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(S Find Ima e Parameter*)
fGenera "spell”]
Off[General: eIII“]

*
f
f
(*Import 1st Approximation*)
X0 = Imp_Xo;

(' Import Img Coor*)

Lb= Leftimp* 3.4* 10"3;

(' Import GCP¥)

GCPimp = GCPimp;

(' Import QLb¥)

QLb= DiagonalMatrix[QLb] ;

S*Rotatmn Matrix*)

|=Cos[phi]*Cos[kapp aL,
mI2 sinfomega]*sin[phi]*Co s appa +Cos[omega]*5|n[ka paj;
ml3=-Cos omegka *3| n[phi]*Cos[kappa]+sinfomega]*sin[ka ppa],
m21= Cos sm kapﬁa :
m22=-sin ome aJ*sin[phi sm +Cos [omega]*Cos[ka pp I
m%% Cos[ omega sm phi *sm +sm[omega] Cos[kappa];
m3l=sin

m32=-sin ome a *Cos[% 1],
m33= Cos[omega] Cos[phi];

(*Obj Coor to Camera Coor*)
Xc=mI*(Xg-XQ)+ml2*(Y
YC= m21* 0-X0 +m22*
ZC=m3L* Xg X0} +m32*(Ye-

( Lens Distortion*)

xm= XV- xh;

ym= yv- yh;

r=\fxm2+ym;

drx =xm* (kO+kl *r2+k2*r4);
dry = ym* (ko +kl *r2+k2*r4);

dtx =pl * (r2+2*xm2) +2* p2 * xm* ym;
dty =p2* (r2+2*ym2) +2*pl *xm* ym



CFish-Eye Model™)

T i

yi= +yh +dry +dty;

v\ Ye!

(ADeflne Parameter*)

Xa={R, xh, yh X0, YO 20, omega, phi, kappa, kO, k1, k2,pi,p2};
t=Length]Lb/2

=Inverse| Lb]

bPara=Lb;

(*Define All Equation*)

For[|-| |« t,i++
FXStart i_l][TRe IaceAII[x

’lZ >r§[2|1|r:n e IaceAII ,EX
1]J  20-> Clep[f3|

AFxStart=Array[FxStart,2*pt];

(*Find Jacobian Matrix A¥*)
Jacobian$[f List var_List] =Outer[D,f,var]
J=Jacobian$[AFxStart;Xa];

(*Find Parameter of Fish-Eye Image*)
Forfiter=1,iter«3,iter++,
replaceRuIe Thread’[Rule[XaX 11:
FXO=ReplaceAlI[AFxStart,replaceRule];
A= ReplaceAII[J replaceRuIe]D

. PA,
U% Transpose Al PL
X$=-Inverse[NS].
V=AX$+L;

50 e NS A2

x=Inverse ,
LbPara=LbPara+V;

Print["Iteration )
LB ——— ]

Print ['SD= .






(Fish-Eye Model™)

AN EArcTan [ XN Y2

xi= +xh +drx +dtx;
\/(‘f ._’*1
o FATCTan {4 XeatYe2
\/ ﬂﬁt :V*‘
X: {R, xh, %h X0, YO 20, omega, phi, kappa, kO, kl, k2,pi, p2};
pt=L e gth ;3
Achklerray[c‘hkl *nt];
(*Define All Equation®)
For[i=1,i«pt,i++ .
FxStart[Zl-l :ReplaceAII{Fm {X "C_HK_ImE[&Bi_—Z]] Yg
el e AR
Yi->Achki ;
FxStart[21]= eplaceAII[Fyi,fXg->CHK Imﬂ[k[Si—?]],Yg
>CHK Ix[ 3i- IM %>CH Imp[ [31]] ,xI"AchKi[[2+—
1]J,yl »Achki[ [21] T} ;

AFxStart=Array[FxStart,2* t&
replaceRule= hread[RuIe[ a,xa_lmpll;
Fx=ReplaceAll[AFxStart, replaceRule]
sol$=Solve[{Fx[[2+4]]=0, Fx[[2i ]]1==0}, {xi,yi
X1_FishEye [li_{L:Re I]ace IIf[ 5 ]}{ yils
xI_FishEye[2i] ceA I[ylso $]
AX]I FishEye=Array[xi ishEKe,Z*_pt];

xi_Residual=Chk_xi-Axi_FishEye; *
Primt["Resecsion "Residual= ",xi Residual];
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(Two Photo Intersection)

