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FINAL, REFORT ON THE JOINT TEST UN GROSGE

PETECTION OF OEEFE AND ISF WG TI1/1

Woltogang Firstner, Stuttgart University
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do The second aim of the test waz to find out the zensitivity
tisting error detection procedures to separate small

orn the other hand.

e theories known are capable of predicting the efficiency
ot a proceduwre if one single gross Grraor or one grouwps of
gross errors and in addition only random errors are present.
Evern it all large and medium sized Qross errors would have
been eliminated and even 1{ some self--calibrations had been
applied,several small gross errors and remaining

systematic errors have to be supeocted to be ledt in the
data. This prevents the theories to be applicable. A
realistic evaluation of a procedure, thus also in this case
can only be based on proper empirical tests.

In order to achieve clear statements it was decidoed to
split the test into phases 1 and & resp.. In both phases
several blocks were generated with errors whioch were only
krmown to the distributor {(Institute for Photogrammelry,
Stuttgart liniversity). These data were distributed to the
participants who cleaned the blocks using thelr standard
procedure.

The data of ghasze | were dicstributed in Maroh 1981. A
preliminary report an the rosults was given at the Commission
ITTD Symposiwn of ISP on Helsinki 1982 (of. Firstner, | A
During &« maeting of  I6F WE 17170 av the Photogrammetric Weok
1985 in Stuttgart fuwther resulits espocially on the absolwat
accuwracy were precsented. The data of pha were distributed
im June 1983 and a preliminary report on the resuits wa

given at the I5F Congross 1984 in Rio de Jancivo (of.
Foretmer, 1984).
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This +inal report collects all the results of both phases. In
addition to the two previous reports it sntains a further
analvsis of phase 1, as it was presented at the WE-mesting
198% and a more detalled analysis of thoe reactions of the
participante bassd on the differc 25 peltwean the oleaner
coordinates provided by the participantsz and tho true
coordinate from the data generation.




This report is based on the work of the following
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1 2
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17. 1 x Lands & Survey Department, New Zealand -
2. Desian af Test
The test was designed according to the following lTine of
thaoughts
1. Comtrol on detected gross errors
In order to kesep control orn the detected gross ere
simutl ated data were used. Whereas the point distribution
was chosen as realistic as possible random, systematic

and gross errors were artificial.
2. Types of Rlocks

RBlocks with burndles and with independaent models wero
generated, both with sparse and dense tie point
digtribution. This was to simuwlats Dlocks for topographic
mapping (1) and for point determination (11). Thu
blocks were generated (cf. table 13.

i3

Table 1 Distributed blocks
Types tie point distribution
ST GE dense
phases frlrese
1 @ | o
mode] Ml MIisz MITs MITsE

Bimdl e gL/ 1 RI/Z2 RITA1 BRII 2



He Number of Gross Errors

The number of gross errors was chosen as high as it may
occuwr in the worst case. In phase 1 also very trivial
grosg errors were inserted in order to find out how
sophisticated or automatic procedures behave under
extreme conditions without the help of graphical plots. In
phase & , however, only small gross errors were inserted,
woept for a few medium sized ones, in order to simulate
the situation during the last stage of the error detection
proceduare.

4. Systematic Errors

~ll blocks, except one, contain systematic errors, either
of constant size or varying from image to image but having
a common mean. One block (MIA2) was not talsified by
systmatic errors in order to be able to compare the
empirical eftficiency with the theoretical values.
GeDocumentation of Strategy and Criteria for Error Dotection
The participants woere asked to sketoh theilr uswal strategy
for errar detection and to document the actual procedure
used for the test data. In phase & this specifically
concerns the criteria wsed for relecting observations in
order to be able to compare the empirical and the
theoretical efficiency.

6. Economy

It was intended to compare the economy of the proceduaos
used in phase 1 based on preparation time, computing tima,
number of runs, etoc.. Howsvyer, the economic aspects cannot
be discussed here, because not all responses about usod
times ware detailed enough and the individuwal computing
conditions cannot be takeon into account.

7. Estimated Sire of Grose Errors
Tha estimated size of the gross wrrors conpared with the
true sizi give an indication whether the estimated size

can be used for classification or oven corraection of the
Qross errors.

]

8. Acocuracy

fhe accuracy of the cleaned blocks is a decigive chook on
the guality of the error deotection procedure. Theretore
the adjusted coordinates of all points are comparad with
the true coordinates yvielding the absolute acocwracy in
terns of a root mean square and a maximum error. In phase
2 the participants were also asked to tell how acouwrate
they guess the result is, in order to compare it with the
gmpirical one.



H. Test Ferfomance

el Data Genesration

The simulation of the data waz based on the adiusted
obsegrvations of a real bundle block. & subblock of the
Appenwel er test block was used, which containes vory flat
terrain. These data lead to error free coordinates of the new
points and are used as a reference for the evaluation.

First two bundle blocks were generated by selectiing
appropriate points leading to blocks EBI and BII with sparse
and denee tie point distribution. The images of block BI
contained at least & tie ponints in the standard position

with one ecepetion. The centre tie point in image S0 in strip
4 (of. Fig. 3) dis missing in all A images (49, 90, 51). The
images of block BII contained at least & double points at the
standard positions with the same exception as in EBl. In block
BL/7d of phase & the missing point was inserted in order to
tabilize the geometry of the block in this area.

Similarily two models blaocks MI and MID were generated. The
models were derived from the image pairs of the two bundle
blocks wsing an analytical relative orisntation. Due to the
missing point one model was migsing in the 4tk strip in MIAL.
The blocks had 4 strips with 13 images and 12 models rosp..
The sidelap was 20 %4, the overlap &0 %. Thus the size of

the blocks was 52 images and 48 ((47) images resp..

The control point pattern was chosen accordingly. MHorizontal
corntrol points were only selected at the perimeter of the
tilocks, being double points for the bloocks with dense tie
point distribution. Fow chains of vertical control poinis
wero selescted to stabilize the heioght of the blocks.

Further information on the simulasted locks is ocollected

in tables & and 7.

The true oberservations were contamimnated by random and
sytematic srrors. Hints about the contamination were given to
the participants {(cf. tables & and ).

F.l.1 Comtamination of Blocks in Fhase 1
The random @rrors in phasao 1 were normal ly distributed.

They had constant standard deviation +for blocks MIA1 and
MIT/ 1, The standard deviations in height were assumed to be

a factar 1.9 larger than those in planimstiry. The standard
deviations of the x— amd y-coordinates of the projection
centres were assumed to be 3 times larger than tho of the
model points. The z-coordinates,however, of the projection
centres had the same precision as the planimetric coordinates
of the model points. These raticos are theoretical walues
derived from ervor propagation {(cf. Schumpp/Ehrenfried 1961).
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Imn block Bl/s1 the random errore had also constant tandard
geviation.

Bloock BII/1 was assumed to consist of two parts,

strips 1 and 2 and strips 3 and 4, which were considered to
e Flown under diftferent conditions {(cf. table ). Theretore
the precision of the oberservations was different for the two
parts of the block.

The models were deformed systematically uging & second order

polyriomial
LY B (Y] fa 4 v) Fiz (y)

irowhiich Ay and fe are E o3 E matrices with random values.

pe

<

<

ry
g
1]

The images were deformed systematically wsing & combination
af Brown s and Ebner’s sst of additional parameters (of.
FKilpelid 19801 . & representative example is given in table 4
and figure %. The general expression of the svyvstematic errors
is given by &

L PREBI#SYST1,ISYS SRS RIS EYSC2,ISYSI#Y+R2#SYSLILISYS)Iw . i
s (=22 4K241.4R2)4R2*SYSCh,ISYSI #X*Y+RI*SYS(5,ISYS)I*C : -
PR4ESYSCZLISYSYEXFCERE*SYS (S, ISYSIAYRA+RS#SYSC11, ISY¥S) xhAnC -
PYSRI*SYSC1,ISYSI#(~Y) _+R1#SYS(2,ISYS)*X +R2#SYS(3,JSYS)*XsY#

. L R2%SYSCarISYSI*C(=2.02Y241./R2) . +R3I*SYSL6,15¥S) rAS
Re*SYS(B,ISYSY*Y*a tR«*sYs(10‘15vs)tx*c*RStavs(12;1SYS)t *C.
PXnPXICCC*(R]3*5151?.15]‘5)*0(2-!2)%!1S*SYSIB,ISYS)QIZ*'Q!' :
o . BI5*SYS(P,ISYSI*(X2*#X2-Y2+*Y2))+X*(R16*SYSC10,ISYS)I*#24+¢ B =
_BI7*SYST12,15Y5)2282R18+5Y5(12,15Y5)4212) . i B =7 (Brown)
na-y/:tc_mll-irsu.r.szsu(xz-!znm5*svs<8.xsva)axz*v2+ .
- us*svs;s._xsrﬁuxuxz-vzwz))fnznm'sxsuu.xsnxmt-
e . R17*SYS(11,ISYS)*2Z8+R18+S5YS(12,I5YS)*212) S mmmeeem

(Ebner)

Thus the parameters p, to pie had influence on bothy, Breown s

and Ebner s polynomials. s 1t can be seen from table 4,
however , the eftfect of Ebhner & polyvrnomials onto the

systematic errors is dominatirg.

Due to a gross error during data generation block BILA
contains an wnusuwal systematic @eror i tho Lu“LVﬁl pointss:
the z-coordinates have a different scale, namely 0.7, than

the x- and y-coordinates. This srror has no large indlue
ence,due to the +latness of the tervrain. It hasg been left
in the data in order to analyse its affects onto the results,



Hele® Contamination of Blocks in Fhase &

In ocontrary to phase 1 the true obeservations were
contaminated by non-normal ly distributed random srrors. Theaeie
distribution was a mixtwe of two normal distribuations b

Fro= Q%% N, o) + Q.08 MW, {(2)).

Thus on an average every 20th obzervation was assumed to have
double the standeard deviation than the othoers. The standeard
deviation ¢ was constant for all observations of each block.

#H11 images waere deformed systematically, again using a
combination of Brown s and Ebmer & set of additional
parameters. In contraey to phass 1, however, these

detor ons were not block invariant. Actuwally the
additional paramsters p, were assumed to be random variabkles
with constant, i. @. block invariant expectation BEip,) and
standard deviation ovep. » E(g.) varied between O Mm and ¢
14 Mm, pa. between 0.7 Mo and 2.7 Mo. Thay wer takon and
adapted from the empirical results obtainsd by Schroths (0
of . table %Y. The variation of the parameters can bo seen in

in fig. 10 for two representative cxamplos.

Ore the other hand the coordinatss of the block LSS with
gparse tie point distribution were mot contaminated by

yvastematic errors, in order to compare ths efficirency of
the error detection procedures more simply with thoory.
systematic errars introducsed into block MIT/Z1 wero con
for all models and, as in phase 1, consisted in a goneral
deformation of 2nd degreee.

