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ABSTRACT: This paper describes an evatuation of j( C-2 Convergent Photog­
raphy by the Army Map Service as part of a comprehensive investigation of
several types of convergent material. This camera was flown simultaneously
with a vertically mounted KC-1 camera over Phoenix, Arizona at an altitude of
10,000 feet. Two adjacent flights of each material were aerial-triangulated
three times each on the C-8 Stereoplanigraph and were adjusted by a combina­
tion of mathematical and graphical methods.

Background material is presented cancemin!!. previous A rmy AIap Service
convergent aerial triangulation investigations, and some comparison is made
between these and the present results. The results of the current test, simultaneous
[( C-2 convergent and J( C-1 vertical, are presented and compared in detail.

PHOTOGRAMMETRISTS everywhere are con­
stantly interested in the simultaneous

attainment of two apparently conflicting
goals. These are: 1) increased economy and
2) the same, or better, accuracy.

The most obvious method of increasing
economy is to raise the ceiling of the photo­
graphic aircraft. Theoretically, one of the
methods to do this and still maintain the
accuracy of the Z-coordinate is to use con­
vergent photography.

There are several types of convergent
photography and many papers have been
published concerning their theory and results
(1, 2, 3). The theory, comparative geometry,
(Figure 1) advantages and disadvantages
have been discussed in great detail, by a
wealth of literature, by many eminent, and
at times, disagreeing authorities. Those
aspects, therefore, will be treated only in a
very general way. The primary purpose of
this report is to give the background, condi­
tions and results of an investigation which
compared the aerial triangulation accuracies
of the KC-2 con vergent camera with those of a
simultaneously flown, \'ertically mounted
KC-1 camera.

Since it was theoretically decided by Ohio
State University,t that doubling the Base:
Height ratio should result in a corresponding
increase in the vertical accuracy of a stereo
model, Army :\Ilap Service has conducted

t Under a U. S. Army Geodesy, Intelligence
and Mapping Research and Development Agenc~'

(GIMRADA) contract.
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exhaustive tests, in coordination with
GIMRADA. to determine whether or not this
theory held in practice. (4). The resulting
investigations used 20-degree Mark Hurd,
vertical KC-1, IS-degree KC-1, 20-degree
KC-1, and 13.S-degree RMK 21/18 photo­
graphy, taken at altitudes of from 10,000 to
35,000 feet. The instruments used in the
testing were the Multiplex, Kelsh and Balplex
plotters for compilation, and the Stereoplani­
graph C-8 for aerial triangulation.

In summary, the previous results indicate
that:

1. In the compilation of single models,

* The information contained herein does not necessarily represent the official \'iews of the Corps of
Engineers or the Department of the Army.

t Presented at the Society's 27th Annual Meeting, The Shoreham Hotel, Wushington, n. c.,
Murch 19-22,1961.
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FIG. 1. Convergent photography.

altitude of 10,000 feet over the same area that
was covered by previously tested material.

The Fairchild KC-2 camera, built for the
U. S. Air Force, ,,'as specifically designed to
take 20-degree(half-angle) conYergent photog­
raphy (6, 7, 8). It is believed to be the only
"'ide-angle camera specifically built as a
convergent camera and tested by a mapping
agency. It offers the following advantages
over the previously used, modified KC-l
convergen t cameras:

1. Reduced size and weight.
2. Shutters remotely controlled by elec­

tronic means wi th synchronization to
one millisecond.

3. Dual, interchangeable magazines.
4. Matched Planigon lenses mounted in

convergent inner cones which are held in
a precise relationship to each other by a
reinforced single body structure.

5. Ability to operate at the faster speed of
the latest aircraft as well as in a greater
temperature range.

The test photography was flown in August
1959 at an altitude of 10,000 feet over the
Phoenix, Arizona test area by the Aero
Service Corporation. The Army Map Service
received the material from GIMRADA,
through official channels. This photography
did not CO"er the area requested and only
two, rather than three, adjacent strips ,,'ere
usable for aerial triangulation purposes. In
addition, it "'as discovered that the KC-2
photography was stabilized while the KC-l
material was not.