0 Photo Intersection®)
f General "spell"]
Off[General "spelll”]
(

Import Parameter*)
ParaLeft = ParaLeft;
ParaRight ParaRight;
(*Import Observation*)

Left = Leftlmp* 3.4* 1CT3;
LbRight =Right Imp*3.4 * 1CT3;
(*Import QLb*)
QLb=DiagonalMatrix[QLb] ;

( Import Xo*)

X0 = Imp_Xo;

(' Import Check Point (Xg,Yg,Zg)*)
GCPimp - GCPimp;

S*Rotatlon Matnx*)

mll=Cos[phi]*Cos[kappal;

|2= sm[omega]*sm[ h|]*Cos[kappa]+Cos[omega]*sm[ka np

|3= Cos[ome a]*sm[phl *Cos[kappa]+sinfomega]*sin[kap
p
p

hiT*sin[k R
|n ome a]*sin[phiJ*sin[kappa]+Cosfomega]*Cos[ka
03 omega *sm[[[?hl]]*Sln[ 1 ] l :

sinfomega]*Co [phi];
0S omega}*Cos[[pphl]!

(*Ob[] Coor to Camera Coor*)
Xc=mIl*(Xg-XQ)+ml2*(Yq-YQ)+ml3*(Zg-
YC= m21* -X0 +m22 g -YO

Zc=m31* Xg -X0)+m32*(Y

(' Lens Distortion*)

xm= XV- xh;

ym :yv- yh;

[ =\l~xm+ym ;

drx = xm* (kO+kl *r2+k2*r4);

dry = ym*(O+kI* 2+k2*rd):
dtx =pi * (r2+2*me)+2*p2*xm*ym
dty = p2*(r2+2*ymZ)+2*p| *Xm* ym;

l
I

a
Ik

Heb)

a
p
p
8

m
m
m2l=-
m22=-s
m23=C kappa]+sin[omega]*Cos[kap
m3l=sin

m32=-s

m33=C



(Fish-Eye Model™)
*R *ArcTanf”
J&w ) _[__ L +xh +drx +dtx;

[Toe
| ( ,\I,L: “,‘._Jr 1

J G

_ % *ArcTan [ X2
|

yi= Fyh +dry +dty;

[(2)2,

(*De&nehParr]amet%*) hi k kO, k1, k2, 2}
=R x X0, Y0,70, omega, phi, kappa, :

Bt Length Lbref 2]; e o

Inverse[QLb];

*Define Check Point(Xq,Yq,Z
>ga Array[CHK,3*pt]; Xy ¥9.20)%)

(*Define All Equation®)
Forh-ll«pt|++

aleft

aco |an Matrix_ A%
tvar_List] =Outer[D,f,var]
Fx$tart Xal;

lbj ect <C300rd|nate of Check Point¥*)
Jiter

Rule ThreadF[Rule [Xa,X0]
ReplaceAll[A xStart re IaceRuIe]
a eAII[J,rep aceRul e]D

o 3=
=

o=
nL o

O

ans ose A] P.A
anspose A]l.P.L

1 ||Q;U
—|—| 3>}
O‘c

el 1<

)P(S1 Xa[[31r]—%]]] Yg->Xa[[314]],Z¢-
Pa

100



_ Print["lteration

LN
Print["Xa= " Xo
Print["SD=",Qx

I

1

1

X_Residual=GCPimp-Xo:

PTint["Intersection Residual= ",

Residual];
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X
10.026
10028
10027
10017
10.009
10.006
10,003
10310
10.366
10363
10362
10358
10358
10376
10711
10711
10.706
10.703
10,699
10,704
10.720
11.055
11.055
11.044
11.050
11.046
1.4
11041
11401
114
11.3%
11.3%8

