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Phase Unwrapping Algorithm based on the Amplitude of Wavelet
Ridge Coefficient Variance Derivative Quality Map
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Abstract: In order to solve the problem that phase can’t be quickly and accurately unwarped in wavelet
transform profilometry, a algorithm was presented which could effectively suppress noise. Firstly, the
characteristics between the amplitude of wavelet ridge coefficient quality map and phase derivative
variance quality map were analysized. Then, based on the deviation degree between phase vaule and its
mathematical expectation, a “the amplitude of wavelet ridge coefficient variance derivative” quality map
was constructed with the wavelet ridge amplitude coefficient variance matrix and variance derivative.
Finally, from computer simulation and real experimental modeling, unwrapping phase based on the new
quality map was compared with the traditional phase unwrapping method and the improved quality map
method. Experimental results show that the accuracy of phase unwrapping is improved, the phase
unwrapping error is decreased by 2. 61 percent. The proposed quality map is construted quickly, phase
unwrapping guided by the new quality map can obtain accurate absolute phase and effectively suppress
noise, which can reconstruct accurate 3D model through the obtained absolute phase.

Key words: Wavelet transform profilometry; Phase unwrapping; Amplitude of wavelet ridge coefficient
variance derivative; Quality map; Phase noise

OCIS Codes: 100. 74103 100.5088; 040. 14903 120. 66503 060. 5060

0 == VA 2 T = 2 5 R0 A8 A5 HL T B A W) A 4 R g A
= e, S fd 0 e v R G R R 2
Wi 3D FTEREE AR 7 H O s B AR Y BRSO . AR ) R R A T ARSI

EE£TB - FHRARB2AI S FWH (N0, 61173184) % B)
FE—1EE . EHAI74—) B m AR, Wt FEE T o 2 ERER (W R . Email: ywang@cqut. edu. cn
Wi B 2014-06-06; K A B :2014-07-22
http . // www . photon . ac. cn

0210001-1



e T

EE

JBE 43 M7 12 A0 B 1A 0 o 00 90 B TR AL
TR MR T B A 3 A O e AR ek Ll
P A e ik

JINIBE AR A Y A ) A R T — 2 A TR ) 5 e Al
PR R /0N 72 48 5 IR A L R S TR Ak ) — A
BATIW ST TR L P HE AT A AL B T A ERS 6 i 4
DO i VA S e RN o i NI Sl [ G N N T R YA
JETT I A vyt T W0 A By i A R LR R SR
A A AE BT DX W A DR AR A 0L J8 T Al o IR
AL A S A T BT T AR 4815 3% A A % E AR
AR B A S 1) 5| S A L JRE T ol A BT B AR BB T
i B A ST R Ab . B AR A A 3 AT LR 28 M B
i PR ASL JE8 O 55 0 9 Joi o {400 A o 482 11y o JH A A3 o
T PEAG AU AT A AL R T 5Kk W A5 B D ok i B )
U5 v WA J T 2o 7 Hp B 22 o A X B 9 0 B
G SR AR R T — R T G I Y e /N AN 3
ML R FF 395 L fift U T Fylnn fe /AN 7 22 AR 037 J& I 55
TR SRR B [ L X M A R T — R Y B T K
JEE U A R 4 £ o P LA AR S AR R T L %K L AR
R S 3 3o X AR X AR L AT B e AR L A R e A
T T A 22 1 /0N A AR RO R ST A U
JHFCAE D nl 52 J5E 40 W 44 435 1 2 48 5 A1 A28 T 58 73 A
FHT /0N 73 45 2 B4 e 08 1% LR B A 2% ) 2 4%
SRR ATAE R I /D BOF R R R 8 S B i
7 B B AL L I I X R BT A 1 I R B v A 0 B A
07 5T A G R S AR R TR N i R R A Y
JUBE DA - S o P4 S A L R T B T AR R T
R

Bt BUA AR 7 & IF 3 v A7 AR 1 R AR SRR I T
— i T /N AR e B R 9 L RE 65 A 25H ) R )
Jot e P ——" /NI AR RO (5 RO 227 B L AR e
Fay 3 A J5T A 1 5] 5 A R T A5 31 5E B B0 4 X A 7 4R
2]

