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Abstract 
1 : 70 000 scale photographs taken over Syria with a Russian AFA 

topographic camera equipped with a Russar 296 super-wide angle lens have 
been tested. The tests included (i) the measurement of a field of points using 
several diflerent instruments and a comparison of the photogrammetrically 
derived co-ordinates with the values derived by field survey: (ii) the 
production of plots at I : 25 000 scale for comparison with a check plot 
produced from large scale, wide angle photography: and (iii) production of 
orthophotographs, also at 1 : 25 000 scale. Difficulties were experienced 
with the asymmetrical lens distortion pattern and the variations in illumination 
and resolution present in the photography. The former were overcome by 
manufacture of asymmetrical lens distortion correction plates. When this 
was done, the accuracies attained were comparable to those achieved in 
previous tests using photographs taken at the same scale with the Wild RC 9 
camera equipped with the Super Aviogon I lens and measured on the same 
or similar types of measuring equipment. 

INTRODUCTION 
A well balanced assessment of the Russian contribution to photogrammetry is one 
which is almost impossible to make, for it is difficult to gain access to comprehensive 
and reliable information on the equipment, methods and materials used. This is 
especially the case when they have such a definite connexion with the amount and 
quality of topographic information produced from them, an area which the Soviet 
Bloc countries regard as highly confidential. However, a certain amount of 
information does become available through translations of Russian text books and 
journals; from articles written by scientists in countries allied to Russia who have 
had access to or experience with the instrumentation; through patent applications; 
and from occasional papers presented to meetings of the International Society for 
Photogrammetry. Inevitably this information becomes available much later than 
is usual with photogrammetric developments in other countries and often in such 
fragmented or incomplete form that it makes evaluation difficult, especially when 
claims made in the literature are sometimes incompatible with one another and 
cannot be verified by photogrammetrists elsewhere. 

t Now with the Military Survey Department, Damascus. 
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For all that, the Russian contribution has been noteworthy and has been made 
almost independent of and in isolation from developments elsewhere. In plotting 
instrument design, the news of the development of third order instruments such as 
the Drobyshev STD-2 helped to initiate the development of the Zeiss Stereotope and 
its successors. The equally individualistic development of instruments based on the 
affine plotting principle, such as the Drobyshev Stereographs and Romanovsky 
Stereoprojectors (Drobyshev, 1960), is also interesting and distinctive, although this 
has not been followed elsewhere. However, without doubt, the Russian develop- 
ment which has had most effect on photogrammetric practice is that of super-wide 
angle photography. Once this became known and appreciated, it sparked off the 
considerable and rapid development of cameras and associated equipment else- 
where, so that today the use of super-wide angle photography is world wide. 

It is probable that the lead in the design and production of super-wide angle 
cameras and the associated plotting equipment has passed to other countries, yet 
the original contribution of the Russian scientists and technologists was fundamental 
and must be fully acknowledged. In spite of this recognition, until now, no one 
outside the Soviet Bloc has had the opportunity to evaluate photography taken with 
the Russian super-wide angle cameras. However, over the period 1959-61, a 
contract was made and implemented between the Syrian Government and a Russian 
agency (Techno-export) for the production of a new 1 : 200 OOO scale topographic 
map covering the whole country. The photogrammetric solution adopted by the 
Russians was based on the use of 1 : 70 000 to 1 : 80 OOO scale super-wide angle 
photography and, as part of the contract, copies of this photography were supplied 
to Syria and eventually became available to its national Survey Department. At 
first, this photography was not used for mapping by the Syrian organisation but 
later it became necessary to consider doing so and a programme was set up to test 
its suitability for topographic mapping at medium scales. The results of this testing, 
which has been carried out partly in the Survey Department in Damascus and 
partly at the University of Glasgow, are reported in this paper. 

DEVELOPMENT OF THE RUSSAR SUPER-WIDE ANGLE LENSES 
The general story of the development of aerial mapping cameras in Western 

Europe and North America with the introduction of lenses of ever shorter focal 
length and wider angular coverage is well known and needs no repeating. Towards 
the end of the 1930's, the use of narrow angle cameras with reasonably good 
resolution and distortion characteristics was well established and the then new wide 
angle cameras, such as the Zeiss P10 with Topogon lens, in which these characteristics 
were rather less good, were gradually being accepted. While it was recognised even 
then that cameras equipped with lenses of still wider angular coverage, allowing 
better geometrical characteristics, were desirable, the optical problems, especially 
the marked increase in distortion and decrease in resolution and illumination, were 
daunting. Therefore most contemporary western designers and builders of cameras 
tried to overcome these difficulties either by developing multiple lens, super-wide 
angle cameras, such as the Reading nine lens and Barr and Stroud seven lens 
designs (Thompson, 1937) or by using an installation of multiple wide angle cameras 
such as the Trimetrogon arrangement. 

In 1941, the first single lens super-wide angle aerial camera appeared with the 
f/8 Zeiss Pleon lens (f = 73 mm) designed by Richter and mounted in the Rb7/1818 
camera, Richter attempted to solve the loss of illumination and resolution towards 
the edges of the format by deliberately compressing the image at the outer parts of 
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the field. This was done by using two large lens elements (Fig. 1) to introduce a 
large amount of negative distortion which compressed the image to a scale much 
below that at the centre of the photograph. After this compression, the image was 
passed through the remaining elements of the lens in an arrangement which 

FIG. 1. Zeiss Pleon objective. 

followed the Topogon wide angle design. The distortion present in the negative 
was eliminated by the use of a special printer having an equal and opposite (i.e. 
positive) degree of distortion. The illumination towards the edges and corners of 
the format was poor but often still usable. The cameras were used reputedly during 
the war for coverage of large parts of North Africa (Meier, 1968). 

In Russia, developments took place along both these paths. Nine lens super- 
wide angle cameras (models AD-I and AD-2) were built to Drobyshev's design 
(Shershen, 1958) but more importantly, the design and construction of a single lens, 
super-wide angle camera was begun by Russinov, reputedly in 1938, and continued 
during and after the Second World War (Russinov and Chakhverdov, 1970). To 
increase the illumination towards the edges of the format, Russinov introduced the 
idea of enlarging the size of the entrance pupil as angular coverage increases (Fig. 2). 

FIG. 2. Entrance pupils of a super-wide angle lens (the Zeiss (Oberkochen) Pleogon S) as a function 
of  the angular field (Meier, 1968). 

Combining this with the use of a vignetting filter deposited on the inner surface of 
the exterior lens of the objective, he succeeded in designing and building a super- 
wide angle lens which showed a light loss much more favourable than the c0s4 OL 

term given by Lambert's law. 
A series of such lenses, the Russar 21, 22, 25, 29 and so on, was developed and 

came into use fitted to the standard AFA cameras apparently from the late 1940's 
onwards. They were used to take the small scale photography required for the 
1 : 100 OOO scale topographic map of Russia. The characteristics of the Russar 25 
and 29 lenses (Fig. 3), which have been those chiefly used, are similar: maximum 
aperture, f/6.8; format size, 180 x 180 mm; angular coverage, 122"; an 
illumination fall off of C O S ~ O L ,  and maximum lens distortion +_35 pm. Table I 
summarises the information on the Russar super-wide angle lenses given in the 
paper by Russinov and Chakhverdov (1970). In this paper there are details of 
numerous other lenses in the Russar series up to the Russar 65, but the majority of 
the later models are wide angle in coverage and not super-wide angle. 
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TABLE I .  Characteristics of Russar super-wide angle lenses. 

