
14th Congress of the International Society of Photogrammetry 

Hamburg 1980 

C omm i s s i on no . I I I 

Presented Paper 

The internal rel iability in a 3-dimensional str i p adjustment 

with i ndependent models 

R. C. Neleman 

Abstract 

In this paper the author will g ive a study of the reliability of 
testing the photogrammetric observations i n a 3-dimensional 
strip adjustment with independent models, using the 
1 B-method of testing•. 
Several strip parameters will be changed, for example strip length, 
position of the tie points, covariance matrix,height differences 
in the mode 1 . 
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Delft University of Technology 
Department for Geodesy 

563. 



Introduction 
The reliability of testing,which is in the terrestrial measurement 
already a wel 1-known concept,can also be used in the photogrammetric 
measurements. It concerns a magnitude of error which under certain 
conditions just can be detected.The benefit of th is test value has 
already been prooven in terrestrial networks,where the measurements are 
done in such a way that they satisfy to the specified demands of 
precision and rel iability.ln every adjustment the reliability of testing 
the observations can be computed.This reliability can be expressed in 
boundary values of the observations.Every observation,which is checked, 
has a boun dary value ,whi le n observation with an infinite boundary value 
is unchecked.These values,coming up for discussion in this paper,belong 
to the 'B-method of testing' of Baarda[1968].Testing of observations 
is done by computing variates,which are stochastically independent and 
have a standar d normal probability distribution. 
An important adjustment in the photogrammetric process is the block 
adjustment with photos or models.One of the possibilities is now to 
examine the reliability of testing the observations of a triangulation 
with models.ln order to check the photogrammetric measurements only it 
is necessary to connect the block or strip to a minimum number of 
control points.This means for a 2- or 3-dimensional measurement a 
transformation to 4 respectively 7 control point coordinates.Only in 
this way the photogrammetric measurements can be checked in the right 
way on gross errors.After detection of all the errors,the block or strip 
can be connected to al 1 the control point coordinates.The investigation, 
concerning the.reliability i n a 2-dimensional block,has been published 
in Forstner[l978J and Neleman[l978]. 
In this paper is treated the 3-dimensional strip adjustment and not the 
block adjustment,because a block,with 20 % sidelap of the photos , cannot 
be connected to the minimum number of. 7 control point coordinates. 
Since the boundary value is among others depending on the number of 
conditions it is possible to do the measurements in such a way,that an 
accepted error detection arises. 
The 3-dimensional block adjustment has been programmed acco rding to the 
theory in chapter 2 . The boundary values are strongly correlated to the 
covariance matrix of the observations.That's why all the parameters 
will be computed with two different covariance matrices. Which matrix 
will be choosen,depends on the user.Final ly a practical example will 
be given of the 'B-method of testing' with real observations of 2 
mode ls . 

2 Theory 

2 . 1 Adjustment 
A condition model fo r the 3-dimensional block adjustment is the 
orthogonal transformation. 

X 
y = 

z 
X,Y,Z 

R 
'-'-'fK x,y,z 

0X, .. Y, 6Z 

A ( R 
X cSX 

) y + cS Y 
W~'K z cS Z - -· 

terrain coordinates 
scale factor 
orthogonal matri x 
observations in the model 
translational parameters 

564. 

( 2. 1 ) 



The adjustment i s car ri ed out accord i ng to the 2nd standard prob l em 
for non - 1 i near prob l ems i n the form 

(fix i + E i ) = (a i ) ( fll~ ) ( 2 . 2) 
- - a -

Pl animet r y and he igt are not adjusted sepa rately . Obse rvat ions are the 
ter ra i n coordinates of the control po i nts and the observations i n the 
mode l (perspect ive centre i nc l uded) . The unknown var i ates a re al l the 
te rra i n coo rd i nates and pe r mode l the 7 transformat ion parameters . 
Li near i sat ion of formula (2 . 1) g ives the norma l equations .T he prog r am , 
devo l eped for research at the Department for Geodesy in De l ft , computes 
also the approxi mate va l ues of the unk nowns . The way whi ch these 
ap prox imate va l ues a re computed and also t he test i ng befo r e the 
ad j ustment makes i t not necessary to i terate . Apart of the computat ion 
of the te rr a i n coord i na t es ,the program can also compute t he correct ions 
to the observat ions , test the obse rvat ions by t he 1 8- method of test i ng 1 

and make prec i s ion and/or re li ab ility anal i ses .T he correct ions to the 
obsevat ions are computed as fol l ows : 

(.£ i ) = (fiX i ) - (fix i ) ( 2 . 3 ) 

(fix i ) de ri va t ed obse rvat ion 
(::m i sclosu re of formu l a (2 .1 ) i f f i l l ed wi t h 

app rox imate va l ues for the unknows a nd the 
meas ured va l ues for the observa ti ons) 

ad j usted de ri va t ed observa ti on 

In the adjustment the fol low i ng assumpt ions are made : 
1. the photog rammetr i c mode l i s s imil ar to the terrain 
2 . the obse r vat ions i n the mode l don 1 t co rre l ate wi th t he obse rvat ions 

of the perspect ive centre 
3. the obse rvations i n the 1 who l e 1 mode l don 1 t co r relate wi t h the 

coord i nates i n the t e r rain . 

