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Zeiss Stereotop Modified into an 
Analytical Stereoplotter 

The instrument system is highly versatile and accurate. 

INTRODUC'TION 

T HE METHODS of mapping urban, agricultural, 
and forest territories, ancl of estimating areas 

and the economic value of these resources for 
their management are gradually tending to be  au- 
tomated. Because of the rising cost involved in 
manual techniques to transfer and draw details, to 
estimate areas, and to add Inore information re- 
quired to manage territories, it has become im- 
portant to develop systems which are more profit- 
able than the ones we had in the past. 

Several approaches have been considered. The  
very sophisticated ones supposedly require preci- 
sion equipment but, because of their high prices, 

five years, this was modified and some accessories 
were added in order to automate data acquisition, 
their mapping, the compilation of areas, and the 
content of studied resources. The system is pre- 
sented schematically in Figure 1. Some relevant 
details follow: 

I M A G E  OBSERVATION 

The  binoculars and parallax bar of the Zeiss 
Stereotop have been  replaced by the  Zoom 
Stereoscope 240 of Bausch and Lomb (Figure 2). 
This provides a continuously changing magnifi- 
cation of 3 x  to 1 3 ~ .  Also, floating marks were 
inserted in the binoculars of the stereoscope. 
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only government organizations or private consor- 
tiums can afford them. Other equipment-less 
complicated, less espensive, and more accessible 
to individuals-is also on the  market. In  this 
paper, we describe one of these simple instru- 
ments, the Zeiss Stereotop, locally modified into 
an analytical stereoplotter connected to a small 
computer with a printer and a plotter. Esperi- 
mental data which indicate the accuracy obtain- 
able from this instrument are also presented. 

IMAGES HOLDER 

After taking off the Rectipi~ters (the mechanism 
used to roughly rectify the stereo model), a light 
table (30 by 30 cm) was fised to each image-holder 
with a new light source in order to enhance the 
capacity for using both transparent and opaque 
images (Figure 2). 

The Stereotop is fixed to a Wild tri-axes locator 
in which increment encoders measure the values 

The  Laval University Department of Photo- of x and y coordinates. In order to facilitate the 
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fied as a third-order instrument. During the last own rotation movement in "kappa." Finally, the 
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Stereotop 

Data Register u 
FIG. 1. Diagram of instrumentation. 

right image holder has r and LJ movements con- 
nected to encoders in order to measure the x- and 
y-parallaxes (Pr and PLJ). 

(:OORDINAJ.ES REGISTER 

All electric pulses issuing from the encoders are 
sent to a register able to transform them into nu- 
merical values of x, y, P x ,  and Py for each point 
(F igure  3).  T h e s e  values can be read cont in-  
uously or intermittently by activating a foot-switch 
pedal. 

This small computer has an internal melnory of 
128K bytes (Figure 4). In addition to storing or re- 
ceiving instructions or data on tape incorporated 
in the  computer,  there  are three floppy disks 
(one  master and two slaves) which provide a 
memory of more than 1.5 million words. 

With the help of suitable programs written in 
"Basic" language, raw data are corrected for errors 
coming from the tri-axes locator movements and 
are analytically rectified for interior, relative, and 
absolute orientation of one or  more models at a 
time. 

FIG. 2. Stereoscope, image holders, and encoders. 

FIG. 3. Coordinates register. 

Other programs serve to identify resources and 
to estimate their area and economic value. Finally, 
ground data banks stored on disks are added to the 
compilations in order to complete the description 
of studied resources. 

HP OR31 P R I N T E R  

The  results of computations are  printed by a 
printer  able to handle  160 characters per  l ine 
(Figure 4). Text, tables, and graphs showing histo- 
grams and curves represent the various ways in 
which data may be described or illustrated. 

GRAPHIC DISPLAY A N D  GRAPHIC T A B L E T  

Before dumping a batch of data defining the co- 
ordinates of boundaries of features, those data are 
shown on a graphic display. The cartographic pre- 
sentation is checked in order to detect possible 
mistakes in the continuity of lines and in symbols. 
If mistakes are detected, corrections are made 
with the  graphic tablet containing the menu 
document on its platen. 

PLOTTER 

Finally, the outlines of photographic points of 
resources whose coordinates have been rectified 

/ i 
- / 

FIG. 4. Compr~ter, printer, floppy disks, and plotter. 
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Currently, we are using this instrument to sur- 
vey and map as follows: 

URBAN AREAS 

In addition to identifying and mapping hydro- 
graphic and land routes and other communications 
lines, each terrestrial unit  is demarcated and 
identified. The results are cornputed in relation to 
the data bank containing the cadastral number, the 
value of o\vnership. and other pertinent informa- 
tion. This allows bne to keep ;nformation up  to 
date, and the information serves for future man- 

/ 
. agement. 

FIG. 5 .  General view of instrumentation. 

and scaled, are plotted on a tracing table using 
point-by-point, half-continuous, and continuous 
modes. Moreover, the numbering and the identifi- 
cation with codes of each unit are shown on the 
map. Because the dimensions of the tracing table 
are 85 by 135 cm, it is possible to represent on the 
same sheet a rather large area. 

