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C o m p a 1� i s o n o f d i f f e r e n i.: u e t'r: o d s n f b ·! o c k a d j u s t rr: e n t 

by H. Ebner, Stuttgart. 

1. Scope and state of the empirical i�vestigations 

The test Oborschv:a;-;·,n was str>rtcd to investigate the 
accuracy of strip and block triangulation, obtainable 

under practical conditions. The accuracy of blocks 
depends on the block parameters 2nd on the method used 
for block adjustment. In the test Oberschwaben 'he poly-

nomial block adjustment, the block adjustment by ind€pen

dent modeis and the bundle blo c k adjustment are investi·· 
gated. 

The extensive empirical results of such a test may be 

u s e d i n tv1 o d ·i f f e r e n t \'! a y s . F i l" s t t h e y g i v e t h e p o s s i -� 

bil ity to check theor·el:ica1 c.ccuracy n:od:::ls for block· 

triangulation ex i s t i n g so far an� secondly they _llow • 
f o r· t h e d e t e r m i n a t i o n o f a c c " r a c y r e l a t i o n s o f t h e cl i f f e l" ;� n 
met hods of adjustment, based exactly on the same rractic�l 
mate1·i al. 

The topic of my lecture is the presentation of the results 
obtained by polynom i ul ;,_lock adjustment ar.d by bundle blo::i� 

adj11stment and the comparison with the corresponding results 

of independent model block adjustment, presented by Prof. 

Ackermann this morning. 

As a result of the g reat computational demand up to now · 

only the b l ock Fran�furt (wide angle, 20 % side lap) was 

adjusted by the polynomial method as well as by the bundle 

method. With thi� block the effect of the control distri

but ion on the accuracy was investigated completely. Ag�inst 

t hat the accuracy depe�dency on the block siz . is'nt studied 
yet. 
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For that r0asons only an i ntermediate repo t without 

a critical statis�ical valuat i on can be given presently. 

However a l r eady the results obtained up to now allow 
f o r some i m p,) r tan t con c 1 u s ·1 on s an d i n d i cat e v e l' y c 1 e a Y' l y 

i �  which direction further research and development acti

v i ties are necessary. 

2. Control po i nt distr i butions 

In accordance with the results of preceding theoret i cal 

invest i gat i ons on most favourable control point d i stri� 

butions for planimetry and he i ght the types, presented 

in figure 1 were used CD The only one degree of freedom 

i s  the br i dg i ng d i stance i expressed in un i ts of the base 

l·�ngth. 

To allow f0r a val i d  compar i son cf the different methods 

of block adjustment not only the same types but even 

exactly the same control po i nts were used w i th polynomials$ 

independent models and bundles. 

3. Polynom i al block -1djustment 

The p o 1 y n u 111 i a 1 b l o c k a d j u s ·':me n t s we r e p e r f o nne d a t t h e 

IfaG Inst i tute i n  Frankfurt, us i ng a Telefunken TR 440 
com p u t e �� . F o r t h at I ivan t to t han k Pro f . F o l' s t n e r a r. d 

Mr. NUBl e·in very much. The necessary strip formations 

started from the cleaned up model coordinates which had 

already been usE� i n  the i ndependent model block adjustments. 

For the polynom i al adjustment Dr. Schut1S i terat i ve program, 

version 1966 was used �]. The bas i c  transformation is con

formal in x "nd y. In planimetry as v;ell as i n  height second 

degree polynomials were chosen. Accord i ng to the i ndependent 

model block adjustments weight 1 was g i ven to the photo

grammetric coordinates of tie po i nts and of control points. 
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The results obtained with the fi�e different control 

versions are represented in t�ble 1. In figure 2 and 

figure 3 they are plotted, together with the corres

ponding results of the block adjustment by independent 

models. Table 2 contains the accuracy ratios between 

polynomials and independent models. 

In planimetry fue degree of inferiority of the poly

nomial results depends strongly on the number of control 

points used. With a dense perimeter contrbl the ratio is 

2.13. If only 4 control points are available the ratio 

decreases to 1.36. 
In height the polynomial results are inferior too, but 

there is practicly no dependency on the contro1 density. 