P

1 1HXER

TEAHAL R TT b A8 vh, ot 2 2 V7 41 X5 iy A A3 T
UF SR B bR . 0T i P 5] 5 0k 4 IR AR I A IR Y
AR HEATAE AL i I o A R B/ W LB R X R TR
e 2 SR A % B2 Y 19 248 X6 R 57 53 A
1.1 NMNEBERHBEEREER

NI R AR RO BT 5 PRI /) G R AR O0R A B
B S i B HAR L JBT S 9 R IR /0N D AR e R R 1Y
DN b e ol SR A AR AE W R 3R T Y AR T O
FOUEME AR5 T LR IR Ry
gz, ) =ulx,y) +ovlx,y)cos [2nfoxt¢(x,y)] (1)
K wlae, ) ARERMEREHTT T, o(x. ) AP
R B REL fo AR W I 5L OG0 B4, ¢ (s )

R 52 WK e R A A A A AL

IECHE SR SR — AT E R

S =ulx)+v(x)cos [2nfoxt $(a)] (2)

TE IR 1 /)N B pRBORN 2 5 R 3 45 8 B R B
TTiEAT — e 2 /NP A . B TR L — o IE 5%
JEME 1M Morlet /)N J2 i i 1 2 43 A (8 /0 e, 7 3
BA — MR, B ik A Morlet & /N oR 50VE R /0
e 7 48 B BE PR — 3% BN R 4 R — AN
e B R B — 2 0B B 4 IS 5 R 8UE S S (o i
R HD

b)dx

- B
W, Canb) ::;%?J7A\f<1)¢; (2=

a

(3

Kf,a ARER T, oCo) Ry BE/N R 0 R 60 # A
F,ox FTom LY.

N RV, (a0 B T R — AT RS S (o)

5/NBREL (o) B AR LR BE. il T Morlet & /)
W oR BCHEAT 43 BT AR BN RECW, Canb) 2 —
HERC DB RBW, Casb) X R AR R ACa.,
O) SR FE B(a,b)
Ala,b) = /{Im[W  (a,b) ]} +{Re[W,(a,b)]}* (4)
B(a,b)=arctan{Im[W,(a.b)]/Re[W, (a,b)]} (5)
HH,Im[ W, (a,b) ] W, (a,b) B, Re[W, (a,b)]
2 W, (a,b)ny 8.

WENMBERET 6 7L ANFEAERN W, (a0 X
LB ACa s b) H e AR FR A /)N 78 4 B R A 3 2 4
KA LR AR, /NIRRT IR BT
DA 5 00 47 S R AE. S B0 5 19 Jy 00 32 5 A0 I R
JEE B /N U oR B R B 9 A0 %R [R) BRI B A Cal ) AR
o7 358 K A B AR 7t B E R L BN AR TR
A7 X I A Cas b) 2H B JE [ 0 O /0N B8 2R RO
RERE . 2% 80P A7 AR 9T 5 R0 4% SO 24T /N R BOIE A
/N S DRI /0N 3 A 2% A0 A o 1] 0L BB A Ry AT &
I 5| A AL IE B R

B2 /NIRRT 2 B R 0 T4 — B o e
JE: ML B o A 00 B B S BE AL RS R kel O Y
FH/INE A 2 850 (B 5T 5 1 51 S AR AL e I F  dn SR 3 2
W 52 W) 5 2 /)N IR AR SO B4 O U 2 >0 A o i
U B AR S b 3L 52 e A AL ) i O R R
1.2 #HESHAERER

AR B0y 28 o ik RIS R —Bh G v 2 0 O L A
IR T AL AE A UL AR AR XA AL B T A0 G T AR AL R
AiF . A3 22 A 0 15 Gy ) AL BT 2258 Uh

mETk/2  atk/2 — ) )
NI SIS SO IR Eh 173 (6)
AR L Gna) N S E DR SFLALL LA 4
R PA Cmy) AR X B E N 2 J7 ) Fy 5 8 i

0210001~ 2



5 AF R/ 2R B0 (S 5 22 DO PR YA R0 SR T 0k

F AL B M AL R AL, 0 5 R & Ay 1A 4
FERALME BE L o
(B, — B, .i=0.1..M—2; j=0.1.+.N—1
Aw_{ 0, else
)
B, i=0,1,- ,M—1;5 j=0,1,++,N—2
A=
! { 0, else
€))
A, M AN 43 5 3878 Ab 38 2 25 R 7 /Y AT R 51
B, B Ry /N BRI B B R 6 S I

