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Abstract
A step-by-step method of blunder location is introduced. .Some
systematic experiments were carried out to that method and other
three kinds of conventional location methodss by using different
point distribution models that had varving blunders. the results
showed that the step-by-step loction method is more precise and
credible than others.

T.INTRODUCTION

Recent vears much attention had been paid to the blunders in
international photogrammetric community.It can be seen from a
number of articles published in the 15th International Archives
of Photogrammetry and Remote Sensing.

It is well known that during the photogrammetric operations,
blunders are inevitable.The existence of blunders not only
influences the accuracy of adjustments (such as control points
and common points with blunders) but the more impoartant thing
is that it makes the results of adjustment unreliable.

According to the discussions of commission III of the 15th
Congress of International Society for Photogrammetry and Remote
Sensing convened in Brazil.there are two kinds of methods: (1)
blunder detection after the least square adjustment,for example:
the famous "Data snooping™ [1] and Danish Method [2] etc.;(2)
alternation of method of adjustment.It is generally considered
that lLeast sguare adjiustment can not treat observation blunders
correctlysbecause least square method tends to distribute
blunders to other correct observations,what adds difficulty to
blunder detection and location.It issthereforesnecessary to
select new method of adjustment ,such as adjustment method of
ZlVi—sminswhich is better than least squares ZIVVI— min in
blunder location .this paper deals mainly with some experiments
and approaches by the former method.

In additionsthe purpose of these experiments is to serach for
method which can locate blunders accurately.In the process of
experiments two aspects were considered:one was the rate of
blunder locationsthe other was a probability of rejecting truch
{(type I error).In the papers on blunder detection and location
presented at home and abroad beforesonly rate of blunder
Llocation was considered,generallysthus its practicability has
to be reducedsas a probability of rejecting truch is much
largerswhich will cause many unneccessary repetitions.

The experiments described in this paper were carried out in the
process of relative orientation adjustment.
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2.ARTIFICIAL SIMULATED EXPERIMENTAL DATA

3 sets of simulated Data of different point Llavout are prepnared.
They are used for models with 9 points:10 points and 12 points
respectivelyspoint distributions are shown in Figure 1,253,
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Fig.]1 Fig.2 Fig.3

Each set of data consists of 8 stripsswith blunder of 5 6o .8 6o

11 6, 514 66517 6,520 65,23 6o sand 26 fs respectively observational
random error is 10 um.The total amaount of models are 72,80 and
94 respectively.Each model has one point with blunder which spreads
evenly at individual point location.

Besides additional preparation of 3 sets of data (the same as above
but without blunders) has been made>the difference Lies in
observational random errors in strips e.g. 5.0,6.5,8.0,9.5,11.0,
12.5:14.0 and 15.5 um respectively.

Z.THE EXPERIMENTS ON THREE CONVENTIONAL BLUNDER LOCATION METHODS
(1) "Data Snooping”™ method

The theory developed by Professor Baarda of Netherlands, is a
rigorous from the point of view of mathematical statistics:
theory of blunder and deduced on the basis of least sauare
adijustment.The core of this method iz the selection of a statistic

wi= Wil 7 Bue=tvil 7 (Bdaii)  ~  NC(Os1) (1)

whetre vi=correction of observations
fo=unit weight in mean square deviation
bwe=mean sauare deviation of correction
gii=the 1th element on main diagonal for matrix Qvv of
correction welght coefficients

to justify whether blunder is presented or not.In this method
research on minimal blundr value (inner reliability) which is
possible to be found 1s made.Thus we have

ra dﬂ—
S0t = So/laiiPi (2)
. et . Th .
where Pizwelght of 1 observation

do=a constant,in the case when level of significance=0.001,
the rate of detection 1-/8=0.80,80=4.1

The scholars in the word apply this method to blunder locationsthat
issafter convergence of adjustmentscompute statistic Wi and inner
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reliability Séx susing this as critical value » a judgement
can be made:
Wi > ote (3)

Assume that the expression (3) is truesthen it may be considered
that the observation contains blunder.0ur experiments are carried
out by the same methodsonly a transformation is made to expression
{(3).

