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Abstract

In this paper the author will give a study of the reliability of
testing the photogrammetric observations in a 3-dimensional

strip adjustment with independent models, using the

'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 model.

Finally an example is given of testing the observations.
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Introduction

The reliability of testing,which is in the terrestrial measurement
already a well-known concept,can also be used in the photogrammetric
measurements. |t concerns a magnitude of error which under certain
conditions just can be detected.The benefit of this 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 reliability.In 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 boundary value,while a 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 Baardal[19683.Testing of observations

is done by computing variates,which are stochastically independent and
nave a standard 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.In 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 all the control point coordinates.The investigation,
concerning the ,reliability in a 2-dimensional block,has been published
in F8rstner[ 19781 and Neleman[1978].

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 according 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.Finally a practical example will

be given of the 'B-method of testing' with real observations of 2
models.

Theory

2.1 Adjustment

A condition model for the 3-dimensional block adjustment is the
orthogonal transformation.

X X §X
Y =x(R ., ) y + &Y (2:1)
e z §Z

,Y,Z : terrain coordinates
, scale factor
R : orthogonal matrix
X observations in the model
translational parameters

N N7A
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The adjustment is carried out according to the 2nd standard problem
for non-linear problems in the form

(ax'+e")=(al) (aY") (2.2)

Planimetry and heigt are not adjusted separately.Observations are the
terrain coordinates of the control points and the observations in the
model (perspective centre included).The unknown variates are all the
terrain coordinates and per model the 7 transformation parameters.
Linearisation of formula (2.1) gives the normal equations.The program,
devoleped for research at the Department for Geodesy in Delft,computes
also the approximate values of the unknowns.The way which these
approximate values are computed and also the testing before the
adjustment makes it not necessary to iterate.Apart of the computation
of the terrain coordinates,the program can also compute the corrections
to the observations,test the observations by the 'B-method of testing'
and make precision and/or reliability analises.The corrections to the
obsevations are computed as follows:

(e')=(ax")-(ax") (2.3)

(Ax') = derivated observation
—— (zmisclosure of formula (2.1) if filled with
approximate values for the unknows and the
: measured values for the observations)
(éﬁ}) = adjusted derivated observation

In the adjustment the following assumptions are made

1. the photogrammetric model is similar to the terrain

2. the observations in the model don't correlate with the observations
of the perspective centre

3. the observations in the 'whole' model don't correlate with the
coordinates in the terrain.

Internal reliability and testing

The reliability of testing the observations is computed according to
the theory of the 'B-method of testing' of W.Baarda[1968].In this
paragraph the most important formulas of this theory are given.

The internal reliability is described by the boundary values of the
observations.The boundary value is the error in an observation,which
just can be detected by using a certain alternative hypothesis with a
power of 10060% and a significance level of 100@0%.

=3 : =
v x /o) = (¢ \/A /N (2.4)
(7 1) (e WA, /N
v x' = boundary value of the ith observation and the
P pt alternative hypothesis.
o = square root of the variance factor

(cg) = vector,defining the alternative hypothesis

by = level,computed from the numerical function
>\°=>‘ ("-o ’So’ 1 ’oo)

) !y (2.5)

N = (c))*(g..)(g'1-2") (3, ,
3 (cp) (gJI)(g )(9JI s
(g'4)= matrix of weight coefficients
(éji)= (g'J)_] = weightmatrix

« | o ¥ % i
¥ (6'9)= covariance matrix of the adjusted observations
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From (2.4) can be derived that the internal reliability is dependent on
1. the covariance matrix

2. the alternative hypothesis

3. the values of a_ and B_

L, the condition model and the design of the measurement

Special attention must be devoted to the (cl) vector.This vector
defines the alternative hypothesis.The easiest alternative hypothesis
is the conventional alternative hypothesis(=H,). This one defines
that one observation has an error and all the others are 'good'. The
(c!) vector is then a unit vector with the element '1' at the place
of the wrong suggested observation.

The testing of the observations occurs in two steps

1. testing of the shifting variate.

2. testing of the observations with the conventional alternative
hypothesis ('data-snooping').