Russar 21 
Russar 22 
Russar 25a 
Russar 29 
Russar 29b 
Russar 30 

Russar 33 
Russar 38 

Russar 31 

60 
70 
70 
70 
70 

120 
180 
100 
36 

Angular 

135" 

f16.8 122" 
f16.8 122" 
f/9 I 122" 
f/7,2 121" 

Format 
(mm) 

l8Ox 180 
180 x 180 
180 x 180 
18Ox 180 
180x 180 
300 x 300 
300 x 600 
240 x 240 
180 x 180 

It will be seen that Russar 30 and 33 designs have a similar super-wide angle 
coverage (122"), but were designed for use with larger 300x300 mm and 
240 x 240 mm format cameras and had correspondingly larger focal lengths. 
From the literature at least, they appear not to have come into any widespread use. 

Later, the f/8*2 Rodina 2b lens, designed by V. S. Rodin, was built with a still 
shorter focal length (f = 55 mm) and still wider angular coverage (133"). According 
to Shershen (1958), this lens gave a pronounced hot spot at the centre of the 
photograph unless used with a suitable lens coating. In the early 1960's, the f/7.7 
Russar 38 lens (Fig. 3) appeared with a focal length of 36 mm, an angular coverage 

Rusrar 29 Russar 38 Russar 25a 

FIG. 3. Diagrams of some Russar super-wide angle objectives (Russinov and Chakhverdov, 1970). 

of 148" and a fall off in illumination of cos2 a. Apparently this lens is used mainly 
to take photography to accompany geophysical observations (Russinov and 
Chakhverdov, 1970) and appears to have rather poorer geometrical characteristics 
than the rest of the series, for Buchholtz (1962) remarks that it has a marked 
distortion but "was not designed for photogrammetric purposes". In the recent 
text book by Buchholtz and Ruger (1973) there is a reference (page 113) to a late 
model Russar 54 super-wide angle lens which is fitted to the newer AFA-TES 
cameras. The characteristics are quoted as: f = 70 mm; f/6.8; 180 x 180 mm 
format; and a maximum distortion of k 10 pm; and the camera is fitted with a 
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reseau. However, we have been unable to find any other information on this lens, 
which is not listed or discussed in Russinov’s own paper (1970). 

OTHER SUPER-WIDE ANGLE LENSES 
As is well known, it was not till the International Congress at Stockholm in 

1956 that the first super-wide angle aerial camera and lens of good cartographic 
quality appeared outside the Soviet Union in the form of the Wild RC 9 camera 
with the f/5.6 Super Aviogon lens. The lens designer, Bertele (1957), paid 
tribute at Stockholm to Russinov for his highly interesting and original solution to 
the problem of securing adequate illumination in the picture corners, although the 
Super Aviogon design differs considerably from that of the Russar series. Since 
then, the development of super-wide angle cameras and lenses has gone ahead 
rapidly. With the introduction in 1968 of the Super Aviogon I1 for use with the 
RC 10 camera, the Pleogon S for the Zeiss (Oberkochen) RMK cameras and later 
the Super Lamegon as part of the Zeiss (Jena) 9/2323 camera, there are now a number 
of super-wide angle lenses available which combine low distortion (< 10 pm), fast 
speed (up to f/4) and good illumination. Probably photography produced with 
these lenses exceeds in quality that produced by the Russar series, but the 
contribution of Russinov and his associates to this area has been notable and 
fundamental. 

TYPE OF TEST 
The necessity for the tests described in this paper arose partly from the 

circumstances that in 1966 the Military Survey Department in Syria had purchased 
a complete super-wide angle mapping system from Wild, including an A9 and four 
B9 stereoplotters, a U4 transformation printer and an R C  9 camera. However, the 
camera could not be fitted to the Ilyushin aircraft available to the Department 
without major and prohibitively expensive modifications, while the new Beagle 
B-206s aircraft bought specially for the purpose in 1968 was written off in an accident 
shortly after delivery and funds were not made available for a replacement. This 
meant that the planned 1 : 50 000 scale RC 9 super-wide angle photography for 
mapping at  1 : 25 OOO and 1 : 50 000 scales was not forthcoming and so attention 
was focused on the existing 1 : 70 000 to 1 : 80 OOO scale photography taken by the 
Russians to see whether it could be used for the purpose. 

Numerical co-ordinate measurements which involved the comparison of co-ordinates 
of the test points derived from measurements on the Russar super-wide angle 
photography were made in a variety of instruments (A8 and A9 Autographs, Stereo- 
simplex IIC and Zeiss (Jena) stereocomparator), with the corresponding terrain 
values obtained both by field triangulation methods and by photogrammetric 
measurements of larger scale wide angle photography. In some respects, these 
instruments are not those most suitable for the testing; the stereocomparator and 
Stereosimplex IIC have a slightly lower measuring resolution than one would like, 
and no plotting instrument was available to measure co-ordinates on the contact 
scale (f = 70 mm) diapositives. However, they were the instruments available for 
the purpose in the two departments concerned and are representative of those 
currently available on the market and in production. Also they allowed measure- 
ments to be made on different formats by using 

Three different types of tests were carried out. 

(i) reduced scale dinpositives (A9 Autograph with f = 44 mm), 
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(ii) contact diapositives (Zeiss (Jena) stereocomparator with f = 70 mm), 
(iii) enlarged diapositiues (A8 Autograph and Stereosimplex 1IC with f = 100 mm). 
Graphical plotting which entailed the plotting of the two test models at 1 : 25 000 
scale with a 5 m contour interval on an A8 and a B9 in Damascus was supplemented 
later by a similar plot carried out on a Zeiss (Jena) Topocart by Fairey Surveys Ltd. 
These plots were compared with a check plot at the same scale and contour interval 
compiled from large scale S.O.M. wide angle photography plotted on a Wild A7. 
Orthophotographs were produced by Fairey Surveys Ltd. on their Zeiss ToPocart/ 
Orthophot combination. The positions of the test points as imaged on the ortho- 
photographs were measured on  a Haag-Streit rectangular co-ordinatograph and 
comparisons were made with the given terrain co-ordinates. 

TEST AREA 
A test area (10 x 10 km) covered by two models of the Russian super-wide 

angle photography was selected near Salkhad in southern Syria. A field of signalised 
points would have been ideal for testing purposes but since the photography had 
already been taken this was not possible. The terrain is mostly flat or slightly sloping 
with a few hills. There is an abundance of natural features and a large number of 
stone dykes and heaps formed during field clearance. 

The area lay in the zone of existing second and third order geodetic triangulation 
networks. Eleven triangulation points had already been established in the area and 
these were supplemented by a further 13 new points. Their estimated planimetric 
accuracy is m = fO.2 m to f 0.3 m. Based on  these, a further 63 well defined 
photo-points, mostly dyke and road junctions, building corners, and similar points 
were selected and their position determined trigonometrically with an  estimated 
accuracy of 

The area had also been covered by 1 : 18 OOO scale wide angle photography 
taken with a S.O.M. glass plate camera, format 190x 190 mm, equipped with an  
f = 125 mm Aquilor lens. Three strips of this photography, each consisting of 
seven or eight stereomodels, covered the test area. Each model had six ground 
control points measured in the field but unfortunately most of these points do not 
appear on the small scale photography. So a further 93 points were selected on 
these large scale photographs and measured photogrammetrically on a Wild A8 
equipped with suitable distortion correction plates. The terrain co-ordinates of 
these points were obtained by individual three dimensional transformation of each 
model. 

