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Abstract

Phase retrieval is the retrieval of phase information from amplitude information, which plays an
important role in image processing and other fields. In practical applications, there is often noise.
This paper proposes a phase retrieval algorithm that combines deep learning and plug and play,
consensus equalization phase retrieval uses multiple denoising devices to insert iterative algo-
rithms to make denoising more robust. The phase retrieval algorithm and the denoising algorithm
reach the balance point in the iterative solution algorithm, and the reconstruction quality is im-
proved. The proposed algorithm is tested in simulation and real data, and the experimental re-
sults show that it is more robust for denoising, and has stronger reconstruction ability.
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Figure 1. Images used for testing in the experiment
1. ZWHAFIRE S

4.2. BIERIMERE

FCRET IR 2 g5, BRZGR T AR LR A LR E R LL SO, A2 3RoR R SR
FfERR LI DL, RERFORIGRMAIR RO, W A B S AR B IZ AT im0 ik 31 1

S

40

351

PSNR (dB)
= N N w
(6] o [, o

[uny
o
T

= |nversion

Denoiserl
Denoiser2
Denoiser3
Denoiserd
Denoiser5
=—t—= CE solution

o—l

0 5

10 15
iteration

Figure 2. Convergence of consensus equilibrium
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LR
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Figure 3. Reconstructed image and peak signal-to-noise ratio of House256 under
o =20/255 Gaussian noise intensity

[ 3. House256 7E38E J3 o = 20/255 S IR A T EAE G FIIEEERREL

3 T FIRERREE KR RGBT, B HIO AEM B A A M RIS, WAE {5 Mt b ml LA F|
29.24dB, PnPADMM REH R 20, e an s, (A TP, #a 7—Leqny, EEEM N 26.82
dB. CE ZMei W25 HAOREE 1RG4, Vg {E (50 hdx & ml LUk 3] 37.10 dB.

2 LA T AHEEMEAE HIO. PnPADMM. CE 575 R AN VK R FE I EAMIGE ), LRI HT & A
ZMEBRMA G, ASCHER T A F LR . AR M3 1) 2 AN LR, BARENE 2, CE AN
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Table 1. Comparison of image denoising PSNR of different algorithms under different noise intensity
#* 1. TRIEEERNEREARE TS EENE B AR PSNR EER

I 75 7K~ K14 HIO PnPADMM CE
House256 29.24 36.32 37.10
Man512 29.02 34.77 35.84
Art512 20.98 32.67 33.66
o =20/255
Boat512 24.61 27.12 28.17
Couple512 2459 26.53 27.06
Starfish256 24.90 29.38 30.44
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gk

House256 29.31 33.46 34.55
Man512 28.17 3212 33.26
Art512 22.78 31.46 32.20

o =30/255
Boat512 22.98 25.89 26.70
Couple512 28.86 30.50 31.49
Starfish256 24.47 29.93 31.18
House256 27.39 29.90 30.60
Man512 28.56 32.38 33.25
Art512 21.26 32.14 32.99

o =40/255
Boat512 19.34 20.30 21.23
Couple512 12.08 24.65 25.32
Starfish256 25.35 29.28 30.32

A< 1 ) BLBR bR L T e L fe s, RIMEEDH] ADMM T2, HIO ffi%,  HLFEAE W 5 0
s hn,  BURIEME LLEHRN . N 1 B CE AR L MRES AR LA TSR, ASCRE T 9 4

AR AR, LRSS0 A o = 20/255 A%, H 4 CEL. CE2. CE3. CE4 434l &[FI7E DnCNN,
BM3D, TV, NLM EMEET, (ALERAAFEEESKF FIZ: o,=10/255, o,=15/255, o,=25/255,
0,=35/255, o=50/255, BIFEAFIMEFE KV T, CE, CE, RFEEMIKTIN o =10/255 1N T,

Ar 28 f CE, 5y DNCNN 5 BM3D. TV /&4, CE,7E BM3D. TV. Bilateral. NLM J&& 48 F 1510
ToRNGEIR, CE; ZfE5 CE, EMds— MR, EMGREEN o =20/255, RIEIS A X8 gkt
YT, CEpr CEpp RATEANIFIELMERS. ANE R AT NG, ToMR K5 CE —#F, CEnT

TR WEa 5 CE, 10— FF, CEy TR EMEAS S CE, 10— HF, [ 4 o T Man512 FEAN AR T (/50 LL.

CE;/31.18 dB CE,/34.22dB

CE,/35.45dB

CE./35.84dB  CE,/35.22dB  CE./33.04dB

Figure 4. Peak signal-to-noise ratio of Man512 under different consensus equilibria
4. Man512 FEAR IR HE T M EERREL
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Table 2. PSNR comparison of different images under different CE
= 2. FEIEKTERE CE THY PSNR EEER

K15 CE; CE, CE; CE, CE, CE, CE; CEpn CEyp

House256 33.93 36.23 37.10 33.53 36.74 36.88 35.37 34.41 33.53
Man512 31.18 34.22 35.45 30.00 35.84 35.22 33.04 3231 31.16
Art512 32.02 30.94 32.76 31.61 32.46 33.30 33.52 31.91 33.66
Boat512 27.90 27.12 27.51 28.17 27.75 27.84 28.12 27.92 27.79

