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Calibration of Binocular Vision System and Its
Application in 3D Measurement

XTA Yan, SU Zhong, WU Xi-bao

( Department of Information and Communication Engineering, Beijing Information Technology Institute, Beijing 100101)

Abstract A camera imaging model with radial distortion, used for a structured-light vision system to measure geometric
tolerance, is introduced in this paper, together with an improved calibration of Direct Linear Transformation ( DLT). First,
with traditional calibration technique used on linear model, all the parameters can be worked out through solving super-
linear equations; second, with the results of first step as initial value, the inner parameters, such as Center Of Image,
Equivalent Foci, Slope Factor, Coefficient Of Distortion, can be worked out through non-linear iteration. Pre-calibration is

not necessary in calibration with this method. The method performs with suitable accuracy, and is proved to be simple and
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practical.

Keywords computer vision, 3D measurement, camera calibration

1 3]

[

FRRPLA bR E 218 S BB B R R L S
PR SRLE ) &, H A R AR S AL
B, by B RIRFAE A5 A ] 5 A48 A G L 1Y) 52 B 3 2
HEARSR ISR AL R 28 BRI B AR E 1 2
B S HOma 28 o2 B R
SRR HL N TRE A O, B T AR A B A ) 7
BRI R AN S BN B WA AR LA bR R R

IR E& bR A Z R kR H (KM200510772012)

5 H #5 :2006-12-06; 2 [B] B #A :2007-03-21

F—EEE M H (1983 ~
LS TT A TS 4 E-mail : xiadaisy@ mail. bti. edu. cn

Z: IR ) e b 5 9 A 6 6 B

Tsai % A4t T —FhBE TAR m 295 (RAC) B9 P
A W R T R AR AR R T L RE AR 1 K
JEE BRI 20 AR P SF S BT B E il R AL
o HABRLMRHIL th TBOA 5 AR A B
R (B AR o AN SO e Tsai 26 A P05 25
N BT A% G 2 1k A T A T L et B Sl
RN T IR SR A B AR HL A 3R 2 8, AR bk J7 ik
AL 2SR

), 2o 2005 AEEENY TAE R B TR A B, Oy L BUfE B AR A B RE R E BT R AR R A LT A, &



557 3

B H LI B R G R AR A 3 HEI B 1299

2 BEIRGRE

2.1 STRLEIRIER

FARHLIE 1 A3 BOR 3 47 = 80 B R AL
() 2 HEAGF-1H L 3> B T AR AR #e i A | BV AR
QAR TE N R AR B I LT, — AR LR
GAEHY PR R PR,

TEEF LAY R 23 ] i P TE SR DL AR B & v
AsbR (X, , Y., Z,)5HAE CCD #im b/ EHR AL p
(15 2 A AR (w, v) IR AN 172 BT 7R

P Xy Yy Zyy)
P(X,Y,Z,)

BT A LB
Fig.1 Pin-hole Model

Horp, 0,UV 32 LR R O B4 1 AR A A 5%
0.XY.Z, 2VUZRHLEF OO N AL Lot Z,
BLXOY, B BAT T ULV R BRI R R
XOY J& CCD 48 [ f49 1y BAR b3 5 (LA SE B RSF 51
1), B Y IR e 6 Al 5 R BT T 58 A, AR R
FRLX Y R BT S UV 0,.X,Y, 2, AR E
Z IR BT S 1) AL bR &, SORRHE AR BR 2R

B p TERMR Y BEAL AR 2R FMRR AR AR R T B0 A
Fror il (X, YO Fl(u, v) o BESEBRBOL IR
KA D, D, T35 0, PG T 10 1R 22 4
B A Cug,oy) , IAFTERL TR G
1/D, —ctg 6/D, u, X,
v 0 esc /D, v, I:Yd]
1 0 0 111
WY s P TR BRI A AR R R B A AR 2 (X, Y,
Z.) AREARL = A A

X, Y. Z

u

X _yd S

S ] 15

X,
1/D, —ctg 6/D, u, T 0007
Y,

u
Z([v] =l 0 csc /D, v, |0 f£00
1 0 0 11JL0010
1

X,

fo s u, O y

=10 f; Vg 0 Z(.

