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Abstract

Abstract

Research and Application of Image Denoising

Based on Deep Learning

Images are a prevalent means of storing information as they can visually convey a
large amount of relevant data and are convenient for storage and transmission. However,
when images are acquired, compressed, or transmitted, they are inevitably subjected to
noise due to various environmental and channel factors, leading to distortion and loss
of image information. The presence of noise can have negative consequences on
subsequent image-processing tasks, such as image classification. Furthermore,
obtaining noisy-clean labels for real noise can be challenging. Thus, it is crucial to
address the issue of restoring meaningful information from noisy images, particularly
with limited training samples.

This paper presents two novel models, namely, the Multi-Scale Two-Stage Image
Denoising Network (MTDNet) and the Meta-Learning-based Multi-Scale Two-Stage
Image Denoising Network (MMTDNet), to address the challenge of denoising real
noise. The main focus of this study is divided into two aspects: firstly, the development
of a high-performance image denoising model, and secondly, enhancing the denoising
capability of the model when trained with a limited number of samples. Additionally,
the proposed models are implemented as a web application.

This paper’s contributions include:

(1) This paper propose a novel Multi-Scale Two-Stage Image Denoising Network
model based on UNet architecture to effectively remove real noise and restore high-
dimensional image information. The proposed model utilizes attention mechanisms,
void convolution, and ordinary convolution in the two network stages to extract features

at various scales. Subsequently, the features from the first stage void convolution and



Abstract

the second stage ordinary convolution are merged to provide sufficient feature
information for the model to accomplish the denoising task. This approach facilitates
the restoration of image information while effectively removing noise.

(2) This paper introduce a denoising network model that integrates the concept of
meta-learning and divides the synthetic noise sub-task for meta-training to improve the
denoising performance on real noise datasets with limited training data. This approach
aims to leverage a small set of real noise training samples, such as the ancient text
denoising training set, to train the denoising network and achieve optimal denoising
outcomes.

The effectiveness of MTDNet proposed in this paper is verified by experments.
The experimental results show that in the SIDD test set, compared with the baseline
model UNet, MTDNet's evaluation index PSNR increases by 2.55 and SSIM increases
by 0.09, and its performance is better than other denoising models such as DnCNN; In
the Oracle test set, the denoising effect is still significantly better than other denoising
models. Compared with the baseline model UNet, the evaluation indicators PSNR and
SSIM increase by 3.15 and 0.16. In addition, ablation experiments were carried out on
each module added or modified in MTDNet, which proved the effectiveness of each
module in the denoising task.

The effectiveness of MMTDNet proposed in this paper is also verified by
experiments. The experimental results show that in the SIDD test set, compared with
MTDNet, the evaluation index PSNR and SSIM of MMTDNet increase by 2.35 and
0.05 respectively; Compared with MTDNet, the evaluation indicators PSNR and SSIM
of MMTDNet increased by 2.76 and 0.04 respectively in the Oracle test set. In addition,
the generalization of meta-learning is also verified by experiments. The experiment
shows that compared with transfer learning and general learning, the generalization of

meta-learning is also better than transfer learning and general learning.

Keywords:

Image denoising, Meta-learning, Deep learning, Computer vision
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> J ....................................... (23)

padding = [
Hrf, kernel BRI AN,



% 2% BRI RiAbERLEE LKL

0O 0 O

0 4 12 B

0 8 6

3x3EANEHE 3x3ER%

0
0
0
5}
0
0
0
0

2.2 /M padding FRIEFIEH
A GRS N B BAT G R 55 #2060 B — AR B, B X SeREAE P
HATHES, BIRI15 34 7GR 2 B RRAR 2 4R R S 45 5

222 BEE

BOE E 0 B SAE G B JE 1, 3 SR R0 SR R RS B 4
FAHAT AR LN AR e, AEFF W28 BENS 22 ) N R AR R R, HE 9 I 2% 3R
RE 7T LA L7 1k 0 % 3 4005 ) e o s AL )90 R 50 Sigmoid pR 4 ReLU R £
Tanh 5%, Softmax %L,

