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Error propagation analysis of structured light system
XU Li ,ZHAN G Zhi-jiang
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Abstract : To study the calibration accuracy of stuctured light system based on crossratio invariant ,
measuring error and light-plane calibration error of system are analyzed ,and an error propagation mod-
el is established by employing theories of error and matrix disturbance. According to the error propa
gation model ,the precison demands of calibration parameters and samples under a special condition in
measuring distance of 1 000 mm and measuring accuracy of +0.5 mmispresented. The error propa
gation model is validated through experiments,experimental results show that proposed model can
provide theory basisfor improving measuring accuracy of structured light system.

Key words: structured light system; error propagation analyss; Mont Carlo method; matrix disturb-

ance; crossratio invariant

:2008-04-07; :2008-05-28.
: (No. 60772124)



307

2 )
(3] f 0 0 O y
’ o f 0 O = (1)
0 0 -1 f i
. , X(x,y,2)
,(u,v,f) CCD X
) P
(sl
(671 x(x,)
, CP(Camera Plane) S(light plane)
, y PP(Projector
(9] - Plane)
_____ p
, 1
Fig.1 Modeding of structured light system
’ P L ,
, Xo n )
X XXo
n
X+ ny+nmnz=d, (2)
Xo Yo 2o Yo 2o 1
, Jd=|xt 1 z| , =y zn 1
1 000 mm +0.5 mm X2 Y2 22 y: =z 1
, Xo 20 1 Xo Yo 1
n=|xx z 1f,nn=|xx y1 1
X2 z 1 X2 y2 1
2 f 0 0 O X p
0 0 O
2.1 0O 0 -1 f * Z E 3
1 , N Ny N I d
P
o z , (3)
Oxyz , P f 0 0 m e hs Tx X p
0 f 0 < 1 Iz Iz Ty . Yo p
, 0 0 -1 f R e B T4 Zw p
N Ny N 0 0 0 1 d
CCD (1] (4)



y J

308 17

(4) ,

Position 2

Position 1
f, R T,

n(nc,ny,n:, ) Feature Points —£& Calibration
2.2 points

2 d
X
A1, Az, As( Lu ),
Rt , 2
N Fg.2 Cdibration prindple of structured light system
a,k,adB , I
( ) ' 4 (aa,@,a,n)
- r -
Cr(a,a,a,n) =2—0 &=& (g
- In - &
3 (A1, A2, As) 4

(a0, ,a,m) Cr(a,a,a.n) =Cr(As, A2, Az, R) , (6)

: R (5 (6 R
_ - r - A>A1 - AoAz) + - r - Ai1Az - A1 A
R - 1) (- @) (Ar- A2 + (- 1) (- @) (As- A : )
] Inwai +anwi +nzZWi - dl
3, Jn)? + (n)? + (o) ?
3 N=3 M(M=C) 3
[61, ,
—_ _ _l M .
Rk = MiZRn. (8) '
2 ) (Lo ,L11,L12
) (Positionl ,Position2, ), ,
[11]
(xi,yi,z)(i=1,2, ,m), ,
(ne,ny,n., d ,
, 1 000 mm +0.5 mm
) = 3ol o 4
(1) (2),
min e®) = min ZD?. (10 (1) P
i =_J_ (11)
, a0 = [ n, n, n, d], D = P nu+ nyv + n.f °



2 , 309
"’ = Asny __©ndw II6A I
(11) n(nx y Ny, Nz, ” n " < "6 A " ’ (18)
d) 1- cond(A) N
Ap:‘ap'A nx+‘a‘p'A ny+‘a‘pAnZ+R: ,cond(A) A
Onx ony on,
(A n 4 A 1+ A 1) (18) ,oond (A)
- Nx Ny n,
(nu+nyv+nf)z R. (12 . cond(A) OA (17)
R , A
o cond(A) 1 A
Ap. (BAn+Wn+fAn) (13) cond (A) :
p (nxu + nyv + n.f) ' , A
a , A 1
Anl? |An|? 2 A ,
o2 |65 IR 5 B R
3 Nx ny n; )
p
&:JA%: BB+ o o, Yo Z.
p nxu+nyv+nzf ( 3,4),
( 2.2
Ae <0 | )
a<o . (15)
z=1000 mm, z
[Az =1.0 mm
0=10"2,
‘A_p‘ Azl -1 5
p z 1 000 '
B3 ¥eFRFATHZL
0<he < 103 : , (16) Fig. 3 Parallel lines on coplanar target
0<a<10 Z, :
1 000 mm +0.5 mm Y. - R
39 {1 i 2 l‘\y
2.1 , (2) {0 ——
AixsnN=bix1, (17) B4 AR BN
Fig. 4 Positions of coplanar target
Xo Yo 2
,Ai><3 _ X1 Y1 Z1 ) A )
Xo Yo .
Xi-1  Yi-1  Z- xx Y+0OxAy+1xd z +0xAz
i ,n(n«,ny,n;, d)
Anxsz = =
b ’ Xo Yo+OxAy+jxd z0 +0xAz
A O0A, n n+dn
An=b (A+0A) - (n+ L xor yo+ixAy+jxd zo+kxAz

