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Phase Unwrapping Algorithm Based on Mask and
Least-Squares Iteration
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(Laser Institute , College of Science Kunming University of Science and Technology ,

Kunming, Yunnan 650051, China)

Abstract The difficulty of phase unwrapping to recover the phase from noise, holes, fringe breaks, undersampling
and other degrading influences is a great challenge. On one hand, least-squares approach may provide a smoothed
phase, but it cannot limit the transfer of noise, as well as the smoothing characteristic causing errors. On the other
hand. least-squares algorithm may fill the holes with data of approaching original phase. We aimed at improving the
filling effect, limiting the transfer of noise, a new phase unwrapping algorithm based on binary mask and least-
squares iteration is presented. One simulated result and two experimental examples of phase unwrapping using new
method showed its validity, the obtained phase which approached original value very well and was much better than
the results from single least-square unwrapping operation.
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Fig. 1 Simulated results
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Fig. 2 Simulated unwrapping results of wrapped phase with a hole by the new method of using mask and

least-square iteration

Horp 8 2Ca) J2 28 10 YA K 52 10 O i) AH AL
) = 4E P L I 2 (b) %R A2 11 8 A A7 AR 5% B 4R
JEar A B 2Ce) 2 1 & 10 WIER R 45 5 5 i
AR (] 15 22 1) 28 Akl 26 O datal” 2] “datal0”, B
150 A7 AYMED . M IR 2 (d) J& 15 22 |l 2k /9 4135 ik
FEILAES 300 %1 21 25 405 31 (Y fH , X R & 2 (o) o
RMETR > 1. AT LU 2, kA0 52 o) DAL SE 2540 JF
HERBIE NG AES W Z 00 iR 22l T — 1 H A
(# 1. 43 rad, 55 5 bR i £ 22 09 0] @A 56, T 25 1
LR 25 B W N, LR 2 (b)) FIE 1 Ca)
B 1(d) 10 kS 45 R O &k % #08 i de AR A
Pl LR e T S5/ e il R B AR B R 5 R AR £ |
el 23 3 N A5 2R BRI 22 (A 25 T AP I 45 RAK SR
AR S T3 Y 40 SR 32 A1) 92 Ak e 2 T A
ALY AL 2L () R W AT Y . 2 T A 2245 3 1 A AL
55 D B RR SR 22 — A B D PR P AR K R
(dct) 3R fi# B H Poisson J5 #A M K 14 (det
idet) , 1 5 2% A 10 2k BOAS ) 3 25 3 SO 4 W B
[F] o AEL3XO0F S B 4 ] S R A s i i . 58 i

N T AR TR A Neumann 1 % 4%
PV 20, =0, Van,=0,Vy,=0FVyu=0HE
AL Poisson J7 R, 16 45 5 B 4 43 A 1 _F A5 3 B AH
AL FARDLAE 1A 8 T2 A1 25 T 78 52 PR AR A v s 2
T AL RIA

VLS g & T E R TTRAE S

Ry Tk 5 R 50 i FH A RN 22 kAR A R
JFH VR 2 S 60 B 2 TR AT TR

BT ok A R BTE 2B H YAG
WOG IR — -4 & 8L Ys S E] CMOS 1L 5
ZEETWILAOHE R TR —E 2 B R T &
PEARAS UK BB AR /N 2 10 SR 58 e 4 LR
OB nE 3 Fra) . PR 4 8 - 5 5 207 1514
N SRT G B IR A B LR S T L
143N T 2 a0, 0 A e sl L S e AR 0 1) AR
. or DA s A . (Al TS
I KR HOBE, I HA — DR & OB, 80T
W ARSI ML T (R 3 AN . FHBUE



2 3 BRIGEPLAF T HE IR d /s — 3R ACHY A o7 i L 2 7 1 443

JES A Z2 YR AR 1) T 3% R A AR AN A5 31 T AR 4 1 &5
CHAE A AT Z A S5 RA LB . 4558
4 B s (AR R /N R 700 pixel X 600 pixel)

mirrorl

lensl

h
o lens2 CMOS
S | I

L == | =

computer

mirror2

B3 il 1A B 5 R B
Fig. 3 Experimental setup for example 1
Bl 4Ca) & E AW & IS 20T
280, 1B 4 (b) J2& X I 1) A A 067 43 A AT LUE B
KE R EBER T W a0 k. B 4o 2 Xt F 3k
Y25 X5 o R UE AT B B A AR A3 A L 1 4(dD) &

FH U8 W I A AR AR 5% A5 B ) T W 4 800 A, R
FURWNCR] T A B RBOR L EAHRRAG BUE L S T
KO IBIELE . (e R 4o MM
1K S5 /> 3 fifk B, 52 SR A 1 R 7 T B 5% ) 75 3]
1T 48050 A s S5 B 4 (D FB A DL & I, fif 40 58
ORI I R SR, &L 4 (D) 2 3k T B — (8 £k 8
4 (@) 2 A 3 LA v {1 08 I8 45 31 9 4 2 A 07 )i
AR T F AL A3 A P A Ch) BB 4G J2: FH 2 5 fige AL A6
O3S A TR A R 8 W B/ T il A B AR
AT AR AL TR 7% 5 15 B0 T 3 45 800 A L T LA
B B RS 2 A0 A A B RO s . B 4 (ko) AN
Pl 4 (D 43 0 2 S92 30 Rk A5 WK 2 T e 1 4 A6 AR 5%
JE BT854 a0 (2 TR A B L 1M &1 4 (m) I 4 (n) 43
SR ARG WK 1R i AR A ) = 21 L ] 4 (m)
WARMA, 4R THEB. LR 4 M
B AD A LU 3 U IO 2 2 kA5 15 21 i 4

~ = Y
800200 (9%

P 4 TR IS ANk AR A L 15 B 0 S o 5 2R (524 D

Fig. 4 Experimental results of unwrapped phase by the new method of using mask and iteration for example 1
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Fig. 5 Experimental setup for example 2
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Fig. 6 Experimental results of unwrapped phase by the new method of using mask and iteration for example 2
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