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Convergence algorithm of field stitching and intersection
measurement for external field stitching measuring
system and its implementation

WANG Min"?, SONG Li-wei', QIAO Yan-feng', YU Yi'

(1. Changchun Institute of Optics , Fine Mechanics and Physics ,
Chinese Academy of Sciences , Changchun 130033, China
2. Graduate University of Chinese Academy of Sciences , Beijing 100039 , China)

Abstract; A convergence algorithm of field stitching and intersection measurement is proposed based on the
development of two prototypes of high-speed video-measuring systems with external field stitching. Five coordi-
nates are established for the earth centroid and optoelectronical systems. The definations of the coordinates are
introduced and coordinate transforms are discussed. The experiment of intersection measurement and field
stitching for an identical moving target is carried out with the data from eight cameras in two high-speed TV
measuring instruments. The result shows that the stitching algorithm is correct and effective, and has obtained

an unique solution. Meanwhile, the influences of earth curvature and meridional convergent errors are fully
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correated, which indicates that the intersection measurement algorithm can also be used in the intersection

measurement of other optoelectronical measurement and control instruments.

Key words: external field stitching, intersection measurement, earth curvature , meridional convergence ; error

correction

1 3]

e

7 F b ey ] 5 s, g H bR BE PR L H bR
Z Jr b IS LR, BT 6 s R AR LA
REFASE R SE B A AT O T S AR B S AR LA R 10
AR TRy 4 G AL 1 G
AL R ALY i, SR B TX A H B Y o %
ko ASCEET 2 B /ML PR g B AL Y
JETURENLCRERE) , S T — el S0 1 A P4
ARPRRRSE RIS . 2 B md I
¥ 8 AR AL IR % [F] — iz 3l H AR AT+
X AR A B R A T SIS BT AL B 25
FR B B PR R IR R AR, W] AR
F P —figp 5 R ) 82242 0 b 3R A e S SR
SN R AR T o8 B IE , W I A S0 &
Bk, SE A ] AR B H 0l e I PSR A9 5T

i
2 PR

S DHE N R R G, — oh 3 I v
LI AL, 1 e 2 5 DL B e Y
AR R AT ST, 3R AT A~ H AR A 2 1]
[ =40 B A B SRR AT PR R
SMRG B et R G R ARV il
MEREAR, B T T, (E i FAMRSG DA RT3 A
TERRZE , L BEA T R BRI 3R ATt
SHLBOR AR, 25 SR B FE S It Tl BE.
P 1R/ B, A 00 ol r AR 22
4 AIEAIBL, X 4 IR ABL LR | Ze A X AR
P B AT 5 2 B SR K T Al S0l 9 Al i, 26
ST A SRy R R B SR ) SN P R
BARL. 4 BEREBHI TSN KI5 1)
ST HOR B T AR

KL SR B R GRS A

Fig. 1~ Outlook of external field butting measuring

system

HI TG AR 4 DAL B R
ZEA T I ARAFAE A 22, 78 B AR BOA R B A5 R 1
DUT, PR 55 ol s 8 AR A9 £ BAS R RE 2 I
KA PHE , A NPT 6 6 L I AT 3R A
A5 B, AT Tl — F R[] i R4 R 87 494 58 3 0
A RE ST MR R L PR

IR AT LB S R A Ry
PB4 IR ABLE B R AT
I FRATAE AN 22 , LA S -4 053 I ) i A
T BA SR AR SO —J7 ST 1 0, I
— D HEARAG], L T A DR S A £
SRR PR S RO TN, 5 TR T Bk A
TP RISOR R

3 ARFAIL

KR SR T I B A Sy 5 A Ak bR R
(WL 2) o AARR (A TAFRR) & LT
( 1 )ﬂ{_j‘}*ﬁ‘b%ﬁ—‘% I( il 7i2 ’is) H
(2) 55 i AL R AR R S, (syy 480,
Si3) H
(3) 5 i ML R T B AR R V. (v,