An inspection of the camera calibration
certificates showed that the distortion of each
of the two cones of the KC-2 camera was less
than 10 microns; that the distortion of the
KC-l camera, however, reached a maximum
of 24 microns. Since 10 microns is considered
distortion-free by Army Map Service, no
further treatment was given the KC-2 photog­
raphy. The KC-l film, however, was proc­
essed in the Wild U-3 printer. This reduced
the maximum distortion to a calculated 17
microns.

Preliminary model orientations were made
to check the photography for residual Y­
parallaxes. The KC-l material oriented satis­
factorily in this respect. On the other hand,
approximately 20 per cent of the KC-2 photog­
raphy models had residual Y-parallaxes of
the order of a 0.10 mm.

At this point, considerable deliberation
"'as given as to whether or not this material
should be used for testing purposes. Finally,
it was decided to use the material in spite of
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20-degree convergent photography provides
vertical accuracy su perior to eq ual al ti tude
vertical material by factors of from 1.3 to 1.5.

2. This superiority, however, does not
carryover to the aerial triangulation process.
Comparative Army Map Service aerial tri­
angulation testing prior to the KC-2 provides
the following results (5):

a. There is little difference in horizontal
accuracy between vertical, lS-degree
convergent and 20-degree convergent
material.

b. The vertical accuracy of the photog­
raphy, taken by the vertically mounted
KC-l camera, exceeded that of the
corresponding 20-degree camera by a
factor of 1.68.

c. The vertical accuracy of the lS-degree
material exceeded that of the 20-degree
by a factor of 1.45.

As a resul t of these previous in vestiga tions
it was decided that, pending the findings of a
test of the KC-2 camera, no type of con ver­
gent photography be considered for use in an
assignment which "'ould require aerial tri­
angulation.

To conduct an evaluation of the KC-2
camera properly, the Army Map Service had
requested three adjacent flights of simulta­
neous KC-2 and KC-l photography at an
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TABLE r
HORIZONTAL AKD VERTICAL RESULTS

KC-I Vertical
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Bands Strip Run X-ft. l'}t, Vert-ft, Ft, Height/RAISEz

8-9-10 1 .'\ ±76 ±7.3 ±2 .2 ",S"S
B ±7.1 ±7.6 ±3 .0 6,667
C ±6.6 ±4.7 ±2 .4 4,167

.'\vg ±7.1 ±6.S ±2 .S ",000

10-11-12 2 i\ ±5.4 ± ..... ±2.8 3,S71
R ± .. 8 ±S.2 ±2.3 ",.1-+8
C ±7.1 ± ..... +2.7 3,704-

:\vg ±S8 ±4.7 ±2.6 I 3,846
--- -- ---- - ---- ---

KC-I V i\vg ±6 .4 ±S .6 ±2.6 3,846
- -_.- - -. -- - - - - -

-------- -
8-9-10

.\vg

~\

R
C

K C-2 Convergent

±7.7
±9.7
±8.9
±8.8

±7.6
±6.6
±8 ..
±7.S

± 1.2
± 1.1
± 1.3
± 1.2

8,333
9,091
7,693
8,333

10-11-12

KC-2 C

2

:\vg

:\vg

A
B
C

±7.2
±6.7
±7.4
±7.1

±7.9

± 7.1
±6.4
±6."
±6.6

±7.1

± 1.1
±1.3
±1.2
± 1.2

T 1.2

9,091
7,693
8,333
8,333

8,333

its deficiencies rather than to wait indefinitely
in the hope for better photography, Some
valuable indications, at least, would be given,

The two usable Aights were 19 miles long
(about 16 vertical models) and each contained
64 geodetic points. :\Tine of these points were
used to control each strip-a band of three at
each end and in the middle, The remaining
points \\'ere withheld from the operator for
later checking purposes.

The two adjacent strips of simultaneously
Aown KC-l and KC-2 photography were
orien ted three ti mes each on the Zeiss C-S
Stereoplanigraph by one operator. Each point
was observed three successive times and the
mean of these observations accepted as the
instrument value, For purposes of later analy­
sis, all instru men t setti ngs were recorded.
Subsequent strip adjustment, horizontal and
vertical, was performed by the UN IVAC.

