
duplicate copies of the base plan fite.

LAYOUT accesses precenstructed graphic libraries of plant
symbols, construction details or other user-defined
libraries. The user may then choose the desired symbol from
the iibrary and scale and locate the symbol on a base plan.
This significantly reduces the time normally required to
create planting designs and provides consistently high
quatity graphics even for preliminary concept plans. {See
figures 3, 4.)

LAYOUT provides two different facflities for determining the
scale of symbels to be plotted on the base sheet. In the
case of graphic objects such as construction details, the
user may select the exact ratfo scale at which s/he wishes
symhols to be plotted. In the case of planting designs,
LAYOUT offers some dynamic capabilities for simuiating the
growth of plants.

Plant libraries store not only the coordinates and names for
plant symbols, but aiso the age of maturity for each plant.
The symbols are digitized at mature size. When LAYOUT
accessas these plant symbol librarjes the user selects an
age for the plant at planting time. The program then reads
the coordinates from the file and scales them according to
the percent age of the plant {age at planting/age at
maturity), and the scale of the drawing (scale of plant
1library/scale of drawing}. The absolute cocrdinates of the
piant symhol are converted to retative coordinates and the
plant is plotted on the color graphics terminal. (See
figure 4.)

The user may mix symbols Ffrom different Tibraries in the
same design file. When the design is completed, the user
may redisplay the planting design at any time in the future,.

LAYOUT displays the file directory and requests that the
user select the appropriate file, It then displays the
hase plan on the graphics terminal. The program then
pauses and displays the following prompt:

THIS PROGRAM ALLOWS YOU TO VIEW THIS PLANTING DESIGN AT
ANY TIME IN THE FUTURE FROM THE TIME OF PLANTING.
PLEASE ENTER THE NUMBER OF YEARS IN THE FUTURE THAT YOU
WiSH TO VIEW THIS DESIGN.

The user inputs a numeric response and the program proceeds
tc read the plant design fite scaling the plants according
to the year selected. After the planting file 1is plotted,
the program ailows the user either to exit the program or
add to the file. If the design file inciudes symbols other
than plants, LAYOUT scales these according to the ratio
scale requested by the user in the original inpul sequence.
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Once design files are completed to the satisfaction of the
user, LA CAD provides two different program modules for
producing paper copy on a digital pen piotter. If the user
wishes to plot only the base pian created with MDRAW, the
program cailed PLOTFILE is executed. This program aliows
the user to select the scale of output before plotting.

To piot the design files created by LAYOUT the program
PLOTDSGN is used. This program is analegous to PLOTFILE.
PLOTDSGN reads the file created by LAYOUT and outputs to the
digital plotter. It first allows the user to select the
scale to plot and then plots the base plan. After complet-
ing the base plan, the program asks the user to input the
number of years in the future from the time of planting to
display the plants. Then the program scales and plots the
symbol's coardinates in the same manner described above for
LAYOUT.

PROGRAM STRUCTURE OF LA CAD

The flow chart in figure 2 illustrates the program modules
of LA CAD. Each of these modules is described below:

1. MDRAW - Interactive input and editing of base ptans
or sections. Qutputs a sequential access file for the
drawing.

2. PLOTFILE - Reads files created by MDRAW. Scales
data to a user-defined scate and outputs to a digital
plotter.

3. GLIBRARY - Input of user defined graphic libraries
for planting design symbols and other standard graphics such
as construction details. OQutputs to a sequential access
file.

4. RLIBRARY - Reads the sequential access file created
by GLIBRARY and outputs two files: 1) a sequential access
directory for graphic symbols, and Z)} a random access file
of x-y coordinates for the symbols.

5. LAYOUT - Interactive input and editing of design
files for any user-defined base ptan or section., Displays
plant symbols or other graphic symboets from graphic
Tibraries immediately upon selection on a colar graphics
monitor at the age and location designated by the user.
Qutputs a sequential access file.

6. PLOTDSGN - Reads files created by LAYOUT. Outputs
graphic symbols and simulates plant growth with output to a
digital plotter.

FEATURES OF LA CAD

User Defined Libraries. In order to reduce the staorage
requirements for design drawings and provide flexibility
and speed in defining and plotting standard symbols, LA CAD
provides the user Wwith a means of creating graphic Tibraries.
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GLIBRARY allows the user to create symbols of muitiple
colors or shapes. The symbols may therefore be a composite
of smaller shapes or symbols. Graphic libraries may be
updated and expanded with this program. Because of the
length of time it takes to search sequential access files
for symbols, another program called RLIBRARY reads the
sequential access file created by GLIBRARY and creates two
new files. The first is a random access file which stores
the coordinates of graphic symbols in binary form. The
second is a sequentfal access directory filte which lists
the name of the symbol, its scale and the record number of
the coordinates for the symbol in the random access file.
This structure speeds plotting time and reduces disk
storage space.

Menu Driven Programming. LA CAD is compietely menu
driven, making 1t easy and simple for the user to learn and
use. The menus are arranged in a hierarchy so the user has
comptete information at the appropriate tevel in the
decision making structure.

Error Checking. LA CAD checks all user inputs for nutl
answers, appropriateness of string responses or correct
ranges for numeric responses. If the user fails to provide
an appropriate response, additional prompts are included to
assist the user before inputting again. LA CAD also checks
for transmission errors which result from loss of coordin-
ates, and for erroneous points digitized outside the
boundaries of the drawing. In addition, the user has a
continuous visual check of the digitizing since there is
simyltaneous output on a graphics terminal, This results in
a high percentage of error-free files.

Scaling. LA CAD gives the user complete control of the
sca¥le of output to the plotter.

Multiple Overjays. The user may wish to overlay more
than one drawing. For instance, he may have a base plan
upon which he would 1ike to overlay a file of dimensions
for a layout plan, or a file of shadows and site furnishings
for an 41]lustrative pian. In order to accomplish this he
may merge the files using a word processor, or he may
overlay the drawings on output by plotting one fila over the
other,

APPLICATIONS

Education

[A TAD was developed in an educational environment to
explore the use of micro-computer technology in Landscape
Architecture. The concept of simulating plant growth over
time is a powerful teaching tool. The student has the
advantage of quick and easy feedback to design decisions.
The simulation process allows the student to ask "what if"?
questions about his/her design and quickly receive answers.
Using this process, high quality planting plans may be
pasily created and alternative ideas explored. When manual
techniques are used, however, a student must spend hours on
the graphics of an initial design scheme - s/he often has
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neither the time nor the energy left to explore alternative
designs. Essentially the student decreases the time deal-
ing with manual fechniques and can cencentrate on the
creative process in a dynamic and stimutating fashion.

LA CAD serves in the educational environment well,

With future enhancements of LA CAD listed Tater in this
paper, the student will have other tools to work with which
will allow for the integration of a number of design
considerations, including cost and site engineering factors
in the design process.

Professional Practice

Plans are being made for testing LA CAD 4n the setting of a
small professional office. It offers some promising
opportunities for the small office to utilize low-cost
micro-camputer technology for computer assisted drafting
and design. With the ability to create user-defined graphic
libraries, the office can develop and maintain a "personal-
ity" in its graphics. The real test of the viability of a
pcakage such as LA CAD in a professional environment is
ease of use, time savings and quality of output. LA CAD
fulfills these measures admirably. It generally requires
only one hour of trajning for the average person to use

LA CAD with confidence. The experienced user can generate
drawings in favaorabie time compared to producing them by
hand. The user then has the advantage of easily changing
scales and producing quality "originals® at witl. The time
usually needed to create illustration quality planting
plans is greatly reduced with the use of plant librarjes,
and even conceptual planting plans may he easily produced
in the quality of a final drawing. With the rapid decrease
in cost of graphic peripheral devices such as piotters,
digitizers and graphic terminals, packages such as LA CAD
show promise in providing low cost, computer assisted
design services "in house" for the small design office.

FUTURE ENHANCEMENTS

The following features are planned for enhancement of
LA CAD:

1) Improvement of algorithms for simulating plant
growth. The present program simulates growth hased on
percent of mature age. This linear projection is not
accurate for most plants since many plants grow fastest in
youth. This component is not easily improved because of the
lack of Tong-term data on plant growth under verying
environmental conditions. {See reference list.)

2) A utility for creating libraries of different
lettering styles (e.g. hand lettering) for fast “personal-
ized" Tettering of drawings.

3} The creation of graphic "data bases" for construc~
tion details and standard symbols {such as logos).

4) Cost estimating for planting designs. The planting
design file created by LAYOUT can be read using another
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program and compared to a current cost fite of plants to
produce automatic cost estimating for planting plans.

5} Site engineering utilities for calculating cut and
311, area, length, horizontal and vertical alignment, ete.

6) Adaptations are currently being studied for using
LA CAD as a tool in computer assisted education. These
experiments will explore the further development of the
simulation capabilities of LA CAD and add programmed
learning modules to the hasic data structure of LA CAD.

PROGRAM SPECIFICATIONS

Name: LA CAD
Author: Robert M. Itami
Randy Gimblett
School of Landscape Architecture
University of Guelph
Guelph, Ontaric, Canada N1G 2W1
Date: June 1983
Language: Micro-soft Basic-80
Operating System: CP/M or MP/M II (Digital Research)
Hardware Requirements:
Current Implementation
cpu Ithaca Intersystems 525
¢/ MP/M 11 cperating system
Minimum 64K Ram per user
5 meg hard disk

Digitizer Caicomp Sevies 9000, 36" X 48"
tablet

Graphics Terminal Tektronix 4027a

Plotter Calcomp 81, 8-pen plotter
Software Modules:

MDRAW 18K, 375 lines with comments

PLOTDSGN 14K, 325 " * o

PLOTFILE 10X, 208 " " "

LAYOUT 16K, 346 ! ! "

GLIBRARY 18K, 388 b i "

RLIBRARY 4K, 87 " " f

Parts of this paper are revisions of an earlier paper
presented at the 1983 Computer Graphics Conference at
Harvard University Graduate Schoel of Design entitled

“{A CAD: A Computer Assisted Flanting Design Program for
Micro-Computers” by Rebert M, Itami.
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SMALL AREA MAPPING SYSTEM (SAM)*

Shiu-Yeu Li, Department of Reglonal Industrial Expansion,
Ottawa, Canada, K1A OM4
John Morrison, NORDCO, St. John's, Canada, AlB 3T2

ARSTRACT

The Small Area Mapping System is designed to meet the information
requirements of decision makers responsible for formulating
regional industrial policies and programees in Canada. In the
first part of this paper, the institutional enviromment in which
the system was concelved, developed and implemented is described.
The potential role of this system in the policy making process 1=z
illustrated, followed by highlights of its development history,
with particular emphasis on the importance of interaction between
development staff and users. The next section focuses onm the
characteristicas of the system, containing a detalled description of
User Interface, Data Linkages and Geograhic Data Base components.
This is followed by an overview of system capabilities. The paper
concludes with an outline of possible future enhancements.

INSTITUTIONAL ENVIRONMENT

Background

The mandate of the Department of Regional Industrial Expansion is
to deliver programs to assist industries in all regions of Canada.
Towards this end, the department is committed to develop regionally
sengltive programs and policies, which seek to direct additionmal
federal asaistance to areas which are economically disadvantaged.

To assist policy and program formulation, it is imperative that
relevant, timely and accurate information be avallable for a range
of geographical areas. This includes provinces, reglons and
sub—provincial areas such as counties and communities. ¢n the
basis of these data, the decision-maker can assess the
soclo—economic problems of specific areas, formulate appropriate
policy or programs, and evaluate their impact and effectiveness in
tackling eyclical and structural problems.

An important system requirement is rapid response time. Issues
emerge quickly and as mew policy initiatives are identified, the
options must be evaluated within strict time constraints, in order
that timely and effective govermmental actions be taken.

Therefore, it is seldom feasible to develop a statistical data bage
which will be useful only for a single policy decision. Instead,
all frequently requested data must be agsembled and stored in a
readily accessible manner.

* The views expressed in this paper do not necessarily represent
the official positions of the respective organizations to which
the authors belong.
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Another major requirement of this information system ig the ability
to conceptually illustrate the intended message of statistical
data. Graphic presentation is the most effective method for quick,
easy and above all accurate assessment of a given situation. Far
guperior to the summary of numerlcal informatiom in tables, the use
of maps permit better understanding of the spatial distributions of
variables and the relationships between them.

The maps produced by this system are not really maps in the sense
of topographic maps, rather, they are cartograms — a grahic form
which provides both a sense of geographic location and some
statistical information. Precise location and complete accuracy of
the statistics are nmot lmportant. What is important is that the
visual informatiom convey the intended information. It should be
noted that the majority of the users do not have cartographic
training and are not familiar with these types of maps. Therefore,
depending on the specifications of management, certaln conventional
cartographic principles may have been over looked in preducing some
of our maps.

Role of SAM in Policy Analysis Process

SAM has proven to be an extremely useful tool in assisting decision
makers to apprelcate a given situation. An exawmple of a map
produced by the system is found in Appendix I. Typically, the role
of SAM in the process of policy making would consist of the
following simpliflied steps. It should be noted that thia is an
iterative process. The actions taken in progresaive steps follow
directly from the results of the previous action. The difference
between this process and those in the academic world 1s that,
instead of incorporating inputs from peers, the decisions of
government officials shape the action to be taken at each step.

1. Conception of problem — originates from any of the Minister
(MIN), Deputy Miniater (DM), Assistant Deputy Minister (ADM},
directors or analysts.

2. Design of study ~ directors, analysts.

3. Collection of data - analysts, support staff.

4, Preparation of maps - support staff.

5. Formulation of policy recommendation and review of map by
analysts, 1f modification is required, go back to step 2, 3

or 4.

6. Similar review process by directors, ADMs, DM and MIN, go back
to steps 2, 3 and 4 1if necessary.

7. Similar review process by the Committee of DMs, Committee of
MINg and finally by the Cabinet, go back to step 2, 3, and &4 if
necessary.

8. Policy recommendation considered by the cabinet.

9. Legislation passed in the House of Commons and Senate.

Depending on the complexity of issues, the process frowm the

conception of problem to the legislation stage ie a long one,
involving numerous modificatlons to the maps. It is, therefore,
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extremely important that maps be produced very quickly, without
unnecessary attention to "perfection”, and be understood readily by
individuals without training in cartography. SAM satisfactorily
fulfills these requirements.

DEVELOPMENT HISTORY

The Small Area Mapping System has a long history of evolutionary
development. It began, in fact, as two separate systems, one
called MAPZ which was used to plot county data and the other
COMPLOT which was used to plot communities. These initial systems,
while received with great enthusfasm by the user community, were
very primitive both in terms of their cartographic capabilitites
and thelr operational characteristlics. Unfortunately, the
enthusiasm did not extend to the allocation of funds for the
purchase of either new software or hardware.

The first revision to the systems was conducted in our spare time
between peaks of activity in our ’real' work, This first effort
was primarily directed at 1lncreasing the cperational efficlency of
the system. TIn its first incarnmation, the system could only be run
by a programmer and was both slow and very inefficlent.

Three key declsions were made in this spare time work on the
proto~SAM system:

1. The use of a cartographic database philosophy was decided
upon.

2. The COMPLOT system was Iincorporated intc MAPZ. Having made
this declsion at this time, it followed that whenever a new
geographic data base was required, it would be integrated 1into
one system rather than be set up as a parallel system.

3. The philosophy of user interaction was established. Our goal
was that maps could be produced by people who had neither
cartographic nor computer background, after a single 20 minute
demonstration.

As this first major revision of the mapping system neared
completion, an experience occured which was to be repeated in every
subsequent release of the system. There was an immediate
requirement for a series of maps that had features only avallable
in the as yet untested mew system. In order to produce these maps,
the programmers had to work closely with the analysts and support
staff in creating production maps from a very creaky system. This
seemingly ionocuous event affected all of the subsequent
development for the next two years.

Our programmers began to see, many of them for the first time,
their work in a production environment. They saw how a design
feature, that had little congsequence to the programs, could create
tremendous problems in the operation of the system. They
experienced how frustrating it was to work for many hours after the
regular quitting time and watch a slow program perform. They
learned the exasperation of discovering anm irrecoverable mistake,
where the whole procedure had to be restarted from the very
beginning. Most important of all, they were on hand when the users
asked often naive but sometimes very penetrating questions about
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why the computer did things “that way".

After that first experience, every effort was made to see that the
development stsff and the end usera shared the same facilities.

The payoff has been tremendous in terms of aubsequent system
design. The benefits of cross fertilization of ideas between user
and programmers cannot be overemphasized. The systems hsve become
easier to use, more closely tumed to the requirements, and much
more reliable. Hot only did the development people learn about the
user environmment, but users gained a better understanding of the
problems and capabilities of the developers. As a result, requests
for development also improved in quality.

Once the major design parameters had been established, and an
understanding between the development gtaff and the users was
established, remaining work progressed smoothly. As of today, five
versions of SAM have been released to users across Canada. Each
release has added new features to the maps, has been more efficient
and has been easler to use.

SYSTEM CHARACTERISTICS

The most important features of the SAM spystem are the User
Interface, Data linkages and Geographic DataBase components. The
underlying principle in the design of each of these components was
to meet the requirements elaborated in the previous sections.

User Interface

The User Interface has been designed to facilitate high throughput
and flexibility. In order to achieve both of these somewhat
conflicting objectives, we designed the system using the block mode
full screen interface concept. The various parameters that are
required to defipne a map are pregented to the user in logically
related groups on the screen. The user then enters all the values
for one aspect of the map at ome time. This process 1a as simple
ag filling in blanks on a form.

In all cases, the system displays the default values for each
parameter. Herein lies the real strength of the system. The
default values are stored in a file that is read by the program for
the start of each new map. The user tells the system which file to
be used for the defaults. At the end of each map definition, the
uger can save the parameters in the parameter file, and they can
then be used as the default parameters for the next map.

The control system is set up such that a plot can be requested at
any time using the speclal function keys. This means that to
reproduce a map, one slmply designates it as the default and then
requests a plot without changing any of the parameters. For &
series of maps, a default is selected and then only the few
parameters necessary to produce the series need be set for each nevw
map in the sequence.

Other function keys permit a rapid scan of the parameters without
making any changes, an easy access to "help” screems that define
the parameters currently on the screen, and finally a panic button
that allows the user to exit the system easily at any time.
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Data Linkages

The system 1s interfaced with a very sophisticated data management
system that is beyond the -scope of this paper to describe. Again,
the overriding oblective 1s to reduce data preparation time for map
input. Therefore, in order to select the data for plotting, ome
elmply enters the logical name and physical name of the file, the
name of the geocode and the name of the data fleld. If the data 1s
not entered in the dara management system, one must define the
physical characteristics of the two fields (ie. offset and
length).

Geographic databases

The system has three geographlec databases, namely, POINTS, WINDOW
and COMMUNITY database. The POINTS database contains all of the
geographlc and political boundaries for the system. The WINDOW
database contains definitions of commonly used windows

(le. sectfons of the national map which are most frequently used).
The COMMUNITY database contains the co-ordinates and the names of
the 1,133 standard set of communitles for which DRIE maintains its
COMMUNITY database.

The POINTS database (Fig. 1) 1s organized by geocodes at its top
level and by line segmente at its bottom level. As with all
databages, its design 1s a compromise between the logical
requirements of the data structure and the physical limitations of
the Data Base Management System. The Geocode Master provides
access to the Geocode Tndex, which contains an ordered list of the
boundary segments that outline the specified geographic area. The
Segment Master provides access to the Points file which ig
organized in strings of co—ordinate pairs that deflme one line
segment. The Prov Master 1is a speclal case of the other geocode
masters, in that, in addition to the Prov Index, it also provides
access into the Geocode Index, thus providing access to all
geographlc areas within a specified province.

In operation, the system uses the data base in two distinct WAYE
The drawing of boundaries and shading of maps requires access to
different paths through the data base. In order to draw
boundaries, the system uses the appropriate Geocode Master to
identify the line segments that comprise the boundary for the
geocode and sets a corresponding flag in a segment mask. Once all
the required geocodes have been processed, the system uses the mask
to select the line segments to be plotted. The use of the segment
mask prevents the segments that have multiple ownership from belng
plotted more than once. In order to shade the geographic areas,
the system uses the ordered pointers in the Geocode Tndex to create
polygons that can then be shaded. It should be noted that while
the shading routines handle geographic areas that are comprised of
multiple polygons, the aystem is oriented to political boundries
rather than physical features.

The COMMUNITY data base contaims the co-ordinates of the 1,133
communities that are contained in the COMMUNITY database, It also
contains the names of selected communities for labelling purposes,

The WINDOW database contains the definition of commonly used maps.
The WINDOW records contain the parameters required to define the
relationship between the subject space {(the selected geographic
area) and the object space (the featuresg of the geographlc area to
be plotted). It contaims the co~ordinates for the standard
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Figure 1. 7Polints Database

location of the legpend. Finally, it contains a mask defining the
geopolitical areas encompassed by the window used by the system to
optimise the plotting process for the selected window. Because
windows are much easler to usge, this feature simplifies the
composition of maps. In practice, new 'standard’ windows are often
created for new projects.

SYSTEM CAPABILITIES

The system capabilities can be summarized as follows: the ability
to defide the map size and output media (page definition), the
options in accessing and classifying data {(data definition}, and
the possibilities in specifying areas to be plotted (map
definition).

Page Definltion

In practice, there are five standard sizes for the media that are
used for map production. However, the system can produce maps of
any slze that will fit on the plotter. Each page that we produce
can have a title placed along the bottom. All of our products have
a system 'sigrature' on thelr left hand side that gives the date
and map file name for the map. This 'signature' has proven to be
invaluable when it comes time to reproducing coples many months
after a project has been completed. A standard map will fit within
the frame of a page. A= well, the system 15 set up so that any
number of maps can be placed upon the page. What sppear to be
insets on our pages are in fact maps in their own right, produced
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with the same degree of flexibility as the apparent master maps.

Data Definition

Parameters for accessing the data have been digcussed previocusly.
In addition to those parameters the user may select from one of the
ten geocoding systeme currently installed in the system. ‘They

are:

1. County

2. County Ecumene

3. Labor Force Region

4. Labor Force Region Ecumene

5. Federal Electoral District

6. Federal Electoral District Ecumene
7. Community

8. Locality by Latitude and Longitude
9. QuBbec Administrative Region

10. Québec Administrative Regiom Ecumene

The user selects the number of classes of data to be used. 4 limit
of eight has been found to be more than adequate in practice, as
too many classes produce s vipually confusing map which defeats the
purpose of the system. The system provides seven automated
classification methods as well as the option of user. defined
classes. Whichever method is used to set the class Intervals, the
user can then select from more than 200 distinct shsdiung types.

The system ia set up so that the class definition includes the
definition of the legend. The user can add titles, class
description and text to the legend, or specify that certain parts
of the legend mot appear on the plot.

Map Definition
The final stage of definition is the selection of the area of the

country to be plotted. The plotting windows can be selected by one
of three methods:

1. Predefined window selection from the WINDOW database as
previcusly described.

2. BSelection of geopolitical areas of interest which the system
will center within the area of window co—ordinates that it
calculates.

3. Manual entry of window co~ordinates.

The system is set up so that it is not necessary to plot the same
boundaries that are specified for the data classes. For example,
we often specify ecumene shading but use standard boundaries on the
msp. At other times we find it informative to overlay federal
electoral district boundaries on county or community data.

The final specification is to select the plotting method, which
with many combipnations and permutations, dictates whether to have
the map produced to fill the entire frame or to have the system
edit out the boundaries and data between the specified geopollitical
area and the map frame.
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FUTURE DIRECTIONS

The system has been in constant development and production for the
past three years. In that time we have identified several areas
in which the system could be Improved.

The system 1s now limited to production from data stored in
sequential files. Although the creation of such files from our
databases 15 automated by one of our other systems, it would be
more convenient to have direct acceas to the databases. This
change has been on our development list since vergion one, but has
always been delayed by the requirement for the composition of more
sophisticated mapa.

Another enhancement would be to augment our POINTS database with
mote physical features. We feel that the addition of highways,
iakes and rivers would give the decision makers, for whom the mapa
are intended, a better frame of reference than the present
boundries with which many users are unfamiliar.

A major change that we would like to make to the syatem would be to
add a set of standard graphical capabilities. The system would be
integrated so that we could produce insets of line, bar and pie
charte hased on the class asnd data selection specified for the

map.

Finally, and equally important, would be the acquisition of a
colour CRT. 1In this regard, we have experimented with a black and
white CRT but the results were unsatisfactory. Because of its
rapid retrieval and display capabllity, we feel that a colour CRT
would greatly reduce composition time.
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DESIGNING INTERACTIVE CARTOGRAPHIC SYSTEMS USING
THE CONCEPTS OF REAL AND VIRTUAL MAPS

Harold Moellering
Ohio State University
Columbus, Chio
U.5.A. 43210
Tel: (614) 422-2608

ABSTRACT

Interactive cartographic data processing systems can be
designed for many different kinds of purposes. Most modern
gystems are organized such that they can accomplish several
kinds of tasks. When one begins to lay out the design of
an interactive cartographic system, one must explicitly
recegnize and reference different states of cartographic
information in a systematic way. This can be accemplished
by utilizing the concepts of real and virtual maps. The
operations of such systems continually change the state of
cartographic information which can be understood as trans-~
formations between various kinds of real and virtual maps.
One can then combine the referencing of transformations
between various states of cartographic information together
with the standard modular designs of cartographic system
organization. This paper is an extension beyond the
earlier work of the author and will discuss how this can
be accomplished. It will also show the advantages of such
a strategy as an aid to conceptual understanding and ag a
tool to help the cartographer more effectively design such
systems.

I. INTRODUCTION

During the last two decades interactive cartographic
systems have developed from a laboratory curicsity to a
very powerful tool for cartographic production, analysis

of cartographic data and display of results. In many cases
it has been recognized that these sorts of cartographic
operations were changing the cartographic state of the data
which was being processed. Such changes of the state of
cartographic data have been clearly recognized by Moeller-
ing (1977, 1980) in the development of the concepts of

real and virtual maps. When one begins to lay out the
design of an interactive cartographic system, one must
explicitly recognize and reference these different states
of cartcgraphic information in an explicit way. The oper-
ations of such systems continually change the state of
cartographic informaticn between various kinds of real and
virtual maps.

This paper extends the earlier work of the author to show
how the concept of real and virtual maps can be used as a
conceptual aid in the design of interactive cartographic
systems.
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II. REAL AND VIRTUAL MAPS

As early work developed with cartographic data in a digital
form, a number of workers in the field began to realize
that although the form of information was still a carto-
graphic, it was very different from what cartographers
generally recognized as a map. One kind of new cartegraph~
ic form was a CRT image which Riffe (1970) called a temp-
orary map. Others called them ephemeral maps., Morrison
(1974} recognized that with all of the new developments in
cartegraphy, it would be necessary to expand the definition
of what constitutes a map. Moellering {1980} encapsulated
this expansion of cartographic products and states of
cartographic information intc the concept of real and
virtual maps. He recognized that there were two central
attributes of maps which differentiated most conventional
maps from these new cartographic products. These two
attributes are 1} a permanent tangible reality and 2}
direct viewability as a cartographic image. From these two
fundamental characteristics of maps one can develop a four-
fold classification of real and virtual maps. It turns out
that a real {conventicnal} map has both of these attributes
while a virtual map lacks one or both of these attributes:

Real map. Any cartographic product which has

a directly viewable cartographic image and has

a permanent tangible reality (hard copy). There
is no differentiation as to whether that real
map was produced by mechanical, electronic or
manual means.

Virtual map {type I}. Has a directly viewable
cartographic image but only a transient reality
as has a CRT map image. This is what Riffe
called a temporary map. Given the direction

of current scientific work, electrocognitive
displays may be possible.

Virtual map (type II}. Has a permanent tangible
reality, but cannct be directly viewed as a
cartographic image. These are all hard copy
media, but in all cases these products must be
further processed to be made viewable. It is
interesting to note that the £ilm animation

adds a temporal dimension to the cartographic
information.

Virtual map (type III). Has neither of the
characteristics of the earlier classes, but can
be converted into real map as readily as the other
two classes of virtual maps. Computer based
infermation in this form is usually very

easily manipulated.

One can note that this four class system of real and
virtual maps is an exhaustive system which assures that
new cartographic products developed in the future will
always fit into this system. Real maps are hard copy
cartographic products such as sheet maps, atlases, globes,
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plastic 3-D relief models and the like which can be
directly viewed and interpreted. Aall virtual maps lack

one or hoth of these attributes of real maps. Here the
virtual type I map has only a direct viewability with
examples such as a CRT map image Or the 2+D or 3~D
cognitive images in the mind of the map reader. The virt-
ual map type IT is a hard copy product, but does not have
direct viewability. Examples of this kind cf map are
stored holograms or Fourier transformations and laser disk
data, traditional field data, gazetteer, anaglyph or a film
animation. All of this class of hard copy maps must he
processed in order that one may view the image contained in
the product. Virtual type I1II map is a class of map which
has neither of the two fundamental attributes and most of
this kind of cartographic information is in the digital
computer domain. It includes digital information stored

on disk or tape, core memory, video animation as well as
cognitive maps of the kind which contains relational geo-
graphic information. Notice that virtual map classes I

and ITIT contains the kinds of maps that are in the main=-
stream of digital cartographic processing or in the mental
domain. Because these two classes of maps are very trans-
ient and lack a permanent tangible reality, the information
contained in these sorts of maps is extremely manipulable,
both in the digital and the graphic domains which makes
them very useful in an interactive cartegraphic setting.

ITII. TRANSFORMATIONS BETWEEN REAL AND VIRTUAL MAPS
Tt is interesting to discover that transformations between

these four classes of real and virtual maps, as shown in
Figure 1, define most of the important coperations in

REAL WApTUAL
MAP -
TYPE 1T
VIRTUAL VIRTUAL
MAP ooy MAD
' TYPE T TYPE 111

Figure 1. Real and Virtual Map Transformationms
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cartography. An earlier and less formal set of transfor~
mations was suggested by Tobler (1979). Most cartographic
systems utilize some combination of these 16 transforma-

tions
R+R

R+V

in their design and operation:

Transformations of real to real maps define confine
conventional cartographic operations and processes.
Such tasks are either manual, mechanical or
rhotographic.

Traditicnal map reading takes place when a map
reader looks at the map and creates a map image in
his mind. An analeg television display of a real
map could also be utilized here.

Extracting information from a map and storing it

in a nongraphic hard copy form is an example of this
transformation.

Digitizing is an extremely important operation in
modern cartography where information is converted
from a real graphic form into virtual data and
coordinates that can be utilized and stored in a
very manipulable form.

Creating hard copy maps from graphic CRT terminals
is an extremely important aspect of this transforma-
tion. It could alse include creating hard copy
representations of cognitive images stored in the
mind.

Here one can manipulate a graphic CRT image in a
number of ways, or one could read such a cartographic
image and create an image in the mind.

When one converts a cartographic CRT image into a
hard copy form such as a hologram, Fourier transform
or film animation this transfeormation is used. &
number of early cartographic film animations were
photographed from Vv, CRT images.

Modifying a digital cartographic data base from a
graphic CRT image with a device such as a cursor
utilizes this transformation.

Using traditional field data to create a real map

or any time stored hard copy data is used to create
a hard copy map uses this transformation.

This transformation is used when laser disk data or
perhaps field data is directly displayed in a graphic
form on a CRT.

Whenever nongraphic hard copy cartographic information
is converted into a different nongraphic hard copy
form this transformation is utilized.

Entering coded cartographic data into a data base is
an example of this transformation.

This transformation represents the extremely impor-
tant operation of digital plotting or other form of
hard copy creation such as model carving.

This transformation includes the creation of carto-
graphic CRT displays from a digital data base which
is a key operation in any interactive cartographic
system.

Creating a tabular hard copy output from a carto-
graphic data base utilizes this transformation.

This transformation defines many mathematical opera-
tiong in cartography such as interchanging data
between two cartographic data bases. Many of Tobler's
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mathematical transformations (1961) fall intc this
operation.

This above set of transformations defines all important
cartcgraphic transformations and hence can be used as a
tool to assist in the design of interactive cartographic
systems.

surface and Deep Cartcgraphic Structure

It is only relatively recently that cartographers have come
to realize that when cne desires to work with cartographic
information in the digital domain that the graphic repre-
sentation is only one fundamental aspect of the map infor-
mation. Many and other kinds of relationships have been
recognized which are not necessarily graphic. WNyerges
(1980) has recognized this problem explicitly by extending
the concept of surface and deep structure from structural
linguistics into the cartographic domain. Surface struc-
ture of cartographic information is the graphic represen-—
tation of the terminal elements which appear in the form of
a map. However, there are many other explicit and implicit
relationships between cartographic cbjects contained in

the data base that are not graphic. Deep structure relates
to these relationships between cartographic objects that
are not necessarily graphic. Theee relationships can be
phencmenological, spatial, in some cases nonterminal
graphic elements, or a combination of these. Such rela-
tionships are not evident from the surface structure e.qg.
the graphic representation of the map.

Figure 2 shows a straightforward example of surface and
deep structure. The lower part of the figure shows the
surface structure which here is the graphic realization of
the cartographic information. The upper part of the figure
shows the deep structure of the cartographic information

in the form of a data base schema. Many things which are
seemingly not related to each other in the surface
structure are in fact related as shown in the deep struc-
ture. Here logical modules of links and nodes are related
to each other in a structural way which includes the inter-
mediate points which providas drafting accuracy as well

and a module of attributes of the links. Point objects
which are seemingly not related in the surface structure
are seen to be related via the point cobject module.
although this is a very simple example, it clearly illus-
trates the concepts of the deep and surface structure of
cartographic information.

III. DESIGN OF INTERACTIVE CARTOGRAPHIC SYSTEMS

The task of interactive cartographic systems design is a
challenge to all who have been involved with it and a ripe
topic for conceptual discussion. It has been realized for
a number of years that the man-machine interaction in a
cartographic setting is a much richer information channel
than conventional cartographic approaches {Moellering,
1977). More recent conceptual work on cartographic systems
design continues to develop and expand the conceptual
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flexibility of such systems as evidenced by the work by
Petrie {1981}, Anderson and Shapiroc {1979), Fischler et.
al. (1979) and Pfaff and Maderlechner (1982). In any case
Thére are five basic phases in the development of such a
system: 1) specifying the system goals, 2} specifying
system needs and feasibility, 3) designing the system,

4) implementing the system, and 5) system testing, verifi-
cation and documentation. The early stages of this pro-
cess can be developed along the lines that are similar for
geographical information systems as discussed by Tomlinson,
Marble and Calkins (1976). However, in this paper partic-
ular attention will be directed towards the use of the con-
cepts of real and virtual maps in the third step of system
design and assume that earlier steps in the process have
been properly followed.

The use of the concept of real and virtual maps is very
advantageous in the design stage of interactive cartograph-
ic systems building because it can be used to make explicit
what was implicit heretofore. Now important cartographic
information transformations such as t{R*V3}, t{V3™VqyJ},
t(vy*vs), t(V{?R) and t{V3*R} can be recognized explicitly
as 3 transformation process in a wide variety of logical
system design diagrams. It also turns out that these
transformations can be shown at several levels of speci-
ficity from very general system diagrams down to very de~
tailed logical diagrams of interactive software. They can
be used to illustrate system logic, hardware configurations
and software organization. In short, one can explicitly
reference these transformations at any scale of system
specificity or in any system environment. The adaptability
and flexibility of these transformations greatly enhances
the appeal of them because they are not limited by speci-
ficity or environment.

The following examples discussed here have real and virtual
map transformations that are used in interactive cartoe-
graphic systems design. Each of the three examples uses
fhe transformations at a different level of specificity and
in a different environment. Although only three examples
cannot be considered exhaustive, they do show the flexi-
bility and adaptability of these transformaticns.

Figure 3 shows a general diagram of an interactive carto-
graphic system. It shows the entry of raw data into the
system via digitizing t(R+V3} and the tabular input of

data t{(Vy>V3). Inside the system a host of transformations
can be invoked to analyze, manipulate and display the data
such as t(V3+Vq), t{vi+vy), t{V1>Val, t{Vy+V3) and t(Vy+V3l).
Not all possible combinations are shown in this figure.
After manipulation, analysis and display of the data, sev-
eral kinds of cartocgraphic products can be generated by the
system as is appropriate to the problem at hand. They ine-
clude generating real maps t(V3»R) output cartographic

data structures t{V3+V3) or some sort of tabular printout
t{Vy*V,) . Further details concerning the capability and
operation of the system however have not been specified

at this level and to do so would require more detailed
diagrams.
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REAL TIME INTERACTIVE CARTOGRAPHIC SYSTEM
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Figure 3. General Logic of Cartographic System Showing
Real and Virtual Map Transformations

Figure 4 shows the hardware configuration of a single work
station for a cartographic system. As depicted here it
could be used for either digitizing, editing or plot veri-
fication. In some larger systems these functions might be
separated into more specialized kinds of work stations.

The central piece of equipment is the CRT display t(V3+V1)
interfaced to a host computer system with attached graphic
cursor, t{V;+Vs), keyboard t(Vo+V3), £(Vy»Vy) and function
buttons, t{V,+V3), t(V2+V1) because they ‘could send signals
to both the scréen and”to the system. Several typical
peripheral devices are shown in the form of a graphic tab-
let t(R +V3), t(R +Vy), hard unit t(vy+R) and plotter
t(V3+R). Each transformation shown illustrates the basic
way in which each piece of hardware processes the basic
cartographic information which passes through it. Hardware
configuration design can be very useful when one is trying
to assemble the proper hardware units to perform a stated
combination of transformations.