Y
8.157
9.161
9,558
9.958
10.366
10.763
11156
8.7
9.160
9.549
9.9
10351
10.749
11130
8.143
9.143
9.546
9.952
10.347
10.737
11133
8.7145
9.139
9.541
9.943
10338
10.727
11124
8.13%
9.134
9.536
9.936

z
10001
9.9%

9.99

9.995

9.993

9991

9.990

10.205
10203
10198
10.202
10.200
10.204
10211
10410
10412
10416
10408
10402
10406
10420
10617
10.608
10.609
10614
10613
10613
10612
1082

10819
10817
10822

Clx

0.78
091
0.86
092
0.84
102
0.86
0.89
091
092
082
085
083
0.8
0.84
081
0.9
0.97
092
091
088
0.77
0.78
098
102
0.97
087
0.79
091
092
098
0.78

Cly
082
087
0.90
0.%
0.80
098
0.90
085
0%
0.%
0.78
081
087
081
088
0.77
092
100
088
087
092
081
0.74
102
098
093
091
0.75
0%
088
102
100

1-4

148
157
163
173
160
176
163
153
mn
175
140
146
157
162
160
139
18
18
175
157
167
146
148
184
1%
16/
165
13
173
15
184
18



11398
11.385
11398
11743
1174
1
11739
11734
11732
11742
1209
12,087
12083
12,087
1208
12083
12,097
10876
123
11222
10877
10543
11547
11563
10534
10.169
119
11921
10188

Y
10.348
10.725
11114
8.128
9.132
9.529
9.931
10327
10.708
11107
8.125
9.121
9,53
9.928
10329
10.705
n1
10.166
10153
9.746
9.751
10547
10531
9.375
9.388
10.946
10909
8.933
8.954

10823
10819
10829
11023
11023
11,04
11023
1102
11,024
11032
11226
11223
11223
11221
11224
11228
11231
10512
10722
10.715
10511
10313
10915
10918
10.307
10.089
11122
1113
10096

CIx

071
088
0.89
0.86
101
102
0.%
0.78
088
087
102
097
091
0.86
101
083
080
0.87
088
102
097
092
097
087
087
0.80
0.78
0.87
0.99

uy
0.99
092
085
0.90
0.97
098
092
082
0.84
091
098
100
0.87
082
0.97
0.87
0.84
083
0.84
098
093
0.%
093
091
083
0.84
101
083
103

Clz

1%
166
169
162
19
176
18
148
167
165
176
18
173
163
17
15
151
165
16/
176
184
173
184
165
165
152
18
149
18
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XM
51938
52614
53.2%
53,981
54.669
55,342
51.938
52616
53.288
53981
54.657
55.344
51932
52615
53.2%
53979
54,663
55.353
51932
52616
53291
53974
54.657
55.346
51.929
52613
53.2%
53.980
54,661
55.345
51930
52619

YM
45.6%
45693
45,686
45693
45,689
45.700
46.3%
46.3%
46.3%
46.397
46.398
46,398
47,09
47098
47097
4709
47.0%
47,09
47794
47.7%
47.7%
47.793
41191
41797
43.4%
43,500
43493
43501
43497
43497
49194
49198

74Y,
5013
50.160
50.191
50218
50.241
50.269
50.125
50.156
50.187
211
50.238
50.210
50.125
50.153
50.184
0211
50.237
50.264
50.127
50.152
50.161
50.207
50.237
50.267
50128
50.153
50.183
50.208
50.241
50.268
50.135
50.154

0.9
0.89
102
098
082
0.79
097
0.9
104
109
093
088
0.9
0%
083
107
108
098
092
0.75
098
093
0.9
091
109
093
0.9
098
0.99
0.89
092
0.90

Cly
088
0.9
0.9
104
0.76
0.73
091
105
110
103
0.99
082
102
0.89
0.89
100
109
104
0.86
081
092
0.99
093
0.85
115
087
12
104
093
0.9
0.86
0.%

1n
1
1%
18/
1%
13
184
189
198
207
178
148
184
18
158
18
1%
181
17
146
186
178
188
153
207
157
18
18/
188
1
1%
173

5-8



XM
53297
53980
54,657
56.353
51937
52617
53.300
53984
54,662
55.354
56.080
56.803
58.484
59.210
56.017
56.798
51.522
56.075
56.7%
58.970
56.7%
51.523
58.244
58912
56.070
56.7%
57518
58.241
58.935
56.070
5.791
57511
58.233
58.966

