$30% 452 D= = R
2010 4F 2 f1 ACTA OPTICA SINICA

Vol. 30, No. 2
February, 2010

XEHFS: 0253-2239(2010)02-0416-05
e T 2R GBI =i A bl i U5 1%

AOE RER KA

(N R DGR E R FR, I B#R 610064)

HE RSO O B HOR ZE W = e A hn I B ) Ty vk . D R G P R ) — R AT LAAE = 4k AR A
RS Bl Sk o 5 — A R LA Bl A T R A R S A I Sk b A TR B R A T B 5 R Ak L0 T R
RN AR U, TP AR RS B 30 5 0 00 e R0 e 9 RS2 5 45 8 T AT 2R 0 A 0 e e 0 A O 36 A 5 U Sk 19 ey A2
bRo g il T DA SRR AR AR T v TSN A SC R A5 R . SR b RO £ R R R A RS A% S0k T I
0 e s A AR RS 2% SO B R 0 AR 2 20 A EL A AR e RS 2 R 58 ) TR A BE D L D E s AU T R T
FEnb . SRR AE R AR A B B B B

KGR oI ROBOY MBI i

HESES 0438.2 XEEFRIRES A doi; 10.3788/A0S20103002.0416

Analysis on 3-D Object Measurement Based on Fringe Projection

Bian Xintian Su Xianyu Chen Wenjing
(Opto-Electronics Department, Sichuan University, Chengdw, Sichuan 610064, China)

Abstract We present a coordinate measuring method that has been specially devised to perform measurement of
coordinates by projected fringe techniques of projectors in three dimensions. It is composed of two parts: one is a
target that moves in three dimensions, and the other is a stationary two-dimensional array of photodetectors. The
mini-projector is tied to the target, whose projected fringe is monitored by the photodetectors. Application of a phase-
shifting technique allows the phase values of the photodetectors to be precisely measured, which are then fitted to a
geometric model of multilateration so as to determine the xyx location of the target by a method of optimization. The
measuring principle. iterative method, computer simulation and preliminary results are given. The phase-shifting
technique has high accuracy. and strong resistance to noise. Iterative optimization for follow-up provides the basis for
the calculation. The experimental results prove that the proposed coordinate measuring method can measure the xyz
coordinates of the target with high precision.
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Fig. 1 Principle of measurement of coordinates
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Fig. 2 Geometry of the measurement system

D, =

photodetector array




418 i &

¥ 50 %

MR SR 000 5 AR B MH .5 T B
X B @, At (1) U AE T B ALAE B B AE .
I 5E M AL @, A BT TE S = A BR AW T EVE
— o~ Z (8] B R R AL @4, D, D
FEEEMOZE Ap = ¢ — @ AL A @, 5 @ &
By

D, = @ — 2mn+ Ap, (5)
A n 25 o, WRITRIGSA RN TET
iR @ RIRTE (2, 2" SRR @, E . R
J5 (56 UL s AN i A e T R i i (s " 5 27D AL
H @y ()AL

@, = & — 2’ + Ag, (6)
("2 FCSHAA IR IR A (", ", 2" Z I Y
FEBICAE L, IE4

L= @) =
21
%{[(qf C ) 2 — )+ (AP — AP ] =
A E D
A — ). 7
271
ORI A DA
L =4 — 2 4 (y — ) —
Rz;

(x, —xD" — (y,—yD" L. (8)
PRAE RN A H fe/N — T i AR M i H AT R 5L

Eo = 2l = 4 =y —
k <% a

(., — 2% — (y.— D] —L*}, (9
XH, L ARRIE T (D S 3 py S bl 2 {H .

TEXT HAR RE O XM b, R AR 2,0y, XF
HAr k% E BA S AR ot B L PRt 4R 19 42 Ry Je /)
AR EEX LA sy, HAA R R TR = RO A
XA

3 RS LR

SEH RN g 5 i AR B CCD A L4
IiE's AV Eite 5 ELES T o o - ey A AL
Z OB B G 1 R CCD AH HLEE W, CCD AL 5
e Z0Qhasics AL IHII S A e S N U f Y 7S
FEAE UG b s L A5 A AR G &R 2 i CCD AR BL Y L
i AR AR e T B o AR S B L] AR R R 1) 2 5
Ry CCD FHHLEY N S S H. sEAT A pm i o sl 7 22
i % CCD AALIEAT b 7 ok 8 2 X L6 2 8. A
BT AR AL A 1) $RAR WA € 7 IR 0 B AL AT
PRE o AHBLRRRE 5 » FRRE 5 A 4R 0 45 1) A A A% 4 [