Sigmoid ¥

Sigmoid b5 g T AR AL BT &AL HH TR AT e R 45 0 KA

AU 2.4 KoK

1
1+e™*

BB R A 2.3 fros, HAREAT . faiveE u(0,1), CRHEID 0 B 1 4R
BER “07 BT, ATRUARAEEE —or K, iR NMERITEELE 2D,
OREGE /)N, Sigmoid ff 2 AR EIE T 1 BRI T 0, W LA R B RN )
A, HLRERSAT RO AR LM B R N e A M 2 S 95 s A\ S50 £ A () 9 TR 4 T
B[] — ], 5 5 SR FE; A, Sigmoid B 7Ex € (—oo, +o0) T T,
SRR TS (Hil T SBEET SR, EREMSE TR T8
BREEH 2K o

Sigmoid(x) =

10



% 2% RiERfeib e W% L A%

-0.2

75 -5.0 -2.5 00 25 5.0 75

%] 2.3 Sigmoid iR &%
ReLU ¥

ReLURR HU@ TRt ud k8, WA TRIG K B30, BRIES
Wo¥ESE s, TR R 2.5 BT ROR:

F(x) = Max(0, x) «eeeeeeresesememnni, (2.5)

ReLU eI 40T : ReLU sBUNLIMETHER, HHECT F7 E45H0THH A B
T RO R I R BRI, B0 Sigmoid BREL, TEET R AL IR R, ANME
WRAREOT S, W KR, MR RATER, e RelLU W ek nT LK K
DR b4, Sigmoid BRI AL IR IN ) SRS HGIE T 0, 5 HBLBE
TH R IR R, RPAEAL 18 B TR E I ZR I, JE S IR (8 RCRHE A AR TR 2
P 25 SRR R IERCE S LEAR DN, SEUE B ERK, HMELUE IR Z S IRIZE.
ReLU ZETTERS, /T 0 RIMAN M HE5 8 0, iRk 7 Mg mmmitt, BT
AR 0, Wk SHAH EARAF R, R AT DU AR A R A 405 1
). ek HEHR AN 2.4 Pow .

X Tx < OFIIELL, 5 H RelLU -5 th 45 R ARk y 0, 2 FE—Lepp
ZICKANE “IRFE” o IXFE L EINH L T RERLTE, (E A RIRE T R AL E 2
WAL, MR AR A ML 2 P Tk, T BEAR R 2% 1R 8 1k
IR, IS SRR et 22 JOBh BE VA 2%, Leaky ReLUBx < OFSF ) ok itk
Areat, EHAEKT 0, WA 2.6 BHTERR:

() = Max(@x, x) -eeeeeeereseeesnen (2.6)
at— AT 0 RS, EHIE N 0.01, X/NT 0 AT LA 3] —ANE
0 #irth, SXFERTLARVFE 2 AR ME(E BiRsh, BRmMZ i, e rE

NAETT .

«.{
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F2% B

1 Fo Aot 2 W 245 2K K2 it

2
Tanh ¥

-25 0.0 25 50 75

-4 RelU R#Ef&

Tanh G IEYD pRECHE FH TR 2 2534 (RNND o, 41 0K 5 017,
R 23 (LSTM) AT 145 E3F e (GRU) , ATLLH RS 2.7 #H7 2R

B DB R A IR -1 A

FOE) = Em 2.7)

eXt+e™*

1 Z0a), R TR TR B 19X 2% Hh 1) B RE S il

PR T R R B AR R I, A BT R R

1.00

075

0.50

025

0.00

-0.25
-0.50
-0.75
-1.00

i

-15 -5.0

-25 00 25 5.0 75

& 2.5 Tanh REEE

Softmax B3k

Softmax % H &K MER ATy 1, FbE T2 02K w8, a7 L

2.8 T HRIN:

Hrb, yoNE, S)N
FR A S A E AT — 400 1o

evi

S(y;) = ST (2.8)

b . Softmax bR HCksd A\ B WS M4,
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% 2% RiERfeib e W% L A%

2.2.3 WHLE

AL JZ 38 5 JAE NG AR R 22 18], HAE 2 s R 2 1) RO IR R 46 B
TN, RN 35 1S ARR s Il B (O RF AL (B e, JF HLRENE it — 2D R
MZEEM R R AR RIS AT DU 3K 2.9 #4738

R R P AL (i, ) LR JR AR pool QLR AL, A2 0
AT R DX S AT AR S 7 IR 398 X SO A IR AR B — AR, AT PRI 6
B 431, G E X I A AR B — A, PRk 5 5F
{5 X 3 T (LR PR o 18 K 2 BOBA M I 24 b, HA BB 4Ry 252,
I 2 A2 3 DB KA 2 ZER NS L SEAT RSBl o 5K R AE L4 8 T 4 R T
25%, (E{FREREAE B BORANAE
2.3 JLEJHER