An analysis of the residual lack of fit in the absolute orientation between the 
co-ordinate values determined in the plotting instrument and the given ground values 
produced (taking the average of 23 stereomodels): 

m, = f 1.13 m; m, = f 1.20 m;  m, = kO.63 m; mDt = 1.69 m; 
which at the photographic scale (1 : 18 OOO) is equivalent to 

0.49 m in planimetry and f 0.40 m in height. 

m, = f 63 pm; m, = f 67 pm; m, = f 35 pm; mOk = f 94 pm. 
These results were rather disappointing. They appear to be due to the use o 
natural points such as corners of stone dykes which, although well defined, are often 
of considerable thickness. However, the values appeared to be just accurate enough 
for use in the testing of the 1 : 70 000 scale photography (1 m in the terrain = 14 pm 
on the photograph) and they would add considerably to the number of points 
available for testing and for statistical analysis of the results. 
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Finally a plot was made at 1 : 25 OOO scale with a 5 m contour interval from the 
large scale (1 : 18 000) S.O.M. photography using a Wild A7. This would act as 
the check plot for comparison with plots measured from the 1 : 70 OOO scale 
photography. 

PHOTOGRAPHIC MATERIALS USED IN THE TESTS 
Since the AFA cameras, equipped with the 122" Russar lens, have a focal 

length of 70 mm (instead of the 85 mm to 90 mm of the other super-wide angle 
cameras), the photography had to be reduced in format for use in the A9 and B9 
and enlarged for use in the A8 and stereosimplex IIC. Table I1 shows the resulting 
formats and scales for the test material. 

TABLE 11. Format and scale of test material 

Format 
Diapositives I (mm) I Ratio I Scale 

Reduced 11Sx 115 44: 70 1 : 120000 
180x 180 1 :70OOO I gn"l"a:l;d I 250x250 I ld:\O I 1 :550OO 

The effects of lens distortion, curvature and refraction had also to be removed. 
Removal of the lens distortion proved to be much more difficult and complex than 
could have been foreseen. 
Lens distortion. The radial distortions present in most modern aerial survey lenses 
exhibit a high degree of symmetry about the principal point and show little deviation 
from a common average curve along differing radial directions outward from this 
point. Analogue optical or mechanical methods for removing distortions depend on 
this symmetrical pattern, whether they are applied in the printer or in the plotting 
instrument. If any asymmetry in the distortion pattern does occur, it is usually 
accompanied by a tangential or non-radial component. Both phenomena are the 
result of incorrect centring of the individual components of the lens (Duddek, 1968) 
and their presence is a most awkward matter for the photogrammetrist. 

The maximum lens distortion present in the Russar super-wide angle series 
has been quoted variously in the literature as being from f 20 pm to f 30 pm (see 
Russinov and Chakhverdov, 1970) to f 40 pm. This is not an unduly large figure; 
the Wild Super Aviogon has a maximum of f 5 0 p m .  However, these quoted 
figures for the Russar did not hint at their unusual characteristics. Four AFA-TE 
cameras had been used by Techno-export in their photography over Syria, equipped 
with Russar 29 lenses Nos. 1016, 1061, 1152 and 1154. The Russian organisation 
agreed to supply distortion curves for these lenses, measured along the usual eight 
radial directions as shown in Fig. 4. 

The information came in the form of tables of numerical values measured at 
10 mm intervals along the X and Y axes and at 14 mm intervals along the U and Z 
diagonal axes. When plotted out, they proved to be rather startling since they 
exhibited a great variation between any one radial direction and any other and 
showed a high degree of asymmetry (Fig. 5) .  

The information has also been used to compile a contour-style diagram for 
each lens (Fig. 6). Not only is the asymmetrical nature of the lens distortion clearly 
shown, but also the considerable variation in lens distortion between one lens and 
another. 
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FIG. 4. 

-Camera No. 1061 

2 

LI . . 
0 14 28 42 56 70 84 98 

D - C a m e r a  No.1154 

A0r  

FIO. S. Distortion curvco for Russar 29 lenses used in the tests. 
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Camera No. 1061 

FIG. 6. Distortion diagrams for Russar 29 lenses. Values in pn. 

Comparing these distortion patterns, it will be seen that lenses Nos. 1016 and 
1061, described as Russar 29 lenses on the distortion certificates, exhibit larger and 
more highly asymmetric distortions than Nos. 1152 and 1154, described as being of 
the Russar 29b type. This suggests that the former are of an earlier series and the 
latter of a later series in which the manufacture and centring of the lens elements 
was carried out to a higher standard, resulting in lower overall distortions and a 
markedly less asymmetrical pattern. Fortuitously for Syrian mapping, by far the 
largest area of the country was photographed using lens No. 1154 which has the 
smallest asymmetry. The photography of the test area was taken by lens No. 1152, 
which is the other more satisfactory lens. 

The firm of Wild was asked to produce compensation plates for the U4 printer 
which they had supplied and which would eliminate the Russar lens distortion, 
earth's curvature and atmospheric refraction. Their solution was to make a separate 
plate for each of the four Russar lenses used. This involved a great deal of complex 
computation and adjustment followed by some not inconsiderable difficulties (and 
a great deal of skill) in manufacture before a satisfactory result could be achieved. 
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The residual errors after application of these plates are shown in Fig. 7. It is 
remarkable that these should be as low as < 10 pm except, as might be expected, at 
the edges of the photograph. 

-lop- 
50 100 R (mm) 

M 100 R (rnrn) 

/ 

I 
I lop - 

o \  
50 100 R (mm) 

- lop-  
I 

FIG. 7. Residual errors for the four Russar lenses after application of the Wild compensating plates. 

Non-geometrical characteristics. The figures for the resolution of Russar lenses 
which appear in literature vary greatly. 

Shershen (1958) 
Mikhailov (1959) 
Russinov (1970) 

I Edge 

Centre 
( I  mm-') ( I  mrn-l) 

25 to 30 

35 to 40 

10 to 12 

13 to I 5  
60 1 16 
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Possibly Mikhailov’s figures refer to those achieved with high contrast targets, the 
others being achieved with low contrast targets and therefore more akin to what 
would be achieved over actual terrain. No resolution or illumination diagrams have 
been supplied by the Russians for the cameras used in Syria. 

Needless to say, the literature gave few clues to the actual appearance of the 
aerial photographs. What strikes one immediately on inspecting them is the variation 
in resolution and illumination, not only from the centre to edge as would be expected, 
but the variation in these two parameters from one radial direction to another. This 
is present in all the Syrian photography, no matter which camera was used to take the 
exposures. The actual photographs used in the tests are much poorer in resolution 
and illumination towards the right hand side and bottom right hand corner of the 
format. This affected measurement and plotting of certain areas; it also affected the 
quality of the orthophotographs which were produced. 

DATA PROCESSING 
Various computer programs were developed for use in the investigations. 

Program A was written to compute the relative orientation of a pair of photographs 
observed in the stereocomparator, followed by the generation of the three 
dimensional model co-ordinates at a scale which was approximately that of the 
photography. Program B carries out the three dimensional transformation of the 
model co-ordinates produced by Program A or those derived from direct measure- 
ment in a plotting instrument into the corresponding terrain co-ordinates. The 
transformation parameters are computed from all the given control points (usually 
7 or 8 in these tests) using a least squares adjustment. Program C carries out a 
statistical analysis of the test results, comparing the computed co-ordinates with the 
given terrain values, computing the discrepancies and standard deviations in x, y 
and I and presenting them both in tabular form as line printer output and as vector 
diagrams for planimetry and height produced on a Calcomp drum plotter. The 
manner in which the programs were linked together and used in the tests is shown 
in the diagram (Fig. 8). 