HEt# gy 22 25 AR AL T ROy 22 BT i I S B
R KT TR B ) 22 G o3 AR 25 B e AR R
KA, FEHOE & & FROoR A E A AL 0 8 Oy n) 5 H
B IR 0 B R g, B T B i B A I
R 2 AR 5 R BE 32 21 MR 1 T 0. T DA LS 4
5 2% Jo i PRT 2 % A 22 AR 8 K000 ORS  19 A 1 8] AR
2SRV Ei L
2 MHERFEE

ARG B /N IR A B00R (B 5 P AR o 5 B0 22
JoT i P AR I T — T Y 5 MR Y B )
HE FBORE S HO07 22 P B R A i B 42
T — R o R R
2.1 REEMMERE

NS % QR (R VAN k% 0 O N el A AW
P A AR 53 A 17 0« BB 96 1 A AR L R T Y T & BE A
T AL X R 1 5 ) L U /N R IR (L )
32 W BOM 7 T AN HERf . T, 5L B
L v B X AR X AR 57 2504 B il 11 L BE 88 A7 20 T M 5 1Y
AEA 50007 22 T 4k 1AL 38 2 X R AT SR s UG AT — 4
T S /N AR A B IC/IN A R RO B B AL SRS )
A 255 ROy 25 00 UL A 3 /N R RO
B 27 it B R AN 1Lk 2B IR Ry

D) /N AR e 58 B R i Se  CCD MRS %
S 2% B0 EHR AN T Gl A% SRR BHR RSE RNy
(M,N).

2) BT RET R M S AKDEFERRCRED
KI5 E AN T AEAE MR o HLIX SE R R 22 02 B M 7
PRI XoF 2% 8 PR HEAT T A D8 0

3) G X AT S BUEMR AT — Y SN I e
T 3 ) DRI ) D8 A A BT A 2 I/ I8 A R 50 A R
A N A ARXT AR AL BE @, RSF KN R (ML ND.

4) RN A 2 BB R R AL 3 26D E SUHT
1 T b P AL B 303 XL /D = 3. o fF
JEALRTAL 8 U

A, AL im0 1 M= 25 =010 N1
A= 0, else

€D

A A;‘b,\l7A;4>,9i:0’1""7M71; J‘:O’l,"'vN*Z
" 0, else
(10)

Project sinusoidal gratings on the
measured object deformed fringe image
is captured by a CCD, the image size is

(M.N)
!
Do median filtering with the
acquired image

Is each row of the image
done?

No
Y

Do one-dimensional continuous wavelet
transform extract the amplitude of wavelet
ridge coefficient and the ridge phase from the
wavelet transform coefficients

Get the amplitude of wavelet ridge
coefficient matrix A and the phase matrix @
I
Construct the new matrix 4, with
the wavelet ridge amplitude
coefficient variance matrix and
variancederivative

L New quality map matrix J

NEWWAP=A,-ave A

Extracte the mean wavelet
amplitude ave_A from the
standard sinusoidal signal

End

Bl fEEMERE

Fig.1 The flow chart of quality map construction

T ARV LE XA 5 3RS 1 /N R R RO 1 K /)
H LG A T T DL A B o TE 5% - SR 70 1 1
B /N R BRI ave AL € SR

SYAG)

ave_/\iw (1D
2L A7 AR IE 5505 5 B2 A /N B R B0 (5
BT 225 M MXN g b 3145 5 1 RF KU,

5) B BT R I A, RS WU IR A ave A #EAT
Fede, 15 B /N B R OBOIR B Ry 27 & A
NEWMAP, H[I

NEWMAP:éé[A] (ij)—ave AT (12)

“UNBCR A RO T BT 227 R I BAT N OR &
B AR v AR AR B AR A A2 BT 19 4 IR L T
G 2R 32 3 M 5 0 o RN 1 R S R R R
B NEWMAP B B o 6 8 ) 6t s i B i
AL AR 7 B A 2. PR 3SR R R A A A o
o B R L SR T I A

