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Error detection and reliability studies in analytically formed st~~ps 

The paper describes a me thod for gross error detection during the process 
of strip formation by independent model s and a check for the conne .. tion 
of the strips. 
The procedure facilitates the detection of gross errors, before block 
adjustment, using analytically formed strips. 
The reliability of the observations is also exam ined. 

L'article decrit une methode pour la detection de faut es au cours 
du procede de formation de bande par modeles independents et un controle 
pour la liaison entre bandes. 
La procedure facilite la detection de fautes, avant la comp e n s ation en 
bloc, a partir de bandes formees analy tiquement. 
La fiabilite des observations est egalement examinee. 

Der Beitrag beschreibt ei n Verfahren zur Aufdeckung grober Fehler 
wahrend des Prozesses der rechnerischen Streifenbildung aus unabhangigen 
Modellen sowie eine Kontrolle des Zusamm enschlusses benachbarter Stre ifen. 
Das Verfahren ermoglicht das Auffind en von graben Fehlern vor dem 
eigentlichen Blockausgleich. 
Die Zuverlassigkeit der Messungen wird ebenfalls beurteilt . 
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Error detection and reliability studies in analytically formed strips 

In recent years the detection of gross errors and the reliability of obser­
vations has been one of the main research directions in photogrammetry . 
There have been many publications on this theme dealing mostly with aerial 
triangulation systems by independent models or bundles , but aerial trian­
gulation using strips as units, strips formed analytically from independent 
models or even from comparator measurements via mode l formation, is a 
favourite method for photogrammetric organisations, simply because source 
computer programmes for block adjustment by strips have appeared in 
photogrammetric publications . 
In this paper , a method for gross error detection during the process of 
strip formation from independent models based on the "Data snooping tech­
nique" , developed at Delft University , the Netherlands (see Ref . 1,2 , 3) is 
described . 
Also the planimetric coordinates of the points are checked for errors due 
to point misidentification between strips . In the last part of the paper 
a study of the reliability of the observations is carried out . 
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Indicates vector or matrix 

Transpose of a vector or matrix 

Inverse of a matrix 

The underscore indicates stochastic variables 

Tilde stands for mathematical expectations e . g . E { ~ ~ = ~ 

Weight coefficient matrix of the stochastic variables (~) 

The i, j element of the matrix (g ) 
XX 

Variance factor (Variance of unit weight) 

Scale factor 

Rotation matrix 

Vector of shifts 

Obser· ed coordinates of point i in model I 

Corrections to the observations 

The strip coordinates of point i 

Error in observation i 

2 . Mathematical model 
2 . 1 . Functional model 

The strip coordinates of the points and the transformation parameters 
are treated as unknown parame t ers for each connection . 
The functional model then is : 

(x.) - (xi) = o (2 . 1.1) 
l l 

(X.) 
l 

( s) 0 (2 . 1.2) 
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2 . 2 Stochastical model 
It is assumed that 
a) The model coordinates of the points are uncorrelated . 
b) There is no correlation between models 
After each connection, the strip coordinates of the points are treated 
as observations with the weight coefficient matrix obtained from the 
previous connection . In this way the weight coefficient matrix is 
generated for the strip. 

N. B The assumptions a and b are not of course necessary for the algorithm, 
but do reduce the computational effort . A study on the weight coeffi ­
cient matrices for model coordinates and the consequences of assuming 
uncorrelated model coordinates may be found in Ref . 4 . 

3 . Detection of gross errors during the strip formation 
3 . 1 Test quantity 

Assuming that the only possible source of model errors are gross errors 
in the observations , the null hypothesis H may be formulated as : 

0 

H 
0 

There are no gross errors in the observations 

This can be expressed as : 

(3 . 1.1) 

The H is tested against a series of alternative hypotheses H 
o a , p ' 

assuming one error at a time in the system , 
then : 

E { (X ) /H \ (x ) + 9 X (3 . 1.2) 
-p a , p p p 

or 

E [ (X ) /H ~ (x ) + ( c ) 'il (3 . 1.3) 
p a,p p p 

p = 1, . ... , n n : number of observations 

Hence the only consideration is a possible translation of the 
probability distribution of the observation x 

p 

(c) : is a column vector with elements 

c. 0 if 
l 

i ~ p 

c. 1 if i p 
l 

vP a parameter 

For testing H against 
statistic (se~ Ref . 2) 