Figure 5 shows a logical flow diagram of a computer program.
Because interactive cartographic computer programs tend to
have a large amount of man-machine communication, it is
important to explicitly show these transformations as an
aid to efficiently design the logic of the program. This
example shows the most detailed use of these transforma-
tions and because of that the program chosen for this
example is rather small. As a matter of fact, it is used
to train beginners in the use of a graphic CRt terminal.
The first section begins with the generating of data, the
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gsecond with the display and manipulation of the data, and
the third with saving the data and terminating the program.
Because there are many decisions to be made by the user of
the program, a rather high level of man-machine communica-
tion is included which in turn reguires that many carto-
graphic transformations alsc be included. A typical
command sequence is as follows: the system prompts the
user for a command, t(V3+Vl), the user reads the message,
t{vy+ vy}, the user responds by either typing a command
from a keyboard which appears on the screen t({Vy+Vy ) and
is sent back to the system t{Vp+V3} or by pushing a func-
tion button which would either affect the screen t(Vp+Vy)
or send a signal to the host system t{Vy+Vy), or the user
could activate the cursor t(v1+vg) and return the informa-—
tion to the system t(Vy+*V3). Exactly which alternative of
the command sequence is followed depends on the specifics
of the operation to be performed. As one can see from
this illustration, the program contains many of the kinds
of command sequences because the user is making decisions
about what the program is supposed to be doing and those
decisions must be communicated to the host system and to
the program software. It should be noted that this
approach can be used on both individual software modules
as well as entire programs. As one proceeds through the
program, each of the transformations must be executed in
the specified sequence or the man-machine communication
could be disrupted. Therefore it is important that the
software designer who works out the communication details
of the program apply these transformaticns in the exact
sequence required for efficient communicatien. To do
otherwise could result in inefficient or perhaps unworkable
cartographic programs.

Iv. CONCLUSIONS.

It can be seen from the outset that the development of the
concept of real and virtual maps rather neatly expands the
definition of the map to include the mcst modern feorms of
maps. It can also be seen that transformations between
various states of real and virtual maps specify all impor-
tant cartographic operations. Further it can be seen that
these transformatiocns are a very useful aid in designing
cartographic systems, especially interactive systems. The
transformations can be used at a wide number of levels of
specificity as well as to help define general systems
loegic, hardware configurations and software organization,
Together with other design tools, the explicit use of
these cartographic transformations should help the carto-
grapher to design more efficient and powerful systems in
the future.
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DESIGH OF A TELIDOR BASED IMAGE AMALYSIS SYSTEM (TELIAS)

Glenn Mitchell Shirtliffe
Cartographic Research Unit
Department of Geography
Carletcon University
Ottawa, Canada. K1S8-5B6

ABSTRACT

The merits of digital image analysis systems in remote
sensing have been well documented in the literature. The
major factor that has served to limit the diffusion of
digital image analysis systems throughout the research
community has been that of cost,

The objective of this project was to create a digital image
analysis system that would provide reasonable results at the
least possible cost, using equipment already available in
most computing/research facilitles.

The TELIDON Image Analysis System (TELIAS) is a CP/M based
system that presents digital imagery on TELIDON display
devices, The interaction model is one between operator and
a TELIDON display terminal, using a microcomputer as the
interface, TELIDON, specifically North American Present-
ation Level Protocal Syntax (NAPLPS), was chosen as the base
for graphic presentation primarily because of cost consider-
ations.

INTRODUCTION

The increased amounts of digital imagery made available in
the 1970s, especially from LANDSAT, provided a new source
for, and a different scale of remotely sensed imagery.
Preceeding the availability of digital data for image
analysis, the interpretation of images of the earth's
surface was possible only through analogue techniques. The
two major technological prerequisites that must be fulfilled
before digital image analysis can be realized are:

1. The advent of machines to collect and
convert analogue data to digital format, to
process the digital data, and to convert the
data back to a useable analogue output,

2. The advent of machines that perform the
above tasks at a price affordable to the researcher,

For major research institutions and large users, digital
image processing has long been realized. Smaller users are
still waiting for technology to fulfill the second
prerequisite.

Early Image Analysis Systems (IAS) were implemented on
dedicated mainframe systems, often costing in excess of one

65



million dellars., Technology has progressed to the peint that
powerful mini-computer based systems are now available for
only a few hundred thousand dollars. Unfortunately, for a
majerity of professional and educational institutions,
limited budgets still mitigate against the acquisition of
these new mini-computer based systems.

MICROPROCESSORS AND IMAGE ANALYSIS

The merits of digital analysis systems in remote sensing
have been well documented in the literature, The primary
factor limiting the diffusion and use of these systems has
been that of cost. The development of microprocesscrs and
their use in microccomputer systems has led to attempts to
overcome the cost limitation by development of
microcomputer-based image analysis systems. The last few
years have seen a very rapid growth in the numbers of image
analysis systems available for microcomputers.

There are three types of image analysis systems available at
present, each with differing capabilities, design complex-
ities, and greatly differing price tags. One factor
however, that is common to all of these micro-based systems,
is the trade-off of processing power to cost. Simple
digital image analysis (DIA)} functions that take a matter of
minutes to execute on mainframe installations, may take
several hours to process on a micro-computer, Obviously, a
careful division of labour between mainframe and micro is
called for,

The mest complex and costly micro-based image analysis
systems are dedicated 8 or 16 bit systems with configur-
ations and hardware specially designed for image processing
and display. They range in price from $15,000 to $50,000
and have more ccmplex software enabling the user to perform
many of the functions available on mainframe systems. The
second type of system is in the $5,000 to $15,000 range.
Such systems tend to be powerful B bit machines with dedi~
cated graphics memory and some scphisticated image process-
ing functions. The third type of system is priced under
$5,000. These tend to be software packages for the personal
computer, or system modifications to the personal computer.
Such systems have only limited processing capabilities, and
very limited display capabilities. The systems reviewed
below are examples of systems in the latter two categories.

IMPAC/RIPS. The Image Analysis Package for Micro-
computers (IMPAC) developed by Egbert Scientific Software,
and the Remote Image Processing System (RIP3) developed by
the EROSZ Data Center are examples of systems in the middle
price range. The IMPAC system is designed on a Cromencc Z-
B0 microcomputer with 64k RAM, and 96k image memory. It has
256x%x240%x12 bit resolution and displays on a Panasonic RGB
monitor, Hardcopy is provided by a Data Systems Prism 80
dot matrix colour printer., IMPAC has two 5 1/4 inch disk
drives, providing 630k of storage. The software is
implemented in CBASIC on a CP/M operating system. Utilities
include image algebra, and density slicing algorithms as
well as the following classification algorithms: parallel-
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epiped, maximum likelihood, and unsupervised clustering.

RIP3 is similar to IMPAC in its hardware configuration, the
major difference being it uses two 8" doubple-sided double-
density disks for 2.4 Mbytes of storage. RIPS 1is
implemented in FORTRAN, and includes routines for contrast
ernhancement, band raticing, athmospheric haze removal,
density slicing, and spatial fiitering. Varicus supervised
and unsupervised classification algorithms are provided.

The primary market of these two systems is the educational
and research community, although they have had implement-
ations in resource management.

APPLEPIPS., The Apple Persconal Image Processing System
(APPLEPIPS) software package is an example of a low price
range system. APPLEPIPS was developed by the Telesys Group,
as a software package for the APPLE II or II+ microcomputer
with 48k RAM, and two disk drives with 140k of memory. The
display resolution of APPLEPIPS is 5OoxU40Q with sixteen
colours, or 1U40x96 with six colours. The system has been
implemented in BASIC and 6502 Assembly language. Utilities
included in the system are single band display, single or
double band image algebra, and bandwise pixel normalization.
The classification utilities include a supervised classifi=-
cation algorithm which is based on a parallelepiped class-
ification. APPLEPIPS is a low-cost system that will be
most widely wused in educational institutions that already
have an APPLE computer. It is an effective tool in teaching
the basics of interactive image processing. It is well
documented and user friendly to those with very limited
image analysis experience. This system and others in this
price range, are probably too limited for applications
outside of education since their display, processing, and
cutput capabilities are greatly limited in resolution and
manipulative ability.

SUMMARY. To the average educational institution or small
firm, there is still a void in the availability of systems
at the low end of the price range that are capable of
providing reasonable minimum image analysis requirements.
Such minimum requirements may be identified as follows: the
system should have the capability teo display images that
correspond directly to existing topographic maps at elither
the 1:25000 or 1:50000 scale (implying greater than 200x200
pixel resolution if one seeks to display LAND3SAT imagery);
the ability to manipulate, process, and classify imagery
using single and multiband techniques; the ability to
annotate and superimpose geographic information on the
image; a "zoom" capability; and hardcopy cutput.

It was with these system requirements in mind, and with the
added constraint of using only equipment currently available
within the Cartographic Kesearch Unit at Carleton Univer-
sity, that the TELIAS PROJECT was born.

TELIAS

The TELIDON Image A4nalysis System (TELIAS) wag implemented
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on a Dyl Systems' ORION V, Z-B0 based, microcomputer. The
interaction model is one between operator and NORPAK Mark 1V
TELIDON {(North American Presentation Level Protocal Syntax -
NAPLPS compatible) decoder using the microcomputer as the
interface. NAPLPS technology was chosen for a variety of
reasons:

1. It employs a standard RS5-232C interface
between processor and display device, adding to the
transferability of the image outputs.

2. The NAPLPS protocol is becoming more
widely accepted as a protocol for information
transfer, and it includes other graphic funections
that can easily be implemented to provide text and
graphic annotation.

3. The display resolution of NAPLPS meets
minimum system requirements defined above.

4, The cost of the NORPAK Mark IV TELIDON
decoder was far less than other colour graphic
display terminals, and it can be attached to either
RGB monitors, or via the RF output, to normal
colour televisions,

TELIAS was designed to be as machine independent as
possible. It is hosted by the CP/M operating system, using
the L3T: port for image output. The system is thus compat~-
itle with any 64k CP/M based micro with two double-density
drives and RS-232C ports, Monochrome hardcopy is obtained
from a Digital DECWRITER III. Up to 64 greytones may be
obtained through overprinting, and the pixel size of the
printer when set to 16h x 12v characters per inch provides
accurate scaling horizontally and vertically. Figure 1 is an
example of hardcopy output of LANDSAT Band 7 data from a
226x226 subscene of the White Bear Lake East region of
Minnesota.

System software was designed to maximize efficiency yet
remain user friendly and user apparent. For this reason, C -
a 'not-very-high' level programming language -~ was chosen
for much of the code, A4 UNIX-like 'shell!' for directed
input and output pipes adds to the efficiency of data
transfer between modules of the system. Utility routines and
display functions were written in Z-B0 ASSEMBLY language,
and were designed to be user transparent,

It is expected that many institutional and small business
users will already possess much of the hardware required for
TELIAS. If the syatem was, however, to be acquired in its
entirety, the probable hardware costs would be as follows:

64k Micro w/CP/M 2SSDD Drives $4,000

TELTIDON Decoder $1,300
RGB Monitor $ 700
Printer $1,500
TOTAL $7,500
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FIGURE 1. HARDCOPY OUTPUT OF LANDGSAT BAND 7 DATA.

DESIGN PRINCIPLES FCR TELIAS. The five processes
involved in digital image analysis are data input, pre-
processing, eclassification, post-processing, and image
output. TELIAS has been designed to facilitate all stages,
however the complexity accorded to each stage varies.

The input and pre-processing stages are implemented primar-
ily to accept digitally corrected data on CP/M compatible
floppy disks. No facility is previded at present, to geo~
graphically correct, calibrate, or resample raw datasets.
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In the rational division of labor between mainframe and
micro, these stages are best handled by the mainframes, The
availability of digital image datasets on floppy disks is
increasing. The ERCS Data Center now nas made available
inexpensive 8" CP/M format floppy disks containing LANDSAT
data corresponding to individual USGS 1:24000 topographic
quadrangles. In Canada, the CCRS has no firm plans as yet
regarding the release of digital data on floppy disks.

There is autility in TELIAS that enables the capture of raw
image data with only slight modification to the printer, and
with the addition of an A/D converter to the system. A&
phototransistor is attzched to the printhead of the
DECWRITER, and the system repeatedly spaces the printhead
across an image and scrolls dewnwards, sampling the voltages
from the transistor at each position. The density of the
scan is 16h x 12v pixels per inch. This utility provides =z
very ecrude but cost effective metheod of digital data
collection.

The classification process has received a fairly complex
implementation on TELIAS., At present, the following class-
ification algorithms have been implemented: contrast
stretching (linear and non-linear); band ratioing; algebraic
transformaticns (single and multiband); and contrast
enhancement, Figure 2 is a direct-from-screen photograph of
a contrast stretch of the LANDSAT Band 5 image of White Bear
Lake, Minnesota.

FIGURE 2. DIRECT FROM SCREEN PHOTOGRAPH OF TELIAS DISPLAY.
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Cther algorithms currently being developed for TELIAS are:
spatial filtering; and various supervised and unsupervised
classifications including maximum likelihood, minimum
distance, parallelepiped, and l1imited-sample singular decom-
position algorithms.

In the postwprocessing stage, the classified data is
assigned intensity or hue values according to class. A
software "zoom™ may be specified in the video display by
redefining the logical pel size used in the NAPLPS protocol.
The output stage involves either the interactive display or
the dumping of image files to the selected output device.

The major limitation of the TELIDON decoder in the present-
ation of image data is in its uniplanar display matrix. An
explicit colour map defines 16 colour values, and each pixel
may only assume one of these values; therefore false colour
composites or band composites must be handled in software as
opposed to hardware, One cannot simply assign one band to
each colour gun to produce a composite. This trait is,
however, not uncommon in other low cost systems.

TELIAS alsc has the ability to annotate and to superimpose
geographic information on the image using the graphic
functions of the NAPLPS protocol. There is direct
compatability between TELIAS and existing GIS software
written at Carleton University. MIGS, the Microcomputer
Interactive Graphies System, provides a mapping capability
that can be used by TELIAS to access geographic information.

SYSTEM ANALYSIS. The TELIAS system has met its design
objectives, It is a medium resolution, low~gcost, guick-look
system that facilitates rudimentary image processing. It
provides both video and hardeopy output, and it has the
capability to collect data as well as procesSs existing data.
TELIAS can access other GIS databases and overlay geographic
infermation.

The complete system may be acquired for under $8,000,
although most users would have only to purchase the NORPAK
decoder, A/D converter, phototransistor, and possibly a
colour monitor - an outlay of approximately $2,500.

TELIAS is slow when compared to its mini and mainframe
counterparts. Depending on the complexity of the classifi-
cation it may take from 5 to 10 minutes to display an image.
This length of time does compare favorably to other systems
in the $5,000 to $15,000 range. The moderate resolution of
the display may be improved by using a NORPAK 512x512 pixel
display board, but at greater cost.

The advantage of NAPLFPS technology ig in its machine
independence. The protocol concept of a unit screen is
completely independent of the display resolution ¢of the
decoder, thus software is easily transferable to higher
resolution display devices,

The greatest limitation that TELIAS and all other micro-
computer based systems have, is that of power. The more
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advanced data classification algorithms are impractical and
beyond the scope of present 8 bit microcomputers., With 16
bit micros and 32 bit minis becoming less expensive, it may
not be long before this limitation is overcome.

CONCLUSION

A TELIDON - microcomputer based digital image analysis
system is feasible, TELIAS is a first attempt at such a
system, and the results of the project encourage further
development,

Besides its application as a stand-alone image analysis
system, TELIAS has also also proven that digital imagery may
be effectively transferred and presented by TELIDON. This
in itself may provide digital image capability £o the lowest
budget user by bypassing the need for a host microcomputer.
A videotex database of digital imagery could easily be
established on a host mainframe or minicomputer. The user
would only need a decoder, colour television/monitor, and a
modem to be able to access the database (approximate cost
$2,500). The user could conceivably be accorded limited
processing capabilities on such a database, The economies
of such a videotex service may be unrealistic in the public
realm, however it may provide a useful utility in large
institutions or businesses where image analysts need a quick
look, low rescurse demand capability for planning analysis
sessions opb the mainframe system. Such applications warrant
further investigation.

Digital image processing is rapidly becoming an affordable
and useable proposition for many small scale users. TELIAS
has attempted to draw together some of the more recent data
Processing innovations to hasten this evolution. The future
of this system appears to be quite promizing.
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A REPCRT ON THE BENCHMARK TESTING
OF 4 PROTOTYPE ENHANCED STEREOPLOTTER WORKSTATION

Captain R. B. John
Royal Australian Survey Corps {RiSVY)
ArTmy Survey Regiment, PO Box 226, Bendigo, Australia 3550

ABSTHACT

1. A Wild EB stereoplotter has been enhanced by the addition of inter-
active, raster monochrome graphics, graphic image superimposition and
voice recognition and response hardware. That new configuration has
undergone a two month benchmark test and development pericd. The
results of that period were very favourable and suggest greatly
improved stereoplotter throughput in comparison with current RASVY
digital techniques. The enhancemernt costs can be amortised in less
than four years. The results of preliminary studies and of the beneh-
mark period are reported.

INTRCDUCTION

?, The Australian Department of Defence (Army 0ffice), on 31 December
1981, entered into a contract with Intergraph Corporation for the
supply and installation of a computer aided mapping system. That
system is known as AUTOMAP 2, It involves the second phase of the
application of computer principles to the RASVY map production system.

3, A major part of the AUTOMAP 2 econtract required the contractor

to develop an enhanced sterecplotter workstation, to RASVY specificat-
ions (patent pending), that would overcome many of the inefficiencies
of the AUTOMAP % sonfiguration. In that system, Wild B8s have been
fitted with encoders and software interaction is via a VDU. 4 pencil
plot in the model space is used to gauge progress and help with line
joins., Inefficiencies of that system include a lack of digital feed
back leading to inability to relate the position of the stereoplotter
measuring mark to that of a previously digitized point or line and a
frequent requirement to look away from the analogue medel to enter

and verify data and commands, Together with resultant operatoer
uncertzinty and over-cautiousness, these factors lead to reduced
stereoplotter throughput and to the production of Munclean” digital
data which must be verified by hard copy and digitally edited to carto-
graphic standards.

4. The Commonwealth opted to provide optical design consultancy and
prototype development for the sterecplotter workstation through the
Dafence Research Centre, in Salisbury, (DRCS)} South Australia.

PROTOTYFE CONFIGURATICON

5, RASVY and DRCS produced an optical design known as Graphics
Superimposition Oculars {GSOC) which was attached to a wild B8
stereoplotter to enable a digital image to be intreduced into the left
optical train and be superimposed over the left picture image.

6. 4 19" diagonal, monochrome, raster graphics tube was included to
displey the digital data as it was collected. A second 7" diagonal,
monochrome, raster graphics fube was configured to "slave" from the
first and provide the line and cursor spot resclution required for
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graphics superimposition.

7+ Interaction between the cperator and the software system is
provided for in a number of ways:

as A keyboard is provided for alphanumeric entry, to be used to
"boot" the workstation and to enable misecellaneous command
and data entry net available through other means.,

b. A menu table is provided to enable the positioning of command
and feature menus within easy reach of the operator. Inter-
action is via a hand held floating cursor.

¢, A twelve button menu pad is provided for positioning in the
proximity of the stereoplotter tracing stand {to the
operator's preference) for command entry,

d. A foot switch enabling three separate data entry commands is
provided.

es A volce response system is provided to zugment the alphanumerie
feed=~back available within the graphics superimposition field
of view (one line of 60 characters),

f+ A voice recognition system ie provided to enable command and
feature type entry without requiring the operator to turn
away from the stereoplotter eyepieces.

8. In order that the superimposition of the digital image would
overlay the analogue image of the left aerial pieture, a sophisticated
mini-gomputer driven software and hardware system is provided to
ensure that the operator ean “pan®™ through his model and retain that
digital/analogue relationship. Operations are provided to display

the digital data at any scale and to enable seale matching with that
as viewed through the ccular system.

9. BSoftware has been developed to enable the centre perspective
transformation of the digital data to fit the left aerial picture but
was not delivered during the benchmark period. The digital and
analogue views would therefore only match exactly, at the centre of the
gtereoplotter field of view (when parallax had been removed by way

of the Z wheel) and image overlay was dependant upoen the nature of the
terrain.

FREPARATORY STUDIES
Work Studies

10s In order that typical operator actions on both the analogue and
Automap 1 stereoplotter configurations could be ascertained, for use
in ergonomic comparisons, a work study was performed on each aystem.

11, Averaged results are presented in Tables 1 and 2. These figures
repregent the breakdown of work for typlcal stereomodels, A
"weighted" average is calculated where the weight factors have been
taken from other studies (see Table 4) and thus more closely represent
true model breakdowns. (Note, however, that there is no direst
relationship between the results in each table due to different
procedures involved - see para 3, )
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Action Cultural Dralnage Relief Vegetation Average/medel {1)

Flot Al 68 73 64 70
Check 8 20 15 16 15
Enhance 13 5 10 15 10
Pencil 8 7 2 5 5
Total 700 160 160 100 160

Note 1. These figures derived by weighting percentage times
according to figures in Table 4.

TABLE 1 =~ ANALOGUE STEREOPLOTTER WORK STULY
BREAKDOWN OF WOHK FOR TYPICAL STERECMODELS
(Percentage Time Involved)

Action Cultural Drainage Relief Vegetation Averagze/model (1}

Plot 73 70 49 57 62
Keyboard 12 & 10 9 g
Guick Check 5 8 10 3 7
Check 3 9 20 0 k|
Enhance 3 3 3 27 6
Pencil 4 4 2] J3 5
Total 100 100 100 100 100

Note 1. These figures derived by weighting percentage times
according to filgures in Table 4.

TABLE ? - AUTOMAP 1 STERECPLOTTER WORK STUDY
BREAKDOWN OF WORK FOR TYPICAL STERECMODELS
(Percentage Time Involved)

12, The figures from the above tables have been used to estimate
the maximum savings that are possible in Telation to actual stereo-
plotting time. The enhancements considered and their estimated
affect on model throughput are:

a. The use of menus for command and feature selection rather
thah keyboard entry (=1%).

b. Direct Z enceder sampling to alleviate the requirement to
enter height values when contouring or spot helghting (-2%).

¢ The provision of a monochrome raster graphics tube for
digital feedback and to enable interactive eorrections

(=15%).
d, Graphics superimposition tc alleviate the requirement to turn

away from the stereomodel and give better feedback on the
completeness and correctness of digitization (-T#).

es» Volce recognition and response to enable command and feature
selection and verificatlon, without requiring the operator
to turn away from the stereomodel (-2%).

13, Table 3 tabulates the potential model plotting saving (against

AUTOMAP 1 throughput) that may be realized for each of a number of
alternative oonfigurations that could be introduced in AUTOMAP 2,
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Alternative Conflgurations Savings as per Total

Para 12 Saving
a b c d e
BB + Graphics 1% 2% 15% - - 18%
B8 + Graphics + Voice 1% 2% 15% - 2% 205
B8 + Graphics + Superimposition 1% 2% 1% T4 - 25%
B8 + Graphics + Voice + Superimposit- 1% 2% 15% 74 2% 27%

TABLE 3 - POTENTIAL MODEL PLOTTING SAVING PER CONFIGURATICGN
(Percentage Compared To Automap 1 Timings)

Tiping Studies

14. In order that total throughput timing for average models produced
within the AUTOMAP 1 system could be ascertained, a study was
performed over iwenty-four model areas., Timings included model
orientation, all detail plotting, operator and supervisor check times,
final verification plotting and post-plotting edit of the data to
ensure that internzl and external linework joined to carteographic
standards. No intermediate verification plotting was included as
those timea overlap with medel plotting.

15. Time sheets were compiled by all machine operators, system
managers and editors involved in the production of those twenty four
models. The time sheets were analysed and the resultant data is
tabulated in Table 4.

Stages of Stereo~ Stercom Stereo~ Total
Stereomodel Plotting Plotter Plotter Model
Digitization Require- Operator Station Require-
Ment Require- Require- Ment
Ment Ment
MODEL ORIENTATION - 8 7 5
Cultural Plot 21 18 17 12
Drainage Plot 23 28 27 19
Relief Plot 35 30 29 20
Vegetation Plot " 10 g 7
TOTAL PLOTTING TIME 100% (86) {82) (58)
Model Checking & 6 4
TOTAL OPERATOR TIME 100% {95) {e7)
Final verification Plotting 5 3
TOTAL STATION TIME 100% {70}
Internal/External Line Joins %0
TOTAL MODEL TIME 100%

TABLE 4 - AUTOMAP 1 MODEL PRODUCTION TIMES
REDUCED TO PERCENTAGES

Conclusions of Preliminary Studies

16. Combining the results of the two preliminary studies described
above, it was estimated that enhancement of the AUTOMAP 1 stereo-
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plotter configuration could provide a model throughput saving of 41%
of the current requirement. Of this saving, 16% would come from a
reduced plot time at the stereoplotter while 20% would come from the
alleviation of the reguirement for post editing of the medel data.
These figures assume that the plot time would be increased by not mere
than 10% of the total current requirement due to the introduction of
"snapping" operations. Table 5 tabulates the potential model through-
put savings.

Potential Areas Average Estimated
For Savings Current Requirement Potential Saving
{Prom Table 4) {% of Total Time})

Model Orientation 5 2
Plotting 58 16
Checking 4 ) Nil
Verification Plotting 3 3

Gross BError Edit 30 20

Total 100 A1

TABLE 5 - POTENTIAL MODEL THROUGHPUT SAVINGS
OVER THE CURHENT AUTOMAP 1 REQUIREMFNT {%)

BENCHMARK TESTING

17. 4 model area was selected which displayed as much variety in
topography as possible. That model was replotted during each week of
the development pericd. It was recognised at the outset that re-
plotting the same model over and over again introduces an aspect of
operator familiarity that would not be present in a normal production
environment., This was seen to be advantageous since the introduction
of complete model familiarity reduces the digitizing task to a level
at whnich model throughput is completely dependent upon the ability of
the operator and the digitizing system.

18, Comments relating to the use of interactive graphics, image
superimposition and velce recognition and response are given below
from experience received with those equipments during the benchmark
period:

a. Interactive Graphics (without image superimposition).

(1) The introduction of interactive graphice provides
immediate verification of digitization and leads to
improved operator confidence. The graphics screen
provided was a raster, monochrome, 313" Giagonal screen
of 1024 x 1280 pixel resolution, Real time zoom and pan
facilities enabled very efficient model checking over the
entire model area. OSoftware selectable line thickness
and output styles (eg dots, dashes ete) allowed for &
wide choice of line symbolization adding to date depilection
and verification possibilitiea., Four programmable prompt
fields at the bottom of the sereen provides textual feed-
back to the operator soncerning feature selection,
digitization requirements, system status and error
information.

(2) The placement of the screen was to the immediate right
gide of the cperator at eye level beside the stereo-
plotter, Minimum head movement was then required for
gquick glanees a2t the seresen during digitizing to verify
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(3)

data capture. Even 80, the operator found that thia
continual sidewsys head movement was more tiresome than
in the AUTOMAP 1 configuretion where up and down head
movement is required to glance at an analogue plot in
the model space.

The use of a monochrome graphice sereen, rather than
colour, is not believed to be detrimental at the stereo-
plotter due to the wide range of line symbolization
available, Experience with the system will prove {or
otherwise) the ability of the operator to identify
feature types from symbolization (rather than in combina-
tion with eolour),

bs Graphics Image Superimposition.

(1)

(2)

(3

{4)

The benchmark suescessfully proved the concept of graphies
image superimposition in the left optical train. The
digital image was able to be superimposed over the left
pleture image with precise alignment at the position of
the stereoplotter measuring mark. Accurate rotation and
scaling of that image is performed by an interactive
routine requiring operator action to identify points on
the photograph using both the stereoplotter measuring
mark and the cursor associated with the grarhics screen.
Alignment of the CRT spot (which is always in the centre
of the sereen} with the stereoplotter measuring mark

is performed by mechanical means. 4 rheostat was provid-
ed to change CRT brightness to suit the image quality of
the photographs and to enable the superimposed view to be
turned off or displayed at operator preferred brightness.

To enable the digital image to fit the left picture image
exactly, the digital data must undergo a perspective
trensformation and be dynamically panned with any move-
ment of the stereoplotter viewing mieroscopes. This
software was atill in develcpment during the benchmark
period., Even without this precise lmage alignment, the
superimposed view was found to be extremely useful to the
cperator., It provided immedlate werifioation of
digitization and allowed precise alignment of the
measuring mark to any previously digitized data {sinece
image alignment is precise at the measuring mark even
without perspective display).

The line symbolizetion was found to be of good quality
although at times the thinnest lineweight was diffieult
to distinguish. The hardware/softuare system provided
excellent image movement with movement of the tracing
stand. Image movement (and asscoiated flioker) was
reduced 1o be almost unncticeable at the centre, and
noticeable but instantaneous at the extremities of the
field of view.

Image superimposition of dense digital data was found

to be detrimental to stereo~acuity. This was particularly
8o for the plotting of eontours where the requirement

to "look ahead" to determine the path on whiech to move

the measuring mark relies on good height perception by

the operator., The existence of a digital linework pattern
over the analogue image has an adverse affect on height
perception (and image merging). The floating mark ecan
6till be agcurately placed "on the ground" at eny
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d.

(5)

particular model location and the capture of linear
features of varying 2 value does not seem t0 be affected
to the same degree. To avoid this problem, the system
can be programmed to display only the feature being
captured, singly or in combination, with any user
gpecified features already captured. The operator then
has the facility to display only those features required
for his current digitization requirement.

The prompt filelds displayed at the bottom of the graphics
gereen are also visible within the sterecplotter fileld
of view to provide visual feedback of feature selection,
digitizing mode, system status etc.

Voice Response.

(1)

(2)

(3)

(4)

A wvolce response system was provided that enabled data
displayed in any of the prompt fields to be audibly
repeated via a headphone set. The repeated words were
not ™atural sounding" ag the system merely strings
together sounds for the ASCII characters interpreted.
Neverthaless those words were still recognizable and
became more so with ocontinuing use.

The system is also able to accept phonetically spelt
words or phrases (with introduced inflections, pitch
etc.} to enable "natural sounds %o be output. This
aapect has not yet been exploited.

In addition to prompt field repeating, the volce response
unit can be sent data from within a program or via any
terminal on the system for the introduction of additicnal
mesEagen .

In the configuration provided during the benchmark period,
this aspect of the system was not considered to be of
pufficient use to improve stereoplotter throughput.
Further experience and expleoitation of the voice response
system may lead to more efficient usage, however the
prompt field reporting is sufficient for all textual
verification requirements identified to date,

Voice Recognition.

(1}

(2)

A voice recognition system was provided which enabled
programming of user specified features selections and
commands to be acceptable by voice input via a headset
mounted mierophone., A menu of voice utterances is
designed, which can be networked to enferce a specific
window (of follewing utterances} to be open for
recognition following acceptance of any single utterance.
During the benchmark peried a number of different menus
were deslgned, implemented and tested.

The tralning for a menu of 50 utterances was shown to
require 10 minutes of operator time., Immediatsly
following the training session a test of recognition of
those utterances gave a good result. The recognition
factor dropped considerably during a days work to an
estimated 50% hit rate. Although lack of experience with
the unit can account for some failure, operator fatigue
is the main faetor in the dreop in recognition rate. This
could be relieved, to some extent, by re~trailning during
a digitizing session (for mingle utterances or the
complete menu).
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(3} The baeis of recognition is hardware dependant and advice
received from the contractors is that the same operator
will net be able to transfer his trained voice "template®
from one unlt to another if he were assigned to another
stereoplotter.

{4) The traditional way of pletting topogrephic detail, has
been one of continuous capture of one feature type at
a time, Such & methodology enforces s logieal data
capture pattern that is lesst likely to omit features.
In the digital environment this means that feature
selectione are not changed continually tut rather that
cne selection is followed by a good deal of plotting (in
most cases)s The only area where many different features
are likely is where cultural detail is involved.

{5) 4 situation in which the operator needed to be locking-
at his Btereomodel at the same time as selecting a new
oommand or feature type would be efficlently performed
by voice inmput. Sueh a requirement may be one in which
a mumber of different Join commands are avallable for
linear features. Since jeins are requested continually
during digitizing it would be prohibitive to require
menu selectlion for suech actions,

19+ The result of the initial development benchmarking period was

that model throughput times reduced considerably with each re-plot.

The improving times were due to a number of factors, the most important
of which were operator familiarity with the system and with the model
area., Beoause of these factors, and the rate of development of the
workstation, it was not possible to quantify the amount of saving
attributable to individual introduced enhancemente.

20, Tb achleve a true comparison of the developed ztereoplotter
workstation againat throughput in the AUTOMAF 1 system a final series
of tests waps developed. The operator had, by that stage, replotted
the same model four times and it is believed that his familiarity
with the plotting requirement was not likely to change with further
re-plots, Te this end the same model was re~-plotted on AUTOMAP 1 and
on what was considered tc be the most efficient AUTOMAP 2 configuration
developed to date. Following the AUTOMAP 1 re-plot, that "unclean"
data was edited both internally and externally to ensure that the
date was to cartographic standarda. (External editing involves join=
ing to adjacent modele,} Prom these figures, comparisons of plot
time and total time required to produce clean model data were
caleculateds

21, The most efficient AUTOMAF 2 configuration developed to that
stage included interactive graphlics and image superimpesition with
ocommand and feature selection via tbe menu system. The veice
recognition/response system was not considered to be developed to an
efficisney level that would result in increased model throughput.
The range of commande available at that stage did not include those
that were earlier described ae best implemented by volce recognition
techniques and the recognition rate {ocompared to menu selection)
would have led to a slower selection procedure at that stage of
development. A tracing stand button pad, although availlable for
command assignment, was not used during the re-plot test, and all
command and feature selection was via the menu eystem.

22, The plotting time experienced in each re-plot is tabulated in
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Mable 6. AS can be seen, the same model was plotted on the AUTOMAP 2
gystem in 78% of the time required on the AUTOMAF 1 system, a saving of
I hours at the stersoplotter.

Automap 1 =~ Automap 2 - Automap 2
Keyboard Interactive Graphiecs Plot Time
+ Pencil Plot  + Menu + Image Improvement
Superimpositicn {% of Automap 1)
Cultural 2,67 1,90 29
Drainage 442 4.22 5
Relief A.67 3.07 34
Vegetation 2,17 1.68 2%
All 13,93 10.87 27

TABLE 6 - FINAL BENCHMARX RESULTS ( HOURS)
(Excluding Data "Cleaning" Operations)

23, The model throughput time has improved considerably more than the
22% saved in plet time whern other factors are taken into account. The
AUTOMAP 1 stereoplotter station cannot be aseigned a new model before a
final hardcepy pleot is produced to verify data capture. This entails
an extra 1.33 hours (average). The data then produced must be edited
to correct line joins to "wisual" cartegraphic requirements and joins
must be made to adjoining model data. In AUTOMAP 1, both are attempted
at the stereoplotter with the aid of a peneil plet, but are digitally
corrected/edited following amalgamation into a 1:25 000 date base pagee.
Hpth actions have been simmlated to provide detail of the extra time
required to clean up that data, Internal joins were achieved by
editing the model area on a 1:25 000 verification plet (the plot time
itself was not included), External join time was estimated by counting
the number of joins required, dividing by two {since on average only
two #ides will require joins), and multiplying by the average time

for the join operation {calculated by a separate study over a large
number of such operations and found to be 40 seconds per join}. Times
calculated were 1.5 hours and 0,83 hours respectively. This then
represents 13% of the total model regquirements., Actual production
timings, reduced tc percentages and tabulated in Table 4, suggest that
30% is a more realistic requirement but the former figure (13h)will

be used as 2 minimum saving,

24. Table 7 tabulates the results of comparative calculations and
shows that the AUTOMAP 2 system can produce clean model data in not
more than 624 of the time required on the AUTCMAP 1 system.

Automap 1 Automap 2 Comparative

Throughput

Model Plotting Time 13.93 10,87 76%
Verification Hard Copy 1633 No longer required.
Internal Linework Edit 1.50 Performed within

plot time.
External Linework Joins 0.83 Performed within

Plot time.
Total Model Reguirement 17.59 10,87 62%

TARLE 7 - BENCHMARK RESULTS EXTENDED TO “CLEAN" MODEL DATA {HOURS)
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AMORTIZATION CALCULATIONS

25, Table B8 tabulates the monetary figures used in amortization
calculations in conjunetion with the results of this benchmark.

Benghmarked Capital Operating Comments
Configuration Cost Cost (1)

Wild B8 + Environment N/A $12 coc Fixed costs
Operator N/& $20 000 1 Man Year
Interactive Graphies $28 000 § 2 800

Graphics Superimposition § 6000 & 400

Note 1. $AUST per annum.
TABLE 8 ~ MONETARY FIGURES FOR AMORTIZATION CALCULATIONS
26. Where the total time taken to produce clean data is taken into

account, the amortization period for the benchmark cenfiguration is
calculated as follows;

Saving per year = .38 x ($32 000) - $3 200 = $#3 960
Amortizaticn Period = : 5 808 = 3,8 years
CONCLUSIONS

27, The benchmark test period has led to the development of a work-
station configuration that will produce clean model data in a maximum
of 62% of the time required for that same quality of data produced on
the AUTOMAP 1 systemj representing a 38% inerease in productivity.,

28. The enhancement costs of the benchmarked stereoplotter workstation
configuration can be amortized in a maximum of 3.8 years.
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STATUS OF AUTO CARTO AT THE DEFENSE MAPPING AGENCY

F. C., Green
Headquarters, Defense Mapping Agency
Washington, D.C., 20305

ABSTRACT

During the last year, DMA has focused on increased
utilization of auto carto techniques and processes in
production. Although significant auto carto capabilities
have existed in the past, a combination of a balancing of
production emphasis and software development is now pro-
viding increased automation in map and chart production.

