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Abstract

In this paper a fast method of gross error detec~
tion for control points in a block adjustment pro-
gram DM-PG with independent models on micro-compu-
ter IBM PC/XT is presented. A weight function of
sudden drop character is adopted. A series of ex-
periments with gross errors in control points have
been executed in a test block. It shows that the
location rate of gross errors in sparse horizontal
control distribution has reached more than 65% in
four iteration computation. The method can succes-
sfully detect two or three gross errors in control
points simultaneously.

1. Introduction

In a block adjustment program DM-PG with independent models a
fast method of gross error detection for control points on a mi-
cro-computer IBM PC/XT has been designed. It is able to Llocate
a small gross error only in four iterations. But gross errors of
large magnitude must be eliminated before adjustment. Therefore
the test of gross errors in control points is divided in two
steps. The first step carried out in data preparation stage is
to detect lLarge 9ross errors in control points. The preparation
also provides final block adjustment with good approximate va-
Llues. Therefore, it gives a good basis for the adjustment and
the detection of small gross errors in the second stage.

This paper will discuss only the fast method of small gross er-
ror detection in control points in the block adjustment stage
and its experiments.

2. Basic principle of the method

The block adjustment with independent models is based on Least
square adjustment. Therefore, it is necessary to analyse the me-
thod of gross error detection in control points according to
formula of residuals of observations based on least square adju-
stment. It is well known from Baarda’s data-snooping theory

v=-(avvPy )& (1)

This formula shows the relationship between observation errorséi
and their residuals V. It tells us that the residual vjof an ob-
servation Ly is influenced by all observation errorsg,;the resi-
dual influence Vj of an observation error £ itself depends on
corresponding redundancy number r; » which is the corresponding
diagnal element of the matrix QvvPy . It can be expressed by fol-
lowing expression
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vi=-r &g (2)

The r; shows how far an error liis revealed in the residual Vi .
Redundancy number r; is defined by the expression

ry =0QvvPy Y o 0gr; S (3)
ri of a control point coordinate in block adjustment is far sma-
Ller than 1.0. Conseguently, it is difficult to distinguish a
small gross error from its residual.

Let’s analvse the expression (3)

r; =(AvvPy )i =(E-AGXXAT Py )i (4)
where

E ~the unit matrix

A ~-the coefficient matrix of observation error equations

Oxx -the weight coefficient matrix of unknowns

Pie ~the weight matrix of observations.
As the matrix AQGxxAT depends mainly on geometric configuration
of observationss the redundancy number r; will increase to 1.0,
when the corresponding weight P; decreases to 0. Therefore, the
gross errors revealed in their residuals will increasesif their
weights decrease. It is the main reason why the weight function
methods find wide use in practice of gross error detection.
This idea is adopted in current method as well.

3. Mathematic model of the method

In block adjustment program DM-PG following weight function s
designed for the gross error detection in the control points

P; =F (w; »PO(I)) (5)

i.e. the weight P; of an observation is the function of standa-

rdized residual w; of the observation and basic weight Po(l);

value of which increases with increasing the iteration number I.
The complete expression of the weight function is as follows

Po(I), for w  C(I) or I=1
p = {; ) (56)
Po(I)/w?' »  for else
where . 1
Po(I)=P /T (7)

is a basic weight for a control point with no gross errors in

which T=0.1, P’=0.001 for x and y of control pointss and
P'=0.01 for z of control points.

But Po(I) is not more than 20.

C(I)=Co+(I-2)Cy (8)

is a critical value of gross errors. This value increases with
increasing the iteration number I too. In expression (8)

Co=3.0, Ce=2.0 for x and vy
Co=2.5, Ci=1.5 for z.
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The exponent a; is calculated by following expression

aj =07 +7 (9)
where
8= W (1)/w(1 -1)
axpresses the ‘atio of the standardized residuals of adjacent
iterations, taking w; =3.0 for the Tst iteration.

