
The Use at the A9-B9 System
in Aerial Surveying

M. C. VA T WTJK,

Div. of Applied Physics, National Research Council,
Ottawa, Canada

INTRODUCTION

ATMOSPHERIC conditions, extra costs in
curred by high altitude photography and

the ceiling of the aircraft are important re
strictions on the height from which aerial
photographs for mapping purposes can be
made. Therefore, it is not always practical
to try to increase the general efficiency and
the economy of aerial mapping by simply in
creasing the flying height. Another way of
achieving the same objective is to use cameras
with wider angular fields. This results in
larger photographic ground coverage, leads
to a reduction of flying time and, conse
quently, of the amount of photographic mate
rial used, as well as of the density of required
ground control. In addition, a wider angular
field of the camera increases the base-heigh t
ratio of two successive photographs. This
offers more favorable intersection angles of
corresponding light rays, so that a higher
accuracy in photogrammetrically determined
elevations can be expected.

Of course, a substantial widening of the
angular field of a lens en tails certain di ffi
culties. Imperfections in the flatness of the
film and irregularities in the emulsion will
have a stronger effect on the final results of
photogrammetric measurements and map
ping. A certain decrease in image quality is
another consequence that must be considered.

Since the Second 'vVorld War, superwide
angle photography has been successfully used
in the small-scale mapping of the U.S.S. R.
For this purpose, a superwide-angle lens with
an angular field of 122°, called Russar, has
been developed. This lens is su pposed to be
practicall y free from distortion, and (he
brightness of the photographic image is ap
parently only 10% lower in the corners than
in the center. A high quality superwide-angle
lens has also been developed in Switzerland
by the Wild Company. This lens, called Super
Aviogon, has an angular field of 120° for a
23X23 cm. negative and a focal-length of 88
mm. A correspondi ng lens, the Su per I nfra
gon, has been especially designed for infrared
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photography, and in order to accommodate
these lenses, a fully automatic aerial film
camera, the Wild RC9, has been constructed.

The introduction of superwide-angle photo
graphs raises the question of accompanying
plotting equipment. On the assumption that
the triangulation operations could be carried
out analytically, for the actual detail plotting
a simple and relatively inexpensive plotter
could be designed. In view of the fact how
ever, that the analytical triangulation
methods and the electronic computations are
not commonly known and used yet, there was
a strong argument for a more conventional
solution, such as a first-order plotter on which
aerial triangulation of superwide-angle photo
graphs could be performed. For the design of
such a plotter two conventional ways could
be followed:

(a) an instrument based on optical pro
jection,

(b) an instrument based on mechanical
projection.

'vVhatever system is used, a conventional
plotter designed for triangulation of original
size superwide-angle photographs results in a
large and expensive instrument. In order to
overcome this disadvantage the \iVild Com
pany, which developed the high-quality
Super Aviogon and Super Infragon lenses,
chose to solve this problem by designing a
plotter tha t accepts photographs reduced to
half the original negative size. This plotter,
the \iVild A9 Autograph, has a maximum pic
ture size of 115 mm. X 115 mm., the focal
distances varying from 40 to 77 mm. There
fore, wide-angle and su penvide-angle photo
graphs can be used if they are reduced to half
size. For aerial triangulation the A9 Auto
graph is provided \yi th the means to in ter
change the left and the righ t pictures in the
eyepiece, to rotate the optical image by
Dove prisms and to set the base in inner and
outer positions. The coordinates of the tri
angulated points can be recorded manually
or automatically (magnetic tape, cards,
punch tape or typewritten records).
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TABLE I

STEREOSCOPlC GRLD iVlEASUREME:-.ITS 0:-.1 THE A9

Prnjec- Base
Nfean square errors

Focal
tion Base Number

Model length
distance ratio of In scale of A9 In scale of

No. f, in
h, in blh points grid plates original negati!'es

mm. In mm. Position
mm. mh m p% mh n'Lpz.

1 44 100 89 out 0.89 91 61-' 5.3 I-' 12 I-' 10.61-'
2 44 100 89 III 0.89 91 6 5.3 12 10.6
3 44 50 44 out 0.89 73 7 6.2 14 12.4
4 44 50 44 in 0.89 91 5 4.5 10 9.0
5 76.5 100 66 out 0.66 66 7 4.6 14 9.2
6 76.5 100 66 in 0.66 66 .'5 3.3 10 6.6
7 76.5 50 33 out 0.66 66 6 4.0 12 8.0
8 76.5 50 33 In 0.66 66 9 5.9 18 11.8

A special reduction printer has been built
for the reduction of the diapositives. This
reduction can be combined with elimination
of lens distortion and compensation for earth
curvature and atmospheric refraction.

