9% 48 et K L Vol.19 No. 8
2011 4 8 A Optics and Precision Engineering Aug. 2011

XEHS 1004-924X(2011)08-1957-07
B % {2 72 35 0 &= R BV MR AL B AR RE

FRAF MBS

(RbA% £ATRZR. AL F2 5 066004)

FEE OS2I 4% (AR 0 4 R G AR ML B AR L IF SR T TR IR 0 G B AL B R SR T — R T I Il R )
B AR SRR AL AP SECE SR Jrik . 58 R AR 3 55 v a8 (A A TR AR E 2 T B IO R L DA A5 BT 4R
375 55 v i 40T [ L R OE A2 T [ e ety i 48 T AR ) SR IR 3R R IR S B IR R AR S X R R 2 R Ty
FE 5 OR G o 30 2ok 0] SRR 4 0 IR il £k 46 B #E 4T Cholesky 43 fif 2575 AR AL 19 P9 S8, HR L 76 SR A5 19 8 2 00 [ 1 ik il
3 o [ A B A TR AR 0 BB AR AR S R RS AN S RO R R AR RSN SR S A R R AR S
LT AL S B0hR E RS BE AR F 0. 95 %0 AN SRR E KRG BEAR T 5. 620 1k RGBS 4 A B LM 25 8 R
FEART AR 8 AR FIER S B, b o 2o i 187 50 A0, RE A 10 2 LR S PRl 22

X 8 WBREMNE; @KL RRERES K

hES%ES . TP391. 4; TP212. 12 XERARIRAG A doi;10. 3788/0OPE. 20111908. 1957

Camera calibration in morphology measurement of axisymmetric body
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Abstract; To realize the automatic calibration of the camera used in morphology measurement of an ax-
isymmetric body, the perspective projection characteristics of the axisymmetric body were investiga-
ted, and a automatic calibration method for intrinsic and extrinsic parameters of the measureing cam-
era was proposed based on self constraint characteristics of measured axisymmetric body. Firstly,by
utilizing the extration of section fetures easily, the ellipses in the images of axisymmetric body cross
sections were estimated to obtain the images of the circular points. Then,combining with the epipolar
constraint, the full constraint equations of the image for an absolute conic were established and com-
puted to obtain the camera intrinsic parameters by Cholesky’s factorization. Secondly, based on the
intrinsic matrix of the camera, the extrinsic parameter equations were established by using the image
of the symmetry axis and cross sections to solve the extrinsic parameters. Experimental results indi-
cate that the relative precision of the intrinsic parameters is better than 0. 95% and that of the extrin-
sic parameters is 5. 6%. By utilizing only the axisymmetric constraints of the measured object without
the calibration plate or block, the calibration process is simple, effective, and can satisfy the real

needs.

KRB :2011-01-19; &7 B #1:2011-03-28.
BEeWE:BHEFRHERETEIT E (No. 2010ZX04017-013) ; b4 B2 5 R W52 5 % B %1% 1 5 B (No.
10212152) ; %% 8 5 T RH2# 8 AR B 9T 5 & e 31 %) %% Bl H (No. 201001 A077)



1958 e KE IR

%19 %

Key words: morphology measurement; axisymmetric body; calibration; circular point; epipolar con-

straint

1 3 =7

[F] 5 A ) G2 114 = Ak T 350K i 0 kA BIL AR
TS K T Bl R A S A A
AL R IR SE 28 GEEAT [0 P %) G2 = 4k T8 S
R AE T AP (BB R 58 IR A SN RS 4
bR E . H AT AP BRI b 7 15 204
TILK ARG R T7 ik B bR E J5 iR T S
IR 52 T7 W . A% 8 b g T7 3k 2 M B E AR
(P> 15y =5 18] Z B B9 N 2 8085 % J5 i
DLT Jr k™ Tsai R ES ik AR 2 4
X TT IR bR E A JE i (ER AR E e P A BT
PR E AR (HO R BEATRFAEVEBC . E AR E J7 102 )
JHTPE 18 3 55 09 249 SR A SR IO 8 R G 2 50 U5
ZRR/ PR S R e S DS B A R S
2k gl T 1 b SR A B Ty 2 AR
(R B TR T RE R L BT A SR T R b
Dt AR X Ty kR G T % e b E O s Th i
PR AN AL DT E 1 TR R (H 5 B2 3 0 b A oA
FH L PR AE 29 500 ROk I S R TE A W . 2 T 3230
PLHE AR E T7 152 B AR AR ALY S 2842 B 5 87
ThRESRARBLAY J7 s 0 1 7 S AR B
(95 T S A58 1 b5 RE J5 35 45 X R T I B
LRI BT AERR E i B P AE T — L8R L iz
B fE S B DL — R Ui 3R AR BIL A A AR 2 JonT LR
PESK i, B0k B9 B B IR L B, L Ah, Tardif
SFHCLIR BT T R T W ARG IE B bR E T 5