H it is possible to derive a one dimensional 
a , p 

w 
p 

(c t (g ) - 1 (AX) 
XX -

The H is rejected if 
0 

lw I) F~ 
p l, oo, a 

Where a , is a specified significance level 
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source os gross error. 
In such a case the corresponding H is considered as a possible 

a,p 

3.2 Reliability 
The quantity Vx in formula ( 3 .1. 2) is not known; but a "Boundary 
value" v x canp be computed which can just be found by testing with a 
power e ~ p 

0 
The boundary value ~ x proves to be (see Ref. 2) 

0 p 

1 
2 

(3. 2.1) 

Where ~ is a function of the significance level a and the power of 
0 

the test ~ . 
0 

given a, ~ ; \ 
0 

can be taken from nomogrammes; then ~ x can be com-o ~ 0 p 
puted. 
It is clear that larger values for V x can be found with a probability 

0 p 
larger than g . 
The boundary ~alue, together with the probability C expres s the relia­

o 
bility of the observations. 

N.B The choice of the significance level a 
related to the statistical concepts of 
and hence with t he cost factors of the 

and the power g is directly 
0 

type I and type II errors, 
project for which the mea s ure-

ments have to be carried out. 
From experience, a = .001 and ~ = .80 are used for gross error 
de tect ion. 

0 

Using the test quantity (3.1.4) a test for gross erorrs is applied for 
each connected model in the strip. Also the boundary values of the 
observations are calculated. 

4. Detection of gross errors for common points between strips 
For checking the planimetri c coordinates of the common points between the 
strips, the null hypothesis H may be formulated as: 

0 

H : There are no gross errors in the strip coordinates of the points. 
0 

Under H it can be stated that, for a triplet of common points between two 
strips ?see Fig. 1), the form elements, i .e. the ratio of l engths and the 
angle, are equal. 
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Fig. 1. 
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This means that: 

~r -II 
1

ik 
1
ik 

AI ~II 
1 .. l .. 

(4 .1) 

lj lj 

~I AII 
ajik ajik (4 . 2) 

If we define vjik 

1
ik 
~ and take t he naperian logarithms then the 

lJ 

equation (4.1) may be writ t en: 

~1 ~I ~II 

t = ln v + ln vkl·j· p jik 
0 (4.3) 

and 
~2 ~I ~II 
tp = ajik - ajik = 0 (4 .4) 

The conditi ons (4.3), (4.4) are formulated for triplets of common points 
b etween adjacent strips. 

Subs t i t uting the strip coordinates of the points in these conditions, a 
set of misclosure variate will be produced. 

I II 
ln v .. k + ln vk .. -j l - lj 

(4 .5 ) 

I II 
~jik - ~jik (4.6) 

Lineari sing the relati ons (4.5), (4.6) (see Ref. 8, 9) and applying the 
propagation law for the variance, the variance of the mi sc losure s can b e 
calculated (since the variance ma t rices of the strip coordinates are known 
from t he strip formation). 

Now, under H we can write 
0 

For each mi sc1osure variat e we test H against the alternative hyp othesi s 
0 

H 
a 

It can be shown (see 

t 
w -p 

p O"'t 
p 

Where Cit is the 
p 

H is rejected if: 
0 

F~ 
1, oo ,a 

(4.8) 

Ref. 5) that the test quantity is: 

(4. 9) 

standard deviation of the misclosure t 
-p 

(4.10) 
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In the case of a rcj ec t i on, then the cone l us ion i · t.ha t t h ere are gros s 
error s in the s trip coorditlal es uf t he three point,; whi c h ar e in··ol .. e d in 
the calculation o f t h e r ejected miGclosure. 

The boundary val ue of th~ coordinates of the pointo can be caJculated b:·: 

\[,>. 0 

i 
u 

p 

(4 .ll) 

Where: 
i 

u i ~ the coeff i cient of Lh e coordi nate x . in the l incar ise d exp ression of p - ] 

th e misc losur c t . 
-p 

The boundar~· •·a lue s a re u sed for an error l ocation strateg:,·. 
An ex tensive treatm e nt of t his approach can b e fo und i n Ref . 5. 