0 0 1 0 '

1

X, S, 3 LR XY Bl ) S AR B s E
SR G TR T, (g, 0) 2 R T2 5
WY P e R AR R T ARBR (X, Y, Z,),
H A B A5 46 75
Y, R 1|7,
Z. =[0 1] 7.
1 1
Hor, Rt 53 518 Dt 5 A bR R 5 45 248 AR HL AR A
F I e e 4 M AR . 00=1[0,0,0]
2 A A FLABT A A R

/. 0 .
S u

. (; 0 0 kool
’ Sy % [0 1] 7.
1 0O 0 1 0 :

2.2 REBE

BB L R G i BT AL, — B2 A A
Wi 78 o A Wl 28 T 3L AR T e R R o IS 0 A A
N R R /TN e R v o o L T N Rt e
BEBREEFEAMBEAREANEZL B, WK 2
JI R

B2 A3 a) A
Fig.2 Radial distortion



1300 B 4 DR 2R

B3 %

B (o, y ) AN A Wy 722 Ip 23 ) A B8R AR 5 52
L (2, y) A7 WAL I 1 92 R 45 5 48

4 8=

(2 —uy)” +(y-v,)"

A x=x(1 +k & +k5'...)
y=y(1 +k,8 +k8"...)

by ky kg kb, R EEAR AR, S MR R IR DLW

g5 LR SR HLI AR B AL i) KR Sy

2 Xw
u(l +k8) f. s u, O
Z 1 +k,8°) 0 Rt
| v + = v
J (1 +ky ool ] ,
1 0O 0 1 0
1
X, X
m, m, m; my
Y, Y,
=|ms; mg, m,; my =M
Z, Z,
My My, My My,

1 1
M 78 SCR BEAG BB $ 5 5 B o S AR PLAS &
%*m%'f?mﬂ@m%ﬁ%ﬁfr ’f;’uo » Uy ’S9k1 ’kz;&f\%ﬁ
ZH R, t, Hrp

% Y Zq 10 0 0 0 -ux, -uwy,
O 0 0 0 «x, vy, =z 1 -vx -y
T u;my,
My, My, ] =
v;my,

Lomy, =1, FREATAH 1 AKRME, HE n=6
BRIl ih my ~ my, o — BT RRE0H 3 KT R A
H 33 i 20 Dh st vk skl o A e /N3 i

Phai vk B R

FHEAb=C A}y m xn JifE(m>n),b Kff
Ron ek, C ol n gEFIHE ,Hb=(A"A) 'A'C,

f#AF m, ~ my 5, A
r, r, ry lx
J:; ) o 2 ry, Ts TIg 1
LO 0 0 1
.
rf. s u, 07 %T t
=0 f v, O yj‘ t
Lo o 1 ol !
LO 1
I m,
=A L m,
I 1

r, r, T, t,
R=\r, rs 14 t = t,

tl

R JESE e B ¢ R i, (1, 0y, 1)
(AR Ry T S A A 2R 0 5L A5 FE B AR AL AR bR R T 1
BB
2.3 HREEZE

OGBS TR 11 SR A 26 B O < SR i R vk Oy R AL AR
WA M, P BB G R Z R AR R
O AN S B B R AR R DRIk P S B

FESR A SN S B0t R 25 R AR RIZE By, =0,
ky = OB B0 TR et 0 2

MO A n A AR bR R R A bR, AT L
HRAr 2n A5

mx.,; +m,y, +mz; +m,

u. =
1
MyX . + MY, +myz,; +mp,
. msx,; +mgy,, +m;z, +my
=
MmeX,; +my, +m,z,+mp,
-u.z
i

PR SR g3 my, = 1, Br LA B SO P AR A FE IR 1 A

Hy b R fige AR A BIL A S 2 BORAR A g A
ISR T ) vya s J2 A L IE 38 B 30 17
", A

e L o1
a7
v lzl Y " :li%r ‘Y
S S
I Xy I8
f;» = %‘IT : 7> ( ‘;r Uo'y:)/fy
3 3
S_llT'72 f = llT ot — s
N x IR oY =572

