
FIG. 1. "Short" system designed by MATRA for photogrammetric automation.
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Automatic Photog ram metric
Cartography
Because of the arduous and painstaking nature of
cartographic drafting and the scarcity of those highly trained
artisans, together with improvements in applicable computer
hardware and software, the time has arrived for the
application of specially programmed digital drawing
machines.

(Abstract on next page)

DIGITAL DRAWINGS-WHY MAKE THEM? HowTo
MAKE THEM?

D IGITAL DRAWINGS AND MAPS are established
after determining the values of the coor

dinates of the points composing them. Their
origin can be traced to the very start of geo
graphic sciences because, except for the plots
made on the surveyor's table and by graphi
cal stereoplotting, all cartographic drawings
are composed of conventional representa
tions on points defined by coordinates.

From the beginning, large-scale maps of

surveyors are based on calculations in coor
dinates serving to define the perimeters and
the surface-areas, and then finally to plot the
graphical drawing that forms the definitive
document. Of course, these digital drawings
and maps comprise a non-negligible part of
graphical fllling in.

Recently, however, the number of graphi
cal plotting processes still employed fell off
sharply with the advent of new topometric
facilities and computers. In this connection
mention should be made of the general au-
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tomation prospects offered by instruments
for the electromagnetic recording of angles
and distances, such as the A. G. A. 700 and
the generalization of the presence of mini
computers.

In the photogrammetry itself, the digitiza
tion methods have been developed through
the hequent lise of detectors in the model
supplying, by digital-numerical transforma
tion, the coordinates measured in this model
space. This development, it should be noted,
has been caused by the development of
analog aerotriangulation and the require
ments ofcivil engineering. But we are still hu
removed, at this level, from what may be
called a digital draWing, in its present con
ception.

Today one may define a drawing or an in
tegral digital map "as a map which is solely
formed of alpha-numerical data, classed in
files, and of a nature to supply automatically
the partial or total expression of the space at
an arbitrarily fixed scale".

trolling the drawing may be prepared with
conventional instructions linked to the
scale of this drawing, and this latter may be
made at the desired graphical dimension on
the drawing machine. What is important is
that the same address flIes of coordinates
and instructions may serve as a base for
drawings and maps on all scales and at all
instants, especially if the card Hies are kept
updated with the modifications embodied
in the meantime. This independence, ex
tremely valuable, is obviously only relative
because the numerical accuracy of the
coordinates and the superficial density of
the data, once the acquisition has been per
formed, are invariants of the system. There
is therefore an upper limit to the possible
graphical drawing scale.

• The drawings and maps are always in
tended to allow studies, or to make deci
sions in a certain well-defined political,
economic or technical field. This is why the
universal graphical maps are rarely used
straight off the board. The utilizer makes a
selective extract, prior to processing it; this
forms a thematic map, with unnecessary

ABSTHACT, Some general remarks on digital drawings and the devices
that have had to be created to produce a trullj complete automation of
pllOtogrammetric maps. Description ofdigital Sljstems ofcoded data
acquisitions; adaptations performed on various tljpes of optico
mechanical instruments; sljstems grouped together in complex ac
quisition sljstems. After three years operating several sljstems, the
findings are given on the extreme modularitlj of automatic photo
grammetrlj and some forecasts are made on the phases of its future
expansion.

This definition implies the need to know
the points of the tracing in orthogonal geo
graphic coordinates (X, Y, Z), and to associate
with each point two items of information: the
form code for the tracing of the lines, and the
function code, both for the conventional ex
pression required for the drawing and for the
classification of types of objects.

The advantages of such "integral" digital
drawings are considerable; to state these ad
vantages amounts to mentioning the very
economic requirements which have entailed
their creation. One should note that:

• The value of the stored data is integrally
preserved because its preservation does not
depend on a graphical transfer (which is
always imperfect) made on a support gen
erally unstable with respect to time.

• The technological developments in hard
ware and software allow a complete auto
mation, right up to the graphical expression,
if the data acquisition is digital.

• The relative independence vis-a-vis the
scale of the graphical expression which will
be most often used. The magnetic tape con-

and cluttering details removed. The great
utility of the complete digital drawing re
sides therein; one may extract from it, when
needed and in accordance with the utilizers
requirements, the data selected by compu
ter and drawn automatically in thematic
form.

• Information contained in the large collec
tive card flies, such as that dealing with the
population, the economy, industry, fiscal
matters, must be located geographically.
Thus, in all countries of the world, a need
has existed for digitized location data proc
essing which only digitized drawings can
satisfy.

