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Studies on Error Propagation by Simulation Model

—Main description of experments of aero-triangulation—
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Summary

This paper describes the actual experiments of the error propagation and studies
of analytical photogrammetry using the simulation method in which we can find
the causes of -the errors. These studies and the results give the valuable data
which are very effective for systematically controlling the errors in aerial
triangulation. The main contents in my paper are as follows:

1. Dose the scale errors in the successive models in the form of normal distribution
appear when the observation errors propagate in the form of normal distribution?

2. In what form does this scale error propagation in the actual model appear?

3, When the causes of the scale error propagation 'are found, is the evaluation
standard determined normally? _ ‘

4, What degree of influence is there form the constant errors?

I have done several experiments using the simulation method technique to solve
the complicated error propgation of aerial triangulation which is the effective
means to research the relations between cause and effect. In this paper, the studies
have concentrated on the following points of simulation experiments.

(1) The first part descries how we can produce the soft program of the simulation
experimeni. '

(2) The second part is the method propagating the errors in the simulation models
and the kinds of errors. '

(3) The final' part is the most important; that is the analyzing and evaluation of
control during actual work.

From the above-mentioned points, it is said that these studies are a very important
development in the field of controlling and managing aerial photogrammetry and V
especially in the case of error propagation, we can clearly find the causes of the
errors and steps and parts of errors generated when we use these techniques,
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z 140 100 120 70 80 80 140 100 60 50 60 30

X,=7,950 Y,=5,000 Z,=3,000 X,=9,800 ¥,=5,000 Z,=3,000 X

;=11,350 ¥,=5,000 Z,=3,000
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X,=24,350.Y,=5,000 Z,=3,000 X,=26,150 Y,=5,000 Z,=3, 000 X,=28, 000 Y.,k7=5, 000 Z,=3, 000

131 132 13=3 | 141 -2 M3 | 15—1 0 15—2 15-3
X | 24,350 24,400 24,400 - 26,150 26,250 26,200 28,000 28,100 27,950
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BEST o3 REME ML BE

R2 HIE WRESEN MR ERERZE 0. 01mm FigfE Zeroo| Gauss2| Fiz A
Photo 1 Photo 2
| L ‘ c | R | L | c R
dx ‘ dy dx J dy dx 1 dy J\ dx dy | dx ‘ dy . dx l dy
1 ,=0.002 0.017 0,007 0.019/—0.008 —0.006| 0,010 0.011] 0.010' —0.001/—0, 018 ~0. 006
2 |—0.005 0.014|—0.012] —o0, 009 0.012} —0.0]3| 0.002 0.004 O. 014: —0, 007;—0, 007| —0. 009
3 |—00 09(—0.005f 0.007| —0.008 ©.008 —0.017f 0.001 —0.013 O. 009, —0.014{—0.013) —0.00!
Photo 3 Photo 4
’ L | c R ] L | C | R
‘ dy dx l dy i dx l dy I dx I dy ' dx dy i dx ! dy
1 0.010| 0.004 —0.004 O.OHA 0.006] 0.015 0. 012 0.0]83 0.Ct6 —0.,001‘—0.012 —0. 003
—0.001] 0.019) 0.001 0.020|—0.012| 0.003] 0.007 O. 007i 0. 00 0.001; 0.002 0. 007
0.005—0.019, 0.009| 0.007| 0,005 —0.003] 0.017 -0. 005; 0. IOE -0 002| 0. 002 0. 006
Photo 5 Photo 6
L C j ‘R j L I c | R
dx dy dx l dy dx } dy l dx dy J dx l dy ]l dx ; dy
1 0. 0006{—0. 004|—0. 004| —0.022] 0.016] 0.018] .0.004 O. 005\ 0. 009( 0. 006|—0. 001 0. 021
0.002|—0.013/ 0.001{ —0.015—0, 001| —0. 007, '—0.003 0. 003|—-0 007[ 0.009 0.005 —0.000
—0. 003}—0. 004 0.0]3’ —0.010; 0.004! 0.006] 0,011 0. OISE -0, OIO‘\ —0.011—=0.017; 0.000
Photo 7 Photo 8
L | c i R ] L | c | R
d j dy | dx i dy l l dx dy dx I T dy ‘ dx } dy
1 0. 007|—0. 012{—0. 007 —0, 002 0. 009 —0, 008: —0. 001} —0.005 O. 006! -0, 012;—0. 002 —0,007
2 1—0.013{—0.022|—0. 016 —0, 008/—0.006] 0. 005 0.002] . 0.003|—0.015 0.0711|—0.010| 0,017
3 |-0.007 0.007/—0.010 0.0MI—O. 006/ —0.011—0.008| . 0.005/—0,012| —0.032 0.010 0:018
‘ Photo 9 Photo 10
=
N N T T
dx } dy ‘ dx dy ] dx ] dy [ dx l dy ‘ l dx dy
1 0.002] 0.002/—0.019| —0.003|—0, 004] —0.009/ 0©.006 ~0,003]—0, 012I -0, 006‘ 0.005| 0.005
2 |—0.010{—0.014/—0.021] —0.000{--0.002  0.020] o. 009| —0.004/—0.009 —0,010;—0, 014] —0. 000
3 | 0.002—0.000—0.003| —0.006/—0.008 O, ozo;—o. 003/ . 0.006|—0. 002 _0.012'_0. 012} —0, 001
Photo 11 Photo 12
N S S Y
| dx | dy | axr | g Cdx | gy | ax | ] dy | dx ! dy
1 —o. 007{—0. 010' 0. 003| 0. 008:—0. 000] . —0. 001 0.0HI 0. 0]7[ -0, 003 -0.014] 0. 006; 0.012
2 0.002[ 0.001 —0, 005 0.012)—0. 001 - 0.010{ -0, 004, 0, OOZi 0,005 —0, 005—0, 005I 0.020
3 0.007|]—0.023 —0.006{ - 0.018/ 0.001 0. 008j . 0. OOI’ 0. 006|--O. 008| —0.010| O. OOél —0.003
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Photo 13 Photo 14