TE2 3] 5 O M ST AR TE T A0 SRR (LA LA A 4 5
(T4 FIARAR, TR 22 5], WIALRE AR A\ — R 22 ST R T, fEhs
16 D (AR R L, DO ST TR 55 s B Ak — AN 43 2R 7E T R
R R TR DL R, 0 TR 2 ST A R I B s LA T2 5] 1A R
e NEEAS I BR 3 T2 — . 45T VinyalsBg 4067738, T LUK 62 =1 %14
HERRFEIZR: FTRER I TE2E SIHAR s 3 TR 7627 STROR DUR 3E Tt Ak
FITERSTHR, LR AR = e 2 =T B RBEAT S 4.«

231 ETEERITHEIBER

HF E RIS A EORE) B ROt R o, ol HRFIL A BT R,
H T HLARFAIE 1) B R AU SRS i S R, TR E TR 5 MOB AR 55 16, AT A
i oREAT R IR o AEARZE M ZE , RPAE ) B i W U AR AL 0, Sk TR T
S BN F S AREB 5 o SRR A CRIAR R A B BEAT LU, BETT 22 >0 %
WIESS . BEJETHE M E RIARLEE, B NS O R R AU e, 84 58T i
NSRBI BAT A R AR ZE AT RE PR
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% 2% RiERfeib e W% L A%

ST BB IEOR I “2 317 KRR F U T B SO E I, 3T 3R
RAESESIHAT S0, WA S AT A28 Ak, H SRR A o ] b 536 K
VISRECHR, TR & T IR b2, e 5 R LTS8 “2257 , %
ST 55 2 IR BB R ST 55 (06 2, MR AR LMk 53 B B 25000
2% BT BT AT 55125 JELEAT IR A 28, BT 2 B 2 55 1 — MDA A
B Ik, FARNKE o, Flocy, S oy S, FORIUREAS 4, 35 M
FERIER S . JRJE, St LERORIRE Bl Ay, o (R LR Sy LA, 7T
DIKHTAR AN AT ST, Bl FRARDL S K, e b ey T RT3
FE—MEET = (DF™, DESYFI—AF A x € DFFS, 82 i T LA AR A
Beko T SUBLBUNZEY LRORESR A5, A3 S DR M AR AL AL &, ]
DUF 2 2.10 3EAT %7

pe(Y]x, Djt_;ain) =Y rye ptrain Kg (G370 /I (2.10)
]

A5 A ] 25 38 A T FE R R P T0 25 ST BURTE AINRE AR 5 S) IR B vh 0 A
F o AT A P L A SR R N2 0 B AR N SR TR 70 1 R AR, 3 — REAEZE 1]
ML R 2 T N . TR, ORI —Er, BRAR
BRI AT HE G R, a0, — N9 ml S HAR TS R (B 6 & A2 B 5 — 304
AREFAT 5 LIHFAE, B, 5 BRI KNG, B W48 o T A
MR ERR, DRBEISEHMRE SRS A7 XESH, LR 2t nT Ly
BB T PR VE AT ISR o UG HE R 28 O T2 A R 4 tH B, e AT T A% 00 JE A
FATE, HORTENEAT LB, AR5 AR BRI 45 o ANTR] U7 T UL C I 2% ] AAE /N FE
ARG R AT ISR, I HAEARRURE s b, AP B S R, T2
i FH AR SZARBLRE o ERIL, DCIC )£ B 1 28 A I 2 IO A B — 73 R4 55, VEREAR
Y VLR, X AMREH TOPAG SCRPEE A W AR (B G &R, M &
AR5 SCHRFEE IR AR 3 8. thdh, DTG Y484 FH = Jo 240 AT I 25,
SR TN B 051 2 R R B B AN, U] sk IO 4 iR AT AR T 5 AR AR XA P St L AR R
BATUIGR, W RG22 (R R B AN /N, X 4 AT 48 5T . — ki,
DCTAC X 286 FH 65 T2 A X 24 B SR 3, T AR B 5 A 4 1) L ARE AT 45, 28 A I 45 B 1 B
WZRE P, JFAIR U 7K F A (Class Prototype) MRS, ZJF7AE
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% 2% RiERfeib e W% L A%