• Finally, the topographic and cartographic
drawing is an arduous and costly work ofan
arti stic nature, performed by specialists
whose number and qualifications are tend
ing to fall off. The time has therefore come
for this work to be taken over by specially
programmed drawing machines. This can
only be done through the digital drawing.

~IETHODOF ESTABLISHING DIGITAL ~lAPS

Maps are made by land surveys and result
from the topometry, or else by aerial photog-
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raphy. One should distinguish first of all the
maps and drawings plotted directly in the
digital mode, and recorded as such with their
codifIcations, allowing the subsequent clas
sification in a card file, and the selection in a
computer prior to their drawing.

Next may be distinguished those maps al
ready drawn conventionally in the graph ical
mode; the graphical plotting of the cOOl·di
nates ofthe points and of the required codifi
cation is done later. This is done, of course,
with digitizing tables in X and Y, equipped
with their peripheral units. Such a practice
invevitably entails a loss of data because a
previous passage by graphical channel, has
taken place.

Prior to the advent ofdigital systems (ea rly
1971), the possibi Ii ties of digital photogram
metric plottings were offered by the follow
ing hlcilities:

a) analytical plotters (APC), perfectly
suitable, through their principles, for dealing
with the trend to integral digital methods. For
various reasons, they have not been instrumen
tal in achieving an integral automation, truly
operational and industrially productive.
b) recording systems developed in numerous
photogrammetry optical-mechanical instru
ments, currently available. The system is slow,
firstly because it is necessary to perform manu
ally the marking of the points taken on a as
sociated document, i.e., a photograph. Next,
and above all, as the system only supplies the
coordinates in the machine space, and because
one must then transform them oH~line into
geographical coordinates by transfer with a
computer unit separate from the restitution
workshop. The result is a break in the produc
tion continuity, entailing technological difficul
ties, and responsible for low productivity.

The general and widespread use of digital
photogrammetry, and its orientation towards
automatic photogrammetry have therefore
led to a complete re-evaluation of the system.

DIGITAL SYSTEMS IN SERVICE

One system, called shortsystem, has been
designed by Matra for photogrammetric au
tomation (Figure 1). The program proposed
within the concept of the digital system of
photogrammetric acquisition comprises fIve
main phases:

• Performs of the measurements at a high
rate, simultaneously with the encoding of
the data for their subsequent classing, in
cluding the indications for the preparation
of the maps, such as the toponymy.

• Transforms the machine coordinates into
orthogonal geographical coordinates and
their recording with the encoding on a fast

memory, by on-Ii ne association with a sys
tem and a mini-computer.

• Ensures the material nature of the points
recorded in the memory, thanks to an in
stantaneous transfer under the eye of the
plotter. The points extracted are marked for
example, on a pre-established 01'

thophotomap, which system is called
orthoguidance.

• Performs checks on-line through looping
on the different actions of the plotter, by
signaling by optical, graphical or sound
methods.

• Creates finally ofa primary magnetic
tape which is compatible with the sub
sequent processings, called downstream,
of the map automation operation. This
downstream processing system may be
either a computer and large automatic
drawing center (e.g., of a public commun
ity) or a system annex, but separate from the
upstream system mentioned, and working
ofl~line with it. The role ofthis downstream
system is to classify the information follow
ing the subsequent utilization (geographic
classing or classing by subject), to create
drawing instruction tapes and to produce
the automatic drawing. This downstream
loop will not be analyzed in greater detail,
it is not especially photogrammetric, but
applies to all automatic cartography.

A block diagram showing the main general
organizational functions of the short digital
system is shown in Figure 2.

It is certainly true that other configurations
may be conceived. They may be simpler; at
the limit, these configurations amount to
optica-mechanical instruments equipped
with a recording of machine coordinates on
punched tape, of low efficiency, and which
have been mentioned above. Other struc
tures may also be more elaborate culminating
in self-correcting systems complete with
typewriter, forming autonomous data acquis
ition and processing systems, a description of
which is given next.

It should be emphasized that this type of
simple or short system, described before is
designed to feed a center of data and drawing
banks; from this very fact its use is limited to
the acquisition and the pre-processing of
data. The production of several similar sys
tems is coordinated with that of a single data
bank center, which assures the processing
and the drawing. But, in other instances, it is
perfectly in order if, from a study of the cost
production parameter, preference is given to
complete self-correcting systems, called long
systems.

