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Abstract

In recent decades, computer graphics have developed rapidly. With the
development of computer graphics, some related technologies have emerged,
or has made substantial progress based on the original. Virtual reality, digital
city, digital museum, reverse engineering and other new terms have emerged
and begun to enter the application stage. These technologies are essential to
the needs of three-dimensional geometric modeling, but traditional AutoCAD,
3D Max, MAYA and other modeling tools have been increasingly incompetent
people need for complex surface modeling of objects, thus three-dimensional
laser scanning technology came into being.

In order to obtain the real three-dimensional model of the objects, people
need to get the real data on the surface of three-dimensional. However, due
to measurement equipment and environmental constraints, the full surface
measurement data obtained through multiple measurements are completed.
Therefore, in the point cloud data obtained after the three-dimensional model
in order to get the original surface, must be to different angles and different
positions scanned by the large-capacity three-dimensional data points
converted to a common coordinate system, the technology known as data
suture, or three-dimensional point cloud data registration.

Point cloud registration in fact equivalent to the mapping of mathematical
problems, that two adjacent point cloud data to find the corresponding
relationship, or to find a suitable transformation between a coordinate system
conversion to another point cloud a coordinate system.

This review describes the basis of academic research, and focused on the
spatial three-dimensional laser scan data registration problems,
ground-dimensional laser data registration method can be divided into
feature-based iterative method of data registration and data registration: ICP

(terative Closest Point) algorithm is commonly used point cloud registration
4
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algorithm, his view point cloud with the corresponding point on the mapping,
using the least square coordinate transformation matrix, iterative solution until
you meet the required precision. In general, this approach corresponds to high
precision and speed, but slower. This paper presents a new similarity
transformation space for different point of view of point cloud registration, a
clear geometric meaning of its parameters, but also easy to reliability and error
analysis. Space similarity transformationis just recently developed and applied
to point cloud registration method, the use of space can determine the
three-dimensional model similar transformation on the ground coordinate
system in the correct orientation and scale factor naturalization. This article
mainly deals with three-dimensional laser scan data point cloud registration,
and highlights the similar transformation in the point cloud space registration

application.

Key words: 3D laser scanning; ICP Registration;space

similarity transformation ; point cloud Registration
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S IA] o ZERF ST TCPARVE Y, 2056 1 AR rp At A — AN SR B B, RIS R R
R HESRVE (corresponding point set registration) .

Xof N R SR L AE Y BB P ST EUE

XTI R TCHE SR B ARAE T - HRdR /N el il (1) AA R A% H A [, 6hT- ELAH
XN PR B, AT DGR FH B DY o 8o [ 1 145 5.

A H AR RURPXT R T 225 U 4RX, 0 N rUER Nt 2 PA T 2%

(1) PHAIANENP FIXH S AN X A, BIAP =MX
(2) XFPHhEE—Afips B AZX N FXFHEEGHE iR ifx7 , Blps = x7.

B A e i A AU TE 8 O =[G, 0, 0 G| FiT g, 20, FFEL
Q2 + 02 +2 +02 =1, AIE33HERESE I R(qy) » BB E A o, =[a,, 05,06 -

AT 45 5 A A AR 0 g = [y | - DSR2 ) 0 Bt A KA 4 B
TR AR o {45 B B

2

f(q)=— ZHX R(0:)P; — O | (3-1-1)

/M Ta]
BIEMARI T
(1) 1320XF B s 4EPAIX;
(2) HEEFFAEP ME RS % SEXNE LD

Np

=— Z U, =—ZX (3-1-2)

|:> i=1 x i=1

(3)  HH R EEPANXH I B 7 22 R

11
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3= 2P )X -0

R N e VA9

p i=l
1 &
=N |:piXiT:|_upuI (3-1-3)
p i=l
(4) HPTT R G4 X 40 FRAE P -
tr®,,) AT

Q(ZP,X): A Zp,x +Z;X _tr(ZP,x) E (3-3-4)

o, LRI RAERE, (Y, ) RIEREY i,

A:[A23’A31’A12]T A= (Zpyx _Z;x i3
(5) HHA(Y, ) MAFERUATRHE R B, JURARHERUH BLFIER B

FENERE 1718 gy =[0,0,0,0, ] s

6) o PR R O = Uy ~R(0)U, (3-1-5), st

Oo+0 —0; -0 2(0,0, —Cols)  2(0,0; +CoT,)
R(Gr) = | 2(0,+G8s) G5—C +0;—0  2(d,0; — ) (3-1-6)
2(0,0; —Go%,) 20,05 +0,0,) G —G —C; + 05

() F33056 A AR AH A B q =] 0o |0 | =[000h0,00,050 |, SRAFE /N 88907 522
dy,= (a):
(8) 45
s 7 s A i A (0 Oig ) =Q(P, X). 36 q(P) 26 PARHE M4 725 e
e o AR (05 2
2.1.3 FHHIICPEE

TCP 3 24 P A5 0 25 2 MM B0 o [OPHLTE BUARBE AR R 05 0 2 5
WEE R R (0B, (RS A B SRR o, JE T 1A K 2, 4 B2 T 5 Bl
o A KR T R DR T BUEAT B, R R R

TCP LV [T TR O(NG N, ) o 7ESEBRINEE R, 24504 B R KT (1 JL+

12
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FIREJUE AN BAES I TR B AR . 1SR B% I I A 51
O(N,) , I FL I RUEFC AR 2 1, SR TSRl & B 2 o . 1 F1CP
LT TR SR AT A S AL S ] LR, SRS A B TR [
P SIO(N,) , BITTIAE]H 1.

() JBEEREREP (FE N, DR MSEEZXEE N AR ;

(2) MRIE AR B FRASAE, 2P A F-FnAMFAE A C noEEL Bllin = 1 000) , 53]
FFAE AR,

(3) #hitk: R =F, q,=[10,0,0,0,00]", k=0;

(4) HH k-d tree FHRFAEXF I ERIL AY: Y, =C(F, X)

(5) THEAPRAE S M ERIRZE: (9. dD)=QF, Y.

