®15% #7H ¥ % % #H Vol. 15, No. 7
19954 7 A ACTA OPTICA SINICA July, 1995

2 RZRHR = YA TE R BA

H £ BX? EEL
(PR AERFEIR TR B RO A FBF R BT, T4 710049)

W R ERREEINBREIADERENEEAMBEETREERURBYERE®EST AN
FiE, EREETHATELERNEENEREAEREEMERLGHEEZR, HALRLHHVES
13

X®E =HEEHE, REEH.

1 5 7

M=RWEREAERMBIRR—EXZANNVENR. A TREBDERAH=EFE,
- MEHEREADEET LERMATEARN T E. YEMERREIYERET L
B, AMERBEDEYREEREZEXE, R ECSSFVER=4F MR LME R
FRYEILRTE, AXZEFXLEPRR=EEL.

EF LA ETEES TR EME" ", K Halioua FAFKEE T HBZERE
R WERERH =S HBEREZEIEME A, X—HRBERERIEM Y IEZ
i, 3 B %2 WL AT A AT .

AR REH AR DEET EEMTAL M E . XFHARRE S A RBREZ AR
(DCTY MBI AE, ERFESLETERI ZMIEA, Chen FARL T —
FIZEARMREREY, X—HE U EEATERSR, BN ERESEHABGEER.
A A —FHAMERSIBEATEHRREZEREYREAELWE & Wagh 1 Ganesh £
™, ZXF A RBAREBRIEMN B ERBRTHIER, HFEFRFHTRBELE, 7
IR R ERGRAE, NTRZMmaHEeE.

2 RO IR
RRHMRE—ERNM, b—RETTERS, SREB BN ERE Lo, K83
AR, TRBERHER S

==}

gz, y) = ; a.(z, y) cos [2—? z + nd(z, y)]. (1

AFHN 6, ) BEFTTEYRREOH=HHEE . » BAHMEL A,

WRHA:19944E 4 B 11 B; WRIBAMER 199446 H 8 H



954 ¥ - 2 f# 15 #

AN OHORTUEB L, ZSEGFEIERT ER fHo= 1/pb, ZERE £ = nfo, BT
B, € (D XBFTREER, BRI,
G, v) =L+ M + H. (2
RF G, v) & gz, y) HHMHE. L EERA
RS, M BESN, H REHMS., B TXEM
HREESEY, WA 1R, B, 7RLES
BELBUREERT M, RENTHEH#ITRRE
T #B3)

H 71(z, ) = ai(z, ) cos [ 2??1 z + Oz, ]

/“Q\_f_ (3)

ItREEDERET LOXBEE X BB
Fig. 1 Spatial spectra of a fringe pattern p/4, MV B3 H—&8HE

gz, y) = ia,(z, y) cos [2-—? (z + %) + 2d(z, y)]. 4)
FHEEXT (4) REHITREZEEL, RE. RR|/ETE, [[EHF
g:(zy ) =ar(z, g) cos [g;_; @+ 2 + 06, ]

0] fo (f1)min (f1)mus

—— aG, ) sin [Z 2 + 0, ] (5)
B, AR BOEXMG)RRHHEL 0, 9y
P(z, y) = tan~! [g:(z, ¥)/g:(z, )] — 27z/p. (6)

3 BEEMMAMARR
BEMICRREM N2 UG RTE 2, P AT
HPSEEWEBEHERE, s, ZESHNEREAR X - D.
BEEILFL, FE-ERGEE Y, X BymmE  r d
iz, SHMMAEE. Y S5EFEN FEEEAE T
BELE L, ZHLRRYAEESSETFEZ MMNE
B, HAER. GR—SHEMEY 5. WIER M, TICH
KU 0 EE FEKE . DR—1 CCD R, # : .
B3 X R - A -
&L B D FTUMBSE FE L ¢ KA, Fig. 2 Optical geometry of the projection and
BMTFWHkE D E52EVE L A SAMHBEML, B o recording system
= Q. FFRAEF =

AC = Dcp/27f,. (7)
He oo Bl L D M TE2EVTEL ¢ AMHAEE, RETUH G AR, f.= 1/7,

BT 4PID 5 44ADC #fRh, Wik L D AR F&H FHAREEY

s AC __VSAC
d(1 + AC/d) ~ 4

Wz, y) = (d > AC) (8)



78 B RS ZAKZERN=ZLHGTERER 955

Hbd, s yHME 2 FrRER. £ (7)) XRAG) XF
h(z, y) = s Dop/2nfd €))
KFH oo MR (6) RBAIY 0@z, »).

4 MERRXEE

TR R 7 vk RAE SR B R B A BB R EHOT 8, R ERRUAEK £, 5H
EFERM TR XA KRR T AN R BAHE. TEANXMREAE. ¥
R n QIR FTX B RIRS £, T+

fo= o 2 [2mfa + 109Gz, )] = af, + g 22D, (10)
ATHEERSHEREHEEISTF, LHHEE :
(fl)mx< (f)mi ny (ﬂv = 2 3, tes ) (11)
£< a2
A fon Faer A )mﬁﬂﬁlﬂ?m EAORARANDRFADR, # +
fot o {%—f} <nf,+—[‘§)m (n=2,3, ) (13)
A< fot o ‘”’] | (14)

B @9 /32|ty [P/ 2]Tnx| F1 [[(30/(92) Joua| HIBAAE, MM (13) AN (14) RFTLU
BE | |

ad n—

‘a"; m< +1 27’.1"9 (n = 2, 3a "‘)_ . (15)
’ﬂ m( 22(f, — fa)-. (16)
BTFEXKZHEWAT H << £/2, G —1/(a+ 1) BEAFE:RNA, FUHU E-XTH.
[3D/3 2| max < 27f./3 a7
O KRR/A D X, BEFET
|3 h(zy ¥)/2 7| max. < s/3d (18)

AOARARTENRUWERTRE — SRR H . BP B30 Y R 1 6 % BT 17 9 A AR X
B 77 89— B SBOLBUNTF s/3d.

5 SRR ESKEMT

LR BME 3 FR, MEXHE Y — 8
HESERB A, ERPHE» = 2 mm, s = 400
mm, d = 225 mm, Y H CCD HRVIEA ,
BV SHRENZ HykM R 30°, D F{H
Hilif5 5% PCVISION/PIUS B R#H B A HF pevision pIs
E1R, S0 RA AR RS 0.04s, sl

B4 hSEVEEMRBE, 5 I

Fig. 3 Schematic diagram of the experimental setup
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Fig. 4 (a) First grating pattern on reference surface, Fig. 5 (a) First deformed grating pattern on the object’s
(b) second grating pattern on reference surface surface, (b) second deformed grating pattern on

the object’s surface
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Fig. 6 Wrapped phase pattern Fig. 7 Unwrapped phase distribution
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Automated Profilometry of 3-D Diffuse Objects by
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Abstract A new method of automatically reconstructing the 3-D surface of an object
from the deformed grating pattern is proposed. The method can automatically and
accurately obtain phase value at every pixel point without assigning fringe orders by using
a discrete cosine transform algorithm. It is free from the errors caused by the higher

harmonic components and the variation of light level. Theoretical analysis and
experimental verification are presented.
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