0210001-3



2.2 ETREEMNHECRAEE

1 G 35 T J5i 2k PR 0% 4R 7 o O 0 — i 2 e 1 U
i [ R 5 B A B L VR AR R AR U L S R
L G A U AR 3 A R T I A K O AR S B AR
rh e IR A o OKE AR P AT HE T AR T T
AR B AL T R b 4 B F R R R R
T R A B PR O K T ]S R R ARk

2 SCHR 19 AR A J F 5 vk JEARL, R AR SCH
B9 BT T A P o TR T — T A A R T SRk i Bk G
WEE A3l 1 B T FF b 18 % 5T it R 43 o o 4 1) X
SR T 2 1 DX s HG b B ) X T B A7 B
W AN SCR A H ARG R (B HD A3 G S5l
AR 158 25 A5 33, PR I SR FH Bt K o I 51 S AR 67 T I 38 1k
JoT 1 22 1Y) DX 38— O BRI 2  W k 3 Ti k A R W
e P A X3 3 4 X3 A AR AR 7 I S HE A
FE A T i 51 5 A 67 S5 vk AT AE A R T Y[R Y i
T A D3 R T AR A AT A A R ZE B IR L
R A A7 R T A o g R

I T 07 o 2 A AR o R R R AR AL TR

Stepl: W& & ik M B AH T, ¥ 5t & Kl NEWMAP
A3 B FR 43 U A 0BT o L AE R R /N g g
QP (WIHMEA N 00, Q T X 4 i 4f i X B Fn
P XL P TR icHEA R AR R DO R
FF 1 S5 R0 R B 1 . NEWMAP i 38 5 Kk FRifE T,
W Q vt B AT R 0 ARR BT 220 Xl Rz .0 R
XF R R E Sy 1 H T

f}ﬁ]NEWMAP(i,j)

T=1=4=1 TN (13)

Step2:fRAERIF Q WA Jy 1 (Y 5 B9 A8 7. 1% 58 5
5T B T B A AR A A 1 S 1Y R L R R
Hiu AR A KR ™ EE R MR TSRk B OR L AR SO SOk
CL1JHp AR A R T 30 B F ug i i AR 5138 T 55 4h—
AW BV TR AR T 00, %4 Bh 46 14 I g
i B2 R kK BT R | Tk BRI AR A R T A E I . SR
MR A A AL S SR SN ZERT o WS
AALIR 2 205 QSR AH A 2 22 /N F o, W2 S AH A7 0
27, LB W H AL 2 22 BB XHE/NT = 8 1k, BB K
BTN P A ER BN 1.

Step3: £t Step2 4b ¥ i J5 . I 4 1Y 5 TR &
BN XS EA L AR F T 24 K 5
He. R S T O HL bR 0 o Tl DX, AR S AR RO BRIl
By T8 X Sk R AT AR R . B R R AR A 2.

T AR Q W E Ry O A A5 AR 2 o 45 22 1Y o, Tl
Matlab H bwlabel pf £ K 4 U X 3B A GEN 0, A I
T B A (4 AT B AR FE B

QZiﬁ%(l*Q(bj)) an

Get the phase matrix ¢
and quality distinction
matrix Q

!
0=1-0; Get the
connectivity regional
distribution through
matlab toolbox

s every connectivity
egion dong?

No
v

Select the point near
connectivity region as the start
point, use the quality guide
method to unwrap phase

Yes— End

Use the neighbor’ s
unwrapped point to
correct the current phase

B2 % RO R T
Fig. 2 The flow chart of phase unwapping in bad blocks
PEHLZE 3d Step2 AbFRAY & FF 1 3 5 s AE S A Ar
JR T R A A R TR R I 37 X e A A 67 R
SR HY T 5 50 2 DXl — i 1 I P A X R Ao o Affy B AN
%, 5 BORR 55 AF X AH 7 J T 2R A5 119 28 X A o7t A7 7 152
2% . PRI 5 B ok ] B i B R T B R A R R AT R 25 A
1E 32 7 AR A7 1 e T
W Step 1~3 BE 5 44 42 37 Al X AR AL J& I Ay 4 %o
ARASE  ARAH 18 28 X5 AF 57 ) A O v 88 O 3R A e itk A7 —
Y340 5 . AR SO AV R O B 1 AR i O ] v O T B
e I R AE BT X AT AR AL R T AR AL R T Y o A R

Cae)
3 RHMERERLR

3.1 RERE

AT A AL AE Win? RS, B 6 78
Matlab 2012b | SZ3E.