— MR A I 1A &, XA AR IE H R RN SR T . SRR RO
TEADISG L, EMEREA IO Z R, 75 2R AR
S RIF AT R, AN 5 A SCRFERSC I BEAT LUAS, 80 Tt
PR RN IR FRAR T TR R B, K A B AR T 5 B LUK BN RN D ZIN - 5%
F I 5 T2l i o 222 00 29 5 AR TC T o 4 0 R ) 2% o PR AR BMPE JBE 66, RN T 2%
AEE, EIOQETE EMRR. &G, 1EH BRI BN A, 2
KT — R RS LY, N BOAS [F) B 7 #E 4T S F 5

XS TR BRI 32 A o B AR AL T 0 A B AR 5 M B
{7y T IR AN TS B AR S BAT PR, DA AR S5 BN, DIl 2
MRER. SR1M, BT AR H AR 5515 B B BB A, 2 oeillid e 55
5 70U GRS (AT 25 AR DL A FLIE 59 BT, W2k M RE R Pl BE 2 T FE . thah, 41T
Ci N NIIPOE TS Rl S E i R € N

232 ETFEBRITGEIFAR

TR e ST — AT RAIS AN D00 B & S A IR, AR AE T
X AN TR 55 I 60 75 AKX AN B & B N IR, IR MBI T B & 7 i Y [
A2 2% . N EBYED— MEST A RS W ERAE, BN —MESTI, #A
K RHT 55 SCRFEEAZL B AL P AT AL B . [RIBE, T REAMESS KU, AL A3
IRASHS AT LLIREL B R5 R A OAS 2, FF LR B (0 ey A A T o e T 33000 &5
FIEFET — R ME B A BB A RAE, K2 T Y ) 7 27 =) BOR ] B AR AR
o BeAh, O VAR B B IR IT ARG S, 8 & EH A s T
HDRTRRVAY 321

TR e ST HROR TR A X ISR 0 A, ATRARAIE 2,11 34T 3R

pe (Ylx, Djt{ain = fo (X, D}{;‘ain) ........................... (2.11)
HHTGRRTS, DR AT S TS F4E, fRORZIEAL, oRI NN 2

.
B HE I B TRE A 1 O 2 ST R = 1 A2 B v 22 ) 25 144 (Memory-
SR 4 U BEA SRR AR SN 2

15
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% 2% RiERfeib e W% L A%

RS, SRR B0 PO DA A A B 2T T 2 U 0 76 )
IR R RG5O R 5K 2 O T e B 0765 )R ELIZ R 3. 751
SRS, T T BB I TR RO BRERETE R, (2 B0 e
ORI, VSR, W T ARSERERS G 25Tk, S bk A LT
BRACRIBEAAE .

2.3.3 ZTFRMUBITCEIFEAR

SE TR I 7 125 5 BT A 7200025 51 BE R TRD i SR IR A ke se B b
ST T TRACHI S S, AT LLES A SR — AN SR P R . M2k
By MR I 5 R A S R i 2 PR S 3B AT S, 90 SV P S 7 s
WAMNERTE, A FHES PR # T LS Bk, AT LISt 2,02 T35
p(YusDﬁum)=a&w@D¥mw%)(x> .......................... (212)

J

HHfRRYAH, g R BRGNS, T LUE DT 5
K B R Ly A AT 55 X2 ST B IS 30 AT ST
2.4 FENGE

A5 P 58 25 MR RS R 28 P 4 RO AR SRR AT 7 VA2 PR 25 A
AR EIEME B | IR EWR B, BRNE LG I SR LR B R B
BRI AR ) 2R S ThRE . RSN T B R B HRALA = Fh T
ARG BT TR 3 %55 4 i TR B R4 4 DL
SRETFRAHITCE ST IS I GIEAT VELIN 4.
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% 3% ZREANBKEBRELRAL

B I3E ZREMHBEGRERMS

FEIRFES ST B 250 07T, DNCNN 5 UNet #SREAE 11y 2 0 25 S o) B4
HEAT 2R AL BE . SRS T B2 05 . AR A PR S, L2 e R 74
AR B, N7 imEmRM i EBERE, ARFERIEET UNet dEATHIR L,
BAEY KRS, B R EEAT 2 ROZRHIES B4R LS 2 ROZRHMEE B Rl E
15 W 28 BB AR BUCE 2R AE(E B, AT iy 25 M X 2% O 1R g
3.1 LB MRS