7, =(2—u07§ —-WZ)/fx
t, =t (myg —1}0)/f}
t,=(t,my —uyt, —st ) /f,
R, AR S BIOR 58 ol WA AR 1 P 38 2 8K
AT AR ik AR SR il AR A, 3% A 8 ) ek 15
MIEE Rk, FIME R 0,



571 B XUE L R AR E S 3 4E 1301

2\ o — __Xw_
3 FEAIENE dlrho 7Y ey
Z,| (1 +k252) ={ms  me M, My ZW
XL BLAE 3 ST T ML, = 0 R AT 3 = doLmymygmy
3 BRI, B0 1 L2 9 3 86 R e TG xS
LB SR R 3 Gt e [CCTHRODT A A e
3 bR, AL PR RAAR N (X, V,,2,) . (1 ek || e e iy |
TEZESAGHL I AR A bR o (e, 0) 18 A SRR AL Y L1 4 LMy My My, mlz—_l“_
QA b4 (i) AT .
m, —u(l +k,86)my my —u(l+k8)m, my-u(l+k8)m, u(l +k,8)Ym, —m,

my —v(1 +k,8 )Ymy mg—v(1 +k,8)m,, m, —v(1 +k,8 )m,, X, o(1 + k8" )m,, —myg

my — (1 45,8 my  my —u(1+5,8 ) m, my—a(l +k,8)m, ok a(l +k38 ) my, —m,
My =0 (148 my g =01+ 8y iy —3(1 + 58 ) m, LSy, -
4 AT R, 3 AN A AL, [RVRE AT DL PRt v 5K A SCEGAE R BRI 1 280 x 1 024 1R &, Bk
FEIE Smm bR 45 R UNE
4 s If LR ML S EL
A W AR i
4.1 HREXH £.=1670.923 7., =1675.157 5
A B 5 B 14 0 60 T s = 655 9.0, — 645, 960 5,0, = 504. 071 7
G, I 1 S B 5 A P T AT B i b 0.k 0
Harris 35 42 B, 8§ B2 15 AR R 9. — 3k 120 4 e 0.1357  0.9866  0.090 8
WE 3 frs . R=| 0.5633 -0.0014 -0.8263
~0.8150 0.1633 -0.5559
~137.528 3
t=|14.800 7
589.804 5
PN R

f.=1670.861 4, =1675.5853
s= -2.891 3,u, =645. 867 3,1, =504.202 0
k, = -1.3228x10"" ,k, =2.216 0 x 10’

LRI S5

A W A2 i

s= —1.481 9 ,u, =576.599 6 ,v, =542.517 6
k, =0,k =0

-0.1540 0.9795 -0.1293
R=| 0.577 4 -0.0170 0.8163
-0.8018 -0.2004 -0.5630
-127.053 8
t=[11.9658
B3 i R SR UR 2 8 622.411 2
Fig. 3 Collection of corners AW AS 5




1302 B 4 DR 2R B3 %

f.=1673.2659,f =1 678.268 9

s= —1.4853 u, =576.480 5,0, =542. 635 8

k, = -2.0815x10",k,=1.797 7 x10"°
4.2 ZHNE

S A IO 45 A8 S I AT A B AR R 50 T
GAERL, s 4 FoR

it FH 2 B O $ 0 B 3 £ E 306 49t il Al
I R 2 A I A O R I A
MCEE R E R B, BrhE &y 70t
LPTAERIRGIE N . D 45 Rk 1 s,

4 Ot HARN R R

Fig. 4 Diameter measurement with structured-light
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Tab. 1 The results of the diameter measurement

A 1 2 3 4 5 6 5 3 5
B S (mm) 101,448 5 101.447 5  101.4162 101.4144 101.413 1 101.4100 101.407 1  101.4028 101.393 8
yfi 101.417
Ty 2% 0.018 815
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