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Abstract

In order to study the development and current situation of variational regularization multiplica-
tive noise removal, this paper first divides the models into variance mean, maximum a posteriori
estimate, I-divergence, and hybrid fidelity multiplicative noise removal models according to the
different characteristics of fidelity terms. Then it introduces them in detail and summarizes the
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models from the perspective of fidelity terms and regularization terms. Then through experiments
the effect of model fidelity term for different types of visual presentation, and restore the image
peak signal-to-noise ratio value and test running time. Finally, the trend and prospect of multip-
licative noise removal in the future are put forward, such as the setting of adaptive parameters,
the improvement of solution speed, image decomposition denoising and specific image denoising.
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min {L} (u—flogu)dxdy+4 [ ¢ ((Wu), )dxdy+24, [ ¢, (||V|u||)} (29)

b R NTERESHL 0. g, BIOESL Yo (Wa)). Yo (V) ZFAESEULE, 0.
i=1 i=1

@, MEMIE XA SCHR27] P A FEAE N 4 . BARIR AP IE AL S8 AR M, (BAE SRR RN, ik
W FCTE — 58 25 10 T RIS, ELRBERL IR A M — A7 7E o ZERRYSR g 10 1 A2 rh A FH 28 Al MU 7 A T AR

Li BEARAE I T TV A IR D SGURN 5L T /N HE S AR IR U I0T, - 734 L DU I PR i A1 1 7 A 7R A 2 W ) )
I A B4 L ORAF BBO AN GUEE, R SR I R rh B AR IR TR AR N Y, (ELE AT AT I 2 1 T a5 de
ANETTIER S, AT ) L TR AR T R T, T T DAAS B R Y B A

24. REBRBRBE

FSL R M B, AR AT AR M, T8I BG5S e LASEELE, 40 DZL TGV,
HHTV BRI R E . Dong £ A$2H T DZ HEiRU[14], ZARAIE AA BERGEERE B o] N —RAEST 00, i
SRR (T T A THEAT ISR S, 43 BRI (R IR Y ) S T B8 o > 2406/, TR T 5
SR, AL T AN IR MR, SR A RN

2
min {jﬂ(log u +5jdxdy+a]ﬂ(\/¥—l} dxdy + /IIQ|Vu|dxdy} (30)

Hrb o ZoR TS, 2R IENESHL. ERMZER AR RE b, 1135 (6 SRR M AL ) SR a0
B, RARD) TR EIUR. DZ BARIEIN—AN $ S50 PRI, 5 R B 31 S B A B8 N
TRETUR A 22 MAP CRECIU AR N, e 15 IRILIUREMR DU I . AHELEE T MAP-S HU3E e fif
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2
min {[Q(Iog u +5dedy + ajﬂ[\/% —1} dxdy + 21.[9|Vu|dxdy + ﬂ?.[Q|V2u| dxdy (32)

Hora FRTIBH A A NIEMESH. RN RARI R R PR S B 7 I B0, 5 AT b
S SO AR R A R AR T . ZER O TZEN S DZ. TGV HUH 8, AR
SHHARET O, TRV & TBH . 2 ENTUTE HHTV BN T MG DZ B FiRerE
FOMTBRORE, BIN W TV, ORI 2 R AT E (R 025 1 RN S AR AL

G LR A (R BRI LA AR, Bai 75 2019 4R T B MU BB T DCA BI[31]. MU (R
U FIRA 1~ S5 7 20 o A P 5 U B B B P, BRI 5L T — R AT 5 6 M
PO, ERIUAS S A A TGV (U) 2B T A R F IR

min [ (u=flogu)dxdy —ajg{\g—lJ dxdy + TGV ? (u)} (33)

H S —T0h 1SRRI, 5 U E R, o RaTISH, TGV (u)5 TGV BRI g S .
PRI (0 SR Aot 2 o {68 P o o B2 70 BV [B20 A AR th (AR AR 3 1) . AR ECIITMHT, DCA BT R
HIUGRARN, 30 TRARDRARI A . IR AR, TGV 1 T fB i B4 h 7y B2 12X bk 24l
B 5 HA ARy AR LU AT LR FFRBLINIA S, A PR MR LRI RE T P 2R BB RN, e L4t
X DREN T B, RMRRCR N .