Couple512  26.57 26.44 26.74 26.31 26.92 27.02 27.06 26.78 26.62

Starfish256  30.03 29.15 29.86 29.25 29.98 30.35 30.44 27.95 29.45

BT B RN F S E R L LR, 24Xt CEy CE,. CEs. CE, MR LMk KA, TV M
PR, XAHE MR R, WL MR IR A CE, 5 CEp, TILUE H 223 VR A0S e bl
AR, — SN, CEy bk CE.#F, BM3D. TV. Bilateral. NLM 1+ DnCNN 5 BM3D, TV iE&
MR, I By A CE. RIMEME L ZZ B AN K, A2 H 4% 23 M 28 2 1] (A AR AR LB I g 75 /K P 5
M R 1A 7K 2 T i 22 SRR A TH IV, 7E MR FE AN B L T, M 3R (R A E AR, X
W 3 2 1) (PR35 M07 2 4 2R 2% 2 R ) S50E, VRGBSR B A LM AR5y, WU YR RE W AR I R AE BUZ 1)
WEAEE, RIUVIENAEAL SR JEEIEHE THRIUE, Aet8 (R B BORISERYENT, (HIFHIL
FRAN RS T, Bl Art512 X RN LU A SISO A B BUR A TV LMt G472
X FEGIL LA E AT ; BM3D RIS IK 52 HIZ0TT, DNCNN TEHR T F 75 7K SF 56 i 370 7 2 g A 47
I CEyy A CEy I, MRS —FE, U LMER8 2 MR AR ST, TR A M ds s /> o
A5 AR

1T DNCNN L Je ik (1) BM3D % T4 & 1 75 /K ~F SR UK,  FrLALL DNnCNN Jyfil, DS b ] {5 g
PRy 200255 NBIVEDT BRSO TR EMERSUIRA B, & 5 ZAE CEy il
CE T EMEAZE ML -

Noisy Noisyless  DnCNNy/27.97dB DnCNN;5/27.99dB

DnCNN_5/27.98dB DnCNNj35/27.96dB DnCNN5,/27.95dB CE/27.97dB

Figure 5. Peak signal-to-noise ratio of Starfish256 under different denoisers
5. Starfish256 7E N [E] &R AR THIIEEISMREL

i EKl, 25 DnCNN {10k 50 I, BGE T 118, BB 74077, EL Bk 16 1 25 I {7
P, #AR/NEMACT I, BoE R =400 LSy, SEiR s R h K.
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Table 3. PSNR comparison of different images under different denoising levels
= 3. FNEEGERRIEREK R LR TR PSNR LEE

B4 D1 D2 D3 D4 D5 CE
CEy DNCNNy DNCNNys DNCNN,s DNCNNgs DNCNNs,
House256 33.96 34.00 33.88 33.90 33.90 33.93
Art512 32.02 32.00 32.03 32.04 31.76 31.64
Man512 30.97 30.87 30.72 30.44 30.11 31.18
Couple512 26.57 26.58 26.57 26.58 26.50 26.57
Starfish256 27.97 27.99 27.98 27.96 27.95 27.97
CEy, DNCNNy DNCNNys DNCNN, DNCNN,s DNCNNgs
House256 34.31 34.34 34.34 34.24 34.16 34.30
Art512 32.00 32.00 32.00 31.99 31.89 32.00
Man512 31.44 31.44 31.44 31.41 31.15 31.43
Couple512 27.60 27.64 27.64 27.56 27.56 2757
Starfish256 28.21 28.23 28.23 28.22 28.20 28.21
CEy; DNCNNy DNCNNy, DNCNN DNCNNyg DNCNNy,
House256 34.75 34.70 34.70 34.70 34.70 34.70
Art512 31.68 31.66 31.66 31.66 31.66 31.68
Man512 32.45 32.35 32.35 32.35 32.35 32.35
Couple512 28.90 28.78 28.78 28.78 28.78 29.11
Starfish256 30.54 30.52 30.52 30.52 30.52 30.52

TR 3 EM L LU, R FLSLER R YR AU S 5 B Dy 20/255 BF, CEg W& T 10/255 F| 50/255
HAEMEAKE, ERNRFENZRK T, 10/255 # 35/255 i [ 50 L, B 10/255 F 35/255 i [l &
B BAEME LK AR N CEpp, FHEUAE M EL A 5 (1) 10/255 F1) 20/255 i 4 B #1515 CEys, HILHE H CEys
EMeLi &, CEpfEMetbEr, CEy (EMEtbifk, N T B EMWEZ G it R, WA 6:

CE,1/27.97dB CE,,/28.21dB CE;4/30.52dB

Figure 6. Peak signal-to-noise ratio of Starfish256 under different consensus equilibria
[ 6. Starfish256 ZE N E IR E T AIIEEERREL

HIBE AT B Y CEys ZWRRUR B » T CEyg AW P X [A] SR AR AR FULE 75, 8 B 2230 S e 75 /KT

M bR, RMRER I RO, Rz, RMEASIIEMRIERGE R, BRI, W 74T, JER
e A R . R L AR L ACTHR, BRI ARE S Ak, fE R SE PR 75 A TV A
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