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‘Final Report on the Joint Test on Gross Error Detection of OEEPE
N and ISP WG II/1

By Wolfgang Férstner

Institute for Photogrammetry, Stuttgart University

1 Introduction

The efficiency and quality of block adjustment procedures highly depend on the applied
strategy for gross error detection and on the ability to give information on the stability
of the solution with respect to non-detected gross and systematic errors. Whereas the
theory for handling systematic errors has reached ahigh and pra ctical standard which s
proved by numereous controlled tests during the last decade, there is no commonly
accepted strategy nor theory for the blunder detection problem. This is due to the great
variety of types of gross errors and the unability of the theory to predict the efficiency of
even simple strategies in the presence of more than two or three gross errors. Thus quite
some heuristics are and will be necessary to come to operational solutions of the gross
error problem.

During a meeting of Commission A of OEEPE at the Hamburg ISP Congress in 1980 it
was therefore proposed to start an empirical test to get information on the status of
existing error detection procedures. As there was a broad interest inthat test by persons
from other continents, as well, it was decided to use the data also in the
ISP Working Group ITI/I “On the Identification of Gross and Systematic Errors”. The
increase of the number of participants promised to give a wider spectrum of the results.

The scope of the test was twofold:

1. The first aim was to find out the present status of strategies used for error detection,
especially to develop information on how efficiently large gross errors could be
found.

The theories known to treat the error detection problem only concern small gross
errors. These are errors which are just beyond the boundary to random errors, i. e. in
the range between 3 and 20 times the standard deviation gy; of the observation 1;. The
theories, however, also hold for medium sized gross errors, which do still fall in the
range of the linearization of the perspective model. Medium sized gross errors in
photogrammetric application thus are smaller than half a base length, say. As large
gross errors beyond this limit also occur and usually lead to strong deformations of the
blocks or at least to quite wrong approximate values, they result in gross errors in the
coefficients of the error equations, i. e. in a wrong design matrix and cannot be handled
by current theories, which assume a linear relationship between the observations and
the unknowns. The efficiency of an error detection procedure with respect to large gross
errors thus can only be evaluated empirically.

15




2, The second ajm of the test was to i
procedures to separate smail gross
€rrors on the other hand. :

nd out the sensitivity of existing error detection
errors on one hand and random and systematic

Ih T1e8 1(110 wn are ca abIe Of IedICtlll th.e CfflClenC Of a rocedul 1 ne s 1
1 g

g -
1T08s EITOr Or one g‘roup Oi gI (¢R1] errors alld in addltlol‘l onl" Iandom Errors are pI esent

Even if all large and medj ize:
: um sized gross erro irni
some self-calibration had been a%plied, serxfe:vaolui?nlz?; o eons edland even i

irelsorc;erbto Izit:hieve clear statements it was decided

-Inbot

i phases several blocks were generated with errors which were only k
nown

t 8 utor (I st hOt() Ianllnetl y Stutt art UD.I VEISEty . Illese data were
(¢] th.e d]. tI]b to n ltute f()I P i
g H g )
dlStIlblIted tO tlle paItchpalltS [‘VIIO Cleaned t]le bIOCkS uSl]lg tllell Standard Procedule.
.

0 split the test into phases 1 and 2

16

Il’has; Organization
ol x Surveyor General, Adelaide, Australia
3. | x | x| Lands & Survey Dept., Perth, Australia
9 | x National Research Council, Ottawa, Canada
‘4. | x | x | Laboratoriet for Fotogrammetri og Landméling, Aalborg, Denmark
6| R Hunting Survey Ltd., England
6. | x| x| Institute for Photogrammetry, Helsinki, Finland
S 70| x Fachgebiet Photogrammetrie und Kartographie, Darmstadt, FRG
8. | x Institut fiir Angewandte Geodisie, Frankfurt am Main, FRG
"9 | x Lehrstuhl fiir Photogrammetrie, Miinchen, FRG
10, i x Technische Hogeschool, Delft, The Netherlands
11. | x | x | Rijkswaterstaat, Delft, The Netherlands
12. | x| x| ITC, Enschede, The Netherlands
13. | x Norges Geografiske Oppmiling, Henefoss, Norway
4. | x Universitet i Trondheim, Norway
15. | x | x | National Land Survey, Sweden
16. | x Institut de Photogrammeétrie, Lausanne, Suisse
17. | x Lands & Survey Department, New Zealand

2 Design of Test
The test was designed according to the following line of thought:

1. Control on detected gross errors

In order to keep control on the detected gross errors, simulated data were used. Whereas
the point distribution was chosen as realistic as possible random, systematic and gross
errors were artificial.

2. Types of blocks

Blocks with bundles and with independent models were generated, both with sparse
and dense tie point distribution. This was to simulate blocks for topographic
mapping () and for point determination {ID. Thus 8 blocks were generated {cf. table 1).
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Table 1 — Distributed Blocks

Tie Point Distribution
Sparse Dense
Type
Phase Phase
1 2 1 2
Model MUV/1 MI12 MII/t MI/2
Bundle BIA B1/2 BIl/1 BII/2

3. Number of gross errors

The number of gross errors was chosen as high as it may occur in the worst case. In
phase 1 also very trivial gross 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 2, however, only small gross errors were inserted,
except for a few medium sized ones, in order to simulate the situation during the last
stage of the error detection procedure,

4. Systematic errors

All blocks, except one, contain systematic errors, either of constant size or varying from
image to image but having a common mean. One block (M I/2) was not falsified by

systematic errors in order to be able to compare the empirical efficiency with the
theoretical values.

5. Documentation of strategy and criteria for error detection

The participants were asked to sketch their usual strategy for error detection and to
document the actual procedure used for the test data. In phase 2 this specifically
concerns the criteria used for rejecting 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 procedures used in phase 1 based on
preparation time, computing time, number of runs, etc. However, the economic aspects
cannot be discussed here, because not all responses about used times were detailed
enough and the individual computing conditions cannot be taken into account.

7. Estimated size of gross errors

The estimated size of the gross errors compared with the true size give an indication

whether the estimated size can be used for classification or even correction of the gross
errors.

8. Accuracy

The accuracy of the cleaned blocks is a decisive check on the quality of the error
detection procedure. Therefore the adjusted coordinates of all points are compared
with the true coordinates yielding the absolute accuracy in terms of a root mean square
and a maximun error. In phase 2 the participants were also asked to tell how accurate
they guess the result is, in order to compare it with the empirical one,

18

“Test Performance

S;i. Data Generation

"he simulation of the data was based on the adjusted observat.ions of a real bundle
block. A subblock of the Appenweier test block was used, Wha‘ch contains very flat
“{arrain. These data lead to error free coordinates of the new points and are used as a
feference for the evaluation.

: FiISt two bundle blocks were generated by selecting. ap}?ropriate. points leading to
“blocks B I and B II with sparse and dense tie point distnbu.tlon. The images of block B1
" sontained at least 6 tie points in the standard positi.ons.wnh one exception. The centre
" tie point in image 50 in strip 4 (cf. figure 3) is missingin all 3 images (49, 5'0_, 51). 'I'.h}x:a1
images of block B If contained at least 6 double points at the: st.andarc‘l positions wit
the same exception as in B L. In block B I/2 of phase 2 the missing point was ingerted
in order to stabilize the geometry of the block in this area.

Similarly two models blocks M T and M II were generated. T%le mode%s were den.ved
from the image pairs of the two bundle blocks using an analytu':al_relatwe orientation.
Due to the missing point one model was missing in the 4th strip in M 1/1. The blocks
had 4 strips with 13 images and 12 models resp. The sidelap was 20 %, the
overlap 60 %. Thus the size of the blocks was 52 images and 48 (47} models resp.

The control point pattern was chosen accordingly. Hor‘izontal control poin*fs were onl_y
selected at the perimeter of the blocks, being double points for the blocks with Qe_nse tie
point distribution. Four chains of vertical control points were se'iected to stfjlb1hz.e the
height of the blocks. Further information on the simulated blocksis collected in tables 6

and 7.

The true observations were contaminated by random and systematic errors. Hints
about the contamination were given to the participants (cf. tables 2 and 3).

3.1.1 Contamination of Blocks in Phase 1
The random errors in phase 1 were normally distributed.

They had constant standard deviation for blocks M I/1 and MII/1. .The st.andard
deviations in height were assumed to be a factor 1.5 larger than fchoge in planimetry.
The standard deviations of the x- and y-coordinates of the projection centres were
assumed to be 3 times larger than those of the model points. Th(? z—co_ordmatfas, how~f-
ever, of the projection centres had the same precision as th.e planimetric coordmata;s' o
the model points. These ratios are theoretical values derived from error propagation

(cf. Schumpp/Ehrenfried 1981).

In block B I/1 the random errors had also constant standard deviation.

Block B II/1 was assumed to consist of two parts, strips 1 and 2 and strips 3 and 4,
which were considered to be flown under different conditions (cf. table 2). Therefore
the inrecision of the observations was different for the two parts of the block.
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The models were deformed systematically using a second order polynomial
X X XXX X

=yl tA |y|+A |yyyl A |y

iN e

4 ZZ7Z Z

in which Ay and A; are 3 x 3 matrices with random values.