MEASUREMENTS AND RESULTS OF THE NUMERICAL TESTS 
For the enlarged photographs (1 : 55 OOO scale), the same diapositives were 

used in each of the three plotting instruments, but the model scale varied from one 
instrument to another. A scale of approximately 1 : 19 OOO was used for both models 
in the Stereosimplex IIC. With the A8, a scale of 1 : 26 OOO was used for one model 
and 1 : 22 OOO for the other, the difference being due to the fact that this instrument 
was not designed to accommodate the base lengths and large intersection angles 
inherent in super-wide angle photography. For the same reason, not all test points 
towards the edges of the model could be reached and measured in the A8. With the 
reduced (1 : 120 000) scale diapositives measured in the A9, the model scale was 
1 : 50000. Finally the stereocomparator was measuring at the scale of the 
diapositives which was 1 : 70 OOO for the contact diapositives and 1 : 55 OOO for the 
enlarged diapositives. Table 111 gives the residual errors in the computed co- 
ordinate values of the ground control points used for absolute orientation, as 
compared with the given terrain values. 

Next, the errors in the check points were computed and analysed. It was found 
that there was a noticeable difference between the results obtained for those check 
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R u r r m  
Photqlraphy 

(metres) 
ma mw 1 mz --- 
1.84 1.84 0.48 

2.97 1.71 0.32 

3.39 2.63 0.58 

2.33 2.39 1.04 

~ 2.79 3.24 0.90 

~ 6.51 5.12 - 

French Ortho- Tcrroin 
Photography Photography Dab 

4 

8 

7 

A9 SI- AE Simp 51- A8 
Comp IIC Comp I 

--- 
1.69 1.33 1.04 

2.18 2.00 0.83 

2.53 1.91 0.53 

- -- 
V I 

Model Co-ordinates I - 1 -  

Program B A 

r - i  

--ld 

Terrain Co-ordinoler 

Y ~- - I Program c ~ ~ -~ - -  

Slotlrtlcol Rerultr 

FIG. 8. Schematic diagram of data processing. 

TABLE 111. Summary table of residual errors in the co-ordinate values of control points used for 
absolute orientation. 

8 1.42 1.67 

5 2.33 3.98 

Instrument 

A8 

1IC 

Stereo- 

Stereo- 

A9 

comparator 

comparator 

Ortho- 
photographs 

1.02 

- 

Photographs 

Enlarged 

Enlarged 

Enlargxl 

Contact 

Reduced 

Enlarged 

diapositives 

diapositives 

diapositives 

diapositives 

diapositives 

diapositives 

1 Model I(520314) 

No. 
of pts. 

4 

8 

7 

8 

8 

5 

points which had been determined by field measurements and those points which 
had been determined photogrammetrically from the larger scale photography. 
The former showed a higher accuracy, particularly in height. The summary Tables 
IV and V show the residual errors for the two different groups of points. 

The print-out sheets of all the individual results for each model tested and for 
each instrument used are difficult to digest and to study; hence the use of summary 
tables to give an overall impression of the mass of results. However, such tables 
can also hide what can be significant information, such as the occurrence of 
systematic residual errors in planimetry and height after adjustment. Therefore a 
series of four vector diagrams were plotted for each combination of instrument and 



TABLE IV. Summary table of residual errors in the co-ordinate values of the check points determined 
by ground measurements. 

Iiistritmeiit 

A8 

IIC 

Stereo- 

Stereo- 

A 9  

Ortho- 

comparator 

comparator 

photographs 

Photographs 

Enlarged 

Enlarged 

Enlarged 

Contact 

Reduced 

Enlarged 

diapositives 

diapositives 

diapositives 

diapositives 

diapositives 

diapositives 

Model I (520314) 

25 

25 

22 

28 

24 

No.  
of pts.  

2.54 1.88 1.39 

3.27 2.30 1.05 

2.70 2.74 1.40 

(very poor results) 

4.23 2.88 1.07 

3.80 3.96 - 

31 

39 

38 

42 

38 

34 

No.  
o f p t s .  

23 

35 

32 

"s 

(metres) 
in, my nix 

2.82 2.42 1.47 

3.76 2.65 1.57 

2.15 2.46 2.14 

~ - - _ _  

2.49 

2.82 

3.80 

3.41 

4.35 

6.35 

- 

netred 
mu 

2.36 

2.33 

2.50 

2.89 

4.68 

5.50 

- 

0.74 

0.77 

1.07 

1.33 

0.99 

- 

- 

Model I I  (5204/5) 

(metres) 
I n1ll I mz 

TABLE V. Summary table of residual errors in the co-ordinate values of the check points determined 

Instrument 

A8 

IIC 

Stereo- 

Stereo- 

A9 

Ortho- 

comparator 

comparator 

photographs 

photogrammetrically. 

Model I (520314) 

Photogrophs 

Enlarged 

Enlarged 

Enlarged 

Contact 

Reduced 

Enlarged 

diapositives 

diapositives 

diapositives 

d iaposi t ives 

diapositives 

d iaposit ives 

No.  
o f p t s .  

25 

42 

37 

~ 50 

46 

n'X 

2.54 

2.61 

4.08 

3.26 

4.92 

___ 

metre 
ml, 

1.88 

2.90 

2.14 

2.53 

3.59 

~ 

(not carried OUI 

I t  

1.39 

I .03 

1.81 

2.43 

1.18 

Model II  (520415) 

36 1 3.90 I 3.78 1 1.87 

(not carried out) 

I l l  
photography. Two of these show the planimetric errors derived for (i) those points 
whose positions were determined by ground measurement and (ii) those whose 
positions were determined photogrammetrically. With these, the directions of the 
plotted vectors correspond to those computed from the positional errors in x and y .  
Two further diagrams show the corresponding sets of height errors. Obviously 
with these there is no directional vector, the plus error being indicated by upward- 
pointing arrows and the minus by the downward-pointing ones. 

ANALYSIS OF RESULTS OF NUMERICAL TESTING 
The vector diagrams showed little or no systematic error in either planimetry 

or height. One rather disturbing feature is that there is a group of a few points 
situated at the right-centre area of model I which is consistently in error in the same 
general direction in planimetry, irrespective of the type of material or the plotting 
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instrument used. This could be the result of a small error in the positioning of a 
triangulation station in that area having an effect on the photo-points. However, 
the errors were not unduly large or disturbing to the analysis and have been retained 
in the tables. 

Regarding the summary tables, as one would expect these show a progressive 
deterioration, with the smallest errors occurring in the points used for absolute 
orientation (Table 111); the next smallest in the check points derived from field 
measurement (Table IV); and the largest, present in all the instruments and materials 
used, in the check points derived photogrammetrically from the large scale photo- 
graphy (Table V), so reflecting their lower precision. Attention will therefore be 
concentrated on Tables 111 and IV. 
Enlarged diapositives. Taking the results in planimetry (x and y)  from the enlarged 
diapositives, the results from the A8 are the best, followed by those of the Stereo- 
simplex IIC and the stereocomparator. This seems to reflect the higher measuring 
resolution of the A8 in the model (10pm) as compared with the other two 
instruments. On the other hand, for the measurements in height (z)  where the 
Stereosimplex and A8 have similar measuring resolution (10 pm), the results from 
the Stereosimplex are slightly better (20% to 30%) in the absolute orientation, but 
both give much the same result on the ground check points. 