The adj usted instru men t coordi na tes \\'ere
compared to the gi\'en values of the geodetic
control and RMS errors computed from the
differences (Table 1). The table sho\\"s tire
RMS errors in X, Y and Z of each of the three
orientations of the two strips of the two types
of photography. An inspection shows, for

example, that the vertical material produced
RMS errors in the Z-coordinate of from
± 2.2 to ± 3.0 feet for an average of ± 2.6
feet; that correspondingly, the convergent
material yielded ± 1.1 to ± 1.3 feet for an
average of ± 1.2 feet.

A careful record \\'as kept of time expendi­
ture during this test. These records sho\\" that,
in ground area covered, there were no appreci­
able time differences between the two types of
photography in either the instrumentation or
adj ustmen t processes,

A summary of the results of this test, as
compared \\'ith those of previous comparative
testing, is given in Table 2.

The KC-2 photography has exceeded, in
vertical accuracy, the results of all other aerial
triangulation testing conducted to date at the
Army Map Service, It is obvious that con­
vergent photography did not get a fair
evaluation until a \\'ide-angle camera \\'as
specifically made for the purpose and the
synchronization problem was solved.

The superiority in the Z-coordinate, of the
20-degree convergen t material over the verti­
cal, is about what the theorists had predicted.
How much of this increase in vertical accu-
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TABLE 2

.-\CCURACY SUMMARY

Previous Comparative Test
-------~--

Vertical KC-l
15° Convergent KC-I
20° Convergent KC-l

X-ft.

±8.6
±7.5
±7.8

±7.2
± 10.6
±7.8

Z-ft.

±18
±2.1
±3.1

H/RMSEz

5,556
'],762
3,226

Current Comparat-ic'c Test

---------_...~~-

Vertical KC-l
20° Convergent KC-2

±6 ..J
±80

±5.6
±71

±2.6
± 1.2

-1---

I
3,846
8,.133

racy, however, can be attributed to the fact
that the KC-2 was stabilized and the KC- t
was not? There undoubtedly was some bias
here-exactly how much, cannot be fully
determi ned.

Synchronization has been recognized as a
critical factor in the accuracy of convergent
photography aerial triangulation. In fact, it is
believed that the primary cause for the
accuracy breakdown in previous convergent
aerial triangulation testing can be attributed
to poor synchronization of the two convergent
camera cones. For this reason, the KC-2
tolerance was 0.001 second rather than the
0.01 second as formerly used in KC-t con­
vergent cameras. That a considerable im­
provement in synchronization was achieved
can be attested to by the base readings of the
"zero-base" model. The average such base of
the KC-2 camera \\'as 0.38 mm. compared
with 1.46 mm. for that of the previously used
KC-1 convergent camera. It is realized, of
course, that other sources of error, such as
film change, are contributing factors here. It
seems fairly certain, however, that the radical
improvement in synchronization produced a
corresponding increase in vertical accuracy.

As mentioned previously, the maximum
radial distortion of the two KC-2 cones was
under 10 microns while that of the KC-1
camera was 17, after compensation. Indica­
tions therefore are that the KC-2 camera was
superior to the KC-1 in the distortion
category. Since, hO\\'ever, the probable error
in these distortion calibrations is given as
± to microns, exactly how much better \\"ould
be difficult to determine.

On the other hand, the KC-2 material was
not flawless either. since traces of Y-parallaxes
were noted on about 20 per cent of the stereo
models.

Although the photography used was not

ideal, the lest provided some fairly reliahle
indications, that, with good synchronization.
20-degree con vergen t [lhotography can pru­
duce an increase in Z-coordinate accuracy in
aerial triangulation that is in keeping \\·ith
that found in the single stereo model. Prior to
any definite recommendations regarding the
use of such material in a project requiring
aerial trigangulation, however, further com­
parative testing \\'ith completely unbiased
material should be performed. In addition,
the results of current ultra-wide-angle investi­
gations, will ha\'e a bearing on \\-hether or
not, and to what degree, the Army Map
Service will use convergent photography.
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