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Calibration method for parts dimension measurement system

based on depth constraint
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(1. School of Electronics and Information Engineering, Tianjin Polytechnic University, Tianjin 300387, China;
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Abstract: A new algorithm of system calibration based on depth constraint was presented to improve the
calibration accuracy of large scale planar part vision measurement system. Firstly, an algorithm of
extracting the round marks of calibration plate was proposed. Sub-pixel contours of marks were extracted
by edge detection algorithm based on adaptive threshold and polynomial fitting, then the center
coordinates can be computed by ellipse fitting method. Then, on the basis of analyzing camera distortion
model, the optimal solution of internal parameters and plate poses were obtained using least square
method. Finally, the pose of measuring plane was transformed by depth information as a correction term
between parts surface and calibration plate. The dimensions could be calculated using imaging principle
and the intersection point of the line and the part surface. Measurement system was designed and
experiments were carried out. The result shows that the calibration back-projection error is less than
0.02 pixel and the precision of the system is up to 0.05mm in the range of 1x0.75m?

Key words: part dimensional measurement; camera calibration; mark detection; depth constrain

s A #.2015-01-05;  f&1T H #i . 2015-02-08

HETH . BHEARB¥ 34 (61102150, 61302127, 11326198) ; K H TR 32 # 31 %) 8 539 H (13Z2CZDGX02100 , 14ZCZDGX00033)
EER AT B &EWA971-), B B, TR W, 22 B Ak B 5 40U D7 T A9 TS . Bmail: xiaozhitao @tjpu.edu.cn
WIESE BKFQ982-), J , R 2, WA T, 322 IR i 4 R AL 7 1 A 9Y . Email: genglei @tjpu.edu.cn



2832 4ok TAE

% a4 %

0 5] §

P& L5 I i BOR BAT AR Fe ik | kS B 5 T2
A S AR A, Hoh B E LS I B 2R G 4l T R
BRAEDT 8, W R Z2 1 RS e g R 0 Sl )
HEWETBe, Rk R I i S B R B AR LR
SE, HHETNRST R F bR Jr ik Bk 2I1R = 104
JE T TG DGR RGBS, R
T WA (0 e s B A Ty S RN, ELEER ) R
PSR, ST, R AREAR MR R AR AR, 5
TS TS AL IE BRI O, R AR A
A 2257 8 S5 b 0 57 23 AN — B, 5 0 ) e R

B BAR WLAR E B0 02 Zhang M2 ) (19 3 T
SR AR AR E T3 1, R R e ELA T B AR 11412 5
B BRI T N AR R A A AT UL
NS R V=R E Rk AR (v S s a DO LY A S
R ARSI, Li SR T — P AR 4 45 AE A ek S 1)
PR A T SR EHE I R AIE DT C A8 6 J7 3, R AR A
PRI SEBURHIE F B4 B E AL, (B HE Y S8, &
BEPERL S o 0] e A5 LK B N R I 1N P E AT A A
A TR A, R ANEERT
Pt . Kou 54 H T JEF Radon A8 [ [RITE A5 2 ¥ 19
SEAL T B TEIR B e e AN BBURR SR8 A5 IR T A
ROEWZIE NS Gbn e B R A6, # 7 THAR
P R G (R B 5 AR I R ) JR ) R
TR R BB T WA v EE /N B AR A X T
FE R SZR A P ARG 3R Y AT B I (H 2
H T8 Sk B IR AR A B Sk A5 A2 B A AR, B IE K
52 BRI

BEXT IR 5 B AN — B9 T 00 5 T o v b
SEXGHARAG )R, SCrp e 1 — b S 38 0 Y [
FEARRAE S SR IS 12 5 7R BB AL AE L R AGASE R 1) SRt
b BRIy T 5 1 T AR 2 ) AR R A L ki
Rl e iUE 4 U BitRE > 42 W N I TR 2 C
| & %R 4t (Large Scale Planar Vision Measurement
System , PVMS) , il i SZ50 /0 81 T 28 48 00 & A i
KGR