Standardized residual w; of observation is obtained using
~ PAY
Wi =lvi 1/ 6gla; =ivi 1/ be ki (10)

where k;» simplified values of a;, are the geometric constants
for two groups of control points. k;=0.86 has obtained from ta-
ble 1 for control points located at corners of the block, while
k=1.,0 for control points located on the sidess assuming the re-
dundancy numbers of these points are the same,

Gk;w(v v,/nﬁﬁ' the estimated standard deviation of control
point coordinates after having deleted the v;,.which is larger
than 36,; Gcw1LL be substituted by a priori value e » if it is
smaller than &, .

From above parameters we can see that the weight function con-
sists of a flat part for normal control points and a steep part
far control points with gross errors. Its steep part has a sud-
den drop character. A diagram is shown in figure 1

P Table 1, obtained from
experiments, presents

figure 1 the redundancy numbers
Po ry of four Llocations
of horizontal control

points after the first

iterations where the

weights P; of all these

| points were taken as
| P=0.01, while the wei-
‘ ghts P;of the common
|

points were taken as

0 w P, =1.0. A critical va-

¢ Lue € shuld be proper-

Table 1. Redundancy numbers r; for Ly selected,so that it
four Locations of control points makes the w; of control
point points with no errors
catton [1/4 1/2 3/4 corner] fall on the fTlat part
redun- side |side | side of the weight function
dancy nubbe and the w; of control
ri 0.86 [0.91 10.88 0.66 points with gross er-

rors fall on its steep
part. Thus the gross errors in control points will bhe located
very fast.; But a few control points, which have no gross er-
rorss may also fall on the steep part at the second iterations
thus the rejected observations, which have no errors: called
here temporary rejected true observations, will be caused.

However: we can notice Trom tables 2s 3 and 4, that increase of
wiof the temporary rejected true observations is far less than

that of control points with gross errors (see Tigures 3y 4), In
order to avoid causing the rejected observation:» which has no
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errors a set of control values C(I) are applied as a function of
the iteration number Is i.e. the values of C increase with inc-
reasing of the iteration number.

In order to expand the weight differences between the control
points with gross errors and normal points, falling simultaneou-
sly on the steep part of weight function, a term 8% is added to
the exponent a; ( see expression (9) ).

4, Experiments for locating gross errors in control points

The experiments were made using a real test block. It was flown
with a wide-angle camera RC~-10 and a photoscale of approximately
1:38000. The forward and side overlaps in strips are about 65%
and 30% respectively., The area was covered by 8 strips with 16--
17 photopairs each.

Six strips were used for the experiments. Two distribution sche-
mes of horizontal control points were selected:6 and 10 horizon-
tal control points, of which 3 and 5 points were Located at each
of the top and bottom sides of the block (see figure 2 ).

P287 __ p288 P289 P291 __P293
. - RN A A A
-y P300 G301 6302 P303
6 horizontal c.p. A ° ° A
P314 A 6315 G§j6 G317 6318 6319‘AP631
Fay P326A G327 6328 AP329
10 horizontal c¢c.p. * ¢
P344 4 P345 P346 G347 P348 (G349 AF’SSO
AN L, ® A e
. P358 , 6359 A P360
vertical c.p. ¢
; 2 A A ry
figure 2 P375 ﬁé%é Pf§7 POT pP379%

In order to obtain the Location rates +7m gross errors were add-
ed to x and v of all horizontal control points separately and =6
m were down to the vertical control points.(see tables 2, 3 and
4), In addition four experiments with several gross errors were
made in case of 10 control pointss the values and signs of the
added gross errors were the same as those,» which had been locat-
ed successfully in the experiments with one gross error (see ta-
ble 5). Finaly two sets of experiments with sevaral gross errors
Larger than 20 6. were made (table 5).

In table 2, 3 and 4 part of experiments with 9ross errorss,succe-
ssfully locateds and one of the temporary rejected true obser-
vationss if appeareds are Llisted. 1In every lListed point the va-
lues w of corresponding iterations are illustrated.

