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Fig.1 Geometry of Grating projection system

D EAAIRA SERELERBSETMMLAR. X
B APB JFE ox'y's AR R P ARAR B K A,
Yasia,P(2p,7p,2p) \B(5p,75,25) , B\A.C ZRHE
oxyz B ER R P AL BR K B (x5 ¥8:28) A(%,, 54,
-h).C(0,0,Z;). H BC P 3 By A8 45 7T LI P SE 23 [H]
HEZAC, TRRAITLIBEIA B C FARRE
R A SRR

%y =xg(h +2;)/2;

- (1)

ya=yp(h +2c)/z;
ABHSERBBRIHEE LES, R AB FHAKMEA
GBREHEHFH O, D, WEHMEN AD.
F&Exmt B ARSIVt F AR, YEE
ARE 1 VELE ESHEMHER, LA

AP =P, - D, (2)
HARPR R oxyz SRR o'y 2 MIlEH XK, A BH
BEFRAGRRERTENT AR XE



762 X T ¥ 34 %

x, = [ x5cos Bcos y +yg(sin asin Beos y +cos asin y) 1 (h +2.)/z; —h( - cos asin Beos y +sin asin )

¥, =[ —xzcos Bsin y +y;( —sin asin Bsin y +cos acos y) ] (h +2;)/z; —h(cos asin Bsin y +sin acos y) (3)

2, = [xgsin B - yzsin acos B] (h +z.)/z; - hcos acos 8

xp =x5c08 Beos y + v (sin asin Beos y +
cos asin y)
yg = —¥5Cos Bsin y +y;( —sin asin Bsin y + (4)

COS acos y)

25 =x,sin B — ypsin acos B

B 23 (] @b LA, E 1 P B BIR TEALAR R ox'y 2"

BT, ATRIBLE oo’y 2 FREL T BA
x'—xf,=y' —y€,=zl —zf, (5)
Xp~—%p Yp~X¥p Zp~Zp

K LIATP AW REL IR Rox'y 2" PRI E LT H

’ ! ’ ! ’ !
X —Xp Y —¥p ¥ —2p

— = 2R TF (6)
Xy =%p Ya~XYp Z4=2p
SOFmE I HER
2’ =0 (7)

HPEIS ERPA . HEPBEAE Fi MR8 H

oo (Zm-%p)zp
Xg=%p———————

ZA_Z;’
oo Ayamye)ze (8)
YE=Yp— g g
2y —2p
z; =0
o (xp—xp)z
Xp=Zp =~
Zy —2Zp
. (ys-yr)ze (9)
Yr=Yp = : ;
Zy —2Zp
2 =0

BT «'8#5 I @& EEH, TR

2um(xp —%p) 27M, 25 -%, X, —%,

AP = ! el
P P Zp =2, 2z4-%,
ah
1 +bh (10)
Hrp
b =xﬂsin B — ygsin acos B —z.cos acos B

(xpsin B - ygsin acos B —z,)z,

a =27z, { zp[ %5008 Beos y + v, (sin asin Bsin y +
cos asin y) —z;( —cos asin Bcos y + sin asin y) ] +
xp( = xgsin B +y,sin acos B +z.cos acos B) +
zg[x5( — cos acos y + sin asin Bsin y) —yzcos B
sin y ]} /[ pz;(xgsin B - ypsin acos B —zp)?%]
hABRYE LA SEESEEAOEE. MR
(i.)) RAAEBRRBBRELR, R (10) AU R

a(i (i)
AP = RG] (1)

BRI T, N — L RE R, L ESD
K EZA MBS X RFEM R TR ERSBR
FER BB AT, B— N E R IE R KPR R
Xt FHEERMARE, REHWHE 1 o(i,) M b(,)),
WHRHE T X5 WEREMBERE . Hik
A AR AT N RGUGHITIRE 5 —> Al LUK 0
BHEDINBSEHEETRXEEN, T8
SEmMBEEESS S (RIE 2 =0) MHHE E/H
BB &, RIS HZ T Z B M HIE N
W, NEZH G ERERAFBR, AN 545
WEBALEXN ML . BREE n KB FRE
A b, IR R @, BRB

A‘pn(iaj) =@, - D,
Xt FEGE EHENRERGS), TUBRMTH
TR
a(i9j)h1/[1 +b(i,j)h1] =AD,(,f)
a(i,j)hy/[1 +b(i,j)h2] =AD,(i,))

: (12)
a(i,))h,/[1+b(i,j)h,] = AD, (i,))

a(i,))hy/[1+bCi,j)hy] =ADy(i,))
XFR(12), RE a(i,j) b, ) WK, H
M, S N =26 R EEHEK, RATELHE a (i,
J) b(iL))  BREF RIS EPEELBIR
E, HEREE, DAL N>2. TR, X(12)BH—
MEARLET BAH, Bl d1 B/ _Fe B LR .
B (11) JBFF H—B Taylor HEFE

AD =(Ap), + AR5, (H(AD) G,
da ob

ah héa a, h*8b
1+bh 1+bh (14002 °
HP . THe RAFRENE, 0o BRAXLF/DME. B
AR(B)BhEAdR. HEAR\BEENT .
OB ERBBEE L (i,7) =0, a (i,))

(13)

AT AN & BARE
h,
h,
a® (i,j) h: =AD (14)
hy




58

S . —MERIERE N R SRE R AR

763

AP = [AD, (i,j) , A, (i)
A 5@ (1)) b @u(i) ]

