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Abstract

The photocoordinates measurements, as it is well known are made -
by a comparator (stereo or mono). Images of the fiducial marks -
appear on each photograph. They are defined and marked better than
images of pass or control points. We can say that the images of -
the fiducial marks, as they appear in two sucessive photos, are -
located in the same relative positions. By comparing the lenght
between fiducial marks in all sucessive pair of photos of the block,
we can stimate the uncertainty of a single coordinate measurement
by application of propagation law of variances and covariances. -
So, it is possible a coarse control of the comparator by using as
reference the uncertainty of a single coordinate measurement obtai
ned from the usual measurements on the fiducial marks, as they are
obtained in an aerotriangulation block. A numerical example is al-
so given. '

Introduction

The control of a comparator referred to in this paper is done by -
means of the evaluation of the uncertainty of a single photo-coor-~
dinate measurement, by using the photo-coordinates as they are ob-
tained from the usual measuring process by a comparator. So, it -
will be possible a coarse control of the comparator by using as -
reference the numerical value obtained. ‘

A possible method of evaluation could be defined, as follows :1)
To chose a set of "fixed" points along the set of photos, for -
example the four fiducial marks. 2) To express the photo-coordina
tes of the fiducial marks referred to the photograph system which
origin is the principal point. 3) To compute both of the mean and
the variance of the photocoordinates, using the numerical value -
of the variance as reference.

Unfortunately, we can not assume that the images of the four - -
fiducial marks were fixed points on the whole block. But we can -
say that the images of the four fiducial marks, as they appear in
two sucessive photographs, are located in the same relative posi-
tions, because it is possible to assume that the shrinkage film -
is the same in two sucessive photographs. So, the actual distance
between a pair fiducial marks is the same on the left and the -
right photographs. If we compute each difference of distances -~
obtained from each pair of left and right photographs, we would
obtain a set of deviations (so many deviations as models in the
block for each pair of fiducial marks we use). By standardizing
this deviations we can realise that they are normally distributed,
N (0,1) for the whole block. The propagation law of variances -
and covariances allow us to link the variance of the standardised
deviations to the variance of a single photo-coordinate for the -
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whole set of measuremehts made by an operator on the whole block.

Statistical background

Let (xj yj) be the coordinates of the four fiducial marks measured
in the left phpotograph and (x% y¥) those in the right photograph.
We considerer xj yi x¥ y*¥ as the values of the random variables -
X'y x* y*. With the usual notation,

T = . * * * *
X (xl Yq e Xy Yq XF Y] --- X} y4)
the expected value of any coordinate is E(x;) = X4i;the deviations
are p Xj = Xj - E(Xi) and then the deviations vector is
T = * *
e (A_xlA Yoo AXyA Y A XTAYY--o A XA Yj)

By definition, the variance of X is
' 2
(&%9)7 A XA Xyee o A XA YY

V(X)‘=_VE‘{e-eT}= E{ AxlA Yl (A yl)z"'A YlA YZ }
16x16 e
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A yaa %8 YEA Y- (A Y])

2

If the measurements are all mutually independent, then - -
E(paX: AY.) = 0, and if they are measured in_the same metrological
conditiond E( Axl)2;=»E(,Ayl)g..=E(yAy2) = o2 and then

V (X)) = 0o 1
16x16 (1)

Propagation law

We wish to calculate the numeral value of c2 by using the law of
propagation of variances and covariances. For this purpose we are
going to built up a function G the variance of which is, 1) easy
to compute, 2) copnected with V(X). x .
The function is G~ = (G5 Gy), where Gz = 13 - 1z and G, = 1,-1,.

The 15 and l; are the distances between the fiducials marks num-
ber 1 and 2 in the left and right photographs, respectively. The
same for 1, and 15 between de fiducials marks number 3 and 4.Then

G CxFoyty = 1 -1 = ‘
alxy yi xi ¥3) = 171, = Vo

&xz—xl)z +(y2~yl)2]- sz-xz)2+(y;~yz)2]

Il

Expanding in a Taylor series about X and keeping only the first =
term, *

— - _ *
Gy = G5 (X3 Vi X3 ¥i) + (aGa Axi + 0G4 Av. ™
[y O oy
X

' (7’31)2&5 N (33%>” Ay;* (i=1,2)
: X

9 X% VT
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and the same for Gp (1 = 3,4). In matrix notation

[9G, 06, ... 36, 1 (A%
: -‘é-*-'- —— ~ AYlL
[GaJ (1, - 157+ ]9%1 ov1 vy :
ca T ca | | ,
o] |Io T IH 1de, d6p ... dc, .
: : A Yy
9xl_ bYl )YJ’J A

i

or o
G =E(G) +M.. e

By definition

i

V(G) E{(G—E(G)).(G~E(G‘))T} =
E{tM.e). m.e)T} =

= M.E {e.eT} uT

]

where E {e.eT} = V(X), and in acordance with (1)
V(G) = ¢ M.MT

after computation M MT = 4 I, and then

V(G) = 4 02 1 (2)
2x2 ‘

Sﬁuﬁanﬁzaideviations

For eacg model we can compute two deVLatlons da=1, -1 and -
dp=lb=- 1n whose common variance is 402 (in accordance with(2)),
where ¢ lS the variance difined in (1), or as usual, the =
variance of unit weight for the measurements of photo=coordina
tes of fiducial marks.