Because it is independent of the camera focal 
length and can correct different image distortions 
with the analytical approach, this instrument sys- 
tem (Figure 5 )  is capable of various applications. 

AGRICULTURAL AREAS 

One may identify and map the physical param- 
e ters  of t h e  environment  (topography, s lope  
classes, soil deposits, drainage classes, etc.) and 
the type and quality of crops. This information is 
used to classify areas according to their agricul- 
tural capability and to estimate the economic 
value of crops and their perturbations. 

FOREST AREAS 

In forest areas, this instrument permits one to 
carry out intensive and extensive surveys in order 
to de te~mine  forest stand distribution, area, yield, 
and the physical pal-ametel-s related to their devel- 
opment. 

TABLE 1. DIFFERENCES ( I N  METRES) I N  X,  Y, Z COORDINA.,I.ES OF 22 GROUND POINTS MEASURED ON A STEREOMODEL 
W I T H  A WILD A7, A WILD B8S, A N D  THE MODIFIED S.TEREO.~OI~ D Y  ANALYTICAL APPROACH 

Wild A7 Wild B8S Modified Stereotop 

Points AT AY LIZ Ax AY Az Ax AII AZ 
No. (metre) (metre) (metre) 

86 
94 
95 
97 

122 
254 
256 
257 
268 
269 
270 
275 
280 
284 
3 13 
314 
315 
316 
317 
318 
319 
320 

MEAN 
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Theoretically, the planimetric accuracy yielded 
by this stereo-plotter is limited to *0.001 mm. 
However, in practice, a planimetric plotting accu- 
racy of k0.01 mm has been achieved. 

The attainable accuracy was estimated by com- 
paring the results of 22 known points measured on 
a stereo model rectified analytically with five 
control points on a Wild A7, on a Wild B8S, and on 
this modified Stereotop. T h e  results shown in 
Table 1 indicate that the modified Stereotop could 
be classified as an instrument of 1.5 order. How- 
ever, this accurate instrument must be used with 
caution, because it is not as rugged as a Wild B8. 

The stereo model was comprised of a pair of 
aerial photographs taken over the Canadian Sud- 
bury Test Area. The technical details are as fol- 

Camera type : Wild RC5 
Nominal focal length of camera : 152.15 mm. 
Flying height : 900 m. 
Model scale at Wild A7 : 113000. 
Model scale at Wild B8S : 113000. 
Model scale at modified Stereotop : 116000. 

All points are signalized and their ground coor- 
dinates are known with a standard deviation of 1 
cm in X ,  Y ,  and Z. 

The total cost of this system (of which some 
pieces go back more than five years) came to 
90,000 Canadian dollars. If we take into cousid- 
eration the increase in costs and of labor to modify 
components, the actual value could reach 110,000 
Canadian dollars. 

This instrumentation permits one to carry out 
measurements with an accuracy sufficient for sur- 
veying natural resources. For example, we have 
made different forest surveys in which we have 
estimated the volume per hectare from photo- 
grammetric plots for each forest stand, compiled 
the areas, and plotted contours on maps. Also, we 
have identified with infrared color film different 
crops disturbed by an excess of water in the soil, 
shown their position on maps, and compiled their 
area. Finally, the occupation of each parcel of an 
urban area (residential, comnlercial, industrial, 
etc.) was identified on aerial photos, their areas 
and proportion were estimated, and all the fea- 
tures were plotted on maps. 

However, this instrumentation, although fur- 
nishing a sufficient accuracy for our purposes, is still 
rather delicate to operate. For that reason, we plan 
to modify the image movements (x, y, Px, and Py). 
The Wild tri-axes locator will be replaced by a 
double track with linear encoders and the right 
image holder will move also on a double track 
with linear encoders. \Ye hope that this modifica- 
tion will help the instrument to withstand the 
rigors of continuous and repetitive work. 

We wish to thank the National Research Council 
Canada for its financial support in developing this 
instrumentation, Dr. Sanjib Ghosh for reviewing 
this manuscript, and Mrs. Carole Hamel i l~  for 
typing it. 
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16-21 October 1983 

The theme of this Symposium is "Conlputer-Assisted Cartography: International Perspectives on 
Achievements and Challenges." Topics will include urban mapping; census mapping; topographic 
mapping; hydrographic cartography; resource analysis and mapping; land information systems; geo- 
graphic information systems; remote sensing; geostatistical processing, analysis, and display; com- 
puter-assisted design; standards and data transfer; bench-marking and evaluation; education and train- 
ing; documentation and preservation; developing nations and appropriate technology; raster scanning 
technology; innovative software; and videotex systems. 

For fi~rther information please contact 

Auto-Carto Six Secretariat 
Department of Geography 
Carleton University 
Ottawa, Ontario K1S 5B6, Canada 
Tele. (613) 231-2652 


