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Compariscn of differeni methods of block adjustment

by H. Ebuner, Stuttgart

1. Scope and stete o the esmpiricsl investications
The test Obarschwanaon was startcd to investigate the

accuracy of strip and bileck triarnguiation, obtainable

under practical congditions. The accuracy of biocks

deperids on the block perameters and on the method usad
7

for block adjustment. In the test Cberschwaben the poly-

nomial block adiustment, the block adjustment by ind:zpen-
dent models and the bundle block acjustment are investi-
gated.

The extensive empirical resulits ¢f such a test may be

used in two different weys. First they give the possi-
Lility to check theoreuwical accuracy mcdals for block:
trianguliation existing s¢ far anc secondly they aliow

for the determination of accuracy relations o7v the differanc
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methods of adjustment, based exac¢tly on the same nract

material.
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The %topic of my lecture is the presentation o7 the resultl

obtained by polynomiuct ovlock adjustment and by bundie blockh
adjustment and the comparison with the corresponding resu
cf independent model biock adjustment, presented 2y Pror.

Ackermann this morning.

As a result of the great computational demand u
only the block Frankfurt (wide angle, 20 % side lap) ua
adjusted by the polynomial method as well as by the bu
method. With this block the effect of the control distri-~
bution on the accuracy was invesiigated completely. Against
that %the accuracy deperdency on the block size is'nt studied

yet.



Fer that reasons only an intermecdiate report without
a critical statistical valuation can be given presently.

However already the resuits obtained up t2 now allow
for some imponrtant cenclusions and indicate very cie
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in which direction further research and developme:
vities are necessary.

2. Control point distributions

In accordance with the results of preceding theoretical
investigaticns on most favourable control point distri-
butions for planimnetry and height the types, presented

in figure 1 were used [1] . The only one degree of freedom
is the bridging distance 1 expressed in units of the base
length.

To allow for a valid comparison ¢¥ the different methods

of biock adjustment not only the same types but even
exactly the same control points were used with polynomials,
independent models and bundles.

3. Polynomial block adjustment

2

The polynuwial biock adjustments were performed at the

IfaG Institute in Frankfurt, using a Telefunken TR 440
computer. For that I want to thank Prof. Firstner and

Mr. NUBlein very much. The necessary strip formations
started from the cleaned up model coordinates which had
already been used in the independent model biock adjustments.

For the polynomial adjustment Dr. Schut's iterative progran,
version 1966 was used [2]. The basic transformation is con-
formal in x =>nd y. In planimetry as well as in heighi second
degree polynomials were chosen. According to the independent
model block adjustments weight 1 was given to the phoio-
grammeiric coordinates of tie points and of centrol points.



The results obtained with the five different control
versions are represented in table 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 the degree of inferiority of the poly-~-
nomial results depends strongly on the number of contrecl

points used. With a dense perimeter control 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 tco, but
there is practicly no dependency on the control 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 hv
different weight assumptions or by third degree poly-
nomials.

Vailuating the results two aspects have to be distinguished.
On the one hand the test confirms that quite jocd results
can be obtained by polynomial bloc* adjustment. On the other
hand the improvement of the results by application of block
adjustment with independent modeis, beinoc 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-3B [3]. Previously che criginal,
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.



The resuits obtained are shown in table 3. Table 4
represents the corresponding thecretical 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
disagreement between theory and test. It indicates
the existence of systematic image errors being not
compensated by the bundle block adjustment.

In figure 6 and figure 7 the results of the bundle block
adjustments are plotted, together with the corresponding
results of the block adjustments by independent models.
Table 5 contains the accuracy ratios of both methods.

Here we have the most surprising results of the test:
independent models give a better-accuracy than-bundles:.-:
The accuracy ratio varies between 1.04 and 1.35 in plani-
metry and between 1.17 and %.41 in height. The denser

the control the more the results of independent models
are supericr.

This comparison indicaires that, in spite of ii's principial
genheraiity the bundle Flock adjustment is more sentive
against svstematic errors than the block adjustment by
independent models.

5. Conclusion

Starting from the same practical material of the block
Frankfurt the highest accuracy atter block adjustment
was obtained by the method of independent models. With
that the high efficiency of the model block adjustment
is demonstrated under practical conditions.

Taking an average the bundle results are worse at 30 %

and the poiynomial results at 70 % approximately. Whilst
the inferiority of the poiynomial block adjustment was
expected, the worse resuits of the bundle block adjustment



are most surprising. Responsible for that fact seem to
be the systematic errors, being present in the
material. This systematic errors obviously impaivr

the bundle block adjustment more than the block ad-
justment by independent models.