(6) FFAE R BEARFRAR S R, =0q,(R);

(7) FIWRZER B, WRd, —d, <7, ¢ AREHEH >0, WIS, 750k 2]
R4,

®) wEWSTT , Hiiasskiass: p =0, (P),
(9) 4

2.2 ZEHENERESCEETRINA

FER I B2 B, 9 1 1 SRR R AR i AR AR 2 b B IR 7 2 AT EE R
WA T, —BCR F A TR AR AR #7790 0 T SR e 2 1B AH AL AR 46 o 1) & IS 4,
SR AR ], X R DTFRE A SRR SR, T AP

I FH 2 T READL 2 B 8 5 K e S A 7 TR
2.2.1 ETI EMILHZEHRINER

VA A 2 6 2 AR 2 40 51 O-XYZ I O-XIY'Z | Fo Al b 28 JE AR — B,
FAESA TS AKX, AY. AZ: SATREA Rt EARTAT, (776 = i

BB ex evs sz [Fl— 1 AFEPAD AR R HIAERR 2255008 (XY, 2) F1 (X, Y'2Z) o
13



R N e VA9

Bl AmTARAZ=EBEEMAEEFER

AR, XA AL AR FR I AR BR TR FRE RS v S50, AkbR R IS IO
ZUF, 3D AT, BN AE ALFR R B RS AR BRI 8 X,Y,Z FT X Y Z S

95 2 e T ) A o A
X
Y
YA

AX X
AY |+ AR|Y | (3-2-1)
AZ 7

Heh, AX, AY FAZ BIRNERESEGN NEHIE T RAYIES R
h, h, 0
R= Iy T Iy

r31 r32 r33

Hru=cos (&) cos (&,) » 2 =-cos (g,) sin (&) , 13 = - sine,,
rz = c08(g, ) sin(e, ) - sin(e, ) Sing, cos(e;, ) , r2 = cos (&, ) €os (&,) + sin (g, )sing,sin(e,)
, 13 =-38in (&,) €0S (&), rs=sin (&, ) sin (&,) + cos (&, )sine,cos(e;, ) ,
r2 =sin (&, ) €os (&,) - €os (&, ) sing,sin (&, ), s = cos (&, )cos(e, )»
Horb, ey g Me, 73 RINGEX, YIIZE TR 0 e M 24
FEAX ,AY ,AZ N, 0 ,wHfk 7 ASHCHAHRT, FIHZ (1D, "Te
T B HIFEAT PN AR R T B AR AR I 3 o (B K Z BB LR, TN S H0E 75 ZEARYE —
FI ] SAEPAN bR R T AR AR AR A 2 (D) [ BEAF 3, BRI, B e ZEx = (1)

22 8 BRI, 2R Ak
fEQ =w=k = 0 , A = 14, %= (1) 240 IR0 18, 15080 5 #2 -

14



N T AT 2 A AR AL H 2 14 25 B o £ 97
[dAX |
dAY
X-X' 1 00 X 0 -Z0 -Y'||dAZ
Y-Y'" |=|01 0O VY -Z 0 X da (3-2-2)
zZ-27 0012 Y X 0 |do
dw
_dK -
B B RE ARE TR
V=AX-L (3-2-3)
Hr
v=[V, V, V, ]
AH
1 0 0 X 0 -Z -Y
01 0Y -ZO X
0 01 Z Y X 0

X=[dAX dAY dAZ dA d¢ do dx ]
L=[5,. &, 6,. 1"

2 AR A B B AR T R R T, TR 7R, BBt —
MERMERE, Si4h, £ (D NP ETRIE, 20FEINESEEIE. FIH7
ANIRSL DT REA REE R . DRI 22/ 7 EE3ANAH A A . (P AAAR R P A 3
R0, R B Z2VE R LR A AR R 3 S A0 . (L3 = 2 58 1 (A e 1 22 J )

2.2.2 ETFZFEEEHTE) AT ik
(—) ZFE|EALIRERXR

WERTR, BAETEE A2 B A AL 0R R 0—xyz fTO-XYZ.

15
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- 1 7 B A AR ok B

LR WAAT R IR S 0 MO RS, FAEMIRTR; ARl A T4, %t

R AL b 2 A ZE R RS £ s ELWI AN BRI R B R AR ], AR e ABRRAFT I 458
[ nE 5 (P, P, Pyeee, P, Piifg-  AFERTIIAATN (X0 ¥o 2,0

TE O-XYZ AR R H AR N (X Y ZD, REAFRZ HHISR RN (1)

X 1 X, X,

Y. =Yy [TARGRYR, | Y,

I 0 XYL yl (3-2-3)
_Zi_ _ZO_ _Zi_

K, Xpo Yoo ZNEESEL, ANRESE, R Ry R, 7HIAGE3AN bR
FEAE TR EEFE R, ATy AEROR

1
R,=/0 cosa sina
L0  —sina  cosa
[cosB 0 - ~1n,B
iRy=| O

LsinB@ 0 c ()\B

[ cosy  siny
R,=| -siny c (wy
0

—

(3-2-4)
X (2 H, o By AIRSEXS Y ZETERE S RFRRRBE D — ik

16
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28 A AR DL AR A i 25 B e R X

R=R,R,R,, BH B R NI

(Z) RESHHEERE
R SRR B2 5 R, SEA SRR S e AR AR R T, SRARAI IR B, 7E
SIS BE 8 ) A R S8, Bd, P PR ATE 0 — xyz MEHR & R B

B, Dy AN AL O-XYZ AR & MRS, HitHE A7 08!

{.UU. = J(X,=X)>+(Y,=Y) +(Z -2)°

J

d; = \/( X, =x) +(y;—y;) +(z,-3)"
(3-2-5)
W R SR B A A
2 rz;l n DE'
A=—""3% Y,
nin-1) E=1E=:‘—1d[}.
(3-2-6)
XA A S AN

(=) hestElErRERE
JREHEFELI R A S 37 = R SEHE R SR (R M R, AR R RO TR
INFIRR N 0-xyz AAR R 1K = AN AR HIE A bR 22 O-XYZ R T AIAR X . 9 Ii R
A 3RS SR, H A6 SR IR 3 SRR
MR LT A B, DU TR A B P AN i P AP, X A s ) 2 ]
T, N T RIEERE, TH oxyz FO-XYZAFR R FHIMESBFA L AT, .
B s R AL, 4V =/

n

’ V2=I‘2/|I’2|, )I_]\UEE:T:E (37273) m"/f%[‘: VQZAR\/lo

HH i B R B e e AL ok R DR AR (Rodrigues) SEIURIAL, 223 (AL SRAF
AR U=, u,u,) RIS RFERES, HrSR RO FRAERE, BN

17
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,
0 u, —uy\
S=|-u, O u,
(3-2-7)
LU, —u, 0

FERE SR FKAE V-V =S(V,+V,) -V, = RV IR LT 5 A EAHN,
V, =RV A V,-V,=S(V,+V,)  FTELRAGHERE S S et fe R Z LRI R RN
R=(1+S)(I-S)* (3-2-8)

1H S S By I IR RREE R, TovE Bk et i) 0. oK, TEARMRE e
HinEES/OTFERHNE, BEDCHMIHSNMir. 1 FRER, nEkits
] fnH e e An-120 A &: dp Ay Ay ...y Ay (Foxyz2BFR R T);

Q’m’m’”"m4(E&WMﬁﬁ@UOEHﬁﬂW%:%zmymg

’

a, = P1P3,/|P1P3

y Ay = P2P3/|P2P3

Tt an—l:Plpn/|Pan|°

NRBTTE, LA =b—-a, L =b+a, MHEFELIAA:

-0 A -4 e Tl
- 1{.. 0 L H’_\ - LI!_\
A, -A, 0 L. J L,

(3-2-9)