5. Experi menta l r esu l ts 
A seri c~s of e xperiments were p r; r forme d with v arious blocks. 
Result s c onc erning the rel iab i 1i t.· - o f the obs er·:ati ons on l :,· are presented 
he r e . 
The da ta are e xtracte d from a par t of th e Ob erschwaben test fiel d . 
The boundary ··a lues have b e !.:n ob ta i ne d u s ing: 

S ign ificance leve l 
Power 

a 
B .., 

0 

.001 

.so 
and t h e :; are exp re ssed in units of 0". 

0 

In both t ab les, an:,· boundar~· val ue; grea ter than 200 i s s imply shown as 200. 

Table I s hows the r eli ability of t he obs er~·ati o n s o f points between connec­
t e d mode l s. 
Fi·;e case s h ave be en e xam ined wi th differen t con f igurations of common poin ts 
between t he models. 
In thi s exp eriment poin t numb er 20 i s th e proj ect i o n centre. 

It is c l e ar that in th e case ~f three common poin ts ( cas e 1), there is no 
err or co n t r ol fo r the x coordi na te of t h e points; and errors of consider a ­
ble magnitud e c an remai n undetecte d. Th e addit ion of point 1312 (case 2) 
greatl ; impro ves the reliability of the x c oordinate, while t h e x coor­
dinate of thE:; projection centre sta:·s unrel iab le. 
For four common po ints not on the same vertica l plane ( c ase 3), the re i s 
an improvemer1t in t he x coordinate o f t h e proj ecti on cen tre, but a very 
larg e bo undary valu e s till ar ises. 
I n case~ 4 and 5 d ouble p oint s are used r esu l ting in a uniform re li ab ili ty. 
I n all cases t h e re is no error control for the x coordinate of t h e projec­
tion centre. 

In table I I the reliabilit; fo r commo n poin ts between strip s has been c a l ­
c- ulated. 
He re the length s r atio condition control s the x coordinal<o of t he p oi nts 
( t he r e l iability of t h e x coord i nate i s v e rJ good). Th e a ng l es condi tion 
con t rols the ". coordinate of the p oi nts. It is also note d t hat the middle 
poi nt for each tripl et of poin ts h as th e s mall es boundary v alue. In fac t 
the er r or l oc3tion s t rategy ( see Re f. 5), is based on t hese features. 
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6. Conc lusi ons 
The method described has proved to b e very effect iv e for c h eck ing obser­
vational dG ta prior to the execut ion of aerial triangulation using strips 
as units . 
Errors of a magnitud e 6 to 9 uni ts o f~ can be readil J locatPd . 
It is also noted t ha t the x coordi nate 

0
of t hf' projection cent r es is 

d ifficult to be controled. 
At this stage the compu te r programm•' remains in an experime n ta l form and 
it i s hoped that i n the near futur e the compu tat i ona l effor t wi l l b e r e­
duced to a minimum . This should be achieved fr om s tud ies of the structure 
of the weight coe ffici en t matri ces during the str ip f ormGt ion. 



Case 1 Case 2 Case 3 Case 4 Case 5 

1 . 6~ 1 2 • 63 12 i 6312 

I I 

I 

1 
I 

I 

•• 6312 , 11 •• 6312,11 

• 1312 ~ 1312 •• 1312,1 1 •• 1312, 11 

I 
I 

I 

I I I I I • 5312 • 5312 1 • 1201 l I I -----4 •• 5;312 , 11 
I 

•• 53 12 , 11 
~1201 

0 
lD Vx vy 'V Z vx vy v z 9 x Vy 9 Z v x Vy vz v x V'" TZ ,• 

U1 6311 ----- - ---- ----- 7.8 7 . 1 7 . 1 7 . 8 7 . 1 7 . 1 

63 12 200 . 0 10 .2 10 . 2 14 . 5 8 . 6 8 . 6 14 . 6 8 . 6 8.6 7 . 8 7 . 1 7 . 1 7 . 8 7 . 1 7 . 1 