3n) = b ,




310

17

Xo Yo 20
X1- X OxAy+1xd 0xAz
PT: , 19
Xp- Xo OxAy+jxd 0xAz (19)
L Xn-1- X0 iXAy+jxd kxAz
dj k
: Yw  Zw
,dAy Az
Yw  Zw P
(19)
A
(
Ay Az ),
dA=e- A, e#0,-1,
[9]
1dnll __|d
Inl =1+ (20)
1 e A
A!
) (
0) ; (15) (
) : (20)
3.1 1 000 mm
+0.5 mm
(16)
A1dnll __|¢ -3
= <10
I nil [1+¢ ] (21)
0<|d <10°°
(21) (16)
1 000 mm +
0.5 mm

3.3

2.2
2
( L) (
l1) ku +vi =h keu +vi=h,
(ur, wr) :
MEINER
= (22)
ka v
0<| k| < o0
0<| k| < o
(23)
‘kl 1
Z0
ke 1
0 0° <6 <90° (
) . 0 30
(7
, a & &
A1 A2 As (7) , (7)
| R | OR  ORi
AR = aa1+8az+aajzl+%2+
%E:+%E:+%Eﬂ§s. (24)
§1§2 E3
(24)
&2
g, 04



2 , 311
pixels ,
, (7 (-0.0935, +0.0935 mm
\ (8) A1 Ao
( t
, , [0,0.5]mm) ,
, R , N ( N=
(9] (- 8.40, - 13.79, 1 000) &3
897. 40) , (230, 6
538.04) (341,520. 98) (451. 02, 502. 99) 6 ,
(559.98,486) (769.01,452.02) (871,436.02) ,
(970.99,420. 01) (1 069,404.99) (1 165,
389.99) , (- 122.23, 0.05 mm( &

4.84,864.21) (- 93. 77, 0. 18, 872. 51)
(-65.31, - 4.47,880.81) (- 36.86, - 9.13,
889.11) (20.05, - 18. 44,905. 70) (48. 50,
- 23.10,913.99) (76.97, - 27.76,922. 29)
(105.42, - 32.41,930.60) (133.88, - 37.07,
938. 89)

au &

( l&1] [0,
1.5]pixels) ,

e (7 R : N

(N =1000) &1

0.106 ——
0.0104 |
0.102 fiis
01 b
0.098
0.096
0.094 |

0.093 §
0.092

Error of value/mm

!
|
|
e

I S S S S T S |

0.09

0 02 04 06 08 1 12 14
Noise in image extraction/pixel

5
Fig.5 Hfect of image extraction error on calibration
points
AR &1 (-0.5,+0.5)

((-0.05,+0.05) mm))
(-0.092,+0.092) mm
&1
€s ,
(-0.1855, +0.1855) mm ,
(- 0.5,0.5) pixels ,
(- 0.05,0.05) mm )
AR (-0.2,+0.2) mm

’

1 000 mm +0.5 mm

0.104 | o e end - i 5

0.102 .
0.1 : : ; R o 1

0.098 |-t e |

0.096 : -

0.094 Frovesiororsdrnes e i

0.092 —-o«"""/ :