Discussed are developments in exploiting digital product
data for maps and charts and the family of products
concept. Applications of scale conversion through digi-
tal processes using existing repromat source for smaller
scale maps are reviewed. New applications of auto carto
scheduled for integration into production in the near
future are also discussed.

BACKGROUND

The use of automaticn in the cartographiec processes of
compilation, revisicn and color separation is nct new to
DMA. 1In the early and mid 1970's, several different
systems were used in the production of maps, aercnautical
and nautical charts. Key among these systems was the
Semi Automated Cartographic System (SACARTS). It pro-
vided for digitizing compilation manuscripts, performing
editing of the digitized data as well as other functions
inherent in the development of symbolized map data, and
producing color separation plates. Alsc of significance
was the Linear Input System, or LI3, a manual digitizing
system which provided DMA's primary digitizing capability
for many years.

During the late 1970's and early 1980's, the DMA emphasis
was on producing digital data products for weapon systems.
This emphasis was, to a certain extent, at the expense of
auto carto. However, during this period, several signifi-
cant things happened, Computer technology, such as higher
density stcocrage media required to support auto carto in
the DMA environment, became available, It also became
apparent that the possibility existed for utilizing a
significant pertion of the vast amount of digital preduct
data for charting purposes., Raster based systems became
available for more efficient digitizing. Adding tc this
has been a shifting of production emphasis that has
allowed increased focus con autc carto develcopment and
implementation. All of these actions have placed auto
carto in a significant rcle in the current and future DMA
production plans.
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EXPLOITATION OF DIGITAL DATA

DMA has a large amount cf digital data which has been
produced to suppert weapon systems and simulators for
flight training. This data takes many formats but two of
the most common are Digital Terrain Elevation Data (DTED)
and Digital Feature Analysis Data (DFAD)}. Both preoducts
are part of the Digital Landmass System (DLMS). DTED
consists of matrices of terrain elevations. DFAD con-
sists of data representing point, line and area features,
including positioning and descriptive data.

The use of DTED in chart production has been an early
application of auto carto to exploit digital data.
Software has been developed to plct contours from the
DTED data base at selected intervals and at different
projections. This process has been integrated into the
production of 1:200,000 scale aeronautical charts and is
now being tested for other scales.

The indications from production of the first sheets are
that a resource savings of about 10-15% is common in the
use of DTED over previous manual compilation methods. As
production procedures are refined, it is expected that
the savings will increase.

The uge of DFAD for charting purposes has also been
achieved in prototype production, Aeronautical charts

at the 1:200,000 scale depict the radar significance of
planimetric features. Previously, compilation of these
Radar Significant Analysis Codes (RSAC) has been a manual
operation. Scftware has now been developed to use the
DFAD for RSAC generaticn, and a prototype sheet has been
evaluated favorably by the user community. Some problems
exist, however. As an example, the DFAD does not contain
all of the RSAC features which the map specifications
require. Small bridges which are radar significant are
an example, This situation is expected to cause a
reconciliation of the chart specification and the DFAD
specification,

The use of these digital terrain and feature data bases
for maps and charts shows substantial promise. It forms
the basis for a "“family of products" concept, an approach
which, when fully develcped, would provide for multi-
product data bases satisfying DMA digital and map/chart
product requirements. Incumbent in this approach and in
the initial production described above is increased
compatibility of digital and map/chart products. Another
demonstrated benefit has been the rescurce savings and
gompression of pipeline time. The problems of matching
digital capabilities with traditional map/chart specifi-
cations as well as matching map/chart production schedules
with digital production so as to exploit the digital data
base for maps and charts =still remain to be solved.
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AUTOMATED TECHNIQUES USING CARTOGRAPHIC SOURCE

Another area in which DMA is now in prototype production
is scale conversicn for the prcoduction of smaller scale
maps/charts from existing repromat and/cor digital data.
The first sheet to be produced in this manner will be at
the 1:100,000 scale using 1:50,000 scale repromat as the
source, Digitization of existing film negatives {with
the exception of the contour plate) is being accomplished
using the SCITEX Response 250, a color raster/graphic
edit system with laser plotter. For the prototype, DTED
was available (at the proper refinement level) and con-
tours will be produced at the smaller scale from the DTED
data base. For future sheeta, if DTED is not available,
the existing 1:50,000 contour plates would be digitized
on the futomatic Graphic Digitizing System (AGDS), a
raster scanning, vectorizing and editing system. After
processing on the AGDS, digitized contour data wculd be
converted to DTED, and then pleotted at the smaller scale.
The digitized planimetric/hydrographic data from the four
1:50,000 source sheets are panelled and merged on the
SCITEX system and reduced to 1:100,000 scale. 3election
of features to be portrayed at 1:100,000 scale, feature
generalization, and symbolized feature displacement are
performed interactively on the SCITEX.

Substantial work remains %o be done, however, in that
software to filter out features not required for the
smaller scale, as well as feature generalization and dis-
placement are to be developed. Once again, this 1s an
application of auto carto where evaluaticn of existing
map/chart specifications, based on manual compilation,
might result in a specification revision for a closer
match with auto carto capabilities.

The application of auto carto techniques also is being
effective in the production of nautical charts. These
charts typically are at 1:75,000 scale and depict hydro-
graphic as well as topographic and planimetric features.
Imagery used for the topography and shoreline is compiled
on the AS11 analytical sterecplotter and the resultant
manuscript is scanned on the SCITEX, producing a prelim-
inary color separate. The Advanced Cartographic Data
Digitizing Systems (ACDD3), a vecter formatted digitiza-
tion and compilation system, is used for compilation of
the nhydrographic data using the shoreline color separate
discussed above for control. The SCITEX was also used
for preparation of text and area feature guides. The CRT
printhead plotter, a high speed vector formatted plotter
capable of preducing reproducible quality film positives,
was used to produce the symbolized color separates of the
hydrographic data and the SCITEX plotter to produce
separates of the topography, text and open window
negatives. Type placement was originally done on the
SCITEX; however, experience has shown this to be a very
labor intensive operation and software has been developed
to do type placement on the ACDDS with output to the CRT
printhead plotter.
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Work remains to be done in this application of auto carto
for nautical charts but it has already been incorporated
inte the production process with a savings of approxi-
mately 25% in resources and 33% in pipeline time. A data
base {in a format to support nautical charts) has been
developed and digital data from the compilation of each
chart is entered into the data base. This data base
promises even greater savings and faster response time
for revisions of charts included in the data base.

AUTOMATION ENVIRONMENT

There are a number of related areas which have signifi-
cance for auto carto development within DMA.

o DMA i3 well intc an upgrade of its large scale
scientific and technical ccomputers. This capacity
will provide support as necessary, for the addi-
tional automation requirements of auto carto.

0o DMA is nearing finalization of a standard linear
format for digital cartographic feature data which
will be used by applicable auto carto systems and
will facilitate inter system transfer of data.

o DMA is developing an interactive, networked data
base system. This system, when in place, will
facilitate the access and utilization of MC&G data
for cartographic applications,

o A4 high speed (50 million bits/second) local area
network is under development at each of the Produc-
tion Centers., This capacity will facilitate the
inter system transfer of digital data in auto carto
production and will support the data base environment
mentioned above.

Collectively these developments are putting into place a
production environment that fosters the efficient genera-
tion of auto carto products, storage and retrieval of
data elements and promotes interproduct commonality and
compatibility.

DEVELOPMENT ACTIVITIES

DMA is laying the groundwork for a much broader auto carto
program in future years through the development/acquisition
of a number of systems and hardware items. These include:

o Computer Assisted Photo Interpretation System (CAPI),
which will extract feature data to suppeort digital
product programs and auto carto.

o Cartographic Compilation Revision System (CCRS),
which will provide the capability to use photo~
graphic, cartographic, cor digital source for com-
pilation, recompilation, and revision of map/chart
features,
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0 Advanced Edit System (4ES), which will provide the
capability to edit and plot symbolized digital data
in the preparation of color separates.

0 Clustered Processing System {CPS), which is designed
to mosaic, merge, and validate planimefriec digital
data to meet digital product reguirements as well as
support map/chart development.

o Laser Platemaker, which will use digital data to
produce a pressplate.

o Compilation Revision Edit System (CRES), which will
provide an interactive tagging/digitizing capability
to edit and tag selective features for map/chart
revision,

Integration of these systems into the production environ-
ment will cccur principally in the 1983-1986 time frame.
Implementation will be accompanied by development of a
substantial amount of software to ensure interoperability
of these and existing systems for autc carto,

SUMMARY

In the past, DMA has had the potential for development of
a substantial auto carto program, but because of emphasis
on production of digital products and cther considera-
tions, a sustained significant production capability has
only recently been established. There is strong incentive
to continue development of autec carte, not only because

of the traditional efficiencies of autc carto, but because
of the potential to exploit the large digital product

data bases and to increase compatibility of digital and
map/chart products. Finally, an auto carto technology
base exists in DMA now with plans and a commitment for
expansion and develcopment for the future.
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UNE BASE DE DONWEES RELIEF A L*IGN FRARCE
par D, PIQUET-PELLORCE =t A. BERNARD

Institut Géographigue National
2 Avenue Pasteur
94160 Saint-Mandé - FRANCE

RESUME

Dans le courant de l'année 1984, 1°IGN aura terminé la numé-
risation du relief national & moyenne échelle. Ces données représen-
teront une guantité d'information de 1,5 milliard d'octets (environ
200 millions de poinis saisis en 3 D00 unités}).

I1 était donc temps de mettre au point un systéme permettant
de gSrer ces données et conatituant un outil pratique pour les divers
utilisateurs : rectification d'images spatiales, confection d'ortho-
photographies, caries de pente, d'ensoleillement, d'intervisibilité,
vues perspectives, estompage, courhbes de nivesu généralisées.

Nous avons choisi une base de données "=n ligre" comprenant
les éléments saisis (courbes de niveau et points cotés), en coordon-
nées géographiques.

Par suite, nous avone défini un lagiciel gqui permetira :

a} la gestion de la base : sauvegarde des informatiens, obtention de
renseignements qualitatif et gquantitatif sur le contenu de la base,
correction et mise & jour des donndes § motons que ce dernier
point sera treés important pendant les deux ans gue durera la montée
en charge de la basa, essentiellement & cause des raccords entre
unitée de saisie qu'il faudra =ssurer.

b} l'utilisation de la base : fournjture de dessins d'une zone quel-
conque, & l'échelle de base ou & une échelle dérivée, calcul de
modgles rumérigues de terrain & pas st orientation guelcongues
ainai que de produits dérivés, dans un délsi rapide (au plus urne
demi-journée) .

Pour l'architecture de la base, nous avons retenu le prin-
cipe d'un espace continu sur toute la France, divisé en pavés go-
graphigques de m8me taille {environ 1/4 km2), les Bléments étant
chaings d'un pavé & l'autre. Cette structure de donnges améliore
1tacciée 2 l'information tent pour les mises & jour ds la hase que
pour les caleuls de mod3lea numérigues.

Ce logiciel sera opérationnel & la fin de 1tannée 1983, et
deés le début de 1984, nous pourrong commencar & changer la hase et
mettre les prami&éree donnges & la disposition des utilisateurs.

HISTORIQUE DE LA NUMERISATION

Dane la courant de 1'année 1984, s'ach&vera la numérisation
du relief national & moyenne échelle. Quel long percours ! qui se
souvient & 1'I,.G.N. de le premidre table & numSriser en 1970, de 1la
premigre planche de courbes de niveau numérisée, des premigres numé-
risations photogrammétriques sur ruban perforé, des premiéres
batailles informatiquee pour dominer ces fichiars si importents pour
1'époque 7 I1 fallut plus de cing ans d'études pour voir et aborder
les applications, pour essayer de maitriser le contrfile des données
avant dtenvisager une numérisation réguligre du relief. En 1976
1'IGN se dotait de cing tables de numérisation GRADICON avec sortie
sur bande magnétique et commengait la saisie systématique 3 partir des
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planches de la carte de base au 1325 000. Parallglement il £tudiait
avec une entreprise frangeise la fabrication d'um scanneur en Tem-
plagant sur une table tragante l'ensemble de dessin par un systéme
de lecture électronique & partir d'ume harette de photedicdes. Aprés
quelques difficultés, en 1978 il dtait confronté & cette matrice de
22 millicns de bits chacun représentant un point de (0,1 mm)e et
devait faire des prouesses pour domimer les algorithmes permettant de
retrauver les courbes et compatibles avec la puissance de 1'IBM
370/135 gui servait alors d'ordinateur central pour tout l'institut.
En 13680 on décidait d'abandonner la numérisation des planches de
courbes pour les zones trés accidentées (Alpes, Pyrénées, Massif
Central} et de couvrir ces régions par numérisation photogrammétrique
& partir de prises de vues & 1:60 000 . Enfin,en 198%, aprés avoir
maitrisé le passage du mode "matriciel” au mode "wvecteur" sur ordina-
teur VAX 11/780 et processeur de tableau AP120B en moins d'une heure
pour une matrice de 100 millions de points, 1'IGN est passé au con=-
trfle interactif graphique avec console de visualisation couleur.
Aingi, il aura falilu environ 20 personnes durant 8 ans,
d'incessantes amélinretions, une recherche constante de la fiabilité
pour acquérir environ 150 3 200 millions de points szisis représen-
tant essentiellement des trongons de courbes de niveau.

RECENSEMENT DES BESOINS ET DES APPLICATIONS

Plus d'un milliard d'octets pourquoi faire 7 Bien sfr, 1l'un
des premiers buts est d'obtenir des modiéles numérigues de terrain
{M.,N.T.}+ Dans ce domaine la demand= ne cesse de croitre tant a
1fextérieur de 1'Institut ol les dtudes et les applications sant de
plus en plus nombreuses et surtout croissent an volume. 51 les cartes
de pentes au d'ensoleillement restent encore des demandes occasion-
nelles et les cartes d'intervisibilité 1'objet essentiallement
d'études, la confection d'crthophotographies croit réguligrement et
la rectification d'images spatiales doit & partir de t985 tendre vers
une production réguliére d'une  sc&ne SFPOT par jour. Les applicetions
cartographiques se révelent trés exigeentes & partir de M.N.T. pour
l'estompage, alors que la généralisation cartographique pour le
1:100 000 et les Bchelles plus petites semble devoir s'appuyer tantft
sur le lissage de courbes tant8t sur le filage de courbes dana un
MeN.T..

Le fait beaucoup d'applications n'avaient pas jusgu'alors
gt€ sérisusement développées par manque de perespectivas & court terme
pour avoir les données. Maintenant gque la numérisation s'achéve,les
applications eont réellement en train dfexploser et le besoin se fait
sentir de mettre en place les moyens pour répondre,dfune part aux
nécessités d'études, d'autre part & des grandes productions assez
réguligres (rectification d'images spatiales, confection dtorthopho-
tographies, utilisaticns cartooraphigues talles que courbes de nivocau
généralisées et estompage).

Des études de faisabilité,des €xperiences et des démonstra-
tions il faut passer & la production. La premigre condition de ce
pasesage &tait d'abord l'existence des données couvrant le territoire
national, les suivantes sont la fiabilité et la disponibilité réelle
de ces données. Pour cela il est grand temps de passer des guelques
J DOC fichiers non parfaitemsnt bomogénes et répartis sur prés de
3 00 bandes magnétiques & un ensemble informatique cohérent permgttant
3 tous les uesagers d'accéder aimplement et rapidement aux données et
comportant les outile essentiels pour mettre en oeuvre les applica-
tions de grande exploitation.

Pouvoir traiter chaque jour l'acc2e & des zones de plus de
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60 km sur 60 km avec une crientation quelcongque et produire une ma-
trice au pas de 50 m, soit environ ¥ 200 sur ! 200 poirts pour resti-
fier une image "SPOT", pouvoir accéder & une zone de 40 km sur 60 km
et en zone montagneuse sortir un modeéle numérique au pas de 23 mitres
pour praduire une planche d'estcmpage et une planche de courbes de
niveau géréralisge, pouvair dans ltheure produire le M.N.T. au pas de
Z20 m ou 25 m pour une orthophotographie, voilad les vraies raisons
pour créer une bangue de données du relief,

ARCHITECTURE DE LA BASE

Nous avons tenté de dé&finir une architecture qui optimise
les accaés aux informations et leur traitement, pour toutes lee uti-
lisations envisagées. Nos réflexions ont porté successivement sur le
choix des Eléments 3 conserver dans la base, le choix dess ecoordonnées,
1l'organisation des données et enfin, le choix du support d'archivage.

1 = Choix des €léments constitutifs de la base 3

Les deux pessibilités que nous avons envisagées sont 1l'é-
chantillonnage en Z, cl'est-3-dire les courbes de niveau et l'échan-
tillonnage en xy, soit les modéles numériques de terrain (M.N.T.). Le
premier présenis l'avantage de rendre de fagen plus précise la
forme du terrain (&quidistance variable selen le relief avee présence
géventuelle de courbes intercalajres}, et d'Btre edapté & la carto-
graphie en courbes de niveau. Le second est mieux adaptf en particu=-
lier aux probl2mes de localisation et aux traitements informatiques
en général, ce gqui se traduit par le feitque 1'&laboration de la
plupart des produits dérivés du relief numériques nécessite ls calcul
préalable dtun M.N.T..I1 semblerait donc séduisant d'archiver un tel
mod&le couvrant la totalité du territeire, de manigre & éviter des
calculs nombreux. Néanmoins, il faut garder & 1'esprit le fait que,
guelle que soit la méthode employés & L'I.G.N.F, restitution numé-
rique des photographies mériennes ou numérisation de la carte, les
éléments saisis ont . été les courbes de niveau et les points cotés :
il est donc indispensable de conserver ces éléments initiaux, tout
échantillonnage des donnéee entrafnant nécessairement upe perte
dtinformation, si minime soit-elle. De plugs, lse problémes posés par
ltarchivage, la gestion et 1'utilisation d'un modale numérique ne
sont pas ndgligeables :

-~ le calcul de M,N,T. dans une projection, & un pas ou selon une
oriantation différente de ceux du modele de base serait assez col-
teux, tout en donnant un résultat moins précis qu'en le recalculant

4 partir des éléments initiaux, courbee de niveau et points cotés.

- Ce modéle, pour satisfaire l'ensemble dea utilisateurs, devrait
@tre & un pas assez fin {20 m2tres), dToll urn volume de données im-
portant, environ 2,5 gigeoctets, qui s'ajoutereient aux 1,5 gigaoc-
tets nécessaires aux courbes de niveau.

-~ La gesticn de la base, comprenant une donnée unique, le relief,

sous deux formes différentes, se trouverait tras nettement compliquée.

Il nous est finalement apparu que ces incanvénienta 1'em-
portaient sur l'avantage principal gqui aurait été d'éviter le calcul
dtun M,N.T. dans un grand nombre de cas.

2 « Choix des coordonnées
Le choix des courbes de niveau et des pointe cotée comme
seuls éléments conetitutifs de la base &£tant ainsi arrfté , il nous

a fallu opter pour un systéme de coordonnées., Le systzme Lambert en
quatre zones, utilisé pas 1'l.G.N.F. pour le cartographis aux
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moyennes échelles, et dans lequel évidemment ncus avons ssisi les
dennges, s=mblait tout indiqué,., Malheureusement, il existe des dis-
continuitée au passage d'une zonme & l'autre, si bien que nous avons
préféré utiliser les coordonnées géographiques ¢ Nous pbbenons ainsi
une base en une carte au lieu d'ume base en guatre cartes, ce qui
nous aurait posé des problémes informatiques superflus. Cette déciw
sion a ét8 confortée par le fait que les tranaformaticns de coordon-
nées géographigques en projection sont tr&s peu onéreuses,

3 = Drganisation interne des donnges @

Un spin tout particulier a &té apporté au choix de cette
organisation gui conditionne 1ls souplesss d'utilisation de la base;
le but poursuivi ici est la recherche d'un accés optimal aux infor-
mations, tout &n les maintenant dans un volume raisannable. La dif-
ficulté rfaide dans le fait gqu'il faut conserver une structure en
vecteurs chatnés et points isclée {les courbes de niveau peuvent
Btre assimilées & des lignes brisées), indispensable pour le dessin
cartographique des courbes de niveau, ainsi gque pour les mises 2
jour et lea corrections, tout en favorisant lYaccés localisé aux
données, ce qui ferait pencherpour une structure de type matriciel.
Cette contradicticn a &té xésolus par le découpage du territoire en
pavés géographigques de petite taille (0,8 X 0,4 cgr, socit snviron
550 X 400 matree}, gui sont les &€léments d'une grande matrice couvrant
la France, les données demeurant sous une forme vectorielle
(identifieurs de courbes, points de courkes, points cotés) & 1'ip-
térieur de chaque pavé ; bien entendu, ces pavés sont regroupds en
fichiers (20 x 40 cgr, ct'est & dire une feuille au 1:50 000 normalisg)
mais ceux-ci ne sont gue des mayens deatinés 3 faciliter la gestion
du disgque par le systéme, et jouent un r6le tras secondsire.
Ltexistence de ces pavés assure l'accds localisé {un pavé compte en
moyenne 80 points, ce nombre pouvant monter, dans certains cas
sxceptionnels, jusguta 500 pointe}, mais la nécessité d'une vérita-
ble structure vectorielle exige la constitution d'un systeéme de
chainage entre courbes de niveeu d'un pavé & 1'autre : & chaque
&lZment totalement inclus dens un pavé, sont associés deux pointeurs
vers les deux éléments le précédant et le suivant dans les pavés
adjacents, 1'un ou l'autre de ces pointeurs {ou les deux} pauvant
gtre absent dans le cas oll on 2 &ffaire 3 une extrémité de courbe.
Nous pouvons d'une certaine manigre considérer que nous avons affaire,
4 un niveau macroscopique, & un M,N.7., sous forme de grille régulizre,
chaque £l8ment de la grille étant un pavé {unité d'accés & la base),
lui mBme Etant, au niveau microscopique, une carte du relief en
format vecteur.

Nous pansors aveir ainsi atteint nos aobjectifs :

- optimisation de l'accigs aux informations contenues dane
une zone guelcongue : il suffit d'aller chercher les pavés concernés,
la plupart 1l'dtant entibrement ; pour les autres, il suffit de ggparer
les points utiles des pointe extériamure & la zone considérée, ce qui
ne seurait 8tre long lorsque l'on sait qu'il n'y a que BO points
par pavé,

~ conservation de la possibilité d'aced®s aux courbes de
niveau par le chalinage sxpliqué plus haut ; ceci est indispenssble
pour le dessin eartographique sur traceurs vectoriels, et pour le
logiciel de corrections. Ep effet, dans ce cas, le systéme doit cane-
gidérer comme un £lé&ment unique ce gqui apparait comme tel & 1l'opéra-
teur sur une cansole graphique, ou sur un dessin de contrf8le. I1 est
mEBme poseible de suivre une courba dfun bout & 1l'autre du territoire,
gans discontinuité aucune pour l'utilisateur. Nous pouvons considérer
que ca syst®me, au prix d'ume perte de placs minime (les points
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aseeupent 78 % du volume des informations, le pavage 16 % et l= chai-
nage 6 %) fournit & l'utilisateur un moyen d'acc2s extrémement rapide
aux données, d&s lora qu'elles sont limitées dana une zone g€ographique
déterminée et ce, malgré leur morcellement en une masaique de plus de

Z2 500 000 pavés. De plus, la continuité absolue des courbes de niveau
est assurfe sur tout le territoire au seul prix d'une légire dégra-
dation des performances uniquement foncticn de la taille de la zone

interrogée.
41 w Choix du support :

On peut songer d'abord & un archivags sur bandes magnétigues,
a prieri plus gconomique. N&anmoins, celui-ci présente dans notre
cas un certain nombre d'inconvénients. D'ume part, il st prévu, nous
le verrons plus loin, d'assurar un grand nombre de corrections pen-
dant deux ans, d'autre part, il Taudrait répartir les fichiers sur
différentes bandes. Etant dennZes la grande tsille des zones deman-
dées par la rectification d'images spatisles {(au moins 60 x 60 Km)
et la nature des zones demandées par les corrections & chaval sur
plusieurs fichiers (situZs sur lee bandes magnétiques différentes},
les temps de réponse seraient triés pénalisants. Un archivage sur
support & accds direct s'avadre nécessaire, Il est raisonnable de l'en-
visager,dans 1'état technolegique actuel, sur disques megrétigues,
{quantité d¥information prévue : 1,5 gigaoctets).

LOGICIEL

Nous distinguerens ici les programmes de gestion de la
base et les programmes d'utilisation gqui fournissent seit un produit
"brut" {MN.T., fichiers de C.N.N.) soit un produit plus élaboré
{carte de pente, d'intervisibilité, dessin des courbes généralisées
au nanj.

1 - Gesticn de le base :

Les fonctions assurées sont l'ineertion de nouvelles
donnéas, l'extraction, le remplacement de données anciennes, la
gestion de 1l'&tat de la base, les corrections et mises 2 jour ainsi
gue ies transformations de coordonnfes. Les trois premiers points
n'appellet pas de remarques particuligrss si ce n'est gue ces opéra-
tions sant faites par nombre entier de pavés,

- Gestion de l'£tat de la base

Sont enregistrés, pour chaque fichier (feuille au 1:30 00O
normalisée) la m&thode de numériseticn, les dates de saisie des
informations et des corrections éventuelles, des indications sur la
qualité des données, gue ce soit en vue de l'éditien cartogrephique
des C.N.N. ou de 1'utilisation & partir d'un M.N.T., ainsi que des
indications quantitetives {altitudes extrémes, noambre de points,
gquidistance ...) Sont prévues, des sorties graphiques et des états
imprimés de ces informations.

- Corraction 2t mise & jour

Ctest la partie la plus veocluminause de ce logiciel de
gestion ; il est & noter qu'elle sera utilisde intensivement durant
la montée en chargs de le base : il est en effet prévu d'y affecter
une dizaine de personnes pendant deux ans. Les corrections concernent
les erreurs dues 4 la numérisatien, mais surtout les reccords enire
les unités de saisie. A l'issue de ce laps de temps, nous posséderons
une base suffisamment fiable dont le rythme de mise & jour =era
beaucoup plus lent, suivant la réfection de la carte de base. L'opé-
rateur ayant indigué la zone sur laguelle il désire travailler,le
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syst&me extrait les pavés concernés et constitue un fichier de travail
qui sera modifié au cours des séances de correction ; une fois celles-
ci terminfes, il replace dans la base les pavés utilisés. Le program-
me de correction utilise upe table & numériser, une console graphique
coulesur a balayage télévision, et une console alphanumgrigque, le tout
connecté sur mini-ordinateur.
Le pavage défini plus haut est doublement bénzfiqus :
a) 1l'affichage sur la console graphigue se fait par pavés entiers.
h) la désignation d'une courbe par pointé sur la table a numériser est
extrémement rapide (1 & 5 dixi2mes de seconde }, car la recherche ne se
fait que dans un seul pavé. De plus, la souplesse d'agencement des
pavés pervet de se définir un fichier de travail centré sur une zone
intéressante {par exemple une ligne de raccords}.
~ transformations de coordannées
Celles-ci #tant archivées en coordonnées géographiques, et

la plupart des utilisateurs travaillant dans d'autres systimes de
coordonnées, les transformations correspondantes seront utilisées trés
fréquenment ; il est donc indispensable qu'elles soient rapides. C'est
ls cas gr8ce au pavage du territocire. En effet la taille des pavés est
telle qu'a 1'intérieur d'un groupe de plusieurs pavés, toutes ces
transtormations sont linéarisables, sans aucupe perte de précision. Il
s'ensuit que le colit informatique de ces transformations est trds fai-
bles (environ 15 000 points transformés par secondel.

2 -~ Utilisation de la base :

lne fois mis en place les outils permettant de gérer la
base, il stagit de fakriguer ceux gr@ce auxquels les divers utilisa=-
teurs pourront utiliser la base de mani&re sure =t efficuce § ils
pourront obtenir des produits brute, qui constituent le service mini~
mum de la base, ou des produits finis, cartegrapbiques ou numériques.
Nous allons passer en revue tous les produits qui seront disponibles
das le démerzage de la base, &tant entendu que la liste n'en est pas
limitative, des dévaloppements &tant toujours en cours a 1'I.G.N.F.
Précisons que pour tous les produits, le systéme de coordonnées est
paremétrable, et que la zone de traveil est définie par un polygone
quelcongue. Pour les sorties graphigues, nous pouvons actuellement
utiliser,au choix, traceurs repides (encres, pointes billes, fautres),
imprimantes &lectrostatiques ou laser camérs, Les courbes de niveau
seront,au gré de l'utilisateur, chainées ou non, une équidistance
différente de celle de la hase pourra 8tre spécifiée, un algorithme
filtrant pourra éliminer un certain nombre de points jugés superflus,

Les MuN.T. seront lez produit le plus demandé; il est donc
particulidrement important de les fournirt 2 un colt reisonnable avec
la meilleure précision compatible avec les données. Les mé&thodes de
calcul 3 1'I.G.N.F. comme dans beaucoup d'autres organismes, ont
fait l'objat de nombrsuses études et développements depuis maintenant
plus de dix ana. La méthode que nous exposcns ici est employée 3
1'I1.&.N,F, depuis dix-huit mois en productien.

On commence par déterminer les intersections dee courbes de
niveau avec les droites du maillage x = xi et y = yj. Sur chaque
droite x = xi, on obtient une suits d'intersections que l'on classe
par ordonnées croissantes, et & partir desquelles on interpole les
altitudes aux noeuds du maillsge. L'interpolation est linéaire au
cubique selon que les altitudes enteurant le noeud =mont distinctes
ou non. De manigre symétrique, on obtient les altitude aux noeuds 2
partir des intersections avec les droites y = yj. On adopte alors
comme altitude du noeud. 1l'altitude correspondent & la direction selon
laquelle la pente est ia plus forte,si elle existe, ls moyenne des
deux altitudes sinon. On introduit a2lors les points cotés en affec-
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fectant leur altitude au noeud le plus proche. On obtient & ce moment
un modéle approché. Le modéle définitif est calculé par la méthode

de la grille &lastigue de M. de Masson d'Autume programmée sur pro-
cesseur de tableau AP 120 B, Les valeurs Zij des altitudes aux noeuds
sont les solutions au sens des moindres carrfsdu systéeme lingaire
suivant :

Zi-1,j + 2 Zi,j + Zi + 4+,j =0

Ziyj-1 + 2Zi,j + 2i,j+1 =0

Zi,j =z i,j avec un poids Pi,j

Les z i,j étant les altitudes approchées.

Le choix des Pi,j est dElicat ; celui qui a été fait s'est
révélé satisfaisant:dans le cas ol zi,j est lfeltitude d'un point
coté, Pi,j & une valeur constante élevée, sinon, d dtant la plus
courte distance d'un noeud & une courbe de niveau suivant une des
deux directions du réseau, Pi,j sst une fonction décroissante de d.
Catte méthode, &prouvée en producticn, fournit des MJ,N.7. de qualité
satisfaisante, avec lesquels on peut envisager des applicatiens trée
exigeantes telles l'estompage et la généralisation. Les temps de
caleul, avec les matériels dant nous disposons actuellement,

VAX 11/780de DEC et AP 120 B de FPS, sont de 10 & 15 minutes pour
une grille de 300 sur 300 gu pas de 50 mdtres. Le pas étant fixé, ce
temps est proporticnnel au nombre de noeuds, par contre, si le nombre
de noeuds est fix&, c'est ume fonction décrocissante du pas : en effat,
plus le pas est faible, plus les Fi,j sont faibles, donc plus la
convergence est longue & atteindra.

Les produits dérivés de M.N.T. les plus courants sont les
vues perspectives, les hypsom2tries, les estompages et les certes de
pente, ces dernidres n'étant d'ailleurs que des estompages particuliers
avec un soleil"au zénith.

Seuls parmi ceux-ci, les estompages risquent df8tre pre-
duits en grand nombre pour les besoina intermes & 1'Institut. Un cas
un peu particulier est celui de la généralisation des courbes de
niveau. Deux méthodes totalement différentes, qui donnent des
résultats trds comparables, ont &té dévelaoppées. La premikre concerne
le lissage des courbes de niveau, la secondz est une interpoplation de
ces m8mes epurbes A travers un MJ,N,T, Les esssis que nous avons effsc-

tugg montrent que la pramiére méthede s'aviére meilleure dans les
terrains tr2s peu accidentés =t ol les courbes de nivaau sont assez
indépendantes les unes des autres et, par ce fait, peuvent gire
lissées indépendammant, alors gque la seconde eat nettement préférable
dans les terrains sccidentés, 1& ol les courbes s'emboitent et od 1=
traitement doit Btre global pour respecter ces emboitements.

Les résultests abtenus soutiennent, du point de vue de la
qualité, la compareison avec la généralisation traditionnelle ; de
plus, les délais st les colts saont de beaucoup inférieurs {une wving-
taine dtheuresd'opérateur contre 150 heures de dessinateur pour une
feuille & 1:100 000}, si bien que 18 production des planches d'alti-
métrie a t:100 Q00 a commencé d&s cette annde par méthode automatique.

CONCLUSTON

Das la fin de 1983, avant mfme que la numérisaetion du relief
frangais scit totalement termin&e, nous disposerons des outils pour
charger la base.

D&s le debut de 15B4, les corrections pourrant commencer
et les utilisateurs pourront faire calculer lss premiers modiles
numérigues de terrain,

L'ensemble du logiciel gque nous avons déerit sera intégré
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1'année prochaine et continuera & Btre développé. Nous avons la certi-
tude que cette base va rendre opérationnzlles les producticns automa-
tisées & partir du relief numfrique déja programmées : généralisation,
estompage, orthophotographies, rectification d'images spatiales
(niveau 3 de SPUT) et faciliter les &tudes et développements de nou-
veaux produits dunt on pergoit nettewent le besoin grandissant. Elle
est aussi le premier €lément d'une base de données topographiques
dans la constitution de laquelle 171.G.N.F. s'engage rSsolument.
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FARRICATION DE BASES DE DONNEES A REFERENCE SPATTALE
A PARTIR DE DONNEES NUMERIQUES
TE LA CARTE DFE BASE DU QUEBEC A L'ECHELLE 1:1 00O

Gervais Pellerin, a.g., M.Sc.
Société de Cartographle du Québec
1650, rue Louis-Jetté
Québec, QC Canada
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ABSTRACT

Since September 1981, the Quebec Cartography Company was producing

1:1 000 photogrammetric digital maps for various ministries and compa-
nies using an interactive graphics design system, The Quebec Province
digital mapping standards are used to build position and representation
data files.

In the paper, we include a Qescription of the data base schema defined
specially for base maps and also a discussion of the task that «Tags»
the non-graphic data to graphic elements.

The paper will finglly set a procedurs in which a representation data
file is first translated into a cartographic data base system and, at
the end, into different special geographic base information systems.

INTRCDUCTTON

Ia Société de Cartographie du Québec ceuvre dans le domaine de la car-
tographie assistée par ordinateur depuis septembre 1981 et exécute,
avec 1'aide d'un systéme graphique interactif de la compagnie
INTERGRAPH, différents types de ftravaux pour le compte d'organismes
publies ou parapublics et de compagnies privées.

Pour la fabrication de cartes numérigques & grande &chelle on applique
les normes du servicede la Cartographie du minist®re de 1'Energie et

des Regssources du Québec pour la constitution des fichiers de captage
et dfédition (&chelle graphique 1:1 000).

Récemment, suite aux demandes accrues pour la création de base de
dornées 3 référence spatiale ou 1'on assocle les données littérales
{numéro, ncm de groupe, etc.) & leur représentaticn graphlque (droite,
courbe, symbole), une procédure a Eté développée pour Créer un nouveau
produit mieux adapte aux usages miltiples que 1'on appelle base de
données cartographlques, qui contient 1'information graphique et litté-
rale de la carte rumérisée.

FICHIFR DE POSITION ET DE REPRESENTATTION

Les dormfes graphiques des cartes numériques & grande échelle (1:1 000)
fabriquées suivant les normes du service de la Cartogrephie du minis-
tére de 1'Energie et des Ressources du Québec provierment de:

- traduction (adaptation) de données existantes

- stéréorestituteur (digimdtre 3 axes)

- table numérisante (digimdtre 2 axes)

- entrée au clavier

99



Les principales caractéristiques de ces fichiers topographiques sont
les sulvantes:

- 63 niveaux (overlay}

- 32 épaisseurs de trait (thickness)

- 5 symbolisations (1ine style}
- 256  couleurs {color)

~ 19 types d'éléments (element type)

On retrouve sur les fichiers de position {captage) et sur les fichiers
de représentation (édition) les types d'@léments graphiques suivants:

- &lBments géométrigues: (cercle, carré, rectangle, droite ete.)
- segments de droite, point par point

~ courbes, point par peint

- courbes avec points & intervalle régulier

- cellules et cellules répétitives

- textes

Les fichiers de position (captage) contiemnent la position géographique
des &léments cartographiques; tandis que les {ichiers de représenta-
tion (&dition) contiennent la symbolisation cartographique effectuée

en vue d'un tracd sur un support quelconque, A une certaine échelle.