3.1 R T AR R AR A, LA A AP B, BB B
6 AR I R RUSE BT 208 2635 — T BUR () 2 AR
JRUBE T BRI P R R RSAE, R85t 35— B Beit) UNet™ 7 4 45 5055 — B B
SR AR B BUh, A IEE B BUROREE N 1 BB M R 1 2R, IR
W B AT 2 RS RHER &, 7ER S R ep S IR A RS,
R 0 PR 7 R R A A PR3 8 BB UNet Tk,
GCEEC SN VT

HREE

B 3.1 ZREMMEREGEBRMEERE R IM

3.1.1 B MAEAEIR

LT IO 2% (¥ P e 15 25 T 0 4% e 8 SR B IR AE A5 R AR 2 R R R AN T
g, MTERE S, EIREMNS AR TRERE E 2 E R, RIHEERE ML
REEIMER, IamH 2 H BRI ZEM 4 AR, #ZM % (Residual
Network, ResNet) J&%F b &0 ANRZE A AR, 5k 22 W 265 5 35 T8 X 45 1R 4544 5 X )
NP 3.2 T/ e 52 I 483 o e FH ke 22 e e ) JEVARL, P SREEDURRAIE 1) I B R B iR 4y
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% 3% ZREANBEGE IR %

B NRF AL, AT LAAT RO R FEE X 28468 P2 11 S ot JSE M X ) il S22 I 2 AR A —
JEH I, ERT AL X AT — R R AN 5s, AR BTG X T A
xPRIPRZEBRS, ATEARIEA 3.1 #4730

HorbH (o) /T ARAE I 3.2 AR J2 T ARR AR ZR R TH IR o B 22 P48 A% oL
B AR A BT N RERIE R, PGSR, B2 DR, B
Jo PR xR IEFE BX AN AR LM Lo IXRE AT DLE SR B R ALE A I SO ROk B
bR R ONAFAE, T R G ) 4 I TR I S BRSO . ARSUJESEAE 3.1.2 7
56 F B B 22 T TR B RO S 3.2 T HRHE Al v B A P B A ik 2 e 4
BAEKANZRIRZ P45 o

ReLU

MR

-+
ReLU

(a) BiEMLELE (b) BERLELE
& 3.2 LiBMESHREMKLEN
3.1.2 REBEEEE TR

— K R Y B AR R DR RS, 1 AR DA R S, R
SR I 2 4ERFAE R, AN A 03 38 AR R R B 5 A R R AL, B2
16 T8 Y3 5 B AT DO R I P AR A [R]85 4 0 T AR AS 5] AR, AT SRR 17 R
5, PR T R IR R . S YRR @ E A FALE, AT
PA— 5 FE P E AR A AR Ao 228 I 0% 1 068 2 1)L AN B0 D 1) 8 o e 22 Sl T o g A
Bt (Residual Channel Attention Block, RCAB) ] LLB1E 2 3k T-H% Z MK 13 & o
B 22 S8 38 T AR AT DAL 9 2% B0 78 70 A AN RV TE 2 [R) B 50 3%, BE A i
WU R R RRAE, I LR 8% 58 0 s S A [R] A N R, LSRR AT R 2 S B
HH TR 5 A W S FRARRAIE AT B o I 4% [ 2 e

7

N

@

ﬁ
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%3% ZREANERREERL

i BEE
input TE—» —-> output

(a) REBEEIEIER

L L Rl
(b) BEFENE
[ 3.3 REBEIENERAILEH
W 3.3 PR, FREMIET S YOS R T IR EM ST R, HNESNS
BREMZE AL, XAFETAEIEZ St 5, SGAIN T — MBTE = ) B LR 4Lk
JELeMER =, BEJS B R R N AT AR, IR R I B TE T R ) JE R T
I SCHTHE 21 (106 R A ] 388 108 Tk (A 2 (1) Th R o BT VR T 0 )2 P 0 2 xod B ot
1T Ak, AR, RS8R Sigmoid e, B 4 PR 25 SR T A O\ a4 7
FRRALR. B, TR TREMS (3.1, Hx3.2 Mk 3.3 KRHE
ZEMIE R

H(x) = CA(conv(Relu(conv(x))))- - -s-seeererererememns (3.2)

CA(x) = sigmoid(conv(Pklu(conv(pool(x)))))@x:+eeeeeeeee (3.3)

Hrhsl 3.2 WH)FRRATCE 3.1 FrifBIM AR R, CARRIBIET &)
JZo

3.1.3 AR L

TR P B b AT T ST R 45 A5 e UNet, UNet B L2 7E R HL 5 2 18 40
FUES PRI, WA H TR ERBEG S RIS . ERAESNE THRAREER
R B AT ST, UNet /98 3 20 1 i 45 | SRR E A B T IR 23R 55
Hasy el 3.4 Fror.