3. H{ELIE

N T TIN EW b JR fe PE  E R LU B ) B AR, AR — R AR SR B DL TV AR IR 5
PR RY AT S0 R . SRERIE N camera, woman FEIR IS, WE M SRS KA K =10, K=20, Hik
15 1R G8— 8 B OAE S A AR R R R AR X IR 25N T 5 x 107 B k. A SCSER A
Intel(R)Core(TM) i5-3470 CPU @ 3.20 GHz 3.20 GHz MATLAB R2014b |52 5%, JF7E 9286340 Gi— ik Hlik
HY 144 1 e £ {5 M4 EL [ 33] (peak signal-to-noise ratio value, PSNR)##ik ¥k & A% 1 i & .

1 SIS B S e s MR, 38— BN R MR, S5 A AR A /KF K = 10 e S MR, 28
ZHINEE K K= 20 (RS R . A L rrRATT T DUBA 527 e ot it 7 0k BRI 9 52 0 AN R IAE T30
KRG BT, R RGO LT T . 18] 2. [ 3 43 AN FOA [FEEAL K = 10 (1) cameraman.,
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woman B4 1) s M se i 25 5, IGE AR FRAT A HE R ILTE AA LS I-div BERLAE LU Ath DU b 2 R AR AR DA
FEXT R EUR BT EERE . & 4L 1] 5 23 A7 SO RIS K = 20 ) cameraman., woman ({4 1) 25 e 512
BoaE R, FRATRT LB A I A 0 7 KT R AR, AR [ 1 2 A R 22 SRl . 1] 15 AR B Rk
T T R X BT e R AN R BT e vk e 7S ) R BRBUR, H BN BR AR Bk, SCEAIHAE
FHIF 25 N SR BAR B E A R . 8 1. 38 2 0 RN F EEREAULE K = 10, K = 20 B A 7KSF 520 |
MISRIR BB AR, Pk R A BRI S0 HIAE Fe R 1 7S P 2 M A B TE A ) S0 FR 58 % [F]— 152 1 2% 1R R I i
RN T IS AT [R]

JE A K =10 K=20

Figure 1. Original image, noise image
E 1 REG. REER

m-V I-div Dz

Figure 2. Noise level K = 10 carmerman denoising results
2. BEAEIKF K = 10 carmerman BYKIRLER
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RLO AA HNW

m-V I-div Dz

Figure 3. Noise level K = 10 woman denoising results
& 3. 1REKF K = 10 woman R EIELESR

m-V I-div Dz

Figure 4. Noise level K = 20 carmerman denoising results
4. 12EIKF K = 20 carmerman BIERIELER
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m-V I-div Dz

Figure 5. Noise level K = 20 woman denoising results
5. IR 7KE K = 20 woman BIEIELER

Table 1. K = 10 model running time and image PSNR after denoising
1 K =10 #HEE(THE KR EBEEE S PSNR (B

K% &t PSNR (db) it (s) I A PSNR (db) i ) (s)
RLO 23.11 6.15 RLO 25.60 6.63
AA 26.05 6.80 AA 27.36 6.20
HUANG 26.48 3.56 HUANG 28.49 3.79
carmerman woman
m-v 26.85 1.13 m-v 28.63 1.13
I-div 26.61 1.95 I-div 29.03 2.24
DZ 26.43 19.71 DZ 29.06 8.35

Table 2. K =20 model running time and image PSNR after denoising
= 2. K = 20 #RBLETHTE R BRI E & PSNR (&

ESEEA A PSNR (db) I (s) E 1% it PSNR (db) I (s)
RLO 24.92 4.40 RLO 27.15 4.30
AA 27.84 4.27 AA 29.56 6.20
HUANG 28.04 3.50 HUANG 30.01 3.90
carmerman woman
m-v 27.78 1.14 m-v 30.06 1.51
I-div 27.76 1.83 I-div 30.37 1.75
DZ 28.17 13.18 DZ 30.29 8.80
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FAN SR G IRARIR, 2 AR S G G i) GO BB S AR A, X — AR 1 R AR
TR T 22 5 e P KT U BB 5G 2 TR IR A 7T R oo LU BE 2 e il 46 4 o A2 SEBR ad RE o
WATRIUNEE TR, AA BAD SHLEEUR, m-v 5 DZ BAE T S0 ZE B SR EUETE L, H
LR = AR I 2 R A T o B SRR 2 (I ). SIRBGRACR T T 704, AA BT MAP (R ELT
I-div 57 R E R SCIUAE HEAT 25 MR B B Sp st SR BB XS ELE S Bt 2 AR HAR 26§ MAP [z #k
AR (M RS R AE 6T B RE T3 T A AN R BRI R, G H R S B3 (AR T M DR A PR LT, MK
RBUE SR T 734, m-v BERURT |-div BERLAH bE A AR R A 8 i ) PSNIR A HLAE AR [R] (452 1R 20 1 R S
IBAT I LA