2 . 2 Int erna l rel iab i 1 ity and t esting 
The r e li ab i l i ty of test i ng the obse rvat ions i s compu t ed accord i ng to 
the theo r y of the 1 8-me t hod of test in g 1 of W. Baarda[ 1968] .1 n th i s 
pa r ag r aph the most impo r tan t formu l as of th i s theory are g iven . 
The i nte r nal re li abi li ty i s desc r ibed by the boundary va lues of the 
obse rvat ions . The bou ndary va l ue is the erro r i n an observation ,wh i ch 
j ust can be detected by us i ng a cer t a i n a l te r nat ive hypothes i s wi th a 
power of 100S % and a s i gn i f i ca nce l eve l of 100a %. 

0 0 

(2 . 4) 

9 ; i bounda ry va l ue of the i th observat ion and the 
P pth a l te r na ti ve hypo t hes i s . 
o squa re root of the var i ance facto r 

(c i ) vector , defin i ng the a lte r na ti ve hypo t hes i s 
p 

A 
0 

l eve l, computed from t he nume ri ca l f un ct ion 
A = A( •L ,3 ,1,oo ) 

0 0 0 

N = (cj ) ~ ( g .. )(g ij_ Gi j) (g .. )(c i ) 
p. p Jl J l p 

(g 1 J) = ma t r ix of we ight coeff i c i en t s 

(2. 5) 

(g .. )= (g ij ) - 1 = we i ghtma trix 
J I 

o~(Gij ) = cova ri an ce ma tri x of t he ad j usted obse rvat ions 
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From (2 .4) can be der i ved that the i nternal reliability i s dependent on 
1. the cova ri ance matrix 
2 . the alte r nat ive hypothesis 
3. the values of a and S 

0 0 

4. the cond i t i on mode l and the des i gn of th~ measurement 
Spec i al attention must be devoted to the (cb) vector .Th i s vector 
def in es the a l ternative hypot hes i s . The easiest alternat i ve hypothesis 
i s the conventional alternat ive hypothesis(=Ha) · Th i s one defines 
that one observat ion has an error and a l l the others are 'good'. The 
(cb) vector i s then a un i t vector with the element 1 1 1 at the place 
of the wrong suggested obse rvat ion . 

The test i ng of the observat ions occurs i n two steps 
1. test in g of the shifting var iate . 
2 . testing of the observat ions wit h the convent iona l alternat ive 

hypothesis ( ' data-snoop i ng ' ) . 
The sh i ft i ng va ri ate i i s computed as follows: 

E = (E) )~(g .. )(E:i) (2 . 6) 
- - J I -

From this Ewe can make the est imator of cr 2 with 

(2 . 7) 
(b = number of condit ions) 

The sh if t i ng var iate E will 
will be accepted if 

be accepted or the nu ll hypothes is (H) 
0 

o21cr 2 :.,; F 
- 1-a , b,oo 

where a i s the s ign i f i cance level of the mu lti- d imensiona l test . 
When H0 of the mult i- dimensional test will be accepted it i s stil l 
necessary to cont in ue with ' data - snoop i ng', because the H0 can be 
accepted wrongly. If H0 i s rejected, there are 3 poss ibi l i t ie s or 
a comb inat ion of them : 
1 • condit ion mode 1 i s wrong 
2 . var i ance model of the observations is wrong 
3. one or more observat i ons don ' t fit to the condition model 
Testing of the observations occurs with the help of the conventional 
alternative hypothesis .The test var iates are the ~p variates , with a 
standard norma l d i str i but i on . 

j ~ - i 
w = 1 I IN ( c ) ( g .. ) ( - E: I cr ) 
- p p p J I -

- i Suppose (E: . ) = (g .. ) (E: ) 
-J J I -

Then (2 .8) together with (2 . 5) and (2 . 9) 

w -p 

N (cj)x(E:.),( E:.)~~ (c i ) 
p p J I p 

(2 .8) 

(2 .9) 

(2 .1 0) 

If (gij) unit matr ix and (c~) = unit vecto r (2 . 10) becomes easier 
to work with name l y 

i l . w - E: cr 1 
- p - E: 

The observat ions will be accepted or Ha will be re j ected if 

w .w <F - p - p - 1-a 1 co 
0 ' ' 
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where a i s the s ign i f i cance l evel of the one- d imens iona l test . 
0 