1 PVMS &#3i%it
W 22 55 £ % CCD AHML S 0O6 2 A T 40

A 1Y I T o7 S A R E )= R U o Y T
WOCER FIEARHL LI AL 45T E, R BUDER, R
JH v % BZ LED [ 51 T S 2% 4 e Bt s o B2 06 14 2
65, R MM I GAFAE T AR R BA
Febr EREF R A AL E AR AT, TS
VAR AN E 2 BroR B SR R A 1 2
A A0 22 3T AU B AR BURFAIE A5 AR R AR, A
FAMEIR LS A R PO A AR, g7 H G =R
AR RO L, SR FH B/ SR iE AR B BRI S AL,
3 BVREAR AP 105 R . PR A S AR T Rk
PRIRSE, Tebr @15 2 0 2 A8 LA A F R BE D7 1] /9
LA BN LR TR,

S —
v CCD camera
LY Dot laser

LED light
source

K1 RGELH

Fig.1 System structure image

1

Measure the object

- height using laser
| Capture target images | triangulation

| Extract sub-pixel edge | Correct the pose of
l measuring plane

Compute the center
coordinates of marks Calculate the
T dimensions of parts

Calculate parmeters
of camera End

P 2 J5 ik e
Fig.2 Method flow diagram

2 PVMS #rERE]

2.1 EUETHRINBGIER

FRAZHUAL R 2 iR L e R4k, 2
WA B AR B INFLAB B RS 1% P o As (Al — A,
TE T A AL bR 2R A AR HL AL bR 2 A 19 2R B 50501 R (e,
Vs 2) FI (e, Ve s z0) , R AEAR R (r0) . AR T P
B RRAR AT (v, SEBRBARBL BN p' (v

HR 2 LSRR | MG A R S T AR BR R 2



% 9 4

HEAF . REHRGEHRTMNETLA%AFTH % 2833

[ A9 AR T] LU 3x4 BEEHEME M RFIN , M=A[RIT],
[RIT) s MAHE B A AR 2R E A Py BINEEAR AL AL bR 2R 05
Pc NI HEAR I A S EAGZHL N S 5O R

Xe Xy Sy 0 Cx
Ye |=R|yy |+T,A=|0 s, ¢, (1)
Ze Zw 001

K. T=(t,,1,,0)" B & R=(a, B, v) W IEFEH
B 55,0, 3 RN TE x Ly J5 1) FAR A 9 ) 3 A A
2 G AL 5 1 LE ) 2255 e, TS 8T T 52 51
1) G A A

T AR BR 2R 1Y xS TS FE AR A
BRI 8 5 R M 2 2,=0, 1 LAAS 2 BHAR s A B0
AU, 22 JEAR (W] AR BT — X5 T) [ B AR | B s AR 1 17
AT 15 2B S e BT A A bR (v,
5 IR 15 R PR A B AT A R AR (u, v ) FETE R 22
DL 2Z 0] PR B A /IR B B R AT AR R MR
1k, R e/ LIS N A S B AR i
2.2 FHEIBARFFESRRN

A AR UG RRAE 04RGB4 BBUR 1A 745 a2 1 S e
M, T IS RRE S T G AR B T 2 R
DUGRIE S 47 7 26 BRAR AL BN, (ER A R
SHERET, BRI 24 ™ 4 0m IR B B B R
PP R A B H IBORS B2 52 B 520 o PRI SO 4
I8 {1 305 1 A9 Canny 8 X #0 bR G 20 20 ML 52 6
SR 2 LA AR B AR R R & 58 B, A
M/ G AR A BB, 15 BARAE & b A
b, B MG P RRAE S S S AR SRR A5 G 4
FNRFE
221 KM KT R G T RIEZ R

FRIEJUAT G2 FOE #3098, G R G MR T
W E i ARh

E= 412-4]2 [L}:ﬂ} cos*f (2)

KT ORISR L A WIEE o RGN FERE ; 0
JG 1 A=f 1D NSk GRS, A (@),
YA A i (0=0) 48 T BEEE (5 K, 62 T
SPGB (B2 cos' C R BEAL, B3] CCD
SRS B 6 4R A B I kT B X, MR Al
AT 2T UG fA L W AR KT, S A8 s e IR
JEREARARA Y™ 5, G &l 3 iR,

P 3 SR AR HYHL AR K 2

Fig.3 Captured target image
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