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Abstract In order to solve the speckle noise residue and edge texture blur in phase image denoising, an adaptive
total variation denoising method based on sine-cosine decomposition is proposed in this work. First, the original
phase image is decomposed into two phase images by sine and cosine function. Then, the decomposed phase image
is processed by adaptive total variation algorithm. Finally, the denoised phase image is synthesized by arctangent
operation to quickly remove a large amount of speckle noise and retain the edge information of the image. The
quantitative evaluation and analysis of the denoising results show that, compared with other denoising methods, the
peak signal-to-noise ratio of the image obtained by this method is improved by 2.0 dB, and the structure similarity is
higher. At the same time, the parameters can be adaptively selected to reduce the fluctuation of the phase image and
improve the its quality.
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Fig. 2 ATV denoising process of the sine-cosine decomposition algorithm. (a) Original phase image; (b) phase image

obtained by sine transformation; (c) phase image obtained by cosine transformation; (d) phase image of sine

transformation obtained by ATV denoising; (e) phase image of cosine transformation obtained by ATV denoising;

(f) phase image of arctangent synthesis

3.3 HENSHHIAKN

AT AN S p (s y) B 26 B FCRE ]
FEMR AR P IR0 G AR B A0 SC B, R0 oy D 4 AH
s HEEES D> SRR EME
‘V[Gg(x,y) 'X'uo(x,y)]‘z YeE . XA E
BV 1 DXl B R B ) ) €8 DXl DR G A
INGIVIG (e ay) *uo(xay) ]8T 0 p(xuy)
T 2, AT DA R0 B 7 X A 2800 5 % T A
(A IS S T VI N S PO AP S N |- N
(VLG (xsy) *u(x )] |" BT IH KA p (2,
WBT LA DR EZ R gty . T 955k
T AR R AL P MR AR FE AN R] L SR T SR UE 1 3 N 2 RN
ARTFIEWFE L p (s y) FEUENE B Y (1,2), 2
W A RN IE 3 B . ATRAE L p (oo y ) BRI
T 1B 2, 2 MR AOCR B 2% 5 T Y o AR
EMRROCR Il . X AR WIART ik AT [ e O T D

TR EAER p Caay) » AT 2 2 W 3 S 1) 30 3 Al
25 W 5 YRR AT R R TR
4 PN BT

R RE B VAN AR O Bk 1 25 M RE Y A I A 1 MR
Lt (PSNR) F145 #4540 LB (SSIMD B A48 b1 %) A [6] J5
e WS B A AL B AT IR L T R R
2552 X M X N ]

M N
DX, —Y)?

i=1 j=1

Xpsnr (x5 y) =10logy, [

(13)
Cu,p, +C (20,0, +C,)
(- pt +CHG +6 +C)
(14)
A, X B O R Y S MRS B R M
N 433 AR AT 9V s e ey w0, voy o, 5300 R

XSSIM(I 7y) -

1004004-4



o

K3 A p . y) B EMRFCR,

() plxsy)=1.10;(b) p(x,y)=1.305(c) p(x,y)=1.45;

(d) pla,y)=1.505Ce) p(x.y)=1.55;(D) p(x,y)=1.90
Fig. 3 Denoising effect of different p(x,y). (a) p(x,y) =1.10; (b) p(x,y) =1.30; (c) p(x,y) =1.45;
(d) p(x,y)=1.50; (e) p(x,y)=1.55; () p(x,y)=1.90

X MY W¥E . 72 W 2%.C.Co APk 1N
0 MH #. PSNR /R J5 R 5 B Mk {5 0 7 K 7
fh 22 5, AT L 2 S RS TR 9 R R 7R B BB 1. SSIM
H5 P s 11 A5 1 45 ﬁ*ﬁufrﬂ“rﬁﬁﬁﬁ“ﬁzﬁ SSIM
TR, ¢ BH 25 MR A0SR R e A A ] v A B A K B A
B . RREM LM R IER 1 iR,
Af DL R B, AR T 25 1) PSNR H ATV AL 2
{5 2.0 dB, SSIM g W] &b K T HAth 25 W )y 125, iX R W]
A7 2 WS AR A7 LK BE A AR B b e A IR
BT AR E R A .
F1 ML IR B 22 ROR X L