Ha wi l l be accepted i f 

w .w >F 
-p - p 1-a 1 oo 

0' ' 

Accept ing of Ha doesn ' t mean always that the ob servat i on i s wrong . 
The test i ng parameters are the s ign 1t i cance level a o r a and a 

0 

powe r S . The re l at ion between a and a i s expressed in t he numer i cal 
0 0 

funct ion 

A ;\(a ,S ,1, oo) = ;\ (a,S , b , oo) 
0 0 0 0 

(2 . 11) 

Thew variate i s depend i ng on the : 
1 . caBar i ance matr ix of the observat ions 
2 . a l te r nat ive hypothes i s 
3 . cond i t ion mode l and des i gn of the measuremen t 

3 The boundar va l ues i n a 3- d imens iona l st ri wi th i nde endent mode l s 
From fol lows that the i nterna l re li ab ili ty i s depend i ng on the 
numbe r of cond i t ions and the des ign of the measu rement . Because there i s 
a relat ion between these two it i s now poss i b le to make rules fo r the 
su rvey . Fi rst of a l l we have to know t o wh i ch demands the boundary va l ues 
have to sat i sfy or i n other wo r ds wh i ch s i ze of e rror we want to detect . 
An answer can be :make the boundary va l ues equal ; this means that the 
error detection is equa l i n eve ry observat ion . The s i ze of the error 
depends then on the user . 
In the next parag raphs we wil I see what the i nf l uence i s of d i ffe rent 
str i p paramete r s on the internal re li ab i lity of the photogrammetric 
obse rvations . Fo r the exam i nat ion of th i s we use a theoret i ca l str i p and 
i f not ment ioned otherw i se the next data are used : 
- test i ng parameters :a 0 . 00 1 and S = 0 . 8 
- alte rnat ive hypothes i ~ convent iona Y a l ternat ive hypothesis per 

obse rvat i on 
- a ! I the coord i nates of the perspect ive cent res are measured 
- the str i p wi l l be connected to 7 terra i n coord i nates 
- the cova r iance mat r ix of the model observat ions i s a un i t mat ri x 

wi th ax= ay = a z = 10~m 
- terra i n coordinates have a zero matr ix as covar i ance matrix 
- s i ze of the photo : 23 x 23 em 
- pri nc i pa l d i stance 150 mm 
- sea 1 e of the photo : 1 5000 
- sca l e of the model : 1 2500 
- over l ap photos : 60 % 
- number of models : 6 
- number of t ie po ints : 4 ( regular d i v i ded in the over l ap) 
- maximum he ight d i fferences i n the terra i n : 50 m 

Before we are going to look to the dif f erent parameters a few remarks : 
- all the numbers are g i ven i n mi cromete rs of model scale 
- an observation i s not checked i f the boundary va l ue i s g reater than 

100 x standard deviation (assumpt ion) 
- as character i st i c points are choosen : 

PB : t ie po i nt at the border of the str i p 
PM : t i e po i nt in the midd l e of the str i p 
PPC : perspect ive centre as t ie point 
' ground - model ' observations are the x , y and z observat ions i n the 
mode l 
mode l observations are the ' ground - model ' observations and the 
observat ions of perspect ive centre 
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-For the interpretat ion of the bounda ry va lues the value (Vpxi/ax i ) 
i s a good approx imat i on ,if t he covar i ance matrix of the model 
obse rvat ions isn 1 t equa l to a unit matr ix . 

3 . 1 St rip l ength 
From severa l computations ca n be conc l uded that, by us i ng a unit mat ri x 
as a 1 d i agona l 1 mat ri x (see par.3.3) for the mode l obse rvat ions the 
boundary va l ues are independent of the str ip l engt h. Th i s conclus ion is 
important when the measurement s are done wi th a stereo plotter ,wh ich i s 
coup l ed to a computer . All kind of measu rements can be checked by 
softwa re .The con nect ion of the last measu red mode l to the previous one 
i s th en also poss ibl e . 
Acco rding to th i s conclus ion i t i s adm itted now to do computations 
with a str ip of 6 models . 

3 . 2 Dete rminat ion of t he perspective centre 
The pe r spect ive centre coord i nates can be determined in severa l ways: 

/ 

1. d i rect method with i nstrumental aids 
2. indirect method by seperate measurements 

a . spat i al inter- sect ion in 2 o r more leve l s i n the model space 
b . spatia l resect ion i n 1 level in the mode l space 
c.spatial resection in 2 or more leve l s in the model space 