No rules are laid down as to the type of
stereoplotting instrument, in any of the con
figurations described. The first four systems
created have been adapted to "MATRA type
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Flc. 2. General functional block diagram-sample of a "short" system.
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FIC. 3. Block diagram ofthe functions ofthe digital acquisition loop-sample of
a "short" system.
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FIG. 4. Block diagram of the "short" system configuration of digital acquisi
tion (made by MATRA-SFOM).

920" projection stereopolotters. But others
have been made from Wild, Zeiss and Kern
optical-mechanical instruments.

A good method ofchoosing the type ofplot
ting instrument is to highlight the respective
merits and drawbacks of each one.

The projection plotter (Figure 5), specially
fitted out, has the following good features: (a)
it only requires one operator, (b) it takes ad
vantage of the instrument's luminous table to

FIG. 5. A projection-type plotting instrument.

organize, on the orthophotomap or the draw
ing, the acquisition program, the placing of
the drawing in sheets, the toponymy, etc.,
and to follow directly on this table the check
ing ofthe recorded points, by ortho-guidance
(or plano-guidance), (c) it completes the
measurements of the model by recordings, if
necessary in the XY plane (with an adapted
magnifying glass), to introduce numerically
in the recording, after affine conversion, if
necessary, and (d) it uses occasionally the
system for the X, Y recording of existing
drawings. However, it has drawbacks: (a)
lack ofcomfort for the operator, (b)limitations
of model enlargement, and (c) an accuracy a
little poorer than that of optical-mechanical
instruments. '

The advantages of the optical-mechanical
plotter (Figures 6 and 7) are: (a) higher accu
racy (all this greater precision may be used
without any failure by the digital system); (b)
offers good comfort, (c) use widespread in
numerous countries, which leads it quite
naturally to be considered as forming a com
plement to digital systems. Drawbacks of the
optical-mechanical plotter are: (a) the dis
tance at which the operator is located from
the ortho-or plano-guidance table (but this
defect may be remedied, luckily, by the addi
tion of a television system, detecting the
image at tracer level and reproducing it on a
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FIG. 6. An optical mechanical plotter.

FIG. 7. Additional optical mechanical plotters.

screen in front of the operator), (b) higher
cost, entailing higher capital investment.
This shows that the type of plotting instru
ment is independent of the digital system
used (and vice versa?).

Let us consider some of the details of the
modifications made (for the first four units) in
short digital systems on projection plotters.

On the instrument, a precision ~oord
inatograph has been adapted to the table. It
comprises a rotary pulse detector for each of
the X and Y movements. The carriage of the
mobile arm (rail of the X coordinate) is
equipped with: a mobile screen in Z with
pulse detector, provided with a stereoscopic
pointer index; a pricker-pencil moved by the
coordinate recording contractor, the action of
which may be engaged in a variety ofways; a
control by electric motor ofthe screen's verti
cal displacement; the usual accessories for
these instruments, such as the stereoimage

alternator; a retractable magnifying glass al
lowing X, Y acquisitions to be made in the
plane of the table; and the X, Y, Z recording
push-button.

The teletype (Figure 8) comprises a tape
punch; it enables one to dialog with the com
puter to which it is directly connected.

The interface, with X, Y, Z luminous dis
play (with pre-selection knob), allows above
all the encoding of the pulses emitted by the
detectors of each of the coordinates, and the
assimilation by the computer of coordinate
conversions. It carries: a scale changer, for
reading of Z with pre-selection; and an au
tomatic trigger on time constant, another
trigger on distance constants, and a third on
distance constant of X and Y.

The computer (Figure 9) has a capacity of
4K or (better stilI) of8K words. Its programs,
introduced rapidly by magnetic tape, are evi
dently specific for the type of work foreseen.
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FIG. 8. A teletype station. See also Figure 10.

FIG. 9. Tape drives and computer.

The role assigned to it: allow the rapid scal
ing of the photogrammetric model with cal
culation and storage of the coordinate con
version parameters (which may be conform
or affine); convert the model coordinates into
geographic coordinates; assure the largest
possible number of recording checks-order
in which the instructions are introduced (the
filing of data by map edition sheet differs, in
actual fact, from the filing of data extracted
pair by pair); check of the omissions in the
drawing of filing instructions; check of obvi
ous incompatibilities, etc...These checks
are interspersed with response instructions
given to the teletype of the operator. This
set-up relieves the data bank computation
center and above all renders this band au
tonomous of the "data acquisition systems".