A, (A Ay ADNIEAMSE, (Le Ly L) NIAEL KSR,

=L 0L 6T BB (o D041 R e 5 A U= L
BOR A BT 22 ARV HCE BT, Wb — TR AR, 4
u=CATPA)*ATPL
BRI B T B AR (3-2-T) SRih S JFE, SRUG AR (3-2-8)

FSRAFIERAERER o

18
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R N e VA9

(M) fHBEHEE

(RPN R ) S SIS T s SO AN Y ey S AWA G DR
MR Z AT SH, WP AR S B R & 45 R

"(:' X i
1 }{.r' - f\. R _"' i
}(.l} Zr_ -
L] - n
VA

(3-2-10)

(F) AR E SR

AR BRI AR FRHG FEE A2 VP AR AR A PR PR RE RO AR, A PRy, DU b P e
BRI BN R o S oxyz2B8HR 2 I AAAR WL INEL, O-XYZARHR 5 o (i AL AR
NTERZE, MR BLA iR 2 TR

VX1 X1 X VXz _Xz_ _Xz
Vvl =Y, Ry _T, VY2 =Y, |[-R| Y, [-T
V21 Z, 4 VZZ _22 | | Z,
Vi | X, X, Ve | X, [x
VY3 =Y; |-R|y;|-T VY4 =Y, |-RlY, |-T
st Z, Z3 Vz4 1 Z, 24

MR fe /> — 3R SR AT A3 H R 22 AR R VTPV = min , BT ZE T

VIPV VTPV VTPV VTPV
n-t 12-6 6

NN . _ NPV NPV VTPV
%@eﬁ@ﬁ%—\/n_t _\/12_6_\/ — (321D

SAGEVIPV BRLLA B of =

oo RN EIRF IR ZE, o UK, HARAURG MR cz, BRARE

&
i
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28 A AR DL AR A i 25 B e R X

() INER: DT R R, SR T —RiE AR A
SRR AR Y, R R, R T, AREEREELRE, HH
HIRHAETE Iy, FIE™E,

A AR UL SR O AR TR B R R 1 2 TR AR DL AR BEAT T ERRL, S5 RIIE
W ARG T EHER . RS RS AL T ELAB IR 7GR LB TR R IR
AR ISR, RS NG REN =02, FEEZEEEAT
B A AT AT PEANSE A o i DAAS YR R 38 23 ) 1) 2 ) 22 (B AR BA AR o Ak B S35
Rz I BCHE o

20
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B8 NASSR

3.1 HHERYIRER

3.1.1 Trimble GX =4EEOLIT M 2E

Trimble GX 3D #4842 S Bk i I 55 4 1) A5 A% JR%
B H O SEAR BOR SR AR A BUR (5 . Th
RESR K Trimble GX 3D 444X S H SRR R Gt ] Y s 15 4
R, AT @R PRI RTT o 2R A
(D) 2l S I %, TR TIE 5 H
(2)Trimble SureScan HFHIA, W SLHLPREE Al
(3) S IR & LA, A3 H AR REAER S EL s
(4) 5 Trimble TSC2 M #RHC G AT IR ERAE, A RE
e S

AR 5 7 B IR BU 23T Trimble GX = 4EBOGHAI O Fe L ER
ITEMEREN, NHZZEE SRR S R IR O AR

AT X Y Z
Pl 2
MWk 1 A ~1.619 ~1.956 -0.023
B ~2. 362 ~1.061 -0.006
C ~2.579 -1.621 -0. 094
D -2.188 -2.152 -0.13
Mxh 2 A ~2.689 0.701 -0.028
B ~3.702 0.136 -0.011
C -3.191 -0.18 -0.098
D ~2.599 0. 105 -0.135
MWk 3 A 1.796 -2.951 -0. 026
B 1.861 -1.791 -0. 009
C 1.321 -2.053 0. 097
D 1. 245 -2.707 -0.133
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3.2 [ FERIE

[P 2298 (SHCP 2D Bl e « N S5WIEE — 8 % R L AR 5
BEASHE, B WINMEHR MR IE X  MSEI R, B RO, %
/NI IR, F SR B AR AE I TV S RO i BUORE AT SRAS S LI 1
P ZEE [10]

3.2.1 [EFFE—RIFIE

YO 2 A o AN L, O Q=P BEMMEA ¢,
EE ¢ M s H X, HIERMER X =X+ X, MIE L SEGER v 2 A
L= L4V, OB R F 20, B A2 A, T80 n AF (R

L|+V|=a|Xl+b|x2+"'+t|Xt+dl (izl’ 2’ 3’ e, n) (4_2_1)

é,\
L-l b o]
R VAR |
X=[%, %, %]
d=[d d, -dJ
a b -t
5 a, b, t,
mt e e
a, b, t,
W~ ZE 8 7 R I A R TR N
L+V =BX +d (4-9-2)
é\
X =X%+%
| =L—(BX°+d)

A XOHBEI T EIME, T 4R 2 R
V =Bx—I (4-2-3)

22
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28 A AR DL AR A i 25 B e R X

/N TR, A ROAZEE VTPV =min Bk, KN ¢ NBEC
BT, AR PR A i, 8

.
v JDV =2VTPﬂ=VTPB:O
OX OX

HE AR
BTPV =0
PL R b iRk i nAS VORI TAS X i RN N+t
A PE— iR, FROCP RO (B 22 I iy 72
LRI, — MR (4-1-13) RN (4-1-140) K, DMERB LRV,

"

B'PBR—B"Pl =0 (4-2-4)
é\

N,, =BPB, W =B"PI

tt t,1
AT T 5 Ak

Ny X =W =0 (4-2-5)

b Zsp Noo sgysikanpe, B RNoo) =00 Rggme e, b0 R IEF 210
VTR, W2, 8

&
% =(B"PB)'B"PI
R ) XERNARZE TR (4-1-13) , BEDATSRABSUER YV, MIMFEEL RN

A

~ 0 A
L=L+V, X =X"+X (4-2-6)

R, = POXS AFERS, RUSLIIME 2 el A BARAE, WRETTRE (4-1-16) 1
aigE oy
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[paa]X, +[pab]k, +---+[pat] =[pal]
[pab]x, +[pbb]X, +---+[pbt]% = [pbl]

[pat]x, +[pbt]X, +---+[ptt]%, =[ptl]
3.2.2 REFEFEELKRFEEMNTESER

L ARIEPEREUER, 8 « MRSLEE NS

0. FgAF— ARG P25 45 B AR T SRR B, 45 R Bl R 2
P H LRI, BRI (4-1-3) |

3. HURZE AR BRI h | EE R (4-1-5) , AR TS
B ¢

A FRSTEDIRR, RIMBH X, WHSROTEM X =X+,

5. HHREEUEH /) REMWNETEME L=L+V,
6. PPAREHEIE

3.3 FAEHINERRKERSH

HH P =4ER RS A RESRAE SRR A — AT ) = B, RS
—MIRSERBIRGE S, — BRENS AT 2 3, SRR AR B ST
—ARSLARRR A, ARJE RS 2 IR PR I 2R R SR B [F AR AR R, X B
BT AR i = Bl o Be v