Changes in the average values of w; of gross errors £7m and x6m
in control points and temporary rejected observations in four
iterations are shown in figures 3 and 4.

5. Analysis of the test results
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W —— grogs errors L e temporary rejected

true observation
8 //////,—————~ 8 —-—critical value
c ,

éf 10 ¢.p //// &

6 c.p ’,/41
4. /_.___ \\ 4'

3 \\ ) cC.P.
2. ~N 2

- \‘10 c.b. :

0 . : I 0 : e ol §
1 2 3 & 1 2 3 4
Figure 3 Changes in w of Figure 4 Changes in w of
horizontal control points with vertical control points with

gross errors and temporary gross errors and temporary
rejected true observations rejected true observations
in iterations in four iterations

5.1 The table 1 shows, that the r, of all horizontal control
points Located on perimeter of the block are larger than 0.65.
It meanss that the gross errors of these points may be revealed
more than 65% in corresponding residuals of 2nd ‘iteration. Obvi~-
ously:s it provides a beneficial condition for the gross error
detection.

5.2 According to the estimation formula of variance 6 =V Ve /1y
foLLowxng values of standard errors of the roord:nates were ob*
tained: Ggy =0.68m> 62 =0.65m. Consequently, the values of 9ross
errors +6--+7ms added to each control point, are about 9--1006>
that belong to the small gross errors.

The results of experiments with small gross errors in control
pointss ‘presented by rates of location and rejected true obser-
vations are Listed in table 6. It shows, that the lLocation rates
of the horizontal control points are equal to é67% and 78% corre-
sponding to cases of 6 and 10 control points respectivelys and
that of the vertical control points is edqual to  68%. Rejected
true observations are absent for the horizontal control points
and eaual to 2% for the vertical control points.

5.3 O0One rejected true observation point P293 appeared in table
45y which is Located just above the P303 with gross error -ém.
It showss that these two control points are strongly correlated.

5.4 The location rates of small gross errors in control points
located at corners of the block equal to 68% and 81% correspon-
ding to the cases of 6 and 10 control points are a Little higher
than that on sides. It makes clear that the geometric constants
k; of control points are basically correct.

5.5 The average ratios of w between 1--2 and 2--3 iteration in-

tervals are calculated (see table 7). It shows that the average
ratios 08; of the points with gross errors are larger than that
of the temporary rejected true observations in a same iteration
intervals. Consequentlys the term 85 in exponent (9) of the wei-
ght function is beneficial for restraining the rejected true ob-
servations and accelerating the location of dgross errors in con-
trol points.
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5.6 Figures 3 and 4 show that the w of gross errors correspon-
ding to each iteration are larger significantly than the criti-
.cal values of corresponding iterations. They rise fast between
2nd and 3rd iteration and slow after 3rd iteration. At the same
time the w of temporary rejected true observations have a slow
rise between 2nd and 3rd iteration and a fast drop after 3rd
iteration. The w of temporary rejected true observations of 2nd
iteration are smaller than corresponding critical values C.

6. Conclusion

6.1 The fast method of gross error detection is able to reveal
alf the part of gross errors in their residuals within 3 itera-
tionss even if the block has a sparse distribution of the hori-
zontal control points.

6.2 There are no rejected true observations appearing in the
experiments of gross error detection of horizontal control po-
ints. It proved that the gross error detection of horizontal
control points has reached high reliability. Howevers>it is lower
for vertical control points. In order to raise the reliability
for gross error detection of vertical control pointss, the criti-
cal value C must be increased. But this will cause the decrease
of the lLocation rate of gross errors in vertical control points.

