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New Method for Improving the Accuracy of Real-Time
Zhang Rui
Abstract

Three-Dimensional Measurement Based on a Composite Grating
Cao Yiping He Dinggao
(Department of Opto-Electronics, Sichuan University, Chengdu ., Sichuan 610064, China)

A new method for improving accuracy of real-time three-dimensional (3D) measurement based on a
composite grating is proposed. By analyzing the composite phase measuring profilometry (PMP), it is found that

phase demodulation precision is related to filtering window choice when demodulating the deformed phase shift stripes
from a deformed composite grating. By analyzing and comparing several common filtering windows, a new kind of

—_

filtering window which is combined Hanning and rectangular window together is designed. Because filtering precision
Key words

is related to distribution of spectrum, by digital simulating Peaks-function object in 3D measurement based on a
=]

composite grating, distribution of optimized parameters of combined window is obtained. Using these data, the
proper object in experiment to improve the accuracy of real-time 3D measurement based on a composite grating can be
design; measurement precision

OCIS codes 120.2830; 120.5050; 120.5060; 120.4570

realized. Both simulating and actual experimental results prove the method's effectiveness and practicability.

measurement; phase measuring profilometry; composite grating; new combined window; optimized
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Fig. 1 Composite phase measuring profilometry

AR R TR 1 Ce) ik R B v
LA W B Ak R AR RS LA I 3 B0 RS BE S A I IR
Tl 0 5% 20 90 T B v A S I S Pk = A Y
K

3 A
9T BB A A U 0 BB L DA 1 s

J& 0 25 mm f) Peaks e& XL WA il . 75 5 & 5L
FAAL %0 B A v 23 310 R T B3 4 ol e 8 7E AN ) 11 11
i KL T BEAT DB IO S B MR E L e B RS
Forp i Sk BE T3 05 25 o R RAE L BI A 4 1Y B £
4 BE 5 S B i E A R 22 B U7 R (RMS) . &l 2 e
N R AR BRI BE Ly s PR AR O AN TR B H 5
T O o

1008005-2



KA

— MR E G

D S I = A 0 RS B ik

— triangular window | 1.0} (b)
------------- Hanning window

10 @

L, /pixel

L, /pixel

1.0
———- Hamming window (©) - rectangular window
—— Hanning window 08 —— Hanning window
/] E 06
bE 04+
0.2}
0
40 60 80 100 20 40 60 80 100

L, /pixel

2 KRBT 2 &
Fig. 2 RMS curve for each window

& 2 A LA A58 D& MR REBR T
U I R AR B O T = A N B 2) T
o LB SR T A TR B T A A 0 B U D
BRI TFOUT 8 . AU, 254 % W Fh 8 0% 45 A 1)
DR BT — i 2 i e A B ol L7 B AR
B AMEIEE . HRBEWE 3 piw, H bk A bR
HA— AL 8 X o FORHTE I H R
GBI (R RL a=0.5 6D . YAk FR E D
BHRY, HE 3 ATLUAELEEE . 1Y =00, N
WTEREG2D Y o=1 B, HEETE & R 3) 2 0<<
a1 B AL A R K.

la=0.5
1.0
¢
0.5
0
-0.5 0 0.5

X /pixel

B3 414t R R
Fig. 3 Function of combined

T BEGE TRCTE B G R U8 O B
B AR 40 3 He 37 DUT i AR 3 19 RMS il
4. WE 4] LUE W B it 4G 6 TR & AR
B IR MR R AL T T % s B AW AT LLE
H L BB 8 2 G T AR AR 20 1 v B, LB R ROR
WAL THE 5 R AEAR /N 20 i A 40 B i stk 5
FOE %, JF HAE S bRl & vh ot m B s 2. Il
A AR LR E5e A A W T2 AU
A7 0 A R A o R T v AR RS OGS B A3 7 i
i 0 0 A 1 = 2 TR B R AT A

4 HEwm ot
Pl 4 52 A 0. 5 MR I BF 58 %

1.0 + (a) — Hanning window
— combined window
0.8+
g
E 06f
o 04
0.2 /
=
0
20 40 60 80 100
L, /pixel
1.0 | () —rectangular window |
—combined window
0.8 ‘ 1
£ |
£ 06 ; |
o 04 ) |
0.2 1
Wy

O ]
20 40 60 80 100
L, /pixel

Bl 4 Bz

Fig.4 RMS curves
B U OS8R E L 4G R UE SO B o 1Y 7E
AT S A S e R PP O A S e T B X W 0
BT $R 20 U8 WORS BE f s B AS [) 19 109 B T G
MR ARAC Y o fH .

BT A A BT BEAT B B S Ry, S
W, BN = 3, 5 & e M K/ k512 pixel X
512 pixel, %T & 5Ca) FHIEAE 5 BN 25 mm 1Y Peaks
BREC IR AT BT RN . TE S5 OGAIAR 067 ) 1 56 5
AR B BEHGEERERDTEE THE NS
Bas SR 25 W0 5 R B R B RMS 4y A &1L i
Bl 5 () R . B iy 6l 4k o 3 A 3 25 il
SR b R XTI Y S A AR A R 2 1 T AR 1Y
2 W e /ME B B BB 5 (o)L i 2k B & A
Xof IO R L A A B g 3R s A X B A AR B BT E S
MRl DL 2 58RI Ly =50 pixelltf, %)
R B S8 o= 0. 38, & A X4 A 5 #1700
{6 B Ly =50 pixel.a=0.5 M 414 #2508 15
F AP IR 25 40 A I 5 (D FIraR » BE B F R A R

1008005-3



H |

IR 60me =0. 0437 mm; 4R AL S 415 3
2 5kt 45 21 10 4 PR 1% 25 43 A AN 1 5 Ce) IR
PEHF AR 2E R 6,0 =0. 0247 mm, & A
P EI s T 740 R B T 414 1 A AR BT A sk

60
{*{OI 50

200 ;"e/

pl*.“"ej x fpixed

(d) error before optimized

Kl 5

(b) error distribution under different
window parameters

(e) error after optimized

PER B,
H T 2L VR A B A IR IR SO 6
A3 5,10,15,20 F1 25 mm {7 F AT T 0,
Y X iR 2 0BT IR s YT 2 6 1R 1 PR
80

70

60

L, /pixel

0 0.380.5 1.0

a
(c) optimized parameter

(f) retrieved object

g BB B U 45 21

Fig. 5 Optimized design of combined window and simulating results
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Table 1 Measurement errors of different height planes
h /mm 5 10 15 20 25
Normal Optimized Normal Optimized Normal Optimized Normal Optimized Normal  Optimized
0 /mm 0.23 0.11 0.31 0.16 0. 38 0.18 0.43 0.22 0.53 0. 33
s /% 2.18 1. 20 2.05 0. 90 2.12 0.73 1.98 0. 65 1. 81 0. 88
Oms/mm 0,11 0.06 0.21 0.09 0.32 0.11 0.40 0.13 0.45 0.22
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Fig. 6 Experiment results
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