H13% 6 M e R LA Vol.13 No. 6
2005 4F 12 H Optics and Precision Engineering Dec. 2005

XEHS 1004-924X(2005)06-0686-05

BMENARNEREHNRERERFERBEST

ITHE.HHE
(REAY BEMNABEARNBERE £ LHE, RKiE 300072)

FEE X A A AR I S R 0 0 ol T B BORG B B SR AR T — e O AR R ROl AR T Al A R AT B R B A AT S 5K

E%L%ESU?% i %*EJJT%’EW%*‘J,ﬁ%ﬂjéﬁ‘f&“ﬂ’dﬁr’%ﬁﬁﬁﬂﬁﬁiﬂ!ﬂil&iﬂw\ﬁﬁ/ﬁﬂéﬁaﬂﬁ(ﬁ%ﬁ),g/rf%?ﬁﬁﬂ%ﬂé

%%T SERMAEHE . R BE AR BT 45 T RO R L SRR IR AL B . %07 I B R R R RS R e S A
EER ﬁv‘*ﬁe%#ﬁﬁﬁ fﬁ%@ﬁﬁrﬁ TR B A 5 A6 0 Sk e AH AL S 500 AR T, 0 L T A A AR . SRR N

16 1 200 m ShX%F B AR 400 m 30 DCHEAT W I B 4 32 77 1 AT GRIE X P A& g A Rl e R 22 9/ T 0.3 m,

x # iﬁ]:ﬁl*ﬁt&ﬁwﬂ'fi;#&#ﬂ#}bﬁﬁ-#&%ﬂﬁ/ﬁ;ﬁa&*’ih\#fr

hE 42 S . TNO48. 41; TH72 XEkARIZED : A

A high speed camera calibration method in coordinate
measurement of bomb-fall and its precision analysis

WANG Xiang-jun, HAN Shuang-lai

(State Key Laboratory of Precision Measuring Technology & Instruments
Tianjin University , Tianjin 300072, China)

Abstract: For the application environment and the necessary precision in vision coordinate measure-
ment of bomb-fall, a corresponding method was proposed which just calibrate two key camera parame-
ters: the focal length and the horizontal angle of the optical axis. By analyzing the coordinate calcula-
tion model, a linear calibration equation was presented, in which multiple vision sensors can derive
their parameters at one time when getting two known coordinate points (target). Through analysis of
precision, the optimum location of the target was given. The total errors were synthesized and the
theoretical error values were obtained on every point in the measuring area. At last, the experimental
results were given. The results show that the method is practical and simple for algorithm analysis,
and is suitable for wide-range vision measurement, especially for field application. In the application of
inspecting a f400 m area from 1 200 m away, the method can ensure that the coordinate measuring er-
ror is less than 0.3 m.

Key words: vision coordinate measurement; camera parameter; camera calibration; precision analysis

Wi HA:2005—06—22;f&1T HH:2005—08—18.



TS A A BRI AR T B DR A D v KK JE ) A 687

1 5 =

SEARAILE A B 00 R H A B2 1 D
FTHCR T & AR 7 i AE SE T AR T
ARGE B3R, (EL 3 28 5 30 1 T i B g /N TR Y
KA N M B AR L EAE 1 km Z 54
AR LK BE 1 0 e 40 i 2R A7 R AR s I N 52
W5 A S e A BB A 2 28 e I3 2 F ) R G 28
R HETT 1 AR AR AE TS B

AR SO R AL bR LB I 1 2R G2 A HE 1 5% R
A AR I v R S B 1 & 8 5 BT A AR R B A R
Lo A P - TR DR UENS B B R4 F 5 10 0fE 2 Bk
B d D A3 — DR R ERL R, SEBLR JHE 1Y
— USRS » SR Jim 38 Ao X IR R ) R 25 20 45 1
TR R O L e AT R 25 A N A
P 2 A T DX PN A% R I B IR 22 (H L R AE
SN A Bk 1k A HE T v S I