e R oL . R
{
|

| L ] o

dxldy idx'idy\dxidy¥dx§dy

T | 0.013—0,007|—0. 015 —0.000|—0, 08| —0.008 0.006 —0.00¢] 0.010] ©.002—0.008 —~0.010
2 |_0.cos 0.009|—0.006 0.022] 0.000 ~0,022|—0.007 0.025 0.006 0.012-0.00¢ —0.008

3 }';—0.005‘;—0.010 0.00211 0.010/—0.003] 0,017]—0.000" 0.011} 0.019 0.002| 0.00¢} —0.006

d.t‘dyidxidy

Photo 15 ‘ Photo 16

—t | ¢ | r | & | ¢ | R®

' dx ' dy ‘ dx ‘1 dy i dx dy “ ‘dx, % dy t de l dy \ dx I dy
o.ozo\}_‘o‘ooﬂ_—o.ow —0.0031 0.001 —0,007] 0.003  0.009/—0.006 0.025 0.007] 0.010

1

2 0. 009] 0. OO][ 0,007 0.011{-0.007| O, 002i 0,003 —0,005/—0.020] —0.006{—0.004 0. 009
3 v l 0. OOBi 0. 0001—0.018 —0. 007\ 0.011 —0. 00]} —0.001] —0.011}—0. 001 0.013|-0. OOZi —0.013
Photo 17 Photo 18
1\ T c | R L l c R
“\ dx ‘ dy | dx } dy ' dx 1 dy dx i dy 1 dx l dy dx } dy

i ‘-0.016‘.,0.007‘_0.013‘1 0.003|—0. 006] —0.010 0,003 —0.001 o.ooa‘\ —0.001] 0.003 0.018
5 |_0.001 0.015 0.005 —0.018 0.005 0.030|—0.015 ~0.006—0.007 —0.010-0.004 —0.002
3

| . .
: 0. 00110, 004}-0. 005.\ 0.002/—0.003/  0.021}j—0. 005 0.006| 0.009f 0.004] 0.010| —0.009
I |

Photo 19 " Photo 20
| L | c R | L c R

dx“dy dxidy‘dx ‘dyndx}dyt,dx\dysdx dy

-0. 001!—0. 005(—0,011] —0. 00]1 0. 008 —0.0121; 0.012i —0.0]11—0. 009 0. 002{—0. 003 0.017
| I
I—O. 020 0.013)—-0. 0061 —0.0! 7‘ 0. 009] 0.003;. C. 002) 0.010/ 0.000{ —0.004/ O. 003 0.023
i ! ! :

KN
i ‘ o.004 ©0.007 0.022 0.008-0.008 0.015] 0.013} —0.009=0.001 —0.005 0.004) —0.00]
2 i
3

Photo- 21 Photo 22
L l c 1 R L 5 c 1 R
1

| |
dx !dy %d:: dy ldx I dy “dx | dy ¥dx dy 1 dx ‘ dy
|

! : !
T | 0.005 0.007—0.013] 0.003—0.007| . 0.003]" 0.003 0.029—0.008 —0.018 0,001 —0.002

w \ \

2 :—0.003'—0.006—0.012‘ 0. 003;—0. 005 —0.-008| 0,008  0.001 0.009| —0.011{—0, 008 —0.001