4. BREBRKRRIIE
4.1 g

CRE A TR ERR RN RIS IR S5 IR, AHE R IAEAS 3 1E WAL 2 R e 75 i A2 vp, PRI
(4328 BN 45 TR B R, IX — sSAMNAE B R0 IR T A BT ik, 7ESRIG 45 R WA 3] TI0UE, W AA
RN 1-div 158 B S5 RO PR S I000F R R 0T bE RS A S A IR SR 4 R o — S8V & IR LIS Y B SR 25 M 5
R ESHAMBRIA Y, EELIE TR R EHAAXN A, 0 DZ iR, M IFe M A LR I ST 1 A )
B, ANFER BRI  AEAF SRR, R RS A7 I () 2 7 AR AN [F] RS, 40 m-V
FET SAE SO IR AT I A) 5 T A SRR 3, AIXFITT S DZ BB s AT I Al K s 36T MAP-SF 8528 i (1) A 7Y
15 21 1) S 6 25 A BE 5 4 s K 2 RS O L (S R

ZE EFTIR, AR SCARHE ORI R0 25 B afe o1 i 75 (1) A8 73 IE AL R R AT RGBT 4H, IFeh i T LFE
AN TR P TE AR TR Fry FL AR S0 4 S S Bt MAERVR RN S0 &5 TR 5 TR A 25 PRl 1 e 75 1 A8 43 IE b AT T
FHRAHT, AR PP 7 SO B U UMY . 5] 5 3050 B IR 1 St M 75 R i e H AT 1k
I T e S LB, E RN AR ST SRR A 43 TR Ak 2 R afe R e 75 1) V2. 38 0 o iR AR Oy
IE M 2 B et e AR I AN R, B L/ 5 22 - W(EBETY . 5T MAP FERL ., B IR & R Y
FAETY I AT BAREL 3B 28 =3B 20 6 SO 3 04 1E DU T00AH 7 PR B IAN (] A A i 47 S G, MDA
BTN J7 1M FE 778 43 TE Ak 22 B et e 75 rh R LI VE FH o S AE SR DU 049 R AR SCI 2548 SR Sk mT
REMIR BT 1A
42. KFkERAE

BIEN SR BE . AP R, FEBUAT A 7> IR ARV e s K BR iR R o, Seie 20K BEE #R 2
PUERIRIMER . SEEEAHGE R T2l iiE B Z MBI, IR A 2 S0 75 20 S R I
] 74 0] DA B B AR R S AR 25 R o R Xt TR AUT AA BREBLIXMON TAIAAE RS M BUR IR, R EAE T
S I ()AL TR 1T ST . ARR AT BUR IR 2 ST MU E N R R (2 2 8, IR JEARIE I 2R 1 2 4L
REEF EGIE DR R R BRIE N, RAN T EIGRGLS HES A d R+ .

SRAFE LI . BRI RE T, R 2B HAF AR Ad FE AR 1 . Bilin AA B IR
A AL ELE— (1, (SR RE P R OB 1S, — ELIRAR RO 2 At 7 AL 3 KB I I R A 3B AT
FEF b, NLTV B, AR5 IR AR B R s FE i 4 . IRIbE, SRR —J5 T ) Tl A7 A HLME
— AR AR T RS SRR P SO I SRE T TE 55— 3 T X R AR SR R R A et

BB LN ROREEE RS MER AR, @SR RNGEREE, HEK
{1 DX IS ST PT LA AR IR o 2 TR 5 (10 25 B v 26 K 22 BB R R A R R A — A B A EAT R A 1R 2Bk
A7 B K2 5 R R X I RFAIE o AR e e 75 T AR PR Mg P iy o, W P R BB 15 5 0 B O 8 T
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