s HIRIRUE xyz A bR 22 48 1 I L 47 & W] L) IE
B TR g8 L anEl 1 R,

% 2% R W {BUE ) 6 I 5 S I R 25 A
+200 pm KA. H % C 400 mm,

THAMUBL R e — L B = A R A= 1
FLSE A (0,0,200) , HLA7 2 mm,  H (3) 20 Af LL75 3
P A B0 EARAIAL A0 A AL 3 7R o AR AL
A 2m/5 WIARRS 2 SO SR 20 AR B B30 SR A5 A T
FABL IR FLRRIT . 5 B SRR P 22 W 4 s . R
JE T2 AL B S ) 6 A (0. 25, —0.12,200. 05) , B AL
Sy mm, FFH H AR R E 9 X i 5 A Ak B AT LA
75 21 R B e AR A L A6 TC MR TS I SRS B0 R . = 44k
PR i 2s R AR/ R R, R T IR T
PP A B RE Ty ZEAERU A 5 %0 1 BE AL 75
Ji R HL 4800 A s AT AL AL B, SR A s 1 AL BRAEL S
LS 22 6] 115 2% k(0. 4508 0. 0608 3.7491) , B iy
Hpm, PLC0,0,200) 8 Ik s34 I B = A b il A%
Bl Ay 6 IR 2L RS 2k 1 R,
NI e, ASEADLSE 00 3R B L A A 2 K i R S K P
T BT AU 1 = 4 A BRI Tk 1 3R 22 ] LU
P AR SO G, IF HL = il ) (0 0 RS R T
Ay b 0 0 R

LA
g
s
ARG
et

&
%
1“”

{0
G
AN
R,
AR
A

2 /rad

o v & o o

0 360 o
y/piXeI

120 160

B3 BRI A

Fig. 3 Natural phase distribution
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Fig. 4 Phase-difference distribution
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Table 1 Simulation results of repeated measurement error

Moving distance /mm —30 —20 —10 10 20 30
—2.7859 1.5755 —0. 2681 —0.4708 1. 3887 1. 7835
0. 8792 1.0768 0. 1485 0.0030 —0.4817 —0. 2665
+ direction error /pm 0. 3276 0. 5150 0.4181 0.7172 —0.2573 —0.7788
1.9624 —0. 0882 0. 8654 —0. 5094 0.5495 —2. 2876
0.1368 —0.5094 0. 3090 —0. 0602 —0.1137 1. 2845
1.5110 0. 5565 0. 4406 0.4491 0. 7069 1.5372
RMS /um 1.5110 0. 5565 0. 4406 0. 4491 0. 7069 1.5372
—0.338 0.4137 —0.4375 0. 0835 —1.0451 1. 2845
0.5097 —1.4173 0.4329 0.1001 0.3721 0. 0464
y direction error /ym 1. 9966 0.3475 —0. 4580 1. 5484 1. 7946 —0.7775
—1.0578 1. 8796 —0.6277 0. 2906 1. 9551 0.9761
0. 3507 —0.0421 —0.0120 0.9219 0. 3483 —2.2733
—1.7406 —2. 2800 0. 2887 —0.6668 0.2841 —0.4656
RMS /um 1. 3140 1.4719 0.4372 0. 6282 1.1120 1.2923
12. 3332 10. 0056 3.3962 4.0958 —1.8572 6.0427
—3.4201 4. 9535 —4. 8046 2.2056 —1.9601 4.0321
+ direction error /pm —0. 2394 —0. 1900 —12.9714 —1.5200 6. 2480 —5.5270
—3.7415 2.8032 6.8771 4.1702 —6.5297 5.9473
4.9579 —13. 0310 —2.7284 —9.4852 —9.0699 —0.4286
5.3308 6. 3834 3.0446 9.1249 —3.3320 —9.9284
RMS /pm 6.5219 8. 0400 7.1872 6.3604 5.2336 6.5946
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Table 2 Experimental results of repeated measurement error

Moving distance /mm —30 —20 —10 10 20 30
2.4417 1. 4055 —0.2344 —0.4340 1.7025 0.3209
0.0229 0.2422 —3.5985 —1.2177 —1. 2446 —0.3232
The error of the x
. ) 3.2270 3.2746 2. 7475 —2.5927 —1. 8759 —1. 2940
direction /pm _
0.4931 0.8973 0.2342 —1.2512 0.1963 0. 0400
0.3768 —0.2015 —0.7664 0.1586 0.5990 0.1887
RMS /um 1.4274 1. 3500 2.2733 0.9773 1.0156 0.6502
5.2024 15. 9556 —2.0512 —1.1200 5.8947 5.4552
8.8212 —1. 8366 8.1236 5. 7544 0.0402 —2.0765
The error of the z
3.8122 1. 2941 0.3248 2.1403 0.6648 3.1175
directio error /pm
—1.0084 —0. 1569 0. 2987 —1.9359 —3.5752 0.2838
0.1433 1.4643 —0.6755 2.9257 —4.7152 —4.7403
RMS /pm 3.9638 7.1746 3.9876 3.1304 4.1724 4.0419
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