It would not be efficient to use a costly
instrument, designed for aerial triangulation,
for ordinary plotting operations. Therefore, a
simple plotter, the Wild B9 Aviograph, was
designed as an auxiliary plotter to be used in
conjunction with the Wild A9. The same re
duced diapositives are used on both instru
ments. The principle of the Wild B9 Avio
graph is again based on the mechanical solu
tion combined with an orthogonal observa
tion system. Four or five Wild B9 plotters
could be used with one Wild A9 to obtain an
economical superwide-angle plotting system.

No doubt, the availability of high quality
superwide-angle photographs constitutes an
extremely important element in modern map
ping techniques and it was the purpose of our
investigations to supply some concrete infor
mation that could assess better this new ele
ment and would be of assistance in the
planning of mapping projects for which use of
the superwide-angle photographs is con
sidered.

GRID M EASUREME1\TS

Various grid tests have been performed in
the laboratories of the National Research
Council for the purpose of determining the
instrumental accuracies of the \Vild A9 and
B9 plotters.

A set of monocular grid measurements in
the A9, using focal distances of 44 mm. and
76.5 mm., and a projection distance of 100
mm., showed an average mean square error of

m" = ± 6f..L and my = ± 5f..L at the scale of the
grid plates. Stereoscopic measurements of
eight grid models with different combinations
of focal distances (44 mm. and 76.5 mm.),
projection distances (100 mm. and SO mm.)
and with the base in outer and inner posi
tions gave a mean square error of mh = ±6f..L
in the scale of the grid plates (see Table I).
For these measurements the Z-scale had been
improved by attaching a vernier that divided
the smaIlest interval of the scale into 30 parts.

For the determination of the planimetric
accuracy of the B9 Aviograph, the same grid
plates as those used in the A9 were employed,
and the grid points were plotted on dimen
sionally stable, aluminum-mounted paper,
using the Z-column as well as the reduction
pantograph, in which a reducing scale of 2: 1
had been set. The measurements were per
formed for a focal length of 44 mm., a projec
tion distance of 132 mm. and a base ratio
b/h=1.14. The coordinates of the plotted
grid points were read on the A7 coordinato
graph and the differences between the theoret
ical and the plotted coordinates were com
puted. The mean square errors of the co
ordinates were mx=my= ±0.03 mm. Since
possible errors of the A7 coordinatograph are
included in this result, there is little doubt
that the planimetric accuracy of the B9 is
very high.

The A9 and B9 are equipped with the same
type of scales for the vertical coordinate read
ings. The grid measurements on the A9
proved that the reading precision of the Z
scale is insufficient compared with the in
strumental accuracy. Therefore, on the B9,
the elevations of the grid points were meas
ured only after a dial gauge with a smaIlest
reading interval of 10f..L had been mounted on
the Z column.
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The elevation measurements were per
formed for two different projection distances
of 132 mm. and 88 mm., with the base ratio
bjh= 1.14. The mean square errors of the
measured elevations for the two projection
distances were 10j.l and 9j.l respectively (see
Table II). This means that the instrumen tal
error in plotting at the scale of, e.g., 1: 100,000
would amount to only 1 m. and 0.9 m., respec
tively.

USE OF THE A9 AUTOGRAPH

IN AERIAL TRIANGULATION

The use of reduced diapositives on the A9
may lead to reduced accuracy in aerial tri
angulation. This is an important question
since analytical methods are already available
which are suitable also for use in connection
with superwide-angle photography. To clarify
this problem, aerial triangulation of several
strips was carried out on both the A9 and by
analytical methods, using reduced and con
tact diapositives from the same set of nega
tives. A more complete report on this work
will be published later. At present mention is
here made of some of the resul ts obtained in
this investigation.