N
According to expression (1) and (2),an integer A aii is multiplied
to both sides of expression (3)sthus obtain

1}
Ivil/ 6, =wi’ >Sotc = S0 WP (3a)
By comparisonh expression (3a) with expression (3)s;although there
axists only a small changesbut so far as computation is concerned;

this cna reduce a large amount of work.because computation of
cubersome matrix Qvv can thus be avoided,.

Results of experiments see Table 1 and 2.

Table 1

strip : Ratio of
Locat ion
. aof paoints 518111114117 120 23| 26
for detec-
date tion 6" 6:" 6; @o 6: 0. 6" 6"‘ (%)
1 01 3 5 5 o) 7 9 o 61.1
2 11 3 7110110 1 10) 104 10 76.2
3 11 6 {1112 112112112 78.1

{(2) Danish method

Danish method is usually referred to as weight function method.

Table 2
strip a probability
: of rejecting
No. of 5.016.518.019.5111.0112.5114.0115.5 | truth
point for
detec- (%)
date tion
1 0 0 011 0 2 7 6 2.47
2 0 0 0 1 0 3 11 10 3.12
3 0 0 0 0 ') 11 13 27 4 .95

The deduction of this theory is based on maximum Likelihood method.
After adjustment the absolute values correction forobservation with
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blunders are larger than those for normal observations,therefore,
select a decrease function with |vi] as a variable to define
weight Pi>the larger the |vil| sthe smaller the given weight
Wwill be;the smaller the given weightsthe more should blunders be
presented on |Jvi| . Finally the blunder can be located ( see
references 2.and 3.).

It is recommended in this paper that a method to combine weight
function with "data snooping”™ should be adopted that issiin the
process of iterative adjiustmentsweight function method is to be
used so as to change weight of observationssafter convergence

of adjustment is made>compute Wi and Sot¢ »and determine whether
they are blunders by expression (3a).The measure taken is
rational and efficient because weight function can distinguish
very well between points Vi with blunders and those without
blunders,and "data snooping™ method can provide us with accurate
Judgement,furthermore,>theory of "data snooping”™ does not reaquire
all the observations having eaqual accuracy.Hencesthe adjustment
after alternation of weightyis still strictly in accord with the
theory of "data snooping”.

Weight function recommended by Danish Geodetic Research Institute
is (see reference 2.):

1 e ALC ,
(A = exp(~0.05A¢ ) A¢>C the first to 3rd jterations
exp (-0,05A¢%°) A¢>C after 4th iteration Y
Pat1=Paf( Al ) . (5)
where Ad= |vild/Po /Mo (6)

Vi=correction of observation
Po=original weight of observation ‘
Mo=unit weight in mean sauare deviation of observations
C=a constantsusually adopted as 3
a=iterative ordinal numbersto be 1,2,...

It is found that the above mentioned weight functions have two
deficiencies:firstly swhen A¢ 2 c function f(AC) will decrease
rapidly to zeroswhen number of point A¢ 2 ¢ increases,it is
Liable to make normal equation singularsand no solution can be
reached;secondly>using the expression (5) to determine weight
it is impossible to Let weight of observation with declined )Jvil
back to the original,for example>an observation after first
iteration, A¢c 2 ¢sthe weight becomes smaller.When second iteration
is maderalthough A¢<crbut the weight is still very small.After
the iteration procedure was repeated many timessythe observations
with declined weights increase continuously,it also tends to make
normal eguation unsoluble.Therefore,in this experiment some
modifications to weight function are made:

= £ Po ) Aie or a<2
P '{Po exp (-0.05A7° ) Adde and ad>2 (7

Where adopted value for ¢ is 3.Experimental results are shown in
Table 3 and 4. ‘
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Table