B of [0 e (A0 G = 2 TE ARSI e R A 2
BObR 2 RS, A SCHR Y T — B 3 T 3 350 v i 4 fml
Fext & B 2R AE RO B R G2 Kb g Uy k. Tl
Ao [T 2 AR P 450 v T 5 [ il 0 A AT bl £
PSR IUIE 22 T[] e il 1 480 10 e 1) 15 30 A5 A 1%L O
L5 A AR A AR ST IR R G R AR 1 24
R ik — A i 249 ST R SR i A Cholesky
i I R GE A S RO R [ 5 A
(1] 5% Al 119 1555 B ARG 114 25 [ 3 vl A 1 A 4 T
2R 1) B R E AT /0 2 B0 SR B BN i R 4
1 A BhtRE .

2 BBAIREARR L E R E GRS

=R A R M= [ a2 | EBIRPLIR
By e AR e m=Lu o]t A
(955 A AR5 B M=[x,y. 2. ]" Fl m=[u,
vat T ARBCEE B AL L BT LR ALY D) S ] g
M 5 PG m Z [ 555 6 Rl Rom
zem=K[R TIM , (D
Hpoz AEFERER TR T AL AR
FA AR B A b 28 A8 0 B L KON SR AL N 2 8L
R BN
a Y U
B v
0 0 1
R JEFHAG B AL bR 2 A T 1 5% A b &R A i 5% 4
W T Ry B AR AILAE T 5 A R 2R o 0 2 i) AL A
TE =S A L 2 1= 0 9 R PR 855
T R BT JC 55 I A BTG 55 - T . JC 9T I P
T MM =0 ) SH BT 4 X R4 Q.
M Q KB o 5 AR PN S B 2 W3 2 T
KA

K= ) (2)

o=K K. (3)
DRI o o fi i 2 0 ok — v ity 28 A 1% B AT 3 o
Cholesky 43 fi i & S5 A4 WL N S 506 B K,
TIFILHL L ERPA R I=(1,4,0,00",J
=(1,—,0,00" FRNEA L. FH i i ER
I.J g .
i'wi=0
{.T . (4)
J @j=0
T LLJ 5oy, i E A i a3k
B L. D FEN T
{Re(iTa)i)—O

" . (5)
Im(i' i) =0

3 AAHERE
1 5 (5) 7T 01 25 il WA I 75 P o 5 B 0 55

A P8 . RIAT R J 446 Xk — O i 2 119 3 20 249 o
JrRE o LAPIAS 7B S B0 Xk 5 0 45 P A an ] 1



%8

B 55 ¢ Bl 5L AR S P AL B AR 2 1959

() TR . X 1) BB 4T 1 G5 5 ik 32 U
WG . T O AR G A [ e et 42 L AE R AT
AR T U0 I R ) AR I 4 /s R UL
PR T B 0T AN 5 4 T UL AT H £k A0 A TR
AL, H 1o SRR AR 2P 1(h) FR

(a) KAFEB

(a) Image of cups

(&)

(b) $& I FRAE 1Hh 2k
(b) Extracted feature curves

BT KPR B B A HE AR 3B AR i £

Fig. 1 Image and feature curves of cups
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Fig. 2 Relationship among intersection points of two
ellipses, vanishing line and images of symme-

try axis
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Tab. 2 Results of calibrated intrinsic parameters
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Tab. 3 Results of calibrated extrinsic parameters
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