The photographs used for this study were
taken from an altitude of 13.0 km., with re
sulting photoscale of 1 :150,000. The strip,
100 km. in length, was flown over the Ottawa
test area. The photography was made with a
90% longitudinal overlap, so that three in
dependen t stri ps wi th a 60% longi tudinal
overlap could be formed, each consisting of 7
or 8 photographs. Each of these strips was
triangulated once on the Nistri TA3 Stereo
comparator and twice, by different operators,
on the Wild A9 Autograph. The analytical
triangulation was performed on the IBM 650
with a program developed at the National
Research Council. This triangulation pro
gram includes corrections for radial lens dis
tortion, earth curvature, and atmospheric
refraction.

The reduced diapositives, which were
measured in the A9 Au tograph, were corrected

for lens distortion during the reduction by a
compensation plate. This plate compensated
for earth curvature and atmospheric refrac
tion for a flying heigh t of 10 km. only, as no
compensation plate was available for a flying
height of 13.0 km. The remaining effect of
earth curvature and atmospheric refraction
was corrected numerically.

After positioning the strip in the terrestrial
coordinate system, the computed ground
elevations showed a parabolic deformation
that was about the same for both the Nistri
T A3 and the vVild A9 measuremen ts. To
correct for this deformation, the transforma
tion was repeated with a second-degree height
adjustment included. In order to study the
accuracy of the results, the mean square
errors in the photogrammetric coordinates of
41 horizontal and 63 elevation control points
were compu ted and are listed in Table II 1.

A comparison between the results obtained
from the Wild A9 and the Nistri TA3 meas
urements is expressed by the ratio of the
mean square elevation and position errors of
the ground control points. Taking the aver
ages of these values for the three strips is
obtained:

1/1. (A9) 4.1 m.
---:=c-:-::-:- = -- = 1.7
"III. (TA3) 2.4 m.
/ltp (A9) 6.9 111.

---,--------,-,-=--=13
1II p (TA3) 5.4111. .

where:

These ratios show that a higher accuracy is
obtained by the analytical triangulation
method, probably because in this procedure
the con tact diaposi ti ves, and not the reduced
diapositives were used. The fact that the ratio
pf the accuracies in elevation is greater than
the ratio of the accuracies in the horizontal
position may be partly explained by the too
large scale interval and the resulting limited
reading accuracy for the Z-coordinates on
the A9.

TABLE II

STEREOSCOPIC GRID 1EASUREMENTS OK THE \VILD B9
USING A 0.01 MM. DIAL GAUGE

Model No.
Focal Projection b/h Number of

length distance ratio points tit.

J 44 mill. 132 mm. 1.14 66 10 jL
2 44 111m. 88 mill. 1.11 66 9jL
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TABLE III

MEAN SQUARE ERRORS FOR AERIAL TRIANGULATION
SCALE OF PHOTOGRAPHS 1: 150,000

Mean square errors

Strip Instrument Operator On the ground A t negative scale
tnh in

tn" my m p mh m p mh %0 h

1 Nistri TA3 2 4.0m 3.9 m 5.6 m 2.7m 37 !L 18 !L 0.21
2 Nistri TA3 2 3.1 3.5 4.7 2.3 31 15 0.18
3 Nistri TA3 2 4.4 4.0 6.0 2.1 40 14 0.16

1 Wild A9 2 5.6 4.8 7.4 4.6 49 31 0.35
2 WildA9 2 4.1 5.1 6.5 4.3 43 29 0.33
3 "'hId A9 2 4.2 4.3 6.0 4.5 40 30 0.35

1 Wild A9 1 4.6 4.8 6.6 3.7 44 25 0.28
2 vVild A9 1 5.1 6.4 8.2 4.0 55 27 0.31
3 WildA9 1 5.0 4.7 6.9 3.3 46 22 0.25

TESTS ON SINGLE MODELS FROM

SUPERWIDE-ANGLE PHOTOGRAPHS

In the first test carried out on a single
stereo model of superwide-angle photographs,
the results of the Nistri TA3 measurements
were compared with the results obtained on
the Wild A9. A test model with a 60% longi
tudinal overlap, containing 45 points with
known elevations, was selected from the
photographs at the scale of 1: 150,000, which
had been used for the investigation of aerial
triangulation. The original-size diapositiveg
of this model were measured on the Nistri
TA3 and the reduced diapositives on the
Wild A9. The analytical relative orientation
of the Nistri measurements was performed
by using 25 points uniformly distributed over
the model. On the Wild A9, the relative
orien tation was performed empirically, using
6 points in the usual positions. The height
deformation in the model was adjusted by
second-degree polynomials, as in the adjust
ment of the strips. The mean square errors in

the elevations were computed and are listed
in Table IV.