In this case of in terest is the covar i ance matrix of the coord in ates 
of the perspect ive centre .Fo r the d irect method can be used , fo r examp le 
the matr ix of var i ant I (see tab le l ) . Th i s matr i x can be determined 
empir ica l ly . Va ri ant II (see table 1) is a covariance matr ix of 
coord i nates of the pe r spect ive centre ,obta ined by an int e r section o r 
resection i n two l eve l s ,wh i l e var i ant Ill i s one of the resection i n 
1 level . The best way to measure i n the levels in the mode l space i s 
to choose 6 good dev i ded points,see Li gter ink[1969] ,Neeft[ 1973J and 
Neleman[1977J . The choosen l eve l s i n this case are 225mm and 375mm . 
Fo r variant Ill i s th i s the l eve l 375mm. 
XI 100 X 11 3 X ' 1322 
vi 0 100 y 0 1 51 y 0 11 82 
z I 0 0 100 z - 67 0 303 z 13 2 0 104 ------- -·-- -- y ---

X y z X z X y z 
Var i ant I Var iant II Var iant Ill 

Tabl e Th e covar i ance matr i ces of the coord inates 
of the left pe r spect ive centre in (]lm)2 

The in f l uence of these three va ri ants on t he bounad ry va l ues of the 
observat ions in the mode l i s shown in ta bl e 2. 

PB PM PPC 
X y z X y z X y z 

va ri ant 11 07 79 79 70 67 67 ()() 91 91 
va ria nt I I i1 07 88 83 70 68 68 ()() 100 123 
var i ant I I 1107 81 97 70 68 68 ()() 213 92 

Table 2 the in flue nce of the determination of the 
coordinates of the pe r spective cent re on 
the bounda ry values in ]lm . 
ax = ay = az = 10 )lm for PB and PM 

The conclus ion i s that variant Ill , hav i ng as seperate measurement 
already a bad re li ab ility (see Ne l eman[1977J) ,has an adverse effec t on 
the error dete rction of t he z observat ion of po i nt PB ,whil e the 
x observation of point PB and all the obse rvation s of po i nt PM a re 

568. 



i ndependent of the determinat ion of the coo rd i nates of the pe r spect ive 
centre . 

3 . 3 The covar i ance mat rix of the ' g round - model 1 observat ions 
The assumpt ion that the x,y and z obse rvat ions doh 1 t correlate has many 
advantages concern i ng the computer p rogram , but cannot be defending 
theoret i cal l y . The measu rement of a po i nt i n the 'ground-model 1 i s a 
comp l ex one . It i s a comb i nat ion of three act ions namely : put ti ng the 
measu ri ng mark on the ' ground ' (el iminating x- para ll ax) and the x andy 
setting of the measu ri ng mark . This kind of measurement cannot be 
expressed i n a un i t matr ix of the 'ground-model 1 observat i ons . 
Ligterink[1972] describes i n chapter 1 a covariance matr ix linked to 
the measurement and in formula : 

After app l icat ion of the l aw of propagation of er rors : 

x , y , z 

b 

a ' X 
a ' aY 

px 

2 
a2, + Gb a2 

y px 
( 3 • 1 ) 

model coordinates wit h respect to the centre 
of the model (between the perspect i ve centres) 
model base 
standard dev iat ion of the x sett ing 
standard dev iat ion of the y sett i ng 
standard deviation of the e li mination of the 
x para l lax 

The covar i ance matr ix of the observations i s accord i ng to (3 . 1) a 
' d i agonal 1 matrix wi th co rrelat ion between the coord i nates of a point 
and no correlation between the coordinates of d i fferent po i nts . In my 
op i nion, the correlat ion between the po i nts can be neglected ,i f a ll the 
ear li er processes are checked i n one o r othe r way before . Potent i a l 
systemat i c errors must be measu red separately o r detected i n the 
correct ions to the observations i n the str i p or block adjustment . 
The i nf l uence of (3 . 1) i s shown in table 3 . First of all two remarks: 
- the standard deviation of they setting i s greate r than the one of 

the x setting . Th i s d i fference appea r s from many exper iments . 
- if a ' d i agona l 1 matr ix for the ' ground - mode l 1 observat ions i s used 

the boundary va l ues of the z observat ions of the ' g round - mode l 1 

d i ffe r 1 a 2~m .These d i fferences are caused by the ex i st ing heig ht 
d i ffe rences i n the ter r a i n . 

Conc l us ions are d i ff i cu l t to g ive because every va ri ance mode l will 
g i ve anothe r i nt erna l re l i ab il ity . Wh i ch mode l will be used depends on 
the user . 
Choos i ng f or the ' s i mp l e ' va ri ance mode l the standard dev iat ion of the 
z observat ion will be greate r than those of the x andy obse rvat i ons . 
The influence of this mode l i s shown in tab l e 3 . 
Rema rkab l y is the fact that the error detect ion i s getting worse in the 
y observat ion of the perspect i ve centre . 
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I 

I ,covar i ance d .. PB PM 
X z X z ~m~tr i x ·- j . s_ta_n~~~--d-ev~-~-= ~ ~~-s __ l Y._ y - - · - . -·- · 67 67 ;unit ox=10~m,oy= 1 0~m,o2=10~m 107 79 79 70 