8i la précision géométrique est essentielle pour l'usager, on doit
alors utiliser les fichiers de position au lieu des fichiers de repré-
sentation.

Ltanalyse de la structure des fichiers ayant ces caractéristiques nous
améne 4 la définition d'une cassification générale qui facilite 1'as-
sociation de donndes littfrales & chacun des &léments graphiques.

CONCEPT GENFRAI, RETENU POUR L'ASSCCTATION

Les domnées mumériques des fichiers de représentation, conme nous venons
de le voir, sont déji codififes pour faciliter le traltement graphique.
les quatre paramétres suivants: niveaux d'information, largeur du
tralt, symbolisation de la ligne et type d'éléments vont nous permettre
d'identifier chacun des &léments praphiques du fichier et de leur
associer des donnges littérales,

L'cptimisation de cette opération nous a amené & cholsir le traitement
par lot (batch processing) pour transformer le fichier original de
représentation en un nouveau fichier contenant & la fols les dornées
graphiques et littérales, que 1'on appelle «base de domnées cartogra-
phiques». Tes cpérations sont effectufes en utilisant toutes les
fornetions de base fourmies par le systdme graphique; le mode interactif
étant réservé pour la vérification et les modifications ultérieures.

Nous constatons & 1'heure actuelle gque 1'approche la plus valable est
ja création d'une base de données cartographigues minimale dont la
structure permettra d'accéder facilement aux différentes bases de don-
nées générales ou spécialis€es. Ta classificatien des &léments sulvant
leur nature correspond en fait aux normes utilisfes pour la représen-
tation graphique (ex. bitiments administratifs, bitiments résiden-
tiels, etc.). Comme il est important dfassurer un &change d'informa-
tions entre les différents usagers de dormées cartographigues on ajou=-
te, si possible, les équivalences avec les normes canadiennes de
stockage et d'échange d'informaticns topographiques numériques.
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Comme on peut le voir & la fipure 1, nous pouvons finalement modifier
et adapter la base de données cartographiques aux différentes bases
de donmnées spécialisfes qul sont propres & chagque usager (ex. munici-

palités, compagnies de services publics

, eteld.

PRODUCTION DE LA CARTE NUMERIQUE

Fichier
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DEFINITION DES PARAMETEES
DE SELECTION ET D'ASSOCTATION

TRANSPOSITION DE LA CARTE NUMERIQUE
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i
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Figure 1. Composantes opérationnelles du processus
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FABRICATION DE LA BASE DE DONNFES CARTOGRAPHIQUES

Voicl une description sommaire des &tapes suivies pour réaliser la base
de donnges cartographiques. .
La premiéres &tape consiste & €laborer le schéma de la base de domndes
cartographigues. L'utilisation du systEme graphique interactif nous a
permis d'analyser diverses solutions pour finalement en arriver & une
structure ol les Eléments graphiques sont regroupés sous 27 classes

ou groupes, selen leur nature. Une classe supplémentaire assure la
codification des &léments non pertinents ou en erreur. On retrouve A
la figure 2 la liste des classes {(entités) de cette base de données
cartographiques.

PR = 'QSO: (110,00)Q1000DB.LST’
DB = 'Q30: (110,11}Q1000DB.DRS!
NAME = *QLO00Y
P5 = 'DR?
INDEX DES FICHIERS D'ENTITES
1. AME~RFL, : aménagement du relief
2. AME~-ROU-PRI : aménagement routier privé
3. AME-TOU . aménagements touristiques
4, BAT-ADM-COM : bAtiments administratifs ou commerciaux
5. BAT-ANN : batiments annexés
6. BAT-RES _ _ _ _ : bitiments résidentiels
7. CON-REL-HYD : constr. relatives § 1'hydrograph1e
8. CON-REL-VOI-COM : constr. relatives aux voies de communicaticn
9. CON-URB~IND-AGR : constr. urbaines, industrielles ou agricoles
10. COU-NIV : courbes de niveau
11. DEM : démarcation
12. GEO-HYD 1 géologie-hydrographie
13. HYD : hydrographie
14, LIG-ELE : lignes &lectriques
15. LIM-ADM : limites administratives
16. LIM-TER : limites terrestres
17. PHO : photogrammétrie
18. POI~COT : points cotés
19. SER : services
20, SER~MUN : Bervieces municipaux
21. TER-DIV : terrains divers
22. TER-EXP : terrzins d'exploitation
23. TER-REC : terrains récréatifs
24, TOU : tours
25. VEG ; végétation
26. VOI-FER : voies ferrées
27. VOI-PUB 1 voies publigues
28. ZZZ : autres, ind&terminés

SCHEMA DE 1A BASE DE DONNEES «Q1000DB.DBS» VERSICN 1.0 830707
DEVELOPPE PAR LA SOCTETF, DE CARTOGRAPHIE DU QUEREC

Figure 2. Liste des entités de la base de domnées cartographiques

fichier «table de paramdtres»., La codificabion jumelde & cefté table

repose sur les normes canadiennes en matigre d'informations topogra-



phiques et sur une identification simplifife des &léments et sous- ele~
ments graphiques. La figure 3 nous montre les attributs asscciés &
llentité «batiments résidentielss.

ENTITE PATIMENTS RESIDENTIELS ET SES ATIRIBUIS

t, BAT-RES P=0 DF='Q301 (110,11 )Q1000EJ6  ENT
.1 XHEF =X3 ATTRIBUT DE REFERENCE

.2 INDICATEUR F=AN(1); PFTAT TEMPORAIRE (FLAG)

.3 NUMERO-SCQ  F=T(99999); NUMERO UTILITATRE

L HOM-QUE F=Ci{6)s NOM (QUEBEC)

.5 NUM-QUE =C{56)s NUMERO {QUEBEC)

.6 NOM-CAN F=C(106);  NOM (STANDARD CANADIEN)

.7 NUM-CAN F=0(158); NUMERQ (STANDARD CANADIEN)

LISTE DFS (ODES POUR CEITE ENTITE
ch MAX=11; BAT-RES . NOM-QUE

' BALCON'
' COUPE~FEU®
'MATSON'®
'MATCON?
TMATRUL!
*PERRON'

]

[oa R0 R=g WL I
W oo

Csh MA¥=11; BAT-RES  .NUM-QUE

f23010"7
1210107
*21040!
1210207
1210307
1230201

ionononon ok

gl &= o

C106 MAX=11; BAT~RES ,NOM-CAN

VUNENCOWN '

VUNENOWN?

"HOUSE!

'BUILDING (UNSPECIFIED)'
"RUIN'

fUNKNCWN'!

(ARG RS WL LB I o
[ T (T

€156 MAY=11; BAT-RES .NUM~CAN

1 '
1 1
'EN 13700 000!
'BR 03200 0007
'BL 25200 0007
1 T

wononon s

[0 BN SN\ ]

Figure 3. FPartie de la base de dormées cartographiques
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Une fois ces deux étapes réalisées, un logiciel effectue rapidement la
correspondance entre les éléments graphiques et la table de paramdtres
puls greffe leg atfributs de la base de données cartographiques. On

complete le traitement par une vérification en mode interactif.
MODIFICATION DE L'INFORMATTON CARTOGRAPHTQUE ET TRANSFERT
DANS LES BASES DE DONNEES SPECIALISEES

Une fols réalisée la constitution de 1a base de dormées cartographi~
ques, nous mettons en marche le processus de fabrication des bases de
dornées spécialisées avec 1'arrivée de chague projet particulier. A4
ce stade-ci, si la base n'existe pas, nous &laborons avee la collabe-

ration des usagers, une structure qui répond parfaifement & leurs be-

soins. A la figure I nols trouvons la liste des entités d'un systéme
d'information A référence spatiale.

PR = 'Q50:(110,11)SIRS.LST'
DB = 'Q30:(110,11)SIRS.DBS!

NAME = 'SIRS'
PW = 'DB’
INDEX DES FICHIERS D'ENTITES
1. BORNE : BORNE D'ARPENTAGE OU CADASTRAIE,
2. LIGNE : LIGNE D'ARPENTAGE OU CADASTRALE
3. LOT : ENTTTE CADASTRALE
L, BATI-PRINC : BATIMENT PRINCIPAL
5, MENAGE : ENTITE FAMILITIATE
6. BATI-SECON : BATIMENT SECONDATIRE
7. VOIRIE : ROUTE, CHEMIN, EIC.
8. SERVICE-PUBLIC : EAU, ELECTRICITE, TEIEPHONE, EIC.
9, ZONE : ZONAGE URBATIN OU AGRICOLE

SCHEMA DE LA BASE DE DONNEES 'STRS.DBS' VERSION 1.0 830707
DEVELOPPE PAR LA SOCINTE DE CARTOGRAPHIE DU QUEBEC

Figure 4, Liste des entités d'une base de dornées spé-
cialisées: «SIRS»

51 par contre, la base spécialisée est déja structurée, nous passons
directement au transfert de_l'information cartographique pertinente

dans_cette_base de dornes spfciaTisées. Cette intégration est réali-

e v me wa o

sée avec 1'aide des logiciels existants du syst&me graphique inter-
actif. La figure 5 ncus fait voir une partie des attributs d'une base
de données spécialisées «SIRS» et un exemple de la codificaticn employée.

Chacunedes bases de donnfes spécialisées nécessitent des opérations par-
ticuligres et une borme partie du travail d'intégretion peut &tre exé-
cutée en dehors du mode graphique interactif. Quelques fois, i1 est
nécessaire d'utiliser une sortie graphique sur laquelle apparait 1'in-
formation littérale de la base de données cartographigues pour facili-
ter la localisation de 1'élément graphique (référence spatiale) ol se
greffe cette information.

104



4.

PO Y

. « e .
D o] OV ISl g

C1%

O=1 1 FEwWro

C16

WO o=-1 W Fl -

Pigure 5.

ENTITE RATIMENT PRINCIPAL ET SES ATTRIBUTS

BATT-PRING

XREF
TNDICATEUR
NUMFRO-5CQ
EEG~ADM
NUMERO

LOT
CATRGORIE
CARACTERISTIQUE
IDENT
DATE~CONSTR
QUALITE
SURFACE
FONDATTON
SER-EAU
SER-EAU-USEE
SER-ELEC
SER-TELE
CHAUFFAGE,
ETAGE
CHAMBRE
BET-SECON
PROPRIETATRE
NUM~PROP
CAT-FROP
OCCUPANT
NUM-0OCCU
CAT-0CCU
INDIVIDU
MENAGE

0

X

AN(1Y);
T(99999):
C{T)s
T(999);
AN(10);
c(8);
C{9);
AN(20} 3
1(999999};
c(10);

F;
c(11);
£{12);
c{13);
c(14);
cl1by;
C(163;
C(15);
1(99}):
I(99);
AN(30)3
I(9999);
C(33);
AN(30);
I(9599);
c(17);
I(999);
I(99);

e e o T e s B e T e T e s B B Be- B e B e sl B i

TR TN (R A T N OO A |1 L 1 N I R O non

DF=G30: (110,11 )SIRSECL .ENT

ATTRIBUT DE REFTRENCE

ETAT TEMPORAIRE (FLAG)

NUMERC UTTILITATRE

BFGION ADMINISTRATIVE

NUMERO DE DOSSIER

LOT CADASTRAL

CATEGORTE DE BATIMENT
CARACTERISTIQUE DU BATIMENT
TDENTIFICATION

DATE DE CONSTRUCTICN

CODE DE QUALITE

SUPERFICIE DU BETIMENT (m carré)
TYPE DE FONDATION

TYPE DF. SERVICE D'FAU PCTAELE
TYPE DE SERVICE D'EAU USEE
TYPE DE SERVICE D'ELECTRICITE
TYPE DE SERVICE DE TELEPHONE
TYPE DE CHAUFFAGE

NOMBEE. D'ETAGES

NOMERE DE CHAMERES

NOMERF, DF. RATIMENTS SECONDAIRES
NOM DU PROPRIETAIRE

NUMER) PRRSONNEL {PROPRIGTATHE)
CATRGORIE DE PROPRIETE

NOM DE L'QCCUBANT

NUMFRC PERSONNEI, (OCCUPANT)
CATEGORIE D'OCCUPATION

NOMBRE D'INDIVIDUS

NOMBRE DE MENAGES

LISTE D'UNE PARTIE DES CODES POUR I'UNITE BATIMENT PRINCIPAL

[ L T I | I

wosonoH onowoEonn

MAY =
117
1 1/20
11
2 1/2
13t
13 1/2r
LRI
* KUTRE"

MAX =
TROIS!

TMAZOUT (HUILE)'
"ETECTRICITR!

1 AUCUN?

"WAZ. + ELEC.!
"MaZ, + BOIS!
'EIEC. + ROIS!

16

20
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IIMITE DE LA METHODE EXPOSEE

Un certain nombre de considérations technigues se dégagent de la pré-
sentation sommaire de la méthode. ILa constitution des fichiers de
position et de représentation répond parfaitement aux normes de pré-
sentation graphique monochrome (cartographie rumérique), mais lorsque
1fon ajoute des données littérales & chacun des &léments graphiques,
on falt face & un nombre plus ou moins grand de difficultés.

En premier lieu, 1l'autcmatisation du procédé se limite aux contraintes
de liaiscn des &léments entre eux (chalnage) et & la multiplication
des éléments graphiques pour couvrir une surface donnée. Dans ce der-
nier cas, il faut &liminer manuellement toutes les dormées non perti-
nentes et regrouper les &léments de la surface sous une seule occuren-
ce. la probliZme sera résolu un jour aveec la carte couleur oii la sur=
face gera délimitée par un contour auguel 1l'on greffera 1'information

littérale.

T1 est importarit de constater que les él8ments graphiques sont codifiés
suivant les normes canadiennes ce qui constitue un pas vers 1'échange
dtinformations topographiques. L'organisation des données pour les
hases appliquées est une Etape longue et laborieuse, la méthode expo-
sée icl facilite grandement 1'étape de codification des données carto-
graphiques utiles & chacune des bases de donndes appliquées.

Finalement, il nous faut analyser chaque application de fagon bien par-
ticulidre, car les &léments importants dans un cas ne le sont plus pour
un autre.

CONCLUSION

Le développement d'une méthode permettant la fabrication de bangues
de dornées appllquees a partlr de données numerlques de la carte de
base du Québec n'est rerdu qu'an stade primeire. Ia présentation vise
8 sensibiliser les fabricants et usagers de prodults cartographiques
aux bescins grandissants de banques dornées A référence spatiale.

51 1'on veut s'assurer d'un avenir intéressant dans 1'exploitation des
fichiers de la carte de base du Québec, nous devons &tablir dés main-
tenant une procédure simple pour ajouter la constituante trés inmpor-
tante: 1'information littérale ocu données non graphiques.

De toute &vidence, ncus aurons un outil essentiel au développement
des syst@mes d'information spécialisés & référence spatiale.
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THE FUTURE iN TERRAIN ELEVATION DATA PRCCESSING
AT THE DEFENSE MAPPING AGENCY

Mr. Reobert B. Edelen
Defense Mapping Agency
Washington, D. C. 20315

ABSTRACT

Since 1968 the Defense Mapping Agency {DMA} has been actlively engaged
in the production of Digital Terrain Efevation Dataj initially te
support plastic relief mapping, then to support 'lines of site'
studies, and more recently to support advanced weapons systems,
simuiators and navigational devices. With the increasing variety of
users for Digital Terrain Elevation Data {DTED), the requirement for
greater quantity, accuracy and diversity of DTED has likewise
increased. To help meet these challenging production requirements of
the future, DMA has awarded a major contract for development of the
Terrain Edit System/Elevation Matrix Processing System {TES/EMPS},
The TES/EMPS will provide state-of-the-art mini computers, array pro-
cessors and specially developed software to perform complex data
transformation, interpolation, merging and discrepancy detection
functions. The TES/EMPS work stations, combined with mini computers
and graphics processors, will provide advanced graphic displays and
editing cababilities to perform interactive error correction,
paneiling and validation functions. All work flow through the system
will be managed by the sophisticated job and fiie management soft-
ware. The TES/EMPS will be installed at DMA in December 1983 and
wilt perform all processing of DTED coilected from photographic and
cartographic sources.

{NTRODUCTI QN

A major product of DMA is the Digitai Elevation Matrix {DEM}, A DEM
refers to any set of elevation data recorded on a uniform grid; and
consists of data defining the corners of a rectangular array, the
grid spacing, and an array of elevation values. AT DMA, DEMs are
produced in & variety of formats, coordinate systems apd grid
spacings to satisfy an increasing number of digital data users.

For those users who require digital data in a geographic coordinate
system, the DMA-Standard format is used. DMA-Standard DEMs are pro-
duced in "cells" covering ¢ X 19, 15' X 15! or 7.5' X 7.5' with data
spaced at 3" X 3%, 1" X I’ or 0.5" X 0.5" intervals respectively at
the Equator. For users requiring data spaced in meters on the
ground, the UTM-Standard format is used where gridded data conform to
the UTM coordinate system. DEMs may also be produced in jocal tabie
coordinates for digital terrain medeiing. Modified UTM or Geographic
formats may be produced to satisfy a particular users needs. [n all
cases, the size of the data set and resolution of the data are deter-
mined by the primary users requirements.

BACKGRQUND

in the late 196D's, a primary product developed at HTC was the
plastic relief map. These were produced by drawing a heated plastic
map down over a hand carved modet of the earth's surface ip a vacuum
frame, thus forming the plastic relief map. Producing the carved
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modef of the earth's surface was a very time consuming and costly
process involving many labor intensive tasks. To improve the process
of generating these terrain models, DMA initiated RED efforts aimed
at digital collection of terrain information which, in turn, would
support automatic production of terrain modeis.

In 1968, DMA procured the Digital Graphics Recorder {DGR) for
digitizing contours from existing map manuscripts, and developed
software for interpolating DEMs from the contour data. In the same
timeframe, the Universal Avtomatic Hap Compilation Equipment
{UNAMACE) was developed to automatically generate DEMs from stereo
photography. The original intent of these DEMs was for driving a
milling machine for producing terrain models. However, the
desirability of the DEM soon overshadowed the plastic retief map as a
major product of the Defense Mapping Agency. As digital processing
capabilities increased, so increased the demand for greater quantity,
accuracy and diversity of DEM products. DEMs became highly desirable
for such appiications as: quantity determinators for engineering,
slope analysis for cross country movement, contour, perspective scene
and shaded relief generation for mapping, lines of site analysis for
communications, scene generation for simulators, and guidance systems
for advanced weapons. As requirements for DEMs increased, the pro-
duction capabilities at DMA to meet these requirements, also
increased.

PRESENT PRODUCTE!ON SYSTEM
DATA COLLECTION

Data is collected at DMA on one of three collection systems; the
Automatic Graphic Digitizing System (AGDS), the Upgraded UNAMACE, and
the Pooled Analytical Stereo System {PASS}.

AGDS. The AGDS is a fully integrated manuscript digitizing system
consisting of a flatbed laser scanner that collects contours, drains,
ridges, lakes and other supplemental information in raster form at a
resotution of D.001*, After scanning, the data is vectorized, then
edited and tagged in vector form prior to post processing inte DEM
formats.

Upgraded UNAMACE. The Upgraded UNAMACE is a photogrammetric
coltection instrument that automatically correlates stereo photo-
graphy and ceollects data in a uniform matrix in a local orthogonal
coordinate system, with minimum operator intervention, Limited
editing may be performed on the Upgraded UNAMACE prior to post
processing.

PASS, The PASS is another photogrammetric collection instrument
used to cellect data in a more interactive environment. Data
cottected with the PASS consists of Non=Uniform Matrices in profile
form, geomorphic data {(drains and ridges), lakes and double line
drains, and control points. Like the UNAMACE, data may undergc
limited editing prior to post processing into DEM formats.

POST PROCESS iNG

Post processing of DTED refers to all processing of data between
collection and output as verified user specified products. Post

110



processing occurs as a series of independent batch processes on 2
UNIVAC 1100/81 wainframe computers. These processes Tinciude the
contour te grid interpotation functions for AGDS vector data,
coordinate transformatien and interpolation functions to transform
data between local table, gecgraphic, local orthogonal and UTM
coordinate systems, and data integration functions to produce
standard DMA products or special user formats. Editing functions are
also performed in batch mode to remove anomolies and discrepancies in
the data, perform hole fil} operations, detect and remove noise in
the data, and perform paneling operations to insure a smooth
continuous surface between data sets. For wverification throughout
the post processing phase, a variety of plot files are generated for
offiine plotting on raster and vector plotting systems; these include
profile plots, convelution or edge enhanced plots, contour piots,
grey scale and shaded relief pliots. Control point analyses are also
performed to insure the accuracy of the final product.

VAL IDATION AND QUALITY CONTROL

To insure the quality of the data produced at HTC, the {image Mani-
pulation Station {iMS) and the Sensor Image Simulator {SIS) are em-
ployed. These systems provide the capability of generating advanced
image displays far viewing DEMs prior to insertion into the DMA data
bank or defivery to digital data users.

DEFICIENCIES IN THE CURRENT SYSTEM

DMA has in place the collection systems, and validation and guality
contro! systems capable of meeting future DTED production require-
ments. However, deficiencies exist in post processing that must be
addressed to satisfy those requirements. Problems (such as the
response time associjated with batch proce55|ng which often requires a
24 to 48 hour waiting period to review the results of an edit pro-
cess, only to find that a keypunch or tape error aborted the run)
severely affect throughput requirements. Limitations associated with
the current plotting capability also affect throughput. When errors
not detected on existing plots appear in a quality control system,
the data set must be returned to post processing for correction; thus
disrupting production. There are other deficiencies associated with
production flow, file handling, editing procedures and processing
algorithms which cause post processing in a batch envirepment to
severely impact production.

TES/EMPS - THE FUTURE IN DTED PROCESSING

The previous sections have described the evolution of both the
requirements for DTED and the current methods to produce jt. As with
any evolutionary process, piecemeal requirements were met with piece-
meal solutions that were minimum cost modifications of existing capa-
bilities. OFten these solutions were mandated to utilize existing
equipment. Experience has shown that such constrained Darwinian
systems may minimize incremental costs, but generally at the expense
of both total system capabilities/effectiveness and operation costs.
Such production systems seem to agonizingly crawl to untenable posi-
tions, burdened by untractable loads, achieving only expensive
mediocrity.
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The TES/EMPS procurement at once revealed the potential benefits of a
systems approach to expanding requirements beyond all expectations
(anticipated, and yet unspecified). The subheadings of this section
document the chronolegical steps that have been followed to deveiop a
BTED system that rnot only meets today's processing requirements but
is also guaranteed to cost-effectively expand in the future. The
first subsection summarizes the system processing reguirements. The
second subsection covers design issues and objectives that are expli-
citly detailed and used to shape the design philosophy presented in
the third subsection. The hardware design based upon this derived
philoscphy is covered in the fourth subsection. The final subsecticn
completes the development cycle, summarizing the final systems opera-
tions characteristics.

System Requirements: Goals to Grow On

The TES/EMPS will perform all processing of digital! elevation data
from photographic and cartographic sources - from collection through
output as verified digital elevation products. The TES/EMPS will
address for the first time in a single integrated system the seven
primary functions required in production processing of DEM data:

Edit anomalies and discrepancies

Convert contour date to matrix data

Transform and interpolate DEMs to other coordinate systems
Merge DEM's into product formats

Edit and verify product DEMs

Perform Fiie and Job Management functions

Perform rigorous quality control,

N e e
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The TES/EMPS system was specified to be an integrated system composed
of off-the-sheif, commercially available computers and peripherais of
modern design, proven system software, appropriate interactive
graphics software, and specific applications software. The wunigue
requirement with potentially the largest production payoff is for an
integrated job {or DEM project) management approach that optimizes
equipment utilization to achieve the throughput rates mandated by the
DMAHTC data user community.

Design Objectives: Guidance From the Past

Analysis of the requirements in light of previous production system
acquisition experience leads to design objectives. The purpose of
developing explicit design objectives, separate and distinct from
design requirements, is to maximize system applicabitity; not only at
time of delivery, but also for the entire working life of the system.
Further, the disappointments and frustrations encountered in previous
developments can be minimized, if not avoided.

The processing of digital elevation data to address all seven of the
functions listed in the previous section requires the marriage of an
extremely capable background processing system with an interactive
processing system linked to a common data base and function set.

The TES/EMPS reauirements are further constrained by four additicnatl
Mproduction plant' considerations: reliability, maintainabifity, im-
plementation risk, and expansion potential., Reliability, risk reduc-
tion and growth are the driving forces behind the BMAHTC requirement
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for use of off-the-shelf, commercially available components of modern
design. Maintainability is achieved in three ways: good design,
experienced maintenance personnel, and availability of spare parts.

The risk level for the design and implementation methodology of a
project with the scope of TES/EMPS is a eritical [ssue. The magni-
tude of cost, production workload, and system effectiveness demands
that a Tow risk approach be selected.

The observed growth in requirements for DTED, from both increased de~
mands resulting from current applications and pew applications {anti-
cipated and unexpected), strongly points to TES/EMPS expansion. The
expansion capabitity must address not only increased throughput, but
also increasing sophistication of processing.

in summary, the key issues and objectives of the TES/EMPS design are:

o Extensive background processing capability

o State-of-the-art interactive graphics

Integrated data bases and processing functions through a
common file management strategy

Sophisticated job management for optima! resource utilization
High performance

High system reliability

Continuing system maintainability

Low-risk implementation

Extensive, Tow-cost, and long-term expansion capability

Q
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Design Philosophy: A Roadmap to Success

The system requirements and design objectives form a firm foundation
upon which to build the high throughput production system desired.

Intergraph Corporation is one of the leading manufacturers of
Computer Aided Design and Computer Aided Manufacture {CAD/CAM}
Systems in the world. For interactive mapping applications, Inter~
graph is the leader.

A majority of the capabilities required for TES/EMPS are currently
avaiiable in Intergraph systems. The TES/EMPS hardware requirements
match closely with Intergraph hardware currently in production and
use, HNew items brought inte production by Intergraph in 1983, in
combination with previous production eguipment, will satisfy all of
DMA's hardware requirements. Many software regquirements are met by
Intergraph’s base level graphics and data base facilities contained
in the Interactive Graphics Design Software (1GDS} and Data Manage-
ment and Retrieval System (DMRS). Hany unique DHMA DTED processing
functions are also contained in existing DMA production programs and
other vendor software.

With this background, the lowest risk, Towest cost design philosophy,
or technical approach to achieve a fully responsive, high performance
system is built around the following critical design features:

o Maximum use of off-the-shelf hardware and software concepts

o Use of off-the-shelf government and industry application
software and algorithms

o Integrated systems design that minimizes special or new
software, algorithms or data formats
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These critical design features will insure the fina} system has:

maximum reliability

assured maintainability

lowest equipment cost through minimum RED

easy integration of advances in the commercial sector
highest assurance of system growth potentiail
minimized dependence upon unproven algorithms

OO0 CO0OCO

Hardware Design: A Basis for Achievement

Analysis of the DMA DTED processing requirements show that they logi-
cally fall into three major categories: Interactive, Batch and Pro-
duction Controif Processing. The interactive processing includes
quality control, data set merging, paneling and error correction.
All processes, experience has shown, require a man in the loap for
successful performance. The batch processing requirements include
input/output operations, coordinate transformations, format conver=
sions {such as, contour-to-grid}, proof piot preparation,
anomaly/discrepancy detection and other automated quality control
aids. In generat, these are fulily automated CPU intensive background
processes. The production control! processing contains both fully
automated tracking and scheduling operations, as well as interactive
capabilities for system work assignments, status reporting and work
flow control.

The basic hardware components of the TES/EMPS are the VAX 11/780, the
workstation, the File Processor, the Graphics Processor, the Banded
Vector to Raster Converter (BVRC) and Internet. These major com-
ponents are supplemented with three billion bytes of mass storage and
a full complement of the wusual peripherais; line printers, tape
drives, plotters, etc. The TES/EMPS will use three of Digital Equip-
ment Corporation's 32 bit Vax [1/78D CPU's. Each of fourteen
TES/EMPS workstations will be equipped with one 19" color display and
one 19" black and white display, both with a resolution of 1280 by
1024 picture elements. The color display will be supported by 16
planes of refresh memory and will sefectively display 256 grey scales
or 256 levels of intensity for each color; red, green and biue. The
Graphics Processor has been added to assume the background computa-~
tional load. This 64 bit, programmable array processor, as a pipe-
iine unit, is designed to operate in parallel with the central pro-
cessor, The BWRC performs a high-speed vector to raster cenversion
enabling the plotter to operate at maximum speed. The File Processor
is an inte]ligent disk controller which scans a disk at rotational
speeds, analyzing and transferring to the Central Processor only the
data that meet desired search criteria. This search function repre=
sents a second critical burden removed from the Central Processor, to
enable the overall system to match the users' design pace. Internet
is a locat area CPU network for intersystem file access and transfer.

Two Intergraph 780 ©Data Processing Systems, connected to 12
Intergraph graphics workstations, will form the hardware backbone of
the terrain editing system. Each Data Processing System will be
equipped with two graphics processors. A third Intergraph system,
with additional workstations, wiil be dedicated to control functions
within TES/EMPS, This system will manage the preject gueue,
parceling out jobs to the other systems, and will manage operations
information and perform a large part of the matrix processing to
support terrain editing and analysis. The third system wiil perform
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batch matrix processing and plot preparation work with the assistance
of another graphics processor and two BVRCs, respectively.

Operational Characteristics: Realization of a Goal:

The following example scenario provides insight into the flexibility
and power available for total DTED production processing with imple~
mentation of the TES/EMPS design.

Data enter the system via magnetic tape and are placed in mass
storage by File Management. Based upon Production Manager Job Super-
visor inputs, the Job Management subsystem creates a job step
sequence and schedule.

Based upon the Jjob step sequepce, the Joh Management subsystem
directs the pre-edit software to acquire the data files via File
Mapagement and processes the data. The pre-edit software produces
any required plots. Any background matrix processing is completed on
an available VAX, as regquired for a given task. Upon completion, the
data are transferred over the Interprocessor communications Iink to
the File Management subsystem on one of the edit system VAX's . Job
Management controls this transfer and selects which edit VAX is to
receive the data based upon resource availability. The data are
entered into the edit VAX's mass storage by the edit VAX's File
Management subsystem. Once the assigned editor selects the edit job
step for these data from his work queue, the DEM Edit appiications
software uses File Management to access the data. Based upon editor
commands, the DEM edit software establishes the type of data displays
(either vector or image} most useful for the assigned edit functions.
The transmission rates for the image format edit displays are assured
through utilization of fIntergraph’'s parallel I/0 interface to the
edit station. Real time three-dimensional rotation, zoom and pan of
the terrain presentations {from 2 to B views) are available so that
editors will be able to effect changes dynamically and see the
resuits immediately. Project continuity will be vastly improved,
with dramatic increases in accuracy and productivity. The decrease
in feedback time ailene 1s expected to provide a strong boost to em-
pioyee job satisfaction. Upon compietion of edit, the corrected data
files are transferred back to VAX ! wvia the interprocessor communi-~
cation link. As appropriate, either post or matrix processing (for
coordinate transformaticn} is scheduled to compliete processing of the
active files., At completion of this and any other edit job steps
specified by the Production Supervisor and scheduled by Job Manage-
ment, the data are stored on VAXK | mass storage by File Management.
Job Management schedules and accomplishes the generation of plot
tapes, gquality control sessions at the Productien Supervisor's sta-
tion, output via the 1/0 processor of archive tapes, and finished DMA
product tapes along with job schedules and status reports.
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CARTOGRAPHIE ASSISTEE PAR ORDINATEUR PCUR
LE RECENSEMENT DU CANADA

D. Ross Bradley
Statistique Canada
Division de la géographie
bEdifice Jean-Talon
3° étage, Section B-T7
Ottawa, Ontario

Kis 0T6

RESUME

Ie recernsement quinguennal du Canada est une énorme entreprise. Pour
1'effectuer de fagon ordormée, il faut équiper chacun des 35,000 &
40,000 recenseurs d'une carte qui assure une livralson exacte et
complete des questiomnaires. Lorsque le moment vient de publier les
résultats du recensement, qui sont diffusés & divers niveaux de ven-
tilation géographique, il faut des cartes de référence pour situer
les limites des zones visfes. Les résultats sont aussi diffusés sous
forme de cartes thématiques qui suppléent en quelque sorte & la pré—
sentation classique sous forme de tableaux. L'informatisation des
cartes de collecte, des cartes de reference et des cartes thématiques
du recensement a atteint un stade avanc® & Statistique Canada.

INTRODUCTION

Le recensement du Canada, que l'on dit souvent &tre la plus grande
activité en temps de paix, effectué par le gouvernement du Canade, a
lieu wne fols tous les cing ans. Il vise & dénombrer toutes les per-—
sonnes demeurant au Canada 3 leur domicile habituel le jour du recen—
gsement. Pour mener i bien une téche de cette envergure, quelque

35,000 & 10,000 recenseurs doivent livrer des questiommaires 3 environ
9,300,000 ménages au cours d'une période trés courte. De plus, pour
assurer le recensement de toutes les régions, il est nécessaire de
remettre des cartes aux recenseurs afin que toutes les reglons ne
goient visitées gqu'une fols et une fois seulesment. De 18 le besoin

de cartes de collecte. Le recensement doit aussi publier les résultats
de ses trouvailles. lLes dornées démographiques paraissent au niveau
de narbreuses régions géographiques et des cartes de référence existent
pour toutes ces régions. Les cartes thématigques constituent une autre
fagon de présenter les dommées. Pour le recensement de 1981, ces
cartes se trouvent dans la Série d'atlas Hetropolltalns (pour 12
grandes régions métropolitaines) qui viendra compléter les bulletins
sur les profils des secteurs de recensement.

Ie présent document déerit la cartographie assistée par ordinateur
pour ces trois gerres de cartes,

CARTES DE COLLFCTE

I1 est ev1dent que les recenseurs ont besoin d'un volume impressicomnant
de cartes & grande échelle. Frant dormé gue les recenseurs ne sont
habituellement pas formés & lire des cartes, toutes celles qu’ 115
utiliseront devront 8tre trds clzires, trés précises et faciles & lire.
12 production de cartes pour la collecte des données au recensement
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colite trds cher. Lors du recensement de 1981, le programme de carto—
graphie a nécessité quelgue 80 anndes-persomnes en commls et dessina-
teurs et environ $1,500,000. Juste avant le recensement de 1981, on
a procédé & un examen minutieux de ce programre afin de pouvoir écono-
miser des ressources humaines et financiéres en faisant appel & une
technologle informatique et en intégrant les activités. Ainsi done,
comenga la création de cartes par des moyens informatisés, aux fins
de la collecte.

Pour que les cartes solent preoduites par des moyens informatisés, 11
est évident qu'il faut dlsposer d'un fichier ordinolingue. Il exlste
un fichler & cette fin que 1'on appelle le fichier principal de la
région (FPR), qul est camposé d'un réseau de rues en mumérique et da
renseignements comnexes comme le nom des rues, les tranches d'adresses
et d'autres caractéristiques géographiques. I1 y a un FFR pour presque
tous les noyaux urbanis@s de chague centre de 50,000 habitants ou plus,
et le Canada en compte 37; menticnnons entre autres, des endroits
caomme North Bay qui compte un peu plus de 50,000 habltants et des
grandes villes camme Torcnto et Montrfal dont la population du noyau
urbanisé atteint globalement 2,500,000 habitants. ILes FPR renferment
une représentation ordinolingue logique de toutes les rues des villes
et d'autres caractéristiques choisies comme les voles ferrées, les
cours dleau, les limites de mmnlecipalités et blen d'autres. Ies FPR
dorment ure référence géographique des coordonmnées de chaque rue,
tranche d'adresses, coté d'llot et centro¥de dans la région en
question. Une carte tracée par ordinateur constitue un produit
important du FFR. A 1l'aide du programe utilitaire MAFMAKR, il est
possible de dresser des cartes indiguant les réseaux de rues sous
forme de lignes simples (voir la figure 1).

f:tant dormé que la collecte des donnfes et la couverture compléte du
territoire représentent deux des plus importantes activités du
recensement, la carte 3 lignes simples dressée i partir du FPR n'est
pas assez précise & cette fin. Aussi a-t-on eréé un programme visant
4 produire une carte des rues scus forme de lignes doubles & partir
du réseau 4 lignes simples (voir la figure 2). Un systéme expérimen-
tal a Ete mis au polint et quelque 200 cartes ont &té remises aux recen~
seurs pour le recensement de 1981. Une &valuation ultérieure de ces
cartes a permis d'&tablir qu'elles suffisalent amplement i la téche.
Le colit des cartes produites par des moyens informatiques pour le
prototype était assez proche de celui des cartes que 1l'on dressait par
des méthodes traditionnelles; cependant, ia main-d'ceuvre nécessaire
a été beaucoup moins imposante et il a &té possible de réduire encore
plus les colts, Au cours de la derniére ammée, Statistigque Canads a
mis au point un systéme de production visant & dresser enviren 8,000
cartes de secteurs de dénonbrement pour le prochain recensement. On
en évalue les cofits & 1'heure actuelle 4 environ le tiers de ce qu'ils
&talent pour le prototype en 1981. Parmi les autres avantages, men~
ticmnons une cohérence accrue au niveau de 1a collecte, du traitement
et de la docurentation des cartes de base.