The ima ges were deformed systematically using a combination of Brown’s and Ebner’s
set of add:ltlo_nal parameters (cf. Kilpeld 1980). A representative example is given in
table 4 and figure 9. The general expression of the systematic errors is given by:

PX%BI*SYSf!:ISYSl$X*31!SY5(2:ISYSi*V*RZ*S!S{ *

o U(-2.3%X2¥1, LR2)4R2A5YS(4,15YS) *x*vm}*sv::fsf:g:s)*c

s ARARSYS(ZoISYS)SXACARG*SYS (T, ISYSINYRA+RSFSYSL11, ISYE) nARE
PYSRI*SYSC1,ISYSIN{=Y) +RI4SYS{2,I5YS)*X +RI#SYS(I,ISYSIkXay+ {Ebnen
. R2ESYSC4,ISYSIN(T-2.38Y241. 782} +RINSYS (65 ISYEI MRS

- RA*SYSCR,T5YS)hY*a 134*5Y5(10115YS)*X*C*RS‘SYS(!Z;ISVS)iItE
PXS=X/CLLM(RII#SYRLTAISYSIH X2~V 21+ RISHSYSCB,TSYS) aX2n 724

e RIS*SYS(PrISYSIe(X2*X2-Y24Y2)) +X#(R16%SYSCI10sISYS) 474+

o BITASYS(I1,I5YSIa2B4R1B+5YS{12,I5Y5)%Z12) B
PYSSY/CCL*(RI3#SYS(Z,1SYS)#{N2=YZI +RES«SYS(B, ISY5) AX2NY 24 (Brown)
- R1S#SYEIQaIS?S)k{llt!E“YZ*YZ}}*Y*(R16*5!8(10:ISYS)RZA*

. RI7*SYS(11,ISYSI*ZB+RIB+SYS(12,15YS)#212) )

ThU:s the parameters p; to p1, had influence on both, Brown sand Ebner’s polynomials,
As it can be seen from table 4, however, the effect of Ebner’s polynomials onto the
systematic errors is dominating,

Due to a gross error during data generation block B II/1 contains an unusual systematic
error in the control points: the z-coordinates have a different scale, namely 0.7, than
the x- and y-coordinates. This error has no large influence, due to the flatness ;)f the
terrain. It has been left in the data in ordet to analyse its effects onto the results.

3.1.2 Contamination of Blocks in Phase 2

11_1 contrary to phase 1 the true observations were contaminated by non-normally
dJ_stnbuted random errors. Their distribution was a mixture of two normal
distributions N

F=0.95 N(0, 02) + 0.05 N(©, (20)2),

Thus on an average every 20th observation was assumed to have double the standard

dev}ila;ion than the others. The standard deviation o was constant for all observations of
each block.

All images were deformed systematically, again using a combination of Brown’s and
Ebner’s set of additional parameters. In contrary to phase 1, however, these
deformations were not block invariant. Actually the additional parameters p;i were
assumed to be random variables with constant, i. e. block invariant expectation E(py
and standard deviation Opi - E{py) varied between O ym and + 14 pm, Opi between
0.7 ym and 2.7 ym. They were taken and adapted from the empirical results obtained
by Schroth (1982, cf. table 5). The variation of the parameters can be seen in figure 10
for two representative examples.
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4 the other hand the coordinates of the block M I/2 with sparse tie point distribution
ore not contaminated by systematic errors, in order to compare the efficiency of the
or detection procedures more simply with theory. The systematic errors introduced
sito block M II/1 were constant for all models and, as in phase 1, consisted in a general

d_éformation of 2nd degree.

:_'3,2 Inserted Gross Errors

3.2.1 Gross Errors in Phase 1

In phase 1 the idea was to insert all kinds of gross errors occuring in practical blocks,
being aware, that they do not necessarily occur simultaneously. Thus also very trivial
errors were introduced:

— wrong coordinate system (change of the sign of one or two coordinate axes of control
points or in parts of the block. For the last case hints were given to the participants,
cf. table 2);

— a missing model (see above);
— missing and wrong numbers in the sketch every participant received.
The other errors can be subdivided into the three categories discussed above.

The large gross errors in most cases were exchanges of point numbers and wrong
coordinates, errors of round values, supposed to be caused by mispunchings (e. g.
21,364.76 instead of 12,364.76 or instead of 11,364.76). They were supposed to be
correctable.

This partly also holds for the medium sized gross errors, whereas the small gross errors
only consisted of coordinate errors (misidentifications). The blocks with dense tie point
distribution gave the opportunity for groups of gross errors which are treated as one
error in the analysis, The individual errors are given in tables 8 to 11 (cf. figure 1 to 4).
They will be discussed in detail in section 4.5.

3.2.2 Gross Errors in Phase 2

The idea of phase 2 was to determine the efficiency of the practical procedures to detect
small gross errors. The efficiency can be described by the probability of finding an error
of a given size. As known from theory gross errors can only be found if they are larger
than a certain lower bound Vpl; This bound depends on the precision gy, the
redundancy number r; of the observation and on the statistical parameter 8o which was
to be assumed to be 4 in the test, It corresponds to a critical value of appr. 3 and a
minimum power, i. e. efficiency of 80 06. The size of the inserted gross errors is referred
to the lower bound of the observation in concern. '

Four types of errors were inserted into the blocks (cf. columns 2—4 in tables 12—15):

1. Small gross errors in the photogrammetric data. Their size varied between 0.7 - Vol
and 2 * Vol Always 4—7 errors of the same type were generated to be able to
estimate the empirical efficiency. Due to the different local redundancy the actual
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size of the errors in pm varied within each group. The model block M I1/2 with

dense tie point distribution gave the opportuni

2. Small gross errors in the con

trol points, Their size varied between 1 - Vol; and
4 - VOli.

3. Medium sized gross errors up

to 150 Vol;. They were partly supposed to be
correctable.

4. Miscellaneous errors such as point exchanges or grouped errors.

Types 3 and 4 were meant to keep the data realistic, Th

¢ individual errors are givenin
the table 12—15 (cf, figures 5—8).

4 Results of Phase 1
4.1 General Information

The number of distributed blocks M I/1, M 11/1,B 11
Among these 12, 10,6 and 5 blocks resp. were sent b
may be divided into the following categories:

a) Independent Models
— polynomial adjustment,

— iterative least squares adjustment {planimetry-height),
- rigorous adjustment (7 parameters per model).

and B I1/1 was 14,14,10and 10 Tesp,
ack. The used adjustment programs

No self-calibration was applied. 3 programs had the facility of data
techniques,
b) Bundles

3 programs used the facility of self-calibration, one a
techniques and one included an automatic procedure for data
weights to the residuals of the Previous iteration,

~snooping

pplied data-snooping
cleaning, adapting the

One participant cleaned the photogrammetric data of block M I only. The result is not
included in the following analysis. It is worth to be mentione
is a pure pre-error-detection procedure based on the test

observations. All large gross errors were found in 6 hour
times section 4.4),

d, however, as the strategy
of conditions between the
s of work (see preparation

4.2 Strategies

Tables 20 and 21 show the Sequence of steps during error detection as they were
described by the participants. There obviously exist very simple but also very
sophisticated strategies. The formation of strips is a very common procedure to find
initial values for the adjustment. This also holds for the bundle blocks, The strategy

index I givenin i i hting
I i ine i he complemty of the strategy weig

id i the last line is a measure for t ! .

th unslbel‘ of different steps. It will be compared with the performance index and the

“then

umber of runs.

:I].l i pp. . O 1y f

i1 dard rocedu.re fOI’ error detecl tion was a lled 11 ew
A 1¥ (?St cases the stan : P

Pa[tlclpallts CllallgEd tIlelI StIategy because Of the Ielatlﬁfely h.lg]:l pEICEIltage Of gIOSS

S errors.

. 4.3 Detected Gross Errors

Fi 12 shows the reaction of each participant onto the 1nd1v1dua'1 errors.citdxg;il ]:;
o d ine the relative efficiency of the error detection pro ure 1
use@ . detem'&me 13 summarizes the content of figure 12 and shows graphica ;{
e fien wach fron rror (see tables 8—11) was corrected (dark), located (dark grey),
hOV\f Oftﬁi_ o gIO}SZ: not found (white). Some gross errors, especially large oxﬁes wsrz
o '(hght %r_;y others could not be found at all as they were too small. Bot grlci Pe
o pe fm"i, forn et'on on the individual error detection method, but of course ivd
B fluence meTIlIlla : ber of runs. Some gross errors were located and even corre(; }5
T icipant m;:;e at the same time were not found by another part1c1pa;}1t:[ 1312
g.y Ogiigiffﬁ: tgz\;at variety of experience and the influence of tli(liebs;crlitigtzé %h?s ©
v 11 gross errors all gross errors cou .

proves that except for a few sma

confirmed by the following analysis.

4.4 Efficiency - )
The evaluation of the performance of the error detection procedures can be based o
eev
different criteria: o -
) the reaction on the gross errors (cf. figure 12) weighting properly the reaction;
a

i ere
b) the number n, of missed gross errors, i. e. the number of gross errors which w
m
not found;
. d;
) the number n. of correct observations which were erroneously delete
¢
d) the absolute precision of the result.
Further indicators are:
e) the use of auxiliary plots; ‘ N
f) the facility of the data-snooping technique (or any equivalent test);
g} the number of runs.
We will follow three lines of thought:

: isions.
1. The most robust indicator is the number of erroneous decision
| ¥ v wei eactions.
2. The relative efficiency can be based on the properly weighted «

i ici ts.
3. The absolute accuracy is decisive but not available for all participants
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44.1. Qui_ll_lty_ of Performance of the Error Detection Procedures
symbol weight w;  reaction

he ‘performance is evaluated by the performance index r
i .IP‘ =yt o, F 1 4 5 corrected
thus giving the number of erroneous decisions. 2 + 4 eliminated
Tables 16—18 give some i i d
o information on the perf 3 O 3 foun
0
participant. The results are sorted according tg) incr?arlsaizgepi;(:; cach blo.Ck and each 4 - 0 not found
Figure 11 gives a : ormance index,
graphical representation of n 5 ® —3 wrongly corrected
(u o
m upwards) and n, (downwards), It * Thus the 4 matrices in figure 12 represent the weights wle, p) for eacherrore(l, ..., De;

shows thatall 4 5
all 4 blocks conld be managed, . e. nearly all gross errors could be found. O
e , p; columns). The total weight Z(p) for each

the other hand i
1t most cases so .
e correct observations were erroneounsly eliminated, rows) and each procedurep (=1,

procedure is:

The comparison
of the number of
demonstrates th, . of runs (tables 16—18} with :
at the per
be obtained, th even with a small number of runs a high rate of ¢ b formaflc.e index
» thus not necessarily many runs lead to a good 101’rect decisions can
resuit,

Ih.EIe 15a 10“\; ositive COIIElatIOD betVV en the CO Ple ty f tb. tlategy (I ) a[].d I]]e
p 5
C h m X1 0 €8s
- Thls SuggESts notto use too many dlffel‘ent typBS Of C]’leCkS b h
number ()fr]]ns ut]at erto

of the blocks.