'd iagonal \Ox=10~m , oy=10~m , o 2=20~m I 1 06 84 136 70 69 129 
! ' diagona l' Jox=10~m , oy= 1 2~m , opx= 10~m . 11 7 95 . 102 I 79 79 109 

I ......,._ • 

Table 3 : t he bounda ry va l ues i n ~m i n the 
cha racter i st i c po i nts 

I 

PPC 
X y_ z 

-· 
co 91 91 
co 143 104 
co 134 96 

3 . 4 The number of t ie po i nts 

3 . 5 

The numbe r of t i e po i nts i nf l uences t he number of condit i ons i n the 
adj ustment . The po i nts a re equa l ly d iv i ded i n the model ove rl ap . The 
tab les 4 and 5 show the bou nda ry values for d i fferent numbe r of t ie 
and for two covar i ance mat ri ces for the ' ground - mode l ' observat ions . 

- tables 4 and 5 -

Some remarks : 
- the boundary va l ues of the x obse rvat ion of PPC keeps an i nf i ni te 

va l ue (at l east : >100 x a) 
- the x obse rvat ion of PB i s the most sens i b l e obse rvat ion 

the connect i on wi th l ess than 3 po in ts i n the ' ground - mode l' i s not 
recommended 

- the demand of the equa l boundary va l ues i s f ull f ill ed wit h 7 to 
8 t i e po i nts i n t he ' g round - model 1 

Distr i but ion of the t ie po i nts 
In pa ragraph 3 .4 the t i e po i nts are regu l a r d iv i ded i n the mode l 
over l ap . It i s a l so poss i ble to make ' double ' po i nts ,wh i ch l y i ng 
close t ogether , see f igure 1 . 
By choos i ng these do ubl e po i nts , there 
are two var i ab les name ly the d i stance 
between the po in ts and the o ri e ntat ion 
of the two po i nts . In tab l e 6 and 7 the 
boundary va l ues a re g i ve n wi th the 
var iab l es 6x and 6y . 6x and 6y a re the 
d i fferences in t he x resp . y 
observat ions of the doub le po i nts . 

- tab l es 6 and 7 -

I • 
I • 
I 

• 

. 
• 

• • 
f igu re 1 : pr i nc i p l e of 

dou bl e po i nts 

The conc l us ion i s that the double po i nts have a mo re un i fo rm 
re li ab i l i ty of testing the obse rvat i ons t han the eq ua ll y divided points 
in t he mode l over l ap . A da nger by us ing th i s method i s , that t he erro r 
i s not detectab l e , i f t he po in ts a re choosen too c l oose to each othe r. 
Ta bl e 8 shows such an examp l e . In po int 1 i s an er ror i nt roduced of the 
s i ze of the boundary va lue .The d i stance between t he po i nts is the 
va ri able 6 1 and 6x i s equa l to 6y i n th i s examp l e . 

- tab le 8 -

Anothe r advantage of the double po i nts i s t hat t he dete rminat ion of the 
coo r d inates of t he pe rspect i ve cent re (see par . 3 . 2) a lmost not 
i nf l ue nces the bou nda ry va lues of the obse rvat ions i n the 
1 g roun d- mode 1 ' . 
Impo r ta nt in th i s who l e concept i s that the doub l e po i nt s must be 
measu red in dependent ly , so that the re will be no co rre l a ti on between 
the obse rvat ions of the doub le po i nts . 

570. 



3 . 6 He i ght d i fferences i n the mode l 
One of the st ri p parameters a re the he ight d i ffe r ences between the t ie 
po i nts . In contrary to the other pa rameters , th i s one cannot be changed . 
It is important to examine i f a height d i ffere nce has any i nfluence 
on the e r ror detection . I t could be poss i b l e that in f l at terra i n more 
tie po i nts are needed . To exam i ne th i s computat i ons are executed wi th 
chang i ng he ight diffe rences .They change from 1% to 10 % of the f l y i ng 
he ight . The boundary value wh i ch changes, i s that one of the x 
observat ion of PPC , but keeps an i nf i n i te va l ue . If us i ng a 1 d i agonal 1 

matr ix as covar i ance matr i x for the 1 ground - model 1 observat ions a l so 
the inte rnal re li ab ili ty of the z observat ions i n the 1 g round - model 1 

va ri es unt il 1 0~m by a height difference of 10% of the fly i ng height . 

3 . 7 The des ign of a measurement 
Us i ng the results of the prev ious paragraphs i t is poss i b le now to 
make a des ign of the measurement . 
The genera l data of the theoret i cal strip i s used , wi th 3 except i ons 
namely : 
- Every PPC i s measured by spat i al i ntersect ion i n two l eve l s i n the 

mode 1 space 
- Double po i nts wi th 6x = 6y = 21mm in the mode l are used 
- Covar i ance mat ri x of the 1 g round - model 1 observat ions . 
Table 9 g ives the boundary values i n th i s type of measu rement . 