E22E Inserted Gross Errors

Ho2.1 Gross Errors in Fhase |

Im phase 1 the idea was to insert all kinds of =
coouwring in practical blocks, peing awars, that they Jdo not
recessari ly occwr sinwltanesusly. Thus alcso very brivial
errors were introdiceds

- wrong coordinate svatem (choange of the sign of one or too
coordinate ades of control points ir par ot the block
for the last case hints were given to the paticipants,

cf. tabls &)

- a missing model (4 above) g

~~~~ missing and wrong numbers in ths sketoh every particpant

I ived.

The other errore can be subdivided into the threo categories
discussed abowve.



The large grose errors in most cases were exchanges of point
rnumbers and wrong coordinates, errors of round values,
supposed to be caused by migpunchings (e.g. &1 364,76 instead
of 1& 3264.76 or instead of 11:364.76).They were supposed to be
corvractable.

fhis partly also holds for the medium sized gross errore,
wharoas the small gross errors only consisted of coordinate
B or (misidentifications). The blocks with dence tie point
distribution geave the opportunity for groups of gross errors
which are treated as one error in the analysis. The
individual srrors arg given in tables 8 to 11 (of.
to 4).They will be discussed in detail in section

Gee.d Grose Errors in Phase

The idea of phase & was to determine the efficiesncy of the
practical procedures to detect small gross errors. The
efficiency can be described by the probability of finding an
arvor of a given size. As known from  theory gross @rrors can
only be found if they are larger than a coertain lower bound

Veoli. This bound depends on the precision op. ,the redurn-
dancy number . of the observation and on the stat tical
parameter Jjo which was to be assumed to be 4 in ths test. It
corrosponds to & critical valuw of appr. % and & mindmam
power, 1. @. efficisncy of 80%. The size of the inserted
giross errors is referred to the lowsr bound of te
obsarvation in Conoern.

Four types of errors were inserted into the block (cf.

columns @24 in tables 132-1353

1. 8mall gross errors in the photogrammetric data. Thoir sizo
varied bhetween 0.7 Vol, and & V ola.  Always 4 - 7oerrors
of the sams type wero generated to be able to estimate the
empirical efficiency. Due to the diftforent local redundancy
the actual size of the errors in dn varied within cach
group. The model bklock MIL/ZE with dense tie point distri-
bution gave the opportunity for groups of gross arrors
which are again treated as one error in the analvsis.
The dense bundle block BIIAZ, however, was distorted with
singls gross errors as even adiacent points within one

ko other .

image do not really control

m

Pe Bmall gross errors in the corntrol points. Their =
varied between 1V ol ancd 4 ¢V 5l

Ao Medium sized gross errors upto 150V ola. They witre partly
supposed to be correctablas.

4., Miscellanseous errors such as point exchanges or groupsad

ey Or .



& given in the table 12 - 10 {cf. fig. @

individual errors ar

- 3.

Tyopes 3 and 4 were meant to keep the data realistic. The
&

sults of Fhase 1

4.1 General Inftormation

Ther number of distributed blocks MIZL, MIT/Z1, BI/L oand BII/Z1
was 14, 10 and 10 resp. fAmong these 18, 1a, & and 9 blocks
resp. were sent bhack. The used adiustment programs may be
divided into the following categoriec:

al) lndependent Models
polyvnomial adjiustment
- dterative least squares adjustment {(planimetry-height)

- rigorouws adjustment (7 paramebsrs per model .

Mo self-calibration was applied. X programs had the facility
of data-snooping technigues.

by Bundles

A oprograms used the facility of self-calibration, one
applied data-snooping techniques and one included an
awtomatic procedure for data cleaning, adapting the
welghtes to the residuals ot the previouws iteration.

(ne participant cle=sangd the photogrammetric date of block MI
orly. Tha result is not included in the following analysis.
Tt is worth to be mentioned, however, as the strategy is a
pure prea-error-detection procedurs based on the test of
conditions betweon the obssrvations. &11 large gro el ]
ware found in & hours of work (see preparation time ‘
Aadhy

-y
ow ol

Strategies

It is rather difficult to compare ths different strategis
used by thoe participants. Tables and &1 show tho ssgquonoe
of steps during error dot ion as they were descoriboed by the
participants. Thsre obviously sxist very simple bhult also very
sophisticated strategies. The formation of strips is & very
common procedurs to find initisl values +or the adjustment.
This also holds for the bundle blocks. The strategy index

L given in the last line is a measure +or the complexity of
the strategy weighting the number of different steps. It will

be compareéd with the perftormance index and the number of

FLUMs .

Im most cases the standard proceduwra for error detoction was
applied. Only +ow participants changed their strat
of the relatively high percentage of gross @rror

ey becausse



4.5 Detected Bross Errors

Fig. 12 shows the reaction of each participant onto the
individual errors. It will be used to determine the relative
efficiency of the error detection proceduw s in section 4.4.8.
Fig. 1% summarizes the content of fig. 1& and shows
graphically how often each gross error (see table 8-11) was
corrected (dark), located (dark grey), realized {light grey)
or not found {(white) the evaluation. Some gross error
spacially large ones were easy to find, while others coiild
rnot be found at all as they were too small. Both groups give
poor information on the individual error detection method,
but of course have influence onto the number of runs. Some
gross errors were located and even corrected by one partici-
pant while at the same time were not found by anothser parti-
Cipant.This demonstrates the great variety of expsrience and
the intluence of the strategy but also proves that except for
a few small gross errors all gross errors could be located.
This is confirmed by the following analysis,

4.4 BEfficiency

The evaluation of the performance of the error detection
procedures can be based on different oriteria.

a) the reaction on the gross errors (cf. fig. 13 weighting
properly the reactiony

) the number nm of missed gross errors, i.&. the number of
gross errors which were not {founds;

c) the mnumber ne of correct observations which wer
erroneously deleted:

d) the absolute precision of the resuali.
Further indicators are:s
e) the use of aukiliary plots;

) the facility of the data-snooping technigue f(or &ny
equivalent test)

g the number of runs.
We will follow three lines of thoughts:

1. The most robust indicator is the number of @rroneous
decisiom.

#e The relative efficiency can be based on the properly
weighted reactions.

-

Z. The absolute accuracy is decisive bult not available for
all participants.
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4.4.1 Guality of Ferformance of the Error Detection
Frocedures

The performance is evaluated by the performance index lg
IP = Tim * Mg
thus giving the number of erroneouws decisions,

fables 14 - 18 give same information on the performance for
each block and each participant. The results are sorted
according to inceasing performance index.

Fig. 11 gives a graphical representation of n. (upwards) and
Me  (downwards) . It shows that &ll 4 blocks couwld be managed,
i. e. nearly all gross errors couwld be found. On the other
hand in most cases some correct observations were erranenusly
eliminated.

The comparision of the nunber of runs (tables 1é& to 18) with
the pertormance index demonstrates that even with a small
number of runs a high rate of correct decisions can be
obtained, thus not necessarily many runsg load to & good
result.

The best result, i.e. the lowest performance indices, are
obviously obtained when data-snooping technique is applied,
whereas the use of awxiliary plots seems to have little
influsence onto the guality of the result. Both statements
have to be proved wsing the absolute accuracy.

There is o low positive correlation between the conplexity of
the strategy (lIg ) and the number of runs. Thiz sugfests not
to use too many different types of checks but rather to
simplify the procedure. Reason for this effect might be the
difficulty of separating the difforent steps. Thi i
confirmaed by the auwtomatic procedure (table 16,81/1 column
Boand BIL/L coluwmn 2 used for the bundle blocks, which

only needed 7 runs to clean each of the blocks.

The results seem to demonstrate that bundle blocks are easier
to handle than blocks with independsnt models. & realiable
comparision, howaver, is impossible, as the number of
participants who troated the bundle blocks is too =small and

the complesxity of the errors is not comparable. On the other
side as could be expected, the locks MITAL and BIT/1 with
dense point distribution could be clearned more easily and

more successfully than the bloocks with sparse tie point density.

Tables 16 -~ 18 also give an impression of the time effort
which was necessary to clean the blocks. The time for the
initial preparation of the data, e. g. copying the tape on
disc, changing the format, was between % and 18 howrs. The
total time for cleaning one block varied between & and é66é
houwrs. The shortest time for the preparation of the different
Funs was achieved with the auwtomatic error detection
procedure.
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4.4.% Relative Efficiency of Error Detection
Frocedures in Fhase 1

The relative eftticiency of the detection procedures is based
on the individual reactions of each participant onto each
gross error. Each reaction is weighted between % and +3z

i symbol welght we reaction

1 # 5 corrected

“* 4 eliminated

3 o 3 found

il - 8] not found

= ® - wrongly corrected

Thus the 4 matrices in fig. 12 represent the weights

We. (e, pl for each error 8 (l,....4Nesi Fows) and each
procedure po(p=l,y....yNpi coluwnns) . The total weight B (p)
for each procedure isa:

=

@
g

Bip) = & We (&, )
=R

(g. g. ranging from &4 to 111 in MI/Z71). The average weight
%(p) is given by

Fipr = Eip)/ina

AN average welght of 4.0 which was reached by procedure &
with MI/1 indicates that on an average all observations with
gross errors were eliminated. The average values ¢ip) are
only comparable within one block as other blocks might be
more simple or difficult to clean.

In order to come to a quality measure which is independent
from the bloock and which takes the diftferent complaxsity of
the blocks into account, the relative efficiency E is
determined. It relates the total weight £(p) to the best and
worst possible case and isg defined as

B WAL
max (p)-min{p)

and given in percent in table 1%. The values minip) and

max (p) are determined as the sum over the weight of the worst
and begst reaction for each error rasp.

I en

& mirdmum (W {Ey,@7)

=1 [

li

min(p?

max (p) = f maximum (W, (8,0 ).

@=1 i
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They indicate the worst and best result which in total couwld
have been reached, if no other reactions on thas individual
errors than those in fig. 12 could happen.

The relative efficiency values E vary between 27 74 (p=10 in
MII/s4) and 97 %4 (p=2 in BIL/1). The histograms for the values
£ arn given at the bottom of the table 19. They show thalt the
offiviency of the different procedures varies considarably.
The procedure which used data-snooping technigque are
indicated in dark. Obviously they reached the highest
efticiency in all blocks, edcept in BII/L.

This can he explained by the scale error in the r~coordinatess
of the control points, which is not compensated by the
additional parameters ueged in the self-calibration. The
result is in full accordance with that of phase 2.
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4.4.% dAbsolute Accuracy of Cleansd Blocks in Fhase |

The participants were asked to send back the adjiusted
coordinates of the cleaned blocks which lead only to a
partial reaztion. The last rows of tables 16 to 18 contain
the summarized results. The true errors are shown in the
plots fig. 14 -~ 17.

The +irst two rows contain the mean deviations of the
acdjusted coordinates from the true values

M2 me »_!: bR v
[l

In order to keep the values comparable only those points with

v Ax? + Ay? ¢ S om
are used in tho above sums.

The rnumber of points eliminated this way s given in the
second last row. The number of points which are not conteadnead
in the list of the adijusted coordinates is tabulated in the
la=t row.

The plots of the trus errors will bo discuscsd in detadl in
section 4.5,

Mocel Block ML

The best absoulte accuracy in termes of the me gdeviations is
reached by the three participants who also obtained the best
pertdormance index Ta.

There is a significant differonce in planimetric accuracy
between thess three results, n terms of both mean and
maximum deviations. The most reliable result, howewer, :
obviously achieved by the two data-snooping proceduraes. Unly
ona point had to bhe eliminated. This point had a wrong point
rnumbar which only could have been ftound by comparision with

the sketch of the block. Hoth resultes are fuliy satistactory.

The ather tree participants {(coluwms S, & and %) only reached
a very poor result. Over 100 points had to be eliminated.
Evern thern quite large height errors ramained in the data.

This comparision again demonstrates the wide ramge of
efficiency of the used procedurs. But the good results also
ahow that in & block with weak geomstry it is indispensible
to use a testing procedurs which takes into account the
local geometry.
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Model Block FII/Z1

A1l fouwr participants who sent back their adjusted
coordinates reached fully acceptable results. The superiorit:y
of the procedures with data-snooping essentially reveals in
the maximum errors, which are significantly smaller than
those of the other procedures.

'he evaluation of the accuwracy reached in the sparse bundel
locks has to take into account whether data-snooping
technigues and/sor self-calibration is applied or not.

The best results are reached by participants & and % who usad
no data—-snooping technigues but applied self-calibration.
Farticipant 1 could not reach high accuracy, as he did not
apply self~calibration. This demonstrates that data-snooping
is not very eftective if systematic errors are present in the
data. This result will be fully confirmed by BITI/1 and the
blocks in phase &.

The result of participant 5 though is not consistent as it
shouwld be the best one. 19 points, howsver, were eliminabted
which is dug tw the error 21 in a vertical control point which
was rnot fouwnd (of. fig. 1é&di.

Bundle Block BIT/ /1

Block BRII/1 contains the large scale error in the 2-coordi-
nates of the control points, which was not coupensated by any
of the normally applied additional parameters. On the other
hamd, as the terrain i3z very +tlat, this scale error has only
limited intfluence. Therefore the aocuracy results of this
block camn not be evaluated rigowously. The data-—snooping
{columm 4) though uwused in conjunction with self-calibration,
did not lead to tho best result. Also the participant with
the best performance index did not reach a fully satisfactory
result, at least as tar as the madimum error 1s concerned.
The mean deviations in planimetry bheing 0.05 m, howsver, ar
in full agreement with theory ( & 20 . scalel.
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4.8 Detailed fAnalysis of RKeactions

{hie section wants to discuss the reactions of the
participants onto the individual errors in detail. The
analysis is based on the plots of the residuals in order to
vigualize the effect of the decigions onto the final result
(of. figa. 14 - 173,

4.,5,1 Model Elock MIZL

Error No. 8

Foint 245 was deleted and point 248
receld ved number 2459 in o all models.

This very large error is only detectable if one uwses the
sketoh of the block. It is rnot locatable in tho sense, that
one cannot decide whether the sketoh o the dats is wrong. IF
one, howsver, would use the cowrdinates of the plot as
approximate values, one would realize that point 240 i
missing. The best reaction would be to renumber the point
(ezagyn 1000245) and incsert it into & check list. This error
las o influence on the other points. It shows that it is
necessary to use the plot for checking the correctness of the
point nuwmbering.

Some of the participants found this error and excluded the
point from the block taking into account weakening the block

in this aera (cf. fig. 14a, b, oy ).

Error No. 12

Description: The projection centre 447000 recelved the
number #H42000, lesding to a wrong connection
of projection centres.,

The error was found and corrected by &ll participants who
used projection centres. Three participants (partly) did

not wse projection centres to stabilize the block, thus could
