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Study on unwrapping of discontinuous phase flaws
based on Goldstein branch-cut theory

ZENG Fanguang' , WU Guangmin', MAI John D*, CHEN Jianming'
(1. Faculty of Science, Kunming University of Science and Technology, Kunming 650500, China; 2. Department of Me-
chanical and Biomedical Engineering, City University of Hongkong, Hongkong SAR, China)

Abstract; The Goldstein branch-cut method is a traditional method for phase unwrapping. Its phase unwrapping result
is easily affected by phase residues caused by noise and discontinuous phase flaws in practice. To characterize effect of
discontinuous phase on unwrapping algorithm, after simulating a data base for discontinuous phase, unwrapping was studied
with Goldstein branch-cut phase unwrapping method. The effect of the residual phase on the size of the searching window
radius was focused on specifically. The unwrapped phase was compared with the actual phase. The results show that
accurate unwrapped phases can be obtained in situations with one and two disjointed discontinuity flaws. Accurate
unwrapping phase results cannot be obtained in situations with two crossing phase discontinuous flaws. Good results can not
be obtained for two crossing phase discontinuous flaws. Different discontinuous phase flaws have different effective branch
cut searching window radius. There is an effective searching window radius for the Goldstein branch-cut approach. Those
results can provide reference to research of the phase unwrapping only and jointly with Goldstein branch-cut.

Key words: information optics; branch-cut theory; discontinuous phase flaw ;searching window radius

Vol.38,No.3
May,2014

51 &

YERTHa AL TR IS Ot T REHRE
QB4R AR e fih 3 A R A A G IR 2
YR 2545 5 T 1Y 2 R R I N A
ARSI RS 12 A 57 A 268 11 fa] S4FE ), 2 4EAR AL

PRI B PG (1989-) , 55, WL 0P 5 A, M
InSAR 5 L ALAR 7 1R (2 A 28 551257 T R BIF 5 o

# IR & N, E-mail ;jmchen@ inems. com

Whi H 399:2013-10- 115 e & ks H 11:2013-10-30

AR A AN B 225 10 465 R, TR g Rl e 4 114 45
FEAE S 1 5 BRI A5 LU 2 4 RAEE A
B R ERL T, MR S5 K
ST F A5 1) A 3 o TR, AR S 9 0 X
T LT AR - TS 54k 15 2 XA 57 A0 28 114 5 0, ok 3K
SRS B4 4 R 3

I B RO A0 4088 149 7 322 AT DA 2 R0 45 3
e (1) T BRABFUS MR E S 5 (2) H T/
TR AL AR 40 5 (3) 5 W0 45 H0R 1 4 7 A 2
Gy MR i DR £57 7 4 S8R 8L R AL
S ) A8 X T 7 ) DAL 75 2 % 22 4



336 B

Jt R

HEARME, E2AHE: (1) b ey B %
T, TR 22 A U IR Ak 5 (2) BETFHLE A
(LT SR 57 AR (2B JEE A AL, o 3 2 w3 Jl
(R ZEHEAT T 22 Ab B 5 (3) X3 22 s AN AT AEAT
KEFR AEMRIRLE SR T MRS ; Goldstein R R
FASS 1 FhO7 2403, FR AL B e £ i s
LA PRRRCDIER Bl s X, BH AR AR 7 5k 22 i Pr i
BT ER ZE AR R IR (S 4 i

Goldstein KZYI LR AEF 22 1 AP ) 251 T
FASIZAS R 9 % 22 A5 i R, Bl JE AR A
RN TR A — R, i K 2215k 22 R0 2H A
(A R D) et edle e o 3l 9k 22 40 5 1R
P LA T DL 5% 22 mOK B AEP AT, Gold-
stein K V)2 [ 4 £ S S SR B R DIk e
Goldstein Az UIVEA: oy ML AU 1) A2 B 7312 , 52 8] 1T A
PSR o bR, 5% 22 A 0 A SR DIk
S A BRI ANTEBCR o H ARA X ISk
B IE] o ASCRRIX— R IFL TR AT
T, 2 BT A o7 4 5 3l 1) A 67 9 A%
R SRR A, G A 3 2 S 56 R AF S AN (] AR A7 ] B
T (A 475 B[] W7 0 TR] By 2L e 8 SO T W7 A A3 3
PG D0 ) X T AR . DR Ah, IEBESE T BTk
AT TP A2 B0 i 28 Y R TR, S U 1A AE A AR
KOV R 11127 Z58,

1 Goldstein £ )50 258 R I8

B A LT AR H A2 2 1 Rt
AR E R . 1 GEARALAR 48 DL — A J5 3 P s 1)
LM TR AR, A S — T 1) AR
Yo H T 8k R B 2 2 48, i
i 52 R B HE TS R — 1R R B T b AR L
o 2 HEMINLERT 1 4ERIf g RS

WE— 2 JERINLFE RS @, 5, A T XHZAR AL
PEATIR G, 5 EEX A 5 (2, ) i B BO8E 2 B8
BRE (R, TS B — D LE R B AL o, b D REBUE
i

b, =@, 2tk (-m<¢;<w) (1)

K la gl 1 1 4EGEGEARTL, PR AR B AR
ERMERT I AR I RGN AL,
b 2 1a (5 RAA

2a WG T 2 AEGRSEAHNT, PR AT AL AL AR
RECEWBRERKE, B H 2 R0 2 S AH AL
{8, & 2b 2 2a A 25 SRAH

2014 4£5 A
4
a
v 3t ]
=
g 2 '
2 1f -
£
[=3 0 ]
g -l
2
g 2
= -3t
—4 . . . . .
0 100 200 300 400 500
x axis/pixel
E
«<
>
o
8
=4
&
=
w
<%
g
=
=
3
-6

0 100 200 300 400 500
x axis/pixel

=
%
L

a—1-D wrapped phase b—1-D unwrapped phase

wrapped
phase value

unwrapped
phase value

0p > 600

400

Fax;. . 20, V
154, ~U0 00 .
Py 0 pasien

Fig.2 a—2-D wrapped phase b—2-D unwrapped phase
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Fig.5 Gaussian distribution models for the single phase discontinuity

a—a single phase discontinuity b—3-D display ¢—2-D intensity wrapped phase
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Fig. 6 Goldstein branch-cut unwrapped result of the single phase discontinuity

a—phase residue b—Dbranch-cut line c¢—unwrapped phase d—3-D unwrapped phase e—mean square error curve
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Fig.7 Gaussian distribution models for the two disjointed phase discontinuities

a—two disjointed phase discomfinuities b—3-D display
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Fig.9 Gaussian distribution models of the two intersecting phase discontinuities
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Fig. 10 Goldstein branch-cut unwrapped result for two intersecting phase discontinuities

a—phase residue b—branch cut line c¢—unwrapped phase d—3-D unwrapped phase e—difference map f{—mean square error curve
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