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1« Introduction
Photogrammetry is being increasingly frequently used to prec-
ision measurements of engineering objects. On such measureme-
nts are generally placed high requirements of accuracy | 2 .
Precise determination of spatial coordinates is achieve by

using a multiple solution of independent ray bundles. This

method 1s based on the exact reconstruction of the homologous
ray bundlex LB]. This requires the use of terrestrial cameras
ensuring an accurate definition of intererior orientation pa-
rameters or making selfcalibration of photographs in the act-
ual processing procedure. Selfcalibration of photographs per-
nits determination of actual geometric paramebters of ray bun-
dles utilized in the photogrammetric measurement. Methods are
however generally being used based on the assumption of stab-
11ity and knowledge of the homologous ray bundle. Investigat-
ions of the geometry of photographs made with terrestrial ca-
meras, carried out by the present author, have shown that in
many Iinstances instantaneéus interior orientation parameters
are characterized by systematic deviations from production
specifications. This paper discusses investigations of the
geometry of photographs made with P-31 Wild, UMK-10/1318 and
Photheo 19/1318 Carl Zeiss, Jena, cameras. The results of re-
Peatibility of photograph geometry presented are representat-
ive of the camera types investigated. Knowledge of these cha-
racteristics enables the appropriate choice of a terrestrisl

Ccamera, as well as of the processing method depending on the
a priori-postulated accuracy of the photogrammetric measurem-
ent.

2. The method of photograph calibration used
For contrelling the geometry of the photographs made with te-
rrestrial cameras, a spatial test field was been asrranged at

the Warsaw Technical University Institute for Photogrsmmetry.

and Cartography. This object constitutes 49 signalled points
distributed so that they should uniformly be photographed on
the surface of the investigated picture /Tig.1/

Situation of the test field in a closed room and the - making
of a permsnent signalling arrangement ensures the formers$ ge-
ometric stability within an extended time interval. The situ-
ation of the field points in the reference system adopted has
been devermined by measurement of the horizontal and vertical
angles. In this measurement a T3 Wild theodolite was usede.
Measurements made thus far /four times in a period of years/
have not shown angular changes greater than 10°°, The field
arranged is characterized by considerable field depth. Dista-
nces from projective centre to the points towards the photog-
raphing axis amount to from 10 to 40 m. Such 3 considerable
test field depth permits also the determination of the geome-
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try of photographs made with the camera objective being focu-

.~
; ”.' P T - ;
- e g .

! ‘2 '
v | mmi mem gl C

e . i =1

l; o
i ymmr T (e Qg (34 T
=" L1354
l‘.b Q

!

1T
—etlh ¥ )
— -
.O -
iy 1o . d

‘- Ko

Fig. 1
The method of field calibration of photographs consists in
the analytical comparison of the corresponding homologous ray
bundles | 5] .
A ray bundie in object space is, as already mentioned, by me-
asurement of the horizontal and vertical angles / and / for
each field point in the adopted reference system /X,Y,Z/.
Measurement of image coordinates of points /x,y/ with the use
of monocomparator determines the shape of the ray bundle in
image space.
Comparison of the two ray bundles leads to the derivation for
each observation of two equations of the type:

R f(oc, Xgr Cpr @, 0,3, X, T, Zg, dx)

+ = " <
J Vy f(oc, 139 yoy Ck, wy({)yae’ X59 fs’ Z51 dy)
where the unknown are:

Xqr Tq - coordinates of the principal point,

Cye - principal photograph distance,

W,¥,8 - interior orientation angles, |,

XS;YS,ZS - projection centre coordinates in the adopted re-
ference system /X,Y,2/,

dx, dy - systematic photograph errors.

Unknowns are determined by sclving the normsl equation set by
by the least square method. Progrsmming of this method enab-
les 1n the calculating process the assumption of arbitrary
unknowns as constant. Accuracy of determinaticn by this met-
hed of the photograph interior orientation parsmeters depends
on the geometry and precision of the test field and the accu-
racy of measurement of the point image coordinates on the mo =
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nocomparator. Assuming RMS error of ilmage coordinates mx = my
=+%2 pm, the test field presented enables, for example, for a
wide-angle /wide-focus/ photographci camera the determination
of the interior orientation parameters with an accuracy of
mE, = WC),. = # 3 pm, oy o =X4 pme

3« Resuts of Calibration of selected Terrestrial Cameras
Interior orientation parameters of a camera constitute a bas-
ls for reconstruction of a homologous ray bundle. Its  final
shape is however determined by a number of factors, such as:
- objective distortion, - deformations and unflatness of ne-
gative film, - photographic errors /e.2., boundary phenomenon/
- errors of monocomperator instruments.

The effect of these factors with the use of the other negat-
ive msterials and the monocomparator may prove repeatable for
a whole series of photographs,

To determine the effect of the above factors on the geometTy
of photographs during investigations, attempt was made to Te-
produce the conditions of typical photogrammetric meassurement.
Execution of test field photograph on standard negative films
and the measurement of image point coordinates on the instru-
ments used in analytical processing gives the obtained resul-
ts a commercial character.