D5 FLA YK i B pR AR A R
h(x,y) =14 /1—[(x—400)" + (y—400)*]/90000 (15)

15 BRI 5% BCRMG IR JE 53 A R B
F(asy)=255X[0.540.5X Crfox+h(x.y))] (16)
Kb (o ) BARBEBBR R AL E L [ R A7 B0 B0
(A SCHL 0. 05) , BIAE K/ g 800 X 800. 44 ML)y EL 52
SRR E 3.

W 3Ce) AR SCIR L R I AR AL SO0 I A
IR A% e AR A7 Je T B 0E T A PR I 4. 3 R0 8CR dn [#]
3Cd) 3 5t = A A e A S T B

0210001~ 4



5 AF R/ 2R B0 (S 5 22 DO PR YA R0 SR T 0k

800

400 400
Vhixey 00 <ot

(a) Simulated object

(c) Absolute phase obtained from this paper’s algorithm

100
200
300
400 4111
500
600
700
800

100 200 300 400 500 600 700 800
(b) Deformed fringe image

400 400
Vpixe] 800 0 gt

(d) Reconstruction of three-dimensional model

B3 HEHE

Fig. 3 Software simulation

B A SR R S AL G R I B U8 1/ E
RERFIESHEMRBIFEN =4 ERE B IR2EHT T
B I T % » 2 BUS 400 A7 A9 12 22 4 i £33 B30 A7 1L
BORFERN 0. 1) LR 2E 0 i A 4.

L0 Traditional algorithm
—+— Improved algorithm

0.5} This paper proposed algorithm

N, A A 5%
0 Lt g™ e’

Error

0 ‘ 26 ‘ 46 l 6IO l éO
The result error of 400 line
W4 FEHEERZLE

Fig. 4 Error compared with different algorithms

H P& 4 T2 A OBk ARG A R R 3k 7 T A AR
B DX A a5 22 53 A AR H /N L 3 B A R R L B s (R AR W)
A 25 5 788 (18 X R, AR OB VR R Ll HL B T R R R 2
O3 /N S 3R AR ORIV A R B 22 B IX 0 o
B

RT3 R B A R R TR LS Y OR
oG g KR EE T 50X 50 (B KL I A4

S0 RG S 0 BUER W 5 , MR BR ME 25 O 0=0. 05. TR )
{5 B2 A s.

Bs #ARERBIFGETHNEHFRAER

Fig. 5 Deformed fringe image with black blocks and

random noise

& 6 Ca) T 7R » A% SCIR 12 Bk BE 10 AH o2 728 4k J) 21X
B, (R B e A T BT XL BT 6 (D T B R X
J& T T8 A% B DX, 2 R AR R AR AL JF AN HER L T 2R T
P33 B AR AT B AR 22 5 PR AT R A 0% 22 2 IE. AR 4
ot o AH S B0 B EAT RGO A5 SR NI 7.

TR 5 LS B0 235 R R W« A IR DL R B X B
ML LA 9K BE 48 UM BT 22 1Y X BT AT 1E
Bl A AR R T 3 D 1) = 4 g BE AR R IR 2 BUIR L BB
200 410 1] MR ) 5

0210001-5



e T

EE 14

N

(a) The proposed quality map (b) The relative phase

(d) Total phase

(c) Absolute phase of good blocks
B 6 iy EH LR

Fig. 6 Simulation with noise

(a) Absolute phase by Correction

15+
10+
=
E
= 54
" .
800 800
600
i 200 200 400 A
J}/.Dl'Xe] 00 )d?.‘ﬁe
(b) Reconstruction of three-dimensional model
1.0 T \ \ - y - -
0.5
0
: o] g
5 05
-1.0
-1.5
-2.0

200 400 600 800
The result error of 400 line
(¢) The reconstructed error

H7 ok LHHRA

Fig. 7 Simlation experiment

3.2 REXK

FLORE AL S vp T R A R R R R
BEHLE R B Ol B &R B 0 B SRR R A R
CCD R IE M X LR (K] 8).