The test Oberschwaben demonstrates, that systematic
errors can have more influence than we expected; even
in accurate material. Concerning further research and
aevelopments from there it follows that we have to
take into account rigorously not only random errcrs
but systematic errors too. The most favourable way
doing this today is the introducticn of additional
parameters into the block adjustment to compensate for
the systematic errors as far as possibie [ﬁ]. This con-
cept may be applied to the bundle block adjustheﬁt 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
resecarch activities. Based on the results of this
research general programs for block adjustment with
additional parameters can and should be developed.
App1ying them in practive we may expect to meet the
accuracy results as predicted by the theoretical investi-
gations.
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i planimetry:

i height:

perimeter control

T ! - R
control points| check paints | pf[m]l. |- o [u] B Lonl
Version o ' : 7 E ; r ;
Xs Y z L X, 2 ; X | y ¥y ¥ Z X5 ¥ z
| |
1 e o 472 334 | 0.590 | 0.832 |0.721 |0.668 | 26 24
SR S S AU N R
20 75 ] i
2 2 e 492 376 | 0.704 | 0.958 |0.840 l0.674 | 30 24
| N (R e b e e e J e e o R —_ R A e RS T e e _{ e
3 14 53 498 398 1 ;
L i 0.812 | 0.936 ! 0.876 |0.740 | 31 | 26
- . S R [ — et i i £ T —— - 4‘ s e A . _ ot
4 L0 42 502 209 | o0 1.163
o o .728 | 1.163 |0.970 |0.769 | 35 27
5 4 2l 508 420 | 0.969 | 2.241 {1.727 lo.919 | &2 33
(i=20)] i=12 0 9 L ' | e

points in a distance of i base lengths

chains'of control points in a distance of i base lengths
po= RMS of the coordinate differences at check points

Block Frankfurt: wide angle, 20 % side lap

Empirical accuracy after polynomial block adjustment

Table 1




control pointsi <check points |accuracy ratio |accuracy ratio
Verston | { ; I =
X, ¥y |z X, Y z Xy Xy Y z
4
1 N A 472 334 | 2.54 | 1.99 | 2.13 |1.85
2 5 . 492 376 | 1.91 | 1.69 | 1.75 |1.74
3 e | 22 | ase | 398 | 1.61 | 1.5 | 1.51 |1.66
4 S e 502 509 | 1.16 | 1.47 | 1.35 |1.71
5 4 31 g ;
(1=20) | i=1z | 508 420 | 0.86 | 1.60 | 1.36 |1.73

.i

.i

planimetry: perimeter control points in a distance of i base lengths

height:

chains of control points in a distance of i base lengths

Block Frankfurt: wide angle, 20 % side lap

Comparison of polynomials and independent models

Table 2
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| control points | check points | r(m] u [m
- p points | g jin] [ 5, el
;Vers1on | | —
: | X> ¥ | z X5 5§ | % X Y Xs ¥ | 2 Dﬂﬂ % 3 bz
| -
1 0 221 as9 330 | 0.275 | 0.512 10.411 |0.510 5.7 15 | 18
2 20 75 1 489 372 | 0.47
o4 =1 473 0.732 10.616 0.534 5.0 22 19
S-S LU S =S| O e ——— PSS | F— A W
14 53 A
3 i =6 26 495 394 0.714 0.845 10.782 0.622 4.7 28 22
10 2 i |
4 j=8 128 499 © 405 1 0.836 0.880 10.858 0.533 4.3 31 ! 19
I .Wm”,m“—w,ﬁ_umwyﬁ_W_”me_m_wuﬂ_w_ — N I
5 4 31 | 505 | 416 | 1.285 | 1.351 |1.318 |0.623 4.0 17| 22
| (i=20) | i=12 | e 1 - : : | c
i planimetry: perimeter controil points in a distance of i base lengths
i height: chains of control points in a distance of i base lengths
uo= RMS of the coordinate differences at check points

Block Frankfurt: wide angle, 20 % side lap

Empirical accuracy after bundle block adjustment

Table 3




Theoretical accuracy after bundle block adjustment

-
¢

wide angle 20 % side tap

Planimetry: perimeter control points in a distance of i base lengths

’ '2
6, mean~6'y mean ~ (0.7 + 0.0111%) 60

(block size 10 strips, 21 photos each)

Height: chains of control points in a distance of i base lengtns

~(1.2 + 0.16%) ©

6'Z mean 0

(independent of block size)

Table 4



control noints check points |accuracy ratio ‘accuracy ratio
Version - : T
X, Yy z Xs Yy z X y Xy VY z
4
1 20 o 469 330 | 1.19 | 1.23 | 1.22 | 1.41
20 75 .
2 i=d =2 489 372 1.29 1.29 1.29 1.38
14 53 '
3 P26 isg 495 394 1.41 1.31 1.35 1.40
10 42
4 i-8 -8 499 405 1,33 1.11 1.20 1.18
4 31 i
B (i=20) |i=12 505 416 | 1.14 0.97 1.04 | 1.17

i planimetry: perimeter control points in a distance of i base lengths
i height: chains of control points in a distance of i base lengths

Block Frankfurt: wide angle, 20 % side lap
Comparison of bundles and independent models

Table 5