Taking the results in planimetry for model I using the A8: 

for the absolute orientation: 
for the ground check points: 
Taking the average results in height for the A8 and stereosimplex IIC: 

for the absolute orientation: 

m, = my = k 1.84 m (26 pm at photo-scale), 

m, = in, = f 2.42 m (34 pm at photo-scale). 

0.40 
5000 

m, = - = k 0.08%,H (Model I), 

m , = - -  0'93 - f 0.19%,H (Model II), 
5000 

for the ground check points: m, = - 0'75 = f 0.15%,H (Model I), 5000 

k 0*24%,H (Model 11). 
1.22 
5000 

M E = - =  

These may be considered as reasonably satisfactory overall, having regard to the 
use of natural points throughout. The z-measurements are probably less affected 
than the x and y measurements when using natural points for, even with a plani- 
metric error, the z-value is little affected if the area is flat or only slightly sloping. 
Reduced-scale diapositives. Turning to the reduced-scale diapositives, measured in 
the A9, the results in height are very satisfactory. 

for the absolute orientation: m, = Oe90 - = 0-18%,H (Model I), 
5000 

0*20%,H (Model II), 1 -02 
5000 

m , = - =  

0*20%,H (Model I), for the ground check points: tn, = - = 
0.99 
5000 

0.21 XH (Model 11). 
1 *07 
5000 

m , = - =  
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In general, they are of a slightly lower order as compared with the enlarged dia- 
positives. It is interesting to compare these A9 results using the Russar photography 
with those published on tests with the same type of instrument on RC 9 super-wide 
angle photography. Kasper (1965) reported on tests made in Switzerland using 
RC 9 photographs taken from different altitudes with the following results: 

1:15000 
1:30o00 

1350 
10.27 m 
50.25 m 

Original photo-scale 
Reduced diapositive scale 
Flying height (H) m 

Actual test results 
m,= 0.20%H 

1:25000 
1 : S O O O O  

2250 
10.45 rn 
50.40 m 

1 :  loo00 
1:20000 

900 
10.18 m 
f0.17 m 

These give an average for m. of just under f0*2O%,,H, which is virtually identical 
with the results achieved with the A9 in the present tests using the Russar photography. 

Rather better results with an A9/RC 9 combination were reported by Halbrook 
(1962). Using photography taken over the Arizona test area at H = 3000 m 
(scale 1 : 35 000) and H = 6000 m (scale 1 : 70 000), an accuracy of m, = +0.14%,H 
was achieved. Van Wijk (1964) of National Research Council, Canada has also 
conducted tests over the Ottawa test area using 1 : 150000 scale super-wide angle 
photographs taken with an R C 9  from H = 13000m. Using 25 check points 
measured in an A9 twice with two different operators, the results were 0.18%,H to 
0.20%,H which again are similar to those for the A9 in the present tests. Also van 
Wijk had the same test model measured on an OMI-Nistri TA 3 stereocomparator 
using full sized diapositives which resulted in mz = +0.12%,H to 0.14%,H. These 
results parallel our own experience when using enlarged diapositives in the A8 and 
Stereosimplex IIC and demonstrate the loss in accuracy arising from the plate 
reduction. 

The results of the planimetric accuracy achieved with the A9 using the Russar 
photography are, however, very disappointing: 

for the absolute orientation: m2 = f 2.79 m and m, = f 3.24 m (Model I), 
rn, = f 1.42 m and m, = f 1 a67 m (Model II), 
m, = f 4.35 m and m, = f 4.68 m (Model I), 
m, = f 4.23 m and m, = f 2.88 m (Model 11). 

for the ground check points: 

Again a comparison may be made with Kasper’s figures, where the vector positional 
error was mpl = f 0.45 m for the 1 : 25 000 scale RC 9 photography. The figures 
for the Russar photography represent mot = f 5 m to f 6 m, but even after making 
due allowance for the scale differences (1 : 120 000 instead of 1 : 50 000 scale reduced 
diapositives), they are still very disappointing. The use of non-signalised points 
and the poorer picture quality of the Russar photographs are probably relevant 
factors, but since the results with the A8 and the Stereosimplex IIC are so much 
better (mwl = f 3.5 m), the use of the reduced-scale photographs also appears to 
have played a significant part in the poor planimetric precision. 

If one accepts the results from this test, and anticipates a further deterioration 
in accuracy of x 1.5 to x 2 after the aerial triangulation (see, for example, van Wijk, 
1964) then, since 0.1 mm = 2-5 m, it is obvious that the A9 will not provide accurate 
enough control for 1 : 25 000 scale mapping from the Russar photography though 
the z co-ordinates would probably be acceptable as the basis for a 5 m contour 
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interval. On the other hand, the results from the A8 and the Stereosimplex IIC on 
the enlarged photographs show promise that, with careful, well measured aerial 
triangulation using the independent model method, the results may be just acceptable 
as control for 1 : 25 0oO scale mapping. For the alternative Syrian case of 1 : 50 OOO 
scale mapping with 10 m contours, if contact or enlarged diapositives made from 
the Russar photography are measured in a precision stereoplotter or comparator, 
then the results should be accurate enough for control purposes. It is very probable 
that, for this scale, aerial triangulation on the A9 would also give the desired 
accuracy. 

No.  of check points 

m,(mm) t- m,(mm) 

ORTHOPHOTOGRAPHY 

For the orthophotographs produced from the Russar photography, the 
measurements of the positions of the control and check points are, of course, not 
made for cadastral or aerial triangulation purposes but are a check on the accuracy 
of the final graphical product for comparison with those published elsewhere. 
Orthophotographs are of special interest to Syria since, for the extensive desert and 
semi-arid areas, they give a superior representation of the planimetric detail, land 
forms and vegetation, than is shown on a conventional line map. 

The results of the tests were as follows: 
for the control points (used to determine transformation parameters) : 

m, = f 651 m; m, = f 5.12 m (Model I) and m, = f 2.33 m ;  m, = f 3.98 m 

(Model ]I), 

m, = f 3.96 m 

(Model 11). 

for the remaining ground check points: 

m, = f 6.35 m; m, = f 5.50 m (Model I) and m, = f 3.80 m ;  

At 1 : 25 000 scale, the latter figures are equivalent to: 

m, = k0.25 mm; m, = f0 .22 mm (Model I) and m, = +0-15 mm; 

m, = fO.16 mm (Model 11). 

These can be compared with the results of comparable tests such as those made in 
Sweden on several orthophotographs produced by the GZ-1 orthoprojector and 
reported by Meier (1966). 

~ _ _ _ ~ ~ ~  
24 36 65 66 

0.17 0.16 0.32 0.14 0.17 
0.33 0.10 0.18 0.13 0.23 0.14 

Also Visser (1968) using one of the O.E.E.P.E. Reichenbach test models reports 
m, = f 0.13 mm and m, = k 0.15 mm. The enlargements used ( x 2.5 to x 3) in 
these two tests are similar to that used in the present test. The results achieved from 
the Russar photography are therefore quite comparable and must be regarded as 
thoroughly satisfactory. 
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TESTING AND RESULT OF GRAPHICAL PLOTTING 
Plotting of both planimetry and contours was carried out from the enlarged 

1 : 55 OOO scale photographs on a Wild A8 in Damascus. An enlargement factor 
of x 2.2 (1 : 55 000 to 1 : 25 OOO) and a C-factor of 1OOO (5  m contours from 
H = 5000 m) are well within the capability of the instrument. However, due to 
large intersection angles of the super-wide angle photography, for which the A8 
was not designed, the corners of the model could not be reached and plotted. Also 
from the enlarged photographs, a plot of the contours only was made on the Zeiss 
(Jena) Topocart of Fairey Surveys Ltd. in conjunction with the orthophotographs 
produced on this machine. Since the instrument was designed to accommodate 
super-wide angle photography, no difficulties were encountered regarding range or 
ability to reach the corners of the model. A third plot was carried out on a B9 
using the reduced-scale 1 : 120 000 scale diapositives. It was realised that plotting 
at 1 : 25 000 scale (an enlargement of x 4.8) and with 5 m contours would be 
difficult and be at the limit of the instrument’s capability. However, four of these 
instruments had been bought for plotting small scale topographic maps and since 
they had been little used due to lack of photography, it was felt worthwhile to attempt 
plotting at 1 : 25 OOO, the standard scale for more developed areas. For the 1 : 50 000 
scale plotting required of desert areas, obviously the situation would be easier. 
The same operator was used for both A8 and B9 plots so that this would not be a 
variable factor. 