The accuracy of the elevations that are
obtained from the original photographs is
higher by a factor of 1.5 than the accuracy
of the elevations obtained when the reduced
photographs on the Wild A9 are used. This
factor was obtained from the following ratio:

11!h (A9) 2.4 111.
---=---= 1.5.
11!h (TA3) 1.65111.

In a second test, original size and half-size
diapositives from superwide-angle photo
graphs and the diapositives from wide-angle
photographs made over the Renfrew test
area, at the same scale 1: 50,000, were meas
ured on the TA3 Stereocomparator. Thus the
influence of the reduction of diapositives
could be directly established and the com
parison between the results from superwide
angle photographs and wide-angle photo
graphs could be obtained.

TABLE LV

MEAN SQVARE ERRORS IN ELEVATION FOR A SINGLE MODEL
SCALE OF PHOTOGRAPHS 1: 150,000

Mean square errors (mI.)
Instrument Operator

On the ground A t negative scate tn, in %0 h

Nistri TA3 2 1.8m. 12 !L 0.14
:'\'istri TA3 2 1.5 10 0.12
WildA9 2 2.6 18 0.20
WildA9 2 2.3 16 0.18
WildA9 1 2.4 16 0.18
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All of the measurements were processed
analytically in the IBM 1620. For relative
orientation of the models 24 points, evenly
distribu ted in the overlaps, were used. The
remaining parallaxes for all measured points
were computed in order to determine the
accuracy of the relative orientation.

Lens distortion, earth curvature and
atmospheric refraction were compensated
analytically for the original size diapositives.
For the reduced RC9 diapositives, these
corrections were applied optically during the
reduction process.

The absolute orientations were carried out
on 30 terrestrial control points and were re
peated with second-degree terms included in
the height adjustment in order to correct for
small systematic model deformations. The
mean square errors of the photogrammetri
cally determined elevations of about 70 con
trol points were computed and they are
listed in Table V.

A comparison between the results from the
measurements of RC8 diapositives, the RC9
diapositives and the RC9 reduced diaposi
tives is given by the ratios of the correspond
ing mean square errors in elevation:

11lh (RC8) 0.74 m.
_-'------C- = --- = 1.S
11lh (RC9) 0.41 m.

11lh (RC9red) 0.63 m.
--,..---:--,.. = --- ~ 1.5

11lh (RC9) 0.41 m.

11lh (RC8) 0.74 m.
-='-::,-----'-,- =-- = 1.2.
11lh (RC9red) 0.63 m.

These ratios indicate that the accuracy in
elevation determined from the superwide
angle photographs is higher by a factor of 1.8
than the accuracy of the same coordinates
determined from the wide-angle photographs.
This no doubt is the consequence of the
larger base ratio for the superwide-angle
photograph5.

The ratio of the errors obtained for the
reduced and the original RC9 diapositives
demonstrates the loss in accuracy which is
caused by plate reduction. This ratio agrees
with the ratio of the results from the Wild A9
and the Nistri T A3 measurements of the
1: 150,000 test photographs earlier mentioned.

Despite the influence of plate reduction,
however, the accuracy of the elevations ob
tained from reduced superwide-angle diaposi
tives is higher by a factor of 1.2 than the
accuracy obtained from wide-angle photo
graphs made at the same scale as the original
superwide-angle photographs.

This agrees approximately with the results
given in the paper by J. 'vV. Halbrook.2 The
writer compared the results from superwide
angle and wide-angle photographs made at
the same flying height. He reached the con
clusion that equal vertical accuracies from
both types of photographs can be obtained if
superwide-angle photographs are taken at
about 5/6th the altitude from which the wide
angle photographs are taken. For superwide
angle and wide-angle photographs made at
the same scale, this would mean that the
vertical accuracy of superwide-angle photo
graphs if about 1.7X~=1.4 times higher
than the accuracy of wide-angle photographs.