YM
49.200
49199
49201
49197
49907
49.905
49.903
49,902
49,900
49.903
45.79%
45.793
45.79%
4579
46.224
46.223
46.224
46.669
46.668
46,226
46.668
46,610
46.669
4673
4719
47189
47.191
47192
47188
47636
47635
47634
47635
47635

74Y,
50.182
50.213
50.239
50.272
50.127
50.149
50.179
2211
50.241
50.267
50.156
50.185
50.252
50278
50.170
50.199
50.232
0171
50.1%8
50.293
50.1%
50.230
50.260
50.288
50.173
50.200
50232
50.261
50.315
50.174
50.201
50.236
50.266
50.293

Ox

091
088
103
104
0.9
098
0%
0.84
085
106
109
104
0.9
0.86
098
0.99
106
0.85
0.84
09
0.9
093
108
109
103
085
0%
0.9
109
104
098
093
108

Gy

098
085
082
109
110
105
092
0.89
0.90
091
0.9
103
110
088
092
092
106
n
0.79
0.90
0.89
0.90
0.9
102
115
0.97
091
100
0.9
103
110
104
087
114

Clz

17
153
167
1%
198
189
186
160
160
162
178
185
198
179
166
186
189
200
162
162
181
162
17
205
207
1%
164
18
178
207
198
186
157
205
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108

XM
56.070
56.7%4
57.514
58.234
58,979
56.073
56.7%4
57.510
58.201
58.969
56.075
56.786
57491
58271
58.966
56.060
56.789
57.516
58.250
58.9%
56.523
57.9%
8321
50.721
51.204
48,557
50.719
51200
48,555
50.719
51201
43.548
50.720
51.200

YM
43152
43,156
43,156
43155
43,160
43598
43,600
4859
43,606
43,603
49119
49116
49113
49133
49.124
49.557
49,564
49.567
49573
49581
50,028
50,037
46.218
46.222
46.225
46.666
46.666
46671
47185
47188
47.183
47631
47632
41621

4Y,
50.174
50.204
50233
50.268
50.285
50.167
50.203
50.238
50.254
50.291
0171
50.216
50.262
50238
5029
50.182
50.210
50231
50.257
50.216
50.218
50274
49.846
49.952
49,965
49.854
49.942
49.967
49.8%4
49938
49912
49,853
49938
49,960

CTx

0.90
087
0.94
0%
109
104
0.9
104
0.9
0.9
087
085
0.9
106
0.9
107
093
093
104
102
104
0.9
0.9
098
087
088
098
109
108
105
0.9
0%
093
0.84

Cly
084
081
100
101
115
098
105
098
102
088
093
0.79
093
0%
102
113
087
0.9
098
108
098
108
106
092
093
0.9
092
115
097
1
093
100
0.9
0.18

17
146
180
181
207
176
188
176
184
17
16/
162
16/
201
184
203
157
L
1%
1%
176
1
189
186
167
16/
186
207
17
200
16/
182
L
140



XM
43,549
49032
49515
50.236
50.962
43.548
49,030
49514
50.233
50.958
43,545
49,509
50.231
50.958
43543
49,026
49,508
50.231
50.9%5
48,546
50.012
59.802
59.826

YM
48151
43,149
43150
43,155
43,155
48.5%
48.5%
48.5%
43.5%
43,600
49116
49118
49119
49124
49,562
49,562
49,563
49,567
49,569
50.023
49914
50.223
45612

74Y]
49,856
49875
49,889
49919
49,954
49,855
49817
49893
49,926
49,953
49,852
49.89%
49.929
49,961
49,853
49875
49.3%
49921
49,960
49.89%4
50.108
50491
50.488

Clx
0.83
0.93
0.94
0.9
0.9
097
0.99
106
0.93
102
104
108
0.89
099
103
108
108
104
0.9
0.98
109
114
110

0.77
0.99
088
102
106
103
093
n
0.99
0.9
098
102
0%
105
097
102
114
110
093
104
092
108
109

158
178
179
184
189
184
167
200
L
1%
176
184
169
189
1%
184
205
19
167
186
166
1%
209
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