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A Study on noise removal performance of the extended total variation filter

for the restoration of images degraded by the mixed noise

Sho Miura', Hiroyukli Tsuji’, Tomoaki Kimura®

Abstract

Total Variation (TV) filter is a nonlinear smoothing filter that is suitable mainly for Gaussian noise

removal, and has an advantage of preserving edges of the objects, comparing with the conventional

linear smoothing filters. We formerly extended the framework of TV filter, so that it can be applied not

only for Gaussian noise but also impulse noise, which is called extended TV filter. In this paper, we

applied the extended TV filter for the restoration of images degraded by the mixed noise that is

composed of both Gaussian noise and impulse noise. In the proposed framework, it is required to

detect spatial positions of impulse for removing the mixed noise successfully. Therefore, we introduced

one of the most efficient impulse noise detectors we formerly proposed, which is based on Gaussian

curvature of the image surface. Through the several noise removal experiments, it is verified that the

image quality of the restored images is effectively improved, compared with the conventional filters
such as original TV, DW-MTM and the hybrid of switching median and bilateral filter.

Keywords: total variation filter, mixed noise removal, nonlinear filter, image restoration

1. EFAMNE

F 4 VAV EE LR OREILT 4 VX UE
BB T D EE AR RO — > TH H[1-4]. HEF TR
L AU RHEE & A OV RHEE O RO SN, —
RN 2 BRI OMBEE S LD Z E 3 E U [1-4]. L L
TR B, T OHEE NS LT IRAHES Wi OMESFER
EIZIX, DW-MTM 7 4 W EZRT 7 2 — 7 4 VX DEE7R3E
WIE 7 4 VIR DNIRPERN T L FERRE ST
%[5-6]. —J7, Total Variation(TV)~ o /L& [TIIXE{EN D
Ty VERIF LD bW U AMEE & L R 7 IR IE 7
A NETHDHN, A 7OV ZHEED X9 \THE DB N E
LWHEEIZ DWW T2 72 B e TE e & v 5 R
Ntz KimLTIE, TV 7 4 VH TR A o0 24
BEDRMIBRETE DL X2 UWFELILILE TV 74 0%
BUZEB L, ZhaRAaMEmREICEAT 2 LICkY,
Z DOMEERENEREOMGEAIT 5 .

SCHRISICIX TV 7 4 VA [TIOM A A JEE L, T T A

HiE LA 2OV A RIS EAE L7 A e =
BOEIILTIEICOWNTIHRRTND. ZOTFEE, 12700
ARNEHZ KV RRE STz A 2V A RS & BiR O K IE
FEEZ, TVA LA T 4 U TEONC X 0 i+ 5
LRIBEC, ZOMOMEBIZIZI TV 7 4 VXL o 2
B OB AR AT S5 Z LI L0, IRAHES 230 R BR
FTBHZENTRELEAR->TWA., £ LT, XE[10]TIE
TV 7 4 W Z DFFOFIFRNRT A= A B 52 bz AT)
[ OO ] S A S IS A b S B - 2SR TV 7 o
NEEBANT D E LB, WA DEEHEE T D FIEIC
DWTIRARTWNAS, & HIZICER[12] THEEE % mik ot —
ﬁ ) v RZER1 BICEE S iz dhim &35 %, Efig s Lo
RICBT D 7 AEEZRH T2 2 Lk v, BEEMES &
U7/&Aﬁ4/AwX%%%%Ei<@m¢é%ﬁ&
TR DWW TR TS & 2 TARRC T, SCHR[10][11]
DYVARAL /R T A — ZHEETE & STER[12]D A > 7L A B A
FIEEEAL, R TV 7 4 V2 ZRWTRAHEERET