MR IR T2 [ [ B (R S (A AR BA AR e, TN ZER TN S AL, (BRAEARR
WAe T ASEIES N B S BRSO EBOR &R, BTSN =1, B
PAZAR S r SR HY e 2 BRAT- 18 S 50T I RES 1 1€ P AR AR 2 TR R B e o
Ao BRI RO iz B AT

1 )
B %
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WA FTR, BCEAR R LA R 253 000 [a] — kAT 7 il E, & B34
FAAAR ZON AR R IRIARKR 222, HXT L) = 700l M s I =2 GRS =
WIERA AR o B IX IR f S TBE A — AR R rh, BEEEROR H — M4
&R 5 — MR R AN REZH R MR ST R S s E R m sl
AR R, JIPAA SR T B AE— AL p I = 4EALBRIF R 01F K R

Xt X2
Y: |=R| YZ |+T
Z, Zz

(4-3-1)

Hrr, X Yoo Zy 0l sPEEARBR R LT HARARE: X2 Y2 . ZE 73oilh
P RTEAARR 27T AL FRE -

TR R R 2 WA R S 1, KRR IEESH R TP RRSHT
3.3.1 IRIEXNM[ERE S KIEESH R

MR R ) (3-2-9) ALK

0 -4.164e-005  -1.2563896 | [-1.5119266 |
4.164-005 0 0.2345714 0.2822818
1.2563896  -0.2345714 0 0.0292678

0 -0.00078856  -1.1954601 -1.4357722

A=|0.00078856 0 044797 |, L=|-0.5381127
11954601  0.44797 0 -0.13852986

0 -0.0002661  -0.6529145 -0.7838647
0.0002661 0 -1.0778953 -1.2942237
0.6520145  1.0778953 0o | -0.3498363 |
*u =L

BT Lo om oy RTINS, TR T 2

seih g, U=(A'PATATPL

-0.0214115610679175
A3 u=|-0.300364883209825 |, K u it NJEHEHY (3-2-7) A ALK
1.20177826576775

S{H:
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X HLH matlab SRAFAAARFEH I NSS40 N2 matlab AR : (5
V& iFntEIEE)

>>format long g

>>A=[0, —4. 164e—005, —1. 2563896 ; 4. 164e—005, 0, 0. 2345714 ; 1. 2563896,
-0. 2345714, 0;0, 0. 00078856, —1. 1954601 ;0. 00078856, 0, =0. 44797; 1. 1954601
,0.44797,0;0, -0. 0002661, -0. 6529145;0. 0002661, 0, —1. 0778953 ;0. 6529145, 1
. 0778953, 0]

>>P=[1,0,0,0,0,0,0,0,0:0,1,0,0,0,0,0,0,0:0,0,1,0,0,0,0,0,0:0, 0,
0,1,0,0,0,0,0;0,0,0,0,1,0,0,0,0;0,0,0,0,0,1,0,0,0;0,0,0,0,0,0, 1,0,0;0
,0,0,0,0,0,0,1,0;0,0,0,0,0,0,0,0, 1]

>>L=[-1. 5119266 0. 2822818;0. 0292678 ;1. 4357722;-0. 5381127;-0. 13
852986 ;0. 7838647 ;1. 2942237 ;0. 3498363]

>ou=inv (A’ *P%A) %A’ *PxL CRH u JFATELKRH S)

>>8=[0, -1. 20177826576775, —0. 300364883209825; 1. 20177826576775, 0,
-0. 0214115610679175;-0. 300364883209825, —0. 0214115610679175, 0]

>>1=[1,0,0;0, 1,0;0, 0, 1]

>>R=(1+S) *inv (I-S) AR HY T e/ 1% R)

>>b11=[~1.619;-1. 956;-0. 023]

>>b22=[-2. 362;-1. 061;-0. 006]

>>b33=[-2.579;-1. 621;-0. 094]

>>b44=[-2. 188;-2. 152;-0. 13]

>>all=[-2.689;0.701;-0. 028]

>>a22=[-3.702;0.136;-0. 011]

>>a33=[-3. 191;-0. 18;-0. 098]

>>a44=[-2.599;0.105;-0. 135]

>>T=((b11-R*all) + (b22-R*a22) + (h33-R*a33) + (b44-R¥add) ) /4 (XK
PR R E T
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R N e VA9 27 B AR AL AR HAE 5 2 S 1 7 ) 2
0 -1.20177826576775 -0.300364883209825
S =|1.20177826576775 0 -0.0214115610679175
-0.300364883209825  -0.0214115610679175 0

7E matlab H# N R=(1+S) *inv (I-S) A 15 hedE 5 F% R

-0.210667634620646  0.953241880998909 0.2166773269934
R =|-0.943093696933436  -0.139849148582039 -0.301689400618091
-0.257280832025563  -0.267903213774194  0.928458098958533

3.3.2 MRFPH/HMBIEBKEMBESH T:
AR I P A A 2 3K

. \LZ, z;d)
{ Y, J -
Ly
X
-4.5633296970237
Z -0.732563740772681

FHAR TR T =Y,

0

0] -2.99539413442326

3.3.3 MFREEHERINER

» U

. VPV VTPV VTPV
3-2-11 = = =
i a0 o, - [P0 _ 7

V' =[0.147753271503926, 0.160937695908391, 0.231532563082491, -0.273754894161293,

0.0266977317764763, -0.179242023224119, -0.063028371026062, -0.121820697896236,

-0.139653079002309, 0.1890299936834 28, -0.0658147297886309, 0.0873625391439354 ]T

PRI FERT LIRS 0, =0.22178

FIFEE GERT PSR S 3 B A 1 RS ELL N S 3 AR S 1
T HE R
Homatlab AU T

27



PN e e AT 28 A AR DL AR A i 25 B e R X

>>format long g

>>A=[0, 1. 75699999999997e-005, 0. 2289912 1. 75699999999997e-005, 0
,—0. 69461828 ;-0. 2289912, 0. 69461828, 0;0, 6. 02999999999992e-005, 0. 553130
8;-6. 02999999999992e—005, 0, —0. 4754378 ;-0. 5531308, 0. 4754378, 0;0, —0. 000
224399999999986, 0. 719325 ; 0. 000224399999999986, 0, —0. 0306037 ;-0. 719325,
0. 0306037, 0]

>>L=[-0. 58273692; 1. 7676626 ; 0. 02924373; 1. 4083044 1. 2104782;-0. 1
3937872;-1.8311563;0. 0780158 ;0. 349878]

>>P=[1,0,0,0,0,0,0,0,0;0,1,0,0,0,0,0,0,0;0,0,1,0,0,0,0,0,0;0, 0,
0,1,0,0,0,0,0;0,0,0,0,1,0,0,0,0;0,0,0,0,0,1,0,0,0;0,0,0,0,0,0, 1,0,0;0
,0,0,0,0,0,0,1,0;0,0,0,0,0,0,0,0, 1]