Bien que ces cartes se répercutent directement sur les activités du
recensement, d'autres enquites & Statistique Canada, comme 1'enguéte
sur la population active, les trouveront utiles tout comme d'ailleurs
le ministére des Postes, et le bureau du Directeur général des
&lections et ses homologues provinciaux,

Soit dit en passant, il est Intéressant de noter que les fichiers

principaux de régions n'ont pas &té créés initlalement 3 des fins de
cartographie. Ie systéme de gfocodage, dont les FPR sont la base, a
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&té mis au point au début des armdes 70 afin d'assurer we grande
souplesse & 1'extractlon des dormées du recensement attribuées i ces
centroldes de c¢8té d'Ilot pour des régions spécifiées par les utllisa-
teurs (voilr figure 1). ILes cartes de collecte du recensement sont
toutes dérivées de ce systéme et pourront trés bien devenir 1'cbjet
principal des FTPR.

CARTES DE RESERENCE

Aux fins du recensement, wne carte de référence est une carte qui per-
met d'identifier et de trouver les limites d'une région gographique
pour laquelle des dormées de recensement existent. Des cartes de
référence sont publiées pour les divisions de recensement (comtés,
munleipalités régionales, dlstricts régionaux, ete.), les subdivisions
de recensement {villes, villages, townships, cantons, réserves in-
dlennes, etc.), les réglons métropclitaines de recensement, les agglo-
mérations de recensement, les secteurs de recensement et les cir-
conscripticns &lectorales fédérales. Des cartes de référence came
celles qul scnt présent@es aux figures 3, U et 5 ont &té produites de
fagon traditionnelle depuis déJa de nombreux recensements.

Dans le cadre de son programme de publications du recensement de 1981,
Statistique Canada a prodult pour la premlére fols une série de cartes
de référence & 1'aide d'un ordinateur. Te bulletin intitulé Cartes de
référence: Divislons et subdivisions de recensement (n® 99-507 au
catalcgue) du recensement de 1981 renferme quelque 41 cartes produltes
3 1'aide d'un ordinateur. Ia production de ces cartes a falt appel &
des techniques informatisées et manuelles de cartographie en int&grant
trois fichiers en mumérique.

a) Le fichler des limites de subdivisions de recensement {(mmnicipali-
tés) obterues en convertissant en numérique les frontidres tirées
des cartes de bgse & une Bchelle de 1/50,000€ et 1/250,000% du
ministére de 1'frergle, Mines et Ressources Canada.

b) Te fichder des noms et des codes de la Classifilcation gfographique
type (CGT) de Statistigue Canada.

Nota: Les fichlers a) et b) &talent des composantes du fichiler
géographique principal du recensement de 1981 (FGER).

Ie FGFR comprend tous les rerselgnements nécessalres 3 1'extraction
des données du recensement pour toubte réglon gfographique normali-
sée au Canada. Grfce & une capaclté de contr@le géographique, ce
fichier peut vérifier le code de chague secteur de dénombrement
dans la région gfostatistique qui lui est propre.

2} Le fichler des cours d'eau et des rives convertis en numérique &
partir des cartes de base & une échelle de 1/2,000,000 cu ministére
de 1'Energle, Mines et Ressources Canada.

Ie fichier des limites de la projection transverse de Mercator (PTM)
{(voir a) cl-dessus) a été converti aux coordonnées du systéme conforme
de Lambert puis superpcsé au fichier des cours d'eau; on a ensulte
&1liminé directement sur 1'écran & tube cathodique toute ligne inutile
ou dédoublée. Ainsi, si une limite de munlcipalité ressortait dans

un cours d'eau, on 1'effacalt de facon & n'indiquer que la rive. Les
noms provenant du fichier de subdivisicns de recensement ont été auto-
matiquerment placés au centrofde de chague mrdcipalité, permettant
ainsi de relier le code gBographique des deux fichlers. S3'11 y avait
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trop de noms, 1ls étailent replacés interactivement afin de produire un
espacement satisfaisant. Les cartes du Yukon, des Territoires du Nord-
Cuest, de l'Ile—du—Prlnce-Edouard, de la Nouvelle-Fcosse et du Nouveau-
Bruﬁswick ont &té produites & 1‘a1de de cette méthode (voir la figure
6). Les autres cartes de cette série ont &té dressées en faisant appel
34 un plus grand nombre de commis et en appliquant des opfrations carto~
graphiques plus conventionnelles. On a utilisé le fichier des limites
des municipalités, des cours d'eau et des rives de pair avec les don—
nfes de 1l'ordinateur. Les lignes inutiles &taient &liminées 3 1a main
plutdt qu'en direct alors gue les noms et les codes &talent placés 3

la main & 1'aide d'une liste et d'un crogquis Informatisés sur lesquels
les noms figuralent au centrofde de chaque municipalité {voir la

figure 7).

Toutes ces cartes ont &té produites en trols couleurs: rouge pour les
limites des 260 dlvisions de recensement et leurs codes gfographigues
normalisés; bleu pour les cours d'eau et les rives; ef noir pour les
limites et les noms des 5,710 subdivisions de recensement (et leurs
ccdes pour plus de 2,600 de ces derniéres si la subdivision de recen-
sement est urne subdivision de recensement unifide) ayant servi 3 la
diffusion des domnées du recensement de 1981.

CARTES THEMATIGUES

Bien gue la plupart des données du recensement paralssent sous forme de
tableaux et scient publifes dans les bulletins, la technique d'afficha-
ge des dorm@es statistiques & 1'aide de cartes thématiques est trés
efficace. A la suite d'un prototype d'atlas sur la région métropoli-
taine de recensement d'Ottawa-Hull, produit & la suite du recensement
de 1976, on a décidé de predulre une Série d'atlas métropolitains pour
le recensement de 1981 qul décrirait, sous forme de cartes thématiques
et de graphiques, la répartition des diverses caractéristiques de la
population pour les régions mEtreopolitaines de recensement de Toronto,
Montréal, Vancouver, Edmonton, Calgary, Regina, Wirmipeg, Hamilton,
Ottawa~Hull, Québec, Halifax et St, John's

Les atlas de cartes thématigues servent beaucoup en planification
urbaine, en service soclal et en &ducation, surtout pour se faire une
idée générale des dormées et de leur répartition géographique qui peut
alcrs &tre sulvie avec beaucoup plus de détails. ILes atlas métropoli-
tains du recensement de 1981 renfermeront un grand norbre de cartes

et de graphiques qui illustreront une diversité de th2mes ou de varia—
bles du recensement (volr les figures 8 et 9) pour une réeion métropo-
litaine donnge. La cartographie se fait au niveau du secteur de re-
censement {c¢'est-8~dire une petite unité géostatistiaue comptant en
moyerme 4,000 habitants et qui est établie dans les communautés urbaie
nes de 50,000 habitants et plus) et elle sert 34 compléter les bulletins
des profils des secteurs de recensement. I[a cartographie permet de
révéler les tendances spéeilales qul ne sont pas imm&diatement apparentes
dans une région métropolitaine lorsgu'on les présente sous forme de
tableaux.

Ia S&rie d'atlas métropolitaing est un prodult & la fine pointe de la
technologie actuelle. Des progres au niveau des procédures d'analyse
des données, des loglelels de cartographie informatisée et de matériel
de trac@s ont permis de produlre ces atlas. Les programmes destinés

4 la cartographle informatique ont été fournis par le GIMMS (Systdme de
cartographie et de manipulation de 1'information geographique), tandis
que 1'analyse des données des secteurs de recensement fait appel 3 urne
série de proprammes informatiques qui aident & choisir les intervalles
de classe appropriés et la densité des points sur les cartes et les
graphiques. Chaque page est entidrement preoduite sur un traceur 3
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tanbour & haute vitesse GERBER, moddle U442, qui utilise une téte
spéciale par laguelle un faisceau lumineux concentré traverse une
pellicule photographique enroulée sur le tambour. Comme les pages

sont imprimées 4 leur grandeur réeslle, les pellicules peuvent &tre
envovées directement au service d'impression des bulletins, &vitant
ainsl toute perte de qualité ou £tape intermédialre. les cartes se
présentent sous forme monochramatique de fagon & faciliter la repro-
ducticn et & réduire les cofits d'impression.

Ia cartographie assistée par ordinateur & Statistique Canada est le
fruit d'un travail conjolnt de la 3ous-division de la géocartographie,
Division du traitement des données, et de la Division de la géographie.
Le matériel, le logiciel et les services de cartographie des programmes
décrits ont &té fournis par la Sous-division de la géocartographie.
Cette dernidre compte d'allleurs les spécialistes sur place pour
répondre aux besoins du recensement et des aubres secteurs de
Statistique Canada.

En guise de conclusion, disecns 51mp1ement que la cartographie assistée
par ordinateur a fait des progrés enornes pour le recensement 3
Statistique Canada au cours des dernidres armées. L'UnlfDlete des
produits et les &concmies qui peuvent étre réallsées grice 3 1'automa-
tisation dépassent de loin toutes les lacunes esthétigues que 1'on
peut retrouver dans ce gerre de cartes. TI1 ne falt aucun doute qu'il
nous reste encore beaucoup de chemin & parcourir dans ce domalne. Ies
cartographes devralent relever le défi et montrer plus d'initiative
dans la cartographie informatisée. Grice aux technigues qui leur sont
particulidres & chacun, le eartographe et 1l'informaticien peuvent
former une équipe des plus enviables.
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NET POPULATION LOSS, PERTE NETTE DE POPULATION,
1976 — 1981 1976 — 1981

Les secteurs de recensement subissant une perte netie

Census tracts which experienced o nel loss of
ﬁogululion betwesn 1975 and 1951 are highlighted. de population entre 1976 et 1981 sont mis en évidence. Les
el losses are shown in ghsolute numbers of persons, perles nettes sont données gn nombres réals de personnes.
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e
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SO :
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Figure 8.
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POPULATION CHANGE,
1976 — 1981

Fopulation change between 1976 and 1981 is expressed
as ¢ percentoge of the total 1976 papulation for each
census troct in the censuz metropolitan area (CMA}.
Comporative figures are provided for the CMa, the
province and Conoda.

VARIATION DE LA POPULATION,
1976 - 1981

La varigtion de lo population entre t976 et 1383 ast
exprimée en pourcentoge de {o population totale de 1976
de choque secteur de recensemen ds lo région métro-——
politaine de racensernant &RMR) Les données comporatives
sont produites pour lo RMR, la province et Is Conada.
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POPULATION CHANGE
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SOURCE: 1981 CENSLI OF CANADA
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CURCE: RECENSEMENT DU CANADA DE 1981
AHLIE PAR STATISTIOUE CANADA, 1882,

Fgure 9.

NOTA

Tes figures 3, 4, 5, 6, 7 sont disponibles en couleur et peuvent

gtre dbtenues de 1'auteur,
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HYDROGRAFHIC SURVEY REUIREMENTS SYSTEM (HYSUR)

Chung Hye Read
Defense Mapping Agency
Hydrographic/Topographic Center
Washington, D.C. 20315

ABSTRACT

The Defense Mapping Agency (DMA) has mo autamated system with which to
determine the survey precedence of the 8.2 million sguare nautical
miles of worldwide coastal areas which require hydrographic surveying.
In response to this vast requirement, the DMA Hydrographic/Topographic
Center (HTC) is developing the Hydrographic Survey Requirements System
(HYSUR). This software system will enable managers to make timely,
systematic decisions, thereby enhancing the utility of the wNaval
Coeancgraphic  Office (MAVOCEARD) survey vessels. This report
discusses the practical applications of this system which will:

a. Identify hydrographic data deficiency areas.

b. Establish a rank order for required survey areas omsidering
econamic, political, military, and physical factars.,

¢. Provide an alternative planning capability to answer
management-level "What if" questions, such as: "“What if a given route
is blocked?”, or "what if merchant traffic is disregarded?”.

d. Produce coastal survey requirements based on the results of
the ranking procedures, available resources, and estimated cost.

INTRODUCTION

The Hydrographic Survey PRequirementse System (HYSUR) is a planned
software system that will enhance the Defense Mapping Agency's (DMA)
utilization of limited hydrographic survey rescurces to accamplish
needed surveys. HYSUR will provide an automated method to assess
existing source material ocoverage of the required areas, and to
establish weighting factors based on economic, political,
gecmorphological, and military considerations in order to determine
hydrographic survey priorities for required geographic areas,

An autamated file will be maintained on both the mission areas, which
will be defined, and their subdivisions, called cell areas. This will
be a static data file that identifies cell area size, as well as the
degree of safe passage for specific coastal areas. A dynamic data
file containing merchant and military traffic volume and strategic
rescurces movement data will also be included. Additional files will
include information about foreign charts, a remote sensing suitabllity
index, and identification of oountries with which the United States
has mapping and charting agreements. Another HYSUR flle will identify
countries that the U.S. supports through the Hydrographic Survey
Aasistance Program. All files will be further explained in a later
section.
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HYSUR will be implemented on a UNIVAC 1100/62 computer utilizing the
System 2000 data base management System.

BACRGROUND

The Defense Mapping Agency has a statutory responsibility* to provide
accurate nautical charts of areas cutside U.S. territorial waters for
both civil and military maritime uses. MA tasks the Naval
Oceanographic Office {(NAVOCEAND ) to collect hydrographic
ship survey data for specific geographic areas. Upon campletion of
each survey, the raw data are sent to HIC to be evaluated. The
evaluated data and related information are indexed and stored for
eventual use in the preparation of hydrographic products,

Prior to 1978, IMA's total coastal hydrographic data collection
requirement was approximately 17 million square nautical miles. This
estimate was derived by multiplying the 244,000 miles of worldwide
coastline by an assumed average continental shelf width of 70
miles. To develop a more realistic estimate of ooastal survey
requirements, DMA conducted the Coastal Survey Requirements Study,
comronly referred to as the Chubb Study, in fiscal year 1978. This
study established the concept of I[MA mission areas (those areas
between six and 300 fathams in depth, having heavy traffic volume and
containing major coastal routes as well as significant ports and the
approaches thereto}. This reduced the original requirement of 17
million square nautical miles to B.2 million square nautical miles;
however, this still represented more than 200 ship-years of survey
effort. The magnitude of that effort and limited survey resources
still precluded a comprehensive coastal survey program within a
reasonable time frame, Hence, IMA elected to develop a systematic
method to establish survey priorities for hydrographic areas,

PURPOSE

Currently, when HIC is tasked to provide a hydrographic product, the
areas to be charted are first plotted to determine existing DMA chart
coverage of each area. Other hydrographic data in the required areas
are acquired by searching variocus nor—autcmated data files such as the
foreign chart card file, foreign chart catalogs, and the Interpational
Hydrographic Organization (IHO) Bulletins. After evaluating all
available information, a decision is made as to whether a hydrographic
survey 1is necessary or whether existing data meet the user's
requirement, If hydrographic surveys are deemed necessary, area
specialists determine the ranking of the survey areas. The necessary
survey plarnning may take up to a year.

With the increasing number of deep-draft vessels and submarines, a
growing need for detailed, reliable charts exists. This need, coupled
with the 200 year backlog of coastal survey requirements, results in
an urgent requirement to establish rational priorities that will
support an efficient program to systematically satisfy the backlog of
coastal survey requirements.

*Title 10, U.5. Code § 2791, et seq., Chapter 167.
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SYSTEM FINCTIONS

The following system objectives have been developed in order to
enhance hydrographic resource management and to assist planners in
establishing priorities for survey requirements:

a, Identify deficiencies in hydrographic data by providing
graphic amd/or textual reports depicting shoreline and existing
hydrographic data coverage for all coastal areas.

b. Establish a rank order for required survey areas using factors
based on civil and military traffic volumes, commodity movements, and
physical characteristics for each area.

c. Provide an alternative planning capability to answer
management level ®"What 1if" decision questions, such as "What are
alternative routes if a given route is inaccessible” or "what if
merchant traffic is disregarded?”

d. Develop survey requirements based on the results of the
ranking procedures and available survey resources,

APPROACH

Autamation
Prior to the implementation of HYSUR, several data files ard file
irdices must be automated. These files include:

a. foreign chart file, containing information on HIC's holdings
of foreign charts that is currently recorded on 1500 3 X 5 inch index
cards;

b. Bilateral International Agreement file, identifyving countries
whose charts the U.S5. may reproduce; and

c. Listing of Surveys and Charts fram the Hydrographic Survey
Assistance Program.

In addition, the following files must be created:

a. a new related products file containing area coverage and
status information on in-process and recently completed foreign
charts.

b. a survey progress file containing planned, in-process, and
recently completed U.S, and foreign hydrographic surveys.

c. a static data file containing mission area information, such
as cell names, sizes, types, degree of safe passage and established,
optimum shipping routes.

d. a dynamic data file containing information on merchant and
military surface and subsurface traffic wolumes, and strategic
Fesource movements.

e. a remote sensing suitability index file which will be loaded
as data becomes available, This index will be designed to identify
areas suitable for the collection of reguired hydrographic



data utilizing remote sensing technology.

Cell Structure

HYSUR will broaden the concept of the Chubb Study's mission area fram
6 - 300 fatham depths to 0 -~ 1000 fatham depths in order to
acoommodate all civil and military requirements. Mission areas will
be subdivided into smaller areas called cells based on depth,
geamorphological characteristics, and military and civilian usage.
Cells will be categorized as Coastal Cells (with depths from 6 - 1000
fathoms along one body of land), Strait Cells { with depths from 6 -
1000 fathoms, located between two physically close land areas and
through which maritime traffic will occur on each land side), Harbor
Cells (with depths from 0 - 1000 fathoms in which vessels may dock or
anchor for cargo loading or transfer), and Amphibiocus Assault/Combat
Cells (coastal areas with depths from 0 —~ 1000 fathoms designated for
military operations).

After the mission areas of the world are segmented into appropriate
cells, the size of each cell will be measured using a planimeter on
small scale world charts overlayed with the appropriate cell
structure. Cell sizes will be loaded into the static data file, and
will be available as an additional factor to determine the application
of survey rescurces.

Identification

HYSUR will access information on hydrographic source coverage for each
desired cell area throuwgh interfaces with several existing DdMA data
bases (such as, the Area Requirements And Product Status System
(ARAPS) and the Bathymetric Information System (BIS)) and HYSUR data
files, BARAPS will provide information on area requirements including
priority, production status, chart evaluation, and intended use. BIS
will provide information on bathymetric surveys. HYSUR will
automatically identify source data deficiencies and highlight needed
Survey areas.

Value

A numerical ranking value will be derived for each cell based upon the
characteristics of actual and potential civilian and military usage
for each cell. A cell with a high rank value has a higher survey
priority than a cell with a lower rank value. The following factors
are involved in the camputation of the cell weight:

Wt: Cell weight
: Strategic Resource Weight (range 0 to 100)
Mr: Merchant Shipping Weight
§ : Submarine Operations Weight (range 0 to 99}
B : Mine Warfare Weight (range 0 to 99}
: Mapping, Charting, and Geodesy (MCs&G) Priority (range 1 to 5)

This relationship is expressed in the following equation (Eg. 1):

Wt =SpR+M +5+B {1)
J
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Strategic Resource Weight. The strategic resource weight, SR,
represents the percentage of U.S. imports of all strategic materials
on designated shipping routes, For example, if 92% of all commodities
trangported on a specified shipping route is delivered to the U.S.%,
then SR is assigned a value of 92.

Merchant Shipping Weight. The merchant shipping weight, MT, is
expressed as follows (Eg. 2):

MT = WL x (1 - dm/wm) (2)

where,

Wr: Importance factor of port or route {(range 0-100)
dm: Distance in nautical miles fram the 20~1000 fathom depths
wm: Distance in nautical miles fram the 61000 fathcom depths
{1-dm/wm): Degree of safe passage for merchant vessels

{1 - dm/wm) + 0: Relatively safe passage

(1 - dm/wm)} + 1: Limited safe passage

Equation 2 portrays the risk factor for important merchant shipping
through certain areas. The greater the risk, the higher the merchant
weight.

The importance factor of a port or route, Wr, is derived as follows
(Eg. 3):

WD = WC x WV {3)

WC: Strategic importance of cargo, derived from the commodity
code {range (~10}
Wv: Factor derived fram the volume of cargo

Equation 3 gquantifies the importance of the port or route by relating
the volume and type of cargo, thereby preserving the significance of
small shipments of strategic materials,

Strategic Importance. The strategic importance, WC, is a number
assigned to each strategic commodity according to its importance to
the U.S. It ranges fram 0 {no strategic importance} to 10 (great
strategic importance).

Cargo Volume. The optimum basis for measuring merchant trade is
generally considered to be by volume or tonnage, However, the only

readily available comprehensive base of statistics for world trade was
found to be expressed as cargo value in 0.5. dollars. The cargo value
has a wide range, i.e., from $1 million to $1 trillion. In order to
effectively weight this large range of data, cargo volume, WV, is
expressed logarithmically (e.g., a cargo value of $100 million
reflects a cargo volume WV = 1, for S$1 billion WV = 11; and for $1
trillion, WV = 31).

*Extracted from U.S Oceanborne Trade Statistics and the Yearboock of
International Trade Statistics, and will be contained in the dynamic
data file.
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The following three examples demonstrate the computation of merchant
shipping weight:

Example 1 - A cell with $1 billion (WV = 11) worth of platimum cargo
(WC = 4} will have a route importance factor, WT, of 44,

W =WC x WV =4x1]l=44

Example 2 - If the cargo in Example 1 is routed through a cell where
the distance from the 20 fathom depth to the 1000 fatham depth is 150
nautical m: =s, and the distance between the 6 fathom depth to the
1000 fathca Jdepth is 450 nautical miles, that cell will have a
merchant weight of 29,

MI = WP x (1 - dm/wm}
Fram example 1, WT = 44
WP =WCXxWW =11 x 4 =44

Therefore,

Mr = 44 x (1 ~ 150/450} = 29
Example 3 - If the cargo in Example 1 must pass through a cell with
150 nautical miles between the 20 fatham depth and the 1000 fathom
depth, and 300 nautical miles between the & fathom and the 1000 fathom
depth, the merchant weight is 22.

MT = 44 x (1 - 150/300) = 22
Since Example 2 expresses a higher navigational risk, 2/3, than
Example 3, 1/2, the area in Example 2 has a higher merchant shipping
weight,

Submarine Operations Weight, The submarine operations weight, §,
is expressed as follows (Eq. 4):

S =W x (1~ ds/ws) {4)

where,

WS: Submarine weighting factor (0 or 99}
ds: Distance in nautical miles from the 300 — 1000 fathom depths
ws: Distance in nautical miles fram the 20 - 1000 fatham depths
{1 - ds/ws): Degree of safe passage for submarines

{1 -~ ds/ws} #+ 0: Relatively safe passage

({1 - ds/ws} » 1: Limited safe passage

If a cell area is designated as a possible submarine interest area,
the suhbmarine weighting factor is 99; if not, 0 is applied to that
cell. The degree of safe passage for submarines is analogous to that
for merchant shipping.

Mine Warfare Weight. The mine warfare weight, B, is derived as
follows {(Eq. 5):
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B =WB x (1 — db/wb) (5)

where,

WR: Mine warfare factor (0 or 99)
db: Distance along the narrowest passage with a depth of 1000
fathoms
wb: Total length of the passage
{1 - db/wb): Degree that traffic may be blocked
{(1-db/wb) + 0: minimum blockage attainable
{1-db/wb) + 1: maximm blockage attainable

If a cell area is designated as a potential mine warfare area, the
mine warfare factor of 99 is assigned; if not, a factor of 0 is
applied to that cell.

Example 4 - A cell is designated as a potential mine warfare area,
The distance along the narrowest passage with a depth of 1000 fathams
is 30 nautical miles and the total length of the passage is 300
nautical miles. The mine warfare weight for this cell is 89.

B=WBx {1 - db/wb) =99 x (1~ 30/300) = 89

MCsG Priority. The MC&G priority, J, is specified in the Joint
Strategic Planning Document (JSPD). The priority is expressed as a
mmber ranging frem 1 (the highest priority} to 5 ({the lowest
priority) and is assigned by geographic area, Since the merchant,
submarine operation, and mine warfare weights will be divided by the
MCSG priority value, MC&G priority plays a primary role in assigning a
weight to each cell,

Example 5 ~ A cell containing an established shipping route on which
92% of commodity trade is imported by the U.5. has the same merchant
weight as shown in Example 2. If a submarine operation weight of 99,
a mine warfare weight of 0, and a hypothetical MC&G priority of 2 is
assigned to that cell, then the cell weight will equal 152.5.

Wt=5R+ML+S5S +B
J

92 + 22 + 99 + 0 = 152.5
2

Wt

Example 6 ~ If the cell in Example 5 has an MC&G priority of 1, Wt is
increased to 213.

Wt =92+ 22 + 99 + 0= 213
1

Weighting factors can be used in any cambination. For instance, one

or more weighting factors can be deleted or any weighting factor can
be increased during calculation to suit a user's specific purpose.
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Planni

After a cell is assigned a numerical value based on the weighting
factor, a survey precedence is established. The product requirement
{type of chart, scale, geographical position, intended use, etc.),
data deficiencies, urgency of the requirement, political
accessibility, bilateral agreements, as well as the weighting factors
for a cell are utilized in the survey area ranking procedure, To
minimize transit times, the system weights all cells and then groups
the cells by geographic proximity., A Survey Requirement Planning
Report in the form of textual information in soft or hardcopy form
will then be produced. The system will also produce a magnetic tape
for hardcopy plot generation. This graphic plot will portray the
mission area, cell area, priority, shoreline, DMA chart coverage,
other source coverage, volume of merchant and military traffic,
planned and in-process surveys, strategic resource movements, and ship
routes,

CONCLUSION

The potential benefits from this planned system, when it is fully
operational in 1985, are that DMA and NAVOCEANO plarnmers can make more
effective and timely decisions by virtually eliminating the intensive
manual and semi-automated activities to determine priorities for
required hydrographic surveys. The cost of operating a survey ship,
approximately $30,000 per day, accentuates the potential savings of an
effective management planning system like HYSUR. Even more important,
however, is the resulting capability to apply limited resources to
satisfy the most critical survey requirements. Thus, more effective
use of extremely limited resources can be achieved, Rapid deployment
programs and crisis areas can also be more easily supported by
allowing ready retrieval of source information for decision making,

Continuing emphasis must be given to other ways of acquiring needed
hydrographic data. With rapidly changing technology, hydrographic
data acquigition will not depend solely on exigting conventional
surveys. Utilization of space sensors, such as multispectral scanning
systems, synthetic aperture radars, thermal band scanners, or airborne
sensors ({e.g., the Hydrographic Airborne Laser Sounder} will be
employed., HYSUR will be designed to acoammodate these systems,
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ABSTRACT

To ensure an orderly coverage of the entire land mass of a country,
Cenpus enumerators are given maps which provide precise descriptions
of their spatial areas of responsibility. The Census taking agencles
in Canada and the United States have launched development programs
which for aubsequent Censuses will lead to large numbers of these
collection maps belng produced by computer-assisted means. This
paper focuses on the Cansdlan experience which is based on results
from the 1981 Census of Canada (34 maps produced over three months
using a prototype system) amd from the volume teating of the produc—
tion system (200 mape produced in one week) being implemented for the
1986 Census. This production system 18 currently beling enhanced with
the aim of producing approximetely 1200 collection maps for the 1986
Census. In addition to presenting the achievements to date, this
paper diacusses the challenges and opportunities which remain.

1. INTRODUCTIOR

To carry out a household survey based on area sampling methodology,
good, easy to read, large scale maps are necessary to ensure that
enumerators or interviewers know exactly the geographle area that
must be covered in the collection of data. This statement is Erue
whether it be a sample survey such as the Canadian Labour Force
Survey (56,000 households) conducted on a monthly basis or whether 1t
be the Census of Canada (9,300,000 households)} with its objective of
counting every peraon ugsually resident im Canada at his or her usual
place of reeldence on Census Day. To provide these maps is a
lengthy, costly Statistics Canada operation carried out by a team of
clerical staff and draftspersons, which required approximately B30
person years and $1,500,000 for the 1981 Census. For several years
the Census has been investigating the use of automated mapping
techniques to reduce the cost of this operation and to improve the
consistency of map bases used for the collection, processing, and
retrieval of census data. Meanwhile, the U.S. Bureau of the Census
ig also planning to do its collection mapping by automated means for
the 1990 Census. This paper highlights the development of the
Cansdian system from 1979 to the present.

7. DEVELOBMENT AND EVALUATION OF A PROTOTYFE SYSTEM 1979-1982
2.1 Objective

In the fall of 1979, a study was authorized by senior management at
Statistics Canmada to explore the feasibility of producing, on a
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highly selective basls, census collection maps by semi~automated
means. They were to be tested for operatiomal adequacy during the
collection of the 1981 Census. The study was initiated 1in the
interest of saving human and financial resources through the use of
technology and the {increased integration of activities. The results
of this study have been reported in detail elsewhere (Bradley 1981;
Yan, 1982}, and only a brief summary is provided here.

2-2 Scope

Three separate areas were chosen. They were (1) a small portion of
the City of Kingston, Ontaric, (11) a large section of the city of
Gatineau in Quebec, and, (iii) the entire Federal Electoral District
of Windsor West in Ontario. These areas were chosen because of their
proximity to Ottawa, the familiarity of the areas by the staff who
were to work on this task, and the good quality of the Area Master
File from which this information would be retrieved.

2.3 The Area Master File

Area Master Files contain a logical representation of all city stre-
ets and other geographic features such as railroad tracks, riversa,
and municipal boundaries in machine readable form. The Area Master
File (A.M.F.) 18 a product of the Canadian Geocoding system which was
introduced more than 10 years ago to enable retrleval of cengus data
for user specified areas. The AMF 15 maintained by the Geocoding Unit
of Geography Division in Social Statistics Field. It corresponds in
function, to the GBF/DIME file created in the U.S. during the same
period. There are differences in structure since the DIME file is
based on the block, and the AMF ig based on the blockface.

Large urban areas (population 50,000 and over) are divided into block
faces. A block face comsiste of one side of a street between two
successive Intersections. These block face spatial units are small
enough that when aggregated they become a good appromimation for a
user identified query area. Each block face is assigned central x-y
UI'M coordinates, to which files of households, or persons can be
coded 1.e., geocoded. A user needing information from a geocoded
file, outlines his/her area of interest om a map. This area 1s
digitized and becomes a special "query area”. All block face
centroids falling within this area are aggregated and statistical
data from the Census are tabulated for those block faces. This
process 1s described in the booklet "Facts by Small Areas"
(Statistice Canada, 1972). Hew applications of the AMF have heen
described by Bolsvenue & Parenteau (1982). Area Master Flles now
exist for virtually all urbanized areas of the 36 tracted centres in
Canada of 50,000 population and over. This constitutes coverage of
over 60% of the Canadian population.

2.4 Computer—-Asaisted Mapping System

These days, most producers of computer—assisted maps enter their
digital information in a form appropriate for cartographic represent-
ation. For example, text locations, orlentations, and sizes are
defined explicitly at data entry time. Maps can be produced, but
there 1s usually some difficulty in deriving a geographic base file
where the texts are related to the appropriate polnt, line or area
feature. Similarly it may be difficult to derive the network or
graph formed by the various linear features between intersections.
Most federsl and state or provincial mapping, agencles would fall in
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this category. Some citles such as Calgary are bullding combined
cartographic and geographic base files, but this is the exception.
In the case of the Canadian and U.S. census agencles, geographic base
files existed with their network structure, but mot urban cartogra=
phic base files with explicit text locations, and highly develaped
feature symbolization defined.

In order to generate double line street census tract collection maps
according to specifications a number of new capacities had to be
developed which were not explicit in the AMF. These included:

(1) subdividing a single AMF (which covered one or more mmici-
palities) into subflles by census tract (CT) or other query
polygon;

¢(11) the formation and shrinking of block boundarieas from AMF
features to leave a double line street pattern;

(111) a reasonably intelligent assigoment and placement of block
numbers within census tracts;

(iv) sensible placement of feature names and corner cilvie
addresses; (see Figure 2}

(v) generation and plotting of standard cartographic features
such as north arrow, title block, scale bar-.

Syatem development activity was undertaken late in 1979. Given the
short time frame available, it was not possible to develop a complete
production system for the 1981 census. Instead, a prototype system
was bullt by enhancing existing software. Blocks were formed and
shrunk on an Amdahl V8 computer to create double line street
patterns. The AMF's were then gsubdivided or "clipped” by polygon and
street names and addresses were positioned on the base map using a
minicomputer. Thereafter, street names were shifted interactively
and additional text not resident on the input file was added interac-—
tively using the AUTOMAP cartographic system. Three or four cycles
of text editing and plotting were required to produce a final quality
map. On the average, 2.2 hours of interactive editing were required
per CT map.

2.5 Resulte

An evaluation and cost benefit study was conducted for the 32 CT
maps and 200 enumerator maps prepared by computer~assisted means (see
Yan, 1982). The maps were found to be more than operationally adequ~
ate in quality. Even with the high interactive edit times, the coats
of producing the maps from the AHF for the prototype system were
gimilar to the costs of manual drafting for preparation of the base
paps. Furthermore, the average time per map was reduced from 17 te 9
person~hours. However, due to lengthy plotting times the cost for
updating the base map and producing the final CT diagram Temained
less with the traditional method. The actual dollar costs and number
of person hours (PH) measured with this prototype system are glven
below.

Table 1. The Average Cost to Produce a CT Collection Map

TRADITIONAL PROTOTYPE COMPUTER~
METHOD ASSISTED WETHOD
Preparing the CT Base §71o 17.0 PH 5181 9.0 PH
Updating the Base $ 65 -
Producing the diagram 518 0.7 PH 5100 4.5 PH
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A further cost saving of 30 to 40 per cent was predicted with davel-
opment of a production system for computer-assisted mapping. Two
other benefits were expected from the computer-assisted approach.
Firotly, a savings in the geocoding census capture operation was
expected glven that the CT map used for collection would be consig—
tent with the A.M.F., which is used for processing and retrieval of
the census data. Secondly, computer—assisted mapping could eliminate
the twofold updating operation of street patterns: on the CT mape
and on Area Master Files.

Given these antlicipated benefits, the following decisions were made
in April of 1982:

(1) Develop and implement a production system for computer-
asslsted collection mapping to reduce the costs and manpower
requirement of the current prototype system.

(2) Produce a large number of base maps for the 1986 Census by the
computer-agsisted method, including all maps requiring re-
drafting and all maps for new tracted centres.

{3) Maintain the traditional method of producing and updating
collection maps as backup and Implement work-sharing with the
computer—-assisted system.

(4) Move towards utilizing the AMF as the unique base for urban
areas and extend it to cover the entire urbanized core of
cities of population 50,000 and over.

(5) Extend the cartographic content of the AMF base to include
additional features for collection mapping.

(6) Investigate potential 1inks with other areas in Statistics
Canada, anmd other government departments and agencles for
automated mapping production methods.

(7) Review these decisions in early 1983 based on the results of
application experiences.

3. IEVELOPMERT GF A PRODUCTION SYSTEM 1982-1983

3.1 Ob Jjective

The development of a production system was wndertaken to reduce the
cost and Increase the throughput and reliability of the prototype
system described above. The production system will be utilized to
produce 1200 CT maps encompassing on the order of 8000 enumeration
area maps for the 1986 Census. These maps must be provided for
verification in the field by mid 1985.

3.2 Improvement to the Prototype System

In May 1982 development of the production system began in earnest.
Flgure 1 shows am overview of the system developed.* Major
enhancements which were included are described below.

3.2.1 Block Formation The system was completely written to use
"incore" processing as compared to disk I/0. The result was a 100-

* The authors wish to ackmowledge and express their appreciation to
the System development team including John Crawford, Joseph
Gomboc, Kon Cunningham, David Tupper, Robert Porteous, Cathy
Gourley and Gaetan St.-Plerre. 51d Witiuk, Andre Bolsvenue,
Gilles Gavard and students from the CEGEP of Hull are also
acknowledged for initial work on the block formation system.
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fold increase in speed and corresponding reduction In price of block
formation. The final system retains the initial approach for double
line street pattern generatiom of forming a block and then shrinking
it. Van Est (1982) has Iinstead used a segment Intersection method
for generating the double line street pattern. This allows for
varlable width streets but not for blocks as entities themselves.

3.2.2 Polygon Clipping The clipping program was rewrltten for the
main frame computer (Amdahl VB8). It became the firat step in the
process, utilized to subdivide a large A.M.F. into more manageable
units before block formation.

3.2.3 Cartographic Prompter An online prompter program was
developed to review the output from clipping, and to query for
cartographic control information including map scale, and map title
information.

3.2.4 Model Loadicg and Plotting This system was retained on the
HP-1000 minfi-computer in order to facilitate on-line viewing and
editing of the maps. However, a much streamlined batch procedure was
developed which greatly reduced the requirement for operator imter-
vention. The result was an 80% reduction In the cost of processing
and connect time from approximately §20 to $4 per map. At the same
time, an improved text placement syestem was developed. The objective
was to produce acceptable quality CT maps without on~line carto-
graphic editing which had consumed 2.2 hours per map with the proto—
type system. Consultation with cartographers and draftepersons
played a useful part In this enhancement. Some of the major elementa
included:

(a) plotting the name centered along featurea every eight inches

based on the final plot scale.

{b) breaking the name into composite words and attempting to fit
each word into a street segment rather than the complete name.

(c) ensuring that names of dead end streets do not cross over the
junctlon streets.

{d) keeping track of the number of names which do not fit and
coding their names for plotting at small size amd perhaps for
online displacement.