60 ML~ e B-38 (2014)

Spatial Adaptive

Uiy TV Filter
Impulse Region
D A= { 0 ey)e b
Ag (¥)E D
Gaussian Curvature Determine
Impulse Detector U A
[l
Ag
Smoothing
L— Parameter
A Estimator
Coefficients
A _ P:q

obtained in
the learning phase

X1 HEIE TV 7 4 V& 2 25 LRSI

EOFERVEEZRAET 5 Z L 2RBD. U X > TR
TEETDHPLETV 7 4 L Z 1T Chan 5D TV 7 4 /L X [13]
RTV A A T g TR EJEE L, 20, b8
TA =B ERET H LT REHEE NEE LS
AT AETRENE L VB TS Z ERTRETH Y, K
TR & OEAEFEAT, B 4 LU a3 5 2 & TAGR
LI CTERAT IR TV 7 4 VX OFM AR

2. VRBETV 74 L2 DR
SCHR[S] TR SN TV DILE TV 7 4 L X TR TR
Eha.

JTul = [, Vul dxdy + 22 [, ,(u = win)? dxdy (1)

ZIZT, DidA v OV AMEE S EE L fEEE, 2 \D X
ZRUANOREIR A RS, DO 2 HTIE, A 7L A%
HEWEE L TOARVEIK 2 \D 2% L TORBSMTH
NTHWDRICEERMLETHD. £, AJITOE L
a=(x y)ICBT DT A =2 ThY, MBS
J UCRIZE & LB/ IS8 TR LT L = » 7Tt
7o B U & 2 O JEFE O ST HEIRIC K0 ) 2R E 3R
ESINDZ L5, VIR TV 7 1 v DR % R~
7.

BT EVIERTV 7 4 V2 IIREL 3OO T v v 7
MO SND . — D HEITH U AWML Hnio oA LA
T JNER(Gaussian Curvature Impulse Detector), -2 H I3
/3T A — 2 HEE i (Smoothing Parameter A Estimator),
ZOHEZEMEEINE TV 7 ¢ L4 #i(Spatial Adaptive TV
filter) Td> 5. BRI, FIL/ 3T A — 2 HEEF T,
AT ST HCEER ) D BRI NT A —F A, ZHEE
L, A~y 7 %M+ 5. £, TUAMEEZHN A
2L AFREER Tl AJ) ST B LBR D5 A L A

BamitL, TOEEFEEDE~ A @} s LTH T 2.

Z LT, HERHEH N H TSN DA 7V AEEEK D
ERFTR 7 PR T A=A AWK 1 OB
Alx, VB E 261, Thafica 7OV AR EIEA v
sV AR ERRT D Z LT D . ERRITITIEE TV 7 ¢
R DFERETEE LT, Chan 50 digital TV filter [13]

2 ERICHWEZ AT T L

PHEHTL. ZobE, BREACBITDIEETV 7 44
OINE, K@) EEY 2R N FYKET D Z Lk
TkdDHNB.

u® = Uin
pm+1) — F(u(m)) (m=0,12,-,N) (2)

F(u,up)la = 2 ha[g + haa(Uin) g
B~a
- :“(:‘,8"’(1 IHEEa & ‘8 MDEEEL WA Z EEFEL,
Ypo EEEQCHET 5T R COBHKP (KT 5%
#3. T, XPoT7 4 AV X2EEE, TFOXRTHE SR
5.

Way
how = AXY)+ Yy~aWay ('8 7 (1) 3
llﬁ - A(x’y) (B — a) ( )

A Y)+ Xy~aWay

SR SR O
ap [Vaule |V5u|€

(4)

I CTHFRaOEEE(xy)E LTS |V ul JdEFal s
V5 R AT S Bl B (Local Variation) T&H W, L F O TER S
ns.

|Voule = \/Zﬁ~a(uﬁ - ua)z +e

ZIC, & IFHEBOFEHEIZ IV THREM SR LR
WD ICEEFE EoRUENBEA S EERTH Y,
SCHRISIIC > Te = 1074245, LLEIC X - THEE
TV 7 4 )V ZITRAHEE OBRENFREEL 72 5.

3. HRER TV Z10LA~DE FF S 3iE. E 25T

JEBR TV 7 4 V¥ QLRI PERE A GET 5729, 1k
TFIEL OHEERZITH . 2 Z TIXEROME L LTtk
EBXOIEE TV 7 0 VX O BRI RT A= B LT
T 2 B OFEECHE S OFEFIZ DWW TR 5.