o

H8 REMNEH&AHEE
Fig. 8 Deformation fringe image from CCD

X R 4R 1) 2 75 S 2% B0 AR I 2% SC RS
HEAT /N A8 e, SR AT AH X AR L 0 A 1 9.

|

IJ

(a) Wrapped phase map of (b) Wrapped phase map of
reference fringe deformation fringe

B9 b &A=
Fig. 9 The processing of the fringe image

M /0N I 72 48 Ak B0 i v AR AT /N B AR RO (e
W o R 0 AR S5 P A 3 RELAEL A 3t o A L R 10Ca) R
7 R LA A 1 0 P10 (b)) 38R Joi B X 38l 2 1 0
FCr R AR 3 A3 T i A5 2 1 X

N

(a) Quality map (b) Guided map

10 mEsTHE
Fig. 10  Quality guided map
WA B H 7 AR AL J O A 1k R AT AR L R T L S AL
AN 11L& 11 Ca) o 5T 4 1Y X I0RE o7 Ji I 155 2L
el 11(h) 7R 4 3 M e TFA% &, 7T LU Hh R TF 1 A1
LB E W B R 4. & 12 246 AR 15 1Y
ot % AR 53 A AR B A R A S B C T 3RS
BESE RN 5 s B AL 53 D) N TE T A0 T AT S 0 RS

0210001-6



5 AF R/ 2R B0 (S 5 22 DO PR YA R0 SR T 0k

Ho 15 2 A8 2 B HEA T DA B B B s A

(a) Unwrapped phase map for ~ (b) Whole abosulte phase for all

good block areas
BOL 43 A AT
Fig. 11 Absolute phase map

(c) Plaster flat side

Hl2 FANEGFRAZ
Fig. 12 Point cloud of plaster

4 Zig

AR SCHE TN AR e AR RN R R BRI S
22 B W T 0 L T BOM 7 R T AS HEBf 1 ] L 2 T —
Tl B4 45 5 /0N 22 B0 RAE A 5 007 22 JEUARL I 38
JohE PR 325 V(R BR U8 B 2 AR A i 2 B
OB, B A 2% 5 S 2 B BN 1 M 7 A R A
R B R . S 96 25 R R WY A DR AIE AR AL R T BOCRE
FA T4 T TR 09 5T i AR L e O BR 1 E A ACH T
W 55 11 52 W] o SR 3 0K B 18 248 X5 AR AL 53 A
5% 3k
[1] BIAN Xin-tian, CHENG Ju, Phase
measuring profilometry based on elliptic pattern grating[]].
Acta Photonica Sinica . 2012, 41(9): 1094-1097.
O, WO, FREE, SR BT B O 5R o A B M B 1

SR Ik LT ]. SETA, 2012, 41(9): 1094-1097.
[2] WU Ying-chun, CAO Yi-ping, ZHONG Li-jun. An improved

JI Bao-wei, et al.

(3]

[4]

[5]

(6]

7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

0210001-7

method of Stoilov algorithm adapting to phase measuring
profilometry[J]. Acta Photonica Sinica, 2010, 39(2). 307-
310.

RiNF, #45F, MR, — Rt Stoilov 8L AH AL B
BEEAL]. JaF2H. 2010, 39(2): 307-310.
WENG Jia-wen, ZHONG Jing-gang. Wavelet
profilometry[CJ]. Mr. Big Heng ninety birthday anthology

transform

cum Chinese Optical Society Annual Conference Proceedings
2004, 2004, 380-383.

F 5030, Pha . ANBUE A AR LCT. KT S A JL AR it S
AR EDEAE A2y 2004 AR AR RSB SCHE, 2004, 380-383.
LISK, SUX Y, CHEN W J. A new wavelet transform for
reliability-guided phase unwrapping of optical fringe patterns
[J]. Optics Communications, 2011, 284(20): 4879-4883.
HSUNG T C, LUN D P K. shift
profilometry based on dual tree complex wavelet transform
fcl. Processing 2010 17th IEEE International
Conference on IEEE, 2010 337-340.

YU Liang, SU Xian-yu. Phase unwrapping algoritjm based on

On optical phase

Image

relative distance guidance[J]. Acta Photonica Sinica, 2009,
38(5): 1235-1239.