2 M BARA R ARG
L1 23 A R B T T R 1 A R

A W CCD BB P & P08 1 R /K Tk
B SR IE S Y 324 a0y 50 3

- (—Lcos ¢ +L,cos @;)sin[ 0, +atan(xp, / f> ) Jcos[ 6, +atan(xp / fi )]

o 00 X 3k

Xw

K1 BUE B CCD 22040 A I A Jm 7 721
Fig. 1 Placement of two area CCD cameras in the in-

tersection measurement

BNF 207, O K L .00 =L, .00, =L,
RGO IO TI . 0 5 ¢ 1%
FLGOARLG B 2% 15 Xy 3115 77 60 0 K F 9
F1.0, .0, 2 FEHLIEHS Xy B IE 7 1 19 A T %
F1 o, v, W BT AP A0 5 76 19 T AL A 5
R 1) A AL R TR LB Sk SEEE Y B
o BB S AS SR FE/NEL B R LB L
S PR B A b WSRO 4 S 1 R
%

Xw

sin[ 0, +atan(xp, / f,) —0 —atan(xp / fi )]

+Licos ¢, (D

(—Lycos ¢ +L,cos @) sinl 0, +atan(xp,/ [, ) Jsin[ 6, Fatan(xp / fi )]

v sin[ 0, Fatan(xp, / f,) — 0 —atan(zp, /)]

TR AR DX R A Al A R ) 2R R A
R, AT DU 0 i S A b el AR 8 MR
BLS B o i R 3 D) B ke T 3k 4 5 R iR
225 I

X T ZHCL @ AERE AL SRS B AR BLAR K IE
Ty e =R RO B (L 2) 5 3 sk K ) A
v ELDNAG  HR 22 ol A e B I RS B AR B S
S0 [A] B 25 81 7€ « [OL: [ << (5+10)mm, | d¢; | <
(34+2)",

S8 o Wl B PR SRR A v A
B 2= Cu,— o) X d, W d, Jg CCD &R
b uo MGG E H DX R R, S
1% A K V8 A Bl | | <17 3545 3 4

—L1sin @1 (2)

A 5 DGy X e, R B R 22 B0 AL Az, <
0. 1d, AR AR R G, AT LA Z W AT i [ oy | =
d.o BEROGO B A HETT 5 L2 SCHRL6 T i
T IR AN AT B A T X
SR S 000 0TI R 20 2 B A8 B AR ME
FASCR A o 00 A 2L R AT B A

3 REG ERBARESN

A 80 XN AR T A A AR B P (X
YWP ) 7Q(XWQ 9YWQ)(I,'p <I,Q) ’

,&



688 P

i T

%13 &

a;p=Xwp —L; Xcos(g) (a;q= Xwg —L:Xcos(g;)
bip:YWp +L,><Sll’l(g0,) b,-Q:YWQ—f—L,-XSin(go[)

W0, AR R (D, (2) #4746, 15
FNTF LM bR TR

. :7(61113611'(2 +b,'pb,Q)(Iip7‘TiQ)+ (a,’pa[Q —I_b[pb,‘Q)z(l'pil'Q)274><((l,Qb,‘p 761[[)17,‘(2)2 ><1'ip ><1'1Q

fi 2X(aiqb;ip —aipb;q)

, (3)

*(d,pa;be;pb;Q)(I;p7I;Q)+ (a;pa,Q*bipb;Q)Z(Ipi‘rQ)274>< (ainiP 7asziQ)2 ><‘731'1’ XxiQ

#; =atan

AR 3 L (4 L A DI P 2% i — Ot
SRR p ORI A I R L el PR
ARAT AL 14 15 THT A R o 4 D00 A58 AU A D 8 (T 5
B S0 B SR M. SE HPAEAR 9 R/ CRE S
LA G B s S 2 Brs .

¢ —
Target X : Vision
mplifiel "'farget size sensor

"1.6m

Bl 2 AR5 L 1L R S
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Tab. 1 Different calibration errors of f and @ following the change of P and Q
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Tab.2 Experimental result Unit:m

m T R
P55
Xw (m) Yw(m) Xc(m) Yo (m)
1 —1.151 186.324 —0.935 186. 890
2 —0.370 0.510 —0.339 0.637
3 —170.901 —43.319 —170.776 —43. 441
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