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USEFULNESS OF LONG-FOCUS NONMETRIC CAMERAS
IN PRECISION MEASUREMENTS

Bujakiewicz Aleksandrs PhD, DSc, Eng.
Technical University of Warsaw,

Poland :
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1 Introduction
In scme photogrammetry engineering applications the use = of
nonmetric instead of conventional cameras is fully Justified
because of the formers availability, lower price and servic-
ing facility. The disadvantages of these systems cannot howe-
ver be overlooked., The lack of definition of interior orient~
atlon, systematic errors affecting image coordinates and the-
ir time changes are the major obstacle in the use of these s~
ystems In more accurste phobogrammetric messurements. Conseq-
uent on the develcopment of analytical photogrammetric methods
& number of approaches exist presented in [2] , [8] , [13] in
which simultaneously with object messurement parsmeters defi-
ning the interior gecmetry of photographs are debermined, but
these require complicated computer programs and the maintena-
nce of specific conditions of mezsurement. In many instances,
such methods, although undoubtedly effective, may possibly
prove to be too complicated for general application. It seenms
consequently - justified that for some particular uses long-fo-
cus nonmetric cameras in which the effect of mest of image
errors is considergbly reduced and part of them is negligible
should be employed. The methods of processing photographs ms-
de with these systems become considerably simplified. Whereas
distortions of photogrsphs made with shorter-focus objectives
must be defined and eliminated by fairly complex mathematical
meodels for their appropriate approximation | ], [15) , dist=
crtions of photogrsphs made with long-focus objectives /lens/
are contained within measurement accuracy limits and are the-
refore insignificant 4 ., In long~focus nonmetric systems
Tequirements concerning the accuracy of determining interior
orientstion are less, Insbability connected with focussing or
objective unscrewing is less serious. Application of such Sy -
stems is especislly advantageous in the case of registration
of small objects or fragments of major ceonstructioms.

2. Results of Calibraticn of Photogra

This paragraph presents results of ca n of photograrhs
made with s Pentacon-Six nonmetric canm h three types of
long-focus objectives /180, 300 and 5 To defermine the
degree of repetition of interier orientation pasrameters and

image distorbtions due to radial and tangentisl objective dis-
tortions and negative deformations, test fields were registe-
red on successive photographs. Two types of spatisl test-fie-
1ds and cne two-dimensional test were used. Their parameters
and the type of negative materials are shown in Tab
Depending on the tests used, only image distortions
interior orientation parameters wers determi
programs were employed. In the first
dimensional test the ccordinates of tesh- i
Gransformed by linear relation to image pls nd subsegquently
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Table 1
r T T E—
I Kind of I Kind of ! Image | Number of !
i cbject= 1 test-field 1 scalel - kind of !
live ! ! | Photographs £ilm i
- ¥ -t :
:Scnnar : @wo-dxmensﬁmg 1:10 ! 7 - Orwo NP 15 !
i ! t 7 -~ Fotopan !
c- 180 mm i l SR 24 |
1 L d I i
i ) - 9 ] A
i ! three-dimen-! ! !
| sionsl | 1:40 |} 12 ~ Fotopan |
' ! version I ! ] NB 01 '
# —— ‘UL e o e e e 5_ fand od
i 1 : s 1 i i
| Sonnar 1 two-dimensi-, 1:10 | v ~ Orwo NP 15 !
| IT-copy. | °cmal 3 ' |
i I I i 6 - Fotopan i
'c 180 mm ! ! ' SR 24 |
[R— I I -l J
i i . . 1 1 ]
two~-dimensi-
fo \ | omal ; 1210 s 4 ~ Orwg NP 155
! restegor L ! L I
jc 300 mm | three-dimen- ! . |
! } siomnal } 1240 | 12 - Fotopan !
I i version I 1 NB O1 i
L L ] ] i
| i three-dimen~ I I h
{Orestegor ' sicmal : 1:20 ! S - Orwo NP 15;
jc 500 m ! ! | !
[ e -—d L d
| ot ~ -
Notes: twe-dimensional test-field - size 50 x 60 cm,
110 points '

three-dimensional test-field version I - size
150 £ 150 x 50 cm, 100 points

three-dimensional test-field version IT - size
30 x 50 x 15 cm, 25 points

the differences between them and the coordinates of points
which had been measured on the photographs were approximated
by the following polynomials:

dx = (x - xo)(k1r2 + k2r4 + k3r6 + ;;;;) + pql:rg + 2(xyxoﬂ 2

il

v 2ny (2%, (7 - 75) + 4 (7 - 3 “)
2

(y - yc)(k1r2 + k2r4 + k3r6‘+ cees) + le:rg + a(y-yéﬂ

dy

* 2p1('x - xc)( J - yc) * B( T =T,
where: k,, ko, k3 ceseey Pps P5 - are coefficients defining

the radial and tangential components of objective distortion,
4 B - coefficients defining the affine image déformation.
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In the second approach, all calibrstion parameters were dete-
rmined by photogrammetric intersection. For every particular
image point, the following equations were derived:

. . = . . . .M LM L. =0
T, [(xl,a %o, 3" dxl,a] 3,5 7 %5 th,; (2)
Fy. .=7(7., . = N+ dy, 1 M, . +C. M. .=0 '