Table 2. The results of locating one gross error
in 6 control points

test|gr.err. |tmp.rjct.lc. p. |gr.err] Wi : resi-
c. b. tr.obs. | Loca- |value of iterations jdual
No: No: p. No: | tion {(m) 2 3 4 (m)
1.1 P289 gside x= 7 |6.43 8.97 8.74| 7.68
1.4 P289 y==-7 18.49 [10.18 [10.19|-9.09
p293 corner | y= 0 |4.36 4,32 3,66 0.
12.2 P377 , side x=-7 15.83 8.79 8.75({-7.64
2.3 P377 ' y= 7 |5.72 6.58 8.08| 7.08
P289 side y= 0 [3.46 3.50 <1.0] 0.
2.4 P377 y=-7 |6.04 7.37 7.191-6.31
p293 corner | y= 0 |3.24 5.41 4,841 0.
3.2 P287 corner =-7 |4&.22 [10.29 9.06|-6.58
, o pP293 corner | y= 0 |5.10 5.79 4.381 0.
3.3 pP287 y= 7 |4.20 |13.04 [13.04} 9.57
4.1 P375 ~ corner | x= 7 |4.56 8.04 8.28| 5.99
pP293 corner | v= 0 |3.27 5.47 4,49 0.
4.2 P375 x==-7 |3.05 8.47 9.09|-5.95
4,3 P375 y= 7 |3.65 7.12 9.07} 6.66
p293 corner | y= 0 |3.94 4 .90 3,941 0.
4.4 P375 y==7 |5.05 6.83 8.62|-7.24
p293 corner | y= 0 |3.12 4,18 3.791 0.
5.2 P293 corner | x=~-7 |5.35 7.95 |12.541~9.44
- P289 side y= 0 [3.56 3.82 <1.0] 0.
5.3 p293 y= 7 |7.95 |11.30 |13.29| 9.75
- P289 side y= 0 |13.81 2.86 <1.0} 0.
6.1 P379 lcorner | x= 7 {7.02 8.75 9.33| 8.64
p293 corner | y= 0 |4.65 6.32 4,431 0.
6.3 P379 y= 7 13,16 5.84 9.32| 7.06
, , p293 corher | x= 0 |3.42 3.37 <1.0] 0.
6.4 P379 y=-7 15.21 8.16 8.421-6.50
p293 - corher | v= 0 [3.42 5.24 4.321 0.
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Table 3. The results