(e) providing the option of plotting eddresses at block face
centrolds or street intersections.

(f) automatic amsigomment of block number, block number size and
location within the block.

3.2.5 Map Touch—up With the initial requirement that CT maps fitc
on a single plotter sheet (70 x 100 centimeters}, the textual and
symboliec annotation could be very dense. It was recognized that some
human intervention or “map touchup” system would be required. Two
types of touch-up were expected: displacement of text to prevent
overlap, and addition of cartographic information not currently
contained on the digital input files. These changes could usually be
made manually on the final plotted maps, but given the need to plot
such maps at regular intervale, (at least twice per cenmsus), an
automated touch-up which could be made once digitally, and utilized
subsequently aseemed preferable. But, under what circumstances were
touch—ups rtequired? To examine this issue further, it was decided
that a volume test should be conducted.

139



4, THE VWOLUME PILOT STUDY

4.1 Objectives

The major objectives of the volume pllot study were to measure the
progress made In the system development activity and to determine
further developments and improvements required to ensure an effective
and efficient production system.

4,2. Scope
The test was conducted over a two week period in Januvary with the

goal to produce as many maps as possible In that time. The test
involved utilizing the system as it existed with no manual interven—-
tion or touch-up. A detailed map checking procedure was developed
involving careful review of the maps by three groups: draftspersons
famillar with the specifications required, the system team, and AMF
maintenance personnel.

4.3 Volume Test Results
Detaliled results have been reported elsewhere by Yan (1983) and
Bradley (1983). The developed system performed well.

4.3.1 Throughput 207 CT edit maps were produced in & work shifts.
Throughput was approximately:
45 CT maps per shift through the prowmpting anmd block formation
phase and 32 CT maps per shift through the model loading,-text
placement, and plotting phase.

Throughput for production of the final edited mylar maps is expected
to be at least 10 maps per shift.

4.3.2 Costs Based on the 207 maps processed, the average produc—
tion cost for an edit plot on paper was approrimately $13. With pro—
vision for checking, correction, reprocessing and plotting on mylar
the total expected production cost per base map 1s expected to be
approximately $60, compared to %210 for redrafting a map by the
traditional method. Significant reductions in person hours were also
experienced.

4.3.3 Quality of Outputs The quality of the maps improved signif-
icantly from earlier tests, but still required further amelioration.
In general, automatic text placement in the urban core CT maps at
scales of 1:2400, and 1:4800 was quite good (see Figure 2), but the
CT maps at scales of 1:7200 and up were too crowded for the text to
be clear.

4.3.4 Required Improvements From a detailed check of the volume
test maps, a list of problems was drawn up. There were nineteen pro-
blem areas identified related to the input boundary and street net—
work files, and fifteen problem areaa related to the double line-
mapping system itself. Analysis and resolutlion of the problems 1is
underway.

Most of the problems with the inputs arise from the fact that the

140



MMF was designed and created primarily as a geographic base for
georeferencing rather than as a multi-purpose cartographic base.
Some lssues such as the additifon of parks, and rallway spur lines are
being handled easily within the current framework. Other
cartographic shortcomings identified are being handled by increasing
the repertoire of feature types to uniquely identify highway ramps,
cliffs, fences, divided roads etc. It appears that in some cases a
locationm for plotting a feature name may have to be stored as well as
the coordinates which define the feature itself. Other issues such
as the addition of the French accents on names require more detailed
analysis.

Most of the system~required enhancements wWere related te the auto-
matic placement of text by the system. Many streets were too short
for the complete name to fit at the plot scale requested. In other
cases, the names of nearby features overlapped. In Quebec City, for
for example, #42% of the names did not fit when plotted at 1:4800
scale, whereas only 16% did not fit when plotted at 1:2400. In the
future, the plot scale will be reviewed based on the mumber of names
which “appear to fit". Some of the decisions taken which have
already improved the quality of text placement since the volume test
include:

(a) leaving dead end streets open so the street name will not
overlap the line at end of the street;

(b) shifting text slightly above most singleline features (e.g-y
railways, creeks) but elightly to the right of boundary type
features {e.g., city limit names) to minimize the chance of
text overlap;

(c} checking for adjacent segments of similar slope for plotting
longer names;

{d) leaving names off rallway yards, highway names and other
features where the name is not required.

Resplution of these problems is well underway and significant pro-
gress is expected before the final maps are delivered for the 15986
Censug.

4.3.5 Lessons Learned Some of the lessons learned which could be
applied to others developlng computer—~assisted mapping applications
are enumerated below.

lesson 1t Urilize the automated system for what it does hest. Do

not 1insist that the system produce the final map
completely, but utilize the “human system” for the
typical touchups that aren't yet in digital form.

Lesson 23 Set up a project team which includes experienced

personnel from both drafting/cartography amd systems
development and ensure a high level of conmunication,
with the cartographers providing the map specifica~
tions.

Lesson 3: FKeep the system friendly, responsive, and easy to use,

go that it will more likely be viewed as & tool and mot
as an obstacle by drafting persomnel.

5. ACHIEVEMENTS AND PREDICTIOHS

The Canadian achievements to date in the area of computer~assisted
collection mapping have been notable:
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(1) a high throughput of map production has been demonatrated
in the volume test; (32 edit maps/shift)

(11) significant production cost savings have been achleved in
generating a map from an existing base file as compared
to redrafting; ($60 compared to $210)

(111) sample map products for other applicationa such as Canada
Post and Labour Force Survey have been produced;

(iv) work has begun on investigating digital data exchange
with agencies such as Energy Mines and Resources Canada,
(DIGITO? Program), provincial govermments (Quebec), and
local govermments {cities of Calgary, St. Catharines, and
Winnipeg).

American achievements in this area have Iincluded production of sample
enumerator maps for the 1980 Census and ambitious plans for the 1990
Census. More details are reported by Broome (1983) elsewhere at this
conference.

5.1 Throughput and Cost Savings

If the current throughput of 32 maps/shift were retained all 1200
base maps could be produced within 40 working shifte (8 weeks).
Given the additional steps of editng, reprocessing and plotting on
mylar to achieve final quality, this is expected to require approxi-
mately 3 hours per map of computer operator/draftsperson. This
compares with approximately 17 hours per map by the traditional
method.

susing & final production cost of $60 per map, the computer—
ssisted mapping system should provide a eavings of approximately
$150 per map, compared to drafting mapa by the traditional method.
he savings for 1200 maps of approximately $180,000 will be applied
to the development cost for a production system. On the assumption
hat a cost effective touch-up system can be developed, and that the
aput flles can be extended in cartographic content, the future of
omputer—-gesisted collection mapping for the Census of Canada will be
right. If production of the 1200 maps goes well for the 1986
engug, the number of census collection maps produced by the
computer-assisted method is 1likely to increase substantislly for the
1991 Census.

5.2. Other Mapping Applications

Bince the system has been developed taking into account a generalized
et of requiremente, there are applications to other areas besides
Census. The system has been designed to produce a set of maps to
uger specifications from sny AMF, and any set of polygon boundaries.
& number of different applications have recently been demonstrated
using a prototype data linkage system including:

- CT and Forward Sortation Area (F.$.A.) double line maps with
postal code shown at block face centrold for Canada Post
Corporation; (see Figure 3)

= CT maps showing number of voters per block face to meet the
election operations needs of the Chief Electoral Officer of
Canadaj

« CT maps showing data variables such as household and popula~
tion count per block face for field collection PUrposes.
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In the future, ome could imsagine that a user could request an urban
computer—asgsisted map tallored to his/her specificaticns. He or she
could specify the map scale, title, and layout and select from a menu
that included:

- the polygons or study areas of interest

- the urban area or AMF to be processed

-~ the census data variable to be displayed by block or block

face (as long as data confidentiality was respected)

= single or double line street patterns

- block face address ranges

- other cartographlc features.

6. BEMATNING CHALLENGES

The future for computer assisted mapping appears to be bright, but
several challenges remain. Technology would appear to be in place to
allow for the production of large volumes of maps for the specific
purpose of collecting information in an orderly manmner. Costs for
putting a system In place are not low, but the benefits which can
accrue will probably render these costs most affordable. The import-
ant factor to be consldered is that many institutions should be in a
position to take advantage of this techmology. Thelr needs, while
different, have many striking similarities. The Labour Force Survey
and the Census of Canada collect information from households for some
of the most sought after statistical series im Canada. Enumeraticns
for election purposes perform a similar function to these of the
Census. Canada Post, in carrying out its mandate to deliver the
mail, requires a map for control and administrative purposes. The
same can be gsald for municipalities as they provide the many essen
tial services, especially in large urban areas. There has been sign-
ificant progress in computer—assisted collection mapping but several
major challenges remain.

To the computer—assisted mapping team:

(1} complete the development which has begun for the 1386 Census
of Canada and the U.S. 1990 Census to provide efficlent
production of quality maps.

To the managers of mapping agencles:

(1) organize and coordinate the needs among maj]or ugers to enhance
compatibility and reduce overall development amd production
costs.

{2) work towards the multi~purpose cadastre.

To system developers:

(1) develop data base structures and organizatioms whiech can
support the multi-purpose cartographic requirements amd inte-
grate the various existing data sources;

(2} resolve some of the more difficult technlcal problems such
as automatic text placement and data generalilzatiom;

(3) develop effective methods of updating the geographic and
cartographic base through interactive technology and from
linkage to external digital files.

To cartographera:
(1) take a more active part in the specification and development
of the automated cartography systems of the future.

143



The task of coordinating these needs is formidable, but ome which
should be undertaken. There must be cooperation among the many users
and developers so that the expensive aystems can be afforded by some
method of cost sharing. Unnecessary duplication of effort can mo
longer be afforded.
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L'UTILISATICON DES SYSTEMES GRAPHIQUES INTERACTIFS
EN CARTOGRAPHIE
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RESUME

Entre 1978 et 1981, le Service de la cartographie du minis-
tere de 1'Fnergie et des Ressources du Québec a effectué
des &tudes de faisabilité avec un systéme graphlque inter-
actif de capaclté réduite. Depuis septembre 1681, le mi-
nist&re a commencé la production mumérique des nouvelles
cartes photogrammétriques et la création d'un fichier des
limites admlnistratives de la province. La production nu-
mérique des cartes photogrammétriques est divisée en trols
Btapes: le captage ou saisie de 1'information, 1'é&dition
qul correspond d la symbolisation cartographique et le tra-
¢age. Le ministdre a confié la production & l'entreprise
privée et travaille en &trolte collaboration avec elle pour
Etablir des spécifications et des développements informati-
ques rentazbles, Le ministére travaille &galement & la pré-
paration d'un fichier des limites municipales du Québec as-
socié § un fichier de données alphanumériques. Le fichiler
graphique a €té créé en numérisant les limites compllées
manuellement sur des cartes 1/20 000 ou 1/50 000. Dans le
fichier graphique, chaque municipallté est représentée par
un polygone fermé. Le. fichier alphanumérique contlent des
informations fournles par le Bureau de la Statistique du
Québec. Certalns é&léments des cartes numériques 1/20 000
et le flchier des limites municipales constitueront des
données initlales pour la base géographique québécoise,

ABSTRACT

Between 1978 and 1981, the Service de la cartographie of
the Ministére de 1'Energie et des Hessources du Québec has
driven a serie of feasibllilty studies with a reduced capa-
city interactive graphic system. Since September 1981, the
ministeére went into preoduction. Until now, the digital me-
thod is used for producing new photogrammetric maps and for
creating a graphic file containing Québec's administrative
limits. '

The production of digital photogrammetric maps 1s divided
Iinto three steps:

- information collection. The data 1is taken directly
from alr photographs and can be viewed Instantly on a
graphlc terminal screen. The data file contains gross
information, with exact positiconing btut with no sym-
bolization., The graphic elements produced are net co-
ded, due to the fact that the preoduction process is
not oriented towards a data base, although those gra-
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phic elements gre organized in a way that permits fur-
ther sortling with the aid of programmed technlques.

- e¢dlting phase, whilch consists of transformation made on
the collection file to give 1t a cartographlc represen-
tation symbology.

- plotting phase, made with a high precision, automatic
drafting table,

The ministdre conserves the same management pclitics with
digital mapping as those applied to conventionzl mapping,
this means that the work is gilven to private enterprises.
In this particular case, a 5 year contract was granted to

a consortlum composed of a private company and a Crown Cor-
poration. At the beglnning, the minist&re and the Consor-
tium were put into close contribution to establish the new
specifications and to develop the necessary add-on software
In a second phase, the minlst&re worked on methods to in-
crease the preductivity.

The minlst®re 1s also working in the conception and crea-
tion of & graphlc file containing the municlpal boundariles
for the whole Québec province. The objective ig to obtain
cartographic representations resulting from a certain sta-
tistical sorting. The file is divided in two subfiles:

the graphlc file and the attributes file. The graphiec fila
is credated using manually comptled limlts on 1/20 000 and
1/50 000 base maps, which are then digitized. The provin-
cial graphic file uses geographic coordinates (latitude and
longitude) and represents each municipality as a2 closed po-
lygon. The attributes file contains information concerning
those municipalities, given by the Bureau de la Statistique
du Quéhec, The municipallty centrofd in the graphic file
is associated by software to the attributes file: the link
between the two files is thus insured.

After two years 1n production, the photogrammetric digital
mapping has grown to It maximum degree of productivity.
With the flrst 1/20 000 digital maps, the ministére is well
equipped to put his foot intc the field of gecgraphic data
bages, cf which our present research activitles consist.
The 1/1000 digital maps allow the creation of integrated
digital systems for municipal management.

INTRODUCTICN

Le ministeére de 1'Energie et des Ressources de la province
de Québec est responsable de la production de cartes pho-
togrammétriques & grande échelle et i moyenne &chelle

(1:1 000 & 1:20 000}, de certaines cartes thématlques ainsi
que de cartes générales de la province i trds petite &chelw
le (1:1 000 000 & 1:9 Q00 000),

En 1978, le Service de 1la cartographle a falt 1'acquisition
d'un systime graphique interactif de dimensions rédultes.
Ce systéme &tait desting 3 analyser le potentiel de la
technoleogle numérigue appliquée & la carte photogrammétri-
que. Aprés deux ans et demie de formation, de tests et de
développement sur ce systdme, le ministdre a décidé dlamor—
cer l'étape de la production.
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Lz présente communication déerit les carsctéristiques des
travaux de cartographie numérigque en cours de réallsation
depuis septembre 1981 ainsi gue les objectifs poursuivis
par le ministare.

ORIENTATION DE LA PRODUCTION NUMERIQUE

La technologie numérique se présente sous différents as-
pects, et conduit A des méthodes sensiblement diverses, dé-
pendant du choix des intrants (informations & numériser)

cu des extrants {(produits désirés).

En cartographie, les principales sources d'information scont;
- les photographies aériennes
— les cartes topographiques existantes
- les informations thématiques compilées graphigquement
- les levés topographigues
Les sous~-produlte des données numériques peuvent &tre éga-
lement trés variés:
- produits graphiques diversifiés répondant aux bescins
de la clientéle
- production de bases de données
-~ sorties statistiques alphanumériques

Actuellement, la production des cartes topographiques cons-—
titue le mandat le plus important du Service de la carto-
graphie, méme si le domaine des cartes thématicues élargit
ses champs d'activités. Le ministdre a donc décidé d'ap-
pliquer la technologie numérique & la production des cartes
de base. Par ailleurs, i1l &tailt plus logique et plus ra-
pide de travaiiler sur des cartes nouvelles, plutdt que sur
la numérisation de cartes existantes. Le minlstiére a done
opté pour des preojets de cartes photogrammétriques nouvel-
les, numérisfes directement & partir des photographies zé-
riennes.

Environ un an aprés l'amorce de la production numérique des
cartes photogrammétriques, nous avons abordé la gquestlon de
la cartographie thé&matique c'est-d-dire la numéridgation
d'informations graphiques compilées manuellement sur des
cartes existantes. Ce premler projet de cartographie thé-
matigque s'est concrétisé par la création d'un fichler des
limites municipales du Québec,

Alors gque la sélection des intrants n'est en falt qu'un
ordre de priorité, i1l en va tout autrement pour le choix
des produits. En effet, cetfe décision a une grande in-
fluence sur la rentabllité des projets et sur l'influence
et la respectabilité de la nouvelle tesghnologie & moyen
terme.

La preoductlion numrique a &té& ré&solument orientée vers les
sous~prodults graphiques pour deux ralsons majeures.

D'une part, pour l'immense majorité de la clisnt&le, le
produit graphique restera toujours le document de travail
privilégié. La technologle numérique possdde une grande
souplesse pour satisfaire la plupart des besocing graphigues
particuliers en terme d'échelle, de découpage, de projec-—
tion et de sélection de 1'information.
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L'autre part, la création de base de données est une ques-
tion tres complexe qul nécessite des Eétudes thécriques et
des analyses multidisciplinaires détaillées. La mise sur
pied des bases de données a des répercussions budgétaires
considérables et le syst&me dolt &tre efficace et viable

3 long terme. La création de la base de donnges géogra-
phiques du Québec dé&borde le cadre de la cartcgraphle et
failt actuellement 1'obJet d'une &tude glohbale au -sein de
divers organismes gouvernementaux lmpligués dans cette
question.

DEROULEMENT DE LA PRUODUCTION EN
CARTOGRAPHIE DE BASE NUMERIQUE

En cartograrhie de bagse numérigque la production est actuel
lement réalisée & deux échelles: 1:1 000 et 1:20 000. MEé-
me si la notion d'échelle a peu de signification lorsgu'on
parle de données numérlgues, elle reste un critdre trés
pratique pour caractériser la production,

Le premier projet de cartographie A grande &chelle a dé-
buté en septembre 1981 et concerne deux municipalités de
1'Ile de Montré2al: 1la ville de Montréal et la ville 4’'Ou-~
tremont. La saisie de 1tinformation est réalisée % partir
de photcgraphies & 1'&chelle 1:5 000. La production nu-
mérique pour ces munieipalités s'inscrit dans le cadre
d'ententes entre les municipalitéds et le ministire pour la
création des bases geographiques urbgines. Les deux muni~
cipalités en questlon ont & leur dilsposition des systémes
graphiques interactifs. Le ministére fournlt la carte to-
pographique de base sous forme numérisée et les v1lles
implantent tous les autres fichlers nécessaires 3 la ges-
tion municipale {ingénierie, urbanisme, zonage, etc...).

La cartographie & 1'&chelle 1:20 000 a debute en janvier
1583 dans 1la region du Temlscamlngue, cltest-a-dire une
région bolsée, trés peu développfe et moyennement acciden-
tée, Les &léments de la carte A4 1'échelle 1:20 000 seront
partiellement intégrés & la base de données géographiques
du Québec actuellement & 1'étude.

La producticn est réalisée en trcis é&tapes: le captage,
1'édition et le tragage.

Le captage

Les flchiers de captage sont créés en prelevant directe~
ment 1l'information sur les photographies aériennes i par-
tir des appareils de photogrammétrie., Tous les détails
numérisés correspondent i des &1Ements graphigques gul sont
automatiquement visuallsés sur une station interactive.
Les fichiers de captage contiennent la locallsation pré-
clse des &léments avec un minimum de symbeclisation.

Dans les fichlers de captage, 1'information n'est pas co-
difiée puisque la production n'est pas orientée vers les
bases de données. Cependant, les &léments graphiques
sont structurés en utllisant les possibllités informati-
ques du systéme, ce qul permet une classification automa-
tigue des &léments de méme nature. Chaque &lément est
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déterminé par guatre paramdtres:

- le niveau d'information: & 1'échelle 1:1 000, on uti-
1ise environ une soixantalne de niveaux. A4 1'échelle
1:20 000 1'information est séparée sur deux flchlers,
un filchier pour la planimétrie avec une solxantalne
de niveaux et un fichler pour 1l'orographie avec une
cinquantalne de nlveaux utlles.

- EEMEEEQE_QE_ELEEETent quil correspond & la largeur

de"Ia"T1{gne; "uneé dIZaine de polds différents sont
utilisés, sur une possibllité de trente-deux.

sont utilisés
~ le type d'élément: drecite, courbe, forme géométrique,
celIule; Texte, eto...

A 1'8chelle 1:1 000, les fichiers de captage par modé&le
photogrammétrique sont directement utllisés pour 1'&dition
cartographique. A 1'échelle 1:20 000, une &tape supplé-
mentaire est ajoutée avec la création d'un fichier de cap-~
tage par feullle cartographique et qul contient des cor-
rections de tracé.

L'édition

Les flechlers d'édition sont produits par traltement des
fichters de captage, sur une staticn graphlque 1interactive.
Toug les &léments qui requi®rent une symbolisation en vue
d'une représentation graphique sont transformés et la to-
ponymle est ajoutée.

Le tracage

Les fichiers de tragage traduisent les flchiers d'édition
dans un langage directement asslimilable par les traceurs
automatiques. Le tragage est effectug sur table automa-
tique de grande précision par méthode de gravure sur cou-
che. Le prodult final positif est réalisé de fagon con-
ventionnelle par reprodaction photographlque.

METHODOLOGIE ET SPECIFICATIONS EN
CARTOGRAPHIE DE BASE NUMERIQUE

Depuis 1974, le ministdre poss&de des normes en cartogra-
phle conventionnelle 3 grande échelle (1:1 000, 1:2 000,
1:2 500) et & moyenne échelle (1:5 000, 1:10 000, 1:20 0COQ)
autant pour la préparation des stéréomlnutes gue pour le
dessin des cartes., La préparation des normes en carto-
graphie numérique z ét& une des premléres étapes de la pro-
duction. Les nouvelles normes se sont Insplréss des nor-
mes conventlonnelles et ont pris en considératicn les
possibllités et les contraintes des systémes informatiqus
Actuellement, les normes pour la constltution des fichilers
numériques & grande et & moyenne échelle sont disponlbles
4 la Photocartoth2que guébécolse.

La production en cartégraphle numérigue a nécessité le
dévelcppement de nombreux loglelels d'applicatlcen.

A 1'étape du captage, la préparation d4'un menu et de com-
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mandes spécifiques pour la salsie de 1'information est
essentielle & la rentabilité du projet en permettant de
minimiser les manipulations Informatiques par 1l'opérateur,
Au cours des premiers mois de productlion, de nombreuses
modifications ont ét& apportées d ces commandes, compte
tenu des suggestions apportées par les opérateurs et les
responsables de la preoduction.

A 1'étape de 1'édition, il a &t& nécesszaire de créer une
librairie pour tous les symboles cartographiques et une
librairie pour les lettrages esthétigues particuliers 2
la cartographie. A 1'étape de 1l'édition, les développe-
ments informatiques sont beaucoup moins nombreux mais
beaucoup plus complexes qu'A 1'étape du captage car ils
concernent l'automatisation de certaines opérations {jorm-
tion des segments d'é&léments linfaires, symbolisatlon des
lignes, ete...).

SUIVI DE LA PRODUCTION EN CARTOGRAPHIE DE BASE NUMERIQUE

Le ministére a gardé la méme politigue administrative
pour la cartographie numérique que pour la cartographie
conventionnelle c'est-8-dire que tous les travaux sont
exécutés A contrat par l'entreprise privée. Cependant,
la technologie &tant trés nouvelle et nécessitant des in-
vestlssements importants, la forme du contrat de carto-
graphie numérique est treés différente des contrats de
cartographie conventionnelle. Aprés de multiples ren-
contres avec toutes les entreprises privées du Québec,
le ministére a octroyé un contrat de cing ans 4 un Con~
gsortium composé d'une société d'état et d'une entreprise
privée en cartographie. Ce contrat garanti permettait
au Consortium d'zcquérir 1'&quipement nécessaire 4 la
nouvelle tehenoleogie.

Le suivi de ce contrat exige une collaboration Etroite
entre le minist®re et les contractants sur le plan tech-
nique et administratif.

Le r6le du minist®re se situe & deux niveaux: le cholx
des critéres technigques et le contrdle de la qualité,
dans un soucl constant de rentabillité.

Techniquement, le ministére avalt congu des méthodologies
et des gpécifications en tenant compte de l'expérience
acquise dans les études préliminaires. Dans un contexte
de production, l'entreprise privée a apporté de multlples
suggestions pour améliorer les méthodes et diminuer les
temps de productiocn. Aprés des discussions avee le Con-
sortium, le ministd&re é&value les recommandations et donne
son accord 4 des changements de méthedes, au développe-
ment de logiciels ou & un assouplissement des normes.

Les décisions doivent &tre prises rapldement et la col-~
laboration entre les responsables de la production et
ceux de la recherche doit Btre excellente,

La qualité de la production est suivie comme en carto-

graphie conventionnelle. L'exactitude de l'interpréta-
tion des données photogrammétrigues alnsi que le respect
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des normes sont vérifiés systématiquement sur un tracé
rapide de chaque carte. Aprés les correctlons demandées,
un deuxl®me tragé rapide est enveyé au ministire ainsi
qu'un ruban magnétique.

Le fichler numérique est analysé sur une statlon graphlque,
ce qul permet de compléter la vérification du prodult gra-
phique. Enfin, la précision photogrammétrique est véri-
fiée par &chantillonnage en examlnant certains mod&les sur
les stéréorestituteurs,

LE FICHIER DES LIMITES MUNICIPALES

Avee le fichier des limites municipales, le ministére
aborde les applicatlons de la technologle numérique dans
le demaine des cartes thématiques.

Comme pour la carte photogrammétrique, le fichier des 1li-
mltes municipales est congu pour des représentaticns gra-
phiques mals permet de sé&lectionner certaines limites &
partlr de trls statistlques. Par conséquent, le fichier
graphique est assocld & un filchier alphanumékique et son
exploltation requiert l'utilisation d'un loglelel de trai-
tement de données.

Lt'information graphique est salsie en numérlsant sur un
digimétre les limltes des municipalités préalablement :tra-
cées sur des cartes 3 1'échelle 1/20 00O ou 1/50 000. La
numérisaticn a &té& réalisée par l'entreprise privée sur
des systdmes interactifs ou aveugles selon des spécifica-
tions précilses. Chaque carte numérisée constitue un fi-
chier et le ministire a procddé aux &tapes subséquentes:

- transformatliondes fichiers de chaque carte en coor-
données géographiques {latitude, longitude)

—~ Assemblage des fichiers par carte pour obtenir un
fichier provincial avec l'ensemble des limites mu-
nilcipales.

~ Création des polygones en assemblant les différents
segments du contour de chague munilcipalité.

Le fichler alphanumérique provient du Bureau de la sta-
tistique du Québec et contient un certalin nombre d'!'infor-
mations reliées aux municipalités comme par exemple: le
nom exact de la municipalité, un code & 5 chiffres, le nom
de certaines entités administratives, etc...

Le numéro de la municipalité dans le fichler alphanumé-
rique est assoclé & un centro¥de pour chaque polygone du
fichler graphique.

COMPARAISON ENTRE L'APPLICATION PHOTOGRAMMETRIQUE
ET L'APPLICATION THEMATIQUE

ME&me si la technologie et les équipements utilisés en car-
graphie numérique scnt sensiblement les mémes dans les
deux types d'application, les problémes rencontrés sont
totalement différents.

La cartographie photogrammétrigue est caractérisée par une
grande dlversité d'€léments graphiques constitués de points,
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de lignes et de surfaces. Les flchlers graphlques sont de
trés grandes dimensions et les développements informatiques
sont 1mp0rtants pour la salsle de 1'information. Le d&fi
majeur réside dans l'exploitation optimale des possibili-
tég graphiques des systémes pour dimlnuer le temps d'opé-
ration.

En cartographle thématique, la préparaticn de 1'informa-~
tlon a une importance considérable. Toute 1'informatlon
doit 8tre compilée et vérifiée sur les deocuments graphil-
ques avant tout-traltement numérique. Dans les fichlers
numériques, les él&ments graphlques sont scuvent des po-
lygones et le traltement fait appel A des’ logiciels com-
merciaux complexes qui doivent souvent &tre adaptés i cha-
que situation.

CONCLUSION

Apres deux ans de production, la cartographle de base nu-
mérique a atteint un rythme valable de productivité, comp-
te tenu des &qulpements disponibles et des loglelels &la-
borés. La carte numérique 1/1000 rend possible la créa-
tion des premiers syst&mes numériques intégréa pour la
gestion municipale. Avec les preml@res cartes numfriques
1/20 000 et le fichler des limltes municipales, le minis-
tére posséde un matériel de base pour expérimenter les
rechrerches théoriques sur la base de données géographlgues
québécoisze.

L'adaptation & la cartographie numérique constitue un déri
pendant les premifres années de production car cette tech-
nologie entraine une foule ade problémes techniques mineurs
totalement imprévus au moment de la concepticon adminis-
trative des projets. Lflmplantatlon de la fechnologle
numérique exlge autant de gualifications humalnes que
d'équipement technlgue. Un perscnnel sclentiflque poly-
valent et 1nnovateur soutenu par une administration fle-
xible et rapide est un des atouts majeurs de la réussite

en ce domalne.
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AUTOMATED STANDARD NAUTICAL CHART PRODUCTION

Messrs. Larry Strewig, Joseph P. Ruys, Jan S. Schneier
Defense Mapping Agency
Washington, D.C. 20315

ABSTRACT

In September of 1982, the Defense Mapping Agency printed and released
to the public a Standard Mautical Chart which was compiled, symbolized,
and color separated using computer technology. The production of this
chart involved several different computer driven mapping systems, as well
as a unique mix of cartographers and computer specialista, This report
describes the methodology, techniques, and computer systems used to
produce the chart,

INTRODUCTION

In September 1982 the Defense Mapping Agency (DMA) released for sale
to the public, chart 62097, Approaches tc Bandar at Tawahi. The
publication of this chart represented a milestone in the Defense Mapping
Agency's continuing efforts to develop more efficient production
procedures for its standard nautical charts.

The compilation of a standard nautical chart using conventional
techniques normally involves a series of labor intensive, manual steps.
Generally speaking, a cartographer will select information from various
hydrographic and topographic sources for portrayal on a chart. This
information is ‘pulled-up' on a series of overlays, which are then
mosaicked to fit a finai scale, transformation, and datum, forming a
compilation manuscript. The manuscript is then symbolized through
scribing or drafting operations.

In the compilation of chart 62097, these same tasks were accomplished:
but automared cartographic techniques and methodojogies were emplayed,
ingtead of the manual procedures outlined above. In addition, a set of
constraints and objectives were established to ensure that a chart
produced in this manner would be as accurate and cartographically
correct as those compiled conventionally. These constraints and
objectives are listed below.

CONSTRAINTS

The autornated chart production system was to utilize only equipment
currently in operation.

Product integrity and accuracy were not to be sacrifieed for increased
savings and throughput times.

OBJECTIVES

Compile a nautical chart utilizing automated means to the fullest extent
possibie.
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Determine the optimal utilization of equipment and manpower.

Assess the advantages and disadvantages of the automated chart
production system developed.

Minimize throughput times and maximize savings while maintaining
product integrity.

The following discussion describes the techniques and methodologies, as
well as the equipment, used to compile chart 62097,

CURRENT TECHNOLOGY AND COMPILATION REQUIREMENTS

An analysis of the source documents used in the compilation of a nautical
chart would reveal that they basically fall into two categories: those used
primarily for hydrographic information, and those used mainly for
topographic data {see Figure 1. for chart 62097 sources). Closer analysis
would reveal that the information selected from a hydrographic source for
use in a chart is preponderantly point features, (soundings, aids to
navigation, etc); while topegraphic information is primarily linear in
nature. This distinction was & key factor in determining how to optimize
the use of automated cartographic technology in the chart compilation
procedure.

The automated cartographic equipment existing at the DMA today is
either raster or vector in nature with regard to their data storage,
manipulation, and capture capabilities. Each of these technologies have
relative advantages and disadvantages in their use.

Raster scanning technology is extremely efficient in the mass digitization
of source documents containing medium to dense line work. Using raster
scanning methods, sources meeting these requirements can be digitized in
a guick and efficient manner. This method of data capture doss have one
significant drawback however, the raster information cannot be assigned
any attributable information {i.e., a bathymetric contour cannot be
assigned a depth value). Without this information, the collected data
would not be very useful in the compilation procedure, and could not be
part of an integrated chart data base. Thus, to reap the benefits of mass
digitization, the raster scanned data must be converted to vector mode; a
data format which permits the assignment of descriptive information to
digitized data. The cartographer, by manipulating data in this fashion
avoids the tedious and time consuming chare of manually collecting this
data with a hand held digitizer.

As mentioned earlier, data in vector format has the advantage of
permitting ‘tagging'. This format is also advantageous because it requires
less storage space than the raster format, and is more efficiently
manjpulated especially with regard to compilation functions. Such
operations as projection transformation, scale change, mosaicking,
merging, sounding unit conversions and general distortion removal are
more easily and sfficiently accomplished with data in vector format.

One additional capability must be discussed regarding vector based
technology; the capture, tagging, and processing of point feature data. To
incorporate a point feature into a vector file, a cartographer must build a
header describing that feature, *visit' its location, and digitize ita position

156



and attribute information. While this procedure may seem relatively
inefficient especially with regard to the mass digitization of linear
features, there is currently no existing 'automated' alternative at DMA
within the nautical chart program.

Given the relative merits of each of the two technologies, as well as the
differences between hydrographic and topographic feature types the
decision to maximize the use of DMA's automated cartographic equipment
in the chart compilation process was clear cut. A raster based system,
the Sci-Tex Response 250 Mapping System, was utilized in the mass
digitizationfvectorization of topographic sources. The Advanced
Cartographic Data Digitizing System (ACDDS), a vector system, was used
to collect the hydrographic data and perform chart compilation tasks.

EQUIPMENT DESCRIPTIONS

ADVANCED CARTOGRAPHIC DATA DIGITIZING S5YSTEM (ACDDS)

The ACDDS is a vector formatted digitization and compilation system. it
consists of a host subsystem and four (4) independent workstations.

The ACDDS was developed for DMA by the Synectics Corporation. The
system hardware was designed to be redundant so if any part of the
system fails, the rest of the system can continue operation.

Systemn Procedures - Analog data, including survey shaets, maps, U.,5.
charts, foreign charts and other manuscripts, are digitized on the
digitizing table and stored on the workstations disk at their origina} scale
and projection. The data are digitized in one of three modes: trace,
depth (soundings), or point feature. As each feature is digitized, it is
displayed on the graphics CRT for verification by the cartographer. At
any point in this digitizing process the cartographer has available a full
range of interactive edit functions to modify any feature in the file.

When this data is correct the cartographer can transfer the data to the
host system to perform any of the following batch functiona:

Projection transformations including datum shifts and scale changes.

Sectioning - data inside a cartographer-defined area are extracted and put
into a separate file.

Merging and paneling - several files are merged into one file,

Sorting (filtering) - feature types defined by the cartographer are
extracted and put into another file.

Unit conversion - the units of measure of soundings are converted to other
units of measure {i.e, fathoms and feet to meters).

Proof plotting - either symbolized or centerline data depiction.
Magnetic tape input and output.

The information collected from various sources at the edit station are
combined into one master file of the same scale and projection type

157



through host operations. This file can then be returned to the edit station
for additional interactive edits and refinements. Such edits inciude the
addition of any new data (ie., Notice to Mariners), the correction of any
overprinting information, and the improvement of the aesthetic qualities
of the chart,

When the data is fully edited and in final form the cartographer can send
the file to the host system where fully symbolized and color separated
CRT plotter tapes can be generated. These tapes will drive the plotter to
produce reproducible quality film positives,

THE CRT PRINTHEAD PLOTTER

The CRT Printhead is a very high speed, vector fermatted plotter capable
of producing reproducible quality film positives. This system waa
developed for DMA by Image Graphic Inc. It allows dense vector
formatted data to be plotted at a speed equal to or greater than raster
plotters. Data are sorted into 2" x 2" pages before plotting to minimize
the mechanical movement of the plotter. When the CRT printhead
plotter receives this sorted data, it moves the printhead to each "page”
and flashes all of the data within that 2" x 2" area. This procedure
greatly reduces the time consuming mechanical movement characteristic
of conventional vector plotters.

The CRT plotter can also virtuailly store an unlimited number of
reproducible quality symbols on its software disks, thereby making point
symbol and type placement economical.

THE SCI-TEX RESPONSE 250 MAPPING SYSTEM

The SCI-TEX Response 250 Mapping System (R250 MS) is a color,
raster/graphic editing system with a scanner, edit station, and film
exposure device (a laser plotter). The flow of data through the system is
from scanner (data capture) to edit station (color separation corrections
and cs;rtographic updates), then to laser plotter (color separated film
output).

The SCI-TEX Response 250 Mapping System was acquired "off the shelf"
in late 1978/early [979. The configuration of the system at DMAHTC
currently coneists of one scanner, 4 edit stations, and one film exposing
device (a laser plotter).

System Procedures- Analog data inciuding survey sheets, maps, U.S.
charts, foreign charts and other manuscripts are mass digitized via a 12
color raster acanner. Data are stored on edit station disks as functions of
X, ¥ position and color. These data can be scanned at various resolutions
(4 - 47 points per millimeter) accessed and displayed at the edit station.

Depending upon the nature of the final product (i.e., color separation,
resymbolization, etc), the following edits may be utilized:

Raster/Vector/Raster data conversions - Linear data captured via the
scanner in raster mode can be converted to vector mode, tagged with a
symbolized feature type such as a built-up area boundary and converted
back to raster as fully symbolized data.
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Point feature symbolizetion - Point festure data can be symbolized by
calling various symbolized point features from a previously defined library
and ineerting them into a file at a desired x, y location, at any rotation.
The insertion of symbols into the raster data can be accomplished
interactively, manually, or automatically.