The shifting variate E is computed as follows:

E= (£)(g;;) () (2.6)
From this E we can make the estimator of o2 with
G2=E /b (Z+7)

(b = number of conditions)

The shifting variate E will be accepted or the null hypothesis (H )
Will be accepted if ~ =

) le~ & F]-oc,b,Qo
where a is the significance level of the multi-dimensional test.
When Ho of the multi-dimensional test will be accepted it is still
necessary to continue with 'data-snooping', because the Hy can be
accepted wrongly. |If Hgy is rejected, there are 3 possibilities or
a combination of them:
1. condition model is wrong
2. variance model of the observations is wrong
3. one or more observations don't fit to the condition model
Testing of the observations occurs with the help of the conventional
alternative hypothesis.The test variates are theiﬂp variates, with a
standard normal distribution.

= 1) G5 (e /) (2.8)
Suppose (Ej) = (éji)(gl) (2.9)

Then (2.8) together with (2.5) and (2.9)
W = 1//Np(c-“))*(—_a_j/c) (2.10)

_ Jyx i

Np = (Cp) €j ] Ei (Cp)

| f (glJ) = unit matrix and (c') = unit vector (2.10) becomes easier

)
to work with namely d
i :
W= TR fol
The observations will be accepted or Hy will be rejected if

L BT I
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where a  is the significance level of the one-dimensional test.
Hy will be accepted if

w_.w_ >F
—p —p T-a_,1,=
Accepting of Hy doesn't mean always that the observation is wrong.
The testing parameters are the signiticance level o or a_ and a
power B _.The relation between o and a_ is expressed in the numerical
function

A, =ala ,B,,1,%) = Ala,B_,b,=) (2.11)

The w _variate is depending on the

1. coVariance matrix of the observations

2. alternative hypothesis

3. condition model and design of the measurement

he boundary values in a 3-dimensional strip with independent models

F
n
a
s
h
A
e
d
I
s
o
i

rom (2.4) follows that the internal reliability is depending on the
umber of conditions and the design of the measurement.Because there is
relation between these two it is now possible to make rules for the
urvey.First of all we have to know to which demands the boundary values
ave to satisfy or in other words which size of error we want to detect.
n answer can be:make the boundary values equal;this means that the
rror detection is equal in every observation.The size of the error
epends then on the user.
n the next paragraphs we will see what the influence is of different
trip parameters on the internal reliability of the photogrammetric
bservations.For the examination of this we use a theoretical strip and
f not mentioned otherwise the next data are used:

testing parameters :a_ = 0.001 and 8 = 0.8

alternative hypothesis : conventional alternative hypothesis per
observation

all the coordinates of the perspective centres are measured

the strip will be connected to 7 terrain coordinates

the covariance matrix of the model observations is a unit matrix

with oy = o, = o, = 10um

terrain coordinates have a zero matrix as covariance matrix

size of the photo : 23 x 23 cm

principal distance : 150 mm

scale of the photo : 1 : 5000

scale of the model : 1 : 2500

overlap photos : 60 %

number of models : 6

number of tie points : 4 (regular divided in the overlap)

maximum height differences in the terrain : 50 m

Before we are going to look to the different parameters a few remarks:

all the numbers are given in micrometers of model scale

an observation is not checked if the boundary value is greater than
100 x standard deviation (assumption)

as characteristic points are choosen:

PB : tie point at the border of the strip

PM : tie point in the middle of the strip

PPC: perspective centre as tie point

'ground-model' observations are the x,y and z observations in the
mode |

model observations are the 'ground-model' observations and the
observations of perspective centre
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3.1

3.2

- For the interpretation of the boundary values the value (VPX'/GX;)
is a good approximation,if the covariance matrix of the model
observations isn't equal to a unit matrix.

Strip length

From several computations can be concluded that, by using a unit matrix
as a 'diagonal' matrix (see par.3.3) for the model observations the
boundary values are independent of the strip length.This conclusion is
important when the measurements are done with a stereo plotter,which is
coupled to a computer.All kind of measurements can be checked by
software.The connection of the last measured model to the previous one
is then also possible.

According to this conclusion it is admitted now to do computations

with a strip of 6 models.

Determination of the perspective centre
The perspective centre coordinates can be determined in several ways:
1. direct method with instrumental aids
2. indirect method by seperate measurements
a.spatial inter-section in 2 or more levels in the model space
b.spatial resection in 1 level in the model space
c.spatial resection in 2 or more levels in the model space
In this case of interest is the covariance matrix of the coordinates
of the perspective centre.For the direct method can be used,for example
the matrix of variant | (see table 1).This matrix can be determined

empirically.Variant Il (see table 1) is a covariance matrix of
coordinates of the perspective centre,obtained by an intersection or
resection in two levels,while variant |Ill is one of the resection in

1 level.The best way to measure in the levels in the model space is
to choose 6 good devided points,see Ligterink[1969],Neeft[1973] and
Neleman[1977].The choosen levels in this case are 225mm and 375mm.