The_accuracy ratio varies between 1.66 and 1._8� only: . 

Further computations have to show whether the accuracy 

of the polynomial block adjustments can be improved l,,. 
different weight assumptions or by third degree poly

nomials. 

Valuating the results two aspects have to be distinguished. 

On the one hand the test confirms that quite lOCd results 

can be obtained by polynomial bloc� adjustment. On the other 

hand the improvement of the results by application of block 

adjustment with independent models, being a different com

putational treatment only·is really remarkable. 

4. Bundle block adjustment 

The bundle block adjustments were performed at the Institute 

of Photogrammetry in Stuttgart� using a Control Data CDC 6600 
computer and the program PAT-8 [3]. Previously che original, 

image coordinates were cleaned up with the same care as the 

model coordinates before. The weight 1 was used for all image 

coordinates. In accordance with the adjustment by independent 

models the control points were treated as errorfree. For the 

performance of the bundle block adjustments I want to thank 

Mr. Schneider heartily. 
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The results obtained are shown in table 3. Table 4 
represents the corresponding theoretical accuracy 

models for bundle block triangulation. They have been 
derived very recently and are based on random errors 

only. Figure 4 and figure 5 give a comparison of the 

theoretical and empirical results. There is a strong 

disa9reement between theory and test. It indicates 

the existence of systematic image errors beinq not 

compensated by the bundle block adjustment. 

In figure 6 and figure 7 the results of the bundle block 

adjustments are �lotted, together with the corresponding 

r· e s u 1 t s o f t h e b l o c k a d j u s t me n t s by -1 n d e p en de n t m o de 1 s . 

Table 5 contains the accuracy ratios of both methods. 

Here we have the most surprising results of the test: 

independent models gi;e a better· accuracy than·bundles�-' 
The accuracy ratio varies between 1.04 and 1.35 in pl.ani

metry and between 1.17 and 1.41 in height. The denser 

the control the more the results of independent models 

are supericr. 

This comparison indica�es that� in spite of it's principial 

generality the bundl� �lock adjustment is more sentive 

against svstematic errors than the block adjustment by 

independe11t models. 

5. Conclusion 

Starting from the same practical material of the block 

Frankfurt the highest accuracy after block adjustment 

was obtained by the method of independent models. With 

that the high efficiency of the model block adjustment 

is demonstroted under practical conditions. 

Taking an average the bundle results are worse at 30% 
and the po�ynomial results at 70 % approximately. Whilst 

the inferiority of the polynomial block adjustment was 

expected, the worse results of the bundle block adjustment 
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are most surprising. Re sponsible -for that fact seem to 
be the systematic errors, being present �n the 
material. This systematic errors obviously impair 
the bundle block adjustment more than the block ad
justment by independent models. 

The test Oberschwaben demon strates, that systematic 
errors can have more influence than we expected; even 
in accurate material. Concerning further research and 
developments from there it follows that we have to 
take into account rigorously not only random errors 
but systematic errors too. The most favourable way 
doing this today is the introduction of additional 
parameters into the block adjustment to compensate for 
the systematic errors as. far as possible �]. This con-

. . . 

�ept miy be applied to the bundle block adjustment as  
well as to the block adjustment by independent models. 

The proper selection of the type and number of those 
parameters will become one of the topics of further 
research activities. Based on the results of this 
research general programs for block adjustment with 
additional parameters can and should be developed. 
Applying them in practive we may expect to meet the 
accuracy result s as predicted by the theoretical investi
gations. 
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Theoretical a c curacy after bundle block adjustment 

wide ang l e 20 % s i de 1ap 

Planimetry: perimeter control points in a distanc e of i base lengths 

6 '""o .�ro 7 + o 0111·2) G x mean y mean \ · · o 

(block size 10 strips, 21 photo s each ) 

Height: chains of control points in a d·istance of i base lengths 

62 mean'"'"'(1.2 + 0.16i) o0 

(independent of block size) 

Table 4 ' 
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