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Study of Improved Phase Unwrapping Algorithm Based
on Least Squares
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more rapidly and accurately. On this basis, a new phase unwrapping method is put forward. It not only improves the
accuracy of phase unwrapping. but also reduces the time of phase unwrapping and accelerates the running speed of the
phase unwrapping with high speed and precision.
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Abstract Among all the present phase unwrapping algorithms, the main idea is to get the real phase directly.
program. Experiments show that the algorithm is feasible. It provides a new way for large amount of calculation in

However, the meaning of phase unwrapping coefficient k is rarely taken into account. A new algorithm to gain
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directly the value of k based on least-square (LS) phase unwrapping algorithm is proposed. It can unwrap the phase

=]

030.6140; 100.5088; 120.3180

measurement; digital speckle; phase unwrapping; direct calulation of k; iterative algorithm; large

BOF RO 5 I AR O PR 5 T B R
Ak BEARES & 060 7 ik 8 B RS R R U
FEHE b TSR e S5O A (FUE A BT O T

I

Y= o

iNEERF R VOLE S B N [RA:UE RS R E
T 7 AR S AR BB A5 1 5 2R 20 2 0 25 A 6 BT L
EHAEL — . JEE N . 2 1o AR 07 i 4 2 R A5 2

S T B A R R R T e BB R i de
FLSC AR P PR A BE A B REEE R L LA,

Pz YN

TR AL SR BN TR i ) 3 O SR i

SR B SR T 1 A R AR L e e L AR
% %Z:IETE s 27

FRCBE T 90 2 AR A A 0 2 R 1 O O K i L KB

Pt R B SR AR R R U R AL
A4 =28 T AR BRI BT BT RN

fE& @It

KRB 2013-11-11; BEHRRHmAHE: 2013-12-11
(12521600) , 57 57 My K K2 1 47 5 3 42 (2011K-02)

2 AR kLN Jacobi 3% 447 L Gauss-
Seidel(GS) &A1k 7B U FA 5t (SOR) 2% A7k 55 1k
SR PG 3l H AN IE A T R B (A 64 <64 LU
O ST SRR i S o A 0 AH A £ 2
EEWHE: HEK A AR 24 (61100103) R ILE A R B 4 (F201219 R ELA 7T ROt m Lol |3
E-mail: guoyuanl71@126. com
* BIEEKE Ao E-mail: chenxiaotian1988@qq. com

2 OEAQTA—) A B RO S B AL B D A 5 AL R S ORI BT

0508005-1



i

# ot

A o — e 2 ik ik ﬁ(z%ﬂ’]ﬁéﬁtﬂiﬁtlj%ﬂﬁ
ke AL L 2 R IBCIR) S 28k A 2 A B0 2 00k i
R Fy ik 1 PR LS A

2 BR/D ISR AR B A B
BOF T W AR AT ER o RN
AL R BT, — 0 << ¢y << o 5 XTI A LS AR AL
i, A
$i; = i + 2mks; (D
U Ry BB R T MOXCN S B SR AR B RS
MHTFAR.0<<i<<M—1,0<<;<<N—1,
FE S J5 1y T3 1a) b6 A 2R R A 22 03 S Sl
A7 MAL
{A,‘,, = Wi, _<,!);.j)7 o~
Al = Wi — i)
A WO B T, HH B9S2 0 A0 28 A A7 i 5 H ok
Frhmo 2z, TR AR AL, 1AL 2T [— mom] Z 18]
AN ZFARD A B SR ) B AR R R SR B
SEAHASE 4 - 5 f, 2 RH 0 22 1) 22 O3 (BB /) » B

M—2 N—1

min(J) = 2 2 (b1, — i, — AL+
M—2 Nilzo im0
2 E (¢i.j+1 *55[‘] —A}}d)z (3)

i=0 j=0

X3 ¢, R FHOFLH N 0, BT AR Tr 12

A
oy = (AL, — AL )+ (A7, — AL D, (5)
R A FHASE A543 A 0, 25 AR A A 30 % 2 TR Y » YA
FA 5 R Meumann 1 55 4F
[AT, =00 B, =0, 0<j<N—1
lar, =0, Aixy =0, 0<i<M—1"

(6)

2 W e T A

1) Gauss-Seidel 3£/ Es, Hk B h

¢t = (F, + 0 e T — ) /4

D)

2) SOR #ACH Kk fUB

¢ =+ w(bi e
el — A — ) /4 (8)

