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Fig.1 Geometry Configuration Corresponding to

the Applicable Solutions

2 OPA 4%} 7E [ F B Rz A

P52 5 1 266 68 2 ) S8 B b 02 A 8] AH AL A
e, B TR B AL ARBR R AN 5 A ] AR AR R
FR AR AR AE 23 B0 Cats s v 0w ) L (s i s 200 MU 46
X E T1) 1) B BORE Y W] R R H



998 OO S [

2009 4 8 H

X o iz T3 u; t,
yi|=Alra re v | |u ||t (18)
Z; 31 Tz T3z ) (W, t.
KA RARRESHGry R TR R 1970
s (ot )RR AR IR 7 . 2 Y =

D HETP B S
T = EYL/H*/\REX//H
k=1 k=1

3 HEIRSH

(i vi 2z Xi = (w; v; w)', T =
(t! ‘. R)T»)ij‘ft(lg)gmiﬁﬁﬁ/;ft %@U%Fﬁ%i&%ﬁ%{ﬂ'ﬂﬁiﬁﬁﬁa b(%/;@?‘
Y. — RX. LT (19)  RAZBERN 1536 48F X1 024 R F Y Kodak

A n(n=3) XA 3 gL, 235 A A AL S 4 2
B0 Ak 1 T A AR 2 T B/ e DU SR A T R
JESEA A R FCER i T, 5o A bn
RN f A xS P

DCS 260 AHHLIAHE . A48 72 AR EF A AL A 7
PR AL AR 18 K17 . I A i 78 T4
A ARSI o 2SR 2275 BIARHIL I 9 7 {0
JCEN:f=1703.489 14 % ,u, =764. 821 14 &,
v, =509. 368 1R F . & ] i T2 A5 B Sk ey

Y’ = RX/, (20)

oo, e — A ST AR X AR AR BR AT 5 A AR
, : HIE 1 PR,
e X, .

Yy —y — = X = X — =1 F1 EHLIHENLIRRY T LR
I l n l , n Tab.1 Image and Object Coordinates for
2 %% 7 1) [ A0 e 1 VAL e 2 LI E AC Y 2 Control Points
AT TSR AE . B g G UGRE 12 G E ¥y s 4 b/ m
- u v u v X Y Z

argmin >3 [V, —2RX'D" (V' —aRX'D] 2D
A i=1
RSB B e

A= ZHﬂHWZHXHZ (22)

R A S 2 (21D /N T iR 4 1) A

#rF 30 (D) B i Procrustes [a) /8, IR BF A 1
ERVY ASRIOL S Y T

G03  340.1 329.9 897.1 292.3 —0.227 —0.001 3.884
G04  197.4  299.1 664.9 287.3 —2.954 —0.004 3.873
G16  510.6 447.3 1009.6 396.8 0.062 —1.745 2.615
G17  416.4 370.4 954.4 325.1 0.065 —0.712 3.454
G18  632.9 394.4 1079.6 335.8 —0.003 —3.087 3.094
G20 762.6 216.4 1139.6 126.6 —0.327 —4.537 4.743
G22  956.4 617.1 1328.4 587.9 0.003 —6.271 0.827
G24 1091.3 517.3 1455.7 461.3 0.002 —7.575 1.756
G27  428.4 200.9 681.1 184.6 —3.786 —2.599 4.416
G28  538.6 250.4 930.7 200.6 —1.279 —2.591 4.395

S oo
v = X = R SRR AR DL P (76 2 35 o 7
AT Al ) WA 5 AR 5070 L EEBER A s
(23)  BOPHRLT) DR SO 58 ORI X7 5 44

% Procrustes [A] Y A 5 7 ¥, 155 Q=
AY' X IEHEAT SVD 43 fife o B AT iR SR e 4 L AR
Ja R fE B m . 3T OPA [ 48 % 5 1] fig 5
AWM,

D) K BERL g P E A bR E0 L 5

2) MR 22 I RE 4G

3) HRARHER I Q IF X HE AT SVD 3 15
B e FFE R

MRS IR & 2 iR R . THRERVL AR
SIS R G T vk i A R O H . R A
e SRR SR AR TR P ARSI A AR OGS 2 P A i 2R O ot b
Je— B (EL7E 8 3 A X A8 4 2 BOR fifp Bk 2k 1] B
IR R I, RLT J5 35 R % RE e 5% 2 2] (19 A
KM TR T OPA F 45 R 0 D e JE [ 19 1E 52
YA A S R Y L L B4 T 22 i Y

®2 HEME@MER

Tab. 2 Relative Orientation Results
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Orthogonal Procrustes Analysis and Its Application

on Rotation Matrix Estimation

ZHOU Yongjun'

KOU Xinjian'
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Abstract: Rotation matrix estimation is a basic problem in photogrammetry field. Traditional

approaches are the least square solution with prior initial values, whereas the initial values

are hard to be obtained in some cases. Furthermore, the bad initial values are apt to lead

wrong convergence in iterations. The orthogonal procrustes analysis (OPA) is applied for

rotation matrix estimation in photogrammetry. OPA is a direct solution in parameters esti-

mation, which needs to Singular Value Decompose (SVD) of a matrix. The solution could be

used as either rotation matrix estimation or the initial values for bundle adjustment. OPA is

applied for direct relative orientation and absolute orientation in this paper. The results of a

close-range photogrammetry case are given to verify it.
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