Vi sV ) 3



5,55 ML PN R R G P SIS B 231

55 3 1) x
il
K Sit
11
Al S:Z S‘AJ
312<\ y h' S
S & i
AL :
s ZBS!
(6,79,

B2 SN I 2R GEAE O IO AR AR & P Y
BRG]
Fig.2 Coordinates of external field stitching measuring

system in earth centroid coordinate

(4) 55 i DMIer R UK bR & H, (hy
hy ’hi3 ) 5

(5) 35 i AR 5 AL AR AR
ER Cij(cijl »Cip 5 Cij3 ) o

4 MBAWSMAG PRSI E 09 H

FHSCH 4 AN R ARPLAY G S D7 T /ML
PhEmS , ATl 25 I 22 . HPFHESEE,
VEFEAN I fE—E R R R b2 AR
DCCRIYRIN ) , s R B B AHPLA L 5T 0. Ry
TSR B G A 4 NI AR YL 1 ST
DG PP, T RALE b R A RS (55 A S
=AY IR ARALZ 8], £ 0. 71, BEES AR (AR B
PR (IR A ERSE) , AE P A (B — 1
FIEE AN VB =S A U ) I AR B =2 [ Sy B
W (AL I gy ROt B JCE & SO B,
TR A, B AR DA I AR AL AY
TR, ERXSE) o Al 3 FrR

H1 & 3 7S LA 5 2 m] R

dy = (0.7], =dy)tan(w,, — &,), (1)

dyp = (0.7l —dy)tan(w,; = €5), (2)

HIBE ARG £, 70 &, IFRE—2DIRAT &, R €,y -

i =& toy T, (3)

Euw =& T 0 + 0, (4)

b 4 SRl E AR 2O I A A R R
JERE S, MBI S s €, 005 i IR A, 56

@ D N |
Dy &
@) 3 Dy
Pp3
0.71,
d,, d,,
Aoy sy

K3 AL R

Fig.3 Sketch of cameras ordering

IR AR AL G A, AR XTSRSt F IR K P ik
HEAR RAETT L BB S 5y dyp odis RS A
FLIIEEASC, 2 D AL B 5 Sk 19 3 A, A X
5 i DGR UK Sl AR bR RIS H, 76 3 A
MR BRI RS s 0, w,, 0 N SR © S
INEEASC, 55 7 A0 A BIL A AR 15 %8 ) ) > AL 3
fiio

T AR ANPLI A5 7 2 WA — e i
ati, VTN ARE A AL A8 A S 5 A 0/ N — R 1Y
A, RS B 55

5 KFEiARBMEL,FEjANZ
ARALAAT BB F i AR E A
K B AT A Hi(h’il ,hiz,hls) a9
Tk

B kA FARENER @ ASCR AL, 5 7
EAPLABARR C R AIBE RS ry , 2 I ARTESS
AGRINEAY, 55 7 IR AILARAR & € A
=IH Cy M

7 CoSAM ; cosAay,

7 CosAA ;sinAay,
C, = : (5)
rijksmA)\,;jk

1
Aq;

ijk

Ay = arctan[yijk/(x;k +f ’i].z)]/z] (1)
Aok BN HARI T 5 Aay AN 50 RS k

= arctan(x,/f ;) , (6)



232

Hh DG 5 DA

LR

ASEBR TS §ASCHIR A, 26 7 AN A AL AR
B2 DT R AR 50 0 B R ERS A0E
LU EASC, 55 7 NI R ARPLAY T CCD |26 kA4
B3 PR ) 15 1] JB ¥4 () 5 f7, 5 @ A
RN EEASC, 55 I R AR BILBE Sk Y AR (mm)

B kA AR BN — A A, 26 A
MEARPLARAR R C IR ry,, W% H AR
TES— G I B 7 AT A PLAR AR &R €
IR A C 0 -

r1;CosAA cosAa

1 CosAA ;sinAay,

Cljk = . ’ (8)
rESInAA
1
Her, Aay;, = arctan(x,/f 1), (9)