of Llocating one dgross error
in 10 horizontal control points

testigr.err.jtmp.rjct.lc. p. |gr.err. W; resi-
c. p. tr.obs. | loca- |value of iterations |dual
No: No: p. No: j(tion (m) 2 (m)
1.1 P287 corner| -x= 7] 6.03| 5.07 8. .16
p288 side x= 0| 4.31| 5.03 2. .
1.3 P287 y= 7 | 4.61] 9.82 1} 10. .79
2.2 p288 side x==7 | 7.39111.09 | 10. .96
p293 corner y= 0| 3.44] 3.47 | <1. .
2.4 pP288 y==7 | 8.81| 9.99 | 10. .04
p293 y= 0] 4.31| 4.89 2. .
3.1 p289 side = 715,40 7.19 8. .12
3.2 P289 x==~7 | 4.24| 6.08 7. .88
p293 y= 0| 3.14] 3.93 | <1. .
3.4 p289 y=-718.91| 8.89 9. .95
P293 y= 0| 4.36| 5.08 2. 0.
4.1 F291 side x= 7| 4.67| 9.32 9. 8.76
4.3 p291 y= 7 | 8.04| 8.11 8. 7.69
_ pz288 x= 0| 3.44) 3.96 | <1. 0.
5.1 P293 corner x= 715.21] 8.02 9. 7.29
) ; p288 x= 013,21} 3.01 1. 0.
5.2 P293 x==7 | 4.31]| 9.76 9. -6.50
5.3 pP293 y= 7 | 8.89110.79 | 12. 9.10
p288 x= 0 | 3.41( 3.62 |<1. 0.
6.1 P375 corner x= 7 | 6.42) 9.24 | 10. 7.791
p293 y= 0| 3.64| 3.22 | <1, 0.
6.2 P2T75 x==-7 |1 3.90{ 7.68 8. -7.32
6.3 P375 y= 7 15.67| 6.13 8. 5.99
p288 y= 01 3.25] 3.19 | <1. 0.
6.4 P375 y==7 { 5.25| 9.50 | 10. -7.76
P293 y= 0] 3.02| 3.49 | <1. 0.
7.1 P376 side x= 7 | 7.04] 8.27 9. 7.92
pz88 x= 0| 3.02] 3.50 <1, 0.
7.2 P376 X==7 | 4.17| 7.22 7. -6.01
7.3 P376 y= 7| 4.58) 7.92 8. 7.27
7.4 P376 y==7 1 6,40 7.80 7. -6.72
, pP288 x= 0] 3.16] 3.12 | <1. 0.
8.1 pP377 side x= 7 | 7.25| 7.82 8. 7.60
p293 y= 0 | 3.66| 3.13 | <1. 0.
8.2 P377 x==7 | &.40] 7.42 7. -6.70
P293 y= 0 {3.15] 3.93 | <1. 0.
8.3 P377 y= 7| 6.32| 6.70 8. 7.09
p293 y= 0 | 3,33 3,02 | <1, 0.
8.4 P377 y=-7 15.96| 6.84 7. -64.,88
p293 y= 0| 4.25] 5.84 2. 0.
9.1 P&T1 side x= 7 16.76} 7.33 7. 6.67
P293 y= 0| 4,37 3.53 | <1. 0.
9.2 P67 x==-7 1 4.231 6.85 8. -7.29
9.3 P&71 y= 7 | 7.66| 8.30 9. 7.94
p288 y= 013,09 3.47 | <1. 0.
10.11 P379 corner x= 7 | 7.57110.04 | 10. 8.37
pP293 y= 0 | 5.76| 4.55 2. 0.
10 2| P379 x=-7 | 4.05] 5.92 7. -5.38
10.3| P379 y= 7 | 5.46] 8.20 9. 6.73
10.4| P379 y=-7 | 7.56| 8.77 9. -6.96
p293 vz 0| 4.06] 3.33 | <1. 0.
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Table 4. The results of Locating one gross error
in vertical control points
test|gr.err.| tmp.rict.{fc. p. {gr.err. Wi resi-
c. b. tr.obs. | loca- |value of iterations |dual
| No: No: p. No: [tion (m) 2 3 4 {(m)
1 P287 corner z= &6 | 3,05 7.66 8.17| 7.10
pP293 corher z= 0 12.51] 2.60 <1.0
2 P293 corher z= 6 | 4.96] 9.39 8.88| 7.67
3 p289 side zz=6 | 4,04 9.19 90.96|-8.67
4 p288 side z=~612.60] 3.30 5.52|-4.87
5 P377 side z==-6 | 2.50] 5.91 6.08|~-4.30
e p379 corner z= 6 | 3.98(11.40 [11.24| 7.65
pP293 z= 0 | 2.68| 2.80 <1.0] 0.
7 P291 side z= 6 | 2.81| 7.19 7.921 6.87
8 P375 corner z= 6 | 3.97110.94 110.75| 8.09
9 P&6T1 side z=~6 | 3.28| 6.74 6.481-6.16
p293 z= 0 | 2.56| 2.64 <1.0
10 P631 side zz= &6 | 3.45| 6.42 7.39| 6.32
11 P329 side z= 6 | 3.07| 6.03 6.09]| 6.40
12 G328 inside z=-6 | 4.21| 7.40 7.271-6.02
13 G317 ingide z= 6 | 3.02| 8.80.| 9.07| 7.86
14 P346 inside z=-6 | 3.64| 6.99 6.801-5.25
15 p292 side z=6 2.65| 6.64 7.33| 6.33
16 G318 inside z==-6 | 3.72| 7.47 | 7.47|-6.54
17 G301 inside zz-6 | 3.34| 5.32 6.60|-6.17
18 P290 side z= 6 | 2.64| 6.26 8.40f 7.33%
19 P360 side z= 6 | 3.45| 5.72 5.56| 5.05
, P293 corner z= 0 | 2.66] 2.70 <1.0| 0.
20 G302 inside z=-6 | 4£.35| 8.31 8.01[-6.65
21 P303 side z=-6 | 1.241] <1.0 <1.0] O.
P293 z= 0 | 3.42| 7.07 6.80
22 6327 inside z=-6 | 3.83 7.25 7.191-6.20
23 P344 side zz= 6 | 2.65] 5,93 5.75] 4.87
24 P319 inside z==6 | 4.14 | 8.84 8.49(-7.23
25 G315 inside zz=-6 | 3.78| 7.49 7.811-6.51
26 P314 side | z= 6 |3.72| 7.99 7.82| 6.47
27 P348 inside z=~6 | 3.41| 6.26 6.291-5.41
28 P326 side z= 6 1 3.62) 7.61 7.801 6.80
Table 6. The rates of location of gross errors and
rejected true observations in control points
+6é6m , +7m
test location |rejected ftest Location rejecting
num- , true obs.| num- true obs.
her | number| rate|nmbriratel ber | number|rate [nmbr |rate
/ / / / / 24 16 0.67] 0 0.0
/ / / / / 40 31 0.78] 0 0.0
v.c.p. | 41 28 L 0.68] 1 0.02 / / / / /
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Table 5. The results of locating several gross errors
in 10 horizontal control points