ARG, IR, —FPAR X B B S AR R TR (T ], T
24z, 2009, 38(5): 1235-1239.

CUI Hai-hua, LIAO Wen-he, CHEN Xiao-sheng, et al.
Mathematic descriptions and analysis of quality weighting
factors in phase unwrapping algorithm [ J]. Acta Optica
Sinica ,» 2010, 30(1) . 97-104.

BEME AR B SO R AR L A R TR O v B RO 1 B
AR5 ]. ez, 2010,30(1) : 97-104.
ZHANG Yan. FENG Da-zheng., QU Xiao-ning,
Application of a branch-cut

et al.

novel algorithm in phase
unwrappingl ] ]. Journal of University of Electronic Science
and Technology of China, 2013, 42(4) . 555-558.
SRF SR B /N T AL SCHE D) I AE R AL R T A i
[V, AR R %40, 2013, 42(4) :555-558.
ZHANG Ting, LU Yuan-gang, ZHANG Xu-cui.
discontinuity phase unwrapping algorithm based on edge
detection [J]. Acta Optica Sinica , 2009, 29(1); 180-186.
TR, BRITNI . SRS, KR T GG I i d /NAS % S AR 6 e T
BLT]. e, 2009, 29(1): 180-186.
LIU G, WANG R, DENG Y K, etal. A new quality map for
2D phase unwrapping based on Gray Level Co-Occurrence
Matrix[J]. IEEE Geoscience and Remote SensinglLetters .
2014, 11(2) . 444-448.
LI Si-kun, CHEN Wen-jin, SU Xian-yu. Phase unwrapping

guided by amplitude of wavelet ridge coefficients in wavelet

Minimum

transform profilometry [ J]. Acta Optica Sinica, 2008, 28
(4) . 715-721.

ZERHh, BROCHR . IR, AN AR AR R T BN I R A
WEAE ST AR LR IF A B 5K [T ). J23k . 2008, 28(4): 715-
721.

HUANG Hao, DA Fei-peng. Novel phase unwrapping
method for wavelet transform profilometry [ J]. Chinese
Journal of Scientific Instrument , 2012, 33(2): 397-404.
5L TR RS, /)N i AR e B B R rp b AR L R T 7 VA B 5
(70, LRI04 ,2012,33(2) ; 397-404.

ZHANG Xiao-giu.
based on quality map[ D]. Harbin Institute of Technology.
Harbin, 2010.

TRIGERK. JEF T B 0 AR AL R kAR (DL BRI Toll
K2 WK, 2010,

XU Luo-peng. CHEN Wen-jin. LI Si-kun. Selecting the best

Research of phase unwrapping method



T o M

[15]

[16]

wavelet function using wavelet transform profilometry in 3D
shape measurement[ J]. Journal of Optoelectronics Laser .
2009, 20(7): 920-926.

VMG S R SCHR 2 SR Hh . /N Dl AR e AE = A T TR W A b i A
NIRRT, e . WO, 2009,20(7) : 920-926.

LIS K. CHEN W J. SU X Y. Reliability guided phase
unwrapping in wavelet-transform profilometry[J]. Applied
Optics, 2008, 47(18): 3369-3377.

CUI Shi-ling, TIAN Fei, LI De-hua. Phase retrieval method
with continous wavelet transform based on exponent spacing
scales[J]. Acta Optica Sinica, 2012, 32(7): 1-7.

FEHEAR, 3B, A4 LT 58 BORURE (] R 3% 22 /)N Dk 722 46t 1) AR

[17]

[18]

[19]

0210001- 8

AP LT ] S 4R . 2012,32(7) : 1-7.

CHEN Yu-gu. Algorithm and its application of wavelet ridge
extraction[ D]. Guizhou University, Guizhou, 2010.

WRZEAT. /NH AR PR ISk B R 9E D], S R, 5t
JH 5 2010.

PRITT M D. Phase unwrapping by means of multigrid
techniques for unterfermetric SAR[]J]. IEEE Transactions on
Geoscience and Remote Sensing » 1996, (34) . 728-738.

DA F,
method for wavelet transform profilometry [ ] J.
Communications, 2012, 285(4) . 421-432.

HUANG H. A fast accurate phase unwrapping
Optics



