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Abstract

Regults of theoretical and experimental resesrch based on
use of test object photographs are given., Mathematieal model
for field calibration of photographs is formulated. The model

nables determination of %total calibration corrections for
systematic distortions of image at standard grid crosses. Ve-
rious factors (envirommental conditions, random errors of
image, number of points in photograph, etec.) that influence
accuracy and use of field c¢alidbration results are gtudied.
Problems of air cameras measuring properties are considered, |
Recommendations on how o obtain and meke use of test object |
data are given.
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mprovement of accuracy and quality of photogrammetric mo=
dels depends very much on individusal properties of cameras as
well as on the degree of systematic errors compensation., One
of approaches to successful solution of the problem is employ-
ment of special fest object photographs.

Photographs of test object may be used to solve the follow=

]

ing problems.

1. Determination of imaging and measuring properties of ca-
meras o0 ascertain their fitness for variocus types of aeropho=-

totopographical and other operations.

2. Fleld calibration of photographs for subsequent compen=-
sation of gystematic errorsz in air images during snalytics
photogrammetric modelling,
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3. Tests of new photogrammetric ingtruments, itechnology
- . e ES z - = = 2 - 2 =
and computver programs being introduced into practice by use of

standard photographs,

Laboratory test techniques used at present as well as
flight tests carried out ¢oc dstermine performance of cameras
do not provide for reliadle evaluation of the cemeras with TOH-
pect to expected accuracy of photogrammeiric models. Availebi-
lity of test dats sllows *o correctly determine expedient field
of application for a camers being tested, %o selsct cameras for
stereophotogrammetric survey and to use the best csmeras for
high precision photogremmetric modelling as a substitution for
minor conirol network and largs-scale surveys with small con-

our intervals. If we have cemeras with distinct gyastematic

errors it is expedient to us esults of field calidrastion in
analytic aserotriangulation an analytical adjusiment of single
model.

Besides, there is or important reason for testing ca-
mera by use of test objec enn using field calibration (as
well as self-calibration) ich allows to determine total sys-
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tematic errors of image (calibration corrections), the reliasbi-
lity of determination and stability of magnitude of the correc-
tions are important., The stability and reliability are direct-
ly dependent on gtiffness of camers and stability of its ope-
ration. If, e.g., characteristics of camera vary under influ-
ence of environmental conditions (temperature, pressure, shocks
etc.) then effectiveness of total calibration corrections will
be greatly decreased,

2. Experimental evaluation of camera

Technology of comprehensive employment of test object pho=
togrephs that permits to determine cameras measuring properties
as well as to carry out field calibrastion of photographs is
developed in the USSR,

According to the technology the process of determination
of camers measuring properties by test object photographs ine-
cludes investigation of measuring instrument and contact glass
plate printer, eveluation of effect of photographic material
deformation and f£ilm distortion, evaluation of accuracy of pho-
tograph stereoscopic measurements, determination of magnitude
and character of errors of single photograph coordinates and
gsingle model coordinates., The process of serial camera measu-
ring properties determination includes two groups of factors
which have an influence on accuracy of model coordinates:

1) factors, related o0 cameras measuring properties (lens dis-
tortion, £ilm distortion, etec.) and 2) factors not related to
seriasl camera measuring properties (errors of imsge points
coordinates measurement, systematic and random deformations of
£ilm, errors in preparation of glass plates, etc.). To evaluate
an aerial camera it is necessary to eliminste errors not relat-
ed to camera measuring properities from total error which cha-
racterizes accuracy of photogrammetric modelling.

To automate the procedure of cameras messuring properties
determination a set of programs was prepared. The programs were
used for experimental evaluation of a number of serial cameras.,
As a result, in the process of plane coordinates and heights
determination a broad range of accuracy variations was obtain-
ed, hence possibility and necessitiy appear to select camersas
with better measuring properties., The selection allows to gain
20-30% ‘improvement in accuracy of photogrammetric modelling,

3. Mathematical model for f£iesld calibration

As a result of experimental and theoretical resesrch car-
ried out, mathematical model for field calibration was formu=-
lated., It differs from the existing models by possibility to
take into account random errors of image and measuring instru-
ment as well as by method of transition from calibration correc=
tions defterminsd for points marked on the ground o corrections
0of standard grid crosses,