A/\ljk = arctan[yljk/(xfjk +f;j2/f)1/2]- (10)
W kA Bl P E 7558 i 45k

R SUK AR R H, (DAL PFHE R

A AR ARYLAR AR R ), R H oA

H,, R, cosE  cosA,
H, - Hy, _ R;.cosksinA, . (1)
Hy, R;sink,
1 1

AR, W kA ERRFIES A R, K
SRR I H (B A, B, 58305 b A
FUERAESS § I S T b 25 o 7 i
fa R

Zo U1 F A R U R

(1) %8 e BHERE (- £,) fis

(2) W ey BTRE - dy))

(3) W e IR — dyp)

()W e WTPRE —dy)
ATLASCIUA kA AR, 2655 /AN REAR BLAS B
C, P IR A4 £ 6 UK -804 4 5
H, I S

H,, R, cosE  cosA,, I 0 0 dy
H, - H, _ R, cosE,sinA,, _ 0 1 0 dy )
" | Hy R,sinE, 00 1 d
1 1 0 0 0 1
cos( — &) sin( — &) 00 7 CosAat; cosAA
—sin(=¢;) cos(=¢;) 0 0 ) rixcosAay; sinAA (12)
0 0 1 0 rijksinAaij,f
0 0 0 1 1

[Fi) B P 3 B AR AR P it 7
(1) %8 e IR ( —€1) 5
(2) W e PR ( —dyy) 5
()i s PR ( —dis)

(4) % Cuziﬂﬂqﬁ%( -dy)
ATRASEILER kA FAR, 2R — NI AR DL AL AR &
Coy AR (L, 2055 — A D' L I (K Pl A
Z H, PRI A

H,, R, cosE  cosA,, 1 0 0 d
H, - H,, _ R,.cosE, sind,, _ 0 1 0 dp|
H,, R, sinE, 0 0 1 d
1 1 0 0 0 1
cos( = &) sin(-¢,) 0 0 r1:CosAat;;, cosAN
-sin(=¢,;) cos(=¢,;) 0 0 ) r1xcosAar;; SinAA (13)
0 0 1 0 ripsinAay,
0 0 0 1 1



3 4 +

52,55 M PHEN R SR BRSNSk MRS B

233

6 F i A B F AR T 4 A AR
F BB — Akl S UK 4 A
ARR TP, Bp H,(hy hy hy) 3
Hy(hyy hyy k) 89 B3

LR B AR L A

(1) ISR @ A I SOK -l A bR 28 H 3
5 0 AR I SO B AL AR R VB AR AR e
DFE h, W - A, 15

(2) NE & A E s A A F Al AR &V, 5
5 i ASCHIN B A BR B S, B AL bR 4 )
58 s Ry — o, 15

(3) IS & A6 L I S P A AR 2R S, 31

H,, R, cosE | cosA,, cos(-A;) O
H, R, cosE|sinA, 0 1
Hlk = - - .
H,, R, sinE,, sin(=A,) 0
1 1 0 0
1 0 0 O cosfy 0 —sing, O
01 0 O 0 1 0 0
00 1 —h | |sing, 0 coso, O
00 0 1 0 O 0 1
cos(—0,) 0 —-sin(-6,) O 1 00
0 1 0 0o |0 1 O
sin(-6) 0 cos(-6) 0| [0 0 1
0 0 0 1 0 0 0
cosA; 0 - sinj,
0 1 0
sinA; 0 cosj;
0 O 0

P80, by 5 AR SRR R TS,
BT i 22 I £ FTAR X b R 50 1 1 AR (B
km) 5o, SR @ AN sk O FL I A T A A AR
F 5 AR AR (IEAET5 18] N) Z 8]k (RIE
TIEAA) s A, R § At ' R SO K P Bl A
P 2N 2 A AL AR R A OREA £ o

BRIUCARER 2 T AL BR A : DU s P32 - b
@ZE s, MhiEse -0, 15

(4) WHLER TG AR AR 2 T 255 1 A e il
O ARAR R S, B AL bR B fe - D28 1, B iER% &, -
&, f1;©%¢ i, fERe 0, f1; O S T4 hy s