A MEE IR 5 3 A9k Total Variation” 4 )V & OMEFFRFMEREICBI T 5558 (=0l - ik - AR ) 61

3.1 ERE

AFR I T 7 AMER & A 2OV AHEE DSRAE LIRS
MEFBREZ %I & U CILBRZAT ) . LR D 0EiB X
T AT DBREIZHBTH D Chan HD TV 7 4 LA (T
V)[13], {BEHMEFBREIZEFAY72 Double Window Modifie
d Trimmed Mean 7 4 /L% (DW-MTM)[5]F X OMUFAG 72
A VNV AHEEREFIETH D Switching Median & T 7
AMEEBRFNTAZ) 72 Bilateral filter[2]7% AV 3 5 T
(Hybrid) & 9% . 723 Switching Median |25~ A 7
EHRITIEIR TV 7 4 Vv Z THWD A 7L AR Egs T4E
FENTZHOERNDZ LT 5. £72 DW-MTM (X 3CHk
[S]1ERIEEDXT A =% T 21T 5. £ IRAH
FNCRBT DA 7OV AT A 27V ARG L - T
100%IEREIZIR T L7285 %3 2, SCHR[12)Ic88 1 B 1 vo8
VAT DEO~ A7 EifgE AW CIREIEEZEH L2k
P HARRY 72 AL (Optimal) & L CHoR T 5. 9725 Op
timal OFERITRBIEEZ AW TZEAOEB TE 5 E LM
HED FIRMEZ RIIEIECHD.

SEBRICAE A L 72813 20 OB O SIDBA SR EEIG TH V),

9T 256X256, 256 FEFA(Sbit)D 7 LA AL — LE{EL T
L. ZNHDOT A MEBIZK LT, ¥ 0, HEHERZE o
=10, 20,30 OHF 7 AMEE, WEEMO 15 255 £FTT ¥
DITHAET DRAMER 10, 20, 30 %D A > 7L 2SO
W#H &2 ZNFNEE ST 9 NZ— 2 ORA MY B
BEERL, &4 OFEICHEAT 5. 26— A
Wi & RS A R U 7o F e ORI R A ), SRR IC B
ENDHTHA) LD EROMEFEZBELTND.
LR TV 7 4 W EIIRENER O 7 4 LV Z TH Y, ZD
SRR A2 R ET DI2H720, STRIINIITR ST
% FTV (Fitted TV energy) %3 A9 5. REE LS N

[ SAR AL PR R O Wifg > b S D FTV OB E S, 2 v,

BME Th=5 &L, YUTFTOXTEHEZD.
|Sn—1 - Snl < Th (6)

N [ B OE TRO6) &0l LIZ35E, JEETV 7 4 v 4
WL, XQ)E N BIKELTELADEE
uMELTEHASNDS., COREEIESFIC L > TERE
1Tol=& ZAPEE TV 7 4 V% O KAERFEITEY 10 EFE
JETHY, HBIC KO TN EN TH 7. ]
T A—2 NOHEEEIL, T[] & FEE, K2 127RT 89
WZTPDFEE Lz A oiiEET LV Z2 VS, 20K 2 ol
T VIESCR[1] TR END
A=f(0n 0,)=(pos+q)/ oy (7)

WZBWT, p=170,q=2531 L& ET D, 7oA 27OV A
FRINXSCHER[12] D H 7 Agh &2 T A oL 2 s T
ATV ZLAOTFNEE A, Ho ARz x L CTHEME Th
~Th, 125+ LT 100000, 70000, 40000, 10000, 7000, 4000,
2000 ERRET D, LA EE 2HI T LIZPEER TV 7 4L
AR L CHEA L, SEEREITH

4 PSNR [dB]

30

25

20

15

10

5

0

T T T T T T T T %
10 10 10 20 10 30 20 10 2020 20 30 30 10 30 20 30 30—
——Proposed BTV —i—=DW-MTM ==Hybrid

(a) PSNR

SSIM
0.9

0.8

0.7

0.6

05 :