For variant |1l is this the level 375mm.
X| 100 X! 113 X 11322
Y| 0 100 Yyl 0 151 Yyl 0 1182
Z} 0 0 100 <;i -67 0 303 Z | 132 0 104
X Y Z : X Y VA X Y VA
Variant | Variant |1 Variant 111

Table 1 : The covariance matrices of the coordinates
of the left perspective centre in (um)2

The influence of these three variants on the bounadry values of the
observations in the model is shown in table 2.

‘ PB PM PPC

b x y z X Y z X Y z
variant | 107 79 79 70 67 67 « 91 91
variant Il 107 88 83 . 70 68 68 « 100 123
variant 111107 81 97 70 68 68 « 213 92

Table 2 : the influence of the determination of the
coordinates of the perspective centre on
the boundary values in um.

Ox = Oy = 0, = 10 um for PB and PM

The conclusion is that variant |ll,having as seperate measurement
already a bad reliability (see Neleman[1977]),has an adverse effect on
the error deterction of the z observation of point PB,while the

x observation of point PB and all the observations of point PM are
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3.3

independent of the determination of the coordinates of the perspective
centre.

The covariance matrix of the 'ground-model' observations

The assumption that the x,y and z observations doh't correlate has many
advantages concerning the computer program,but cannot be defending
theoretically.The measurement of a point in the 'ground-model' is a
complex one.lt is a combination of three actions namely:putting the
measuring mark on the 'ground' (eliminating x-parallax) and the x and vy
setting of the measuring mark.This kind of measurement cannot be
expressed in a unit matrix of the 'ground-model' observations.
Ligterink[1972] describes in chapter 1 a covariance matrix linked to
the measurement and in formula:

Ax } 1 0 -x/b| Ax T
Ay =10 1 -y/b| |ay
Az I 0 0 -z/b |Apx:

After application of the law of propagation of errors:

2
2 . X 2
|0x»+gz°x
s 2
27l = X 2 2
02(g'J) !ig%o 02+ §z o2, (3.1)
. .
}XZ 2 z 2 22 9
VEZ Opx %7 pr B?'Opx |
X,¥,2 model coordinates with respect to the centre
of the model (between the perspective centres)
b : model base
B & standard deviation of the x setting
o, : standard deviation of the y setting
ogx : standard deviation of the elimination of the

x parallax

The covariance matrix of the observations is according to (3.1) a
'diagonal' matrix with correlation between the coordinates of a point
and no correlation between the coordinates of different points.In my
opinion, the correlation between the points can be neglected,if all the
earlier processes are checked in one or other way before.Potential
systematic errors must be measured separately or detected in the
corrections to the observations in the strip or block adjustment.

The influence of (3.1) is shown in table 3.First of all two remarks:
the standard deviation of the y setting is greater than the one of
the x setting.This difference appears from many experiments.

- if a 'diagonal' matrix for the 'ground-model' observations is used
the boundary values of the z observations of the 'ground-model'
differ 1 & 2um.These differences are caused by the existing height
differences in the terrain.

Conclusions are difficult to give because every variance model will

give another internal reliability.Which model will be used depends on

the user.

Choosing for the 'simple' variance model the standard deviation of the

z observation will be greater than those of the x and y observations.

The influence of this model is shown in table 3.

Remarkably is the fact that the error detection is getting worse in the

y observation of the perspective centre.
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f i ' . P !
| ovR T Tahes standard deviations | B PM PPC

matrix . T T .y X Y zZox ¥y zZ.Xx Yy _Z.
iunit ]Gx=10um,oy=10um,oz=10um 7 107 79 79 70 67 67 <« 91 91
'diagonal = [oy,=10um,oy=10um,c,=20um 106 84 136 70 69 129 . « 143 104
'diagona]'!Ox=10um,cy=12um,apx=10um | 117 95,102 [ 79 79 109 | = 134 96

Table 3 : the boundary values in um in the
characteristic points

3.4 The number of tie points

3.5

The number of tie points influences the number of conditions in the
adjustment.The points are equally divided in the model overlap.The

tables 4 and 5 show the boundary values for different number of tie
and for two covariance matrices for the 'ground-model' observations.