The results
he indepes;;; ttomdoe;;;)snstAraiil‘fhE; bundle blocks are easier to handle than block
ik, lex . iable comparison, h is i i .
er of participants who treated the bundle blocks is ?;:)es‘;;;lllasn:in:g: is:blef o th:
mplexity o

4.4.2 i ici
Relative Efficiency of Error Detection Procedures in Phase 1

y P Ocedures 18 based an th
e 1 u
I he le]al ive e“!(: ENnC ()I ”Ie de'e(:t]“l] I llld Vld al Ieactlons

of each partici
pant onto eac .
and + 5 h gross error. Each reaction is weighted between — 3
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e

Ip =& w; le, p)

e=1

{e. g. ranging from 64 to 111 in MI/1). The average weight @(p) is given by

o(p) =Lip)/n,.
An average weight of 4.0 which was reached by procedure 2 with M I/1 indicates that
on an average all observations with gross errors were eliminated. The average values
@{p) 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 block and which
takes the different complexity of the blocks into account, the relative efficiency E is
determined. It relates the total weight I{p) to the best and worst possible case and is

defined as
Lip} — minlp)

max(p} — min(p)
and given in percent in table 19. The values min{p) and max(p) are determined as the
sum over the weight of the worst and best reaction for each error resp.

g
min{p} =X minimum (wle, p))
’ e=1 P
Tle
maxip) =I mazimum (wle, p)) .

e=1 P

he worst and best result which in total could have been reached, if no
n figure 12 could happen.

The relative efficiency values E vary between27 % (p=10in M 1I/1) and 97 %o (p=2
in B [I/1). The histograms for the values E are given at the bottom of the table 19. They
show that the efficiency of the different procedures varies considerably. The procedure
which used data-snooping technique are indicated in dark. Obviously they reached the

highest efficiency in all blocks, except in B II/1.

They indicate t
other reactions on the individual errors than those i
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This can be explained by the scale error in the Z-
which is not compensated by the additional paramet
result is in full accordance with that of phase 2,

coordinates of the control points, .

andle Block BY/1
ersused in the self-calibration. The ,

tion of the accuracy : und
: -u:rxfl::ral‘lether data-snooping techniques and/or self-calibra ! -
. ici d no data-snoopi
i ts 2 and 3 who use .
T e st calit PaImIl’g:Ecipant 1 could not reach high accuracy, as

ing is not very
rates that data-snooping 1s not
g e fully confirmed

i dle blocks has 1o take into
reached in the sparse bundle s wplicd on ot

K t ' :
he'nl;:?les but applied self-cal.xb ration.
did not apply self-calibration. This . os that data-shol
fective if systematic errors are present in the data. Thi

B II/1 and the blocks in phase 2.

4.4.3 Absolute Accuracy of Cleaned Blocks in Phase 1

The participants were asked to sen
which lead only to a partial reac
summarized results. The true err

d back the adjusted coordinates of the cleaned blocks
tion. The last rows of tables 16 to 18 contain the
ors are shown in the plots figures 14—17.

The first two rows contain the mean devi
true values

P P t COI}.SI‘ 5 tent as 'lt S}lo i d .
. s . 1 -
e 1 Esu].t Of articl ant 5, though, 18 Il'() ! .be t]'le beSt one
9 IJ()iIltS hO Wever, were eliminated W thh 18 due o the error NO 21 in a ver tlca].
) ’

" ontrol point which was not found (cf. figure 16d).

Bundle Block BII/1

Block BII/1 contains the large scale
which was not compensated by any o

ations of the adjusted coordinates from the
piy - % Z Ax* 4 Ay?

etror in the z-coordinates' Qf the control p(l)sinct)z
e P o axly tmied influence.
in i s scale e
'tll‘ltfe::?;:elzizi’ciirgl; tr‘:;rjlltri lsf ‘tf;g bfllgf:;?;g not 1?31 e;;ﬁu::;% ;;%io;:udsilz‘n'rolﬁeiag:;
i junction wi - , d
:11112 Zii;i;‘;ﬂltl%:(}:}?; ;E?t’::f;:;? \«(\:r(;:ll'lfille best. perforerif;c; igiii};rc}:fdl_l%th Ze;a;::la ;3.1
fluelxlrfa:ia;ilssf ai:(;)rljgxi;iluel:;; E)};;: ({;‘.sOfSal rnisl?c:fvzri}:r:::lin full agreement with theory

(= 20, - scale).

| 2
I‘Jz“EZAZ .

In order to keep the values comparable only those points with

I/sz +AY?P<5m

are used in the above sums.

The number of points eliminated this w
points which are not contained in
last row.

ayis givenin the second last row. The number of p
the list of the adjusted coordinates is tabulated in the g

The plots of the true errors will be discussed in detail in section 4.5.

: 4.5 Detailed Analysis of Reactions - ‘he individual errors
Model Block M/1 This section wants to discuss the reaction;s of th;e f]f;t;:?i);;ﬁsoinx:?)rder to visualize the
The best absolute accuracy in terms of the mean deviations is reached by the three in detail. The analysis is based on the plots o

. . : f, figures 14—17).
participants who also obtained the best performance index L. effect of the decisions onto the final result (cf. fig

There is a significant difference in planimetric accuracy between these three results, in
terms of both mean and maximum deviations. The most reliable result, however, was 4.5.1 Model Block M 1/1
obviously achieved by the two data-snooping procedures, Only one point had to be o

eliminated, This point had a wrong point number which onl

y could have been found by Error No. 8
tomparison with the sketch of the block. Both results are fully satisfactory. :

Description: . 45 in all models.

: . int 248 received number 2
The other three participants (columns 5 »8.and 9) only reached a very poorresult. Over Point 245 was deleted and poin
100 points had to be eliminated. Even then quite large height errors remained in the ' Discussion: : f the block. It is not
data. .This very large error is only detectable if onehus}is t?}f s:;{if; gr the data is'wrong- It

: _ i ther the

This comparison again demonstrates the wide range of efficiency of the used procedures. . locatable in the sense, that one cansliot (ti:: ljfet;fe ;lot as approximate values, one wot}ld
But the good results also show that in a block with weak geometry it is indispensable to - one, however, would use 'ch.e coox 'Ir‘;f best reaction would be to renumber the point
use a testing procedure which takes into account the local geometry. : realize that point 245 is ml_SS%ng a c}ieck list. This error has no influence on the other

: d insert it into .
Model Block M II/1 | fe. 8. 1,000,245) &

i rrectness of the
points. It shows that it is necessary o use the plot for checking the co

point numbering.

All four participants who sent back their ad
results. The superiority of the procedures w
maximum errors, which are significantly s

justed coordinates reached fully acceptable

' - - i - _ . int from the block taking
gﬁl?::ihi?flf:sleg fnjcste}?: lgiiiie;:i:éﬁ::; : Some of the participants found this error and excluded the poi

i i i , ).
into account weakening the block in this aera (cf. figures 14a, b, ¢
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Error No. 12 ...
Description

The projection” centre 44?,’006- received the number 342 000 leading to a :
’ ! wrong

connection. of projection centres.

Discussion:

The error was ; ici
The € Pa;tzgfsai(zm;d ar;d corrected by all participants who used projection centres,
pants (partly) did not use projection centres to stabilize the block thus‘

also this large error in the Projection centres. Clearly, an elimination of thlzc;)f;joet:::? y
on

possible (cf. figures 14d 05 a very instable geometry and should be avoided if

Error No. 13
Description:
The height of the vertical control point was changed by 100 m
Discussion: |
This is a medium sized ' it is
: Bross errors, as it is only 20 times large
value V,l; of just detectable errors. This error was found and u,sguzfllt;r1 Eclf)lrf‘t:t::l) ‘_mdaTY
in case

PI O]ect] on centres were llsed. In 2 Of t]le 3 casesw hEIe pID;eCtIOIl centres were not lISed,

th il e th.e lnfluence on Ile § rorm dab €
h S e1rror w as not detected. In thlS cas
t IeSIl][ wa f 1 1

Error No. 15
Description:

The vertical control points 23 and 62 were exchanged
Discussion: o

Due to the small height difference of V1
can be treated as a random error. 1

Error No. 16
Description:

= 0.5 m = 5 gy, this error is not detectable. It

Error of 200 ym in x in border tie point TP 2 No. 509 in model 577/573
Discussion: |

hIS €IT0r wa P p . .
I T 8 lllseI'tEd as it IOdUCES a laIgEI Iesldual at anCthEI ot (IJO 83) Ihe

error was, however, located ¢
orrectly or not found at all. Its
; ts i
small to be seen in case other errors are present ienceon theresultis too

Error No. 18
Description:

The y-coordinate of horizontal control point No. 443 was changed from

.57 m. . 75 m into

28

plock, the area until the next control point, is distorted (

cussion:
sror of 18 m is a small gross error as it is only 3 times the boundary value. The

s LY
sndancy number is ry = 0.05 leading a residual of approx. 1 m. This is too small,

pared with the precision Oxy = 0.5 m to be suspicious. Only two participants found
“wrror and corrected it {exchange of digits). They used data-snooping technique.
the influence of the gross error onto the result is heavy. About a quarter of the

rly
cf. figures 14a, ).

probably is the best demonstration of the e{fectiveness of a statistical test which
. kes the local geometry into account. It shows the necessity to apply such a test in areas

escription:
Both the x- and the y-coordinate of fourfold tie point No. 203 in the middle of the

| “block in model 447/443 was changed by 150 ym each.
5 .' Discussion:
‘This small gross error (3 - Vol;) in an area with good local geometry (r; = 0.3). Only

. “two participants did not find it. As the residual v, = 1.5 m in x-direction was approx.
5 times larger than the mean residual o, = 0.3 m this error was detectable without

rigorous test {provided that the larger errors had been found). The effect of the erroris
too small to be seen in the plots.