1311 ----- ----- ----- 6 . 5 6 . 5 6 . 5 6 . 4 6 . 4 6 . 4 

1312 ----- 7 . 3 7 . 1 7 . 1 7 . 3 7 . 1 7 . 1 7 . 8 7 . 2 7 . 2 6.4 6 . 4 6 . 4 

20 200 . 0 10 . 3 10 . 3 200 . 0 10 . 0 10 . 0 68 . 2 10.1 10 . 1 200 . 0 8 . 2 8 . 2 52 . 7 7 . 9 7 . 9 

5311 ----- - - - -- ----- 7 . 8 7 . 2 7 . 2 7 . 1 6 . 8 6 . 8 

5312 200 . 0 10 . 5 10 . 5 14 . 7 8 . 8 8 . 8 ----- 7 . 8 7 . 2 7 . 2 7 . 1 6 . 8 6 . 8 

1201 ----- - ---- 14 . 2 8 . 7 8 . 7 7 . 0 6 . 8 6 . 8 

Re l iability of the obser~ations of points between connected models 

Table 1 



6922 C.J l ? 6712 6611 65 12 6412 63 12 6211 6112 .------ -····-- - - - - ------------------------------, 

Points S t rip I 3 tr ip li 

6922 68 12 67 12 X: 11.9 5.9 11.8 12.4 6. 1 1 .) ) 
L <.- ,. '-- Rati o of 

Y: 178.0 200.0 ~00 .o 200.0 200.0 145. 4 le ngths 

X: 184.9 200.0 200.0 200 . 0 200.0 150.8 Angl eo~ 

Y: 12. 4 6 . 1 12.8 12 . 2 6.4 12 .5 

68 12 6712 6611 X: 11.5 5.7 11.3 12 .0 5.9 11.7 Ra t.i o of 

Y: 200.0 150.3 95.6 142.6 200.0 150.0 
l eng t hs 

X: 200.0 158.5 100.8 150.4 c:oo. 0 158.2 Angl e s 

Y: 12. 2 6.0 11.9 12 .6 6.3 12. 4 

67 12 661 1 651 2 X: 11.1 5 . 6 11. 2 11 .4 5.8 1L.7 Ratio of 

Y: 93.3 74. 1 ~200.0 146.4 164.4 200 .0 
l engths 

X: 95.1 75 .5 200. 0 149.2 167. 4 200. 0 Ang l es 

Y: 11.3 5.7 11 .4 11. 6 5.9 11. 9 

6611 651 2 64 12 X: 10 .9 5.5 11 .3 11.3 5.7 11.7 Ratio of 

Y: 200.0 200. 0 200. 0 200.0 13 1 .4 146.2 
lengths 

X: 200 .0 200 .0 200 .0 200. 0 134 .5 149. 6 Angles 

Y: 11. 1 5.7 11.5 11. 5 5.9 12.0 

651 2 641 2 63 12 X: 11. 2 5.6 11.1 11.6 5.9 11. 5 Ratio of 

Y: 200.0 200 . 0 200 . 0 145.3 138.6 200.0 
leng t hs 

X: 200.0 200.0 200.0 150.6 143.8 200.0 Ang l es 

Y: 11.6 5.8 11. 5 12.1 6.0 11.9 

641 2 631 2 6211 X: 11.2 5.6 11. l 11.6 5 . 8 11.5 Ratio o f 

•t: 200.0 200.0 200.0 200.0 200.0 200.0 
l eng t hs 

X: 200.0 200.0 200.0 200.0 200.0 200.0 Angles 

Y: 11.5 5.7 11.4 11.9 5 . 9 11.8 
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Continuation Table 2 

Points Strip I Strip II 

6312 6211 6112 X: 11.6 5 . 7 ll. l 12.0 5 . 9 11.6 Ratio of 

Y: 200 . 0 200.0 200.0 200 . 0 110 . 5 183 . 7 
lengths 

X: 200 . 0 200.0 200 . 0 200.0 115 .1 191.4 Angles 

Y: 12 . 1 5 . 9 11.6 12.5 6 . 1 12 . 1 

Reliability for common points between strips 

Table 2 
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