>ou=inv (A’*P*A) *A’*Px*],

>>$=[0, —2. 54548516197191, 0. 220173896449773 ;2. 54548516197191, 0,
0. 479372212540165; 0. 220173896449773, -0. 479372212540165, 0]

>>1=[1,0,0;0,1,0;0,0, 1]

>>R=(1+S) *inv (I-S)

>>b11=[~1.619;-1. 956;-0. 023]

b22=[-2. 362;-1. 061;-0. 006]

b33=[-2.579;-1. 621;-0. 094]

b44=[-2. 188;-2. 152;-0. 13]

cl11=[1.796;-2.951;-0. 026]

c22=[1.861;-1.791;-0. 009]

¢33=[1.321;-2. 053;-0. 097]

c44=[1.245;-2.707;-0. 133]

>>T=((b11-Rkc11) + (b22-R#c22) + (b33—Rekc33) + (b44-Rkc44) ) /4

Al R4

VeGSR
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b NE 3N 2 2 = A DA 09 & 77 () AEAA AR A p 2 P v 1)
-0.68295067241861 -0.629031342049074 -0.371346132015549
R =]0.683451755060485  -0.729696373177929 -0.0209021882997757 |,
-0.257821794167428  -0.268072329215302 0.928259203434779
DL SCER S E T
X,] [-2.64336512566835 |
T =|Y, |=|-4.49555857239438
Z, | |-0.237452389547418

FFAT TR A 3 B A 1 g AL iR % o, =0. 664718

3.4 mEHBLERE
BROABFRIZ S IO B s 1 AR FR
S8 JEAAFR  (mm) oz 2 B4 5 AR (mm) mozs 3 e 5 AL AR (mm)
X1 Y1 71 X2 Y2 72 X2 Y3 73
1 -1.619 | -1.956 | -0.023 | —-1.767 | —2. 117 | -0.254 | -2.004 | -1. 114 | 0. 0664
2 -2.362 | —1.061 | -0.006 | —2.088 | -1.088 | 0.173 | -2.784| —1.916 | —0. 245
3 -2.579 | -1.621 | -0.094 | -2.516 | —1.499 | 0. 0457 | -2.218 | =2. 092 | —-0. 118
4 -2.188 | —2.152 | -0.13 -2.377 | —2.086 | -0. 217 | —-1.741 | -1.667 | 0. 0437
i JE bR S s 1 R ERCABBRI) ZE(E
T | S 2 AR S SR AR EE (m) | B 3 TR ARBREE S R AL AR ZE (E (mm)
AX1 AY1 AZ1 AX2 AY2 AZ2
1 -0. 148 -0. 161 -0. 231 —-0. 385 0. 842 0. 0894
2 0.274 -0. 027 0.179 —-0. 422 —-0. 855 -0. 239
3 0. 063 0.122 0. 140 0. 361 -0. 471 -0. 024
4 -0. 189 0. 066 -0. 087 0. 447 0. 485 0.174

AR LB PSR i) o iR 22 DA K B e Jm A 5 i AR AR 22 18] (224, W R BT SR A T
FeZ BT 1% Z400] AR it S I 2 1 E Shilc v A vt 2l 2 L
RN = =8, 2200 SR 2 Bt BCHE n] e A A EAT 1K) 7 PR TG T 1)
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R N e VA9 27 B AR AL AR HAE 5 2 S 1 7 ) 2

AL AL XS Bt T a5, R R NN RS 1 A s 2, fE
R TR =4 B TR R R T, Wi s 1 KA RGN A SRR &,
ZARAR 2N B =2 AT EHUR AT, B i 2 TP = 4R RA% [ I SRAF N
NSEHAT RS, RIS = 1 AR R R .

Mo 2385 Visual Basic ZAEskes, AR VAU WP % —

FEE AT AR il s 3 A AR AR BEAT ARAR AR FCHE R i 22 1 AR FR 2T (IR LI
XD

AT LOE R AR B e, R AR B, AR E S R B R A =4
) B R AR B — NG — WA AR R, SEIL T R RO HE, RERSAS B e e
BR A = A5 R B JFL 46 fi T
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HBNE BEE5RE

4.1 SEEfERIZRIR

WEE = 4EROCHMBOR A, B0 R G O 2 N AL KB A B
Y. SCORY S ORI . BT S 4EROGER B S A B R R R S
REHFN RN T IR AL FREAR BT T AR BCHEAE Jo A B R AR 2 —
BNE, CEENE RN . AR SCEN =4 R G sl = B HE 5 T A7
FER IR, MK BCHE ROME S th R IR & S Rl LT A, 4R 1 i T3 Bl g ¢
) = 2 O a3 1 K (10 2 T FCHE AR R U7 58, B SR AS TR SCRTREAT I 78 LARAS 21
FELRA:

(1) SEIL PG fl 2= Z B B 223 [ AR AR SR ) 48—, SRBEAE T TH AR 2 1) AH AL A 4t
BB P NN RS H, NIRESR Il i = PAEE A D T = XA R 4
ARSI 2 R R DY A e FC R R ER O AR AR

(2) AT LT BE R, A 2 [a) [0 B ) O AR AT FU AR e 4, St —
Tl ST 940 5 T 2 ) o) 18 2 TR A AL AR 8 P 7 g 92 o e A0 B 491 AN AE AR ) S B
REFHAUEM] s AZAR RSS2 AR EE e A /NI ZR, REE ] THEE AL 1HAES
ROTEE, KR, SBUABAUMELL, AHERMME. ZeRmik s WETZER
RMEH A, ST FIEH TR AR =R R, AR I i
B, JRENT, ARESRBEESRE, HHMEWKIERS, Fik™iE.

4.2 RE

A ZZEFOCHR SR AT =4 o H TR — M EOR, B ATE il = BoiE
R IEAAERZ . = 4EROL 0 B0E 5 A B 0T 7T A E T T — N
R ARSONI Y S (SRR B B =4ERRRCHE T I T U AT, S Tk
R, BUE R RIRYE, &R B P IRART

(1) A3 ZHF A 23 [ AR LA SR s S BE AT IO HE, 72 ) 44 OB
Ve Bl B AP LS B =R RS B . 0 T i = PO ARG BRI e

(2) ORI =4EROCHM ARG E 1 =0 PRI BS AL, 45 &8s
HURIAE T, R4 = 4 LS RO AR KA KA o DAKCAS AR LA 145 A B IE PR
AT, SEPIE R ECHER] R SRR b, TR 5 V2 A0 2 Bt B HE AT 7T 5 1A
.
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B2 3Hk