OHEIE k KERER oY P 5, HHAR
AR (13) B 5 B4, T SR8 4 8o,
sbD | FRETIRE k+ 1 KRR Y

[a(lu-l ’b(kq—l)]T: [a(k) ,b(k)]T+

[8d(k+l),8b(k+l)]T (15)
@EEE 24 EIHEREER.
2 S5HEAZFHREE
Hung'*' %R FI9HREH AR N
AD =kh (16)

ATIREMOIZS R E BB R, ERER,
KRR b Oy mfE—RUN B ) oh, MR S5 5%
MO EMELN 6(AP) , NTTTFE

_8(Ad)
k_———ah (17)
B EEAARK(IL), TE R A& RIS EEN 1ZE
k=T von (18)

B (17) F(18) AT, =(17) Bril =5k B9 3L PR

a5
poO(AP) @
8h (1 +5bh)?
AR (18) 5 (19) AT, (VA S5 b 1R/1, AT B
Arres, LR B 5 IS EAMF . @ T Hung

(19)

HbRE T ERA L BSH b WRMIELR R W, H
WA —EWRGRE . MBS LU, ARG
SEJT BN R AT R E R . SRELIRIRERME
B, B TRERBIEN S WA EBRE , BF
MRS B R B BEFERBRE, B
U, AR E T AT B R R EIRERN . Bl
THSERFGE  FRERESUERNER, K
FERMRE T ERILBSE FHREIIRE .

3 BN

HTRIERTEMAERE AERREHTT
L8, RGN Epsone GBI BERVL. A2
£ ML, BN EE A visual C + + BT HARHE
SN EESAAHEEG . TEAMESHERFERE
e A 256 GORK BB S, SR IG B B dRsb BRI
HEATALER . BRATA— KRN 50 mm AR @R
RIS, I EEOHT TR . RREERR
POE LRI SERAIER [=802. 6 mm , B RGN
LSBBHELCELZMKE d = 153, 8 mm , H¥
EZEAOCHMBRIELELESHEEMLA H =
8.26°, £ H7HE 8 line/mm. FHAEXFHE S
Hung 8977 s #E17 5206, B 2 9P 48 B9 BK i BR O
X -BHRBEMGHER . AEFH, ZXHFTER
=80

600 600 600
500 500 500
400 400 400
300 300 300
20850 0 500 20%p0 0 0 %0 0 500
(a)Real height (b)The height obtained by the new method (c)Height obtained by Hung’ s method
B2 RE#KRTHEH
Fig.2 Cross-section digram
2 Takeda M, Ina H, Kpbayashi S. Fourier-transform method
4 Hig

A SCEF XA AR AR 6L 5 R R B 56 R 1R
B, ot T — AKX REW G5 BBt
PRECCHR . GBI LS EmMBERIERBRC AR
B %8, W3 xRz AN, BB R BB X 5
ST R, TR, e E BRRT
RGN E R RE .
BE W
1 Frank C, Gorden M B, Mumin S. Overview of three-

dimensional shape measurement using optical method. Opt

Eng, 2000,39(1) ;10 ~22

of fringe-pattern analysis for computer-based topography and
the inteferometry. J Opt Soc Am,1982,72(1): 156 ~ 160
3 Takeda M, Mutoh K. Fourier transform profilometry for the
automatic measurement of 3D object shapes. Appl Opt,1983,
22(24),3977 ~ 3982
Btk HOABEEAREEARRRNA. XTFFR,
2000,29(2) ;157 ~ 160
Zhou C L. Acta Photonica Sinica, 2000,29(2) ;157 ~ 160
5 BEX. &M mEMEHERE=SERMB PN
A & F248,2003,32(8) :993 ~ 996
Weng ] W,Zhong J G. Acta Photonica Sinica ,2003,32(8) ;
993 ~996



764 X F o #& M4 &

6 Hung Y Y, Lin L, Shang H M, et al. Practical three- BEATHNA . YeF5F4#,2001,30(8) :1028 ~ 1032
dimensional computer vision techniques for surface Zhao H D,Li Z N,Lu J G. Acte Photonica Sinica,2001,30
measurement. Opt Eng, 2000, 39(1) ;143 ~ 149 (8):1028 ~ 1032

7 RMR, R BEER . IE-NEREEGEMN TR
A Novel Calibration Technology in Profilometry

Zhou Canlin',Li Fang’
1 School of Physics and Microelectronics, Shandong University, Jinan 250061
2 School of Life Seience , Zhongshan University , Guangzhou 510275
Received date;2004— 02— 23

Abstract It is only the relative phase distribution between the tested object and reference plane that is attained
after phase demodulation and phase unwrapping in profilometry. However, the objective of 3D shape measurement
is to obtain the object’s height distribution . The nonlinear mapping relationship of both phase and height is analysed
and deduced in a general experimental setup. The calibration scheme is designed. When the reference plane is
shifted, its corresponding phases have been measured. According to the shifted distance and the phase increment ,
the mapping relationship between phase difference and depth of the object can determined by the least square
interactive method. Finally, a practical experimental system is calibrated and compared with Hung's method. The
experimental results and theoretical analysis show that the new method is characterized by the high accuracy, easy
to handle ,lower the complexity of calibration .
Keywords Shape measurement ; Phase distribution ;Iterative algorithm; Mapping relationship ; System calibration
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