Checks were first made on the ground by a topographer, the positions given by 
the A8 stereocompilation being compared with those established in the field using 
a telescopic alidade. Errors in the plotted positions were small and well within the 
specification for 1 : 25 OOO scale mapping. The A8 plot was found to be fairly 
complete and no unusual number of omissions was found. Spot heights were also 
measured trigonometrically and compared with a series which were measured on the 
A8, a good agreement resulting between the two sets. On the other hand the B9 
plot was not satisfactory, either in positional accuracy or in completeness; much 
more detail had to be added by the topographer. 

All three contour plots were then compared with the 1 : 25 000 scale check 
plot produced from the 1 : 18 OOO scale wide angle photographs on an A7. A single 
sheet showing all four plots in different colours was produced for this comparison. 
Generally a most acceptable agreement was found between the plots from the various 
instruments and the A7 check plot, with the exception of that of the B9 where the 
errors in parts of the eastern section of the area amounted to nearly one whole 
contour interval (5 m). Clearly if 5 m contouring is to be carried out at 1 : 25 000 
scale from the Russar photography, a high precision stereoplotter which can 
accommodate enlarged or contact scale diapositives is essential. Purpose built 
topographic plotters of the most accurate type designed to accommodate super- 
wide angle photography, such as the Topocart, Stereosimplex IIC or Planicart are 
obviously the most suitable. 

For all the widespread use of super-wide angle photography for small scale 
topographic mapping, there are few comparable tests from other countries. Lips 
(1965) used RC 9 photographs taken at 1 : 75 OOO scale (U = 7300 m) over three 
areas in Switzerland. Plotting (with 25 m contour interval) was undertaken on A9 
and B9 instruments using reduced-scale diapositives. He concluded that 1 : 100 000 
scale mapping to NATO standard specifications was feasible using 1 : 75 OOO scale 
photography and that, in most instances, the specifications for 1 : 50000 scale 
mapping could also be met, though this was the largest scale likely to be reached with 
reduced-scale diapositives derived from 1 : 75 OOO scale photographs. The results 
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from the present series of tests using the 1 : 70 O00 scale Russar photography closely 
parallel those of Lips. 

Finsterwalder (1966) has also used RC 9 photography taken at H = 5600 m 
over the Totes Gebirge, Austria, but the very high altitude of this mountainous 
area (up to 3OOOm) meant that the resulting photo-scale is larger, varying from 
1 : 35 OOO to 1 : 55 0oO. Using a B8 and full sized diapositives he had no difficulty 
in plotting a 1 : 25 OOO scale map with 20 m contour interval. As with Lips' tests, 
the large contour interval does not make for a direct comparison with the present 
test plots since this larger interval makes smaller demands on the equipment and 
operators. However, in Syria the much closer 5 m or 10 m contour intervals are 
quite essential, especially for the relatively flat or rolling area of the Syrian Desert. 

Summarising, the general finding of all the graphical tests is to confirm that 
the B9 instruments are not all suitable for 1 : 25 OOO scale mapping with a close 
contour interval from H = 5000 m, but that they should produce satisfactory 
1 : 50 OOO scale plots with a 10 m contour interval from this altitude. For the former 
scale, only higher precision instruments using contact or enlarged photographs 
show promise of meeting the map specification. 

CONCLUSIONS 
The present tests have thrown some light on the characteristics of the Russian 

AFA cameras equipped with Russar super-wide angle lenses and the photo- 
grammetric possibilities of their photography. Looking at the first point, it is 
apparent that the Russar super-wide angle lenses were a remarkable innovation, 
making possible the small scale topographic mapping of Soviet-influenced areas in 
an economic way from the late 1940's onwards. However, it is also apparent that 
there are some limitations to these lenses, such as their large asymmetrical distortions 
and unbalanced illumination, though these seem to stem from their manufacture 
rather than their basic design. These characteristics give rise to considerable 
difficulty when carrying out practical measurements and mapping from this 
photography. However, under suitable conditions, it is possible to achieve results 
which are comparable (as in the A9 tests) to those achieved with photography taken 
with the Wild RC 9 camera equipped with the Super Aviogon lens. 

It would also appear from the tests that 1 : 50 OOO scale mapping with a 10 rn 
contour interval is quite practicable from 1 : 70 OOO scale Russar photography. 
On the other hand, mapping at  1 : 25 OOO is not so readily achieved, both because of 
the poor resolution and illumination which affects interpretation and measurement 
and because of the very high demands for contouring ( 5  m) in the Syrian context. 
Such requirements can only be met satisfactorily by utilising high precision stereo- 
plotters, rather than a topographic plotter such as the B9. However, this possibility 
must be evaluated against the alternative of producing orthophotographs which 
proved, rather unexpectedly, to be of a reasonable quality and good precision. 
Given the high rate of output from orthophotoscopes, this may be a more satis- 
factory way of using existing Russar photography, especially over the large areas of 
arid and semi-arid country present in Syria. 
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Rksume' 
On dkcrit ici un test relatif a une couuerture akrienne au 1 : 70 O00 

exkcutke en Syrie avec une chambre ruse AFA dotde d'un super-grand 
angulaire 29 b. Le test comprenait: la dktermination d'un polygone au sol, 
et la comparaison des ddterminations gkodksiques et des dkterminations 
photogrammktriques; la restitution de parcelles au 1 : 25 OOO en vue de les 
cornparer auec une parcelle-test provenant de photos d grande kchelie; et la 
rkalisation d'ortho-photos au 1 : 25 000. La distorsion disymktrique de 
I'objectif a conduit d quelques difficultis, ainsi que des inkgalitis d'dclairement 
et de finesse sur les clichds. On a surmontk les premi&es en faisant fabriquer 
des plaques correctives. Ceci fait, I'exactitude atteinte s'est trouvde du mtme 
ordre que celie de restitutions provenant des clichds aux mtme kcheiles pris 
auec le Wild RC9 et effectukes dans des conditions tr& voisines. 
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Zusammenfassung 

Bericht iiber die Testung uon Luftbildern (mb = 70 OOO), die iiber Syrien 
rnit einer sowjetischen Wberweitwinkelkammer mit einem Russar-Objektiv 
29b aufgenommen wurden. Die Untersuchungen umfassten (a)  die Aus- 
messung eines Punktfeldes mit verschiedenen Auswertegeraten und einen 
Vergleich photogrammetrisch und geodatisch bestimmter Koordinaten, 
(6)  die Durchfiihrung einer Auswertung 1 : 25 000 und den Vergleich rnit 
einer aus grossmassstabigen Weitwinkelbildern abgeleiteten Kontrollkarte, 
(c)  die Herstellung uon Orthophotos im Massstab 1 : 25 000. Schwierig- 
keiten resultierten aus der asymmetrischen Objektivverzeichnung und den 
Variationen in der Bildhelligkeit und -auflosung. Die Verzeichnung konnte 
durch Herstellung von Kompensationsplatten reduziert werden. Danach 
waren die erreichten Genauigkeiten mit den in friiheren Tests erzielten 
uergleichbar, bei denen rnit einer Wild RC9- Kammer (Super Aviogon I )  
aufgenommene Luftbilder gleichen Massstabs an denselben oder ahnlichen 
Auswertegeraten ausgemessen wurden. 