ﬂ—l Decoder s
Eﬂ (b) Encoder5Decoder
ecoder|
__*

(a) UNet, H13EEncoder, Decoder, BEIXELHRE (c) BEEREZ

3.4 UNet HERLEH
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% 3% ZREANBKEBRELRAL

UNet %20 k% B Encoder 5 Decoder ZH 5%, #8545 1) 52 B BG4 F 42 H
HEEFS . 0T Encoder Sk, HdEM FZ BT EREABK N R, EE
HOMIA, PEHCE) FIRFAE 23 3 2R % T 4% - Decoder MR JZ 21 I )2 U 75 Z25%+ Encoder
PRI BN RS PR R AE BB I 73 R 2, RDIEAT FORFEERAE . (B MR R AR B
DR EBAE —ERE LR TR AT A, WRECE % A BE SR TG IR
UE_FRFER IERA I o B, D9 1 SRECA 20 Al 5 5L, UNet £ Encoder 5 Decoder
Z AN T BeERIER: . 247072 Decoder BARIEA =20 HERAGAE, (I E— 2%
[¥) Encoder 447 = 7> HFARAE, DA 0 A8 H BRERIE HEKE 24 1T )= ¥ Decoder | R4 /5
[FIRHIES b —JZ Encoder S BX B MIRHEFAT DI, 19 2058 70 3 10 5 UG s 43 e
55 o BRERTE RS TE S KRS AR B N AE VR 2 5 1R B SR R 1 R A5 e 75 R AR,
2~ Decoder H 4 5 7 HF R UG IR it — € IOAHENE R .

AIAEM T 3 2 UNet £28Y,  [A]i %) - Encoder &5 Decoder JRf# 1 eieitt, #5
JRA< Encoder 5 Decoder H g £ K 1) 387 10 5 AR 5 480 A 9 1 B G ) B 22 S TE T
B, TR B ORI B S R I M RE R I

3.1.4 KPLRBURSR

ARG AR ) A B B AR AN TR RO S AR S R (1 Rr IR 45 2 A
UNet W25 HI5mAN, ARSI 7 220 U HEAT A [F) RO RF AL SE B . R ik
LSRR A 3l i AN AR A AR A, AT A S B AN ) FRUBE R W P AR AL A5
S, DAEAR AR 5 SR M A BRI E R N A . AR B far A\ B UNet 22/, X R4
WS R AT A R R ARG AR, i RURBGH AR RER 2455 EE B, A4
(7] ]RURE 56 BSoxe M o ) S SR ARFALE S o XA T DAASEASE TR B i 3 I A [ F g
N, SRR S R BRI A R 2, WG IR Sk ZEE1E
TER IR, HPR A an Kl 3.5 For.

& RN

input output

=R iR

[ 3.5 HHEIREVER A RREEH
X FARHIE SRR B, AT LU 30 3.4 HEAT R OR -

F; = RCAB(convdzi(x)) ................................... (3.4)



3% ZRAAMBERERRNL

Horbx M= B fr, F 2 RRLiR BUR TS 22 B A RFIE, convg— R 2
Hd = ifGRIZH.
3.2 RHERLE

XA AR, B TEOL T, LR RITR DR, SRR ARt At
. (HEEE M SR NI RS, & TSR W28 SRR R R AL [ PRS2 AR I I
AW, BRI R . IR, EAFB B H, dn RO £ —Br B
R RN —Pr BN SRS BB B 38R Z M S 1R
METCIEA RbAL B 2R JZ W 2%, DA 7R B i — 2877 R n] e ikt S X Aot
TH R 1

Pt CAEAR SCHR Y R o, (R ARl 5 (0 532, R AN R BEHAS A RUEE
PRI P R FEREAT R, XA RS AT AE — B R a8 i) b, BRI AN ]
HIRFIE T BE S AEAN R IGO0 N AHEAE T o AL, PR &t ] DU IR 2 M 4545 21
F R I R AE I, RERT REMIRE Y IR Dy I 2% J2 B 2 1 0K R X 2 AL D
AR, AT DU AR AL RE 7T, SR AR EE BRI