TR (1, 2) « RS« (D). BT sl S0 SRR &
HHERF) A9 56, 2009 (1) R RN ESEH EETHRER, Ll
(2) BRI & H 5N 2 7 R st =, il

VLW, 228E, 2260, BT HEFE 0028 EAR IR /AT 2 2 B 24k
F19E 3, 2002 VTR FEM A5 S TR

e, RN, EEF. BT UMRHEL R @RS s a e
AR 3T AN, 2008 WK LR TAR B, VLI5 P

PEE FAAE Bk 8. AR AR 305 R 0 B/ IR B RS
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B o () R RERIEE N TG R AR, L5 FE

HHE (D), 187 (2) . DA bR R R e LR H B B B TR 2 AR 331
LR3I, 2006 (1) =g B £ BRI, ~F B (2) BIHE TR E 4
WIR TR, = B

W2 (1), MR (2), MHERE (1) . ICPEETE S =i i S A E B

B 2E 40 BB 1245 5530, 2007 (1) WivT K2 EMLE Be vt LR BHR S5

=, BN (2) WL Tk RSB B v SRR ST, BN

B2 (D (@), A% (D, 5k (2), B80E (2) . =480t AR 8k o 77 %
TAEENER20084 55— 1 (1) FF KM E S E LE R TRER, L 2) R4En
TR b =B, TLPE PN

[10] 256, A5G, 728 =i R gt MBI ECHEROR 18R R
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Applications of Lodrigues Matrix in 3D Coordinate Transformation

YAO lili XU Yufei XIAO Wei

Abstract

Three transformation models (Bursa-Wolf, Molodensky, and WTUSM) are
generally used between two data systems transformation. The linear models are
used when the rotation angles are small; however, when the rotation angles get
bigger, model errors will be produced. In this paper, we present a method with three
main terms: (1) the traditional rotation angles 6 ,$ , are substituted with a,b,c
which are three respective values in the anti-symmetrical or Lodrigues matrix; (2)
directly and accurately calculating the formula of seven parameters in any value of
rotation angles; and (3) a corresponding adjustment model is established. This
method does not use the triangle function. Instead it uses addition, subtraction,
multiplication and division, and the complexity of the equation is reduced, making
the calculation easy and quick.

Keywords : 3D transformation; linear model; transformation equation;
Lodrigues matrix CLC number

Introduction

The coordinate transformation in surveying and mapping has two main tasks:
coordinate datum’s transformation and point’s coordinate transformation between

two coordinate systems. The Bursa-Wolf, Molodensky, and WTUSM models are

.
generally used in 3D coordinate transformation’” The seven-parameter model of 3D

coordinate transformation is improved and a nonlinear model of 3D coordinate
transformation is presented in Reference [2] in the case where the rotation angles
are bigger than 50°. In the adjustment model, the initial values of three rotation
angles are zero. The first approximations of the seven parameters and model
linearization are not presented. With the development of the attitude determination
of movement carriers (airborne, ships and automobiles), the models are being used

more widely[3-7]. Spatial position, attitude and rotation angle of the carriers are
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facultative, therefore accurate determination of the transformation parameter is

necessary. With the Lodrigues matrix being used widely in photogrammetry, the
workload of calculation is deduced and rigorous mathematics models are established.
In this paper, the Lodrigues matrix is used in 3D coordinate transformation and
formulas of direct calculation of seven parameters and an adjustment model are
derived. This model is rigorously, simply and rapidly proved in theory and practice,
and fits 3D coordinate transformation with any angle.

1 Mathematics model of 3D coordinate

Transformation

On the basis of physics processing of coordinate transformation, there exists an

equation:
x1 [X;] (X - X, ]
Y| =|Y |+iR| Y, -1, (1)
2L |z | Z,-Z,

X AX X
Y| =A|AY |+ AR| ¥ (2)
Z |, AZ Z |

The meaning of the symbols above are taken from to Reference [2],

AX ,AY,AZ,\ 8,0, are usually called the seven parameters.

2 Direct calculation of seven parameters

Eg. (2) can be solved uniquely when three control points exist (i.e., common
points that coordinates are known in the two systems). According to the
transformation mathematical model, the value of scale factor A is first computed,
followed by the value of the rotation matrix and finally the three translations factor.
Thus, the key problem is determining the R matrix. The constitution of the R is put
forward in Reference [6]. The nine elements of R are functions of three rotation

angles and three independent parameters. Let anti-symmetry matrix
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0 — -b
S=lc 0 -a
b a 0
, in which a,b,c are independent. R consists of S :
1
R=—M (3)
A

Eq.(3) is called the Lodrigues matrix, in which A=1+ a’+b? +c?

2 7 2
1+a —b —c¢c —2c—2ab —2b+2ac
¥ 3 3
M= 2c—2ab 1-a +b° ¢ —2a—2bc
¥ 3 3
2b+2ac 2a—2be 1-a -b +c¢

In this paper, 8 ,¢ ,{ are substituted for a,b,c, and a set of equations of 3D
coordinate transformation are established. The characteristics of the anti-symmetry

matrix and Lodrigues matrix are:
1) ST=—S. R=(I+8)I-5)"
2) I-8)' =I+S.(I+8)'=I-8

3) RR=R'=(I+8)'(I-5) (4)

—

) I+8)'==—T+R"H).S=2I+R")Y"'-1I

2 | —

Where is a 3x3 unit matrix.
The scale factor A can be obtained by comparing the length of correspondence

in the two coordinate systems, that is:
X, - ) +@ -L) +(Z, -Z )
{)’:53 _A:s] )2 +(IE; _I;'l )2 +{Zsl _Zsl )J '

P | b

A=l+m=( (5)

Eqg.(2) is nonlinear and can be solved uniquely when three control points exist.
This is because in each point, an equation set in the form of Eq.(2) can be written and
three points yield 9 equations involving 7 unknowns. After eliminating translations

and substituting Eq.(4), for point 1 and 2, the combined form is:
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‘ES'J - s 1 ‘XT; B ‘Ylﬁ
AI+S)| Yo -Yy |=(I-8)| I -1
| Z, -7, | | Z, -7,

Simplification form is given as:

A+S)[Xs, Yo, Zo, | =(-9)[X,, Yo, Z, |

(6)
extending and arranging, Eq.(6) becomes:
0 _/J"ZE:] B ZTJ: _/J"Fszl B fle a )LTE] A4 S
-AZ ST Z’E ] 0 AX 5, F X Iy b= ETH - /L}El__
] i}sl] ”Tn ;“)153-_ +)LT31 0 | ¢ _Z:r;] —AZEI |

(7
Eq.(7) involves two independent equations only and cannot compute 3

unknowns. For points 1 and 3, a set of equations that are similar to Eq.(7) can be

written.
0 W, W4 }LI:] N }'JLEH
. _ r x
-, 0 u, || b= }I:] /’.}Sﬂ
1 U 0 C _
. 3 | ZI;] }'25'11 i

Where UZ - lxszl + XT21 ’V2 - AYSH +YT21 . W, = ﬂ“zsﬂ t ZT21

U, =AXs +Y;

31, Then three parameters a,b,c can be computed by the following

equations.
a Uglly;  —U3Vy, Wy || Xp, —AX
E} pm— J EI!IE-'IIS 1'11'3 1.2115 }}]__ - J;L}?‘;':“j'_ (8)
H . - N .
c —Uswy Wy oW, || Zp —AZg |
AH=U,v,W, —U,V,W.
Where 372772 2737°3 Rotation matrix R can be computed by Eq.(3)

and translations by Eq.(2).
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ax] x| [xg
AY |= 7 I’}l - R Ifj.;__ (9)
AZ ] Z. Z.