Z

o)
strip Location
No. of 51 8 }1 14 17 20| 23 | 26 rate
points for 6 Q g
data detection 6° °l e ° 6° ° 6. 6: (%)
1 | 1{5{7 |8 |8 | 9| 9| 9 77.8
2 318|9 | 10| 1010|1010 87.5
3 619 12112 12112112112 90.6
Table 4
, strip probability
No. of 5.016.5{8.019.5111.0112.5114.0{15.5}0f rejecting
points for truth (%)
data \detection '
1 olol 1118 |s |12] 9 5.56
2 ool 1]elz2 |9 |19] 15 6.50
3 ol 1| 3|8 l14 |17 26 28 9.29
(3) Weight function racammahded by document [3]

The principle of the method

:
18

similar to that of Danish Method,

only the selected definite weight function is different. Definite
weight function recommanded by document[3] is:
A= vil 7 6 A (8)
.. 5 Po ' {C
Pe = {po/ AT Aé>C (9)
where vi = carrection af>1 observation
b, = standard deviation
IT = jterative ordinal number, computed from the first
conventional adjustment
¢ = a constants ¢ =(IT + 1) /7 2
Pi = weight of i observation
Po = original weight of i observation
Experimental results see Table 5 and &
Table 5
strip Lacat ion
No. of 518 111 141 171 200 23] 26 rate
points far
data \detect ion 6" 6o| 63} 0% G.| 6} 6 6. (%)
1 517 18 8 9 9 9 9 88.9
2 71101104 10} 1041 103 101} 10 96.2
3 1121121121 121121 121 12 96.9
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Table 6

strip probablilty
No., of 5.016.518.0{9.5111.0]12.5{14.0[15.5}0of rejecting
points for truth
data \detect ion (%)
1 0 1 3 3 10 8 11 15 7.87
2 1 1 5 9 6 111 20 18 5.88
3 0 1 5 121 12 23] 35 41 11.28

(4) Brief summary on 3 kinds of blunder location method

a.The method to combine weight function with "data snooping”

is very effective, its effect is much higher than that of
"data shoaping”™.
b.From the point of locationsthe third method is the best,

as to data with 10 points and 12 pointsyblunders of more than
8 times f§o can be located.
c.Generally a probability of rejecting truth is increasing
while location rate increasess It may be seen from the results
that if only Location rate is taken into consideration and
disregaring probability of rejecting truth, in operations it is
bound to cause a number of unnecessary repetition of work.
d. A probability of rejecting truth is concerned with random
observational errorsgenerally it is increasing while random
observational error increases. Therefores random observational
error should be reduced as far as possible
e. Location rate has relation with Layvout of pointss and the sets
of points are more effective than individual ane. To relect sets
of points at four corners of a model is a more economical and
beneficial way.

4.STEP-BY~STEP BLUNDER LOCATION METHOD

It can be seen from the results made by using three conven-
~tional methods, that none of them is said to be accurate,especi-
~allys a probability of rejecting truth is too Large. The paper
recommends a step-by-step blunder Location method which divides
Location process into three steps, and accordiog to purpose of
the stepsdifferent weight functions and detection procedures are
selected.

In the first stepspurpose of detection is to locate Large blunders,
so weight function being selectsd is the one not too sensitive to
blunders.A sugdested weight function is:

lZaN

C

A (G—IT) ( 1 0)

A
Po A
Pi= { A
PO/ AL Ae >C
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N A
where Ac=1lvil /& (11)

C=a constantsthe value to be used is 2.5

IT=iterative ordinal number,if IT>3:then IT=3

o=estimate value for unit weight in mean sauare
deviation of observations

A A . :
Where computatign of A is made by 6o instead of 62 sthe purpose
is to decrease A¢ .because at the time of first and second
iterationssVi as influenced by original valuation of unknown
parameters tends to be largesfor examplesif Vi and fo are used
to define weightssthey are Likely to be influenced by systematic
errorssso as to let weights of many pointg become smallersand
cause blunder detection inaccurate. when,ic >C (generally it is
influenced by blunders ), in order to reduce its weight rapidily,
weight function to be selected is exponential which increases
with iteration times and decreases with orders.As A¢ is computed
by 0 it is not large during the first and second iterations
( A 1s usually not Larger than 3),at this time the use of higher
order can reduce its weight rapidily,to decrease influence of
blunders as soon as possible.