3.2.1 & RERAESRE

R R N TRE R, AP EJciame iy, Hmg s i e e iR 20 A0,
i R S I KA DT IR AN B R 1, T 3R SN R A SRR BRI 7 A B AR A
AR

il
5 R P 2R o DRIE, A e 7S FRORFAIE S R A 1 T, 1 LS s

HIRFE I SE O B A% AWRE, HoAidEAY ST, TTREAE BUR th R de sty (1 70 A8
NEER, AT 173 AT XML, P A s AR BT e 7S S A BR

G A B, BRI B R SCE B R B S ROV E L A, R
SR ARERBCE 2 1 LT SCER, X T RS, IR B R T
0 )4 12 20 S S 7 AR AL o 5 A 222 I 2 i T DA P P 7 R B K ) UK
SR, R R KIS ORI R RS IE, DO ERIZAE R, A —
RGPS BT E BRI YT b %, RSB R, HXEd g
IR 24 S ih S 59— ROy st A A IR RS, IR R s
BALII A B Aok K2 B, HAE IS HE, Wil 3.6 fr, £k
F73 X IRPHIBBIRLAZLR, EEERIEZE N3 x 3, 2REN 2 K2FHE
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%3% ZREANERREERL

PBURSZEF N5 x 5. FAERE ST EERSEEMFER, " CIA BRI
.

(RN O 1 LA 8 B A 2 A B 25 B FUSE Mg R AR 55 |, A SCE A FR
7N R RS2 B SRR P AR e P BEAT RS AR AR B o AEAN R RURE T $R U P AT RES S 47
bl 912 45 P AN R 7S A2 AN (R RUBE R FRRFALE s[RI LR RS AN R RUEE - AN
RUP) VAR MR 75, i i TR XS A [ A AR e 7 5 R (R P e 5 B e, A8
AR TR AR o3 AT AR P 25 R A 55 A S (KT ALk

-

(a) EESHR (b) =RAER (ZRE=1)

3.6 HBERETHER

322 —HrBAR RS

— i BRI R A L S B BUR R AR EEAT, O T S BB BesE —J= Decoder
HEEME AR AL R, R BUAL T BORE B — B BRI B BUE 545 R 5 Decoder 51
P RFIE e 34T — I BORF AR R &, RERF AR R & 45 AN N — B B AR 2 —

Res! 54FHREY
=R |

Foe, N S &
&R =R i)

F[%ecl I

3.7 —M EXFHIERY &
TEARTHEH PR g, 55 —F BeRr bRl & F RS FE an B 3.7 fos . AT LAH
A 3.5 TR IR

F! = RD([RCAB(Res"), convg_y (Fec, ) Fhec,]) -+eeeeeereere: (3.5)



% 3% ZREANBKEBRELRAL

H R FRRZE I BAHER S A R, Fpec, %858 — )7 Decoder =& i 1)
50, Res™FORZB I BCEME A RIEME, RDFRXN PHER RS AT #E— 2D
FRAESRBCE BE4E o 31X BLF 20K 58 — B B i) MR 25 R Rest 5 %8 — J&= Decoder i ! )
W PR IE Fpec, BEATRRAERAL A o BT ResU4iH B F, BT DA ZE 50 Ho 4 e 75 [
FANIEAT b3, RISE %S Res AT HFAE SR AR B P REAE o X T Fpec, » MM TR EE
HFEAMIRFE, I8 75 B8 FH 5 K RS2 B 7 F e, DHRINE R R MR PSR IE . )
¥t Resy IHRFIE Fpec, MAFIE Y Fpee, DI 7 NATE— S, AL A A5
POkt — DR AU PR AE
3.2.3 FHrBRHMERE &

FEANLE I 28 1 AN [ Ja 52 B9 o M P R AR SR BRI R 00 1 5 R BRI AN AL R
JERIMEFERF AR 5 — B BURAE SRS T SR IR 1M A KR I, 28 —pir BURFEIRRUE
IR AL, PN B BOSL A AT DL 3] BUANR RUBE (AN R R o PRI AR 55
BT BOR R R BRI O 1 Y e U R R ORI . R SR AL T B ERE
PR, R3S —Bir Br UNet B8R RFAEORAE TR BASE B B bt & . il
AL P B BRI R 8 58— B B UNet AR 2 SRR 1 v RUBE e S R AR 5 28—y
Bt UNet AN[R]JZ 252 BRI AR R e A KA EAT Rl 5, 1528 —pir Bedm g 2% il 5
S B b s AN D A8 2 B 2 RUEAS B, 49 B AR R e A [ RFAIE