.- ·- ---- --- - -- - - ----; -

~
. po i nt 1 point 2 PPC 

X y Z t X y Z c X __ y_ 

[ ox= 1 0~m ,o y= 12~m,o 2=20~m 85 95 141 · 80 91 138 : oo 125 
Ox=10~m , oy=12~m , 2.px= 10~m j95 95 98 J 90 90 96 : oo 134 

Z I 

1 31 
117 

Table 9 The boundary va l ues in ~m in the mode l 
i f us i ng doub le po i nts and measured PPC 
by inte r sect i on . Po i nts 1 and 2 are the 
double points . 

4 A pract i ca l examp l e of the 1 B- method of test i ng 1 

As an example for error detect i on two stereo models are measured . 
Fi gu re 2 shows the pos i tion of the measured points .. YOO ¥100 
Measured are : _ .J :;--1 _ ,, 

i n mode l I : po i nts 1 , 2 , 3 , 4 and 100 / ; ' x /lx 1 
i n mode l II : po i nts 1 , 2 , 3 , 4 and 100 /

1 
x

2 x2 
General informat ion : ' I 

11 
s i ze of the photos : 23x23 em / !' I 
photo sca l e : 1 :6000 j' ; 
pr i nc i pa l d i stance : 152 . 93mm . 3x l ·,3

4 en l argment photo+model : 2 . 5 x L 
4 x L ~ 

ax= 5~m i n the photo 
ay= 6~m i n the photo 
opx (=standard dev iat ion of the e l iminat i ng 

the x paral l ax)= 5~m i n the photo 

f igure 2 : the two stereo 
models wi th the points 

Standard dev i at i on of the observat i ons of the perspect ive centre 
a = a = a = 7~m X Y Z 
Testing parameters : a 

0 
0 . 001 and S 

0 
= 0 . 8 

1st Step 
The mu l t i - d imens iona l test i s rejected because 

e2 ; o2 = 4 . 045 1> F1 b = 2 . 1464 
-a' ,oo 
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See formula (2 . 11 ) 0 . 00 1-, 
-+ :\ 17 . 0749~ 

0 . 8 
0 . 8 0 

~0 8 
-+ a = 0 . 0284 

In table 10 the fo ll ow i ng data are l i sted : . 
Per obse rvation : po i nt number , observation , boundary value (Vpx 1

) ,. 

~p-variate and correction to the observat ion (s 1
) 

Look i ng on l y to the correct ions of the observations , the erro r cou l d be 
present i n the z observat ion of po i nt 2 in model I or i n the z 
observation of po i nt 4 i n model II or in both . 
Wi th 1 data- snoop i ng 1 

: 

acception of the observation i f 

reject i on of the observation i f 

l~pl~ 

l~pl > 

IF 

IF 
1 - a 1 oo 0 , , 

1-a 1 oo 0' , 

0 . 001 -+ IF 1_a 1 oo =3 . 2906 
0 , , 0 

The ~p var iates of they observation of PPC i n model I and II and the 
z observat ion of po i nt 2 i n both models are larger than the crit i cal 
value . The l ast one however i s smal l er than the ~p variate of the 
y observat i on of PPC . The conclus i on can be that they observat ion of 
PPC i n mode l I or II must have an error i n sp i te of it s sma ll correstion. 

2nd Step 
Eli mi nat i on of the perspect i ve centre (PPC) i s not poss i ble and i t 
shou l d be measured aga i n . As a check we do the adjustment aga i n with a 
corrected y observat ion in mode l l.l f th i s is the rea l error , then th i s 
co r rect ion must g ive better results . 
The null hypothesis of the sh i ft i ng variate i s now accepted : 

a2!a 2 = 1. 7213 < F = 2 .1464 - 1-a , b , oo 
The data per observat ion of th i s step are listed i n tab l e 11 . Wi th 
1 data- snoop i ng 1 no observat ion i s rejected. 
Notice that the error cannot be located if the po i nt li es in 2 models . 