The standardized deviations are (dy-dj) ) /402 and (d -db)/4G -
We can assume that the two sets of deviations are normally -
distributed and also that d;=d, =0. So, the two sets of standar
. dized residuals, a/40’2 and db9462 are the observed values of
the same random variable, d, normally distributed N(O,1l).

The numerical values obtained in the next section confirm the
assumption.

Numerical example

First at all we compute the deviations da and dp for the ghole
block. Second we compute the mean, mg, and the variance og, for
the whole di and dy.

If the measurements are free of gross errors the mean my=0 and
Og= 207 that is the standard deviation of unit weight for the -
measurements of photocoordinates of fiducial marks is og/2.
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In order to prevent the effects of gross €rrors we can consider
that the randon variable t=‘ﬂn-2d)/(n-l—d2ﬂA,(n is twice the
humber of models) is a Student one with n-2 degrees of freedom.
The outliers should  be those values beyond the values of -
;Student's distribution for a spicified level of significance;
.~ "for example a=o.o00l. In this case and for photogrammetric -
' blocks (n> 120) the test value for rejection is 3.29, that is
“the Students distribution becames a normal one.
- Thé method has beén-dpplied t6 ‘a 4 strip, 105 models block, -
~photoscale 1:30000.. For ‘the functions Gz and Gp 105x2 devia-
~tions have been computed. The mean and the standard deviation
crare mE=0.00032 mm, s$3=0.008 mm. All the values appear multi-
plied by 500. From the.distribution graph we can see that the
deviations are normally distributed.
From sy, the standard deviation of unit weigth for the measu-
rements of photocoordinates of. fiducial marks is $3/2=0.004 mm.

Table I

mod. d_(x500) dp(x500)

499573 2.89445 & =3 33258 =3.24407 502033765 1.,19374
~35.29590 =3.22571 5 0.10986  6.10657 & =2.89950 -0,86365
~0.09766  0.90027 8 =2.61394 «3.34473 9 =0.663834  2.22168
=1, 02539 =4 ,92859 11 =0.386365 =2.,88086 1d =2.94190 =1,

T.91431 2089307 14 0.93994  0.94299 S 2050010 -2,

2.80435  4.16760 17 =4 76379 =0.T744563 186 -4.90112 1.

5.01099 1.97144 20 =4 79688 =0, 30823 2l 516968 2.
-&,98653 70.091585 23 1.07727 -0.,90332 24 =1.04065 =4,

“Z.T9541 26=15, 40222 =4 19972 20 T.9T424 =1, 20650
=0 62566 29 =0.146954 =0,12207 300 208130 Z2.15149
~1.089458 -3.13416 320 2079541, 1.53716 35 =3.74146 =1.72750

3.85144 -0, 39 =2 ETLT0 =1, 36 0.42419 0.3112¢6

5% -5. 38 0.83005 1 39 =3.89099 =2, 7740%
) 41 0. , % 472 0.04833  0.9765

3 44 4,93 -1 .06& 45 1.16882  1.2359¢

8 4T =2, 066 ¢ K& 116687 47178

7 S50 - 0.34180  1.Z27669 Sl =3.63199 =1.6510

5 3 93 =2.53601 «1.43433 94 297946 =2T0568w

1 b = 56 =0.01221  4.04053 27 =1.85242 =2.,6259%

L T9236 3, 59 =1.08032 -2.05659 60 0.00916  5.09644
=0.01526 =4.,02527 6 1.11694 =0.57891 65 =2.74658 =3, 60677

J.46069 2. 91465 65 =2 87476 =1.83716 Hty T.04956 2701416
=2 97548 =4, 00086 68 1.10779 =0.%90027 69 =2.99072 =170406"

2.T6903  0.7415%8 0 71 3.21655 0.15259 T2 2.68555 EIET1G
=4 (3328 =3.684852 76 4.06799  2.050756 5 =0.10986  1.8371¢

1.90147 2.52686 77 =7.69653 =9 57947 5 3.43933  4.3855¢8
~1.01929 3.99170 50 =1.39160 =2.38953 6l Z.43972  Z2.42615
=1 76088 =3,7445 83 4.33350 1.20544 G4 =3.60107 375827

3.19552  2.197E7 G600 1.06201 =4,91635 &7 0,95625 0793605
-(3.9 ~-0,90947 59 0.91553  2.8503 Q0 =4, 39197 =ZUEE203

1. 9897 3.01514 DL 2.53614  1.73035 93 5.09371 5:0944:
=1, 87378 =2.93274 P55 2.7TE931  1.38005 Q6 =4, 73938 =3.17626

3.97644  2.03247 P =2, 31018 =3.26538 PP 2.82286 10791358
=4 6173 -2, 57263 101 3.24097 2.21555 102 =4 .22974 0784200

~1.68457 105 1.62659 275817

0.68359  1.42354 104 1.31531
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‘Table II

i - n
LD 2 17 54 88 48 18 3 00 £y
=0.159959972 4, 01896000 mg, sq (x500)

MM,
(=0.00901

=0.003801

- =0, 0060 ] *

=), U)40]**********m$" o
=) UU’U[*********##***%****&#**m*******#***m****
0.0 I************x********wy&********+*s**$$**$*wm**m*

H “dhul*********&***w**&*&uwm*“**********$*
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