not +ind this srror. The reason for them to exclude the
projection centres were the difficultiss in cleaning the
Feright of the block (of. 100 m error Moo 13 and probably
also this large error in the projection centres. Clearly,
arn elimination of the projection centres from the block
leads to a very instable geomstry and should be avolded if
possible (of. fig. 14 d, e, ).




Error No. 13

criptions The height of the vertical control
point was changed by 100 m.

This is a medium sized gross errors, as it is only 20 times
larger than the boundary value Vols of just detectable
arrors. This error was found and uwsually corrected in case
projection centres were used. In & of the 2 cases where
projection centres were not used, this error was not
detected. In this case the influence on the result was
foramidable (cf. fig. 14e, 144).

Error No. 15

Descripticon: The vertical control point anc &&

were exdc "l«':?(l"ll.';]E'::‘d "

pong

Due to the small height difference of Vie = 0.0 @ = 9 o
this error is not detectable. It can be treated as a random

EF I THT «

Error No. 16

Description: Ervor of 200 dm in « in border tie
point T 2 No. %09 in model S77/3573

Discussion:

This error was inserted as it produces a larger residual at
another point (No. 8% . Tha error was,however, located
correctly or mot found st all. Tts influence on the result
too small to be swen in case other errors are present.
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Error No. 18

Description: The y—coordinate of horizontal control
point No. 443% was changed from ...79 m into
awa D97 M.

This error of 18 m iz a small gross ertror as it is only
times the boundary value. The redundancy number is ry =
0,05 leading a residual of approx. 1 m. This is too small,

Only two participants found this error and corrected it
(exohange of digits). They used data-snooping technigue.
Clearly the influence of the gross error onto the result is
hieavy. About a gquarter of the block, the aera until the next
control point, is distorted (cf. fig. 14a, l4e).

This probably is the best demonstration of the effectiveness
of a statistical test which takes the local geometry into
account. It shows the necessity to apply such a test in areas
of weak geometry.

Error No. 20

S

Description: Both the x- and the v-coordinate of {fourdold
tie poirnt Mo, 203 in the middle of the block
in wmodel 447/447% was changed by 1950 pm each.

This small gross error (3 0V olad in an asra with good

local geometiry (Fy s Q.30 Only two participants did not

find it. As the residual v, s 1.3 m in ®-direction was
approx. ¥ times larger than the mpan residual oo s O3 m this
@i or was detectable without rigowous tost (provided that
the larger errors had beern found). The effect of the orror is
too small to be seen in the plots.



ErFor No. 21

Dosribtion: The z-coordinate of vertical control point
MNo. 338 lying in the middle of the block
was changed from ... 17 m to .. 71 m.

This middle sized gross error (10 VYVsli) of 54 m was

found by all participants except one. 4 participants
wliminated the point, accepting a weaker geometry. (One of
those who corrected this error (exchange of digits) intro-
duced an error of 4 m. He corrected the height by 50 m in-
stead of by 854 m. The precision of the estimated size
Vi=—vy/ry of the gross error is Only G‘i = gav Fa o 1,5,
(rryn.lZ).Thus it would be safter to eliminate the point or
renumber it and insert it into a check list for {further
investigation than to correct it without any check whether it
i correct and to assume an exchange of digits. Its influence
(cf. fig. 144) cannot be separated from the influence of
other errors.

Error No. 22

Description: The x-coordinate of horizontal control point 32,
being measured only in one model , was changed by

& ma
Disgussion
This is & small gross error with (1.5 Valai. Four

participants detected it. One participant using data-snooping
@liminated the point. The other participants wsing
data-snooping corrected the coordinate by & wrong amount, 9 m
instead of & m. Also in this case the estimated size is too
inaccurate to be wuseful for & classitication of the arror.
The other two participants, howevor, found the error without
data-snooping and corrected it. One of them wsed Sohut s
polynomial block adiustment program. The influence of the
error covers the area of the block wunil the next control
points (cf. fig. 14a and 14 ).

Error No. 23

Description: The d—-coordinate of double tie point Mo. 806 in

the middle of strip 3% was changed by &0 Mm.




B0

This is a small gross error equal to the boundary value of
just detectable errors. The geometry is good (iry & O.3).
inly & participants detected this errory one of them with
data—-anooping. The other participant who used data-snooping
did not find this error. The influence ot the error is to
amall to be visualized.

Error No. 24

No. 104 in the middle of the block was changed
by 130 pm each.

Disoussiony

Thie small groses error (3 . Tel.) was found by half of
the participants due to the good geometry (Fa, & 0.3, [ts
influence cannot be visualized as it is hidden by larger

Errors.

Error No. 25

Description: The #~ and y-coordinates of a fowfold tie
point (Mo. 14é& in model 349/7346) in the wmiddle
of the bloock was changed by 100 fm each.

Discussions:

The reaction on this small error (2. VTel.) was the sane
as on error No. 24.

The same holde for Error No. 27 (1 . Valad.

Error No. 28

Description: The w-coordinate of tie point 239 at the
border of the block (model 172/16%) was
changed by &00 ju.

This mediun sized gross error { 5 Vels) was found by

only five participants, probably because of the poor local
geometry ( ry & 0.10). The influence though oclearly wvisible
{cf. fig 14dy is only of local character.



4.5,2 Model Block MIL/1

bestyiption: The coordinates of the horizontal control
points No. 3 and No. 35 were changed by
o = E0 m oand @y = -0 m.

The geometry of thie medium sized error (10 . @ wli)

is weak (ry » 1/8). Only one participant did not detect

the error. Instead he eliminated the connection between the
models 588/384 and 584/380, namely the points 83 and 80.
The influence, however, is only local (cf. +Fig. 1% d).

e

Error No. 13

£y

Description: The w-coordinate of tie point No. 233 in model
we2/ b imn the middle of =tei '« oowas oh é‘tl"’lged
by P00 im.

This mediuwn sized error (20 « @liy) in good geomeltry

was found by all participants. But it was partly corrected in
the wrong model. This error is not locatable. Its

influence is only local (cf. fig. 15 &i.

Error No. 18

Descriptiont: The z-coordinates o+ & point pair (No. 128 and
MNo. 131 in model 9584/5E81 in the middle of a
border strip were changed by @z = 200 tm.

Discussions:

This small error (2 . @ «li) in good geometry was found by 7
participants out of 10. ITte influence is only local {(cf. fig.
1%a) and only in z! Even the neighbouwr point is not
influsnced.

Error No. 19

Rescription: The y-coordinate of tis point %8 in model
47%746% in the middle of & strip was changed
by 70 pHma




oy oy

[

Disrussions

Orily % participants found this small gross error (3 Vwlid in
good geometiry. I[ts influence is zmall and local (cf. fig. 15

) W

TEE same holds for BError No. 22 with only small influence

=30

The sw—coordinate of the projsction centre

AE400 was changed by 200 tm.

This is small gross error (% - Vel.) in good geometry
(ry = %) Only 3 participants detected, one evon corrected
it Due to its megligible influence (§ = 2 it is not visible.

Error No. 24

Pescription: The w— and y-coordinate of a fouwfold tie point
in the corner of & model (No. 236 in model 1957
193 was changed by 100 tm each.

Discussion:

Thi small gross error (4 - V.1:) was found by hal+ of the
participants. Its influence is only small (of. fig.

Toa, @) .
3

Error No. 25

s of Bew, and 879 were changsd to
and 881 in all models.

A error Moo 8 in MIZL this grror is a diftference betwueen
sketch and data. Thowgh the point group can be found to be
erroncouws, one cannot decide whether the sketoh or the data
arc wrong. The best resction would be to renumber the points
{100086% etoc.) and put them into & check list for further
investigation. This e or again shows the necessity to use
the sketcoh as & control. A point numbering scheme wouwl d ot
Felp much in this case.



G.5.35 Rundle Rlock RI/Z1

Error No. 8

Description: The w-coordinate of Z-{fold tie point D& in

image 2% was changed by 270 fm.

Discussions:

This small gross error (5 Qolyd in the middle of a strip
(tryml/7d) 15 not locatable. Though &ll participants found it,
two of them deeided wrong (of. fig. 16b and o). The
influence onto the result is local but clearly visible,

the effect (= 2.6 m,VZ = 2.9 m) is large compared to theo
precision of O.1%5 m.

Error No. 11

Descriptions The 3-fold tie point 14 in image 54 at the
border of the block was changed by 70 dm
amnd S0 Mmoo odn 1 oand y.

This small gross error (1 @els) in weak geometry (=0, 08)
was not deteced by anybody. Its influence cannot bae seen due
to Error No. 21.

Error No. 2

Description: Roth coordinates of 3-fold tie point 46 in
image 91 im the interior of the block was
changed by &0 Mo each.

i sy

3R ely]

Tl gmal l gross error (2 Qeli) waz not found by two
participants. These two were the only ones who did not apply
self-calibration. Thus the introduction of additional
parameters was decisive for detecting this error. The
influence onto the result is visible (Compare fig. 1éb with
1&c) , though larger errors are present in the neighbourhood.

Error No. 13

o~
Ui

PDescrimbtion: The height of vertical comterol point
was changed by 2.5 m.



e
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This is a small gross error (42 Vela) though it is 2% time
the standard deviation . = 0.1 m. Only one participant
detectaed this error during the check of the strip
connections. The effect 1s clearly visible.

cogrdinates of horizontal control point
at the border of the block was changecd

by Y% m sach.

Thiszs small gross error (4 Voli) was oy
perticipant duwring strip comaection. Tts snflusnoo i
visible and leads to a distortion of o part of ol ook
urtil the nest (Correct) group of control points. Compare
léhay, by, o with fig. léd in the wpper rigbht cornee ot
v e f

Dy e

a . P |
500 boerar Ly

the

Error No. 21

Description: Vertical control poirnt wes ohanged
by 28,50 m.

This medium sized @rror Wa by
excopt one. But it was interpreted as &
Riolght was chang accordingly. Thus &n error of 1.9 0w

18 o was introduced., Tt edfects a E bt e block
and is clearly visible., This wreoe e
dangor of corrections of observatioris, it oass no proof o
the classiftication of the grror de avadlable.

Secr anc bles

Systematic Errors

App e

Two ouwt of sid participants
comparing fig. s g owhers no
with fig. 1é& o (with solf-caliberat the ettoot
bortal  paramsters din cbher it ot e Block iso

osible. The difforer ton 1TuE o m owhich i
@ compared with the pr Taey =4 Lol m

eptalyla,

ot

too larg
Tt b



4,54 Bundls Block B8I1/1:

Error No. 11

~

Description: The yv-~coordinate of 3-fold tie point 9
in image U4 in the middle of strip 4 was
changed by 20 Hm.

This small gross error (2 Peli) in good geometry (concerning
vi was not detected by anybody. ITts influsnce is local but
clearly visible {(cf. fig. 17 ).

Error No. 12

Discription: The s-coordinate of L-ftold tie point 117 in
G0 in the midisl of cetrip 4 was changed by
&HO pin.

This is the wintary error to error no. 1. It ods & amall
giross error (2 Vel in weak geometry (my 2 0017 and was
orly detected by onge participant. Ite inftluence is local in
doand = oand clearly visible.

Descriptions A1) coordinatss of full control point 19
were changed by 10 m to O.30 m.

The simall gross error (2 Pela.) in moderate geonetey
(e % 17&) wawm found by thres participants. The use of
additional parameters was no gquarantesy for detecting this
eror (cf. fig. 17d). Its intluence is local and olearly

vimibla.
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Error No. 15

The #- and y-coordinates of points 219, 220
and 221 were changed by 130 dm and 20 gm o in

images 34, 3% and 6.

This amall error in point transtfer was found by three
participants. The reaction was not always clear. @ location
of the strip where the orror ocowred is not possible. Thus,
it would have been thoe safest to renumber the vimts i b
FipE. Wrong decisions lead to large local influencms o
Q.7 m (Guy = 2 cm, of. Fig. 17 ).

Error No. 16

arnd the y-coordinate of fola tie point
was changed by 1320 and 20 jm.,

image

This is a small gross error (1 - Wels) in x and y. As it is
actually too small in y to be detectable, the total error
cannot be localized. Three part pants found dit. The
influence is local and clearly visible.

Error No. 17

Description: Foints

exchancged in images

as
H0,

irs

The strip where the point oxochange ooowed carmot be
localized. Only one participant, however, did oot correct the
error in the right way., The effect 1 local and olearly
visible (cf. Fig. 17d3.

Errors No. 18, 12, 20, 21

These are all small gross errors which were located by & or
A participants. The effect onto the result is only visible
in caze the geometry is weak (ry ¢ O.1, grror no. 18 and
1% . Otherwise the effect of the non-deto i
negligible.

ted errors 1S




Systematic Errars

Due to large systematic ervrors in the height of the vertical
control points the effect of self-calibration onto the
abgolute accuracy cannot be seen in the plots.

Gdads Besgt Resgults in Fhase 1

The following list conteains the participants who succeeded
best in cleaning the blocks in phase 1. The performance index
Il giving the total number of wrong decision, the relative
gfficiency E and — as far as available ~ the absolute
Accuwrary are used as criteria.

Model Block FMIAL

The best results with respect to performance and edficiency
were reached by the Technische Hoogeschool, Delft, the
Mether ] and (Il = &, B = 9% %), They used data-snooping
technigue and reached the best precision (M. = 0.03% i,

fy = L, 0 m) . Nearly the same gquality (I, = 7, E = 7% %)

was reached by the Rijskwaterstazt, Delft, the Netherlands.
They needed only 7 runs to clesan the blocks (Mey = 0073 my,
M o= Lol omd. The best result achieved without rigouwrous
test was submitted by the Lands & Suwwvey Lepartment, Ferth,

Australia (I = 11, E = &8 ¥, Mo, = 1.5 o, MHe = 1.0 m).

1

The best result with respect to pertormance and efficiency
was reached by the Rijikswaterstaat, Delft, Netherlands. They
only missed one error and thus roached a performance index
I = 1 ( E = 87 4. The same precision (., = 0.15%,

Uwe & O.13 m) was also reasched by tow other participants
{l.and % Survey Department, Ferth, Australia and National
l.and Survey, Swedend). The second best performance index

(I = 4) was obtained by the Norges Geogratiske Uppmaling,
Hornetoss, Norway without deata-snooping (B = &% %). They
needed only & runs to clean the block. & better efficiency
(£ = 7 %) but less performance (s = 7} was reached by the
Imstitute for Applisd Geodesy, Framkfuwrt, FRG.



Bumdle Block BL/1

The best result with respect to performance was obtained by
the Mational Research Council, Ottawa, Canada. ([, = 9,

o= 38 U, My = 0436 my, M = Q&1 mi. The highest eftficiency
was reached by the Lehrstuhl fir Fhotograzmmetrie, Muanich
University (I, = 8, E = 78 %) .Both participants applied
cat:
obhtained by the Land % Swvey Uepartment, Ferth, Austiralia
(o = QUE7 my Me = QL0 m) angd the Laboratoriet for
Fotogrammetri og Landmaling, Aalborg, Denmark. Both did not
uge rigow ous tests. Aalborg applied an automatic procedure
and mneeded only 3 runs to clean the blocks.

Bugiele] Rlock BIT/ZL

The best result regarding performance was reached by the
Institute for Fhotogrammetry, Helsinki, Finnland (I, = &,
E = 57 %y, They reached the best precision (L, = 0.05 m,
Me = G.ld m without deta-snooping. The sane preclision Was
ained by the Land & Survey Department, Ferth, ST a1
Me highest afficiency waz reachaed by the Laboratoriet for
ag ammietr il o landmaling, Axlborg, Denmeark (Ig = 7,
PR wha also did not use data-snooping. The results
again wore obtained in only 3 runs by using automatic

I3 g dn) duire .

4,7 GConclusions from Phase 1

The resul ts obtained from phase 1 can be summarid@ed as

tollows:y

i

- Imn order to grasp larges gross errors, pre-error de
proceduras seam to be necessary o Un-~line procedur
formation or automeatic :
separate checking of photogramnmetric obosgrvations and
ground contiral is recommendable &t thi tage. I ordor to
get a link to automatic proceduwes the weights of bad
obhservations may be reduced s well in this step.

-~ Data-snooping technigque or any equivalent test, which take
tie local geometry into account, improve absolute
performnance, efficiency and absolute acowacy. The
application ot self-cvalibration sesms to bhe necossary to
exploit the power of rigow ous tests.

JESTT 1)