- tables 4 and 5 -

Some remarks:

- the boundary values of the x observation of PPC keeps an infinite
value (at least : >100 x o)

- the x observation of PB is the most sensible observation

- the connection with less than 3 points in the 'ground-model' is not
recommended

- the demand of the equal boundary values is fullfilled with 7 to
8 tie points in the 'ground-model'

Distribution of the tie points
In paragraph 3.4 the tie points are regular divided in the model
overlap.lt is also possible to make 'double' points,which lying
close together,see figure 1. T
By choosing these double points,there
are two variables namely the distance
between the points and the orientation
of the two points.In table 6 and 7 the
boundary values are given with the

variables Ax and Ay.Ax and Ay are the s
differences in the x resp. y R
observations of the double points.

- tables 6 and 7 -

The conclusion is that the double points have a more uniform
reliability of testing the observations than the equally divided points
in the model overlap.A danger by using this method is, that the error
is not detectable,if the points are choosen too cloose to each other.
Table 8 shows such an example.In point 1 is an error introduced of the
size of the boundary value.The distance between the points is the
variable Al and Ax is equal to Ay in this example.

- table 8 -

Another advantage of the double points is that the determination of the
coordinates of the perspective centre (see par. 3.2) almost not
influences the boundary values of the observations in the
'ground-model"'.

Important in this whole concept is that the double points must be
measured independently,so that there will be no correlation between

the observations of the double points.

|
P
;

figure 1 : principle of
double points
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3.6 Height differences in the model
One of the strip parameters are the height differences between the tie
points.In contrary to the other parameters,this one cannot be changed.
It is important to examine if a height difference has any influence
on the error detection.lt could be possible that in flat terrain more
tie points are needed.To examine this computations are executed with
changing height differences.They change from 1% to 10% of the flying
height.The boundary value which changes,is that one of the x
observation of PPC,but keeps an infinite value.|f using a 'diagonal'
matrix as covariance matrix for the 'ground-model' observations also
the internal reliability of the z observations in the 'ground-model'
varies until 10um by a height difference of 10% of the flying height.

3.7 The design of a measurement
Using the results of the previous paragraphs it is possible now to
make a design of the measurement.
The general data of the theoretical strip is used,with 3 exceptions
namely:
- Every PPC is measured by spatial intersection in two levels in the
model space
- Double points with Ax = Ay = 21mm in the model are used
- Covariance matrix of the 'ground-model' observations.
Table 9 gives the boundary values in this type of measurement.

— ——————— e

' ponnt 1 point 2 - PPG |
_4 z | x vy PX oYz
a., 85 95 141 80 91 138 e 125 131

0y=10um,o,,=12um,o,=20um :
0x=10um, ov=12um, Opx=10um [95 95 98 | 90 90 96 = 134 117 |

Table 9 : The boundary values in um in the model
if using double points and measured PPC
by inter section.Points 1 and 2 are the
double points.

L A practical example of the 'B-method of testing'
As an example for error detection two stereo models are measured.
Figure 2 shows the position of the measured pOInts 100 k]OO
Measured are:
in model | : points 1,2,3,4 and 100
in model Il : points 1,2,3,4 and 100
General information:
size of the photos : 23x23 cm
photo scale : 1:6000
principal distance : 152.93mm , zx 3&
enlargment photo»model :2.5 x 7 X k
0x= 5um in the photo
oy= 6um in the photo
Tpx (=standard deviation of the eliminating

the x parallax) = 5um in the photo

Standard deviation of the observations of the perspective centre
Oy = Oy = 0z = 7um
Testing parameters : o = 0.001 and B_ = 0.8

x2

figure 2 : the two stereo
models with the points

Ist Step

The multi-dimensional test is rejected because
82/0% = L.0451> F = 2.1464
- 1-a,b,x
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See formula (2.11) : fgo - 8‘80] > A, = 17.0749;
> =08 g 08 7' 5 o =0.0284
b = 8

In table 10 the following data are listed: .

Per observation: point number,observation,boundary value (v i'),,
w_.-variate and correction to the observation (EI)

Looking only to the corrections of the observations,the error could be

present in the z observation of point 2 in model | or in the z

observation of point 4 in model Il or in both.