Error No, 21

Description:
The z-coordinate of vertical control point No. 338 lying in the middle of the block was

changed from ...17mto ... 71 m.

Discussion:

This middle sized gross error {10 - Vol of 54 m was found by all participants except
one. 4 participants eliminated the point, accepting a weaker geometry. One of those
who corrected this error (exchange of digits) introduced an error of 4 m. He corrected
the height by 50 m instead of by S4m. The precision 0§ of the estimated
size V1=~ w;/1; of the gross error is only oG = 01]/?1—% 1,5, {r; = 0.13). Thus it would
be safer 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 is correct and to assume an
exchange of digits, Its influence (cf. figure 14f ) 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 6 m.

Discussion:

This is a small gross error with (1.5 - Vgl. Four participants detected it. Qne
participant using data-snooping eliminated the point. The other participants using
data-snooping corrected the coordinate by a wrong amount, 5 m instead of 6 m. Alsoin
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case the estimated size is too inaccurate to

this Model Block M II/1
The other two participants

(cf. figures 14a, b).

Error No. 23

Description:

The x-coordinate of double tie
60 ym,

Discussion:

This is a small gross error e
geometry is good (r; ~ 0.3). Only 2 particip

data-snooping, The other participant who used data-snoo
The influence of the error is to small to be visualized,

Error No. 24
Description:

The x- and y-coordinates

of fourfold tie point No., 104 in the middle of the block was
changed by 150 pm each.

Discussion:

This small gross error (3 - Voli} was found by half of the
geometry (r; ~ 0.3). Its influence cannot be visualized as
Error No. 25

Description:

participants due to the good
it is hidden by larger errors.

The x- and y-coordinates of a fourfold tie point (No.146 in model 349/346) in the
middle of the block was changed by 100 pm each.

Discussion:

The reaction on this small error (2 - Vpl;) was the same as on error No. 24,
The same holds for Error No.27 (1 - %1,

Error No. 28

Description:

The x-coordinate of tie

point 239 at the border of the block (model 172/169) was
changed by 600 ym.

Discussion:

This medium sized gross exror (5 - Vpl) was found by only five participants, probably

because of the poor local geometry {r; ~ 0.10). The influence though clearly visible
(cf. figure 14d) is only of local character. :

30

point No. 506 in the middle of strip 3 was changed by

qual to the boundary value of just detectable errors. The
ants detected this error, one of them with
ping did not find this error.

changed by 900 .

i i i - Volp is weak (r; =~ 1/8). Only one
th edium sized error (10 V{o i .
' _e-.g.eomf f:lrlyd git di:ierci the error. Instead he eliminated the connection bet;ve‘zl; ;‘};:
30;555‘1;8/584 and 584/580, namely the points 83 and 80. The influence, ho ,
e

iscussion: N -
?h medium sized error (20 - Vo)) in good geometry was found by agipall;tslcizggi:; Celils
it 1sas partly corrected in the wrong model. This error is not locatable.
itw

only local (cf, figure 15a).

Error No. 18

Description: . -
The z—Pcoordinates of a point pair (No. 128 and No. 131) in model 584/581 in the
middle of a border strip were changed by Vz = 200 ym.

Discussion: N L
This small error (2 - Vply) in good geometry was .found by 7 partuqugztir ouz i{;:ftli(s) s
influence is only local (cf. figure 15a) and only in z! Even the neighbour p

in

influenced.

Error No. 19

Description: ' . ' 5
The y—f:oordinate of tie point 98 inmodel 473/469 in the middle of a strip was change
by 70 pm.

Discussion:

i I
Only 3 participants found this small gross error (3 - Vplp in good geometry. Its
influence is small and local (cf. figure 15e)

The same holds for Error No. 22 with only small influence (3 = 3).

Error No. 23
Description: |
The x-coordinate of the projection centre 33,400 was changed by 300 um

Discussion: - I
This is a small gross error (3 - Vplp) in good geometry {r; = 1/(%).___ Ozn)lyj_tsispr?otlsils)ible'
detected, one even corrected it. Due to its negligible influence
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Error No. 24
Discription:
The x- and y-coordinate of a fourfold tie

model 195/192) was changed by 100 pm each.

Discussion;

This small gross error (4 - Vol;) was found by half of the participants, Its influence is

only small (cf. figure 15a, e),

Error No. 25
Description:

The numbers of 869, 872 and 875 were changed to 872, 875 and 881 in all models,

Discussion:

As error No. 8 in M I/1 this error is a difference between sketch and data. Though the
point group can be found to be erroneous, one cannot decide whether the sketch or the
data are wrong. The best reaction would be to renumber the points (1,000,869 etc.} and
put them into a check list for further investigation. This error again shows the necessity

to use the sketch as a control. A point numbering scheme would not help much in this
case.

4.5.3 Bundle Block B I/1

Error No. 8

Description:

The x-coordinate of threefold tie point 56 in image 23 was changed by 270 pm,

Discussion:

This small gross error (3 - Vpl}) in the middle of a strip {r; = 1/6) theoretically is
not locatable. Though all participants found it, two of them decided wrong
{cf. figures 16b, ¢). The influence onto the result is local but clearly visible, the effect
(VX=26m, VZ= 3.9m) is large compared to the precision of 0.15 m.

Error No. 11
Description:

The threefold tie point 14 in image 54 at the border of the block was changed by 70 pym
and 50 ym in x and y.

Discussion:

This small gross error (1 - V1) in weak geometry (r=0.08) was not deteced by
anybody. Its influence cannot be seen due to error No. 21.

Error No. 12
Description:

Both coordinates of threefold tie point 46 in image 51 in the interior of the block was
changed by 60 pm each.
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point in the corner of a model (No, 236 in

5 : a grOSS error (2 Oll) was not fou[ld b two aIthlPaIltS. These two w et
s W ll() d d 41 pp y ell- .E h ] hllS t Iltroduch.on Of addl‘loflal
¥ ]‘I]e 1 ot a ]. b) ].f Cal ration. h.e 1
Wés decislve for detectlng thlS error., The lnﬂi:lEIlCe onto the l’esult 15 UlSlble
£

g't:rﬁgure 16b with 16¢), though larger errors are present in the neighbourhood.
mpar

...... tion:

; 'Pi'ght of vertical control point 8 was changed by 2.5 m.

Discussion: e imes the standard deviation
. (<2 Vol though it is 25 times )

__Thxs 1s(,) ,r; znacl)lﬁ;oz':‘l :I:a);ticipant g,etected this error during the check of the strip

ct.ions. The effect is clearly visible.

E Iror No. 17

scription: )
'. The 'col;rdinates of horizontal control point 136 at the border of the block was change
'1/2 m each.

i ion: N . .
Dl“’tcuss all gross error (4 - Vpl) was only detected by one participant dufn}zllgbsl'gg
Thls i %ts influence is clearly visible and leads to a d1stort101‘1 of a part of the o
C(_)Itl_fieftiillg ni'lext (correct} group of control points. Compare figures 16a, b, ¢ wi

?il';t:re 164 in the upper right corner of the block!

Error No. 21
_ Description:
" Vertical control point was changed by 98.5 m.

Discussion; N o

This medium sized error was detected by all participants e;(.ceplt oTnl;SI?m Jr was

interpreted as a 100-m-error and the height was changedhac§;)r 1ing g e iaite

i ts a larger part of the block and 1s ; .

= 15 g, was introduced. It effec . : ible.
'}'lism error agzain demonstrates the danger of corrections of observations, in cas

proof for the classification of the error is available.

Systematic Errors ' o

T)\:vo out of six participants applied self—calibratl(or.i.}lln co&npagsi f;ig;e J}}feg \:gzzcte 11:;
-calibrati s applied with figure 16¢ (with selt-cali :

S(:ilff}'f‘ algziat:;:m‘;{zrs iEI':he right part of the block is cleaﬂ}f \o:151b1e. The ilffe;enciz a;i

ip ’tol 01 2 IIr)a which is too large compared with the precision of 0xy—0.1m

acceptable.

33




4.5.4 Bundle Block B II/1

Error No. 11
Description:

The y- i i
¢ y-coordinate of threefold tie point 29 in image 54 in the middle of strip 4 wag.

changed by 20 ym.

Discussion:

Thi .
is small gross error (2 - V1) in good geometry (concerning y) was not detected by :

anybody. Its influence is local but clearly visible (cf. figure 17¢)
Error No. 12 |
Discription:

The x- i ie poi .
€ X-coordinate of threefold tie point 117 in 50 in the middle of strip 4 was changed -
: ged -

by 60 pm.

Discussion:

S P € 11. is a SIIlaﬂ gIOSS CI1T01 (2. :‘ I 1n
Ihls 1 th.e com 18I!1 ntal‘yerror to error NO. It [l .
.
W eak geo]ne tr V (II< 0. 1) an.d was Ollly dBtecled by one Partlclpa:ﬂt. ItS 11. 1fluence 18 1()’031

in x and % and clearly visible.
Error No. 13
Description:
All coordinates of full control point 19 were changed by 0.10 m to 0.20
. 20 m,

Discussion:

The small gross error (2 - V1)
St * Voli) in moderate geometry (r; ~ un
Yo y (= 1/6)
%)cg;rtfl'%pants. The use of additional parameters was no gua;antee for“éaest i ), hree
- tigure 174d). Tts influence is local and clearly visible ecting this error

Error No. 15
Description:
The x~ and y-coordinates i
an of points 219, 2
30 1 i e ag s of pot 20 and 221 were changed by 150 um and
Discussion:
This small error in poi
point transfer was found by th ici
1 : : y three participants. Th i
always clear. A location of the strip where the error occurI;d is notep]:sascigioen'}v'f?s 119:
. Thus, i

would have been the safest to re
: number th ints i i 151
to large local influences of 0.7 m (Oxy =2e E;I,nifs lfxiig‘::'zhls';gps- Yrong decisions lead

Error No. 16
Description:

Ih.e X~ an.d 1he y'”‘COOI dl!la te Of thl eefold tie pOlnt 122 mn llnage 22 was Challged by 120

Discussion:

This is a small gross error ( i

1- Vgl in x and
fietectable, the total error cannot bé locatl ot
is local and clearly visible.