DISCUSSION 
Chairman (Major D .  J .  Simpson): Mr. Petrie has indicated that he’d be very 

happy to answer any questions or comments that you may have. 
Mr. Mort: I should like to ask Mr. Petrie how poor was the resolution of the 

photography and how much detail was missed on this account? In mountainous 
terrain especially, one of the problems of super-wide angle cover is that due to 
perspective you tend to miss a lot of detail at  the edges of the picture. With the 
Russar lens you have the added problem of inferior resolution and illumination and 
therefore I would think it would be very difficult to obtain good interpretation. 

Mr. Petrie: Some work was done on interpretation but the first of these 
difficulties that you mentioned, of mountainous terrain and obliquity, simply did not 
occur over most of this area. One of the models is reasonably flat and the other is 
rolling with a few hills. There are also very few houses in the area, while there is a 
single small village in the middle. So there were very few difficulties resulting from 
the angle of view because of the character of the area. Regarding the degree of 
completeness of the plotting, again due to the favourable character of the area this 
was very high. The area is covered with stones and boulders and most of the fields 
are surrounded by large walls of the type which you see in the north of England or 
south of Scotland. They are a sort of consumption dyke which are used partly to 
clear the area because it is so boulder strewn and partly to provide boundaries for the 
animals. These walls show up remarkably clearly on this photography and as they 
are the main planimetric detail to be plotted, along with the tracks, the plotting 
proved to be quite easy. The factors which did give trouble were mostly confined to 
the diapositives which had been reduced in scale. For example, the buildings tended 
to fuse together. You could see them quite clearly when you used the Wild A8 but 
you couldn’t see them so well when you used the A9 or the B9 as they seemed to be 
lumped together. The result was that they were not plotted as individual houses but 
as blocks of houses, but then if you are plotting at 1 : 25 000 or 1 : 50 OOO scale you 
can argue that you are probably going to represent the houses as a block on the 
finished map in any case. Remember, too, the arid character of the area. There is 
very little vegetation and those difficulties which you have with trees being displaced 
so that they effectively prevent you plotting roads simply were not present. However, 
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I don’t think we have chosen an untypical area from the Syrian point of view. Large 
areas are just desert and this area which they chose lies on the edge of the semi-arid 
zone. It has some settlement and cultivation, so it’s fairly typical. 

Lt. Col. Fagan: The photography which you were handling was taken with 
cameras designed some time ago. I wonder if in your work you came across any 
improvements in design that the Russians have made with their more modern 
cameras ? 

Mr. Petrie: The only thing which we have come across after a fairly exhaustive 
search is the AFA-TES camera which I showed as a slide. This illustration was 
taken from Buchholtz’s book. One of the curious things about this is that Russinov 
in his paper of about four years ago goes through all his designs up to Russar 65. 
However, he leaves various gaps in the series and doesn’t mention the Russar 54. 
But Buchholtz says there is a Russar 54, which is super-wide angle in coverage, has a 
very low distortion, is equipped with a rCseau and so on. He also mentions that it is 
mounted in the AFA-TES camera. This is the only reference that we have come 
across of this new camera and its new super-wide angle lens. The photography which 
we tested was taken in the early 1960’s and may not be fully representative of what the 
Russians are using now. On the other hand, it is the type of photography that quite 
definitely was used in the 1 : 100 000 scale mapping of the whole of Soviet Russia. 
This was finished in the late 1950’s and all accounts state that the Russar 25 and 29 
lenses were those used for the purpose. So our  tests appear to be representative of the 
main cameras that were used for the Russian topographic mapping programme but 
not of their latest cameras. 

Mu. Williams: I think you said earlier in your talk that the Russians had 
indicated that they were correcting their distortions after plotting or processing? 

Mr. Petrie: After measurement of co-ordinates. 
Mr. Williams: Are we to infer by this then that they have some kind of analytical 

plotting system or are they using a purely analogue device which is variable according 
to the calibration of the lens? 

Mr. Petrie: Well! I thought this would arise. I must read you part of the 
actual letter we received about the Russar lens distortion from Professor Konshin 
because it really is quite remarkable and I can add little. He writes “Photogrammetric 
distortion of aerial photographic cameras is determined in order to reveal the 
possibility of using these cameras during cartographic work, the exactness of this 
determination being about f 0.01 mm. In the U.S.S.R., during work on universal 
stereophotogrammetric apparatus, no corrections for the influence of distortion are 
made, but the biggest part of deformation of a model caused by the influence of 
symmetric distortion is eliminated by the use of indications of a statscope [sic]. The 
use of a cam, or a compensating plate for removal of the influence of distortion is 
possible both in case of symmetrical and non-symmetrical distortion, but, in this 
latter case, the making of such compensating devises [sic] will be very difficult. In 
the U.S.S.R., such methods of removing distortion are not used, since not only a 
radial but a tangential component also has influence on the displacement of the 
points of the photographs. Therefore the use of the stated compensators will hardly 
lead to increase in the exactness of a photograph. If the co-ordinates of individual 
points are being measured, corrections can be introduced to them for distortion 
influence, irrespective of the distortion being symmetrical or non-symmetrical.” 

The inference here is that on most of their larger instruments, they are measuring 
numerical co-ordinates and then they are correcting them later on for the influence of 
distortion. This makes one ask, what are they doing when compiling the map? 
Well, I’m not too sure really. They have used the Drobyschev STD-2 third-order 
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machines which I showed you on the slide. These don’t have a floating mark. 
Instead they have a cross-wires arrangement and you measure point by point and 
create a whole grid of height points all over the model. Then you can correct all of 
these by the STD-2’s mechanical analogue computer, or you could do  it nowadays in 
a computer. The result is a grid of corrected height points. Then of course the 
mapping can be done in some simpler instrument provided the grid of points is dense 
enough. They would really be interpolating the contours between these points. Also, 
it may well be that they are using optical projectors for the plotting of planimetry 
because, if you look at Russian literature, you see that they have single multiplex- 
type projectors which are adjustable in height. So for a particular height zone you 
can trace off the detail and then, when your computed heights or contours show that 
you are into the next height zone, you can shift the multiplex projector up or down as 
the case may be and again bring the projection to the correct scale. In other words 
you have a sort of zonal transformation, similar to the system which Towel1 developed 
in the fifties in the United States for use with orthophotographs. In this, using a 
strip mask, he stripped off the area between two contours and exposed it. Next he 
re-set the projector and then exposed the next zone and so on. I can only guess at 
this whole business of how the Russians do their plotting of small scale maps but 1 
believe that the use of a grid of points followed by optical projection and plotting 
piece by piece over the whole model is one of the methods that has been employed. 

Mr. Dowman: I think that the letter mentioned universal plotting machines; do  
I take it from what you’ve just said that this doesn’t mean universal plotting instru- 
ments as we usually understand the term? 