With 'data-snooping'

acception of the observation if lwp]s /F1

_' -a ,1:00

el

rejection of the observation if lﬂp,> /F1_

a1,
a, = 0.001 ~/F . =3.2906
The w, variates of the y observation of PPC in model | and |l and the

z observation of point 2 in both models are larger than the critical
value.The last one however is smaller than the wy variate of the

y observation of PPC.The conclusion can be that the y observation of

PPC in model | or Il must have an error in spite of its small correstion.

2nd Step
Elimination of the perspective centre (PPC) is not possible and it
should be measured again.As a check we do the adjustment again with a
corrected y observation in model |.If this is the real error,then this
correction must give better results.
The null hypothesis of the shifting variate is now accepted:

02/02 = 1.7213 < Flog,b,e = 2-146h
The data per observation of this step are listed in table 11.With
'data-snooping' no observation is rejected.
Notice that the error cannot be located if the point lies in 2 models.

Conclusions

Concerning the internal reliability of the observations in a

3-dimensional strip the following survey rules can be given:

- The strip length has no influence on the error detection

- Double points,as tie points,give a more uniform reliability of testing
than regular divided points.

- When using double points,the determination of the coordinates of the
perspective centre has no influence on the error detection of the
observations in the 'ground-model'.

- The error detection is almost independent of the existing height
differences in the terrain if the maximum is 10% of the flying height.
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boundary values of the

boundary values of the

number of |x observations of y and z observations of
tie points|tie points 'ground-model'|PPC | tie points 'ground-model'| PPC
2 o ®© | 103um 103 | 98
3 145um 71 145 jo 86 69 86 | 95
4 107 70 70 107 | 79 68 68 79 | 9N
g 93 70 65 70 93 |~ 75 67 65 67 75 | 88
6 85 69 65 65 69 85 | 72 66 64 64 66 72 | 85
7 80 69 65 63 6569 80 i~ 71 66 64 63 64 66 71 82
t8 76 68 65 63 63 65 68 76 e 69 65 63 62 62 63 65 69 | 80
Table 4 : The boundary values of the model
observations if oy= oy= 0,= 10um in the
model.
; boundary values of the Fboundary values of the
. number of |x observations of y observations of
. tie points |tie points 'ground-model' |PPC | tie points 'ground-model' |PPC
2 o o |w 110um 110 170
3 155um 80 155 |= 101 80 101 142
b 117 79 78 117 |= 95 79 79 95 (134
5 103 79 74 79 103 | 91 79 77 79 91 |[126
6 94 78 73 73 78 94 |= 88 79 76 76 79 88 118
7 90 77 72 70 72 77 90 | 86 76 75 74 75 78 86 (113
8 85 77 72 70 70 72 77 85 ‘e ‘ 84 78 75 74 74 75 78 84 [108 |
B V'ﬂ~“756UndaryVVaTUes;bFMEEE—WM— o
number of |z observations
tie points {tie points 'ground-model' |[PPC
2 146 - 160u 101
3 112 - 120 - 112 | 99
L 100 - 110 - 100 | 96
5 95 - 108 - 95 | 93
6 91 ~ 106 - 91 89
7 88 - 103 - 88 | 87 |
8 86 - 100 - 86 | 85
Table 5 : The boundary values of the model

observations if ox=10um,0y=12um and

p

«=10um in the model

x) The boundary values of the z-observations are dependent on the height
differences.The region is given,laying the boundary values in.
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point 1 point 2 PPC

. ) X vz X Yy z| x 'y z
Ay=10mm 82 74 74 84 75 75 o 81 81

Ax=0mm [Ay=20mm |81 74 74 | 84 75 75| ~ 81 81
Ay=30mm 80 73 73 85 76 76 o 81 81
Ax=Ay=7mm 82 74 74 83 75 75| o~ 81 81
Ax=Ay=14mm 81 74 74 84 75 75| « 81 81
Ax=Ay=2Tmm 81 74 74 85 75 75 (1000 81 81
-

Ax=10mm 83 74 74 | 83 74 74| « 81 81
Ax=20mm| Ay=0mm |83 74 74 | 83 74 74[1000 81 81
Ax=30mm 83 74 74 : 83 74 74| 740 81 81
TéBle 6 : The boundary values of the observations in um

in the model if for all points
0x=0,,=0,=10um.Ax and Ay are distances in the
model. Point 1 + point 2 = double point.