5 Conclus ions 
Conce rn i ng the i nte r na l reliability of the observat ions in a 
3- d imens ional st ri p the fo ll owing survey rules can be g i ven : 
- The strip l ength has no i nf l uence on the error detect ion 
- Doub l e po i nts , as tie po i nts , g i ve a more un i fo rm reliability of test i ng 

tha n regular d ivided po i nts . 
- Whe n us i ng double po i nts , the determ i nation of the coord i nates of the 

perspect i ve cent re has no in f l uence on the erro r detect ion of the 
observat i ons in the 1 ground - mode l 1

• 

- The e r ro r detect i on i s a lmost independent of the ex i st i ng he ight 
d i ffe rences i n the te rra i n i f the max imum i s 10% of the f l y i ng height. 
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number of 
tie points 

2 
3 

I 4 

I ~ 
1 ~ 
L .. 

boundary values of the 
x observations of 
tie_poin:_~ou~d--~-'=-~dl' P!~ 

00 00 00 

145~m 71 145 oo 

107 70 70 107 00 

93 70 65 70 93 00 

85 69 65 65 69 85 00 

80 69 65 63 65 69 80 00 
I 

76 68 65 63 63 65 68 76 !oo 

boundary values of the 
y and z observations of 
tie points 'ground-model' 

103~m 103 
86 69 86 
79 68 68 79 
75 67 65 67 75 
72 66 64 64 66 72 
71 66 64 6 3 64 66 71 
69 65 63 62 62 63 65 69 

Table 4 : The boundary values of the model 
observations if ox= cry= 0 2 = 10~m in the 
model . 

PPC 

98 
95 
91 
88 
85 
82 
80 

.. -· .... .. ... -----·---· -----··-- --····-lf····--· ---.--- ··------·--·-· ... ----·-----·-····· 
boundary values of the boundary values of the 

, number of x observations of y observations of 
tie points 'ground-model' IPPC tie points 'ground-model' PPC 

- -------- ---·------·---· ---------+---tt---
2 
3 
4 
5 
6 
7 
8 

00 00 00 110~m 110 170 
155~m 80 155 oo 101 80 101 142 
117 79 79 117 00 95 79 79 95 134 
103 79 74 79 103 00 91 79 77 79 91 126 
94 78 73 73 78 94 00 88 79 76 76 79 88 118 
90 77 72 70 72 77 90 00 86 76 75 74 75 78 86 113 

1------ ··-'· 
85 77 72 7o 7o J~Z785 ----~---·"'. -~_4____78_JJ. 74 74 75 7-~-~~_!_o8 ___ t 

-- ----T-- -··· --·····---·-- · ---·· · ··-l 
1
boundary values)of the 

number of 
tie points 

2 
3 
4 
5 
6 
7 
8 

~--- . ..... --------

lz observat i onsx 
tie points 'ground-mode 1 ' PPC 
--------·- · ·----··-- ----r--- - · 

146 
11 2 -
100 -
95 -
91 -
88 -
86 -

- 160~m 1 0 1 
120 - 112 99 
11 0 - 100 96 
1 08 - 95 93 
106 - 91 89 
103 - 88 87 
1 00 - 86 85 

Table 5 The boundary values of the model 
observations if ox=10~m,oy=12~m and 
opx=10~m in the model 

x) The boundary values of the z-observations are dependent on the height 
differences.The region i s given, laying the boundary values in. 

573. 



I 

I 

point 1 point 2 PPC 
X 'i. z X _y_ z X _y z 

- ------
L'ly=10mm 82 74 74 84 75 75 00 81 81 

L'lx=Omm L'ly=20mm 81 74 74 84 75 75 00 81 ,81 
L'ly=30mm 80 73 73 85 76 76 00 81 81 

L'lx=L'ly=7mm 82 74 74 83 75 75 00 81 81 
llx=lly=14mm 81 74 74 84 75 75 00 81 81 
L'lx=L'ly=21mm 81 74 74 85 75 75 1000 81 81 

---- --- ·· ·-

83 74 74 83 74 74 00 81 8x~1 Om:l 81 I 
L'lx=20mm L'ly=Omm 83 74 74 83 74 74 1000 81 81 1 

! 
L'lx=30mm 83 74 74 ' 83 74 74 740 81 81 l 

' --

Tahle 6 The boundary values of the observat ions in ~m 
in the model i f for all points 
ax=ay=a2=10~m.L'lx and fly are distances in the 
model . Point 1 +point 2 =double point. 

·-
po int 1 point 2 PPC 

X y z X y z X y z 
:-L'ly=1 Omm 91 86 95 94 88 95 00 128 82 

L'lx=Omm IL'ly=20mm 90 86 95 95 89 95 00 128 82 
J?y=30mm 89 85 95 96 89 95H 128 

82 
--

L'lx=L'ly=7mm 92 87 95 
L'lx=L'ly=14mm 91 86 95 
llx=L'ly=21mm 90 86 95 

93 87 95 

-----·-- --------

93 88 95 00 128 82 
94 88 95 00 128 82 
95 88 95 00 128 82 

- ------~--

91 86 95 00 128 82 

I 
I L'lx=1 Omm l 

L'lx=20mm _lly=Omm 92 87 95 92 87 95 00 128 82 
_I L'lx=30mm~ 

L'll = 5 mm 
10mm 
15mm 
20mm 
30mm 

91 87 95 93 87 95 800 128 82 
. --

Table 7 The boundary values of the observat ions in ~m 
in the model i f for all points in the 
1 gro~nd-model 1 ax=10~m,ay=12~m and apx=10~m 
and 1f for PPC :ax=ay=a 2=10~m. 
llx and lly are distances in the model . 
Point 1 + po int 2 = double point 

po int 1 i I 
point 2 i 

!:p E: I !:o I E: - -
4. 234 -21~m - 4. 233 I 21~m 
4. 217 -21 -4.216 I 21 
4 . 201 - 21 -4. 196 21 
4 . 185 - 21 - 4. 178 21 
4 . 153 -20 -4.137 21 I 

i 

Table 8 the influence of the distance al i n the model 
between doub l e points on the error detect ion . 



