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A phase shift extraction algorithm based on the special points in two-step generalized phase-shifting

— .

interferometry is proposed. This algorithm searches the special points that meet specific requirements and calculates
the phase shift via the latter's relationship with these special points. It is divided into two modes according to

than one, a better phase shift extraction accuracy can be obtained.

120.3180; 120.5050; 120.4630

whether the intensity distributions of the two interference beams are recorded or not. Theoretical analysis, computer
OCIS codes
=]

simulation and experimental verification are carried out. Experimental results show that this algorithm reaches the
same level of other algorithms in speed and accuracy. Moreover, when the interferogram’s [ringe number is less

coherence optics; phase shift extraction; special point; blind extraction; non-blind extraction
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Fig. 1 Simulated interferograms before and after phase-shifting. Interference beams with smooth distribution (a) before and

(b) after phase shift; interference beams with diffusing distribution (c) before and (d) after phase shift
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Table 1 Extracted phase shift of interference beams with smooth and diffusion distributions

Parameter Value
0/rad 0.40 0.80 1.20 1.60 2.00
0. /rad 0.42 0.82 1.23 1.65 2.07
0.4/ rad 0.41 0.81 1.19 1.62 2.01

XEATR] A g Ao A HEAT O LS o Ay =7 BEAAE A 2728465 14, MHEEME O K 1.2 rad. #H
BAERMES QDX R, 458 Mm% 2 s, MAHRBUE 0. A5 ADXAMYE  iZa RIUEH 7 A7) XA L
1B SVP SR B IUE 0. 19— Mkit. 2 2 55— rm vl e A o Rl A M 225K, SVP SRk AT 88 7T LU
AF— A LA AR B B i BIEEXT ) SO0 B M R — R B, A e A v 71 . Mok 25 A
FHAE BT 2250 LW s B2 R TR A R T B IBORS B2 L 1 SE B i 2 50— M LGB XS T E R A1,

2 IR A o BHTRS H U B 4 I

Table 2 Extracted phase shift and theoretical estimated value of different A

Aw(Ap=T7) 2 4 6 8 10 12 14

0./rad 0.57 1.00 1.19 1.21 1.14 1.04 0.96

2 X aresin [-ZA% ARG 0/2) 0.60 1.01 1.18 1.20 1.12 1.03 0.94
arcsin A‘go +Afo Sin ] rad . . . . . LUS .

X SVP.CC.GPS. f HLI  QIP JUFN AL #EAT 105 5 25 RN 2 B . 18] 2Ca) g A [ A RS R I 45 o 5
LR AR P HUE R 22 . 8 2Cb) Dy A [ AH B (LI 2% b 53 05 9 B 28 28 AR 107 19 29 5 AR (RMS) iR 22 . sl A A% 4
WE T 5 JLARN Sk 22 S B0/ AR RSB /D T 0.5 IR 22RO AR E R T 2.3 ISR £H sl . 0 T d d AR 2 1Y
RMS 225 B 1 {8 L5506 A , oAl LR 303 0 B A 7 o 12 2 R L P T R 28 /N S A . =R B SR U IR v
SVP Hl QIP 5k R I IL-F-AH W), RMS 15 25 844 Lo L S 2
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Fig. 2 Simulated results of different algorithms. (a) Relative error of extracted phase shift;

(b) RMS error of reconstructed phase
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L RGEABAE RN 3 R o R GERN L v AT W6 B — B OGE i 3 W S WS S
FRUCH i W AR AE R e A CE AR 4 8 A AR A 2 TR (CMOS) ML, 55— % 6 3 3 6 82 5 B s 5 B i 5 7
UGl R I 2N CMOS L. 3 BDEHR A J7 1) b (& i ik B ) B 3t . 2 % i
JOAR AR BT SE BLAR RS ) REN L W AR T — A A B XU B BT, WOt Ky 632.8 nm,

CMOS B8 IC R ST R 2.5 pm AR K3 FEHR Y 2080 pixel X 1552 pixel, W #HL 512 pixel X 512 pixel AR E
IRAE N T sR BEE . N TS5 ST A AR B I B A AR R g8 R 2 2 A Y SR A .
CMOS

O object

mirror
3 525 R S 5 AE 4 ]
Fig. 3 Schematic diagram of experimental arrangement
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Table 3 Extracted phase shift, RMS error of reconstructed phase and processing time of different algorithms

CcC SVP-R GPS SVP Fourier QIP
I, v/ v
I, N, N N/
0./rad 1.54 1.59 1.49 1.55 1.50 1.54
RMS error /rad 0.04 0.25 0.26 0.62 0.26
Time /s 0.08 0.05 0.12 0.09 0.56 0.09

£ [ [
(d) SVP (e) Fourier ) QIP
Bl 4 7N ) 533k i) 3 48 48 A A
Fig. 4 Reconstructed wrapped phase of different algorithms

F4 AFMBMET SVP-R.SVP 5 kA9 4 £ 12 BUE 245 5
Table 4 Extracted phase shift of SVP and SVP-R algorithms under different phase shifts

Paramter Value
0. /rad 0.242 0.703 1.11 1.59 1.91 2.23
0./rad 0.236 0.632 1.07 1.55 1.87 1.91
2 X arcsin Msin(@m/m] / 0.237 0.687 1.08 1.55 1.85 2.15
A% + A% rad
®
: :

Phase shift /rad
Phase shift /rad

K5 RNEAMEBET SVP B L MESAE AL, MAE R (2) 0.24 rad; (b) 0.70 rad;
(c) 1.11 rad; (d) 1.59 rad;(e) 1.91 rad;(f) 2.51 rad
Fig. 5 Unwrapped phase of SVP algorithm under different phase shifts. Phase shift is (a) 0.24 rad;
(b) 0.70 rad; (¢) 1.11 rad; (d) 1.59 rad; (e) 1.91 rad; (f) 2.51 rad

SVP Bk 7E A BRAE S b 1 3 6 85 R A BRI AT BR A2 . B R 35 78 £5 SCRE & /b il T B 3R A5 4%
I BRSBTS W T &1, B4R K/ 512 pixel X 512 pixel 15 W7 #% B 4> B 1% . B2 /N EAG KN R
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64 pixel X 64 pixel, T K H ZLUEN 5 KU EIA R 1 5%, B AR BIENHRERBUE N E L, 458 mE
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Fig. 6 Extracted phase shift of different algorithms when the fringe number changes
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