~~~~~ The sket Dol e meces -y bto detect
errors correctly, especially thoss which do not lead to
dizcrepancie in the block adiuvstment.

O

c-srnooping. The best result with respect to precision were

5, shrip
oFf condition may bo used. The



o opmaction on gross errors should carefully be tuned to
it dnformation available., The coarrection of ervrors

van be based on the sketch if it is correct or on
additional information. Coordinates should not pbe corrected
unltess the type of the error can be checked independently.
The precision of the estimated size of an ervror depends
alec on the local geometry and is usually 2 to 3 times
worse than the measuring precision. Only medium sized gross
grrors and large gross errors can be classified based on
the estimated size of the error.

----- Butomatic procedures have shown to speed up the process
considarably, especially by reducing the number of runs.
Weighting down bad observations seem to bo the appropriate
Was as errouneocusly deleted correct observations are
reintrodurces automatically into the adjustment. The
weighting may bhe based on the resliduals if a statistical
test is not available.

e Results of Fhase 2
5.1 General Information

The result of phase ¥ is based on 18 blocksy & MIZZ2, & MILAE,
4 BI/2 and BII/2., The used programs may be subdivided into
the following categories:

A. Independent models

- chack of model connections only

-~ rigorous 3trip adjustment only

~ iterative least squares block adjustment
{(planimetry-height)

~ rigorous block adjustment.

Only ome program compensated for systematic errors using an
analysis of the residuals. Only one program did ngt use
data-snooping technigue. One program included an automatic
procedure for data cleaning adapting the weights to the
residuals of the previous iteration (cf. table Zdad.

E. Bundles

All programe have applied self-calibration with %-132
additional parameters. Two programs usaed the tacility of
data-~snooping technigue. One program included an automatic
procedure for data cleaning adapting the weights to the

residuals of the previous iteration (of. table 2éb).
Dl Detected Gross Errors

Tables 23-%%5 show the reaction of the individual participants
on each gross error introduced into the data. Specifically
the estimated sice of the error and the evaluation of the
rosponse is Qlvean.
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Ir &ll cases, except those denoted by the minus sign """, it
is assumed that the error was found. Scanning for the
different symbols the following statements can be made:

# The error was found, correctly located and corrected.
Only few small gross errors were corrected.

y The error was found, correctly located but corrected by a
wrong amount.
Guite some errors were introduced by the participants
using a weak estimation of the size of gross errors. A
conparision of the estimated and the true sizes of the
errors clearly shows that there is no real chance to get a
reliable basis for error correction in case of small gross
error. This is in full agreement with the theory as the
standard deviation of the estimated size Y& of the
#rrors never is better than the precision of the
observation, on an average it is 2 — 5 times larger. Only
tor medium sized gross errors the relative accuracy of the
estimated size is high enouwgh to draw reliable conclusions
{cf. phase 1).

+ The error was found, correctly located and the
observation(s) was (were) eliminated.
The sign is only given for reactions which are correct ang
justified, i. e. i+ there is a reason for the decision.
Wrong tie points lying in 2 models or tie points with a
non—acceptable w—-parallax lying in 3 images had to be
gliminated cvompletely. Dtherwise the reaction was correct
by chance ), used the non-ideal geometry of the strip
(+'y or was made arbitrarily (0% being aware of the
possibility to commit an erronecus decision.

o The error was found but not correctly located.
This situwation mainly occuwred at the above mentioned
points in 2 models or 3 images but also at control points.

? In this case the reaction was not quite clearly described.
For the analysis it was assumed that this error was found.

Only one of the errors within a group of errors was found.

There are quite some gross errors where all participant
reacted the same way. Thus, with respect to these errors the
stategies, namly testing the residuals or applying a rigorous
test, are wquivalent. On the other hand thore are gro

errors which were not found by one participants but correctly
located by another. A comparison of the reactions to the
errors in the models {(cf. tables 22 and 2% suggests
strategies 4 and U to be superior to the others while
mutual ly showing minogr differences. Concerning the model
blocks, however, participant 4 was the only one who did not
use a statistical test (of. table 26a). This suggests
data-s=nooping in practice not beeing as effective as to be
aexpected from theory and seems to contradict the results of
phase 1| where strategises with data-snooping showed to be
superior to strategies without rigorous test.
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Howe - ar, participant 9 used a-priori oe—values for tho
data-—wnooping test, which were about a factor 2 larger
(Twy = 10 tm, vx = 15 tm for the photogrammetric points)

than the theoretical values {(cf. table &).

Thezn were appropriate for MI/ZL but clearly prevent the
detection of small gross errors, especially in MIT/Z. (cf.
arrors Mo, %, 10, 17, 20, 21, table 23). 0On the other hand
participant 9 was the only one who found some of the giros
ertrors in the projection centres (2 out of %) in MIT/Z2 which
is due to the assumed standard deviation of the projection
centires (v,, = 20 Mn) which is close to the value from the
gimulation (0., = &4 Mm).

The reaction on the bundle blocks also do not show a clear
pre-dominance of the procedures with data-snooping. This may
be: explained by the variation of the systematic errors which
cannot fully be compensated by the applied self-calibration
technigues. The remaining systematic errors seem to prevent
the statistical tests to show theilr powsr.

The performances indices 1, show the same tendencies (of.

tabla 2é6).

Am the gross errors were small and wrong decisions might hawve
only little influence on the final result we will not

discu the performance index put rather analyse the power of
the tests and the obtained absolute acouracy.

H.3 Efficiency

The efficiency of the procoduwre e estimated from the results
listed in tables 22-28. Table @26 contains the probabilities

with which the gross errors of different sizes were found by
the participants. The sxtreme values (min, max) and the
avarage values (§) of these probabilities are shown in
fig.18.