3 .-O. 0021\ 0.003; O. OOSi —0. 001\ 0.004) —0.001]| 0.003 0.000{—0.002 0.005 0.002| —0.002
1Y 1 i -

Photo 23 Photo 24
L | ¢ | R I L 1 c LR
} dx | ay | dx | dy | dx | gy || ax | gy ! dzx | ay [ ax | ay
1 ‘l 5,000,009 0.014] —0.014 0.003] 0.002) 0.013 ~0.001l—0.004 0.014-0.019 —0.003
2 | 0.00) 0,031 0,006 0.003—0.00] —0.008) 0.001 —0.020 0.001 —0.007 0,009 —0.016
3 | 0.011 0.013-0,005 0.007—0.005 —0.010| 0.009 Z0.000/—0,017|  0.004—-0. 001| —0. 002
Photo 25 L C R '
L I . l | 27:LCx RS
@ | dy | dx | | as | ot T
| dx dy | dx | dy dx dy ‘ HEEE
1 ‘l o.mdl 0.0211t 0.009 —o.011l—0.004 —0.006 2y Tt T . CRz BERRS
» |_0.003—0,004/ 0.020] 0.011}—0.018 —0.005 '
3 | 0.003—0.022 0.013 —0.004~0.008 0.007 3p + v RER
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Photo 1 Photo 2
L | c | R [ L | c | R
e ay | dr | dy | odx | | s | & | 4 | @ | @ | o
1 _o.om_o.ooaj—o.omt ~0.002) 0.003] —0.001{—0.011] ~0.001] 0.001] —0. 0020, 017 0,017
2 |-0.011 0.005'~0.00¢| —0.003 0.012] 0.004| 0.001 o0.011—0,011 —0.026/—0.008| ~0.017
0.020[—0,002—0.011|  0.010 o, 003 0.011—0.001) —0.001|-0.003) ~-0,031] 0.001 —0. 004
i i
Photo 3 Photo 4
I I S S B
| dx 1 dy ’ dx f dy | dx ‘ dy “ dx dy 1 dx ’ dy J dx ’ dy
1 |=0.012 0.008 0.010] —0.013~0.011] —0.015/—0.015 0, 0080, 008 0. 007 0.004{ 0.006
2 |-0.007 0.013 0.014 ~0.009 0.003 0.016] 0.00¢ 0.007/—0.004 0,002 o.owi —0.022
3 | 0.008-0.007~0.000] —0.008~0.002| —0.011] 0.023 . 0,011 0.003 —0.005 0.003] —0.012
Photo 5 Photo 6
l L | c | R | L { c R
| ar | | ax | oy | a | & | | & |4 | & | ds L
o= 0.015] 0.014 0.003 0.022—0.004 0, 002/—0. 016 —0.001/ 0.010/ 0.001/~0, 003 —0. 004
0.004/ 0.005—0.002] 0.004 0.017 —o, 00| 0.012] —0.017 0. 000 =0.011|-0.011/ +0.013
—o. 0091_0.019;_0. 000] ~0.005 0.001) ~0, 005} ~0.015 —0.008—0.015|  0.018/—0.009, —0. 004
: I
Photo 7 Photo 8
L | c | R [ L L c f R
| & | | & | a EREEEEEEEeY @
1| 0.014 0.002/~0.007 0.010-0. 006 _o.oor[ 0019 0.002—0.002) —0.012~0.007 —0, 001
2 |-0.003 0.0121-0.021 —0.008| 0.011| —0.003| o018 o, 003/ 0.004 0.004—0, 027 —0, 001
—0.005] 0.008-0.009) —0.013 0. 004 _o.o%' 0.004] —0,003 0. 008 0.017' 0.008 0.016
P ! i i |
Photo 9 Photo 10
L | C | R ] L c R
dx | dy | dx i dy ' ' dy ’ dx ' dy ‘ dx , dy } dx i dy
! | 0.005/-0.002/-0.004 0.007/~0. 008| —0.003[0.003 o, oo9i—o. 003 0.008/—0.002 0,021
2 | o.00d 0.016 o.008 —0.001—0, 003 0. 004 _o.ocm‘ —0.015 0,001 0,010,004 —0.008
3 —0.004, 0.011/-0. 004 -0.004}_0.022 —0.007)-0.002]  0.004-0.00¢ 0,003 0.002 0,010
Photo 11 Photo 12
A IR I ] ¢ | ®
| dx I dy ! dx l dy ] dx ‘ dy 1 dx } dy 5 dx | dy dx | dy
1 |=0.012] 0.002] ©.005 o 000 0. on\ —0. OOé%—0.0TSE —0.0001—0.004| —0, 0070, 003 —0. 006