Y. As it is actually too small in
: a ¥y to be
ized. Three participants found it. Its influence
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These are all smali gross errors which were located by 2 or 3

System
- Die to large systematic errors in the height of the
self-calibration onto the absolute accuracy cannot be seen in the plots.

" The following list contains the partici

 relative efficiency E and — as far as available —

ript_ion:
ts 152 and 153 were exchanged in images 20, 21 and 22 of strip 2.
uséion:

strip where the p
-ever, did not correct the error in the right way. The effect

figure 17d).
rors No. 18, 19,20, 21

oint exchange occured cannot be localized. Only one participant,
islocal and clearly visible

participants. The effect

‘to the result is only visible in case the geometry is weak {r; = 0.1, exror No, 18 and
Otherwise the effect of the non-detected errors is negligible.

atic Errors
vertical control points the effect of

4.6 Best Result; in Phase 1

pants who succeeded best in cleaning the blocks
giving the total number of wrong decision, the

in.phase 1. The performance index I,
the absolute accuracy are used as

criteria.

Model Block M 1/1
The best results with respect to performance and efficiency were reached by the
Technische Hogeschool, Delft, The Netherlands (I, = 6, E =93 %). They used data-
snooping technique and reached the best precision {jixy = 0.53 m, ;= 1.0 m). Nearly
the same quality 0, =7, E=79 %) was reached by the Rijkswaterstaat, Delft, The
Netherlands. They needed only 7 runs to clean the blocks (gy = 0.75m, p; = 1.1 ml.
The best result achieved without rigorous test was submitted by the Lands & Survey
Department, Perth, Australia (I, = 11, B= 68 %, pxy=1.5m, y, = 1.0 m).

Model Block M II/1 :

The best result with respect to performance and efficiency was reached by the
Rijkswaterstaat, Delft, The Netherlands. They only missed one error and thus reacheda
performance index IP =1 (E= 87 %). The same precision (Oxy =0.13, 0 = 0.15 m}
was also reached by two other participants (Lands & Survey Department, Perth, Australia
and National Land Survey, Sweden). The second best performance index (p = 4) was
obtained by the Norges Geografiske Oppmaling, Henefoss, Norway, without data-
snooping (€ — 63 %). They needed only 6 runs to clean the block. A better efficiency
(F, = 70 %) but less performance (I, = 7} was reached by the Institut fiir Angewandte

Geodiisie, Frankfurt am Main, Federal Republic of Germany.

Bundle Block B I/1
The best result with respect to performance was obtained by
Council, Ottawa, Canada (I, =5, E =358 %, {xy = 0.36m, Y,

the National Research
= 0.61 m). The highest
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efficiency was reached by the Lehrstuhl fiir Photogrammetrie, Munich University,
Federal Republic of Germany (I, =8, E= 78 %). Both participants applied data-
snooping. The best result with respect to precision were obtained by the Lands & Sur.
vey Department, Perth, Australia (pxy =027m,p,
Fotogrammetri og Landmaling, Aalborg,
Aalborg applied an automatic

Bundle Block B 11/1

The best resuit regarding performance was
Photogrammetry,

Denmark. Both did not use rigorous tests.
procedure and needed only 3 runs to clean the blocks,

reached by the Institute for
Helsinki, Finland Up = 5,E = 57 %). They reached the best precision
=0.16 m) without data-snooping. The same precision was obtained
Survey Department, Perth, Australia. The highest efficiency was
reached by the Laboratoriet for Fotogrammetri og Landmaling, Aalborg, Denmark
I, =7, E= 97 %), who also did not use data-snooping, The results again were
obtained in only 3 runs by using automatic procedure,

4.7 Conclusions from Phase 1

The results obtained from phase 1 can be summarized as follows:

— In order to grasp large gross errors, pre-error detection procedures seem to be
necessary. On-line procedures, strip formation or automatic checks of condition may
beused. The separate checking of photogrammetric observations and ground control
is recommendable at this stage. In order to get a link to automatic procedures the
weights of bad observations may be reduced as well in this step.

— Data-snooping technique or any equivalent test, which takes the local geometry into

— The sketch of the block is

necessary to detect numbering errors correctly, especially
those which do not lead

to discrepancies in the block adjustment,

— Automatic procedures have shown to speed up the process considerably, especially
by reducing the number of runs. Weighting down bad observations seems to be the
appropriate way as erroneously deleted correct observations are rei

automatically into the adjustment. The weighting may be based on the re
statistical test is not available, ‘

ntroduced
sidualsifa
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= 0.53 m) and the Laboratoriet for

Results of Phase 2

General Information .
ult of phase 2 is based on 18 blocks; 5 M I/?., 5M II/2,. 4 B 1/2 and BII/2. The
;iogrami may be subdivided into the following categories:

ndependent models

eck of model connections only,
us strip adjustment only,‘ _ .
te ::tci)ve leaslzc squares block adjustment (planimetry-height),

rigorous block adjustment.

i i i iduals.
nly one program compensated for systematic errors using an analysis of t.‘rill(-el Crleusded -
nly 9}:2? rfgram did not use data-snooping techmqufa. One pr}c:grafiduals ed an

'tom:\tic 1;)roced.ure for data cleaning adapting the weights to the re
u

ous iteration (cf. table 26a).

ndles - )
programs have applied self-calibration with 9—12 additional p:;?ni:;fzed ‘Z;
' I:'aur%s used the facility of data—snooping tephmque: One prtt;grreSidualS ed an
';I:Ematic procedure for data cleaning adapting the weights to the

a

.previous iteration (cf. table 26b).

:5.2 Detected Gross Errors

al)le 22 25 Sll()\‘v t]le reaction ()i tlle llldlvldua]. pal th]pantS on eac}l g]()ss error
ST

T §

lntrod“ced into the data SPECIfICH"}’ the est]mated gize of the error and the e’vah]at]on

- “of the response is given. .
. i i " itd € eIror was
In all cases except those denoted by the minus sign “— itis assumectlﬂ::;cl tbe ertor
found Sca;ming for the different symbols the following statements

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

ount,
® The error was found, correctly located but cpr.rected by a wro;;i ?:tlimation o
Qui me errors were introduced by the participants using a w : mation of
o size rrors, A comparison of the estimated and the true sizes of the errol
e ;f gmi;:t the1:e is no real chance to get a reliable basis for error correctn()in 12
v/ OV;IS oss error. This is in full agreement with the theory as the standar ;
case 0? Smaf tﬁz estimate'd size V1; of the errors never is better than Fhe pr'emslon o
d}fwa‘t:ls‘zz?v(;tion on an average it is 2—5 times larg.er. iny for medm[rin size eé;g;:
:ar:o:s the relati,ve accuracy of the estimated size is high enough to draw

conclusions (cf. phase 1), _ . )
+ The error was found, correctly located and the observation(s) was (were

S i justified, i. e. i reis a
%1211;? 21 is only given for reactions which are correct and ]ust1_f1ed,.1.te :\fi:]}: elsa
reasongfor the decision. Wrong tie points lying in 2 'mc?dels ‘ci)r tie p;::l Is Athanon-
acceptable x-parallax lying in 3 images had to be eliminated completely.
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“erronéous decision.
O The error was found but not correctly located.

This situation mainly occured at ab
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.

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

There are quite some gross errors where all participants reacted the same way. Thus,
with respect to these errors the strategies, namely testing the residuals or applying a
rigorous test, are equivalent. On the other hand there are gross 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 23) suggests strategies 4 and 5 to
be superior to the others while mutually showing minor differences. Concerning the
model blocks, however, participant 4 was the only one who did not use a statistical test
{cf. table 26a). This suggests data-snooping in practice not being as effective as to be
expected from theory and seems to contradict the results of phase 1 where strategies
with data-snooping showed to be superior to strategies without rigorous test.

However, participant 5 used a prioti og-values for the data-snooping test, which were

about a factor 2 larger {0y =10 um, 0, = 15 pm forthe photogrammetric points) than
the theoretical values (cf. table 6).

These were appropriate for M I/1 but clearly prevent the detection of small gross
errors, especially in M II/2 (cf. errors No. 9, 10, 1 7,20,21,table 23), On the other hand
participant 5 was the only one who found some of the gross errors in the projection
centres (2 out of 3} in M II/2 which is due to the assumed standard deviation of the

projection centres {0xy =20 um) which is close to the value from the

simuiation
{oxy =24 pm).

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

techniques. The remaining systematic errors seem to prevent the statistical tests to
show their power. ’ '

The performances indices I, show the same tendencies (cf. table 26).

As the gross errors were small and wrong decisions might have only little influence on

the final result we will not discuss the performance index but rather analyse the power
of the tests and the obtained absolute accuracy.

5.3 Efficiency

The efficiency of the procedure is estimated from the results listed in tables 22-25.
Table 26 contains the probabilities with which the gross errors of different sizes were

found by the participants. The extreme values (min, max) and the average values (@) of
these probabilities are shown in figure 18. '

38

e_act".' iwas correct by chance (> O), used the non-ideal geometry of the
strip (+ ) or was made arbitrarily (~ O being aware of the possibility to commit an

ove mentioned points in 2 models or 3 images

or power of a test depends on the size ]; of the gross error and 115} se;c’?;;g
ent(ﬁ{ve 105\7&1 bound Vol;. Theoretically gross errors of 11lthxs s.fe c;ar;iuz found
ot i i istical test with a critical v .
ility of approximately 80 90 ifa statistica i _
res prol;;lzlh:g ;) sigprificance level of 99.9 %) 1s used.-’_I‘he probability ({)i g;elt;ctn;§
) Dnors %ncreases smaller errors can be found with a lower pro y.
;rthe theoretical efficiency is represented by the smooth curve.