According to the accepted mathematical model reduction of
image points coordinates to the central projection is carried
out taking into account affine deformation of f£ilm and instru-
mental errors of comparator by results of measurements of four
or more fiducial marks or in.addition taking into account ran-
dom errors of photograph by results of measurement of camera
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reseau. Determination of sbsolute and interior orientation
elements of photographs and their systematic errors is based
on known collinearity equations; linearizing the equations we
obtain correction equations of the form.
374 ; 217 e R §§ o A s
aoX,+ ;?f,’}%‘g“?'CsEﬁ +d 0l + Ecwi-}{;?xwéi;jtﬁwx‘g +i0Ax + (X)=X = V, (1)
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@K, + 60T+ COZy +d'CuveSior firt §'SF+ Ry, +18ay+(y)-y=v, J’ o7
where: x, ¥y - measured coordinates; (x), (y) - coordinates of
imege point calculated from collinearity equations by approxi-

p=J

mate values of absolute and interior orientation elements of
the image; 0X,,0%,82,, 0, 8w, 8x, 6f, 8x,, 8y, , Sax, Say - correc-
tions to approximate values of absolute and inferior orienta-
tion elements and total calibration corrections corresponding=
1y; a, by +ee 1' = partial derivatives with respect to corres—
ponding variables.

roblem of total calibration correciions determination is
solved in several steps; approximate values of orientation
elements and other values, defined more exactly at the previous
step, are used in each of them., Every step, in its turm, in=-
cludes several iterations, At the same time rejection of zross
errors is done at various stages of processing.,
At the first step of the problem solution correction equa=-

¥

tions (1) are used as original equations for each photograph
calibrated. Parameters of the equations related to coefficients
g, h, i, g, b, 1 are taken as equal zero, This step corres-
ponds to gystem of normal equations of the form
E‘g{’;‘;{f*‘;zf = 1 {2}
%gd Zﬁ;i 3?

In the process of iteration elements of absolufe orientation
ed more exactly and at the same time points

admissible errors are eliminated,

At the second step corrections to spproximste (ta
resulis of laboratory calibration) values of interior orienta=-
tion are determined and at the same time absolute orientation
elements are redefined, This step makes sense in case photo=-
graphs of mountainous test object ars calibrated. The following
system of normal equations corresponds to the stepns

. | ) (3)
Nemea, 6m+3 *Kguss, 1 * Lgmes, g = 0,

where M - number of calibrated photographs, Elements of interior
orientation are not refined for test objects located in flat

couniry. Corrections to approximate values of the unknown are

hi 3 ¥ . { . . e wra 3 . 3 .
obtained by solving (3) under condition [PV?] = min. Afier seve-
= z - o . 4 s = < o & ] 4 = daf
ral interpretations non-lineariiy of originsl gysten is prscii-
= =1 wpe s oy em e = . 2 - e 2 1. o 2
cally eliminated; evaluation of accuracy of the unknown is car=
E 3 . - e £ =) i { H 2 s e
ried out by use of resulis of the last approximation.,
e L = i H &) - o 12 . 2
At the final step of the problem solution ecalibration core-
£ 3 H = . L2 d + - P
rections are calculated for each K-cross of generalized image
da = e =
of sitandard net: , .
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K
i | 851 < R, - (5)
where nj - number of points in Jj-th photograph;

= . 42 YN f
G o= V=X elgeyig® PGt TR, 7e4,2,3.

In these formulse R is a raéius circuﬁscribing a c1rcle
within which points in all photographs are used for calcula=
tion of calibration corrections. To evaluate accuracy of calib--
ration corrections defermination the values of AXyj,Ayxj are
calculated for all crosses in every image under conditien (5)
and than RMS values /Max s May characterizing stability of ca-
libration corrections for the same points of calibrated images
are calculated. RMS value  Mas4 that characterizes accuracy
of calibration corrections by M-number of phctcgraphs is cal-
culated as well.

4. Investigation of field calibration method

On the basis of the mathematical model described above a
program for ES-geries computer was prepared. The program was
uged for experimental investigstion of partial field calibra-
tion method. Photographs of special test object were employed
for the investigation.

There are 339 geodetic points in the 2.4 x 2.0 km test ob-
ject. The points plane coordinates and heights were determined
with geodetic measurements to an accuracy in the order of 2 and
0.5 cm respeciively. All the points are fixed in the form of
Maltese cross; each arm of the cross is chapei as igosceles
triangle, the foot of the triangle is equal to 0.5 m, height =
1.0 m. The arms of the cross are painted white, the background
between the arms is painted black., The relief of the test ob=
ject terrain is flat,

Aerial survey of the test object was carried out with se-
versl aerial camerag; their frame size was 18 x 18 cm., Coordi-
nates of image points were measured with Stecometer and Ascore-
cord accurate to 2.5 = 3.5 mm.