point 1 point 2 PPC
X Yy z X Yy z X Yy z
;hy=10mm 91 86 95 94 88 95 © 128 82
Ax=0mm |Ay=20mm (90 86 95 | 95 89 95 w 128 82
{py=30mm |89 85 95| 96 89 95| =~ 128 82
Ax=Ay=7mm 92 87 95| 93 88 95 © 128 82
Ax=Ay=1k4mm 91 86 95 | 94 88 95 w 128 82
Ax=Ay=21mm 90 86 95 95 88 95 © 128 82
Ax=10mm} 93 87 95 91 86 95 w 128 82
Ax=20mm|Ay=0mm (92 87 95| 92 87 95 © 128 82
Ax=30mm 91 87 951 93 87 95| 800 128 82
Table 7 : The boundary values of the observations in um
in the model if for all points in the
'ground-model' ox=10um,cy=12um and Opx=10um~
and if for PPC :Gx=oy=cz=10um.
Ax and Ay are distances in the model.
Point 1 + point 2 = double point
point 1 i point 2 i
w € w | €
X £ s =
AL = 5 mm L.234 | =21um -4,233 | 21um
10mm 4,217 |-21 -4.216 | 21
15mm 4,201 |-21 -4.196 21
20mm 4,185 | -21 -4.178 21
30mm 4,153 |-20 -4.137 21
Table 8 : the influence of the distance 4L in the model

between double points on the error detection.
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model |point X Y x! wooLoe y Y x! w el z v x' w. . oe
P —P = P P = 1 P e R
I 1 j| 106.492mm  116um{ =-.773 3um!  254.558mm! 104pm| 2.006 =20um, -362.491mm; 103um’ .834 Lym
2 | 148.956 106 .909| -24 209.602 | 100 -.558] -31 | -364.118 | 104 -3.771
3 94.326 | 106 ~1.112] 10 -211.998 ' 100 1.270] -20 -377.512 | 109 .105; -15
L 128.002 116 1.296 6 -257.032 i 105 .701) -22 -376.739 | 107 ¢ 2.816| ~38
1004 115.000 798 -2.031 1 [=2.53%] i 131 -4.312 7 5.530 | 80 .062 0
Il 1 -123.509 116 143 =7 259.591 | 104 -2.006f 24 -373.507 ! 103 % -.834 -10
2 -81.076 106 -.909| -4 214,641 1 100 .558| 18 -375.063 i 104 i\ 3.771 -
3 |-135.657 . 106 1.112) -4 -206.941 100 -1.270{ 14 -388.597 - 109 ! ~-.105 6
L |-102.008 ! 116 | -1.296| 19 -252.007 | 105 -.701 37 i -389.893 107 = -2.816
10Q}j-115.000 - 798 | 2.031} -1 2.535 ' 131 -7 | -5.530 ° 80 -.062 0
Table 10 : listed data of an analyses of a measurement
with a rejected null hypothesis of the multi-dimensional test.
model| point. X v x' W€ j y vx' g i z v x' w i g’
: P — = : P i —P - fi . P —P =
[ 1] 106.492mom 116um  -1.015  12um|| 254, 558mm: 10humi 1.5451 3um| -362.49Tmm 103um 2.436° -22um
2 | 148.956 ! 106 = 1.067 -17 209.602 | 100 : -1.726 0 | -364.118 | 104 2772 &7
3 i 94.326 106 | -.969i L -211.998 | 100 .167 3 | -377.512 | 109 -.958, 8
i f 128.002 176 | 1.150; -2 ~-357.0%2 . 105 .216| =10 ~378.739 | 107 1.1081 -12
100i 115.000 798 1 ~1.633) 0 L 131 -.043 0 5.530 80 .051 0
Il 1 {-123.509 116  1.015 0 259.591 | 104 -1.451 2 Y -373.507 103 | -2.496( 15
2 -81.076 106 | -1.067 2 214,641 ! 100 1,726 =5 || -375.063 : 104 i 2.7721 -19
3 |-135.657 106 | .969| -11 -206.941 100 - 16F| -7 ~388.597 E 109 .958| -16
L {-102.008 116 : ~1.150' 11 -252.007 106 | =-.216| 15 -389.893 . 107 -1.108| 20
100|-115.000 798  1.633 0 2.535 ' 131 .043 2 =5.530 i 80 ~.051 0

Table 11 : listed data of an analyses of a measurement
with an accepted null hypothesis of the multi-dimensional test.