(5) IEE 1 AJe Ll S0 - A b & S, 2150
UASG LI & A B A AR AR 2R V) B AL FR e 4. ©
58 s IERS o, £

(6) EE 1 A il Sl Bl AR bR ARV,
FAPRAR S, BIER T ANl A I K - A AR AR AR
H, 1A bR : D58 v, TERS A, fA

ATLASEBRES kA H AR, 25 ¢ e IR A
AKCFRAR DR 2 I H, 35— e
RGP AAAR R H, PRI H, 1A

—-sin(-A,) O cosa;, sing;, 0 0
0 0 | —sinay  cosa, 0 0 )
cos(-2,) 0 0 0 10
0 1 0 0 0 1
1 0 0 0
0 cos(8, —-6,) sin(§, -6,) O
0 -sin(§, -6,) cos(§, -68,) O
0 0 0 1
0 cos(-—qa;) sin(—-a;) 0 O
0 | -sin(-e;) cos(-a;) 0 O]
hi 0 0 10
1 0 0 0 1
0 Hy,
H,
O . ik2 , (14>
0 Hy,
1 1

7 LM RGP ELE R
7.1 HLNBER
H T4 G HL T B (S 4 4 00 B AR 22 ) 0
FEAEZEAT R R A2 AU FR SR AR AL fy il



234

R

I $3 %

AR AN AT RESE A A S BE R IR L
Prig. s (5) M(8) Fn , 258 A PFHE 1 o

BB (5 0 r A e BV I T L (15) |
(16)*1%‘ rl]kﬂ:‘[] T'ijko /\EP—E(IS) EE]—t:(IZ) %n—t:

JOLiff S o R, WU RS 2 Bol (14) Barmifs; 20 (16) R (13) .
SR S Py R A L ey R il A T A sk
R,.cosE,,cosA,, cos(—A,) 0 -sin(-A,) O cosa;  sing;, 0 0 1 00 O
R, cosE | sinA,, 0 1 0 0 - sina; cosa; O O 01 0 O
RysinE, | |sin(=A,) 0 cos(-1,) O|| o o 1 olloo 1 -
1 0 0 0 1 0 0 0 1 0 0 O 1
cosfy 0 —sing, 07 T 0 0 07 rcos(-6,) 0 =-sin(-9;,) O
0 1 0 0 |0 cos(s, -8,) sin(§ -6,) O 0 1 0 0
sind, 0 cos§, O ' 0 -sin(s, -8,) cos(§, -8,) O . sin(-=6,) 0 «cos(-6,) O .
0 0 0 - -0 0 0 1- 0 0 0 1
1 0 0 07 cos(—qa;) sin(-e,) 0 O coshA; 0 =—sinx; O
0 1 0 -sin(-¢o;) cos(—-a;) 0 O 0 1 0 0
00 1 hl 0 0 1ol [sinA, 0 cosr, O]
0 0 0 1- 0 0 0o 1- =0 0 0 1
1 0 0 dy] [ cos(=-¢;) sin(=¢;) 0 0 1 CosAA ; cosAay,
0 1 0 d, —sin(-§;) cos(=¢;) 0 Of rxCoSAA ;sinAa, , (15)
00 1 d, 0 0 10 FusinAA,
0 0 0 1 - 0 0 0 1 1
MR, cosE, cosd,, 10 0 d
RycosEysind,, | |0 1 0 dy|
R, sink,, o0 1 4y
L 1 0 0 0 1
cos(=¢,;) sin(=¢;) 0 07 [rycosAaycosAA,
—-sin(=¢,;) cos(=¢,;) 0 0 [rmcosAalksmA/\w (16)
0 0 1 0 ripsinAag;,
0 0 0 1
7.2 MGHEER H T
IR R (12) AR Ry, E, F A, WITESS tand; = x,/f ", (18)
A DRI 4 b A E RS anE, =y, /(2 4 ) (19)
ASCHIERAOKF AR 2R (RIS BHEISTE st g AN B 5 B 24 I R B
At FIRHE H, s BRI GE HEBE (mm) 5x, v, SNBSS i A