;son of the empirical and the theoretical efficiency for model gio:;«:dM:i/tze
___Qmpaﬂh ower of practical error detection procedures can be predicted g X
b 't'hat om P'mum values for the efficiency are not reached by the same participan
abliy. 'ih:‘;n; X51 of. section 5.2). The minimum values are reached by the strip
Y » L

justment program. i L b
.].- roxi ity of the empirical findings to the theoretical values is ma1:5111)1( duiet; :t:'::
e rz}:&n))’f systematic errors in M 1/2. This is proved by the block with sys
c O
rrgfr'; where no self-calibration was applied in all cases.

.. cal
1 i he empirical and the theoretica

; bundle block confirm this as t e :
Th? i eSultcsloolffoc:tth;iff:’.lr:[1 so much as for M I/2. The empirical and the_ 'chei)retmalC :.1;\1;(13:
fl"c'mnci}r(nilar shape. The self-calibration applied in all 4 ca.ses obvious yt;\;aesrml;s ble
to eri;ensate parts of the systematic errors. Remembfer:nth:at the sg:ftg;xﬁations o axe
i i i i ts of the image

yi ¢ to image leaving at least rests . the
it II';'gllirr(;I:u;:? ?rgom B I1/2 are closer to the theoretical expectation than thg:z ;)eflli?»able
:'gi;:ably because of the higher stability of the block B II/2 which allowsam

determination of the additional parameters.

one would use an average of the estimated op-values instea_d‘of th;Jf true :al::; j?;
erm he theoretical efficiency the difference to the empn:mal efficiency .
Betome o tl'e'ble suggesting that the uncompensated systematic esrors are the ma;n
Decome neilgledu’cedgiwer of the error detection procedures. Agam, there seerrés tho e
b 'sriznfi(;;c;rirdifferen}ge between those procedures which use a rigorous test and those

no

which rely in the analysis of the residuals.

fici

5.4 Absolute Accuracy

. o the
be determined by comparing t
curacy of the cleaned blocks can : . g the
lel'e igesi()l\t:r;:haihe tr};e coordinates. Table 27 contains the m?mn;mzlciuzlcy the
o errors {i for the bundle blocks including also the estimates p grt ertiCi -k
:ilgi;elsi.xpirical precision §o of the image coordinates provided by the particip

Th ximum errors obtained by the 4 participants for the.bundle 1?10'01(:;?1?;;:-3:}13;
ideixﬁlc;l suggesting the results to be of similar )quahtjé;:i'iﬁ;s z}c::aByi/;s e for e
i es A

e ) buttollxoftacfgi St}:'i'h}elit)gli:;;iir,l tabllje 27 are sor‘ted ?ccordin% 10 :ﬁe
achiev 81'1-'(;31’5 ‘;31;)7 churacy) The absolute values are also very high 1f. one ta. <)es. tg
A 5%(1)106 nd 1: 3600 for B1/2 and B II/2 resp. and the precision (Gp) in °
. 1115' i oiﬁrme.d by the optimistic estimates {i for the absolute accurar(:y gltvga
e i feipa ts. The actual . m. s. errors prove to be at least a factor 2 (up ;350
i Pﬁ;f!ilClP:;l tﬂan presumed. The maximum discrepancies on an averaegi_arzs o
i:?;?r- il?an a:fe would expect from pure error propagation ranging up to 6 tim
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r.m. s, errors values . Thisis due to undetected small gross errors, specifically errorsin -
the x-coordinates of points lying only in three images. This proves the external -

o < [Ag i 2 ' by 1.8 m.
reliability measures (8o - 0y to be a useful approximation for the maximum error in control point 38 at the border of the block was changed by

the result of an adjustment.

5.5 Detailed Analysis of Reactions on Bundle Blocks

As 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, figures 19 and 20).

5.5.1 Bundle Block B I/2

Error No. 4
Description:
The x-coordinates of points 138 and 152 in image 34 were changed by 100 pm.
Discussion: '

This is a group of small not locatable errors. Only one of both errors was found by the
participants. The effect (VZ ~ 2 m) of the remaining error is local and clearly visible.
Error No. 6

Description:

The x-coordinate of threefold tie point 90 in image 18 was changed by 70 pm.
Discussion: e

This small gross error (2 - V1) theoretically cannot be localized. T

WO participants
eliminated the correct point, one by chance. The others obviously used the y-parallaxes

for localization due to the non ideal geometry. The effect (VZ ~ 1 m) is local. .
Error No. 17
Description:

The x-~coordinate of threefold tie point 81 in image 45 at the border of the block was
changed by 70 ym.

Discussion:

This small gross error (1.3 - Voly) in weak geometry {r; =~ (.08} was not found at all. Its
local effect (VZ~ 1 m) is clearly visible.

Error No. 21
Description:

The x-coordinate of threefold tie point 46 in image 52 was changed by 52 pm.

Discussion:

The reactions on this small error (1.6 - Volp) were similar as on the previous error. All
found it but only two located it correctly. The effect onto the result is masked by error
No. 27,

The same holds for Error No. 23.
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by two
is is a small gross error (2 - Vplp) in weak geometry (r; < 0.15 a];’ld }:ﬂv?s }ff};nd; ‘3; :;g
el ts. One of them applied data-snooping bu‘t correcte the heigh 3; 2 wIong
- 0112612 rx;) The estimate (2.4 m) of the other participant shows thatitisnot p
ams;;l to be a hint for the true size of the error.

Eiror No. 28

seription: .
3:[‘)l(iz hfrizontal control point 44 at the border of the block was changed by 1.2 m

scussion: ' ' -
S1c one participant found this small error (2 - Volp) using data—sno;ap;:gt';f:h‘r:;%t:g
AnaBi,n hepcorrected the coordinate by a wrong amount }:0; ffnz e ons
cog;)rdinate (Z). The patterns (figure 19a v. 5. 19b, ¢, d) show the

“reaction.
. Error No. 29

Description: |
Vertical control point 142 in the middle of the block was changed by 3 m

i sion: .
. Dl‘%cusmall ross error (4 - Vpl;) was found by three_ out of four pagm%)atrll(t):r e?:fe
: sy d 'tgthe right way. Another estimate of the size c.)f'the error (2 m), o dthisl
 Shows the kne%s of this value. Surprisingly the 4th participant who d1dnc1)(t ;11 .
51;:;:5 3;31’23 data-snooping. This error distorts half of the bloc eavily
e

{cf. figure 19a).

" Error No. 30

.. Deseription: -
: Horich:ntal control point 73 at the border of the block was chagged by 1.5m in

Discussion: . ' Ul and elic
Only one participant reacted correctly onto this smball gross fr;o:htlcozijgn:z b; :
icl i i correcte
i int, One other participant found it bu - \ en
mmategmﬂ;eunptog'lhe effect of thg non-detected error onto the block is large, specifically
wrong .

the largest influence is not at the wrong point.

Exror No, 33

Description: o o
The x-coordinate of threefold tie point 77 in image 20 was changed by 1000 p
Discussion: . . ' S
Only one participant reacted correctly onto this medium sized gross error, which is

i ted
locatable. He eliminated this point completely (cf. ﬁg!rtre 19b). T?:hzﬁe;til;nrif:ataathe
the blunder incorrectly and eliminated the wrong point. Two o
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point with the largest residual, i e i
it , 1. e. the point
participant though being aware to possibly feject
pointinimage 22. The effect of this decision can b
can be visualized by the intersection of the 3 rays:

from image \ 22

21 20

(wrong ray)

false point (c.)

false point (a.,d.) —*

*—— correct point (b.)

5.5.2 Bundle Block B [I/2

Frror No. 26
Description:

eItlcaI CDntrOI POin‘tS 25 were ¢ I ed y
Vv and 26 11 a corner Of the blOCk

This small gross error (2 - Vyl:) .
This pf AL A oli} was not found by any participant. It effects only a local

next groups of vertical control poi i
e ol points (cf. figure 20).

Description:

The x-coordinate of threefold tie points 136 and 137 were changed b

Discussion; y 120 Hm.

Ihls gIOI.lp Of SIllaH gIOSS errors as fOI.IIld by 3.11 paItICI[.')aIltS. IVVO, h.o wever dld not
w. ]
ehlﬂlnate th.e pOlIllZ. On.e Of tIle OthEIS ehnll]lated t]le Il‘gllt one by Challce. Tlle effect iS

local and clearly visible {(cf, figure 20d).
A similar reaction can be observed for'Error No. 33
Error No. 34

Description:

Fourfold tie point 190 at the border of

coordinate in images 5 and 15 the block was changed by 1000 um in each

Discussion:

Th1.s 15 a point transfer error whichisn
which of the two image pairs 5/18 or
error. One chose the wron
(cf. figure 19¢). '

o/t locatable in the sense that one cannot decide in
8 6/19 the error occured. All participants found this
§ lmage pair. The effect is local and clearly visible
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in the middle image 21. The other
an error free observation, deleted the.
e clearly seenin figure 192, cand d. It

ussion of Phase 2

cally was designed to evaluate the adjustment procedures with
fo small gross and systematic errors. Due to the absence of large gross errors,
4 percentage of non-detectable errors and the small number of participants the
. 5f the second phase do not vary to such an extent as those of phase 1.

“the test specifi

wlt:

“three aspects which, however, are of special interest:

ta-snooping which showed its power in phase 1 did not reveal to be dominant in
sse 2. Besides the reasons mentioned above, this might result from the variation
the systematic errors introduced in the bundle blocks in phase 2. In addition, the
+rect estimation of 0 seems to be essential for a statistical test to be able to grasp

¢ small errors.