Table I
pre of Date of Meen in-jrarameters of JAccuracy
serial (Vari-i{survey Scale tegral interpolationjof correc
camers; jant of value of tions de-
£, mm gurvey |calibra- terming-
' tion cox tion
rection | 07 T Max, 2y |
Vax,ay, pim | Hm
T3C=10,| 1 10.10.76 1:5000 6.6 20 1 1.9
100 2 11.10.76 1:10000 7.7 20 1 1.9
T3C-10M] 3.7 [13.08.79 1:10000 5.6 15 1 1.8
100 3.2 6.5 10 2 2.6
3.3 5.8 20 1 2.4
3.4 4.3 20 1 2.0
4.1 123,12.817 1:5000 5.0 15 1 1.6
4,2 5.4 10 2 2.6
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heights are determined accurate up to 2 cm.

Table 2
Type of Type of Number JNumber oZf Accuracy improve-
aerial models of points: ment
camersa stereo=-icheck
pairs points horizontaljvertical
total
T3C-10M | single model 8 582 T.5 T3
block 45 42 1.0 1.0
. . e
T3 =100 |single model 8 662 1.3 1.3
block 45 42 1.0 1.2
T3 =70 single model 6 634 1.2 1.4
. block 48 42 1.2 1.1
818
T3C=10 single model 8 712 101 1.0
TIC~T single model 6 496 1.4 2.5
T3C=5M single model 6 352 145 1.8

Photographs of test area were taken with three aerial came-
rags: T3C-10H, T3 =-100; T3 =70, two weeks after aerial survey
of test object. Chemical and photographic processing of films
was done in accordance with accepted production procedure., The
arrangement of horizontal and vertical control points used for
block adjustment is shown below.

® =-vertical control points
QO =horizontal control points

©¢ ¢t ¢4®

As a result of the investigation a dependence between ef-
fectiveness of accounting for systematic errors of imsge and
magnitude of the errors (especially in relation to heights) was
established, i.e. effectiveness for cameras with high measuring
capabilities (T3C-10, T3C=-10M) is lowser than that for cameras
with greater errors. :

5. Conclusion

The investigation carried out by us permits to draw some
conclusions and give the following recommendations.

Substantial differences in sccuracy of aerial camers sys-
tems point at possibility and necessity to select cameras with
better measuring properties. Field calibration provides an aver-
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age 20 - 30% increase in accuracy of ’g+cgvﬂmmatr&a modelling
in case cemeras with decreased measuring qualities are used.

The magniiude and character of ;ma5e rrors determined in
the process of serial camera messuring properties eveluaiion
must be taken inito account when yhaﬂﬁizg method of image geo=-
metrical errors compensation and when planning photogrammetric
operations,

Disagreement in calibration correcitions values for Bﬂayu—
graphs taken at different seasons may be congiderable hat is

why surveying of test object and production serial suz?eys are
advisgable to carry out within one season, in as short period
a8 possible,

Reliable determination of calibration corrections in rela-
tion to the mathematical model described above is possible if
number of points in each ghagcgrasu is no less than 70-80., In=-
terpolation paraﬁﬁaerg have a considerable effect on E&gﬁ;*“ﬁ%
of aizfgreﬂce of calibration values calculated for the same
points in different photographs but they have much less effe
on effectiveness of allowing for calibration correction for
photogrammetric modelling.

Correction for random errors of §w§a§§§34h ensures dacre
of ,3§eg¥ai value of toial calibration correciions and impro-

1

At = -4
vement of aceuracy of theilr determination, Effesctivensss of

o
wh

]

{n
{

combined use of field calibration results and ﬁ@asuxéﬁéats ﬁf
regeau is not high {(compsring o use of ea;zaxat*sﬁ alone) and
at the same time amount of image measurements incresses conszi-
derably.

Improvement of phoitogrammetric modelling accuracy itsking
into account calibration correciions is not the same for 4if-
ferent cameras. That i3 why special investigation by use of
test object photographs to obtain data on effectiveness of al-
lowing for celidvration correcitions must precede masgs smploy=-
ment of resulits of calibration.