' gr. gr.err. tmp.rjctd ¢. p. j9r.err, Wi resi-
err.| c. p. tr.obs. | Lloca- |value of iterations dual
nmb.l No: p. No:| tion (m) 2 5 4 (m)
2 p287 no cornerk x= 71 4.56| 7.80 | 13.44| 10.26
P376 side x==7| 4.68 ] 6.50 6.82 0.
2 pP275 no corhner x==71 3.50] 7.81 8.20| -5.99
p293 corner y= 71 5,961(12.29 | 12.11 9.03
3 P376 side y==-71 3,49 7.89 7.77| ~6.68
3 p289 no side x= 7| 4.90| 8.54 8.34 7.11
P379 carner y=-71 4.09| 9.38 9.43] -7.00
P376 side x= 71 3.06| 8.51 9.15 8.07
3 P377 no side y==7] 3.5%1]| 7.87 8.40| -7.33
P&T1 side x= 7| 3,43 | 7.46 7.79 6.60
p287 corner = 20(15.17(14.25 | 23.58| 21.17
p377 gide x=~30122.85 |20.35 | 33.54 |~-29.26
3 G315 inside = 201 2.50 ) 6.17 | 21.61| 19.24
p288 side y= 0| 5.05| 2.45 | <1.0 0.
P379 corner| x= 0| 5.76| 4.19 | <1.0 0
P376 side | y= 20| 8.16(19.14 | 23.19| 20.36
p289 side y= 20| 6.77[18.93 | 22.27| 19.44
& P293 corner| x=-20| 6.79119.25 | 20.91{-18.44
G317 inside| z= 20| 3.05(23.21 | 24.46| 21.62
P375 corner| y= 0] 4.501 4.47 | <1.0 0
p288 gide y= 0] 4.51] 3.38 |<1.0 D

Table 7. The average ratios of w hetween adjacent iterations

iteration 6 10
types of interval control points control points
control points : 1=-=-2 2--3 1--2 2--3
with gross errors 1.80 1.47 2.01 1.21
temporary rejecting '
true observations 1.30 1.25 1.22 1.02

6.3 This method is also effective for locating several gross
errors simultaneously and such gross errorss values of which
are lLarger than 20 6o (see table 5).

6.4 From the critical value C(4) of gross errors we can gene-
raly say, that this method can’t detect such gross errors, va-
Llues of which are less than 76. and S. 56; respectively.

The fast method of gross error detection works goods even if
the geometry is weak (in case of &6 control points). But one can
see from figure 3, that danger of causing rejected true obser-
vation in case of 6 control points is far lLlarger than that of
10 points. Therefore-the poor geometry like the case of 6 hori-
zontal control points should be avoided in practice.
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