0.09

Error of valule/mm
(3

-

0 0.1 0.2 0.3 0.4 0.5
Noise in world coordinate/mm

6
Fig.6 Hfect of 3D extraction error on calibration

points

EPSON EMP-821 L CD



312

17

CoolSNAP c¢f CCD
1 040 pix-
4,650 m x 4,65

els x 1 392 pixels(

Mm) 1 024 pixels x 768 pixels
1 000mm , 40 cm x 30 cm X 20
cm
(- 0.5,0.5)

pixels, (- 0.05,0.05 mm

, 2.2 ,
2.1 900 mm

1
23500 |3
70 000 1 , d
. 1Ad
RMS

MOUADDIB E B, SALVI J. Recent progress in
structured light in order to solve the correspon-

[1]

dence problem in stereo vison[C]. | EEE Interna-
tional Conference on Robotics and Automation,
1997,1:130-136.
[2] :
[J]. , 2000,8(2) :192-197.
ZHU SH P,QIANG X F. Anayssof 3D coordinate
vison measuring methods with feature points and
workpiece[J]. Opt. Precision Eng. , 2000,8(2) :
192-197. (in Chinese)
[3] , : :
[J]. , 2007 ,15(1) :
84-88.
TIAN Q G,GEB ZH ,DU P,et al.. Measuring of
human figure sze based on laser 3D scanning[J].
Opt. Precision Eng. , 2007 ,15(1) :84-88. (in Chi-
nese)
HU YNH D Q. Cdibrationof a structured light sys-
| EEE Computer

[4]
tem: A projective approach[C].
Society Conference on Computer Vision and Pat-
tern Recognition, 1997 :225-230.

1

Tab.1 Precison evaluation structured light system

dimm) d(mm) |Ad (mm) D(mm) |A d& D] (10" %
10 9.9179 0.0821 890 0.092 25
20 19.896 7 0.103 3 900 0.114 78
30 29.8814 0.1186 910 0.130 33
RM S(mm) 0.333 4
5
1 000 mm
+0.5 mm ,
[5] , , ,
[J]. , 1995,

(6]

(7]

(8]

(9]

18(06) :450-456.

XU GY,LIUL F,ZENGJ CH ,et al..
method of calibration in 3D vison system based on
structure-light[J]. ChineseJ. Computers, 1995,18
(6) :450-456. (in Chinese)

ZHANG G,WEI Z. A novel calibration approach to
structured light 3D vison inspection[J]. Optics &
L aser Technology, 2002,34(5) :373-380.

ZHOU F,ZHANG G,JIANGJ. Constructing fea
ture points for calibrating a structured light vision

A new

sensor by viewing a plane from unknown orienta

tions[J]. Optics and L asers in Engineering 2005,

43(10) :1056-1070.
[J].

1524-1528.

ZHOU F Q,LIU K,ZHANG GJ. Uncertainty a

nalysis of constructing calibration points based on

, 2006 ,17 (12) :

invariance of cross ratio[J]. Journal of Optoelec
tronics Laser, 2006, 17 (12) :1524-1528. (in Chi-
nese)



313

[J]1. ,2006 ,33(8) :79-84.
LIU K, ZHOU F Q,ZHANG GJ. Estimation of
uncertainty in calibrating line structured light sensor
[J]. Opto Electronic Engineering, 2006, 33 (8) :
79-84. (in Chinese)
[10] , .
[J]. , 2001 ,9(3) :269-272.
HE ZH H,WANGB G Modd and imaging for-
mula of the line structured light sensor[J]. Opt.
Precision Eng. , 2001,9 (3) : 269-272. (in Chi-
nese)
LI'Y,ZHANGM ,YANGB et al..

in camera calibration[ C]. 2001 International con-

[11] Noise analys's
ference on Infotech and Infonet. Beijing:IClI
2001, 533:536-542.

(1978-), ,

Email :

xuli_yh @shu. edu. cn

[12]

[13]

[14]

[15]

[M]. : ,
1987 :321-324.
SUNJ G. Matrix disturbance analysis[M]. Bei-
jing: Science Press, 1987:321-324. (in Chinese)
MA YBANK SJ. Probabilistic analyss of the ap-
plication of the cross ratio to model based vison
[J]. International Journal of Computer Vision,
1995,16(1) :5-33.
HEATH M T. Scientific computing: an intro-
ductory survey[ M]. Beijing: Tsnghua University
Press, 2005.
QIAN S S, Uncertainty of measurement- process
ing and expression of experiment[M]. Bejing:
Tsinghua University Press, 2002 :80-82.

(1968 -), ) )

Emall : Zizhang @shu. edu.
cn

|ICF

, ,CCD

) 150001)

+10 mm