The efficiency o power of a test depends on the size 1y of
the gross error and is set into realtion to the lower bound
wls. Theoretically gross errors of this size can be found
with a probability of approdimately 8O W if a statistical
test with a critical value of 2.3 (corresponding to a
significance level of 99.7 % is used. The probability of
detecting larger errors increases, smaller errordg can be
fournd with & lower probability. In fig. 18 the theoretical
efficiency is represented by the smooth curve.
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The maximum errors obtained by the 4 participants for thae
briargdle bloocks are nearly identical suggesting the results Lo
be of similar guality. This actually is true for the
planimetry (f.,) but not for the heights (K:), especially tor
BI/2 where the r.m.s. errors vary w to a factor . (The
columns in table 27 are sorted according to the achieved
absplute accuwracy.) The absolute values are also very high if
orie takes the scales 1 @ 15 000 amd 1 3 2 Q00 for BIZZE and
BII/E vresp. and the precision (To) iﬁta account. Thi is
contirmed by the optimistic estimates M for the absolute
accuracy given by the participants. The actual r.m.s.w. prove

to e at least a factor 2 (up to a factor 10) larger than
prasumed. The madimum discrepancies on an average are alco

Larger than one would expect from pure error propagation
ranging up to & times the r.m.e.e. values H. This is due to
undetected small gross ervors, specifically errors in the
#-coordinates of points lying only in threg images. This
proves the exsternal reliability measures (o * v.) to be &
ueaful approdimation for the maximum error in the result of
an adjiustment.



Sl Detailed Analvsis of Reactions
on_Bundle Blocks

s for the model blocks we discuss the reactions of the
participants onto the individual errors in detail based on
the plots of the true errors (cf. fig. 19 and 20).

H.59.1 Bundle Block BI/Z

Error No. 4

Description: The k-coordinates of points 138 and 152 in
image 34 were changed by 100 um.

This is a group of small not locatable errors. Only one of
both errors was found by the participants. The effect

( V2 & 2 m) of the remaining error is local and clearly
visible.

Error No. &6

PDescription: The x-—coordinate of 2-fold tie point 20

in image 18 was changed by 70 Hm.
This small gross wreor (28 Voli) theoretically cannot be
localized. Two participants eliminated ths correct point, one
by chance. Thg others obviously used the v-parallades for
localization dus to the non idesl geometry. The effect
(VZ =% 1 m ) is local.

Error No. 17

iption: The w-voordinate of 3-fold tie point 81
in image 435 at the border of the block was
changed by 70 ftm.

Thi mall gross error (1.5 voli) in wealk geometltey
iy & Q.08 was not found at H%}u Its looal e+fect (V2 = 1L w0
is clearly viwsible.
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Error No. 21

The $-coordinate of 2—fold tie point 46
in image 952 was changed by 352 Mm.

The reactions on this small error (1.6 ' Toly) were similar
as on the previous error. All found it but only two locabed
it correctly. The effect onto the resullt is masked by error
Mt @7,

The same holds for EFrFor No. 23.

Error No. 27

Desgription: Vertical control point 28 at the border
of the block was changed by 1.8 m.

Discussions:

This ieg & small gross error (2 'Vely) in weak geoometry
(Fryw0Q.liand was found by two participants. One of them ap-
plied data snooping but corrFected the heidght by & wrong
amaunt (4 m) . The estimate (2.4 my of the other participant
shows that it is not precise enouwgh to be & hint for the
true size of the error.

Error No. 28

Description: The horizontal control point 44 at the border

of the block was changed by 1.2 m.

e
i

Discussion:

i

Unly one participant found thie small error (2 ' Voli) using
data-snooping technigue. Again he corrected the coordinate

by & wrong amount (0.8 m) in the wrong coordinate (7). The
patterrms (fig. 19 a wvs. 1% by, o, d} show the different effect
of the reaction.

Error No. 29

Description: Vertical control point 142 in the middle of the

block was changed by % m.



This small gross error (4 ' Poly) was found by throe out of
fow participants. One corrected it the right way. #Another
entimate of the size of the error (& o) ,however, shows the
weakness of this value. Suwrprisingly the 4th participant who
did not +ind this error applied data—-snooping. This error
distar-ts half of the block heavily (cf. fig. 192 ar.

Error No. 30

Description: Horizontal control point 73 at the border
of the block was changed by 1.8 m in v,

Discussions:

Only one participant reacted correctly onto this small gross
error (4 ' VPely) and eliminated the point. One other
participant found it but corrected the coordinate by & wrong
amount. The effect of the non-detected error onto the block
ie large,specifically the largest indluence is not at the
wrong point.

Error No. 33

Rescription: The w-coordinate of JF-fold tie point 77 in image
20 was changed by 1 000 tun.

Discussians

&

Only one participant reacted correctly onto this medium sized
gross error, which is not locatable. He oliminated

this point completely {(of. fig. 17 b).o The other three
located the blunder incorrectly and eliminated the wrong
point. Two of them eliminated the point with the largest
iresidual , i. e. the point in the middle image no. 21. The
other participant though beeing aware to possibly reject an
error fres observation, deleted the point in image 22, The
effect of this decision can be clearly ssen in fig. 19 a,

o and do It can be visualized by the intersection of the 3
Fayss

from image 22 21 20
(wrong ray)

— false point (c.)

false point (a.,d.)—*®
«— correct point (b.)




Se.d Bundle Bloock RIL/ZZ
Error No. 2&

Vertical control points 235 and 26 in a cornes
of ths block were changed by & m.

This small gross error (2 ' Veli) was rnot found by any
participant. It effects only a local aera of the block until
the mext groups of vertical control points (cf. fig. 2O).

Error No. 32

Description: The x-coordinate of 3~fold tie points 1346 and

1E7 were changed by 120 #m.

This group of small gross grrors was found by all
participants. Two, however, did not eliminate the point.
One of the others eliminated the right one by chance. Tha
affect is local and clearly visible (of. +ig. &0 di.

A o=imilar reaction can be obszserved for error no. 33.

Error No. 34

Deposcription: Fowr—fold tie point 190 at the border

of the block was changed by 1 000 dm in
aach coordinate in images U and 16.

Disnussiong

This is a point transter error which is rnot locatable in the

sense that one cannol decide in which of the two image pairs
5/18 or &/19 the error ococured. A1l participants found this
ervror. Une chosae the wrong image pair. The effeclt is local

and clearly visible (cf. fig. 1% c).
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- If gross errors are not locatable the whole point should
be taken out of the adjustment or appropriately renumbered
in order to identify the point to be unreliable (phase 1

=

ancl 29 .

- The efficiency of the tests with respect ot small gross
errors can reliably be predicted by theory. Unmodelled or
uncompensated systmatic errors seem to be the main effec
reducing the efficiency of the error detection by
increasing the esitmate of the variance factor oo
{(phase 2.

Acknowl edgements: The author wishes to thank all participants
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Table 2

Distributed Information on Simulated Blocks in Phase 1

Block M 1/ 1

Model scale
Day of flight
Day of measurements

Measurements

Quality of film

Quality of control points

Block M 11 /1

Model scale :
Day of flight
Day of measurements

Measurements

Quality of film

Quality of control points

Block B8 I /1

Photo scale

Day of flight

Day of measurement

Measurements
Camera RMK515/23
Quality of film

Quality of.control points

1 : 25 000
10.4.1980
13.6. - 29.6.1980

image coordinates
analytical relative orientation

corrected for earth curvature
low contrast

0.30 m
0.50m

planimetry
height

1 : 7000
15.4.1980
1.6. - 10.6.1980

image coordinates

analytical relative orientation

‘corrected for earth curvature

normal

0.2 m
0.2 m height

planimetry

1 : 14 000
22.4.1980 cloudy
1.6. - 15.6.1980
Strip | (5-17)
Strip 111, 1V (31 - 56)
1.6, - 8.6.1980
Strip 11 (18 - 30)
reduced image coordinates, um

c = 153.22 mm
normal

0,05 m pfanimetry
0,10 m height

e



Table 2 cont.

Block B [1/2

Photo scale : 1 : 5000

Day of flight : = 21.6.1979 strips | and |
’ ’ picture No, 5 - 30
RMK 15/23 No. 321 602

weather: dizzy -

é3.6.1979 strips 11l and IV
picture No. 31 - 56
RMK 15/23 No. 321 754

weather: bright

Day of measurements : 2.9. - 27.9. (picture No. 1-21,
‘ 27-36)
5.9. - 16.9. (picture No.22-26)

3.9. - 10.9. (picture No.37-56)

Measurements : reduced Image coordinates, um
Cameras : No. 321 602 ¢ = 153.21 mm

No. 321 754 c = 153.24 mm
Quality of images : good

Quality of control points : 0.01 m planimetry and height

Table 3 Distributed Information on Simulated Blocks in Phase 2

Block IM 1/2 M11/2 B I/2 B I11/2
Scale ]I:ZO 000 1:8 000 1:15 000 1:3 000
Day of flight 2.4.83 11.3.75 2.5.65 3.5.65
Quality of film low contrast normal good excellent
Quality of control Iyy =20cm 5 cm 5 cm 1.5 cm

o, = bocm 12 cm 1 cm 5 cm
Measurements:

image coordinates in ym, c=153.24 mm

for model blocks: analytical relative orientation, model coordinates in um

corrected for earth curvature and refraction



Table 4

Image Deformation in pm of Bundle Block BII/1, Strips 1 and 2

Ebner Brown total
No. X Yy dx c(y ¥ a{y dx c{y
1 =90000.00 90200.0Q0 2.90 -4.,79 -2.77 277 -0.7%? =2.02
2 =-45000.00 $0000.30 Ca27 =7.15% De506 =-1.12 +0.93 -8.28
3 0.20 90000.900 0.83 -4%.39 0.00 -1.75 0.88 -8, ¢4
4 45000.00 90000.00 3.55 -3.98 =-0.56 -1.12 2.99 -5.10
5 $0000.00 90000.30 83.37 1.56 277 277 7. 14 4.33
6 -9000G.00 45000.00 -2.16 -2.38 =257 1.33 -4.83 -1.55
7 -45000.00 45000.00 =] .72 =5.31 -0N.06 0.06 -1.78 -5,25
3 0.00 45000.00 -0.57 =544 N.30 -0.0¢9 -0.57 -5.53
9 45000.00 45000.00 1.30 -3.26 0.96 0.06 1.36 -3.20
10 90000.00 45000.900 3.238 1.22 257 1.33 6.55 2,55
11 =-90000.00 0.00 =5.03 -1.35 -2.44 0.00 -7.47 -1.35
12 =45000.00 0.00 -2.14 =3.42 -0.11 0.00 -3.25 -3.42
13 0.00 0.00 -1.46 =3.49 0.00 0.00 -1.46 -3.49
14 45000.00 0.00 G6.00 —1.58 N0.11 0.00 0.1 -1.48
15 90000.00 0.00 125 2.33 244 0.00 3.69 2.33
16 -90000.00 =45000.00 -8.51 -0.22 -2.57 = Tk= 35 -9.28 -1.55
17 =45000.00 -45000.00 -3.39 -1.48 -0.06 =-0.06 ~-3.95 -1.54
18 0.00 -45000.00 -1.30 SIS 0.90 N.09 -1.80 -0.,96
19 45000.00 -45000.00 =0 55 1.07 0.06 -0.0¢ -0.29 -1.01
20 90009.00 -45000.00 Jeb? 4,37 2ebT -1.33 314 3.54
21 -90000.20 -90000.30 | -5.39 9.53 | =2.77  =2.77 | -9'¢ 204
2 -45000.900 -80000.20 -3.97 J«51 . Da56 1.12 -3.41 1.63
23 0.00 -900030.00 -1.59 1.%9 N0.00 1.75 -1.59 3.64%
24 45000.20 -90000.00 Ja25 4.57 =056 1.12 -0.31 5.79
25 90060.30 -%0000.00 1.5¢4 Se35 277 =-2.77 4,31 6.08




Table 5 Mean value and standard deviation of additional
parameters in bundle blocks BI/2 and BII/2