H,, R, cosE, cosA,,
H, R, cosE sinA,
Hik — ik2 — ik ik ik , ( 17)
Hy, Rysink
1 1

AR, 2 PHE)E 26 kA BESES (1
LU 2L 50 R ATLAE 7 e A ) 5 i JE
H(mm)

MR AR5 & A HARLESS @ OGR4
T PR R 4L I P A5 1) A



553 1 £ G AN PN R G B AN A A S 235
iy, My, N EEAE, 3SR 1.2 BT AR AR AR L
xy = f tand,, (20) L ERRTERLS; | O AR R P 0y = e
yk — (xZA +f 12 ) l/ztanEvk (21 ) ‘mﬂiﬁﬁ l %H 2 %i@¥%$ﬁg\§ﬁyy:

A (13) IR Ry, By A A, WAESS 1
ACHIEACR 2 kA HARES 1A il
ASOKF-Jilt A b3 28 (RIS PFE IS e AL B
) BN H A

H,, R, cosE  cosA,,
H, = H, _ RIA'COSEjlkSinAlk . (22)
H,, R, sink |,
1 1
1T
tand, = x,/f ", (23)
tank, = YA/(xle +f,2>l/2 (24)

RS kA HARTESS 1 A6 AL b 237 9F
BIRTEL G I D5 1) F B 5 2, 1y,
e

x, = f 'tand, (25)

= (x5, +f )" tankE,,. (26)

8 AN B ARHLIT
B £ 1)

F 44 2L = Fe ALY

e 4 R, B AN SR LR 3P AR R AR
300

200 _—

100

L
o=

0 —200 —400 —600 —800 —1000
s,/m

P4 Dl 1.2 AP A & UK H AR 12
T 1 AR AR P = ZE LA

Fig.4 Target path in geodetic coordinates at measure-

ment station 1, and the geodetic coordinates at

measurement station 1 and 2

8, =125.35° 9, =43.88° h, =6 371 000 m;
8, =125.362 5° .0, =43.88° h, =6 371 005 m,

DU 1A 2 (9 A S K P il A bR 2R
(RPEHG M 1 A2 S6hh) 724 A #7648 &
I LA B E N sy = =35°A, =15%, =
30° .4, =15°,

PRI A 4ELIN A DXl 5 D0 3ty 22 i) ) e e B
49500 m, ek T 500 m H s wE i H bR ]
SCEICH XA R, A SCR AT L =500 m AT PF 4%
SRt

HY AT AR AR T 9 250 248

dyy =dyy =diyy =diy =0 mm;

dyy =dy =dyy =dyy; =0 mm;

dy, =dyy =dyy, = dyy, =430 mm;

diy =dyp =dy, =dyy, = —430 mm;

dy;; =dy3 =dyy =dyyy =180 mm;

diyy =dyys =dpy =dyy =

fu =2 =f1s =f1s =94 mm;

fa =5 =fn =/ =94 mm;

w,; =4.98° w,; =4.98°,
RAEAF(1) ((2) . (3) . (4) 15 H M EAL 1
M2 MBS

£, =&y, =4.9096°;

&, =&, =14.8696°;

£ =&y = —4.9096°;

£, =8, = —14.8696°,

&5 FRIEL 6 3l 7l st 1 0 2 Ab A P4
e AL HEACAY 8 Bl ELAE AL C1, L, C1,, CLy,
C1, /1 C2,,C2,,C2,,C2,, A 500 frame/s [t K AE
AR X 6] —iz 3l H AR 7E 37 Hh kA5 Bl (8, A2
DRI E] Ry 2 s, BCRAEERE 4 1 000 4H

7 FEL 8 A3 AR DU el 1 A2 1Y 2 A

ALY 8 &I A AL ZE L AR AR Y
E—LﬂﬁﬁwgﬁLﬁxmmgkﬁﬁﬁ%ﬁ
FE S TE AR A b DR T i DR 25 R (B
).