L 1 L =1 ]

3 Adjustment model of 3D coordinate transformation
In real measurements, for the purpose of error detection and higher accuracy,

more than three common points are available and a least-squares solution can be

:
obtained. Let H Z[AX AY AZ A ab C]

represent vectors, by Eq.(5), Eq.(8),
Eq.(9), the initial approximations of unknowns can be computed and Eq.(2) can be

linearized. The linear expression is as follows:

dX; Y,
c|dy |+, | dy, |[+CSH-W =0 (10)
dZ; dZ,
X AX X
Y | —A|AY |-AR|Y
Where W = z T AZ z S C1=—I,_ CZ:ER; Cs represents the

coefficient matrix of transformation parameters.
A0 0 X;/4
C,=/0 A 0 Y/i 4 B C
0 0 i Z /4

After developing, three coefficient matrixes are given:

X, X. a -b ¢ | X
a2 By |2299R| v [+ 2 —a 1|1
oa A A °
| Z Z c 1 —allZ ]
X ; AAX - X, b —a -1|[X;]
B=4 ‘i‘: v, =2 ar-v, |+ -a b - 1
C_?
1z, | | 2az-2z, —a—
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X, JAX - X, —< -1 a][X,
CR 2c 24 .
C=A—| Y, |==—| 2ar-Y, #==| 1 — -b| T,
ce Al A
The linear form of the 3D transformation model in the matrix is represented as:
CVy+CV, +C3H —W =0 (11)
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BERR

TEERBMEE = FLRERPI N
;EH T B &
WE

SRR (Bursa—Wolf #57%, Molodensky AR FI AL ) i ¥ FH
T EE AR bR R G TR B e . e % i AR/ BATIAE P e MEAE Y, AT
RS i BOBORBORIN, F o AR . ERXECES, AT —Fh 5
%, ER=AEEFRR: (D EZRIEREM 6,0 8/ a,b,c KB, i ab,c
FEAE SO FRHE L Lodrigues FEFEHF I =% HHIE. (2) HI%. #EFLTE W
R TN S H. (3) @A TN AR, WA =AMk
e ARERIA, UL RAMERIER R, D TOTRRR R R, SR N
FLERTE

ReEiAE. 3D By SMEER; BEOTE; PEERETE
7

@5

AAPRIEHAE N 2 TRET P A A B EAT S (1) AARIEAER R (2) P AhAk
bR AR 8] ) s R AR AR A e, = 2 AR bR e 46 it 3 18 ] Bursa—Wol £ A6 7,
Molodensky #574 LK AR A o 7645 FHY 2 MO 7 1) = 2k AR BRI et L K =
UEALFRAR AR LR PERC AL, R MR T 50 ° WSH (2], R G
=R A IR E AR R % . A IR BN S EBORBRGE A2 AL . BEE
SEER (b, FATRZE) WAL R RO R, X FEALAR S T S NS Z S
[3-7]. AR AN E, LEMBER MR RAMRIEN, B, #EfhE Rz
B E R LB . BE%E Lodrigues FEFEM 2N TN E, TSN
FOFREDRT DL e 7 Ak B R R ST ROk 1o TEIX AR SCH T, Lodrigues B A FH - = 2k At b e
17 AN SHANRR R E R A e AR, T, ARSI R B RISy T A
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BRI B AEWEIE A T = 4T 2 e 5 A P2 1 e 4t

= AR BRI R A A Y

FEV B ARPR AT AR B At B, A7 AE— DA

X _Jxai_ _;Eé __;TE:_
Y| =| ¥ |[+4AR| ;-1 (1)
Z | _ZI___ _ZS_Zal
A AT AT B4
X AX X
Y| =A|AY |+AR| Y (2)
Z |, AZ Z |,

DL X SR 5 1S L E 2% CEk (2], S HP
AX ,AY,AZ,A ,0 ,0 ,y EEHEKNENISE.

ENSHEEE

PR R AT 3 X ASRER] R, 7 AN SAE e, W ERH 5 (2) R
ok (X B A QI R TR AE PN bR SR R RO R 50 o AR A F iR, & S i
THELELBIDR 7 A A, R TEAERERIRAR, SRR =TS A OB A
FERRE TR R, BEFEAERE R (SRIE Q2 AE S SCHRI6] P FEH 1. R R 19 9 T a
R =AM A EAN 3 ML S BB X SO AR

0 — -=b
S=lc 0 -—-a
_b a 0 |

Hrfa, b, c R=AMSISHL, RFGERE R FTLLAH S K15
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R=_Mm (3)
A

ARG FRZNB RSN, HirpA=1+a’+b"+c",

l+a*-b* —¢° —2c—2ab —2b+2ac
M= 2c—2ab l—a” +b* -2 —2a—2bc
2b+ 2ac 2a—2bc l—a* —b* +c°

AR av by ¢ A0« @ v W REN ZYEAPRE R AR, &
X PR A A 20 1 AR R R P S -

1) ST=—S. R=(I+S8)I-5)"
2) I-8)' =I+S.(I+8)=I-8

3) R'=R"'=(I+8)'(I-5) (4)

—

4 (I+8)'==(I+R").S=2(I+R")" -

IJ||—~

XE 12— 3X3 AL R

ELf R A o] DLk AN A b R R I AL R ad K 2 BokskAE, R

(XI] _XE)E +{I I ) +( L 1—)

{‘XEE _;11‘"1 }2 +(15; o 51 {25; _ZSL)
A2 AR RN, YA = AL SN, B BAAE. X2

BB RAT L BLA S 2R B — 0588, =AU T LS U7 iR

Wl B AR AN S IR R 1 M 2 i A a3 4], & T R 1R 2
T

A=l+m=( } (5)

st - X _XI; _Xlﬁ_
AT+ 8) }’5.3 — }’5.] =(I—-9) FT; — If}l
_Zsz_Zs] ] _ZT;_ZH_
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A1 +8)[ X, Y

Zs, ]T =(1-S) I:XT21

Y, Z. ]T

faftJa B o 2 (6)
JETT (6) FFEE R J5 15
0 _;"2531 _ZT:: _}"YSH _}}31 a ‘XTLJ B ’;"‘Yszl
Az, -z, 0 X +X, |b|= | B -,
L '}LYS:] +YT31 iXS:: +XT31 0 i ¢ ZT;] _‘;LZE:: 7
(7) A LI MSLH TS, ARER TR 3 DRFHE. X5 —
RIS = i — RS (7)) 17T LS
0 —H‘2 — '2 [} }{IH — A "EEH
w0 wy ||b|=| B AT,
Vv i, 0 |le ] Zr3] — ;_ZS_H |

i U, = ﬂ“xsﬂ + XT21;V2 - iYSZl +YT21; W, = 12321 + ZT21 ;