Experiments have shown that the weight function is only to be
used to locate Large blunders and some blunders of point location
which are sensitive to it.

In second stepsthe purpose is to search for whether adjustment
systems have blunders or not.When adjustment syvstem is affected
by blunders,it is Liable to have certain influence over an
accuracy (see Table 7 ), conseauently, after convergencesas to
estimated values of unit weight in mean saquare deviation of
ohservations,a F test should be carried out,and to see whether
blunders can be identified.

F test forunla is

A
6/ 6 S F (T ,00,8) (12)

&N
where 0. =zestimate value of unit weight in mean sauare deviation
6o =true value of unit weight in mean sauare deviation
Y =redundant of observations
o =level of significances in the experiment

=0,01
Table 7
strip 5 8 11 14 17 20 23 26
e petitaey, T & | | B 6B 66
1 15.3121.5127.9134.4140.9147.5154.2|60.8
2 14.9120.2{25.8[31.6|37.4)43.3[49.2|55.1
z 12.5118.0122.9|28.0]133.2]138.4143.7]49.0
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remarks:

average accuracy

in Table 7

value for estimate value of unit weight

of individual strip models (unit:

is 10 um.

Third stepsis to locate small blunders
When results of F test
otherwise no further adjiustment

Weight function selected for the third step is

Po A
Pi=
6-10)
Po //1;‘ T
where A= lvil v 6}
C= a constant, C = (IT+1

IT =

(12)

is nheeded,.

¢

) /2
iterative ordinal numbers compute from F test

is referred to as average
in relative orientation
uml)strue value of unit weight

in adjustment system.
is truesthis step should be taken,

>C

(13)

§; = true value of unit weight in mean saquare deviation

for observations

Results of step-by-step blunder location method see Table 8.

Table 8

12

strip - | Location
ND.'Of 5 8 11 14 17 20 23 26 rate
data noc;g;gcg?gn 6| 6| o) G| 6| 6| 6| 6 (%)
1 7 8 8 9 9 ? 9 86.1
2 4 9 10 10 10 10 10 10 91.2
3 5 10 12 12 12 12 12 90.6

Probabilities of rejecting truth are all zero.

By comparison bhetween step-by-step blunder location method and
a small

the previous best one>

decrease
{such as 5
considerably

improved.

sets of data are all zero.

it can be seen that there
in detection ratesthis means that only small blunders
6; ' 8 6} Yhave Low location rate, but accuracy is

Probabhilities of rejecting truth for 3

Table 9 and 10 are results of the step-by-step blunder Llocation

method,
size are presented.

when models
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Table 9

strip Location
No. of 5 8 11 14 + 17 20 23 | 26 rate
points for
data detection (%)
1 é 121 13 13 13 13 13 13 66.7
2 9 171 19 19 19 1 19 | 19 19 87.5
3 15( 20|23 | 23| 23| 23 | 24 | 24 91.5

remarks:
there are results for models including more than two blunders

Table 10
strip | | Location

o. of 15 8 11 14 17 20 23 26 rate
points far

data detection (%)

1 o 18119 19 19| 19| 19| 19 65.3

2 9 18 120 22 | 22 23 22 22 65.8

3 201 28 | 2¢9 30 35 35 35 26 86.1

Remark:There are results for models including more than 3 blunders.

From the results of experiments it can be seen that the location
rate Tor step-by-step blunder location method is very high.When
sets of points and blunders Larger than 11 6o are takensnearly all
such kind of blunders can be located.In addition,the more redundant
observations in adjustment systemsthe blunders are easier located;
the more blunders of adjustment systems>the more difficult will be,

In generalsa conclusion can be drawn that step-by-step blunder
Location method is the most accuratesreliable and very effective one.
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