—180 mm;



236 o E 2R 5 N R %3 %

5 5
- <
) < —
—5 . —5 \
Nay /(%) Aoy /(%)
() 5 1 G W EAFHLIL b Bk (@) %5 1 & W EHHLIS i Ehid
(a) Target path in FOV of the first measuring camera (a) Target path in FOV of the first measuring camera
5 5
= ~
: <
—5 X N
—5 0 5 —5 0 5
Aam/(") Aam,/(")
(b) 55 2 & M EHIHLELL H ik (b) %5 2 A EFIHLINLG L
(b) Target path in FOV of the second measuring camera (b) Target path in FOV of the second measuring camera
5 5
& < |
= 0 \ﬁ 0
—5 . —5 ,
—5 0 5 —5 0 5
ACt]}lr/(o) Aalf’k/(o)
(c) 505 3 £ A BLELYA A Lids (©) 45 3 AN REATHLELES 1305
(c) Target path in FOV of the third measuring camera (c) Target path in FOV of the third measuring camera
5 5
S o0 < of
~ <
< L <
—5 —5 s
s o 5 =5 0 5
Ao, /() Aoy, /(%)
(d) 585 4 B EERBLYLS 1 Pl (d) 55 4 AVEHBLIL T H0D
(d) Target path in FOV of the fourth measuring camera (d) Target path in FOV of the fourth measuring camera
s i@gh EbsfE S 1§ Gl CL, Cl, (Cl, 4 4 Kl 6 izghHEEN RS 2 # 1, C1, [Cl, [Cl, 44

AR i AL i Bl

Fig.5 Target paths in FOV of C1,, C1,, Cl;, C1, at Fig.6  Target paths in FOV of C1, C1, Cl; Cl, at

measurement station 1 measurement station 2

5 5
S = 0
By =
—5 L L L —5 L 1 1
—20 —10 0 10 20 —20 —10 0 10 20
A/ ) Ay (%)

K7 izgh Hbsfeil s 1 P Bl K8 szsh HARTEI &G 2 PHEMY BBl
Fig.7 Target path in FOV after field stitching of meas- Fig. 8 Target path in FOV after field stitching of meas-

urement station 1 urement station 2



3 4 +

5,55 ML PN R R G P SIS B 237

9 4% ®

AE 7 S B ey o HE L 2 SN D 4, BBk
TRECEAPFHE R ) I, A2 &
1y 2 P AL SO TR R AL CRSE A ) AF ) 2 114
fifl b, R T —FioRs ST I i A B AL BEAR 25
SR A 2 5 el A A Y 8 15
FABLIN [z 3l H A, 368 A i I Kodis ok
IS DAL B, A3 LR 2538
(1) DFESEJE IR A S0, /T LAAS 21 0k — i
(2) B, 1 S B AR S
SR A TSI AL B At b B
HE o (3) AR SR ST I B DFE L, d
T AMERGC AR R R A8 e, HUER il 5~ 42 11
BRI S PRI i R A 21 1 o 2B R
(2498 st 0o (A () — 45 B2 B, A 3 e 22 [

Sk

AR IR /1 ARSI B K, B A 3l i i A A
LR 43. 88 AHHH 1 km I, HHBER T/ 2R 8L
FAZ 9 45", 19 ol 3t - T T 2R 2 T ) K A 2
32.5") o (4)ASCH MM EFL, s 2] L
HE) BB L I A e A ST, SR
1) F ARG , sl 3l 18] A ol B 0 K U)o
FRERBCR LG E 2 . (5) I PHEA AL
I Y SR 22, 2R A AN i — St
A B I R 22 5 R A ol A P AR R R
J L BRI R 2E o SNSRI 5
EAGATIARE,

T R R, Al T 2 B A IR A
PRI F AR X2 18] 19 I A 2/, A7 &
RS ATl 0] 75 0] el R 0 AR B g
RS i i (07 B 0 R 22 Y SR, 23 S B
IR IEHE A, B 2 S T o

(1] 22, &k, &3 A RMZCHINE RS IR E LS hRE )], Job £42,2001,28(6) :10-13.
LIU G,GAO X D,CAO X D. A comprehensive calibration of the real-time measurement accuracy for a photoelectrical

measuring system with wide field of view[ J]. Opto-electronic Eng. ,2001,28(6) :10-13. (in Chinese)
(2] Fweak, & & Wl E D 2EL RIS RGN DHET]. 2% 455 £42,2008,16(11) :2145-2150.