Parameter Block BI/2 Block BII/2
mean sigma mean sigma
1 1.4 -0.5 0.7 um
2 1.0 2.3 1
3 0.0 0.8 -1.7 0.7
1.7 0.9 0.5 1.1
-1.6 1.8 4.0 1.6
-5.3 1 0.3 2
7 0.6 2 14.5 2.1
-12.5 1. -1.7 2.2
1.8 1.3 1.8 1.5
10 3.2 1.1 1.1 1.
" -0.3 1.9 6.3 2.3
12 -3.2 1.9 -3.5 2.7

(cf. Schroth, 1982)



TABLE 6 GENERATED MODEL BLOCKS

M I/ M I/ MI/2 M II/2
scale 1:25 000 1:7°000 1:20 000 1:8 000
system, errors const. const. no const.
mode] Ox,y (um) 10 5 8 4

g, (pm) 15 8 12 7
projection o, (um) 30 15 24 12
centres 2
o, (um) 10 5 .8 4

control I,y (m) 0.50 0.10 0.20 0.05
Points 5 (m) 0.10 0.20 0.40 0.12
nt) 1403 2844 1421 2844
u 901 1641 909 1641
r 502 1203 512 1203
r/n 0.36 0.42 0.36 0.42
no. of units 47 48 48 48
no. of gross errors 28 24 34 36
% of wrong points 2,3% 1,5% 2,8% 2,3%

1)

n= no. of observations

u= no. of unknowns
r= redundancy



TABLE 7 GENERATED BUNDLE BLOCKS

B I/1 B II/1 B I/2 B II/2
scale 1: 14 000 1: 5 000 1 : 15 0G0 1 : 3000
system. errors const., 2 groups variable variable
z-scale of CP

image o, (um) 5 3.02) 453 4 2
control o, (m) 0.06 0.02 0.05 0.015
points Xy

g, (m) 0.10 0.01 0.01 0.05
nt) 1227 2739 1227 2739
u 887 1608 887 1608
r 340 1131 340 1131
r/n 0.28 0.41 0.28 0.41
no. of units 52 52 52 52
no. of gross errors 22 21 34 35
% of wrong points 2.8 % 1.5 % 4.3 % 2.5 %
1) 2)

n= no. of oberservations

u= no. of unknowns

r= redundancy

strips 1 and 2

3

)

strips 3 and 4



Table 8

Gross Errors inserted into

Model Block MI/1T (cf. Fig. 1)

large gross errors

3 b5

model 454-450

model 352-349

control point no.

horizontal control point no.

horizontal control point no.

point ny.

point m.

medium-sized gross errors

10.
11.

12.
13.
14,

model 577-573
vertical control

models 555-552
552-548

models 367-363
363-359

model 461-465
model 443-447

point

point

point

point
point

point

projection centre no.

no.

no.

no.

no.

vertical control point no.

model 192-188

point no.

161 VX =
vy =

311 X =
vy =

407 « 443
407 X =
110 vy =
113 + 512
134 vz =
245 & , 248
3204, 53
95 & , 98
227 X =
vy =

447 000 + 342 000

107 vz =
125 «+ 146

10 000 ym
+ 12 000 um

10 000 wm
100 000 um

- 72 000 m"
- 10 000 m

~100m

+ 245

+ 320
+ 95

- 70 000
- 46 000

100 m

small gross errors

15,
16.
17.
18.
19.

20.

21.
2.
2.
2.

25.

26.
27.

28.

vertical control point no.

model

577-573

point

no.

vertical control point no.

horizontal control point no.

469-465

model

model

vertical control

model

model

model

model

model

model

447-443

. horizontal control

359-356
356-352

349-346

338-334
330-327

172-169

point no.

point
point
point

point

point

point

point

point

point

no.

no.

no.

no.

no.

no.

23 « 62
509  wx
197 vz
443 vy

68 X

vy

. 203 wx =
vy =

. 338 vz=
32 wx =
506 wx =
104 wx =
vy =

146 wx =
vy =

233 wx =
257 wx =
vy =

239 vx =

= + 200 pm
= - 30 ym

=18m

+ 200 pm
- 200 um

+

150 ym
150 um

+

+54m
+ 6m
+ 60 um

- 150 uym
+ 150 pym

+ 100 uym
+ 100 pm

- 300 um

50 um
+ 50 ym

- 600 ym



Table 9

Gross Errors inserted into

Model Block MII/T (cf. Fig. 2)

large gross errors

1. control point no. 74 «~ 974
77 «— 977
2. horizontal control point no. 74
77 vx = 10 000 m
3. horizontal control point no. 383 vx = 3000m
vy = 20 000 m
4, vertical control point no. 170
173 vz =100 m
5. model 569-566 point no. 260
263 vx = - 100 000 pym
vy = + 100 000 ym
6. model 447-463 point no. 401 vx = 89 000 um
medium-sized gross errors
7. horizontal control point no. 32
35 VX = - 20 pm
Vy=-90m
8. model 573-569 point no. 215 VX = + 9 000 pm
9. projection center 562 000 «— 559 000
10. model 555-559 point no. 434 + 443
431 + 434
555-552 point no. 431 — 434
11. no error
12. model 352-356 point no. 992 « 995
1040 « 1043

1091 <+ 1094

13. model 352-356 point no. 233 X
14. model 342-346
346-349 point no. = 866 &, 329
764 & , 332
953 &
15. vertical control point no. 329 +> 455
332 +> 458
16. horizontal control point no. 425 « 428
17. horizontal control point no. 206
209 X =
vy =
small gross errors
18. model 584-581 point no. 128
131 vz =
19. model 473-469 point no. 98 vy =
20. model 469-465 point no. 149 X =
21. yertical control point no. 446 vz =
22. model 330-327 point no. 692 vy =
23. projection centre no. 334 000 w =
24. model 195-192 point no. 236G w =
vy =

= 900 pm

+ 866
+ 764

+10m
-10m

+ 200 ym
- 70 ym
+ 120 wm
20m

- 100 pm
= 300 ym

- 100 pm
- 100 ym



Fig. 10

Gross Errors

Bundle Block

large gross errors

image 49 point
image 21 point

horizontal control point

control point (x, y, z)

medium-sized gross:errors

(5]
.

(Y] @ ~ o0
. . . .

10.

horizontal control point

vertical control point
image 32 point
image 23 ' point

hor{zontal control point

image 7 point

small gross errors

11.

12.

image 54 point

image 51 point

inserted into

BI/1 (cf. Fig. 3)

no. 60+ 156
nc. 77 + 114
78 » 142
no, 73 vy
10 « 13
no. 6 VX
vy
no. 113 vz
no. 84 &, 132
no. 56 X
no. 44 X
vy
no. 87 &, 144
nc. 14 VX
vy
nc. 46 X
vy

+ nn

1000 m

+10m
63 m

-20m
84

+ 270 gm
+20m

-10m
87

70 um
+ 50 ym

60 um
- 60 um

135
14,

15’
16.

17,

18.

19,

20.

21.

vertical control point no.

8

vz=-2.50m

. 29 and 30 wx
vy

image 53 points no
image 40 point no;;171
image 41 point no. 17
horizontal control point no. 136
image 14 point no. 35
image 23 point no. 71
image 6 point no. 97
vertical control point no. 38

vy =

vy =

vy

X

X

128

vz

60 ym
80 m

120 pm

1

+

+

20 ym

0.50 m
0,60 m

180 m
210 m

200 m
120 m

200 m
120 m

98.5 m



Fig. 11

Gross Errors

Bundle Block

'large gross errors

inserted into

BII/1 (cf. Fig. 4)

1. control points no. 71 « 128
72 + 129
2. image 25 point no. 66 + 86
65 + 85
3. horizontal control point no. 83 vy = 10 000 m
medium-sized gross errors
4. control points no. 382 «++ 326
5. horizontal control point no. 325 ux =+ 360 m
6. 1image 25 point no. 107 W =+ 360 ym
image 32 point no. 292 &, 225 -+ 292
321 &, 226 + 321
8. image - 24 point no. 240 «+ 255
: 275 « 289
306 < 318
9. vertical control point no. 25 vz=+10m
10. image 7 point no. 300 &, 340 -» 300
small gross errors
11. image 54 point no. 29 Vy = + 20 ym
12. image 50 point no. 117 vx = 60 um
13. control point no. 19 Vx =0.20m
vy =-0.10m

vz = +0.15 nm

14,

15.

15,

17.

18.
19.
20.
21.

22.

images 27, 28

29

images 34
35
36

image 22

images 20

21

22
vertical control
image 15

image 9

horizontal control point no.

vertical control

point no.

point no.

49 ¥x = + 60 pm
vy = - 120 ym

49 vX = + 60 um
vy = + 120 jim

point no. 219

point no.

point no.

point no.
point no.

point no.

point no.

220
221 vx =
vy =

122 wvx =
Iy =

152 +153

189 vz

67 wx =
154 vy

142 wvx

vy
vz =

71 v

+ 150 wm
+ 30 um

- 120 ym
20 um

- 0.20m
- 130 um
+ 50 um

0.16 m
- 0.J12m
+ 0.08 m

54 m

Ol



11

Table 12  Gross Errors inserted into Model Block MI/2 (cf. Fig. 5)
Error Type Point Model Coord. Size
No. No. No.
1 ex 65 - 458 584,581 Xyz -
2 ex 272 - 485 330/327 z -
ex 116 - 482 573/569 Xyz -
4 gr 380/224 443/439 z + 100 pm
5 ar 329/212 342/338 X - 80
6 0.7 176 184/180 y + 60
7 13 577/573 z - 90
8 - 188 346/342 y - 40
9 206 447/443 X + 45
10 1.0 197 562/559 X + 90
" 215 180/176 z - 90
12 290 165/161 z + 130
13 59 203/199 y - 95
14 71 469/465 X - 50
15 221 555/552 z + 90
16 5 158 569/566 X - 60
17 1.3 92 469/465 z - 110
18 317 477/473 y + 80
19 5 143 461/457 y - 75
20 146 192/188 X + 90
21 515 165/161 z + 160
22 101 356/352 y + 75
23 1.6 29 367/363 X + 140
24 170 184/180 z + 150
25 128 192/188 y - 90
26 . 56 363/359 X + 90
27 . 494 548/544 z - 250
28 20. 350 435/432 X + 1000
29 50. 311 349/346 + 5000
30 150. 182 454/450 + 200000
31 2. HO 407 X +2.80m
32 2. VE 107 z + 6.50 m
33 4. HO 194 y +5.00m
34 4. VE 62 z - 12.00 m
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Fig. 13 Gross Errors inserted into Model Block MII/2 (cf. Fig. 6)
Error Type Point Modet Coord. Size
No. No. No.
1 ex 632-896-797 342/338 Xyz -
2 ex D 710/908-200/203 199,195 Xyz -
3 ex 176-179 465/461 Xyz -
4 0.7 395 559/555 v - 20 um
5 299 566/562 z + 40
6 683 552/548 y + 25
7 D 341/344 184/180 X - 40
8 116/119 206/203 X + 40
9 197/194 199/195 z - 45
10 1.0 605 203/199 z + 50
1" 179 465/461 y + 25
12 374 346/342 X - 22
13 PC 169 169/165 X -170
14 521/524 552/548 z - 60
15 266/269 461/457 X + 30
16 1.3 854 435/432 z - 60
17 . 56 477/473 y + 40
18 227 461/457 X - 30
19 452 334/330 X + 30
20 32/35 588/584 y - 75
21 506/503 334/330 X - 35
22 1.6 362 450/447 z - 70
23 275 457/454 X + 35
24 968 352/349 y + 40
25 . PC 359 359/356 X =230
26 D 191/188 359/356 X - 40
27 263/260 573/569 z + 70
28 2.0 314 454/450 y " - 50
29 PC 435 435/432 X -250
30 T 1154/125/122 581/577 z + 120
31 6.0 D 158/161 199/195 z -250
32 50.0 D 80/83 584 /581 X + 1500
33 2.0 HO 977/974 y +2.0m
34 2.0 VE 458/455 z -1.4
35 4.0 HO 425/428 X +2.0
36 4.0 VE 1166 z + 3.0




Fig.