Already, a large number of programs have
been compiled, e.g., for stereophotogram
metric plotti ng ofurban maps, for tracing con
tours, for topographic surveys of urban vol
umes on a very large scale, and the restitution
oftheir perspectives ofthe most varied tapes,
and for the integration ofold maps in a photo
grammetric out-line, etc.

Ofcourse, each specific regulation ofa type
of survey leads to modifications of acquisi
tion and computer programs. This gives a
good idea of the extreme flexibility and the
modularity of the system.

The low cost of the system is assured by its
high productivity rating. The number of
points carefully processed in an hour on the
short digital system, described above, varies
from 280 to 400, depending on the geo
graphic difficulties and the operators. Thus,
the cost of a point is less than a quarter of the
cost resulting from the best recording de
vices most frequently used. But in addition to
this interesting feature, there is the economy
brought about by the simultaneous creation
of data card files, or banks, sorted by the
computer of the downstream operating
center, and also that of the automatic drawing
which concludes the operations.

DIGITAL DATA ACQUISITION SYSTEMS OF THE

AUTONOMOUS

LONG SELF-CORRECTING TYPE

In a general manner, the acquisition sys
tems such as those ofthe short system already
described, as well as those of self-correcting
systems of which mention will be made
further on, have an autonomous structure
which is of general application.

This signifies, in particular, that their con
figuration may be transposed in all the sys
tems ofautomatic cartography. This is true for
example for systems based on the utilization
of data derived directly from topometric sur
veys on the ground. This applies also to ac
quisitions on the X, Y digitizing table of ele
ments of a map already drawn.

This must be SO, in actual fact, to allow the
adaptation to all the cases of cartographic
work organization. One may, for example,
mention a controversial question, i.e., is it, or
is it not, preferable to perform either (a) a
direct digital acquisition in the photogram
metric model, completed or updated by a sys
tem of terminal able to dialog with the com
puter, or (b) a conventional graphical restitu
tion completed by data gathered on the
ground, and then digitized on the X, Y table.

The answer depends both on the tradi
tional habits of the organization performing
the work, and on the development and the
utilization facility of the dialoging terminals,
for the corrections and updatings. This last
point is finally linked to the performance of
programs of organizing cartographic files.
Present trends seem to indicate that the first
solution will be the course followed in the
future. Now, the long self-correcting system
meets precisely this conversational require-
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FIG. 11. Block diagram of a system with a single on-line drafting machine for
"intermediate" and "final" drawing.

ment of checking, correction and updating.
The self-correcting system, designed by

the same specialist of systems as the "short
digital systems" is intended to render the
acquisition system independent of the sub
sequent data processing system. It assures
that the primary magnetic tape shows neither
errors nor omissions, thanks to a graphical
output. It should also be stated that the effi
ciency with which this action is performed
may be made high enough for this output to
create the final drawing. The role of the

downstream processing center, thus freed is
in this instance only to perform the classifica
tions in selective card files intended to meet
the general and subsequent requirements. In
addition, this system assures the uniqueness
ofstored coordinate values for the same point
belonging to several different and associated
classifications. A block diagram of the
self-correcting system is indicated in Figure
10.

This system is therefore more complex
than the short digital system because one
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must add, firstly, a drawing table and its as
sociated program and, secondly, a desk unit
to perform the corrections and updatings. It is
also equipped with a proximity search soft
ware to reveal the identical points and to cal
culate mean values.

OPTICAL MECHA:\ICAL PLOTTERS

One coherent data acquisition and automat
ic drawing system groups three assemblies
of digital systems associated with optical
mechanical stereoplotters. This forms a sig
niflcant example of the modularity of these
systems allowing them to be adapted to the
specific requirements of a particular organi
zation. It consists of a MATRA system placed
in service in a large national geographic
center.

This ensemble comprises a groupe ofthree
acquisition stations, on Zeiss and Kern in
struments (Figures 11 and 12), processed in
time-sharing by a Nova computer of32 K cen
tral memory, coupled to a disk store of
1,200,000 words of memory, a teletype sys
tem and two IBM compatible magnetic tape
drives.

Each of the three data acquisition stations
comprises three optical encoders sensitive to
1/100th mm, a MATRA interface comprising
the display of the X, Y coordinates a multipli
cation factor of the Z recordi ngs, and a variety

of devices for the recording of the points, the
automatic incrementation of a point number
and flnally a hard copy output teletype, to
dialog with the computer. This system has
the following lcorking program: acquisition
chain control; access blocking to give priority
to teletype system; acquisition checking;
image point setting and various correspond
ing checks; calculation of the geographic
coordinates and various checks.