YU X B,SHENG L. Image stitching of multi-lens with large visual field in range instrumentation[]J].

Eng. ,2008,16(11) :2145-2150. (in Chinese)

Opt. Precision

(3] o4, 322, 4T Y T RSO AS SOF BRI LU S R T]. €47 8wl 4 548 ,2007,26(2) :24-

(4]

(5]

(6]

(7]

(8]

(9]

29.
JIA F,LI G ZH,NAN X F. An accuracy test method for type-T cinetheodolites in instrum entation ranges[ J]. J. Space-
craft TT&C Technol. ,2007,26(2) :24-29. (in Chinese)

TR AR, o2 A %[ M. JUgt [ B Ll ki, 2002.

HE ZH C,HU B A. Optical Measure Systems[ M].
RFM, Fi A el F ML st [ER7 Dl At ,2001.

ZHAO X Y,LI' Y CH. Optical Measure at Shooting Range[ M]. Beijing: National Defense Press,2001. (in Chinese)
E R RFAE BT M]. KB HRBE KB AR P S Y BB 5E 7 ,2003.

WANG J Q. Optical Instrument Collectivity Design[ M ].

Beijing; National Defence Industry Press,2002. (in Chinese)

Changchun ; Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences,2003. (in Chinese)

&b, TR AT AAEBE S AU =R 2 T ], o Mg £42,1999,7(5) :89-94.

JIN G,WANG J Q. The three-error axis of theodolite with the utilization of the coordinate to the variation[ J]. Opt. Preci-
sion Eng. ,1999,7(5) :89-94. (in Chinese)

ERBE, 200, G . MU0 RN B A 19 H bR SR 22T [T ] b5 Mg £42,2005,13(2) :105-116.
WANG J Q,JIN G,YAN CH X. Orientation error analysis of airborne opto-electric tracking and measuring device[ J].
Opt. Precision Eng. ,2005,13(2) :105-116. (in Chinese)

BAEZ W, B, S BHE RGBT ST ] kb 142 ,2007,34(4) :124-127.

FENG G L,TIAN W J,QU Y SH, et al.. Design of real-time video mosaic system[ J]. Opto-electronic Eng. ,2007 ,34



238 o E 2R 5 N R %3 %

(4) :124-127. (in Chinese)

[10] 4=, 30K, 5K 24, 5. TDICCD SeEDFHE R FERIN [ J]. Je % A5 %% T42,2008,16(10) : 1852-1857.
REN J Y,SUN B,ZHANG X X, et al.. Precision measurement of TDICCD interleaving assembly[ J]. Opt. Precision
Eng. ,2008,16(10) :1852-1857. (in Chinese)

(1] 2R, 20, 0. KEIHETAIVE AR RS R ROELT]. 25 45 % £42,2009,17(5) :1196-1202.
LAN H B,WANG P,LONG T. Nonlinear aberration correction of lens in image mosaic[ J]. Opt. Precision Eng. ,2009,
17(5) :1196-1202. (in Chinese)

[12]  F&, THhE, 08 ST A Z N E RGN 2 RREL]. o5 4% 142,2008,16(3) :467472.
LI ZH,DING ZH L,YUAN F. Global calibration method for multi-vision measurement system with coplanar targets[ J].
Opt. Precision Eng. ,2008,16(3) :467472. (in Chinese)

[13] fede . iR 22236 55 g e 22 [ M. JEST WU Tl A, 2007.
FEL Y T. Error Theory and Data Processing[ M]. Beijing:China Machine Press,2007. (in Chinese)

EEET:E R1977—) 2, S KEFE N BT, RS I v S I AT
E-mail ; work6180@ yahoo. com. ¢n
TrEEWE(1962—) , 5 5 MRE N BESE B, AR 0, 32 2 SFOB LI & S92 SR T7 A BIESE

E-mail ; giaoyf@ ciomp. ac. cn