14  Gross

Errors inserted into Bundle Block BI/1 (cf. Fig. 7)

13

Error Type Point Image Coord. Size
No. No. No.

1 ex 172/93 6 - =

2 ex 29/30 53 - -

3 gr 31/32 41(37) X + 50 pm
4 gr 138/152 34(30) X -100

5 2.0 56 24 X - 40
6 90 18 X + 170
7 1.0 47 38 y + 20
8 63 23 X - 35
9 53 50 X + 20
10 171 52 X + 20
" 13 17 % + 35
12 8 55 X + 30
13 115 33 y - 20
14 1.3 " 26 y - 24
15 . 27 16 X - 40
16 10 29 X + 28
17 81 45 X - 70
18 106 42 y + 30
19 1.6 61 35 y - 28
20 98 5 y +40
21 46 52 X - 52
22 37 13 X - 60
23 2.0 107 28 X + 60
24 149 5 y +90
25 15 55 % - 45
26 83 33 X - 60
27 2. VE 38 z + 1.8m
28 2, HO 44 X - 1.2
29 4, VE 147 z - 3.0
30 4, HO 73 y - 1.5
31 6. 35 15 X + 150 pm
32 18. 142 47 y + 500
33 50, 77 20 X - 1000
34 150, 162 6 y - 4000
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Fig. 15 Gross Errors inserted into Bundle Block BII/2 (cf. Fig. 8)

Error Type Point Image Coord. Size
No. No.
1 ex 308 - 242 37 - -
2 ex 359 - 342 14 - -
3 gr 245/281/311 47 y + 15 um
4 gr 80/79 12 X + 20
5 gr 116/117 50 y _ 20
6 ar 182/183/393 7 X + 45
0.7 391 51 X + 10
- 120 37 X - 10
5 367 45 X - N
10 5 230 32 X - 8
" 1.0 186 44 X + 13
12 : 289 24 y - 12
13 ’ 130 48 y + 10
14 . 250 32 y - 14
15 ' 1.3 159 46 y - 20
16 . 210 13 X + 30
17 : 63 27 y - 18
18 . 194 5 y + 25
19 . 69 13 y - 20
20 1.6 170 8 X + 36
21 . 144 48 y + 24
22 s 1" 10 y + 20
23 . 232 19 X @2
24 1.0 VE 12 - 2z + 14 cm
25 1.5 VE 390 = z - 12
26 2.0 VE gr 25/26 = z - 30
27 1.5 VE 79 = z + 12
28 1.0 HO 20 - X + 8
29 2.0 HO 193 o y - 30
30 1.5 HO gr 71/72 - Xy - 12
31 2. gr 39/40 15 Xy + 40/- 30 pm
32 6. gr 137/136 21 X - 120
33 18. 55 54 X + 400
34 50. 190 5/18 = Xy +1000/+1000
35 150 220 34 ) y +3000




Table 16

Performance Statistics for Model Block MI/1

! 2 3 L 5 6 7 8 9 10 N 12
participant K L B E 0 M G P Q H A S
performance index | 6 7 1 12 13 14 15 16 18 20 25 33
missed errors n_ 3 5 8 10 11 8 12 9 12 7 7 13
del. correct observ. n_ 3 2 3 2 2 6 3 7 6 13 18 20
plot of residuals = = P - = P P P O P P P
data-snooping D D - = = - & - - - - C
runs Ly 7 1 3 14 10 19 8
strategy index I 4 4 = 2 o 4 4 4 - 4 4 4
time for initial prep.|h| 4 1 9 5 20
time for run prep. |h| 62 7 Lo Lo 20
ey .53 .75 1.5 1.7 2.8 1.5
By 1.2 1.1 1.0 24, 52. Y, .
max v, 2.2 3.0 4.9 k.9 18.0 4.7
max v, 3.4 2.8 3.4 137. . 125. 153.
N eliminated ] 1 16 15 - 18 .
N not listed 10 8 5 9 6 7

Gl



Table 17

Performance Statistics for Model Block MII/2

1 2 3 4 5 6 8 9
participant L M 0 E H/1 B R S
performance index Ip 1 4 5 6 7 7 12 24
missed errors n_ 1 4 5 6 2 5 2 9
del. correct observ. n. 0 0 0 0 5 2 10 15
plot of residuals - P P - P P P P
data-snooping 0 = = - - = N -
runs 12 6 3 12 6 12 7
strategy index I 4 3 2 2 4 = 2 2
time for initial prep.|h| . 18 - 3 15
time for run prep. |h| 11 Lo 10 7 10
i .13 5 .13 13 .20
Hxy
o Ak .19 .16 .18

z
max v .34 .45 .55 .54
Xy

max v, .36 .53 1.0 b
N eliminated 3 3 5 4 0
N not listed (=) 22 11 (=)

91



Table 18

Performance Statistics for Bundle Blocks BI/1 and BII/2

Bl 1 2 3 4 5 6 Bll:1 3 b 5
participant c B D A J F F B c N
performance index | 5 7 7 7 8 33 5 8 1 11
missed errors M 5 5 5 6 2 6 I 2 6 6
del. correct observ. n 0 2: 2 1 6 27 1 6 5 5
plot of residuals O P O P = O = P - -
data=snooping D = = = D C = = D -
groups of add. parameters - 1 1 = 1 1 1 = 1 =
runs 8 19 310 6 11 4 18 8 n
strategy index | 3 5 2 5 4 3 4 5 3 7
time for initial prep.|h| 1 1/2 6 1 1/2 1 i
time-for run prep. |h| 5 1 7 Lo 28 5 14
Ry 36 .22 .21 .58 .05 .05 .12 .10
i .61 .53 .58 .24 .16 .17 .18 .15
max vxy 1.3 A _?3 1.9 1.9 .25 .75 1.1
max v, 2.4 2.4 2.4 .8 .62 48 .63 .55
N eliminated 1 0 1 19 0 0 0 0
N not listed 3 4 3 1 15 1 9 13

Ll



Table 19 Relative Efficiency of Error Detection Procedures in Phase 1
M!-1 MIl-1 Bl-1 Bll-1
weight typel 1 2 3 4 56 78 910H 0 hpel1 2345 678910 hpel 12 3 # 56 hpel 123 4 5
5 Al m 8 912129 1 1 4 #1713 114545 9 3 4512 § #9899 45 #l6 1 1010 9
4 +|1 614191 9 2 8 841 212 11 +|11 5 55 5 915 4 11 9 + 6 &8 F 613% +|8108 3 8
3 o 4 1 o 122 22 3 1 0 1 13 ol2 2 31
o -17103 91211 H ? 2 88 &« 13 -6 5 6 1143 419 -5 3 4 4 26 -6 1 2 6 4
-3 w 1 1 w 1 1 1 w1 2 11 w
S |8 111 7 64 %6 70 92 92 89 91 10 é4 Z |89 25 %5 92 92 62 35 83 104 61 2 |66 6630 69 78 6L 2. |68 95 88 ?1 8o
D30 402723272533 3332333423 P37 3531 3838363132438 ©|34 34 33 33 33 30 Pl34434032 3¢
E 159 93 49 3¢ #9 41 €9 69 65 68 73 34 %, E |66 61 46 Fo Y0 63 4 6582 27 % E |51 51 6058 78 42 % Ef4 9278525 %
min=37 max = 414 min = 427 max =443 min=43 ‘max=88 min=59 max=3(

see B2
Jo s 7P 100 E% jo s %

10 £%

50 7 E%

3 T ?0

100 E%

zZ=2 Neype weighféjfe 3 $=2z /Zmype 5 min,max = 2min (weight) ) > max (weight) reached ; E[%] =400-

.= with data- snooping

max —min

Z —min

81l



Table 20 Strategies for Adjustments with Independent Models,
Sequence of Steps

1 2 5 6 7 8 9

participant E G H K L M P
strip adjustment 1 2 2 1 1

- without CP 1 1 1 1
strip connection 2 2 3 2
subblocks 2

- without CP 1
block adjustment 2 3 3 4 4 3 2 3 1

- without CP 3
plot of residuals X X X X X
strategy index I 2 4 4 4K 4 4 2 4 2

Table 21  Startegies for Adjustments with Bundles,
Sequence of Steps

1 2 3 4 6 7

participant A B €C D F J N
relative orient. 1 1 1 1 1 1
resection 3
scale transfer 2
absolute orient. 3
strip adjustment 2 2 1 2

- without CP 2
strip connection 3 3 2 3
subblocks 6

- without CP 4
subblock connect. 5
block adjustment L 4 3 2]) L 4 7
plot of residuals X X
strategy index L 5 5 3 2 4 4 7

1)

automatic procedure



Table 22 Reactions on Errors in Model Block MI/2
ERROR PARTICIPANT
NO. TIEE i 1! 2 3 4 5

1 6 0.7 60 y - - - - -
2 7 0.7 90 z - - - - -
3 8 0.7 40 y - - - - -
4 9 0.7 45 x - - - - -
5 10 1.0 90 x - - - - 100 ®
6 11 1.0 90 z 130 + + 110 + 100 O 100 ®
7 12 1.0 130 z - - - - -
8 13 1.0 95 y - - - - 80 +
9 14 1.0 50 x - - - 50 0 50 +
10 15 1.0 90 2z - - 82 + 100 + 80 +
11 16 1.0 60 x - - - - -
12 17 1.3 110 2z 130 + + 134 + 150 O 140 +
13 18 1.3 80 y 90 0 - 77 + 80 # 80 +
14 19 1.3 75 y 70 0 - 82 + 75 + 80 +
15 20 1.3 90 x - - 112 + 75 + 80 +
16 21 1.3 160 z 160 + + 164 + 160 # 170 +
17 22 1.3 75 y - - - 50 0 -
18 23 1.6 140 x - - - = -
19 24 1.6 150 z 160 0 0 150 + 100 + 160 +
20 25 1.6 90 y 90 + - 112 + 100 0 100 ®
21 26 1.6 90 x 75 + - - 50 O 80 +
22 27 1.6 250 z 240 + + 262 + 250 0 230 +
23 31 2 HO 2.8 X - - - 3.+ -
24 32 2 VE 6.5 2 - - 5. @ 10. + 7. +
25 33 4 HO 5.0 Y - - - 5. + 6. +
26 34 4 VE 12.0 2 - - 10. @ 10. ® 10. ©
27 28 20 1000 x 1000 + + 1000 + 1000 + 1000 #
28 29 50 5000 y 5000 + + 5000 + 5000 + 5000 #
29 30 150 20000 z 20000 + ? 20000 + 20000 # 20000 #
30 1 ex - i {

31 2 ex - - +

32 3 ex - 0 t it i
33 4 gr 100 z 100 B - - x x
34 5 gr 80 x - - - - -
no. of deleted correct observ. n, 0 3 4 5 1
no. of missed gross errors no 18 25 16 10 10
Performance index I =n_ + n 18 28 20 15 11

. P c m

lonly check of model connections

tonly strip adjustment

20



Table 23  Reactions on Errors in Model Block MII/2
E:g(.)R TYPE SIZE " 2 PAR';‘ICIPANT . 5

1 4 0.7 20y - - - = =
2. 5 0.7 40 z - - - - =
3 6 0.7 25y - - - = -
4 7 0.7 D 40 x - - - - -
5 8 0.7 D 40 x - - - = -
6 9 0.7 D 45 z 55 0 - - + -
7 10 1.0 50 2 0+ | + - . -
8 11 1.0 25 y - - - - -
9 12 1.0 22 x - - - - -
10 13 1.0 PC 170 x - - - - 170 +
11 14 1.0 D 60 z - - - - -
12 15 1.0D 30 x - + - - =
13 16 1.3 60 z - - - - -
14 17 .3 40 y - - + 45 7 -
15 18 1.3 30 x - - - - -
16 19 1.3 30 x - - - - -
17 20 1. 5y - - ° - =
18 21 1. 35 x - - - + -
19 22 1.6 70 z 80 0 - - -
20 23 1.6 35 x = - - 40 +
21 24 1.6 4 y 55 0 - + 35 7 50 +
22 25 1.6 PC 230 x - - + - 210 +
23 26 1.6 D 40 x - - - - -
24 27 1.6 D 70 z 70 0 - - 0 -
25 28 50 y + - - 0 60 +
26 29 2 PC 250 x - - - - -
27 30 T 120 2 80 0 - - - -
28 33 2 HO 2.0y - - - 0 -
29 34 2 VE 1.4 2z - - - + 1.4 +
30 35 4 HO 2.0 x - - 0.6 0 + 0.6 +
31 36 4 VE 3.0 z - - [ ] + 3.6 +
32 31 6 250 =z 135 0 0 250 + + 260 +
33 32 50 D 1500 x - - + + 1500 +
34 1 ex 0 #

35 ex i

36 ex 0 0 ?

no. of deleted correct observ. n, 2 0 8 2 hE
no. of missed gross errors no 25 30 25 18 23
Performance index Ip =n, +n 27 30 33 20 24

‘only check of model connections

tonly strip adjustment




Table 24 Reactions on Errors in Bundle Block BI/2
z:g?k e BIZE . ;ARTICIPAN§ .