X n Rk 1&0\§ﬁ’wmﬁ\§’lﬁ.? iR S S ERN
C[EAES R R

Z L (9)
1+ /1 —[cos(x/p) + cos(n/q)/2]
X w —MRTE 1 3] 2 Z[H], p Flq 53510« J5mFly
J5 1) 1) o A B

w =

3 PR e I A AL fi L 2
3.1 FT&EELERE % p
FORMA DR FH

¢i+1.] JFS’S,;L,' +¢;.,+1 +¢i.]71 - 435,'.] — Pij 4
Bivrg kv 4 koo ki — 4k = oy 4, — gy — G — i — g/ (2. (10)
LAOXGHET ai; N
ai; = oy 4 — diry — diry — i — i)/ (270, 1D
FT LA (10) A5 Ky
Biy, ko, ki R — 4k, = a.,. (12)
[ AT (12) A7 B 5
Gauss-Seidel 35107k, kB h
RIS = (Rl + R R RS —ai) /4 (13)
SOR #ALH:  HkERIE AN
RiS = R A w (ki kL R R — AR — a4 (14)
FLHANL 2 SR i8R DR ORI A% i ) 28 ) 0 AT AR A7 AE AR
$., = ¢; + 2rround(k,,;) . 15 T8 Y [R) AT, 76 B FE ik b 3 B4R i % A 6 A

o round N IE
3.2 HEHUMEREE

TE 28 WU 1 il B etk i X e (B SR ECHY B
LU it 35 A B8 0 b B R S B A P 4 R SR T R Y

.
Hi D5 Ay 5 ) b AR 22 Z RN (3)

0508005-2



B

e T doe /> T3 A o i D B R B TR BT 5T

M—2 N—1

min(J) = D> > (b, — b1, — AL,

B (16) RN 6., 5K S A A 0,8 B 7
251’;.] — 56;—1.]
R (DORXRAQDH KX F1E
2/3:'.1 - /QH-J

— ¢{

P

1
(¢i.J - 95;,,'71 *A?r.ﬁl )2-

M—2
4> (16)
g1 A)"—l.] JFA?:.]—l. 17
- 13,-.]71 - (A}LL,' +A?‘.j71 - 2(/J,.,' TLQZJ;*L] +¢;.]71)/(2ﬂ7). (18)

AKX H b B
bi; = (Afy, + AL — 2, ¢y T+ ¢/ 2.

19
(A4 S 3 LR DA (6D XA 3 B 25 1 ) (18) X A8 Ry
2k — ki, — ki = b ;. 20)

PO X#FTERBE, KB
ki = (b, R R /2. @20

FLACAA T A (15) i . sk Ll A&
ko, =0, j =0, ,N—1
kio =0, i=0,M—1
M FA N 0 BB R AR IE A A S AR
FEAET A AR 0 HME B .
1

(22)

2% i

ZLoN

Table 1

in 128 X128 noi
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Results of classic phase unwrapping algorithm and improved phase unwrapping algorithm

seless grid computing

Phase unwrapping ITterative Number of Unwrapping Real phase
Max (abs) Min (abs)
method threshold iterations time /s accuracy
GS for ¢, ; 0.0001 3093 8.510249 0.0001 0.5713 1.3X10°°¢
GS for &, 0.0001 3397 9. 365986 1X10° " 0 0
SOR for ¢, ; 0.1 88 9. 819996 0.1 1. 3462 5.6X107°
SOR for k;,; 0.1 86 9.256047 1X107* 0 0
Improved algorithm 0.1 2 0.049146 1X10°"* 0 0
2 ZMARN AR AL R AR S U MR A ] T JOMe S 512 X512 M5

Table 2 Results of classic phase unwrapping algorithm and improved phase unwrapping algorithm

in 512 X512 noi

seless grid computing

Phase unwrapping Iterative Number of Unwrapping Real phase
) ) ) Max (abs) ~ Min (abs)
method threshold iterations time /s accuracy
GS for ¢, ; 0.001 3689 331. 3148 0.001 5. 6277 1.6X10°°
SOR for ¢, ; 0.1 362 339. 2909 0.1 1.2780 7.0X10°7
Improved algorithm 0.1 2 0.563233 1X10° " 0 0
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Table 3 Results of classic phase unwrapping algorithm and improved phase unwrapping algorithm
in 128 X128 noise grid computing
Phase unwrapping Iterative Number of Unwrapping Real phase
) ) ) Max (abs) ~ Min (abs)
method threshold iterations time /s accuracy
GS for ¢, 0.0001 3090 9. 785426 0.0001 2.0319 2.8X10°°
GS for &, ; 0.0001 3389 9.431610 1X10°" 1. 8994 2.2X107°
SOR for ¢, ; 0.1 130 14. 694050 0.1 2.0194 9.2X107°
SOR for k,,; 0.1 95 7.913652 1X10° " 1. 8994 2.2X107°
Improved algorithm 0.1 2 0.048693 1X10° " 1. 8994 2.2X107°
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Fig. 1 Results of several phase unwrapping algorithms for noisy data
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