Mr. Petrie: I quoted the STD-2 because apparently this is a machine which has 
been employed extensively for plotting small scale maps. But the Russians do have a 
lot of what they call universal machines, such as the Drobyschev SD and USD 
Stereographs, the Drobyschev Photocartograph and the Romanovsky SPR Stereo- 
projector; these comprise the second group of machines which I showed on the 
slides. Some of these are base-in, base-out machines, so this suggests that probably 
they are used for aerial triangulation. If they are used for this purpose then, of 
course, it’s quite possible to correct the measured model co-ordinates, because they 
are not being used directly for plotting. The two machines which are truly universal 
in our sense of the word are the Drobyschev USD Stereograph and Photocartograph. 
The other two, the Drobyschev SD Stereocartograph and the Romanovsky SPR 
Stereoprojector, are essentially plotters (without base-in and base-out capability) 
which can be used either for the measurement of co-ordinates within a single model 
or for the plotting of medium and large scale maps. 

Mr. Rowe: When we were shown the pictures of the wildly assorted distortion, 
you said that Wild produced a corrector plate. Viewing this problem as a camera 
manufacturer, I would like to know whether the corrector plate was ground under 
computer control or did it involve many hours of work by craftsmen? 

Mr. Petrie: The Chairman is from Wild! 
Chairman: I think, even though he is, he knows less about this particular problem 

than you. Judging by the pattern of the distortions I would have thought that it was 
probably done by hand. Now I know that it was done, it might be interesting to find 
out. 

Mr. Petrie: It was, of course, done in the late 1960’s and I don’t know if com- 
puter controlled grinding was possible then. 

Mr. Rowe: I believe there is such an American machine although I don’t think it 
was designed primarily for that sort of work. 

Mr. Wallis: On the example which you showed of the photography taken with 
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the Russar lens, it appeared that the definition falls off towards one side or one edge 
of the photograph. Is this due to the optical axis of the lens not being at right angles 
to the plane of the film? Otherwise how do you account for the fall off in definition 
if it is only to one side of the photography? 

Mr. Petrie: I would rather not account for it at all. Perhaps Wild and Zeiss 
could throw some light on this. I would have thought that if the lens elements are 
poorly centred, as they seem to be to produce the large asymmetric lens distortion, 
then it is almost certain that some sort of unbalanced illumination would result from 
this too. I can only confirm that the fall off in illumination and resolution was more 
pronounced to one side on the photographs that we measured and it was present on 
all of them. 

Mr. Wallis: Therefore did you make any correction to account for the film plane 
not being at right angles to the optical axis of the lens? 

Mr. Petrie: Not at all. We assumed that it was alright and that presumably the 
plane of focus in which the image would be sharp was not coincident with the 
negative plane. In practice all that happened was that you had one sharp picture and 
one fuzzy picture, because the corresponding area on the second picture was sharp. 
This isn’t such an unusual situation. In most other super-wide angle photography 
you often have one very good image and the other with quite considerable fall off, but 
when you view the two stereoscopically, usually you see a fairly reasonable stereo- 
model. 

Major General Kelsey: This may be a stupid question but why was it not possible 
for the Syrians to obtain Russian plotting instruments? Obviously if they have 
photography which is designed for use with certain plotting instruments the sensible 
thing for the Syrians to do would be to ask for some plotting instruments. Did they 
ask? 

Mr. Petrie: I can’t answer that directly. I think that most of the Syrian photo- 
grammetric people have been educated in the West and they had already purchased a 
large amount of photogrammetric equipment from the western European manu- 
facturers. Quite apart from the super-wide angle equipment, they have the RC8, the 
French S.O.M. glass plate camera, Poivilliers plotting instruments from France, 
Wild A7 and A8 instruments, and so on. Their whole method follows the western 
approach to photogrammetry and the Russian approach is really fundamentally 
different. With the latter, you have these rather complex plotting instruments based 
on an affine model with the use of a standard principal distance for plotting and you 
need quite elaborate de-centring of the photographs in order to achieve a continuous 
stereoscopic picture. I think people who have tried plotting reconnaissance 
photography taken with very short or very long focal length lenses can confirm that 
such methods are not always very convenient to use. In any case the Syrians had 
purchased this complete super-wide angle system from Wild and it was only the 
wrecking of their aircraft and camera which drove them back to using the Russar 
photography. 

Mr. Mott:  Wouldn’t another reason be that this Russian method requires an 
enormous amount of control on the ground, in order to check all the distortions in 
different areas and make allowance for them? If the Syrians used the Russian 
instruments they would have to put in a dense height control in a manner similar to 
that which was used in the early part of the Second World War. It boils down to 
drawing form lines under a stereoscope between a close spot height grid, though in 
Russia it seems they employ an elementary type of stereoplotter instead of an open 
stereoscope. 

Mr. Petrie: You must remember that the aerial triangulation process can also 
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produce more numerous points than we are accustomed to using. We only measure 
six points per model, but it’s quite possible to measure very many more points. For 
example, this is done by the Americans in evaluating reconnaissance photography. 
There they have a very highly deformed model and they take this out by warping the 
model onto a large number of points. These are not determined on the ground but by 
analytical aerial triangulation. When they are making the stereocomparator 
observations they simply include more points on which to warp the model. There is a 
paper by Mahoney in Canadian Surveyor which gives details of the techniques which 
they have used to take the deformations out of this reconnaissance or panoramic 
photography. If they can’t warp the model onto eight or ten points they simply go 
back to the comparator and measure more points on that model, compute them and 
then warp the model onto still more points. I don’t think it is necessary to go out 
onto the ground to do this: you just need larger numbers of points to be measured in 
the aerial triangulation. 

M r .  M o r t :  Nevertheless, this would be a fairly complex process requiring a lot of 
computation, experience and equipment. I think the Syrians would have had some 
problems in meeting these requirements. 

M r .  Petrie: It may also be that when the Russians were coping with these very 
short and long focal lengths they had to do  so with the technology of the time. 
Remember we are speaking of the 1950’s. The Americans can do  the same thing now 
but they have an analytical plotter for the task, whereas at that time the Russians 
were having to use analogue methods to overcome these effects. Somebody did ask 
me whether analytical plotters are being used by the Russians. I just don’t have any 
information on this but 1 think it is fairly widely known that Zeiss (Jena) have built 
analytical plotters which perhaps are being used by the Russians. 1 don’t know if they 
have been developed for this kind of work or not. 

M r .  Williams: If I may add a point here, I remember that we once did some 
plotting from some very severely distorted standard survey photography of moun- 
tainous terrain and the way in which we were able to do  this was simply to break the 
thing down into rkseau squares and set up each square independently. It was a 
tedious job, but the answer came out quite well in the end. Such work can be done, 
as you say, by a proliferation of derived control. 

M r .  Warren: Has the actual method now been put into production; if so, of the 
methods which you have described, which one have they adopted? The photography, 
as I understand it, is now about 10 or 15 years old. 

M r .  Petrie: It is about 13 years old. 
M r .  Warren: Is this the kind of photography that they are going to use for 

producing orthophotographs? One would have thought that really up to date 
photography is necessary for the production of orthophotographs. 

M r .  Petrie: The results of the test indicated that there were a number of options 
open to the Syrian mapping agency: to use the existing photography or to fly new 
photography; to plot a line map or to produce orthophotographs; to buy new 
stereoplotters or not. I don’t know what they decided to do finally. 

M r .  Warren: How long did the tests take? 
M r .  Petrie: They were carried out over a period of about two years, off and on, 

in 1971 and 1972. There were various interruptions due to troubles in the Middle 
East. 

Chairman: Mr. Petrie has answered all the questions, except one which he 
referred elsewhere, so I would like to thank him very much for coming to give his 
paper. 
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