1 1.0 20 y 50 + 42 + 40 + 40 +
2 1.0 35 x - - - 40 0
3 1.0 20 x - - = =
4 10 1.0 20 x ? - - =
5 11 1.0 35y - = = -
6 12 1.0 30 x - = - -
7 13 1.0 20 y s = - -
8 14 1.3 24 y 80 + - - 40 +
9 15 1.3 40 x - - s =
10 16 1.3 28 x - = - -
11 17 1.3 70 x - = - -
12 18 1.3 30y 65 + - - 30 +
13 19 1.6 28 y 50 + - = 50 +
14 20 1.6 40 y - - - 30 0
15 21 1.6 52 x 130 +! - 75 o! 40 +!
16 22 1.6 60 x - - - (70)0
17 23 2.0 60 x 50 + 39 + 80 0! 60 0
18 24 2.0 90 y 80 + 90 + 100 + 100 +
19 25 2.0 45 y 80 + = = 60 +
20 26 2.0 60 x 50 + 58 + 50 + 60 +
21 2.0 40 x 50 + 45 + (50)0! 60 0
22 2.0 70 x 50 + - 75 0! (80)0
23 27 2.0 VE 1.8 4.00 - - 2.4 +
24 28 2.0 HO 1.2 X .80 s - -
25 29 4.0 VE 3.0 z - 3.0 # 2.0 + 3.0 +
26 30 4.0 HO 1.5 ¥ 1.0@ - - 1.0 +
27 31 6 150 x 300 + 155 + 150 + 150 #
28 32 18 500 y 1000 + 488 + 500 + 500 #
29 33 50 1086 x 636 0 525 + 1000 o} (1000)0
30 34 150 4000 y 4000 + 4000 # 4000 + 4000 #
31 1 ex - # i

32 2 ex - # ¥

33 3 gr 50 x - - - -
34 4 gr 100 x 65 x 50 x 100 x (120)R
no. of deleted correct observ. n, 7 0 3 6
no. of missed gross errors no 12 21 19 11
Performance index IP = nc + nm 19 21 22 17

'being aware to possibly reject an error free observation




Table 25 Reactions on Errors in Bundle Block BII/2
ERROR PARTICIPANT
NO. TYPE SIZE 1 2 3 4

1 7 .7 10 x 45 0 - - -
2 8 o7 10 x - - - -
3 9 .7 11 x - - - -
4 10 o7 8 x - - - -
5 11 1.0 13 x - - - -
6 12 1.0 12 y - - - -
7 13 1.0 10 y 70 + - - -
8 14 1.0 14 y - = = -
9 15 ) %5 20y 20 + - 20 + 20 +
10 16 1. 30 x + 22 + 35 0! (40)0
11 17 1. 18 y 30 + 22 + - 20 +
12 18 1. 25 y - 250 20 + -
13 19 1. 20 y 40 + 33 + 30 + 30 +
14 20 1.6 36 x (50)0 - 45 0" (40)0
15 21 1.6 24 y - 35 + 35 + 30 +
16 22 1.6 20y 50 + 21 + 21 + 20 +
17 23 1.6 22 x 20 + 15 + 20 + 30 +
18 24 1.0 VE 14 2 [ 0 - N
19 25 1.5 VE 12 2 ® .26 + .25 + .23 +
20 26 2.0 VE gr .30 2 - - - -
21 27 1.5 VE 12 2 - - - -
22 28 1.0 HO .08 X [ ) .12 + .11 + 12 +
23 29 2.0 HO .30 Y .30 # .27 + .25 + .28 +
24 30 1.5 HO gr .12 X/Y - - = N
25 31 20 50 x/y - 34 0! - -
26 32 6. 120 x 100 + (118)+ 100 0t 100 0
27 33 18. 400 x 400 + (402)+ 400 0! 400 i
28 34 50. 1414 x/y 7 0+ 1400 + ? 1414 #
29 35 150. 3000 y 3000 # 3000 + 3000 + 3000 #
30 1 ex - # +

31 2 ex - [ i

32 3 gr 15 y - - 18 + B
33 4 gr 20 x - - - .
34 5 gr 20y - - - -
35 6 gr 45 x - - - -
no. of deleted correct observations nc 23 2 0 1
no. of missed gross errors n_ 16 17 17 18
Performance index I = n_+n 39 19 17 19

P c m

! being aware of possibly rejecting

a correct observation

23



Table 26

Phase 2

a) Model Blocks

Empirical Efficiency and Features of Error Detection Procedures

24

MI/2 MII/2
Y Y W 4] T Y Y %) U T

SIZE 3 MIN ¢ MAX 1 2 3 4 5 MIN [ MAX

0.7 o o ) o o (0] o o .17 o o .17 o (0] .06 .17

1.0 .14 .14 .29 .43 .71 .14 .34 .7 .17 .33 o .17 .17 o .17 .33

1.3 .67 .33 .83 1.0 .83 .33 .73 1.0 o o .33 .33 o o .13 .33

1.6 .80 .40 .60 .80 .80 .40 .68 .80 .50 o .33 .67 .50 o .40 .67

2.0 = - - - - - - = .67 o o .33 .33 o .27 .67

D + + - + + + + - +

S - - - - - - - - - -

A - - + - - - - + - -

n, o 3 4 5 1 2 o] 8 2 1

n_ 18 25 16 10 10 25 30 25 18 23

s 18 28 20 15 11 27 30 33 20 24

b) Bundle Blocks
BI/2 BII/2
Z X v 4] MIN ¢ MAX z X Y 4] MIN ) MAX
SIZE 1 1
0.7 - - - - = = .25 o o o o .08 .25
1.0 .29 .14 .14 .29 14 .21 .29 .25 o o o o .08 J25
1.3 .40 (0] o .40 .20 .40 .80 80 .80 .80 .80 .80 .80
1.6 .50 o .25 1.0 .44 1.0 .75 75 1.0 1.0 .75 .88 1.0
2.0 1.0 .67 .83 1.0 .67 .87 1.0 = = = - - - -
D + - + - + - + -
S + + + + + + + +
A = + - - - + - -
n_ 7 o 3 6 23 2 o 1
n_ 12 21 19 11 16 17 17 18
IP 19 21 22 17 39 19 17 19
D: data-snooping n_: no. of deleted correct observations
@il [BELogHl Jgpation n_: no. of missed gross errors
A: automatic weight reduction m’ . g
Ip: no. of wrong decisions

Performance Index I_=n_+n
p c m




Table 27 Absolute Accuracy of Cleaned Bundle Blocks in Phase 2

BLOCK BI/2 BLOCK BII/2

1/u | 2/X | 3/v |4/% i/v | 2/u | 3/zZ 4 /X
Data-Snooping - | = D D D - D -
Points Not Listed 6 7 5 10 7 18 9 13
Points Compared 159 158 160 155 369 358 367 363
€y T3% [m] 1.43 1.41 1.75 1.44 .14 .19 .17 .15
€, max [m] 2.71 2.61 2.62 3.04 .36 .40 .38 .29
Hy [m] .27 .36 .39 B .038 .040 .045 .043
M, [m] WA .56 .64 1.22 .076 .072 .083 .108
€. max / p 5.3 3.9 4.4 3.9 3.7 . 4.8 3.8 3.5
xy xy
€, max / u, 6.2 4.7 4.1 2.5 4.7 5.6 4.6 2.7
ﬁxy [m) - .18 .13 .05 .012 - .005 .025
f, (m) - - .28 .10 .027 - .010 .060
f - .50 .33 .14 .32 - 11 .48
By / Mxy
8, [um] 5.7 7.9 6.5 3.6 3.8 3.5 2.7 3.8
60 / o, 1.4 2.0 1.6 0.9 1.6 1.7 1.3 1.9

==l

G¢



Fig. 1 Gross Errors inserted into Model Block MI/1 (cf. Tab. 8)
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Fig. 2
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Gross Errors inserted into Model Block MII/1 (cf. Tab. 9)

[sé2)s59)

. 28
T — gy 0 b ©Afi\‘ o

| '555) 552

,:;i 7 [443 |

m
- ks o Yo

[ssi]sss]

P
< W3 esq)
.o

o

2

-..“

[ 334 [330|

|nz]16a |

"1‘{\ ne

ML LY
.

8,

o

1330132%

. Se0
B

[ 163 165|
M- M

.-iﬂ'

Ly ——m

MII

o s %ﬂ!
— " iw w

| s+8yswy |

[
€8o -
Gy m

o 521
* 51y

T

yas/uzal o g

. 68
. €8

L 615 %
a9z 254

3271323
Séo
o 521 53
* €3
« £8
34 o}
[ s |6l
i 6l
(3[4
B fd
s Lall

1

-1

l¢



Fig. 3

Gross Errors inserted into Bundle Block BI/1 (cf. Tab. 10)
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Errors inserted into Bundle Block BII/1 (cf. Tab. 11)

= | 5‘*‘[ ! 5.3: i I I
l;‘ %

o L il l\_ T
& I/ /- / fl 7 L5 ] [hg] W Wl

T
R B AN YA S NSV S
‘ .l I',: 4 . o LR | Dl

0l

i B3 -8 P ‘i \@inm
\ \ \ I \ |

23 O, 4
\u e e 128 =
S|

6¢



Fig. 5 Gross Errors inserted into Model Block MI/2 (cf. Tab.
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Fig. 6

Gross Errors inserted into Model Block MII/2 (cf. Tab.
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Fig. 7 Gross Errors inserted into Bundle Block BI/2 (cf. Tab. 14)
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Fig. 8 Gross Errors inserted into Bundle Block BII/2 (cf. Fig. 15)
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Fig. 9 Image Deformation of BII/1, strips 1 and 2
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Fig. 10 Additional Parameters for Bundle Block BI/2
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Bll-1

Performance of error detection in phase 1
number of nmof not found gross errors and
number n, of erroneously eliminated correct

observations.
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Fig. 13

Statistics of Reactions on Gross Errors in Phase 1
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Fig. 14  True Errors of Model Blocks MI/1
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Fig. 14  True Errors of Model Blocks MI/1
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Fig. 14  True Errors of Model Blocks MI/1
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Fig.
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15  True Errors of Model Blocks MII/1
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Fig. 15 True Errors of Model Blocks MII/1
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Fig. 16  True Errors of Bundle Blocks BI/1
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Fig.

c)

16 True Errors of Bundle Blocks BI/1
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True Errors of Bundle Blocks BII/1
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True Errors of Bundle Blocks BII/1
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Fig. 18

Empirical and Theoretical Efficiency of Practical Procedures
(cf. Tab. 26)
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Fig. 19 True Errors of Bundle Blocks BI/2
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Fig. 19  True Errors of Bundle Blocks BI/2
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Fig. 20 True Errors of Bundle Blocks BII/2
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Fig. 20 True Errors of Bundle Blocks BII/2
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