INTERPRETABILITY OF REDUCED
DIAPOSITIVES

Small-scale cartography of sparsely pop
ulated areas will be the most important
application of superwide-angle photography.
In these areas, small artificial details are few.
If they occur, however, it is very important
that they should be identified on the aerial
photographs in order to be mapped. To pro
vide some information on this important
question, the plotting results of one test area
from superwide-angle photographs at three
different scales of 1: 150,000, 1: 100,000 and

TABLE V

MEAN SQUARE ERRORS FOR THE RENFREW TEST MODEL
-

Mean square errors

Diapositives
Photo- b/h Over- Number mh

Residualscale ratio lap of points
On the In paral-

g1'Ound %oh
laxes

RC9; 23X23 em. 1:50,000 1.06 60% 64 0.41 m. 0.09%0 12 I-'

RC9; 12X12 em. 1:100,000 1.06 60% 65 0.63 0.14 14

RCS; 23X23 cm. 1:50,000 0.60 60% 66 0.74 0.10 10
..
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1 :68,000 were compared. Reduced diaposi
ti ves made from these photographs were plotted
on the B9 Autograph. The test area, 6X9
km. in size, consisted mainly of farm land and
some wooded areas. The highest altitude
photographs were mapped first, the medium
altitude photographs next, and the lowest
altitude photographs last. This was done to
prevent the operator from remembering in
formation about the terrain details from
lower altitude photographs while the higher
altitude photographs still had to be mapped.

In order to compare the completeness of
linear details, the roads and railway tracks
were mapped from the three different sets of
photographs. It was found by comparing the
three plots that a decrease of the photoscale
did not seriously affect the completeness in
recording of linear details. No importan t
omissions could be established.

A completeness comparison of the mapping
of small, point-like details was restricted to
the mapping of the houses in the test area.
Here important differences for the three differ
erent photoscales occurred. On the plot made
from the 1 :300,000 scale diapositives, 26% of
the total number of houses which were plotted
from the 1: 136,000 scale diapositives were
missing, while 3% were plotted where no
houses existed. In the plot made from the
1 :200,000 scale diapositives, 20% were miss
ing and 5% not correctly interpreted, as com
pared with the plot from the 1: 136,000 scale
diapositives. The percentages of the missing
details point to the restriction that has to be
placed on the flying height if a correct inter
pretation of the aerial photographs is re
quired.

CONCLUSIONS

A stereo pair of superwide-angle photo
graphs has a base ratio which is 1. 7 times the
base ratio of a stereo pair of wide-angle
photographs if both types of photographs
have the same overlap. Therefore, one may
expect, from a purely geometrical point of
of view, the vertical accuracy of the super
wide-angle photographs to be 1.7 times higher
than the vertical accuracy of the wide-angle
photographs made at the same scale. How
ever, as imperfections in the optical system
and the photographic material will have a
greater influence if the angular field of the
camera is wider, the purely geometrical
considerations may not be sufficient to de
termine the actual gain in accuracy.

The measurements of both types of photo-

graphs made at the same scale over the Ren
frew test area have been performed to com
pare the relative vertical accuracies. I t is
remarkable that the ratio between the ob
tained vertical accuracies of superwide-angle
and wide-angle photographs is about what
was expected on the ground of purely geomet
rical considerations. As only one stereo model
of each type of photographs was measured, it
is too early to make any definite statements.
However, the results indicate that the optical
and photographic imperfections are too small
to influence the accuracy of superwide-angle
photographs more than wide-angle photo
graphs.

Several experiments mentioned in this
paper prove as it was expected, that there is a
drop in accuracy caused by the reduction of
the negatives to half-size diapositives re
quired for the A9 and B9 plotters. The plot
ting accuracy depends upon the scale of
photographs used, and one would expect that
diapositives reduced to half-size of the
original negatives would have a 50% decrease
in accuracy. As demonstrated, however, the
decrease in accuracy amounts to about 30%
only. This is probably due to the fact that the
optical reduction of original negatives reduces
also all geometrical errors in the original
photographs.

Because of this and the very favourable
base ratio in superwide-angle photographs as
well as the excellent accuracy of the A9, the
use of reduced diapositives in the A9 offers
better vertical accuracy by a factor of atout
1.2 than the use of the original 23 X 23 cm.
wide-angle photographs.

This result demonstrates a very attractive
feature of superwide-angle photographs. It
proves that there is a definite technical and
economical advantage in using them particu
larly in the mapping of large less developed
areas. There is also no dou bt that the use of
analytical triangulation methods will permit
the exploitation of the favourable features of
superwide-angle photographs in a more com
plete man nero
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