2 ,—o 013-0.011|~0.005 —0.000{ 0.008 ©.005] o, 009 ~0.001| 0.001| —0.010—0.013 —0, 004
~0.004-0.002| 0,012 ~0.014'-0.002 —0.005] 0.008| —0. 001/=0.002]  0.010/—0. 008/ —0. 009
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Photo 13 Photo 14
| L \ C ; R 5 L ’ c | R
% dx ! dy % dx ’ dy % dx dy w dx i dy ] dx . dy ' dx i dy
1 | 0.013 0.003—0.007 0.008—0.001 ~0.011,~0. 001 —0.009—0.004/ 0.005 0.012 0.016
2 | 0.013—0. 002| 0.006 0002, 0.007 0.00cl ©0.005  0.002—0.008|'—0.005 0,002 0.002
3| o.oozl_-o.ooz| 0.009| —0.012~0.003]  0.009|—0.007 0.002—0.014] 0.001|-0.019  0.001
Photo 15 ' ) Photo 14
| L c | R L | c R
| dx j gy | dx | @ | dx | @ { dx dy ‘ dx [ dy | dx | dy
1 | 0.014] 0.01¢] 0.0127 0.008) 0.015 o.oosl’._o.ow o.oml 0.0125 —0.025—0.011} —0.010
2 |-0.015 0.005—0.010 0.012/—0.009 0,004} 0.013 0.011—0.011]  0.024 0.014| —0.022
3 |-0.001l 0.010{—0.000 ~0.005-0.002 0.012|—0.008] —0.007, 0.018| 0.001| 0.007| —0.011
. | .
Photo 17 Photo 18
L | c 1 R | L | c R
dx ’ dy | dx dy ‘ dx ' dy “ dx [ dy ; dx 1 dy l dx dy
1 |—0,005 0.006/~0.018 _o.o14‘ 0.019 —0.004] 0.013) —0.005 0.008]. 0.014 0.000 0,003
5 '_o.0m| o.404 0.003| —0.003 0.003 0.001|—0.001] —0.003—0.004/ 0.015 0.006 —0.015
3| 077 0.000 0.013 o.oosl‘—o.om 0.021|| - 0. 001 o.oml-o.oosl 0.007] 0.003 0.013
Photo 19 Photo. 20
L c | R | L i C | R
dx dy dx ’ dy ’ dx \ dy " dx ‘ dy | dx dy %dx \ dy
T I—o.008 0.013 0.011 0.005 o.008 —0.009] 0.009( —0.010/ 0,001 0.017|—0.007|3—0.026
{ . »
2 1-0.003] 0.008|—0.013 —0.009—0.00¢ = ©.013]—0.008|. 0.005—0.003 —0.007—0.000) 0.007
3 |—0.001|—0.018 0.012| 0.002) o.oml’ 0.002] 0.007 0.002| 0.004 —0.000/—0.01¢ ~0.012
Photo 21 Photo 22
L c R | L | C 1 R
dx dy dx ’ dy dx ' dy I: dx l dy l dx | dy i dx 1 dy
1 o.018l—0.001 0.013  0.014/—0.008 —0.019 —0.0021 0.004/—0.011  0.001/—0.004 0.012
2 '—0.001] 0.018 0.019 0.015—0.003 0.009| 0.010" - 0.008—0.003 —0.011 0.009  0.001
3 | 0.002—0.008 0.017| 0.013—0.000 ~0.004 —0.001| —0.022, 0.004 0.005—0.009 0.019"
i - ] .
Photo 23 Photo 24
T R [ v [ ¢ I =
* dx ‘ dy l dx dy l dx I dy ‘ dx ’ dy | dx | dy | dx ‘ dy
T T o.014—0.007 0.005 o.00s| -0.003 —0.012|—0.027] —0.019 ©0.001 - 0.004~0.012. 0.013
2 10,001l ©0.008| 0,002 —0,004 0,001 0.003|—0.008 0.009 0.012 0.004/ 0,007 0.002
3 |-0.002|-0.012| 0.000 0.002/—0,005| —0.024| 0.00¢ 0.002/—0.009 0.010/—0.006{  0.007
‘Photo 25
L | C | R
Zx | ay | dx | . dy | dx | dy
1 |—0.004 0.009 0.009| —0.009/~0.007| —0.012
2 120.009'—0,010 0,005 0.008 0,005 —0.013
3 | 0,003 0.009—0.014 .0.005—0.012 0.001
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