Photographs of the test field were made with each investiga-
ted copy of the camera, with different camerasS operation var-
lants taken into account. A series of three photographs was
additionally made in the basic position /with focussing at /
to determine the repeatability of the interior parameters.,
Levelling and orienting the camers before each exposure enab=-
led also the assessment of the camera$ angular orientation.
The test-field image point coordinates were measured on phot-
ographs using a precision stereocomperator. Accuracy of meas-
urement of the coordinates was 2 + 3 pm for each component.
Results of calculation are listed in Tables 1-3, Each  table.
contains, for a given camerg and type of negative film, corr-
ections to the manufacturers interior orientation parameters
of the cameraé, together with the mean values~of errors of
their determination /mx_,my _,mc, /. These tables include no e-
xterior orientation angfes f the photographs. Repeatability
of these values for all investigated cameras was similar. It
can generally be stated that levelling and orienting the cam-
era deggnes the exterior angular orientation with an accuracy
of 60%~,

In Figures 2-4 are presented histograms of the discrepancies
of photographs for the investigated types of cameras. IE¥ sho-
uld be emphasized that photographs made with the other camera.
have discrepancies of the same distribution. From the analy-
sis of the results listed in the Tables and of the histograms
the following conclusions can be drawn:

19 The interior orientation parameters of the photographs ma-
de with the investigated cameras differ systematically from
the factory specifications. In the UMK 10/13%18 camera, with g
change of the type of the negative film employed /glass plat-
esroll film/, a change in photograph principal distance ocec-
urs.
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Camera UMK

10/1318 nr 249041/A

+ negative glass plates

+ negative film

Table 3

f Camera UMK 10/1318 nr 7370536

! #| + negative glass plates + negative film
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2° The best approximation of perspective projection occurs in
the P-31 camera. For this camera 83 percent of postecalibrati-
. on residusl discrepancies is contained in the measurement sc-
curacy of image point coordinates, i.e., 2 um. In the other
cameras, deviations of the ray bundle from its nominal shape
are of the same order, amounting, on the average, to 3=5 pm.

2° Repeatability of interior orientation parameters for the
series of photographs made with the P-31 camersa characterized
by sverage divergences is mxo=:t8 pm; my =10 pm, me, =j:7pm.

In the UMK camera with image registration on film the consis-
tency of accuracy of determined parameters is close to that
of thelr determination, and amounts to mxo=i:4 pm, my =25 um,
me, =t 5 pm, respectively. This evidences™a satisfactary tech
nigal solving of the adapters function to the roll film. With
the glass plates used in this camera, the repeatability of
Photograph geometry in the series worsens /mx = T13:um, my; =
* 15 pm, me, = *8 pm/. This suggests that insufficient presgi-
ng down of“the glass plates to the image frame occurs. Simil-
ar results have been obtained for the photograph series made
with Photheo 19/1318 camera /mxoztnS pm, my =115 pm,mc, =£25pm/

4 Change of focussing in P-31 and UMK 10/1318 cameras causes
ne significant change in the situation of the principal point,
and the change in the photograph principal distance is consi-
stent with the manufacturers correction. Shifting the lens in
the Photheo camera changes the situation of the principal po-
int and photograph principal distsnce within limits of errors
mx, =1t 25 pm, oy, =X42 pm, me,. =F32 pm, respectively. The

Presented investigation results in relation to the UME 10/”18
and Photheo 19/1318 are to be recognized as representative.
In the course of the last few years, more than a dozen copies
of the camerass mentioned have been tested with in most cases
similar characteristics being obtained.

4, Example of Application , :
The method of determining the camera$ interior - orientation
parameters discussed has been used in the photogrammetric me-
asurement of the radar antenna. The purpose of this measurem-
ent was the determination of contact of the antenna dish ref-
lector, of dimensions 9 x 12 x 5 m, and of the radiators sit-
uation in immobile working pesition. This task smounted to
the determination of the spatisl coordinates of some 1400 DO=
ints with an a priori-established accuracy of 1 mm of each
component., To implement the design, the method of independent
ray bundle 6. Schut program was used /6/. This program pra-
ctically assumes the knowledge of the interior orientation
parameters of the photographs. To obtain the best reconstruc-
tion of the shape of the homologous ray bundles, calibration
of the meaguring camera was made based on the described test.
The cameras geometric characteristics thus defined were empl-
oyed in designing measurement by numerical simulation method.
In the numerical design process were established:

- the number of photographs snd positions of cameras,

- the number and location of points, and their accuracy.

The measured peoints of the object were signalled by signs at-
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tached, to the reflector surfasce with a special adhesive mass
/Fig. 5/. :

: Fig., 5

The spatial coordinates of control points were determined fr-
om the angle-linear network measured with a DEM~-2 +theodolite
and a 3000 Mekometer.

For photogrammetric processing, 6 photographs were made with
the TMK 30/1318 camera from three ground and three elevated
Positions from a hoist about 10 m high. The approximate scale
of the photographs was 1:130. Measurement of the image point
coordinates on photographs was made on a Stecometer with an
accuracy of 2 pm. Time of observing a single photograph with
S0 large a number of points /some 1400/ amounted to about 12
hours. The processing program employed enabled wfighing the
control and determined points. Correlation of the observati-
ons was made on the basis of the analysis of adjusted of the
control points and the results of numerical design of measur-
ement. In the example queted, RUS error of coordinates X , Y
and Z are was mX=+ O,4 mm, m¥ = 0.4 mm, MZ = + 0.5 mm, which
corresponds to the value of 3 pm in photograph scale,

5. Conclusions )
Investigations described in this paper indicate the need for
controlling the geometry of photographs reslized with terres-
trial photographic cameras. Results of thege ' investigations
have shown systematic deviations of interior orientation par-
ameters from the factory specifications. The exemplificatory
application presented has confirmed the neccesity of the cam-
€rs calibration in a separate process and its result  should
be taken inte account in photogrammetric measurement.

The measurement of the object with taking photographs by
P-21, UMK 10/1318 cameras can be carried ouf with about
5 po in image scale.
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