JE
&'

3.8 “MEX UNet 4HFRLE
Wil 3.8 Fron, R BBt Encoder T REEZHT, BEFEEZ —MEERIZEM

Fle, REAE 35 75 B 25 25— X1 5502 Encoder 4T Fie, 55 Decoder 464 e,

1 PR F
FDeci ;'*El
7N

1 :"E’Iﬂ R
F Enc; #l*:n\

FEani I
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3% ZRAAMBEBRERRNL

AT AR EAREAE BLREHE— B4R ICH F (0 R AE, 1 B0 Fane, 5 Fpec, 8 F 2345
FATE S RIRSZHT BT VD M m R RHE SR L, B 5 5 Fine AT P, 1331
FUZ T HIMERRAE . T = M IEEDHE S, REERLER, R IEE M
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LA R R RFAE 3R, SR )5 AL — 2 AR T B 4E . IXRE AT DU ROl A
[ JRUREE (1 W P oRRAIE il AE — AT AN INZE RS . RRAERE S S A I BCE R
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Fine, = convq—q(RD([Fin¢, conVq=z(Finc, ), convg—s (Fpec)])) -+ (3.6)

H Fe, 5 Fpec, £ —M B F 252 Encoder 55 Decoder $EHUIRFAE,

Féne, Fn s MBI 2812 Encoder $REUAIFFIE, convyo, £R2IAfEd = iM%
IS5, RDFRXPHE G MRHME AT RRAE SR HL S PR 4E
3.3 SEIEE R

ARSI U B, XA ST 1K) 22 RUBE P B B 15 25 g ) 258 A5 7 e R Dy
MTDNet.

3.3.1 BEHE

N T TSI HEAT RS IR EE A, e dt S B RSN 18 53 B 45 R IC T2 PT 5
IUERY R R, ALk SIDD AT EdE A S W OB SR A D e A iR AR
SIDD #iiE&E

SIDD*" (Smartphone Image Denoising Dataset) &—> T EI% 2 M PEA5 1
HEAE . AT FH B9 255008 /2 SIDD-Medium #idi4E, 354 160 N AFE I 51
Mh, Hrh AN RAMWRAFESE., BARE R, ot 320 A X, Ik
5K BT 45 256256, iR EE & SIDD 24t benchmark JIiR4E, L4 40
AMARFERII A, HAfAN 54 32 5k K/NA 256%256 11 Fr, FLit- 1280 41
%
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SCF, ISR A AR R SCFE M 5EBEE X, R T R AT RN 28 08 51 52 54 1)
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PR R EE — PP PP A S Bt SR AR S IR 7V, 2 7 B 2R [ T
SRS HE AR U, R] A LA e SOR TSR A PRNME 5 S 2 18]
FIEEE, BDFINME S HSHE IR E . AR MM 2g b, G5 Ay AL
T RE 08 et HOSHE, 208 S MESUR BRI iR 24, RIAT ik
R TINS5 ROF WAL A, XMREEWPFOTR . EHEEI T, R
/N, TRINME S SR I B B B s, AT Ul I T 25 2R IR . CNIN i
AWHIZR, PR R BONIAL H bR, &S, BEME B mtERg . 1K %L
AMRZH, B, AFISER PR — Ok U th 7 A A R RS R 45 25 R K. 8

HAT LIORE 5 K B 073 N RTA 5 70 SRR o et 79 RAE 55 I R Y e 15 11 7
KHIREST, R BUHEAF 0 REEA P IL XA 35 2 /DR o (8] VA4 55 T 75 22
BARR Ly, EORETINME S B B AR, AR 0 2RAE 55 R SR IR
IR . EMAES B E OO TINME S B SHEZ AR, J& T IAESS, ik
N SCHUREX B AE 55 8 A8 A5 % pR B0 AT 1T 18
L1 #R R

L1 Loss I FH/MEIRZE, 1R 2250 FSIAE AT TN 22 8] i A5 22 A 28 0B R 2
Ao AT 3.7 BEAT R IR
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