7N

U, =AX. +Y
’ S T, K, a, b, o EASETLLER T AR
a Uty =V, Uy || Xp, —AXg
b = v, vy vy || I =AY [(8)
c " =W, =W, Sy || 7 A7
- = =L £ 31 |
o AFFUVW, —UVWs o) b e B (2) 179 31
FHBH
AX Xz X
gﬂ':z Y, |-R| ¥ 9)
AZ Z Z
L0 L5

3 = YEAAbRIL BT AR A
SKHF, WAARRRTEZT 3 AR, DURBUERAR s S B,
FELZRIMEFIET, RN RFEMGHE S EHF
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H=[AX AY AZ Zabc] yosm s apdt, Blat(s). 2 @) FIx ) it
VL T SRR, AT UL R A L, S B R AR

dX; Y,
C | d; |+G, | dY; |+ C3H-W =0 (10)
dZ; dZ,

RPW =
LGRS

X AX X
Y | —A]|AY |-AR|Y
Lk LA 2l G=1 G=AR Coppinie s

A0 0 X;/4
C,=/0 A 0 Y/i 4 B C
0 0 A Z /2

LS PP 3 A RBGERE

X, X, a -b ¢ ][X,
=%y =2j”ut Y, +2j b -a -1 ¥
Ca . /
Zs L c 1 —allZ]
X ; MX-X;| [-b —-a -1]X,]
Bzﬁig Y, =2j JAY - T, +% —a b —| T
C_.‘ & iy
Z | | 2az-z, | |1 - bz
X AX-X;|] [- -1 a][X,
=28y 2 oar-y, W21 — | %
cc A A
BURIERPE LT 2N
CV, +CVy +C.6H -W =0 (11)
EEa

[LTRIRA, W — IS, il #3. REREM RS ( GPS) HYJRH 4R M) .
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(2] W55, WA, = AEAbR B3 AR R AR B[] ] i RDUR 2254k « 5 R
Rl R, 2003 , 28(5) :566-568

B3I EMZ S P EMZERR R R M. b5t Mg HiiRE, 2005

(AT, —Fh GPS MIERERFELT 1 . MEFE, 2003 , 28
(3) :36-38

(5] B, X4, 34 GPS ME AR INE T [T]. Ul 2R
K2R, 2000, 25 (4) :353-357

(6] ZEpEA=, FREEIR. MEMT RSN R 2 (M o b 2 Hh RicRE, 1992

(7] FRARAR. D B AR REAE L O R A T i R (]« sQU 2} 5
KE2AR, 1987, 12(1) :81-91

[81 A, bl i o N3 s 1] 5 (¥ 1E U Ak g2 72 (D], i R
e il 2 5 b IR FRAH 5T, 2003
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Misg—

Rz 2P AR B R = T RIRAES

Dim 1 As Integer, Dim i As Integer, Dim j As Integer
Dim e() As Double, Dim f() As Double, Dim g() As Double
Dim a() As Integer, Dim b() As Double, Dim c() As Double
Dim d() As Double
Private Sub Commandl Click()
CommonDialogl. CancelError = True
On Error GoTo errhandler
CommonDialogl. Flags = c¢d1CCRGBInit
CommonDialogl. Filter = "% (x. txt) |*. txt”
CommonDialogl. FilterIndex = 1
CommonDialogl. ShowOpen
errhandler:
End Sub
Private Sub Command2 Click()
Open CommonDialogl.FileName For Input As #1 ~ $TH 3044,
1 =1
Do While Not EOF (1)
ReDim Preserve a(l + 1)
ReDim Preserve b(1 + 1)
ReDim Preserve c(1 + 1)
ReDim Preserve d(1 + 1)
Input #1, a(1), b(1), c(), d(1) = BA—ATEIRIFR I THA R
1=1+1
Loop
Close
For i =1To 1 -1
Picturel.Print a(i), b(i), c(i), d(@)
Print
Next i

End Sub
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Private Sub Command3 Click ()

Open "D:\H = 2to M= 1. txt” For Output As #2

For j=1Tol -1

ReDim e (1)

ReDim f (1)

ReDim g (1)

e(j) = (-0.210667634620646) * b(j) + 0.953241880998909 * c (j) + 0.2166773269934 *
d(j) —2.99539413442326

£(j) = (-0.943093696933436) * b(j) + (-0.139849148582039) * c(j) +
(0. 301689400618091) * d(j) —4. 5633296970237

g(j) = (-0.257280832025563) * b(j) + (-0.267903213774194) * c(j) +
0. 928458098958533 * d(j) —0. 732563740772681

Print #2, e(j), £(j), &)

Next j

Close

End Sub

Rz 3 AR EH B R = T RS

Dim 1 As Integer, Dim i As Integer, Dim j As Integer
Dim e() As Double, Dim £() As Double, Dim g() As Double
Dim a() As Integer, Dim b() As Double
Dim ¢() As Double, Dim d() As Double
Private Sub Commandl Click ()

CommonDialogl. CancelError = True

On Error GoTo errhandler

CommonDialogl. Flags = c¢d1CCRGBInit

CommonDialogl. Filter = "% (x. txt) |*. txt”

CommonDialogl. FilterIndex = 1

CommonDialogl. ShowOpen

errhandler:

End Sub

Private Sub Command2 Click ()

Open CommonDialogl.FileName For Input As #1 ~ FTH 3044,
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1 =1
Do While Not EOF(1)

Loop
Close

For 1 =

ReDim Preserve a(l + 1)
ReDim Preserve b(l + 1)
ReDim Preserve c(1 + 1)

ReDim Preserve d(1 + 1)

Input #1, a(l), b(1), c(1), d1) "’

1=1+1

1Tol -1

Picturel.Print a(i), b(i), c(i), d(i)

Prin
Next 1
End Sub

Private

Open "D:\A = 3to A= 1. txt” For Output As #2

For j =
ReDim e
ReDim f

ReDim g

t

Sub Command3 Click()

1Tol -1
(1)
(1)
(D

AN AT HE IR L P R A )

e(j) = (-0.68295067241861) * b(j) + (-0.629031342049074) * c(j) +

(-0. 371346132015549) * d(j) - 2.64336512566835

£(j) = 0.683451755060485 * b(j) + (-0.729696373177929) * c(j) +
(—2.09021882997757E-02) * d(j) — 4.49555857239438
g(j) = (-0.257821794167428) * b(j) + (-0.268072329215302) * c(j) +

0.928259203434779 * d(j) - 0.237452389547418

Print #
Next j
Close

End Sub

2, e(d), £(), g0)
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