Area Feature Symbalization - Area outlines can be defined
interactively or scquired via the scanner, The areas defined by these
outlines can ba filled with a solid color {(thersby producing an open window
of the area) or 8 symbol can be repeated throughout the srea (i.e. a
marghland symbol could be repeated across a polygon producing &
marshiand areal symbol).

Color Separation Editing - Scanned data inevitably contains data which
has been incorrectly sensed and color coded (i.e. dark blue data sensed and
coded as a light blue). These areas or islands of incarrectly color coded
data can be recoded to their correct color via interactive or global {file
wide) editing functions.

Type Composition and Placement - Typed in various fonts and point
asizes can be composed and interactively placed into a data file. Currently
the DMAHTC R2500MS font Library consists of the following type styles
and point sizea:

News Gothic Condensed - 6 and 7 point

News Gothic - 6,7,8,10,12,14,16,18 and 30 point
Techna Medium - 6,7,8,10,12 and 14 point

Techno Medium Italic - 6,7,8,i0,12 and 14 point
Century Expanded - 6,7,8,10,i2 and 14 point
Century Expanded Italic - 6,7,8,10,i2 and 14 point

When the data are fully edited and in final form the cartographer can
output his data file as color separated film negatives or positives via the
laser plotter.

COMPILATION PROCEDURES

TOPOGRAPHY (see figure 2}

The topographic sources used in the compilation of Chart 62097 were
photogrammetrically derived manuscripts, compiled on the ASlIA sterso
compilation instrument. The ASIIA through interior, relative, and
abeolute-orientation of stereo imagery was used to remove film and modal
distortions {tilt, parallex, etc.} from the photegraphic coverage of Aden
Harbor. The photogrammetrist then utilized this stereo imagery ta
extract significant topographic features. These data were compiled at
the final scale and prejection of the chert. Additional features necessary
for hydrographic/navigation requirements were then added to thase
manuscripts through a landmaas inteneification procedure.

The linear data depicted on any topographic source can be classified in
several ways. These data can be classad according to the information
they represent (i.e., a road vs. a railroad), or the manner in which they
are depicted on the document (double line symbol (road} vs. a ticked line
(railroad)) To facilitate the mass digitization and subeequent
symbolization of the topographic manuscript, the compiled linear features
were classed by the latter method. This classification was accomplished
through the use of several different coiors as data depiction mediums.
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For example those features that were to be symbolized (on the final
chart) as solid lines with a lineweight of B mils {shoreline and drainage}
were depicted as centerline information in the color red, while those
requiring cased or paralleled line symbolization were drawn as centerline
information in the color green. The net result of these actions was a
symbol classification manuscript that facilitated the symbolization of
topographic information.

The manuscript was mass digitized {scanned) on the Sci-Tex scanner at a
resolution of 10 points per millimeter (x0.004 mils). The scan required 7
calors, & for the color coded information, and one channe! for the
background color. Upon completion of the scan, the resuiting data {in
raster format} were checked and corrected for minor dimensional
inaccuracies. Following this procedure, the scanned -information was
examined (at the edit station) for any improperly color coded data induced
by the scanner.

As a necessary step to achieve the conversion of the data to vector
format, a skeletonization operation was initiated. This fupetion
automatically delineated the center or midline of each feature. These
skeletonized data were then edited for unintended gaps and spurious data
(i.e., spikes generated by skeletonization). With these edits complete, the
topographic information was ready for vectorization.

The program which initiates the conversion of skeletonized data to vector
strings requires that the operator assign a symbol tag to the information
to be vectarized. It is at this juncture that the color coding of
topographic linework comes into play. By guaranteeing that those
features coded in a given color are to be symbolized identically on the
chart, we can automatically tag each feature within a classification with
the same symbol tag. So when the vector data is rasterized again, the
correct reproduction quality symbology has replaced the original pencil
compilation,

The photogrammetric manuscript contained a limited number of paint
features which were interactively symbolized via the Sci-Tex. By
utilizing a predefined symbol file and visiting each point feature, the
appropriate symbol was incorporated into the data (i.e. a rock awash or
building symbol).

HYDROGRAPHY (See Figure 3)

The film positive generated on the Sci-Tex served as the controlling
source for the compilation of hydrography on the ACDDS. All 5
hydrographic sources used In the compilation were controlled through
shoreline matches to the Sci-Tex, topographic poeitive.

Each piece of hydrographic source material was registered to an ACDDS
digitizing table and features selected by the cartographer were digitized
at the scale, unit of measure and projection of the source document. This
digitization was done by selecting a header for each feature, entering a
depth or elevation if necessary, and manually digitizing each feature with
a cursar. As these data were digitized they were displayed on the system's
graphic CRT to allow the cartographer to verify these data and view their
spatial relationship to other information. The digital file of sach source
was then plotted on the Xynetics proof plotter, This plot was then
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compared with the ariginal source document to verify the accuracy and
completeness of the digital file. If data in any of the source files were
found to be incorrect or missing the file was then carrected interactively
by the cartographer an the ACDDS workstation.

Some of the sources used for chart 62097 had soundings measured in
fathoms and feet rather than meters. Since U.5. Chart specifications
require a}]l soundings to be shown in meters, the sounding features of these
sources were converted to meters automatically by the ACDDS. This
eliminated the iabor intensive effort of using a table to look up the meter
value of each sounding. It slso eliminated the possibility of human error
during the cenversion process,

Following these operations, the digital file of each source was
mathematically transformed by the ACDDS to the prejection, scaie and
spheraid of the final product, and then digitally mosaicked to the
shareline of the Sci-Tex symbolized positive andfor other hydrography.
This was accomplished by sectioning each source file, shifting the data of
that section ta fit the controlling source and then merging all of these
sections into one master file.

After all of the sources were merged into ane file, a proof plot was
generated to allow the cartographer to determine what corrections,
additions, and/ar meodifications had to be made. The data file was then
interactively modified at an ACDDS5 workstation an a feature by feature
basis. This madification process may include:

Joining {connecting) lines

Smoothing lines

Meodifying segments to avoid overprints of data

Deleting upnecessary data

Adding newly acquired data (i.e. Notice to Mariners corrections)
Other feature modifications necessary to make the final product
more useful and aesthetically pleasing.

When the cartographer was satisfied with his completed compilation, a
CRT Printhead plot tape was generated. Since each feature was tagged
with attribute information as it was digitized, the plot tape generated
contained the necessary instructions to direct the CRT Plotter in
symbolizing each feature, The actual film positive production time on
the CRT was significantly less than with conventional line following
plotters, due to the exposure of 2" by 2" windows of data at the same
time.

TYPE GENERATION AND PLACEMENT

Following the completion of the hydrographic compilation phase of the
production chart 62097, a type guide was prepared upon which was
depicted the approximate location for a string of text, its point size and
font type. This guide {prepared on a proof plot of the hydrographic data)
was then scanned on the S5ci-Tex and merged with the previously
symbolized topegraphy. This file served as a reference pattern relative
to which strings of text could be interactively placed on the Sci-Tex Edit
Stations.

161



At the system's prompting, the cartographer was requested to key in the
text needed {(up to 99 words in a pass}. These strings were then
automatically composed and placed into a file that was accessed for
interactive placement. Utilizing the data file of the merged type
guide/topography as a reference pattern and a duplicate file of the
previousiy genereted symbolized topography as an output file, the
cartographer proceeded to interactively place the text. When deemed
necessary, a paper verification plot was generated for edit purposes. The
cartographer would note on this plot any missing text, misspelled words,
lines that needed to be broken, or text that needed to be placed in a new
position. When all the corrections were completed, final color separated
film positives of the text and topography were generated, and a data tape
generated for future use.

OPEN WINDOW AND AREA SYMBOLIZATION

A Xynetics plot was generated on the ACDDS of bathymetric contour
data, coral, dangers, and uncovering area. A color dot was placed into
each of the areas requiring open window symbolization; one color far
areas of coral and uncovers, and a different color for areas of danger and
significant depth (fram the shoreline ta the 5 meter curve). Where these
curves were broken (interrupted) they were closed to ensure that each
color dot was surrounded by an uninterrupted polygon. This tint guide was
scanned and merged to the existing symbolized topographic data {the land
tint, built up area, and saltpans were generated previously during the
processing of the manuscript). These data were then checked for
accuracy.

Utilizing a color spreading algorithm, the areas enclosed by each polygon
were painted 'solid* using the color dot as the active color. The bounding
polygon was then deleted, being replaced by the area fill colar(s), In this
manner isiands of color were created that, when viewed as a integral unit,
formed the open window tint area symbolization. A verification paper
plat of this data was generated and adjustments made where necessary.
This edited file was then used te generate open window film negative via
the plotter and the data were saved for future use.

The reproduction quality film positives and negatives generated by the
CRT Printhead and Sci-Tex plotters were photo composed and processed
in the conventional fashion, concluding the compilation and production of
chart 62097.

BENEFITS OF THE AUTOMATED CHART PRODUCTION SYSTEM

The uitimate success of any new production procedure is determined by
how it compares te the previous system in terms of accuracy, total
manhours and associated pipeline days. In the case of the system just
described, significant savings in both manhours and pipeline days will be
realized in chart production as a result of the system's initial design and
future refinements. In addition the accuracy of the resulting chart was
equal to or better than those compiled conventionally.

Utilizing this aystem, & savings of spproximately 26% in manhours can be
expected for an average chert. This savings will result from the
elimination of many tasks previcusly required during compilation, (.e.
automatic sounding unit conversions), as well as decrease in the number of
redundant operations performed by the cartographer.
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The production of a chart through conventional procedures normally
requires a good deal of support work from branches other than the
compiling element, Utilizing the procedures discussed, most of the
support activities normally assgciated with conventional production
procedures {type-setting, drafting/scribing, negative engraving, and
photegraphic processing} are either eliminated altogether, or greatly
reduced in time. The pipeline time resulting from the movement of the
job from work center to work center to perform these support activities
will be reduced significantly (approximately 35%). An example is the
virtua! elimination of the 100 day scribe/draft production step throughout
the use of symbalization algorithms and finishing plotters to produce the
repraducible quality color separates.

In addition to the economic benefits resuiting from the initial compilation
of the chart, further savings will accrue as second and third editions of
the chart are required. Subsequent to the publication of a nautical chart,
a record is kept of those changes occuring in the area of the chart. When
the number of the changes exceede a certain limit, a new edition of that
chart is called for. By maintaining the data resuiting from the initial
compilation of & chart in & digital chart library, new editions of these
charts can be easily produced. Utilizing the initial digital data, the
required changes can be made through the system and a new set of
reproduction quality positives generated. Any subsequent editions of the
chart will be produced in a more efficient manner than could otherwise be
accomplished; thus leading to additional savings.

SYSTEM REFINEMENTS

During the compilation of 62097, there were certain inefficiencies in the
procedures identified. These inefficiencies, specifically, type placement
and open window negative generation, were significant enough to warrant
a re-examination and correction of the procedures utilized. While they
were not remedied soon enough to be useful on the compilation of chart
62097, the corrections are being applied to current production.

The type placement, while accomplished successfully on the Sci-Tex,
proved to be a lengthy process in terms of the time needed to prepare the
type guide and the incorporation of the type into the file. To correct this
prablem, a type placement system has been developed for use on the
ACDDS. The cartographer using thie new software can efficiently
position type strings without the need of a type guide, as well as
determine the impact a particular string of text has on other data in that
area. The actual 'flashing' of the type is done on the CRT Printhead
Plotter, avoiding the fupdate’ time inherent on the Sci-Tex system.

The open window negative generation scenerio was basically a
cumbersome procedure, and for this reason not as efficient as could be
poessible. Under this initial procedure, the cartographer was required to
manually create a tint guide. The sclution devised for this problem was to
create a data link from the ACDDS to the Sci-Tex. This will permit the
cartographer to transfer his polygon data digitally {tape transfer) to the
Sci-Tex, where the painting algorithm is used as described earlier.

Finally, a third improvement was made to the system. Software was

developed that permits the transfer of vectorized topographic data to the
ACDDS from the Sci-Tex (the reverse of the other data link). This
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transfer will, among other things, permit the entire data file resulting
from the production of the chart to be stored in one file.

CONCLUSION

The publication of standard nautical chart 62097 represents a significant
step forward for DMA's hydrographic automated cartography effort. The
production of this chart realized the initial objectives of the project
without compromising any conetraints. As a result, the automated
cartographic production of standard nautical charts can be viewed as
coming of age at the Defense Mapping Agency.
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A STEREO ELECTRO-OPTICAL LIHE IHAGER FOR AUTOHATED
HAPPIEG

J. R. @Gibson, R. A. 0'Neil, R. A. Neville, S. M. Till,
¥. D. McColl
Canada Centre for Remote BSensing
2464 Sheffield Read, Ottawa, Ontario
Canada K1A 0OY7

AB3TRACT

This paper discusses +the rationale for ©bullding a
demonstration singls pass sterec line imaging system
and provides some of the background developments that
nave made such a project possible at +this time. The
paper diseusses +the integration of the postion and
attitude data from an inertial navigation system into
the absolute orientation of the imagery data. Then the
procedure for the geometric correction of the I1magery
ig shown in detail. PFinally a line imager based sterso
mapping system is proposed.

IETRODUCTION

CCRS is currently esmbarking on a program %o enhance an
existing electro-optical 1line imager to allow the
acquisition of fore/aft stereo data (single pass
stereo) ag well as %o put into place a aystem to
compute the geometric correction for the imagery using
simultaneously acquired navigation data. This Tpaper
describes in detail the stereo line imager and the
geometric correction process and alsc outlines a
potential end-to-end digital mapping system.

The demand for airborne line imager data for precision
work such as mapping hag not been great in the past.
There have been two fundamental reasons for this; the
pixel resolution has typically been very coarse and the
gpatial distortions due to uncompensated aircraft
motion and attitude have degraded the imagery.

Improvements in technology have been making it possible
to think in terms of overcoming these drawbacks %o line
imager data. At the same time, changes in the approach
to mapping are occurring which makes a direct digital
input of data more attractive than has been the case in
the past.

The challenge for the line imager technology is clear:
Produce system for digitel mapping. The advantages of
a digitally based mapping system make it worthwhile to
take up the challenge. The opportunities to achieve
improvements in quality =and throughput 1ie in the
following attributes of an electro-optical line imager
and agscociated computer-based processing system:
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1. Currently avallable electro-optical elements have
resolving capabilities that are approaching the
grain size of photographic emulsions. The stigma
of poor resolution will socn pass.

2. The increased dynamic range of the electro-optical
elements vs film will provide more detail and

greater radiometric acecuracy for subsegquent
procegging e.g. automatic correlation for elevation
data.

3. By displaying the stereo data on CRT, the expensgive
and restrictive optical trains of existing plotters
may be eliminated. Digital preocessing for
rotations, enlarging and image enhancements will
inherently be more flexible and versatile than the
fixed operations available from the optics of a
plotter.

4. Bince each pixel will have accurately computed X
and Y coordinates, +the need for +the expensive
electro-mechanical measuring components in current
rlotters will be eliminated along with their
agsociated problems.

5. The geometric fidelity of a 1line 1mager is
potentially much greater than that of film. Once
an imager has been calibrated (subject to periodic
verification), the problems of film induced
distortions will be eliminated.

6. A stereo line imager will provide continuous strips
of sftereo data as opposed +to the overlapping
segnented date sets provided by photographs. This
will eliminate the non-trival +task of 1linking
segmented data gets together and allow for longer
unbroken runs of data through +the elevation
determination programs.

CCRS PUSHBROOH IMAGER

The Canada Centre for Remote Sensing has developed a
second generation pushbroom line imager, MEIS II. This
imaging sensor uses 9gilicon charge-coupled device
linear array detectors with usable response covering
the 380-1100 nm spectral range in the visible and near
infrared. The sensor is characterized by high spatial
regolution and low noise equivalent radiance making it
rarticularly attractive for applicaticns in resource
classification, vegetation stress analysis, passive
bathymetry, digital mapping and digital elevation
modelling.

MEIS II is an airborne multispectral imaging sensor of
the "pushbroom scanner" type. This type of imager
utilizes multi-element linear array detectors oriented
perpendicular to the flight direction and located in
the feocal plane of the sensor optics as illustrated in
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Figure 1. Each detector in the array accumulates a
charge which is proporticnal to the light energy
incident upon that element during the time interval
between read-outs. These charges are electronically
gsampled to produce a line image of the scene below.
The second dimension in the image 1s provided by the
forward motion of the ailrcraft. That is, with the
detectors wused in MEIS II, +he osampling of the
photosites is virtually simultaneous for all elesments,
within +the contraints imposed by +the finite pulse
propagation speed. In the normal mode of operation,
the forward motion during each integration period is
equal to the lateral distance mapped onto an individual
array element.

The pushbroom imager enjoys an adventage in terms of
genaitivity and spatial precision, as compared to
mechanically scanned imagers. The increased
pensitivity stems from the much longer integration
pericd available for each pixel. Whereas, in the
mechanical scanner a eingle detector is swept across
the target, sampled once for each pixel, to build up a
.line image, the pushbroom imager devotes one detector
to each pixel for the whole duration between image line
readouts. This gives an integration period for the
pushbroom imager that is larger by at least a factor
equal to the number of elements in an image line. This
increaged radiometric sensitivity permits imaging under
lower light conditions or over darker targets. The
increagsed spatial precision of the pushbroom imager
results from +the fact that the optics and detector
array geometry is fixed, and therefore can be precigely
calibrated in the laboratory. The mechanical scanner
requires the precise dynamical measurement and control
of its moving component, a much more demanding task.
The improved spatial precision and geometric fidelity
of +the ©pushbroom imager are features reguired in
cartography and terrain modelling. Other =advantages
offered by +the pushbroom imager include = simpler
mechanical and optical design and a greater operating
flexibility. In the present design, spectral bands are
readily gselected by the appropriate cheice of
front-mounted filters. The angular field of view can
be changed by the replacement of the lenses by omnes of
different focal lengthe.

The MEIS II imager has provided an ideal base for
demonstrating a stereo imager aystem. The separate
optical channel configuration has enabled the
attachment of external mirrore %o create a forward
looking and an aft looking channel in addition to the
normal downward looking channels. This 1is shown
pchematically in PFigure 2. The mirror mount is
currently being febricated and test flights will take
place shorTtly.

Stereo line imagers have been proposed in +the past,
however, highly accurate position and attitude data to
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correct the Imagery has always been recognized as being
an esgential component for such devices and the
instruments required to provide this data have not been
available {Masry, Derenyi). Over +the past several
years CCRS has developed the capebility to acquire and
raocess data from an LTN-51 Inertial Navigation Systenm
FINS), and in so doing we have come to know the error
characteristics of +%that system and the limitations of
i¥s performance. The typical worst case error figures
for the LTN-51 are as follows: There is a linear arift
in position with a rate of the order of 0.25 m/s to
which is added a 0.5 m/s sinuscidal velocity error with
a period of 84.4 minutes. The latter is known as the
Schuler oscillation. The attitude errors of the syatem
due to the position or veloceity errors are typically
less than 20 arc-seconds (0.1 milliradians} however to
that are added errors due to resolver non-linearities
and friection induced motion of the platform. The total
attitude errors are thus of +the order of two aro
minutes (0.6 milliradjans). There is the potential to
reduce the angle errors by the use of newer technology
in inertial systems. Once the low frequency position
errora have been removed from the inertial data, the
relative position errors have been found %o be of the
order of 1 to 2 m RMS. CCRS has also developed a high
altitude laser profiler in cooperation with Optech ILtd.
in Toronto. This unit has been successfully flown at a
height of 10 km over mountainous +terrain in the
Kananaskis Valley, south west of Calgary, where +the
elevation changes are of the order of 1500 m. The data
set has not been fully evaluated yet but appears to be
very good.

STEREQ IHAGER DATA PROCESSIEG

In processing the stereo imagery data, it is necedsary
to foliow the route of obtaining the relative and
absolute orientation parameters as is the case with
conventional photography. In this case, the process is
somewhat more complex because of +the requirement to
remove the low frequenecy errors of the inertial system.
Figure 3 illustrates the geometry of the problem, and
the following definitions apply to the vectora ghown in
the drawing:

- flight position pI(%) {x (t), y{t), z{%))

- flight attitude al(t) = (r(t), p(t), n(t))

- ground point coordinates g' = (xz, yg, zg)

- imager position and attitude at time ty : Py
- imager position and attitude at time tn ¢ Pns

that is py = p (ty), etc.
- pixel coordin&tes in imager frame: oy I
- pixel coordinates converted %o ReferencénFrame; Xp»

Xn

ayg
Bps

(1a)}
(1v)

where Xy =

and X, =

|
[®] (e
N 3
= 1
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and Cy #nd Cp a&re directicn cesine matrices {rotation
natrices) ccnstructed from the attitude vectors ay, and

an-

- the base vector between the positions pyp and p,:
® =Py - Bk (2)

¥or an unknown ground point g, we have from the
coplanarity condition.

b oxk X Xp = O

where 4 = Xy X Xy (4)

or

[R=2

For ground control points we have:

Pk t Sk Xk = 8 (5)
or 81X = Vi {6)
where Vg = & - Py {1}

The secale factor s, may be eliminated because Equation
{6) is an expression of the fact that x. is parallel to
v 80 that their vecter cross product 1s =zero. Thus
T%r control points,

2 * vy =0 (8)
where C is a zero vector

Equaticns (%) and (8) may then be used as the basis for
a least sgquares solution tc solve for the low frequency
position and attitude errors of +{he INS data. The
operating assumption is that over short periods of time
(10 minutea for example), the data supplied from the
INS will have additive errors consisting of constant
offsets plus linear drifts. That ls we will be solving
for corrections in position dp and corrections in
attitude da where these terms are assumed to have the
form:

dp = dp, + dpy*t (9)

and da = da, + da;t (10}

et

The complete derivation for the leagt gguares
formulation may be found in Appendix A. The results
are as Tollows, where it ghould be noted that upper
case letters corresponding to vectors represent the
skew—symmetric matrix that may be generated from the
vector. TFor example, if:

a 0 ¢ ~Db
X = ], then X = ~a O a .
c b ~a O
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The reaulfs of linearizing Equation (3) are:

(0 a%(ta~ti)  BT(TmEmXaXe)  BT(mXpt,-XpEty Vap,

dp4
dag
day
= ta) 01
Then from linearizing Eguation (8}, we have:
(e Xebye  VieXe VXt 330 *fﬂ:xzo)
21
da (12}
day

Note that on the right hand side of Bquations {11) and
{(12), +that the subscript "o" rafers +to the current
estimate of +the designated quantity. Thus, Equations
(11) and (12) may be used to solve for the INS errors
in an iterative least sgquares procedure. That is, both
{(11) and (12) may be expressed in the general form Ay
du = bj. When a sufficient set of control and uninown
points have heen processed and accumulated in an A
matrix and a h vector where:

AT = (A?’ AS, R | Ag) (13)
and pT = (uf, b3, ... bE ) (14)

the 1least squares solution may proceed in the
conventional manner as:

du = (ATp)y=1 ATy (15)

where dET = (dgo, dg1, dEo, d§1)
GEOMETRIC CORRECTION

Once the INS data has been corrected, the imagery may
be geometrically corrected in preparation for further
processing. This is & relatively simple ©process
consigting of recomputing +the pixel coordinates +to
their local level equivalents. That is, during flight,
the imager coordinate frame moves about as the airerafst
changes attitude. Since we are able to measure the
aireraft attitude we may compensate for the attitude
changes as follows: The direction cosine mairix which
is generated from rell, pitch and heading data defines
for each image line, the rotation of the imager axes
with respect to loeal level. This matrix may thus be
uged to convert the rotated pixel coordinates hack to
local 1level in the following manner. TPigure 4 ig a
representation of +the imager geometry. Each pixel
representa a vector in the Iimager coordinate frame.
That is:
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X
Ig = (sff) (16)

where x 18 #x,, the stereo offset distance
y is the "measurement" associated with each pixel
and f is the imager focal length.

As mentioned, %the vector Ty ig in the imager frame and
it is mnecessary %o convert this %o the equivalent
vector ry in the loeal level <frame. This is
accomplished as follows:

Expanding Pquation (17) to show the elements of the
vector gives:

x! C11 02 C § x
ry = (Y) = (012 05 ng (Y (18)
where it should be noted now that z' £ f. Thus it is
necessary to rescale each vector ry; in the local level
frome to obtain the 1lntersection og'the vector with the
local level plane. This is accomplished by multiplying
the elements of each vector ry by f£/z' to give:

) - )
z' z! f

In +this fashion, every scan line may be reccmputed to
its local level equivalent at which time it is possibdle
to compensate for the effects of velocity variations
and aircraft elevation changes.

STEREC IHAGER PROCESSIEG SYSTEHR

The above procedures complete +the data preparation

stage. The data set is now ready for further
cartographic cperations guch ag DIM generation,
contouring or plotting. A discussion of these

operations is beyond the scope of this paper, however
in summary, most of the technology appears to Dbhe
available to put together a system bo demonstrate the
capabilities of =& stereo line imager as a data source
for an automated cartographic system. A Dblock diagram
of a possible system implementation is shown in Figure
5.

APPEEDIX A

This section describes the generation of the 1least
gquares equations for solving for the INS error terms.
Since this development is carried out using
vector/matrix notation, the following vector derivative
functions are used:
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2{a"1b)=hb {Gelb, p.22) {A.1)
58

Qe bp)=a (4.2)
ab

B {axp)T - B (4.3)
ag

Dlaxn)T o (A.4)
ab

where, ag before, an upper case letter represents ithe
skew-symmetric matrix form of a vectar.

The derivative of a rotated vector with respect to the
rotation angles is given by the following:

Let x = Cm, (A.5),
then dx = 4(Cm)

= dCm + Cdm (4.6},
where dC = dAC (Britting, p.27) {A.T),

and d4A 1s +the skew-symmetric form of +the angle
derivative veclor da.

Asguming that the vector dm = 0, we have from Equation
{A.6)
or dx = dAx {A.B)

Equation (A.8) may be expregssed as a crcess preduct of
da and x, giving:

dx = x x da (4.9),

and then using Equation (A.4) we have:
T

X

L (4.10).

CES
Now turning to Equaticn (3} in the paper, this equation
may be linearized as follows:

Prom, £ = b * xx x x, (A.11),

and using a single term Taylor series expansion we
have:
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(A.12)
T

T T T
bl af af of
f = fo +(a )d_P_k +( ) day +( )dgn +( )dEn
R)uN Sz SPn CL
Since neither p nor a appear explicitly in (A.12) we
must use the chain rule for differentiation to give:

afT _{ BfT)( BET)M (g ® x)? (-T)

3 \ 3b 3
Be MO /RS e (A.13)
and similarly:

P

Sf7 . 4T (A.14),

OPn

2t :(L)(aﬂ)ﬂww X,

day 3%y / \ 92y

ana 220 - [ 2fT\(3xyT\ - ~vT x X, (A.16)
dap 3% N\den B

Substituting Equations (A.13-16) Ddack into (a.12)
gives:

(~aT Tk a7 aTEme) dp \ = (=f5) {(a.17)
d

B
dpp
day
Since dp, = dpy + dpy by (A.18)
day = dag + day By (A.19)
dp, = dp, + dpg by (A.20)
and da, = da, + daq b, {(A.21)

Equation {A.17) may be rewritten to give:

(07 -a"(tpt)  BT(RKp X)Xyt ~Xp Xty )Y dpg
apy
da,
1a;
= (f,) (A.22)

Then looking at Equation (8) for the control points, we
have:

f=xx v = 0 (4.23),
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UNDERLYING REQUIREMENTS AND TECHNTQUES OF A GEOGRAPHIC DATA BASE

Christine Kinnear and David Meixler
TIGER System Staff
Geography Division

U.5, Bureau of the Census
Washington, D.C, 20233 U.S.A.

ABSTRACT

The Geography Division of the U,S. Bureau, of the Census has the respon-
gibility of providing the geographic support for all censuses and
surveys conducted by the Bureau, This support includes geographic re-
ference file creation and maintenance, address geocoding, and map
production. Traditionally, geographic information to support these
tunctions has not been centralized; instead, each function has been
self-supporting. TFor the 1990 Census and subsequent operations, the
Bureau is committed teo developing an integrated geographic data base
that will support thess separate but related functions.

This paper presents the current status of the development of the Topo-
logically Integrated Geographic Encoding and Referencing (TIGER)
system. It reviews the system's evolution from theory, through experi-
mental implementation during the 1970's as ARTTHMICON, and production
testing during the early 1980's as TIGER, to its current state, This
presentation includes an overview of the cartographic, address geo~
coding, and tabulation requirements for the 1990 Census, and a discus-
sion of the goals of the Bureau's prototype geographic data base
system, Finally, the underlying data structure of the system is
presented, and the techniques used to create and support the current
system are described.
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KERN MAPS 300

Jonathan . Hescock
Kern Instruments, Inc.
Brewster, New York, U.S5.A.

ABSTRACT

The new interactive graphics station, MAPS 300, is a2 system module of
the Kern Computer—Aided Surveying and Mapping System, CAM.

The Xern CAM System is a rigorous application of the principle of
distributed computing. Data acquisition is done with MAPS 100, 200, or
300 stations and stereoplotters or digitizing tables. Data manipula~
tion, merging, editing, and text placing is dcme with MAPS 300. Data
presentation is digital and graphical, with industry-standard drum and
X-Y pen plotter, which are supported by the Kern CAM System.

The modular concept allows operation of individual system mocdules as
stand-along work stations, as well as step-wise expansion towards the
full Kern CAM System. Moreover, hardware and software service is en-
hanced through the clear modular structure.

The MAPS 300 Station makes use of the powerful DEC 11/23 computer and
the Imlac Series II high~resclution (2048 x 2048 pixels) vector refresh
graphics CRT.

MAPS 300 features a full complement of interactive graphics software
with many routines especially designed for the surveyor, photogramme—
trist, and civil engineer. Some of these features are:

— Vector refresh for instant display of correctioms.

-~ Higher resolution, 2048 x 2048 pixels,

— Interactively edit and transform points, lines, and arcs.

- Interactively edit feature attributes.

« Edit and annotate contour lines.

- Zoom in for fine editing.

- Connect models.

- Place alphanumeric annotation centered, and along atraight, angled,
and curved lines.

— Find peints, lines, and arcs within a file.

- Lock any feature to the cursor for digitizing.

-~ Audit trail.

- Create graphics files.

- Create symbcls and types for repeated placement.

- Create attribute files.

- Merge files.

- Make lines and features parallel,

- Apply scaling and rotationm.

- Comnect points with straight lines, arcs, and cubic spline inter~
polation.

~ Close curvilinear polygons.

- Easy transportation of data to industry-standard data base management
systems.
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GEOGRAPHIC DATA PROCESSING IN FORESTRY - DOES IT PAY?

J.A. Benson
Department of Parks and Renewable Resources
Forestry Division
P.0., Box 3003
Prince Albert, Saskatchewan
56V 6G1

ABSTRACT

§ince 1979 Saskatchewan forestry personnel have been examining the
practical feasibility of introducing geographic data processing into the
manipulation of forestry data, most particulary forest inventory data,
From these studies, Saskatchewan has developed a "go slowly" attitude
towards the adoption of any full production system. As an interim
measure, Saskatchewan will be developing some capability for processing
and displaying the coarse raster base presently available for 55% of the
inventory mapped data. However, the future looks bright —- the value
added to forest land during reforestation efforts renders the
incremental cost of creating a vector-style of geographic data base
almost negligible.

IRTRODUCTION

The first extensive forest inventory in Saskatchewan was initiated in
1947 and completed in 1956; the second was initiated imn 1957 and
concluded in 1976. In both cases the data base consisted of a set of
maps and supporting statistical data summarized for each map. Without
onerous re~compilation, the effective geographic resolution of the data
base was one map unit. Display of the data was limited to copies of the
maps; extensive manual drafting was required to produce thematic dis-
plays of the statistical data and seldom was done. At no time during
these two inventories was any attempt made to incorporate other forestry
data, much less data from other disciplines.

The third Forest inventory began in a production sense in 1977 and in-
corporates considerably more detail than the two predecessors. The
effective resolution of the new data base is 0.39 ha thus allowing a
myrid of possibilities for data processing and display. It is apparent
that by altering the method of data capture and utilizing available geo-
graphic data processing technology these possibilities could be en—
hanced.

This report deseribes the current practices in Saskatchewan resulting in
a computer resident inventory geographic data base, relates past exper-
iences in the investigation of vector-based systems, and looks at the
practability of introducing such syatems into Saskatchewan Forestry.

CURRENT PRAGTICES

The preparation of a forest inventory map follows several sequential
steps; in Saskatchewan these are: acquisition of aerial photography,
photo interpretation, base mapping, transfer from interpreted photograph
to the base map, and error detection and correction. The finished
product is a geographically correct map with neat lines following the

60 Universal Transverse Mercator 10,000 m grid, at a scale ratio of
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1:12,500. Depicted are combinations of species association {18 classes)
stand height (5 classes), erown closure (4 classes), soil drainage (13
classes), soil texture {8 classes), and stand year of origin (18 classes)
as well as geveral non-forested and non-productive classifications; each
combination creates a polygon to which a unique number is aggigned for
that map.

The collection and compilation of field data are beyond the gcope of

this presentation. Suffice to say that these data relate to the species
associations, stand height, and crown closure combinations, are expressed
on a per hectare basis, and are applied to each of the mapped polygons.

Thus it is necessary to determine the area of each of the polgons and
most efficient to use a computer to effect the linkage to the field
data., The method for area determination developed and used in Saskat-—
chewan is as follows:

1. superimpose a dot grid matrix of 16 X 16 per square kilometre on
each map:

2. place the map and grid on a digitizing table and register the map
to the table.

3. uging 2 pen—type cursor identify the location of each grid—cell by
touching the position of each dot, and then the number of the
appropriate polygon via a menu; note that dots may be identified
singly, or in strings or blocks;

4, verify that the correct polgon number has been entered.

The data set for each mep is edited on a mainframe computer and errors
corrected on the digitizing table. Two major files are created and
linked by map name and polygon number: the master co-ordinate file
identifying the location of each grid-cell, snd the master stand file
containing the attribute list associated with each polygon. Presently
data for about 80,000 km are stored in this fashion.

To date, the most extengive use of the data base has been to generate
tabular reports for single maps or groups of maps. However, two small
sub-systems have been developed that make use of the co-ordinate file.
The first incorporates changes to the mapped information onto both the
co-ordinate and stand files; the second permits the selection via the
digitizing table of portions of maps which then are processed through
the reporting systems.

At present, there are no automated systems being used to display in-
formation from this data base,

INVESTIGATION OF VECTOR-BASED SYSTEMS

In 1979 Saskatchewan engaged a consulting firm to atudy the existing
forest inventory mapping and data processing systems and to make
recommendations for future developments, Following extensive con-
sultation with forest inventory personnel, as well as with personnel
from the agencies that use the inventory dara, several future require~
ments were identified by the consulting firm.

Photogrammetry -sub~system - If possible, capture the geometric and
interpreted forest stand boundary and attribute data directly from
interpreted aerial photographs. If practical, this system would result
in significant cost reductions by eliminating the manual transfer of
interpreted data onto base maps.
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Map-dipitzing-sub-system ~ If the photogrammetry sub~system is not
practical, the data must be captured from the finished inventory map.
(Probably this sub-system would have been required in any case, par-
ticularly to load data for other themes presented in map form.)

Map ‘data handling sub-system - Regardless of the method of data
capture, a variety of data handling capabilities would be required
including: area measurement, updating, derivation of new maps, corridor
analysis, scale change, overlay, interactive browse, and line plotting
and attribute labelling.

The consulting firm conducted benchmark tests cn five commercially
available vector-based systems judged most likely to be able to meet the
identified requirements. The results of the analysis of these tests, as
well as a description of the entire preject, are embodied in "A Study of
Forest Inventory Data Handling Systems for the Province of Saskatchewan",
prepared by Tomlinson Associates. The single most serious shortcoming
of all the systems tested was the inability to efficiently process the
quantity of geographic data associated with the test; this shortcoming
apparently was related to the format of the stored data and is all the
more serious when it is considered that the test data represented only
one~sixth of one forest inventory map., Based on the results of the
study a vector-based system was not purchased.

Following the study attempts were made to monitor the continuing
developments of vector-based systems, primarily through conversations
with the various vendors of systems, It became apparent that develop~
ments were not progressing as rapidly as had been anticipated. At this
time the Lands Directorate, Environment Canada, offered to enhance the
Canada Land Data System to meet the Saskatchewan requirements., During
subsequent tests the requirement for a photogrammetry sub-system was
relaxed, as was the requirement for fully-automated attribute labelling
on plotted output. The final production test encompassed an area of
about 1600 kmZ and incorporated 114 maps of various themes and scale
ratios, Figure 1 illustrates the layers and themes entered and stored
on the data base. Through interactive tabular and graphic retrievals,
and retrievals plotted on mylar and paper, the Canada Land Data System
demonstrated the capability to meet the Saskatchewan requirements.
However, it was apparent that due to the sheer bulk of data it would be
necessary to partition the Commercial Forest Zome into as many as twenty
data sets for efficient retrieval and plotting times.