31,3 i (yl,J y°33)+ yiya 2,3 * J 7243

were: {M{,’ u,, MBJT (2] [(xe%e,5) ’(Yi‘ys,j)’{zifzs,j)‘l,T

(X,Y,Z) ; = coordinates of "i" test—fieldipoint

<X’y)i,j

(Xs Y Zs)j - coordinates of "j" projection center,
/

B] . - orthogonal matrix of "j" photograph,

J  graph,

(zc,yo,c) . — Interior orientation pasrsmeters of "j"  photo-
( corrections defined by Eg. 1
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Results of partial cslibration /first approach/ show that for
photographs made with a Sonnar 180 cbjective /visual angle
o = 247/, mean values of discrepancies after linear transfor-
matilon are of the order of ¥ 30 um /in photegraph scale/ san
after polynomial transformation * 10 um, For photographs made

with a Oresteger 300 cbjective (« = 14° , discrepancies after

linesr and polynomial transformstion are the same and equal
to*10 um this corresponds to the observasion accuracy of
the photographs made . Figures 1 a,b and ¢ show the mean vsl-
ues of residusl discrepasncies before znd after volynecmial
[um?” SONVAR 180 A SONNAR 160 (um] URESTEGOR 300

04 e ORWO P15 30 FOTOPAN SR 24 39 ORWO NP15

2 20 20

A

03 373 g3 5 73 g3 5 79
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FIG, 1

transformation /on vertics
/¢ = 180 mm/ and ome Orest
norizontsl axis 3 variable

T objectives
300 mm/. On the
BEq /1/ was mar-

1 axis/ for two Sonns
eger gbjective /¢ =
number of terms in

e
) - b « N
£ed /from three to nine/. The number”O’corresp nds te the me-
c

jal
an values of discreparicies o curring sfter linesr transforms=

- imasge coordinates of "i" point on "j" photograph
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tion. Figures 2 a;b show deviations in the situation of points

SONNAR 180

oy e e ohn e e o o s o e —t e s s e e o
S i ® o0 . wim
o o o a ; Lmage {o

QEO [~ o 0000500 °°o°00° Q
——— e _% _________________
a b
F16. 2

on successive photographs made with two Somnar objectives with
the use of two types of negative msterials. Individusl points
in the diagram represent deviations of the mean residual disc=
repancies of successive “"i‘images from their average values,
Analysis of results shows that the average values of these de-
viations are several times less than the observation accuracy
of stereocomparator points. It can therefare be assumed that
with the same photographic conditions being maintained, the
distribution of discrepancies in a series of Photographs is
similar. In objectives with a focus distance of 300 mm and lo-
nger (< 14},_the eféect of systematic image errors is . ~-or.l
insignificant, Thé?¥5libration method was used for examining
three photograph series. With stable and variable focussing a=
nd with the objective removed and then again fitted were made
(the photographing distance was unaltered ) « The results show
that in the whole series of Sonnar 180 objective photegraphs,
mean values of discrepancies before and after polynomial tran-
sformation aret 20 um and % 15 um, respectively., The mean vslu-
es of discrepancies of Oresteger 300 objective photographs are
the ssme and equalt 8 um. The distribution of discrepancies of
all images before and after polynomial transformation Has a
similar character and reveals the leccal effect of systematic
errors of some test-field points /the average error cof coordi-
nates.of spatial test points is* 7 um and the maximsl error
+ 20 um/. -

The average divergences of determined Principal distances  of
successive photographs are for the Sonnar 180 objectivez O.4mm
Oresteger 300 objective * 1.1 m, Oresteger 500 objective + 2.0
mm, In accordance with the analysis conducted in (11 , 151 ,
these divergences are contained in theoretically determined
quantities for this type objectives, the geometry of photogra-
Phs and test fields and the accuracy of observations. Hence it
follows that interior oriemtation Parameters of long-focus ob-
Jectives need not be determined during the measurement of the
Object, but only occasionally checked in test fields. Distort-
lons 1influenced by image errors of photographs made with no=-
nmetric cameras with principal focal distance ¢ = 500 mm and
Longer /visual angle o & 14° / in no way reduce the accuracy




of photogrammetric messurements. When the visual angles are
larger, but nobt more than 3%0-35° , distortions can be determ-
ined on the basis of two dimensional test fields in initisl
procesing.

The general conclusion that follows Lthere from is that in the
application of long-focus objectives selfcalibration methods
need not, even in measurements of greater precision, be empl-
oyed.

3. Examples of employment of longfocus nonmetric objectives
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Anslyses presented in the Preceding paragraph hsve shown +the

usefulness of long-focus nonmetric objectives for precision
messurements., Because of the small visusl angles of such sys-
tems, they can be suitable for making photographs of small
objects, such as details of mechanical equipments or of large
engineering constructions. The first group of applications
mentioned can be exemplified by measurement of an articulst-~
ed joint of the crsne /Fig.3/, [4] [11] &

RIS error of coordinates ¥ and Y is +15 um ( 0.6 mm on the o-
bject ) , and in 7 direchtion /photographic distance/ +18 un

/+ 0.7 mm on the object/. These results are competitive in
relation to the accuracies obtained with the use of an UMK
Zeiss Jens csmera. An example of the other group of applicat-
lons can be the measurement of changes in expansion gaps of
industrisl halls [ 67 . The measurement accuracy obtained is,
on account of differentisl measurement, contained within lim-
its of 4-5um in photograph scale. :
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