Table 1 Comparison of denoising effects of phase image

Method TV ATV Our proposed
PSNR /dB 28.1665 31.1392 33. 1776
SSIM 0.8912 0.9072 0.9478

R B UEAR 7 v (0 A skt AR 4 AR A7 25 1 i S
R JEEAEL Y A8 A1 B 1 A A7 PR 2 68 s A 28R A B
WY 5215 M kA A AR A L P PR PR R BE . R o2
P rR RSP A il Ak B AR A2 3 AT B R BE (R 2, T
FhFARRR RNy JRR KEAE. B 4 BT
Ca) 5 7K~ 0 il 2 B8 AL ASE 20 A1 FT AR B, AR 48 58
RESTIE AR B B K B {EL D 255, BV I I 2% 20 %
DX 3 o DR B B A 0 5 T 4 Ch) S 1 (h) TP K
S H B G B AR AL A T DL K B TR A R
A S A SR AR A R R, S EOX A K

(B S AR B0 FLAR 2, SR O TE A s 11 A (o) R L
() W 7K T v il 2 8 A AL 0 A o BT A R B 9 66 &K
O fof K A7 P H 0 5 2% B0 A 8 R B LA AR BR AR L 3 B
SR B AL A B 5 & A (D) R 1 Ce) UK rprns b
LR AR A A AT DL R B R R R VL N R R A
2 1 IR BE A R e W (b 8 A O S8 1 Bk 2 L T LA o
T W LAk ) R A

AP 25 W R A7 T A AR A A T B AR L iR

e AL 1R R Y R SR K S AR B K X
BEARGL AL, nI AR R B IR A AL 4
AL —% (15

K K=m+n.m KE 588N FLREn HAE
SERE AR BB DA TR TR RR 1) 5 G 2R S0 5 R
FLUE N 58 AR BUEUE R BB R B T AR e
18 WY 5 2% S0 22 T 19 K B A 25 R 255, BIVXT 7 134 AF 437
AR o, A H P — R AN 58 Y 2% BN N Y R T (B
ﬁ\?a,mﬂﬁ%ﬁﬁﬁhﬂ’ﬂﬁéﬁTﬁmﬁ
n=(255—a)/(2 X 255), (16)
TR 4 F KA LR, 2 2
SEARBL, BB 5. EE (1) KR HIE AR R
1330 nm; M7 & 4 (b)) 7EARUEPLIF LT, To ik 1 B 28
i A 4o BT R MERUR A, b s AR B0y K B
A e, FIBCUA (BT e 5 30 %) K B (BT H R AR e B Ok
UYL 8P 78 i L S BRAEAR 5 BOM R R 22 5

1004004-5



H |

i b

K FE MU A i 50 B 4 () Y AR A 43
A BB ME L e S AR B B K B S . rT AR 3 4 2%
TERE Y S SR B — F N SE R W 52 4R 80 AN ST BRI 5
300

o 250

% 200

7 150

Z 100

C:}50

@

00 100 200 300 400 500 600
Pixel No.
300

g 250

'S 200

<

g 150
100
50

00 100 200 300 400 500

Pixel No.

©

Grays

S80S R K BE AR Ry 238, B SZBR 2 A BU S
4. 033, ML E A JE AR 5 A 1072, 78 nm,,

300 ®)

[\
S U
S O

Grayscale value
— =
S o
S S

(o))
(=]

00 100 200 300 400 500

Pixel No.

300

g 250

'S 200

<

g 150
100
50

O0 100 200 300 400 500

Pixel No.

(@)

Grays

L4 KT et M AR B o0 AL G 1 (o) 060 A 3
(&) ATV I 2 W o LB I 5 () A o 2 M s 0 A i

Fig. 4 Phase distribution of the horizontal center axis. (a) Simulated phase image; (b) original phase image;

(c) phase image after denoising by ATV method; (d) phase image after denoising by our method
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(a)—(d) Deformation field distribution corresponding to Fig. 5(a)—Fig. 5(d)
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(a)—(f) Deformation field distribution corresponding to Fig. 3(a)—Fig. 3(f)
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