The principle of operation is as follows:
each station records its data in the location
assigned to it in the disk; after checking, the
transfer is performed without any preferen
tial order of the disk on the tape; outside the
acquisition periods, the data are rewritten on
the second magnetic tape after sorting on a
disk (tape-to-tape work); this new tape is the
flnal tape arranged by map sections-it then
serves to establish the control tape of the
drawing instrument.

Checks and corrections have been care
fully studied. In spite of the large number of
checks performed by the acquisition pro
gram, the very exactness ofthe acquisition has
not yet been tested, as it should be before the
final drawing, while the photogrammetric
pair of images is still in position. These
checks may be executed on a display con
sole, but it has been thought preferable to use
a small drawing table to perform these
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FIG. 12. An alternate version of Figure 11 consists of placing the drawing table in an area
different from that of the data-acquisition plotters.
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intermediate drawings (every 500 points, for
example). The acquisition errors discovered
may next be directly corrected on a disk. Of
course, the final high-class drawing, section
by section, is established in its integrity off
line. This arrangement is -shown in the dia
gram shown in Figure II.

Another version consists in only using a
single on-line drawing table (linked to the 32
K computer, completed with the multiplexer
of an 8 K computer with teletype) which per
forms its work without interfering with data
acquisition. The final drawing is then drafted
outside the acquisition area with the same
equipment and the 32K computer. The block
diagram of this set-up is given in Figure 12.

FUTURE OF COMPUTER-PROCESSED NUMERICAL

PHOTOGRAMMETRY

What developments may one expect, in the
short term? In the first place, it is expected
that existing stereoplotters, projection or
optical-mechanical, will be equipped with
digital acquisition systems. Grouping plot
ters in series, working in time-sharing, will
be greatly appreciated. This is, moreover, a
development which is already underway. It
is also well to stress that such systems are not,
as one might be led to believe, created by
associating hardware units but, on the con
trary, involve compatibility and software
problems which are both arduous and dif
ficult to resolve, even for engineers specializ
ing in the creation of such systems.

In the meantime, one may expect first ofall
that developments will take place in the
equipment of digital systems on existing

anlog instruments and probably, self
correcting and tracing autonomous systems.
Next in this perspective, one may expect that
the reliable analytical plotters will come into
service; in fact, this automation channel
should open up an industrial activity field for
these instruments. One must admit that such
an opening was not clearly evident at the
time ofthe advent ofthe first analytical units.

In the long term, it is not unreasonable to
believe in an extension of complete digital
systems, but supported by data deriving from
reliable analytical plotters and often grouped
in series.

In conclusion, it is quite evident that an
increase in cartography productivity will be
achieved through automation. Inasmuch as
the greater part ofthe production ofdrawings
and maps is photogrammetric, it follows that
automatic photogrammetric cartography is
henceforth a fundamental method.

It is perhaps worthwhile considering what
concerns men as such. Emphasis must be laid
on the development of the technological
qualifications of the technicians responsible
for the systems and the plotters; this factor,
i.e., better skills, is fundamental-it con
cerns elementary statistics, programming
and electronics.

It is true that all countries now possess
certain details, drawn from experience, in
these fields to which those interested may
refer if they so wish. This point should be
well-known, and stressed, to allow conven
tional photogrammetry to be placed in its cor
rect historical setting, and a new chapter
opened, more flexible, more adaptable, be
cause it is more modular.

Errata

Several printing errors were included in
the article, "A Theorem in Least Squares," by
H. S. Williams in the November 1972 issue of
Photogrammetric Engineering. In Equation
8 on page 1128, the fourth term should be

Ai' Wi f 1

and in the last equation on the same page, the
first term should be

W2A2 Ql -1.

The second term of the equation at the top of
page 1129, a subscriptl was omitted from the
last element:

Q-1A 2' W2 A 2Q1 -1.

The last term on the second line beneath
Equation 13 should be an X instead of Q:

A 2 Q-1 (Q - QJ /U"' * .

In the second term of the second equation
beneath Equation 15, the asterisk after D
should be deleted:

Q-1 A 21(A 2 M' + f,J .

In the third line from the bottom of the same
page, a plus sign should appear instead of a
minus:

(A' M* + f) .
and the last term of Equation 17 should be

-/U"*'Q1 ./U"* .
On page 1130, the last term before Equation
19 should be

+ X' *, Q1 . /U"'* .
The Editor regrets these mistakes.