Since the Canada land System could meet the identified requirements, an
attempt was made to analyze the costs and benefits of instaliing the

system*, An immediate difficulty in the analysis was that few of these
futore requirements are being met presently and thus cannot be consid—

ered essential particularly in terms of graphic displays. Nonetheless,
comparisons were made among:

1. maintenance of the existing system, plus the manual preparation of
maps of selected generalized themes at a scale ratio of 1:50,000;
2. maintenance of the existing system, plus the automation of grid-ceil

processing to produce maps similar to the first option;
3. maintenance of the existing system at 50% through-put, plus the
utilization of the Canada Land Data System for the other 50%.

Anthony C. Baumgartner
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The analysis included a projection over a five-year lifespan and in-
dicated that option 2 was the most cost-effective.

The report describing the Canada Land Data System production test and
results* included these recommendations:

1. implement option 2 as the most economical method of preparing
generalized forestry maps;

2. ugse the Canada Land Data System only for those areas on which
silvicultural treatments are being carried out; the incremental
cost of $§0.60/ha for using the system for detailed land base record
keeping is small in comparisom to the costs of silviecultural
treatments which range from $80/ha to $400/ha., The equipment and
associated infrastructure required for option 2 would be sufficient
for implementing this recommendation.

CONCLUSION

Forest and resource management decision making is becoming more complex
and the timing of those decisions more urgent with the increasing
pressure for use of the land base. Those ™non-essential" future re-
quirements for geographic data processing are becoming essential and
there is no doubt that future cost/benfit studies will come down in
favour of more sophisticated systems. The decreasing real price of
computing power, data storage faciliries, and plotting devices will
hasten that process. Forestry in Saskatchewan cannot help but benefit
from improved geographic data processing.
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LONG-TERM PLANS FOR THE GEOGRAPHIC AND CARTOGRAPHIC SUPPORT
TC THE U.S. BUREAU OF THE CENSUS

Frederick Broome, Timothy Trainor, and Stephen Vogel
Mapping Operations Branch
Geography Division
U.8. Bureau of the Census
Washington, D.C. 20233 U.5.A.

ABSTRACT

The United States Bureau of the Census has embarked upon an ambitious
effort to automate its geographic support for the 1990 Decennial Census.
All relevant geographic information about an area will be recorded in a
single computer file. This system, when complete, will permit the
Bureau to perform the three major geographic support functions--assign=-
ment of geographical codes to residential and business addresses for
data collection, provision of a geographic structure for statistical
tabulation and publicdtlon, and automatic production of cartographic
products to support data collection and publication work. Geographic
support previously has been provided through a mix of automated and
manual means involving multiple, unconnected computer files, hundreds
of clerks, and tens of thousands of maps. The results were many pro-
blems. Because all products will be produced from one file, the possi-
bility of errors similar to those which occurred previously will te
vastly reduced, if not eliminated.

This paper describes the long-term plans of the U.S. Census Bureau's
Geography Division for the 1990 Decennial Census geographic support
system. The paper reviews the preliminary design for the computer file,
its structure, and the mathematical theories urderlying it. The paper
reports on the development of the functional requirements for the file
and the system and the establishment of content standards for both
spatial and non-spatial data. The file is called the Topologically
Integrated Geographic Encoding and BReferencing file, or "TIGER."
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GEODESIC MODELLING OF PLANETARY RELIEF

Geoffrey Dutton
Laboratory for Computer Graphics
and Spatial Analysis
Graduate School of Deslgn
Harvard University
Cambridge, MA 02138 U,35.A.

ABSTRACT

£ method for assembling and managing global terrain data 13 presented,
the Geodesic Elevatlion Model. Derived from concepts in geometry,
geog;éphy, geSHesy, applled mathematics and computer sclence, GEM 13
designed to digitally archive and access measurements of points given in
latitude, longitude and elevation from any source, by embedding them in
a regular, polyhedral data structure. To do this, the model recursively
tessellates a regular solid, either an octahedron or an icosahedron,
into equilateral trlangular facets. S3Spot measurements are encoded by
succeasive approximation, mapplng a glven geodetic location to proximal
centrolds of nested triangles, As encoding proceeds, a new vertex
appears at the center of each existing facet; an elevation cgde for it
ia entered in a linear tree, an estimated coordinate which locally
wrinkles the polyhedron. The more times this takes place, the better is
the approximation: each such step of encoding triples the number of
facets, and diminishes horizontal and vertical error by the aquare root
of three. As the structure is a regular geodesic grid, its horizontal
coordinates are impliclt by thelr ordering. Elevatlons alone are
stored, using 1-blt flags quantizing height changes, triangulating the
enclofed terraln with less than one bit of data per facet.
Reconsatruction of the data yilelds estimates of longitude, latitude and
elevation anywhere oh the planet, along with the error of eatimate.
Consequently, the slope, size and aspect of facets can be derived at any
level of precision requlred, up to the limit of detall encoded for thelr
neighborhooda. Beyond thls, if desired, flctitious detall can be
fractally syntheaized, landforma resembling features above them in the
hierarchy, smoothing the surface simultaneously. Local regions (small
initial facets) can be encoded and stored independently, then
subsequently merged at will t¢ asaemble larger terraln models. As
measurements accumulate in a GEM database, superflucus and erronecus
data are rejected with increasing frequency, due to self-calibrating
nature of the ensemble. Were sources of data and motivation sufflcient,
the rellef of the entire Earth could be uniformly encoded in GEM format
at a horizontal resoluticn of less than one kilometer, with a vertieal
praclision of several metersa, on a single disk volume.
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FIRST

Digital Terrain Models (DTMs) are becoming inereasingly important
in civil engineering, reglonal analysis, military operations and
topographic mapping. Over the past fifteen years or so, a number cf
data structures and formats have been developed to encode topographic
surfaces (Mark, 1977), some of which are mathematical (usually
coefficients of polynomial or trigonometric series, globally
approximating relief as smooth surfaces or locally as patches).

Perhaps the purest example of a mathematical terrain model, and in
many ways closest in spirit to the model presented in this report, was
formulated between 1908 and 1922 by Prey (1968). In that model, the
shape of the earth was represented by aspherical harmonic equations to
order aixteen. To have refined his model further would have exceeded
the computational power and demanded better data than were available in
Prey’s time.

Since then, not only has the development of computing technology
vastly increased our command of techniquea, this revolution has unloosed
an avalanche of spatial data, burylng our abilitiea to catalog, verify,
analyze and apply it. The work reported heré is, like Prey’s effort, an
attempt to bring some unity to the chaos of DIM technology and data.

Gridded Terrain Models

The most common way to represent geographic data is to accumulate
observed or interpolated point data into fixed rectangular grids or
irregular triangular meshes. The former type are by far the dominant
form for DTM data, as they can be compiled nearly automatically usaing
analytic stereoplotters to acan stereo pairs of aerial photos,
correlating features to compute elevation profiles as a dense raster of
points. DTMs produced by such machines {after resampling and editing)
are publicly distributed by the U.3. Geological Survey; these are
available for a growing number of T7.5-minute quadrangies, representing
their terrain with about 170,000 grid points spaced at 30-meter
intervals. Quality control of such data is problemmatic, as the
accuracy of the output from the analytic stereoplotters varies with
terrain type and land cover, and in particular is affected by the
presence of water bodies and man-made structures,

Triangulated Irregular Networka

The principle alternative to reectangular arrays for storing DTHM
data is the Triangular Irregular Network (Peucker et al, 1977; Males,
1978 Gold, 1978}, or TIN. In this model, elevations are digitized
from maps manually, selected to represent critical features of the
surfaces to be encoded, such as peaks, pits, passes and breaks in slope.
These points are then triangulated, either manually or analytically
(Fowler and Little, 1979}, yielding a varying network of triangular
facets Fitting the terrain, containing most of the informatien about the
surface with relatively little input data. While some thought must be
given to selecting and conhecting the initial spot elevationa, the
resulting model is more compact and useful than gridded DTMs,
principally because of the properties of triangles and the networks they
form. The main drawback to TINs is the complexity of the data
atructures and programming strategies needed to manage and apply them.
Furthermore, while all implementations of TINs are conceptually
equivalent, their structures differ sufficiently to make data transfer
from cne system to ancother difficult. Transferability issues also arise
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for gridded DTMs, but usuwally due to differing data formats {ordering
and character encoding conventions) rather than because of any
fundamental differences in data structure.

Accuracy Issues

Despite their different constructions, there are some common
aspects to and shortecomings of the two modela just outlined. Their
principal similarity is that both grids and TINs are designed to enccde
planar coordinates for relatively small areas. That is, the horizontal
coordinates {which are explicit in TINs but impliecit in grids) are
almost always cartesian, and scaled to whatever map projection was used
to compile the source maps or photographs from which they are digitized.
In too many cases, the projections are not documented, leading to
difficulty when adjacent terrain models are merged or  when particular
ones are modified.

Another set of limitations relate te the accuracy of DTM data.
Gridded data has an implicit limit to horizontal preecision (its Nyquist
frequency), which is nominally uniform throughout the grid. 1In
practice, however, gridded surfaces may be produced by interpolation
procedures from scattered observations. The resultant precision is thus
variable, but its magnitudes are hidden, unless one has accesa to the
source data.

Vertical precision, likewise, may or may not be uniform throughout
a grid, depending on the methods and sources used to compile it.
Moreover, a structural interdependence exists between it and horizontal
precision (sampling density), demonstrated in Dutton (1983). 1If grid
cells are large they may contain considerable amounts of height
variation, so that the value assigned to each is only an estimate {(high,
low or average) of heights within the cell. To ascribe high precision
to the elevations assigned to grossly-sampled cells is thus rather
pointless unless the terrain ia generally smooth. Therefore, the amount
of memory needed to represent the height of a grid cell grows larger a2
sampling density increases. Specifically, the number of bits needed to
encode each cell is proportional to the logarithm of the number of
cells.

Precision in TINs is subject to similar constraints, as each
control point may vary in how well it represents conditions in its
neighborhood. 1In general, precision will vary inversely with the
spacing of observations, but need not (and probably will not) be the
same at each control point, due to source errors, variations in
operators” performancea and triangulation decisions. While each
coordinate and face in a TIN can be labelled to document its presumed
preclgion, this is never done in practice. To do so would erase much of
the storage efficiency enjoyed by TIN=.

In editing gridded surfaces and TINs, gross errors can be detected
automatically by algorithms which identify drastic changes in slope or
linear artifacts. Visual inspection is still the best way to achieve
quality control, but enly errors that result in discernable patterns are
likely to be rectified. The overall fidelity of the data is diffiecult
to assess without detailed information of how the source data were
collected, edited, reproduced and {sometimes) interpoclated. The
datasets themselves are completely 1ndifferent to the gquatity of the
information they contain, and this implies that they will usually
contain errors which will peraist without notice, .but unfortunately not
without conseéquence, indefinitely inte the future.
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FORM

In the following sections, a structure for encoding terrain ia
presented whieh differs significantly from both grids and TINs in both
the vertical and horizental components. Like a grid, elevations alone
are explicitly encoded, in a regular mesh; like a TIN, all cells are
triangles with identifiable faces, vertices and edges. Unlike either,
however, the model is deaigned to be planetary in scope, capable of
accepting observations from any leccation on earth {or whatever planet it
represents}, storing them in geodetic (spherical) coordinates.
Furthermore, if observations are properly labelled as to their
horizontal and vertical precision, the medel will enccode each to the
appropriate tolerance and no further. When they are sufficiently in
error, input data can be rejected by the. model automatically. These and
other useful properties are achieved with surprising economy; each
facet encoded requires storage of less than one bit of data, making the
model at least an order of magnitude more compact than either grids or
TINs. This method of encoding planetary relief has been named Geodesic
Elevation Modelling (GEM). Some of its properties are summarized in
Table 1, in comparison with gridded and triangulated data structures.

Table 1

COMPARISON OF GRID, TIN AND GEM STRUCTURE AND PROPERTIES
e i e 0 e et e e e e  m +
| DTH: | GRID | TIN | GEM |
+ e o ———— * + —_— +
| BASIS } Raster | Landforms | Planet |
| | | | !
| FORM { Cartesian | Triangulated | Polyhedral
[ i i } 1
| TOPOLOGY { Implicit 2-d i BExplieit 2-d b Implieit 3-d |
1 ! i } §
| SAMPLING | Uniform { Irregular | Hierarchical |
| § i § 1
| PRECISION { Fixed i Variable i Convergent
| i i t 1
| CONTENTS ! Elevations | x,¥,Z,pointers | Diff. Codes
] § 1 } !
| STRUCTURE t Array i linked lists | dual trees
| i i f §
| STORAGE/CELL | medium | high | low |
| STORAGE/MAP | high | medium | low 1
| i f | §
| ACCURACY ! standardized | uncertain | verifiable
1 f ! ! f
i COMPLEXITY | low | high | medium |
} | | | |
{ COVERAGE | local | regional | global ]
i | | | |
{ EDITING | tedious | complex | automatiec |
[ — ——— —-— o e e e o i o e e +
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Geodesic Teasellation

A geodesic structure can be generated from a polyhedron (usually an
icosahedron¥ or portion of onme) by regularly subdividing it in several
well-defined ways. 1In two of these methods, the so-called "triacen® and
"alternate" breakdowns (Popko, 1968}, a higher-frequency grid of
triangles is created by connectlng either the centroids and vertices of
triangles (triacon, fig. 1b) or their edge midpoints (altermate,
fig. 1a). The two procedures yield 60 and 80 triangular Ffacets,
respectively, from the original 20 faces of the icosahedron. Each of
these new triangles can subsequently broken down in the same manner,
each time tripling or quadrupling the number of faces in the structure.
Eventually, the triangles grow quite amall and the figure begina to
¢losely approximate a aphere. Ten ordera of subdivision or leas is
about the limit for engineered structures; edge members grow quite
short, yet of slightly (but critiecally) differing length, posing
tolerance problems in manufacturing them and their connectors.,
Computational models, however, can be made of such structures without
encountering such problema, at least to one part in several million.

Polyhedral Projection

While geodesic structures are normally regarded as minimal
apace-enclosing ones, they can also be thought of as modela of surfaces
which are, topologically speaking, spheres. Fuller and Sadao (1982)
have published a "globe" which represents the earth as an icosahedron,
the so-called "Dymaxion" projection. Although ingenious {it can be cut
and folded from a single sheet of paper) and informative {it offers many
untapped possiblilities for thematic mapping), the Dymaxion projection
is not widely used, being regarded by mapping professionals as a
cartographic curiosity. While the Dymaxion Map distributes its
projection errors predictably, its distortions are concentrated at
vertices and arbitrarily located, depending on the orientation of the
icosahedrcn with respect to the earth’s axes. Where accuracy must be
predictable, then, the Dymaxion projection is not the one of choice.

These limitations recede, however, as one proceeds to subdivide the
icosahedron into smaller triangles. With each successive diviasion edge
lengths are reduced by half (for the alternate breakdown) or by the
square root of three {(triacon breakdown) and the polyhedron grows more
spherical. Its facets lie closer to sea level and projection
distortions relax. After only five {alternate) breakdowns, the original
twenty icosa faces blossom into 20,480, with vertices arrayed 2.25
degrees apart. This rate of expansion can be continued to make the
polyhedron indistinguishable from a sphere for any cartographic purpose.

Fuller uses the icosahedron as the basis for most of his gecdesic
structures, a choice which is both theoretically and pragmatically
justified for engineering purpeses. But despite the appeal of
icosahedral forms for spacewframe structures, they may not in fact

#4n icosahedron is a polyhedron having 20 equilateral triangular
faces joined along 30 edges which cconnect each of its 12 vertices to 5
neighboring ones. It is the largest regular platonic solid which is
convex (not stellated}., This figure is the basis for the construction
of a large family of space-~frame structures developed by R. Buckminater
Fuller, his colleagues and followers. For a comprehensive statement of
the principles governing these constructions consult Fuller, 1982,
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The "Alternate’” Geodesic Hierarchy




provide an equally optimum basis for modelling gecdetic relief.. The
facets of an icosahedron are tilted with respect to the ‘equator and
prime meridian, complicating computations of their geodetic coordinates.

An octahedron {(having 8 triangular faces, 6 vertices and 12 edges),
on the other hand, can be aligned to cardinal points, and this property
leads us to regard it as a more appropriate polyhedron upon which to
structure a geodesic data base. 1If oriented s¢ that the polar axis
passes through two opposite vertices and so that the prime meridian and
the equator intersect at another vertex, the octahedral kernal acquires
certain useful properties. First, all "baselines® of the initial facets
and their subdivisions are parallel to the equator. Furthermore, the
difference in latitude or longitude between vertices is divided by three
with every pair of subdivisions. This yields an isometric graticule
which grows finer with each breakdown, three sets of "standard
parallels", two of which are obligque. Each face is semi-unigquely
defined by the three parallels which intersect about it {two such faces
are formed at antipodes). One potential disadvantage, however, is that
the shape of facets will vary from nearly equilateral (near octahedron
face centers)} to right spherical triangles (at octa vertices), and
consequently their areas will differ. The size and shape of any facet
can always be computed, and in any case their variation does not make
the model any less useful for storage and retrieval of elevation data.

FEATURES

In the following sections, one implementation of a Geodesie
Elevation Mcdel is described. This model is based on the Triacon
Breakdown of an Octahedron, ignoring other geometries, but not
dismissing them as inappropriate. Were other breakdowns of other
figures to be employed, the logic of the model would be very similar:
certain parameters (such as the rate at which facets multiply) and data
structures {(memory addressing strategies) would be altered, and certain
convenient properties might be foresaken.

Like any digital terrain model, GEM has three major related elements:

1. Horizontal Organization
2. Vertical Encoding
3. Dbata Structure

Its horizontal organization iz that of the octahedral triacon breakdown,
a regular tessellation which, like a raster-encoded image, needs no
horizontal coordinates: 1location is implied by position in the data
structure. The two alternating hilerarchies of the triacon provide a
triapgular matrix of control points regularly arrayed across the surface
of the planet. Consequently, only vertical information need be
contained in a GEM file, encoded as bit-flags which signal the elevation
change at each control point. The flags deacribe the direction of
elevation change, but not its magnitude. The amount of vertical
mavement is, analogously to horizontal offsets, given by the position
(depth} of facets in the hierarchy. This relatively unexplored method
of elevation modelling has been named DEPTH, for "Difference-Encoded
Polynomial Terrain Hierarchy" (Dutton, 1983). 1Its effect is to
approximate elevationa vertically to a similar extent that locations are
approximated by triangular breakdowns. Each level of a DEPTH hierarchy
consequently encodes more control points with greater precision than the
levels above it. Table 2 enumerates this hilerarchical progression to
twelve levels, 1llustrating the aaymptotic approximation of a sphere of
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Earth radius starting from an octahedron fitted around it.
Table 2
HTRIOCTACON" TESSELLATION OF A SPHERE WITH A RADIUS OF 4000 MILES

LEVEL NO FACES NO POINTS N0 EDGES EDGE LEN FACE AREA VERT ERR.

1 8 b 12 6531.969 18475188. 1952,134
2 24 14 36 L40y6,708 7090952, 634,494
3 72 38 108 2390.866 2475205, 211.091
4 216 110 324 1390.952  837770. 70.350
5 648 326 972  805.109 280679, 23,449
& 944 974 2916 465,224 93718, 7.817
7 5832 2918 8748  26B.673 31257. 2,605
8 17496 8750 26244 155.133 10421, 0.869
9 52488 26246 78732 89.569 3474, 0.29%0
10 157464 78734 236196 51.713 1158, 0.097
B 472392 236198 768588 29.857 386. 0.032
12 117176 708590 2125764 17.238 129. 0.011

This series of breakdowns converges rapidly. Its faces multiply by
powers of three, reducing the triangles at the 12th level to less than
130 square miles apiece., By this level, vertical error is such that the
center of each triangle is about 50 feet from the spherical surface. As
implemented in GEM, however, the rate of spherical convergence is
reduced from a ratio of three to the square root of three.

GEM s archival and working data structure represents vertices as
two parallel sequences of levels in dual nonary trees. In each
hierarchy every non-terminal triangle divides into nire, each with one
third the edge length of its parent. Because all descendant nodes are
represented in the tree, there is no need for pointerssy the tree is
laid out as a seriea of arrays, each three times (more or lesa) longer
than the last. Access to values is then through computing an address
from the coordinates of a centroid and its depth in the tree. Similar
data struetures for quadtree hierarchies are in use, sometimes called
"linear trees" (Gargantini, 1982). 1In the absence of list peinters, all
operations on such structures proceed sequentially, top-down.

Horizontal Encoding

GEM's triacon grid has the useful property that centroids of
triangles mark elevation nodes, which then serve as vertices for
triangles in the next lower level. Every terrestrial location ean be
approximated within epsilon distance units by a specifie sequence of
triangulations converging about it. The primary facet can be one of the
initial polyhedron, or one of its divided facets. In either case, the
same process 1s used to continue breakdown. The procedure generates a
series of partially or completely nested triangles, the numbering of
which provides both a geocode and a key for memory addressing, as well
as the vertex coordinates of each triangle in turn.

To characterize the recursive strategy of approximating locations
via successive triangulations, the term trilocation has been coined.
Use of this neclogism will 3implify subsequent discussions, as should
its gyntactic variations, such as trilocate, trilocated and trilocal.
Computations for trilocating can be very simple, due to the regularity
of the geodesic structure. Algorithmically, tc trilocate point [pqi,
given that it is bounded by vertices [pi,p2,p3], perform:
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GEODESIC SPATIAL SEARCH:
The TRILOCATION Procedure

G

FIGURE 2a

The small cross marks a location to be found:
Six Trilocations are shown, converging
to within 4% of initio! edge length.
The “best” estimate at each stage is
the center of the current triangle.

FIGURE 2b




PROCEDURE TRILOC (Real: pq,pt,p2,p3,Dlnew,p2new,pinew,center,epailon)

;Converges a triangle arcund a point to a new one one-~third as big;
;Vertices are paira of planar or spherical coordinates.
BEGIN:
Determine squared distance from [p1} to [p2}
If lesa than [epsilon] squared then return; we’re close enough
Determine squared distances from [pql te {p1], [p2] and [p3]
Sort them, ordering points as [pnear], {pmid] and [pfar}
Compute vertices of convergent triangle containing [pql:
(pinew] ::= [p? + p2 + p3] / 3; centroid of current triad
{p2new] [pnear]; cloaest old vertex
[p3new] [pnear]+[pmidJ-[pinew]; centroid of nearest neighbor
{center] ::= iplnew + p2new + p3new] / 3; best estimate of all
END.

e

Each time TRILOC is called, the edge length of resultant triangles grows
smaller by the square root of three. This creates an alternating
sequence of triangles, in which every level is fully contalned within
the level two steps above it, and has nine times as many triangles, each
Wwith one-third the edge length. This pattern of breakdown is shown in
figure tib, with odd-numbered breakdowns drawn with bold lines. The
trilocation procedure ia diagrammed in figure 2, showing the
approximation of a locatlon in six stepa. Note that while each
trilocation generates bounding vertices, it is the center of that
triangle which marks where vertical information is ehcoded at that
level.

Vertical Encoding

Considered three-dimensionally, the two alternating triacon grids
can be regarded as constituting a palr of concentric polyhedra. The odd
levels, those of the initial octahedron and its subdivisions, generate
an object which shrinks slightly with each subdivision. Those of the
other form start as the dual of the octahedron, a cube. As this network
ia subdivided the volume it contains grows larger. If the radius of the
octahedron is initially set to be somewhat larger than the earth
{actually, 7.75 percent larger}, the radius of the cube (where the
radius is the distance from its center to any vertex) will be smaller
than Earth’s by the same percent, In the procesas of subdividing, the
vertices of both figures tend to converge to Earth radius, eventually
approximating spheres which are almost coincidental ¥

What DEPTH encoding does is to add information to each vertex in
each level of both hierarchies which causes this procesa of convergence
to depart from sphericity. Flagging on a DEPTH code for a vertex can
cause it to locally "dimple™ or "pimple™, Because two networks are
involved, only one kind of wrinkling occurs at each. That is, the

#The duality of the cube and octahedran is central to Fuller’'s
geometrics. One of his most interesting discoveries is a construction
known as the "jitterbug", which demonstrates the instability of the
cube-oct form, which Fuller terms "vector equilibrium”. The jitterbug
swings ambivalently from from an octahedral atate through a
cube-octahedron stage before collapsing again into a re-aligned
octahedron, pumping in and out in alternating cycles. GEM’s geometry
comes quite close to belng a high-frequency Jjitterbug.
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initial {octahedral) network, being larger in radius than the Earth,
will contain the pimples (peaks and ridges), while the cube-based
network, smaller than the Earth initially, will encode the dimples {pits
and coursesa). BEach vertex is assigned a single bit of storage, and will
wrinkle if that bit is set, but will maintain a smooth curvature if its
bit is not set. The direction of the wrinkling is fixed for each
network (which is why only one bit is needed to encode it), The
magnitude of the wrinkling is constant for all vertices at a given
level, and diminishes geometrically {by root three) as triangles grow
smaller, the dual networks converging.

DEPTH represents (discrete} changes in elevation rather than
{continuous) heights. It works by comparing the value of an elevation
to be encoded with the prior estimate for it (which can be arbitrary
initially); if the difference between the actual and the estimated
heights is greater than the tolerance in effect for that level, a flag
is set to indicate that the eatimate is to be raised or lowered by the
current step size (which will be related to the tolerance). Moving down
the hierarchy, step size gets smaller, halting the encoding when the
displacement becomes less than seme stated vertical error tolerance;
this reflects either how precise the socurce data is presumed to be or
how accurately one wishes to encode it.

Formally, this constitutes a polynomial series (Dutton, 1983,
eq. 5} for each vertex, generating a weight for each term as a dummy
variable. The weights are then multiplied by the step size for their
level. Terms with weights of unity are added (if even) or subtracted
(if odd}; if a weight is zero, its term is ignored and displacement is
toward sphericity. GEM’s data structure is simply a way of ordering
these two series of weights; bit after bit.

Elevation flags can be grouped into files containing fields for a
specified number of levels. It is probably advantageous {and certainly
aimpler} to make the hierarchical depth (hence size and layout) of each
file identical. Within a file, vertices can be clustered by level and
arrayed contiguously, ordered by vertex number, This number, in essence
a mathematical geocode, is assigned by counting vertices in a uniform
way at each level. When finding the central point of a facet via
trilocation, its location code can alsoc be computed, then converted into
a (byte) memory address for the linear tree. To be most useful, the
vertex numbering gcheme should generate unique geocodes directly from
latitude, longitude and level. The numbering problem has not been fully
solved for GEM, and suggestions in this regard are welcomed.

Quality Control

At one time every introductory lecture on data proceasing seemed
obliged to note the acronym GIG0: Garbage In, Garbage Out, Thisz rubric
is usually a preface to the aassertion that computers are mechanical,
obedient and stupid, their software incapable of evaluating the
integrity of information belng manipulated. For most applications
programs and database systems, this still is more or less the case.
While each variable and parameter may have a defined set or range of
valid values, incorrect ones can still penetrate such coarse filters,
biasing tabulations and statistics, polluting databases.

As sets of measurements go, spatial data are distinectly
corruptible. Map data has at least three dimensions (spatial location
and value), each of which is subject to several sorts of error at
variocus stages of compilation. The passage of time tends to blur the
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3ignificance of most measurements, especially those that are
catalogued without citation of sources and estimates of accuracy.
Moreover, it is often more trouble than it is worth to attempt to
overlay or merge map files compiled at different times, scales and in
different formats, seriously hampering their utility for analysis and
planning applications.

Validation. Despite having a zimple structure and lacking redundancy, a
GEM database has considerable capacity to detect and reject suapicious
data, provided that it is initialized with accurate measurements which
are fairly widely distributed, rather than belng e¢lustered in a few
locations. Furthermore, all cocordinates input must be explicitly tagged
With estimates of horizontal and vertical accuracy to be acceptable.
These error term3s then determine the lowest level in the structure to
which encoding can proceed. At some stage, vertical error will exceed
the magnitude of vertical displacement, making it no longer possible to
confidently assign a DEPTH code. Similarly, once horizontal error
exceeds about one-half the distance between neighboring vertices, it is
no longer possible to locate an observation in a particular facet. This
means that less certain measurements are limited to the higher reaches
of the hierarchy, while more precise ones dive deeper into it.

Tuning. Once installed in the tree, a spot measurement Ffixes the
heights of all the vertices it has visited during 1ts trilocation.
Should another measurement subsequently be inserted which follows the
game path {(for any number of levels), because it is located near the
firat one, it muat generate DEPTH codes which agree with those already
in place. If, during this process, a DEPTH code is generated which
conflicts with one already stored for a facet, the accuracy of one or
both measurements is called intc gquestion. A general rule for resolving
such contentions can be that the measurement having the smaller error
terms (hence a greater depth of encoding} wina. Normally, one tries to
ingsert the moat reliable data into a GEM database first, so that they
can referee subsequent measurements in their neighborhoods. For
example, one could pin down the structure by first encoding known survey
monuments, mountain peaks and coastlines (where tidal inundation is not
extreme) before entering less verifiable elevations. If, however, a
subsequent measurement has greater precision than one already encoded,
it should logieally supersede it. This can be done, but may require a
number of values infericr to the conflicting vertex to be modified in
the proceas.

Ad justment. To verify whether a candidate elevation is more precise
than any measurement already stored within a facet where conflict
oceurs, one searches for set elevation flags inferior to the facet. If
none are found, the value can be entered without altering any other
data. Otherwise, flags will have to be re-set to maintain the heights
currently encoded for them. A refinement is to adjust elevation codes
outward from the node just encoded, interpolating values for neighbors
at levels between their current depth and that of the new measurement.

Interpolation. The final triangulation estimates elevations at the
places where the laat two levels croas (at the middle of their edges}.
It is only at these locations that the two hierarchies meet. ALl other
vertices are either 1in one network or another. The height computed will
be the average of the four vertices which define the intersection. The
result generates a network of right triangles defining the surface of
the planet. Two such trimngles are generated for each one in the lowest
level encoded, doubling aspatial resoluticn.
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FACETS

Like any array storage structure, GEM provides a place for
everything, with everything in its {approximate) place. As GEM storage
is hierarchical, the size of the place a thing occupies can vary with
its depth. Space must be pre-allocated, both in memory and in files,
for all vertices throughout a breakdown, for as many levels as one
intends to encode. While only one bit per vertex ias needed, the number
of them grows geometrically. Specifically, in a hierarchy of N levels
of triangles, there will be 3%®(N-1) ultimate vertices {leaves in the
tree), and {3%*®8N)/2 vertices overall, requiring (3##N)/16 bytes to fully
represent the structure. To give examples, 3ix levels will require just
46 bytes of data space, but 12 levels demand 33,216 bytes, and to hold
18 levels 24,213,781 bytes must be committed.

Reserving storage is cheap to begin with, but clearly grows
prohibitively expensive beyond 12 levels or so, One thus must accept a
tradeoff between a unified, inflated structure and a limited, manageable
one. At the expense of slightly greater algorithmic complexity and
processing time, the geodesic hierarchy can be segmented into two or
more orders, avoiding the inefficiency of storing unencoded areas. This
means that each initlal facet i3 rooted in a firat-order file which
contains L levels of detail. Another L levels of further detail are
then available from a group of second-order files: as many of these may
exist as there are leaves in the first order tree, although none need be
created unless elevations are encoded for the facets they contain. When
encoding or searching beyond the first order, the appropriate
second-order file is created or read into memory, doubling the amount of
data held there.

The type, size and format chosen for GEM flles depend on many
factors, few of which are intrinsic to the model itself., Fast direct
access is deslrable, but properly buffered, sequential files can be
highly efficient. For simplicity of access and update, fixed block
random files may work best. As already mentioned, file size can inflate
enormously if one attempts to encode many levels of the tree at once,
In order to tune GFM to virtual memory environments, data should be
blocked into page-sized recorda, such as 256, 512 or 1024 bytes. Given
a 512-byte page size, it should be possible to store eight levels of
triangles (more than 6500 faces) within it, accessing them in a single
read instruction. This tessellates the Earth into facets roughly 3,500
square miles in area, deflned by vertices spaced about 100 miles apart.
Eight such pages, 4096 bytes in all, would thus represent the earth’s
shape as a first approximation.*‘

To then extend the hierarchy another eight levels, each of the
52,488 facets of the first order (8 sets of 6561 facets} would generate
6561 facets of its own, requlring storage of one page of data apiece.
This amounts to nearly 350 million facets for the whole planet, and uses
alightly lesa than 27 mlllion bytes to store their DEPTH codes. Each
16th-order facet intersects wlth a iSth-order one in the final

’*These first elght levela of detall do not contaln much information
about the relief of the Earth, but do reflaeact 1ts shape. TIf not
encoded, this hierarchy assumes apherieal proportions. If encoded with
geodetic data, however, the 52,488 facets can model the geoidal shape
quite adequately. Construction of such a mode)l geoid alone might make
the investment in developing GEM worthwhile.
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interpolation, yielding about 690 million ultimate triangles,
Typically, they cover about 0.075 square miles in area, and have
vertices gpaced about 0.3 miles apart.

Programmability. Despite that (or because) organizing and manipulating
GEM data involve such primitive operaticns, not every programming
language makes them easy. As data are arrayed by bits and addressed by
bytes, using languages such as FORTRAN, BASIC and even PASCAL invites
hacking byzantine, inefficient code. More polymorphous ones, ineluding
C, FORTH, LISP and of course Assembly Cede, support GEM cperations much
more efficiently. In the current research effort a hybrid approach is
being attempted, using C to code primitive operations and FORTRAN for
higher-level procedures. In our environment (Vax 1%1/780, ¥M3S), this is
accomplished easily, without recourse to Macro coding.

FORWARD

Viewed from space, the Earth assumes the form of a beautiful,
varigated bubble. In our efforts to measure and model its topography,
we forget that as rugged as landforms may appear to us here, they are
merely its texture., Were we able to compress it to be one meter across,
the Earth would feel as smooth as the proverbial Billiard Ball: Mcunt
Everest would protrude just half a mlllimeter above the spheroid. GEM
offers a way to model the form of our planet or others, gracefully and
economically, and as completely as one is prepared to measure and encode
its surface.

In the course of several years, GEM has evolved® from a
space-saving scheme to encode gridded surfaces as quadtreea (its DEPTH
component} into a fractal formulation of global geomorphology.
Throughout the process, useful properties geontinued to emerge while the
model 's size shrank and its simplicity grew. Work remains to be done,
especially in regard to the applications (archival, analytie, graphic}
that GEM might effectuate or enhance. As well as circumstances have
allowed, the origins, procedures and properties of the model have been
discussed, Although certain suggestions were made, no particular
organization for data was prescribed, This is due both to unanswered
questions about the model and to the inevitable tradeoffs involving
memory capacity, file access and other properties of particular systems.

¥4 number of individuals have contributed to this process. Without
question, much of its energy devolves from Buckminster Fuller”s work,
amplified by ilnnumerable other ideas. Among those are Benoit
Mandelbrot s elegant expression of elemental eclecticism, les formes
fractals, ce n’est pas; while barely hinted at here, this perspective
provides important griteria for understanding what the model can
contain. Closer to home, Denis White has patiently volleyed ideas off
walls where I lobbed them. Dennis Dreher’s geometric competence has
helped to keep the scheme rooted in physical reality, in the process of
constructing a scale model of the data structure. Kelly Chan is
gratefully acknowledged for his musings, essays and especially, code.
To Dan Schodek, Faculty Director of the Lab for Computer Graphics, go my
appreciation for his tolerance and support of visicnary puttering. The
author, notwithstanding, assumes full responsibility for GEM; in all its
polymorphic perversity.
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While any given implementation of GEM i3 1likely to be concerned
with lecal terrain data, any of these archives can be merged into larger
databases. Their union can be made to contain the most accurate
versions of any regions which happen to be duplicated., It is therefore
not unrealistic to envision a network of GEM archives, each with
detalled data concerning certain loecalities, functicning as a coherent,
reliable but decentralized database.

Claiming that a data model as minimal as GEM can catalog and verify
vast numbers of measurements more or leas automatically is likely to
raise some eyebrows. It is hoped that this presentation has
communicated how such properties derive by construction and inference
from the polyhedral and polynomial structures serving as the basis for
GEM. All persons wishing to comment, contest or collaborate, pleasze
contact the author. Together, we may be able to express ideas and
information as images of our planet, illuminating its form, features and
faceta, in all their fullness.

FIGURE 3

Schematic of the initial GEM "trioctacon®™ lattice: Octahedral vertices
are marked with triangles, cubic nnes with squares. Intersectionz of
the networks are marked with diamonds. This is an "inverted®
perspective, drawn as if viewed from a nearby vanishing point. Note the
diamond-shaped facets which connect cuble and octa vertices. These are
the faces of a Rhombic Dodecahedron, a form which contalns both initial
polyhedra.
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ABSTRACT

The Structured Expert System, SES, 1s built around the HBDS kermel. The
HBD5_(§ypergrapﬁ?§gsedm2ata §;ructure) is a knowledge structure which

is able to represent any phencmenon of the real world, whatever the
complexity may be, both graphically for the user and physically inside
the computer. It ensures its own storage and retrieval in a sophisticat-
ed data base which is cowpletely portable (among other properties). The
expert system thus develepped handles rules amd facts, which are immediat-
ely structured whenm captured. Owing to the HBDS capability of self-recon—
figuration, they can be reorganized at any time, according to some ind-
uctive and deductive mechanisms of the moteor, thus trying to represent
the cartographer's mind. Any research is considerably improved, because
it does not depend on the number of rules and facts stered in the system;
mereover, HBDS simultaneously supporting both expert system and a

very large data base