Th  leads to the second aspect. The precision of the results was consistently
crestimated at least by a factor 2. The variation of the systematic errors and
ssibly also the effect of non-detected gross errors seem to be the reasons.

srovided a realistic o is available the efficiency, i. e. the probability of detecting
e reliably derived from theory. This clear confirmation could not

gross errors can b
be expected from the beginning and shows the importance to take into account the

geometry of the adjustment as far as possible.

e other results of phase 2 are in agreement with the conclusion from phase 1 and are

6 Conclusions and Recommendations

existing error

he result of this empirical test gives a clear picture of the status of
analysis of the

“detection procedures. The classical procedures which rely solely on the

esiduals without taking into account the local geometry of the block are capable to
‘produce coordinates of a high quality provided the data cleaning is done by skilled
personal and with care. The implementation of rigorous tests is helpful for the
localization of even medium sized gross errors and in extreme cases for the detection of
gross errors which are hardly larger than the lower bounds for detectable errors. There
is, however, no evidence that in photogrammetric blocks with a more or less regular
shape rigorous tests would improve the results significantly nor that statistical methods
might be a surrogate for experience, Only for irregular shaped blocks with weak control
the local geometry must be taken into account which then will of coutse document the

instability of the block.

The following recommendations can be derived from the analysis of the test:

— Pre-adjustment error detection procedures are necessary to grasp large gross
errors. On-line procedures, strip formation or automatic checks of conditions may
be used to advantage. The separate checking of photogrammetric observations and
ground control is recommendable at this stage {phase 1).




— Automatic elimination of observati
Weighting down bad observations se

deleted correct observations

(phase 1),

— A statistical test (e. g. data-

respect to the localization of
EIOsS errors.

detection.

— Observations should only be corrected if the
ete, orif point numbers are evidently wrong.
an adjustment is inaccurate up to several
observation and therefore can only be used
gross errors (larger 1 mm at image scale: phases 1 and 2).

— If gross errors are not locatable the whole point should be

adjustment or appropriately
unreliable {phase 1 and 2),

— The efficiency of the tests with res
by theory. Unmodelled or unco
effect reducing the efficiency of

vatiance factor og (phase 2),

ons reduces the number of runs considerably
ems to be the appropriate way, as erroneo

snooping) in general leads to the best resulis with
medium sized gross errors and the detection of smal

rror can be identified based on listings
The size of a gross error estimated from
times the standard deviation of the
for the classification of medium sized

taken out of the
renumbered in order to identify the point to be

pect to small gross errors can reliably be predicted
mpensated systematic errors seem to be the main
the error detection by increasing the estimate of the

‘Hodel

Block M

scale
ay of flight
pay of measurements

Measurements

Quality of film

Quallity of control points

/1

JEE————

Model scale
pay of flight
Day of measurements

Measurements

Quality of film

Quality of contral points

Btock B 1/1

Photo scale
pay of flight

Day of measurement

Measurements
Camera RMK 15/23
Quality of Film

Quallty of centrol peints

1 ¢ 25 009
10.4.1980
13.6. ~ 29.6.1980

Image coordinates
analytical relative orlentation

corrected for earth curvature
low contrast

0.30 m
0.50 m

planimetry
height

i : 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

planimetry
height

1 : 14 00O

22.4,1980 cloudy
1.6, - 15,6.1980
strip |

Strip 11},
1.6, - 8.6.1980
Strip |1

{5 ~17)
v (31 - 56)

(18 - 30}

reduced image coordinates, um

¢ = 153.22-mm
normal
0,05 m planimetry

0,10 m Jheight
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Table 5 — Mean Value and Standard Deviation of Add
Blocks B I/2 and B II/2

itional Parameters in Bundi

Parameter Blo(ck ]?;I/Z Block B I1/2
Hm {(pm)
mean sigma mean sigma
1 5.2 1.4 — 0.5 0.7
2 22 i.0 2.3 1.0
3 0.0 0.8 - 17 0.7
4 1.7 0.9 0.5 I.1
5 —1.6 1.8 4.0 1.6
6 —53 1.1 0.3 2.0
7 0.6 2.3 14.5 2.1
8 —12.5 1.7 —1.7 2.2
9 1.8 1.3 1.8 1.5
10 3.2 1.1 1.1 1.5
11 —0.3 1.9 6.3 2:3
12 —3.2 1.0 —3.5 2.7

Table 6 — Generated Model Blocks

{cf. Schroth 1982)

9% of wrong points

M1A MIIN M12 MIL/2
1:25,000 1:7000 1:20,000 1:8000

rIo1s const. const. no const.

1 oxy (pm) 10 5 8 4

g, (um) 15 8 12 7
ction centres Ox,y {pm) 30 15 24 12

o o, (um) 10 5 8 4

ol points Oxy (m) 0.50 0.10 0.20 0.05

oy (m} 0.10 0.20 0.40 0.12

1403 2844 1421 2844

9201 1641 9209 1641

502 1203 512 1203

0.36 0.42 0.36 0.42

o.:of units 47 48 48 48
0. of gross errors 28 24 34 36
2.3 % 1.5% 2.8% 2.3 %

) n=No. of observations
1 = No. of unknowns
r = redundancy
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Size

il
0
0
0
5

3
9
4
]

+ 100 ym
3}

0
0

9
bl
+ 130

5
0
0
]

9
5

4
6

- 110

0
0

- 250
+ 2.60m

+ 6.50m
+« 5.00m
-12.00m

80
75
90
+ 160
75
+ 144
+ 150
9
9
+ 1000
+ 5000
+ 200090

Coord,

xXyzZ
K4
xyz

z
X
Y
y
X

X

z

¥y
X

z

X

z

z
y
X
z
¥
X
z
X
¥
X

Model
No.

5847581
330/327
573/569

4437439
342/338
184/180
877/573
346/342
4477443

562/569

t80/176
165/161

2037199

468/465
£55/562
569/566

469/465
4777473

4617457

192/188

165/161
356/352

367/363
184/180
1927188
363/359
548/544
4357432
349/346
454/450

Paint
Na.

65 - 458

272 - 485
116 - 482

380/224
329/212

176
188
206

113

197
215

290

59
n
221

158

9z
7

143
146
515
101
29
170
128
56
494
350
31
i82
407
107
194
62

‘able.12 — Gross Errors inserted into Model Block M 1/2 (cf. Figure 5)
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Table 13 — Gross Errors inserted into Model Block M /2 (cf. Figure 6)

Eyror Type Point MHodel Coord. Size
Ho. Mo, No.
1 ex 632-896-797 3427338 Xyz2 -
2 ex D 710/908-200/203 1997195 XYZ -
k] ex 176-179 465/461 Xyz -
4 0.7 395 569/555 ¥ ~ 20 Hm
5 299 566 /662 z + 40
6 683 552/548 ¥ + 25
7 D 341/344 184/189 X - 40
8 116/119 2067203 X + 40
9 1977194 199/195 z - 45
10 1.0 605 203/199 z + 50
" 179 465/461 y + 25
12 374 346/342 A - 22
13 PC 169 1697165 X =179
14 B 521/524 '552/548 z - 60
15 D 2667769 461/457 X + 30
16 1.3 854 4357437 z - 60
17 56 4777473 y + 40
18 227 461/457 X - 33
19 452 334/330 X + 30
20 32/35% 588/584 Y -~ 75
21 506/513 334/330 X ~ 35
22 1.6 362 450/447 z - 74
23 . 275 4577454 X + 35
24 968 352/349 ¥ + 40
26 PC 359 359/356 X =230
26 D 191/188 359/356 X - a0
27 263/260 5737568 z + 70
28 2.0 3y 4547450 y - 50
29 PC 435 4357432 X 259
30 T 1154/125/122 581/577 z + 120
31 6.0 D 158/161 199/145 z -250
32 50.0 D 80/83 584,/581 + 1500
33 2,0 Ho 977/974 y +2.0m
34 2.0 VE 4587455 z - 1.4
35 4.0 HO 425428 X + 2.0
6 4.0 YE 1166 z +3.0

ﬁ’ype Point Image Coord. Size
No. No.
ex 172793 6 - :
ex 2%/30 53 -
gr 31732 41{37) X +12g um
gr 138/152 34(30} X -
2.1 56 24 X - 40
90 18 X + 70
1.0 47 38 Yy + 20
63 23 X - 35
53 50 X + 20
171 52 ® + 20
. 13 17 ¥ + 35
] 55 b3 + 30
116 33 y - 20
- 24
1.3 m 26 ¥ o
27 16 X
10 29 % + 28
a1 45 X - ;[;
106 42 ¥ +
1.6 61 35 ¥ ; ig
93 5 y
46 52 b3 - :z
37 13 b3 -
0
2.0 107 28 X + ZO
149 5 y + '
15 55 ¥ - Zn
83 33 X -
4 VE 38 F4 + 1.8m
- - 1.2
2. Ho 44 X e
4. VE 147 F3 o
4, HO 73 ¥
35 15 X + 150 pm
6.
18, 142 47 y ;:t{]}g
50, 77 20 % o
150, 162 6 y




Table 1

5 — Gross Errors inserted into Bundle Block B I1/2 (cf, Figure 8}

Error Type Point Image Coord. Size
No. e,
1 ex es - 242 37 - -
2 ex 359 - 342 14 - -
3 gr 245/281/311 47 ¥ + 15 1m
4 ar 80/79 12 x + 20
5 gr 1167117 50 y - 20
6 gr 182/183/393 7 X + 45
7 0.7 391 51 X + 10
8 120 37 X - 10
9 . 367 45 x -1
10 . 230 32 X - 8
1] 1.0 186 44 X + 13
12 284 24 ¥ - t2
13 130 48 y + 10
14 . 250 32 ¥ - 14
15 1.3 159 46 ¥ - 20
16 . 210 13 X + 30
17 63 27 ¥ - 18
18 194 5 ¥ + 25
19 69 13 y - 20
20 1.6 170 ] X % 36
21 144 48 y + 24
22 N n 10 ¥ + 20
23 232 19 X -~ 22
24 1.0 VE 12 - 2 + 14 cm
28 1.5 VE 3%0 - 2 - 12
26 2.0 VE gr 25/26 - 2 - 30
27 1.5 VE 79 - z + 12
28 1.0 HO 20 - X + 8
29 2.0 Ho 193 - ¥y - 30
30 1.5 HO gr 72 - xy - 12
3 2. 9r 39/40 15 Xy + 40/~ 30 um
32 6. gr 1377136 21 b3 - 120
33 i8. 55 b4 + 400
34 50, 190 5/18 Xy +1000/+1000
35 150 220 34 +3000

20

33
13
20

25
7
18

12

11

performance index lp

7
13

m

missed errors n

<

}. correct observ. n

plot of residuals

de

data-snooping

14

N

Ly

runs

strategy index |

time for initial prep.|h|

20
20

62

L

time for run prep.