. (Jl 
._J 
lJ1 

- ~----------:-r- · · ·- - - - - -· - --- -·-·· ··· - ··---- -·- ·- -- - ··r ·-- ----··----- - -,----·-· .... ·----- --~--~ 
., - i i i '' . - i I : i . : - i i 
mode 1 x • 'V x w i E '' y i 'V x · w 1 E z I II x , w E 

1 1 106.492mmf~16J.lm ·-~~int----=-3J.lmTI1
1 '1 ---254~ 558m~·fo4llm --·i:=~o6 -~O].lm : - 362 . 491mml To3J.lm . ]34 - 4].lm 1 

2 148 . 956 i 106 . 909\ - 24 209 . 602 i 100 -. 558 - 31 l - 364 . 118 : 104 - 3 . 77 1 [lli 
3 i 94 . 326 ! 106 - 1.1 121 10 ij - 211. 998 ! 100 1. 270 - 20 i - 377 . 512 : 109 .1 05 - 15 
4 I 128 . 002 I 116 1.2961 6 ! - 257 . 032 I 105 . 70 1 - 22 I - 378 . 739 ' 107 2 . 816 - 38 
1001 115 . 000 798 - 2 . 031

1 

1 I l - 2 . 5351 131 I - . 12 7 5 . 530 80 : . 062 0 ' I I 
1 1-1 2 3 . 50 9 I 1 1 6 . 77 3 - 7 II 2 59 . 5 91 1 0 4 - 2 . 0 0 6 2 4 - 3 73 . 50 l 1 0 3 . - . 8 3 4 - 1 0 
2 -81 . 076 106 -.909 -4 I 214 . 641 100 . 558 18 'I - 375 . 063 104 3 . 77 1 - 41 
3 l- 135.657 : 106 1.112 - 4 ~ ~ -206 . 941 I 100 -1. 270 14 - 388 , 597 109 -,1 05 6 
4 1-102 . 008 ~ 116 ! - 1 . 296 19 J! - 252 . 007 ! 105 -. 70111 37 1.1 - 389 . 893 107 - 2 . 8 16 Q!Il 
100 ,-1 15 . 000 : 798 : 2 . 03 1, -1 i 2 . 535 ' 13 1 14.3 121 - 7 ___ _] _____ - 5 . 530 80 -. 062 0 

II 

Tab l e 10 : listed data of an ana l yses of a measurement 
wi th a rejected null hypothes i s of the mult i- d imens i ona l test . 

i mode li po i nt . 
-I I ·' X II X w E !' y - -

I 1 106 . 92mm 116].lm - 1 . 015' 12].lm 25 . 
2 148 . 956 106 1.067 ! - 17 209 . 
3 94 . 326 106 - .969 1 4 - 211 . 

II ~T-:-·--~ .... -~ E i •I 
p : - p i - ', ' ' 

558mm! 1 o4llmf--·r.45Tf 3llm i1 ~~ ~ '- ~ • · .. · 

02 . 100 I - 1 . 726 o 
98 : 100 . 167 3 

,----,---- - --r· 

4 128 . 002 116 1. 150 : - 2 I - 257 • 
100 115 . 000 798 - 1 . 633 i 0 I~ 

II 1 : - 123 . 509 116 1 . 0 15 0 259 . 5 
2 - 81.076 106 ! - 1 . 067 2 214 . 6 

'- 135 . 657 106 
I 

. 969 -206 . 9 3 i - 11 
4 - 102 . 008 116 -1. 150 : 11 - 252 . 0 
100 - 115 . 000 798 1 . 633 0 2 . 5 

32 : 105 . 2 16 - 1o 
1

· 

r-l-"2 -.. 4"0"'0 I i 1 3 1 - . 0 4 3 0 I 

91 : 104 -1. 45 1 2 II 
41 i 100 1.726 - 5 ,, 

41 100 1 -. 1ill_7 - 7 
07 105 i -. 216 15 
35 131 . 043 2 

------- - -~-----'~-~---~--·· 

Table 11 : li sted data of an analyses of a measurement 
wi th an accepted null hypothesis of the mu l t i- d imens iona l tes t. 