1.5
5h.

2.8

.75

1.1

.53

52.

24,

1.0

1.2

4.7
153.

18.0

k.9 k.9

3.0

2.2

max v

125.

137.

3.k

2.8

3.4

xy

max v

N eliminated

[=3
=t

N not listed
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Table 22 — Reactions on Errors in Model Block M I/2

ERROR

TYPE

SIZE

PARTICIPANT

3

&

10
11

16

1.0

60 x

12
13
14
15
16
17

17
18
19
20
21

1.3
1.3
1.3
1.3

1.3

110 =z
80 y
5y
%0 x
160 =

T 130 +-
90 0
0o

160 +

134 +
77+
82 &+
112 +
164 +

150 0
80 ¢
75 +
75+
160 #

140 +
BO +
80 +
80 +
170 +

22 1.3 5y - - 500
18 23 1.6 140 x - - -
19 24 1.6 150 2 160 0 150 + 100 + 160 +
20 25 1.6 a y 90 + 112 + 100 0 e
21 26 1.6 90 x- 75+ - 56 0 80 +
22 27 1.6 250 =z 240 + 262 + 250 @
23 31 2 HO 2.8% - - - 3. + -
24 32 2 VE 6.5 7 - - 5. @ 10. + 7. +
25 33 4 HO 5.0 ¥ - - - 5. + 6. +
26 34 4 VE 12.0 Z - - 10. 10. & 10. @
27 28 20 1000 % 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 - 0 ¥ 4 [ #
il ex - - + { [4
32 3 ex - [¢] o ¢ #

33
34

4
5

49
Br

100 z
80 x

no. of deleted co t . ‘
rrec oyserv n, 0 3 4 5 1
no., of missed gross errors n 18 (25 16 - 10 10
Performance ind Lo
ce index ;p n, + no 1a 28 20 15 _ 11

lonly check of model connactions

‘only “strip adjustment

Table 23 — Reactions on Errors in Model Block M I1/2

PARTICIPANT
5:3?“ TYPE SIZE » " 3 s

4 0.7 20 y - - - - -

5 0.7 40 = - - - - -

6 0.7 25 y - - - - -

7 0.7 D 40 x - - - - -

8 0.7 0 40 x - - - - -

9 0.7 0 45 € 55 0 - - + -

10 1.0 50 2 04+ | + - + R

11 1.0 25 y - - - - -

12 1.0 2 x - - - - -

10 13 1.0 PC 170 x - - - - 170 +
11 14 1.0D 60 =z - - - - -
12 15 1.0D 30 x - + - - -
13 16 1.3 60 z - - - - -
14 17 1.3 0y -] - + | a5t -
15 1B 1.3 30 x - - - - -
16 19 1.3 30 x - - - - -
17 20 1.3 b 5y - - L] - -
18 21 1.3 D 35 x - - - + -
19 22 1.6 70 z BO O - - 0 -
20 23 1.6 5 x - - - 40 +
21 b2 1.6 iy 55 0 - + 35 1 50 +
22 25 1.6 PC 230 x - - + - 210 +
23 26 1.6 D 40 x - - - - -
24 27 1.6 D 70 z bt - - 4] -
25 28 2 50 ¥ - - - 0 60 +
26 29 2 PC 250 x - - - - -
27 30 2T 120 =z 80 0 - - -
26 33 2 HO 2.0y - - - ] -
29 34 2 VE 14 =z - - - + 1.6 +
30 35 4 HO 2.0 x - - 0.6 0 + 0.6 +
31 36 4 VE 3,0z - - [ ] + 3.6 +
az 31 [ 250 = 135 0 ¢} 250 + + 260 +
33 32 50 D 1500 x - - + + 1500 +
34 1 ex 0 0 # # #
35 2 ex # # 4 # [3
36 3 ax ] ) i »
no. of deleted correct obsérv. n_ 2 o ;] 2 1
no, of missed gross errors n a5 30 25 18 23
4

perxformance index Ip =n, +nm 27 3o a3 20 2

LR

Giily check of model connections

tonly scrip adjustment




Table 24 — Reactions on Errors in Bundle Block B1/2

Table 25 ~— Reactions on Errors in Bundle Block B II/2
ERROR
No. THPE STZE 1 zARTmIPANg . ERROR TYPE S17E PARTICIPANT
NO 1 2 3 4
i 1.0 :
* w0y 50 &+ 42 & 4
0+ 40 + - - -
2 8 1.0 35 x _ . 1| -7 7 10 % 45 ©
3 ’ 1.0 20 x - . il 2 8 7 10 x - - - -
4 10 1.0 20 x 7 _ ) 3 9 7 11 x - - - -
5 11 1.0 sy " - 4 10 <7 8 x - - - -
6 12 1.0 30 x - - 5 1 1.0 13 x - - - -
7 13 1.0 20
: ¥ - - _ 6 12 1.0 12 y - - - -
& 1% 1.3 2%y 30 + T 7 13 1.0 10y 70 + - - -
15 1.3 40 x - 40+ 8 14 1.0 Wy - . - -
10 16 1.3 28 x _ _ - 9 15 1.3 20 y 20 + - 20 + 20 +
1 17 1.3 70 x - _ - 10 16 1.3 30 x + 22 + 35 o (40)0
12 18 1.3 0y 65 + _ " - 1 17 1.3 18 y 30 + 21 + - 20 +
- +
. - 4] -
13 19 1.6 28 y 0. - 12 18 1.3 25 y 25 20 +
14 20 1.6 40y - 30 + 13 19 1.3 20y 40 + 33 ¢ 30 + 30 +
15 21 1.6 52 x 130 414 * h, 300 14 20 1.6 36 x (5m0 - 45 0! (40)0
16 22 1.6 60 ' ) 0 40 +: 15 21 1.6 2y 35 + 35 30 +
. x - - _ . -
17 23 2.0 (70)0 16 22 1.6 0y 50 + 21 + 1 + 20 +
. &0 x 50 + 9+ 80 o'
13 24 2.0 90 ’ 60 0 17 23 1.6 22 x 20 + 15 + 20 + 30 +
19 25 2.0 , o 0| o 100 + 1.0 14 % .
. 45 ¥ a0 + - 18 24 W0 VE . 0 - -
20 26 2.0 60 x 50 » 58 4 P 50+ 19| 15 1.5 VE a2z a .26 + .5+ .23 +
21 5 2.0 ¥ 60 + 0 26 2.0 VE gr .30 Z - - - -
22 6 2.0 o o o (sopo! 60 0 21 2 1.5 VE ) 12 7
. 70 x 50 + 75 o 2 7 . . - - - -
- 50 (80)0
23 27 2.0 VE 1.8 2 A0 - — 22 28 1.0 HO .08 X ° 12+ A1 12+
2 28 2.0 HO L2 % e _ 4o+ 23 29 2.0 HO 30 Y 30 # 27 + .25+ .28 +
25 29 4.0 VE - - 2% 30 1.5 HO gr .12 XY - - - -
% 0 ' o ko 3.0z - 2.0 2.0 + 3.0 + N ) - % of
. 1.5Y 1.08 25 3 . 0 xfy - ol - -
- - 1.0 .
27 1 P ! 26 32 6. 120 % 100 + (118)+ 100 o' 100 0
150 x 300 + 155 + 150 + 1 .
28 32 18 s60y [ 1000 48 S0 ¢ 27 33 18, 400 x 400 + | (402)+ 500 0 400 #
+
2% 33 50 1086 x 636 0 52: : o +1 500 # 28 34 50, 1414 x/y 7+ 1500 + 70 1414 ¢
30 34 150 4000 M (100030 29 35 150, 3000 ¥ 3000 # 3000 + 3000 + 3000 #
¥ { 4000+ | 4000 & | 4000 + 4000 ¢
n 1 ex 30 I ex - ¥ 7 + #
= #
3z 2 ex - ' : ¢ 31 2 ex - t # # ¢
¢ #
33 3 gr 50 x - - B 32 3 gt 15 y - - 18 + B
34 4 -
gTr 100 x 65 x 50 % 100 x (12008 33 4 gr 20 x - - - _
no. of deleted corxect observ, n 7 o 34 5 24 20 ¥ - - - _
no. of missed gross errors n < 12 " 3 [ 15 [ gr 45 x - - - _
. 19 11
Ferfornance index I,=n, v 13 21 22 17 no. of deleted correct cbservations n 23 2 0 1
'being aware to X no. of missed gross errors n 16 17 17 18
pogaibly reject ™
] an exror free ohs.arvatmn performance index Ip =n, + nm ag 19 17 19

L baing aware ef possibly rajecting a correct observation
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7 4] 3 6
12 21 19 11
19 21 22 17

o i
17 18
17 19
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Figure 10 — Additional Parameters for Bundle Block B 1/2
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Figure 16 — True Errors of Bundle Blocks B 1/1
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