0.4 — —
\l\ / H\A

03 ~of

0.2

01

0.0

‘ . . . : . ‘ . 59
1010 1020 10 30 2010 2020 2030 3010 3020 3030~

—e—Proposed -=-TV ~=DW-MTM

(b) SSIM
X 3 44 o L% PSNR,SSIM OH#ef%

== Hybrid

3.2 BBETE

JEBR TV 74 V2 BL OISR THS TV 7 4L H
[13]1& DW-MTM 7 « /b & [5]%5 L ONHybrid O BUE#E Hai2 >
WO, Bl & L Cix PSNR(Peak Signal-to-Noise
Ratio)[1]45 & UF SSIM(Structural Similarity) [14]% W\ 5.
PSNR (THEBIZ ENTZ T OMENEEL TWEINERT
R & L C— RIS HOW BN TEY, KREWIZEHEE N
IRV, T LS HUE & BB ZREHES B b b T
W7, 2 T AOFEB NIV E SNTVD SSIM 4
—HEICHWD Z & LT 5. SSIM TS O BRI OB S
O LB O R m 23t 3 2 LR A R 5 5 E Th
% . SSIM DT i & AR E R 28— 59~ DA 11T
20, BB L L 2R DO TED 0 1I2iT-5< .

[ 3(a)lZ PSNRIZ 35 1T 2 £ FE DR IE 5 O - Y 0O S
Thbd. ZOREVIEETV 74 VEB TV 7 404, D
W-MTM 7 ¢ /L% 3 LT Hybrid (2> T\ 5D Z &)
5. RS TV 7 4 NV ZIEA XV AR DOFE LR & L)
LCPSNR HAB L TEY, #2LE, DW-MIM 7 ¢ /L4
B O Hybrid 134 > 7OV AHEE DR AR O EB)ZITKR
EEFBEIN T RN ERNDND. 2 I0bBEZLA
% Z & 1E, PSNR IEA 27OV ZMES IS KR 72 55, 0,
A NV AHEE R RICERE T B Z LR T v
2 OY5f, PSNR OfEITHEEL, #0121 v 7L 2 M 205
MICHRH L, BRET D ENARRR T 4 V% DYE, PS
NRIFEL 25545, LT, BERIIX ()& 4
HFORES, BEMRICHLTrAR N THDLEEZD.



62 ML~ e B-38 (2014)

#1 R LR Fe(0,=20, FEAMER 10%)
(a) PSNR. (b) SSIM
Proposed | TV | DW-MTM | Hybrid Optimal Proposed | TV | DW-MTM | Hybrid Optimal
Aerial 25.23 23.97 24.46 25.32 25.58 Aerial 0.5779 0.5323 0.6511 0.6518 0.5954
Ajrplane 26.58 22.41 24.16 25.76 27.98 Airplane 0.8313 0.5212 0.5304 0.6590 0.8556
Balloon 31.80 27.24 25.21 28.47 32.28 Balloon 0.8421 0.6036 0.4078 0.5896 0.8523
Barbara 23.87 22.32 22.55 23.89 25.19 Barbara 0.6932 0.5671 0.6087 0.6701 0.7393
Boat 28.27 25.056 24,71 26.66 28.95 Boat 0.8017 0.6172 0.5288 0.6491 0.8180
Bridge 24.45 22.90 24.09 24.65 25.05 Bridge 0.6268 0.5735 0.6918 0.6921 0.6496
Building 26.15 21.72 24.57 25.43 26.92 Building 0.7582 0.5603 0.6720 0.6981 0.7851
Cameraman 25.88 22.35 23.43 25.42 28.17 Cameraman || 0.7941 0.4953 0.4913 0.6466 0.8250
Earth 28.11 24.87 25.01 26.41 28.52 Earth 0.7878 0.6204 0.5940 0.6636 0.8005
Girl 30.01 22.42 25.36 27.77 30.63 Girl 0.8253 0.4516 0.4874 0.6371 0.8359
Lax 22.21 21.61 21.49 22.40 24.05 Lax 0.5107 0.4820 0.5338 0.5650 0.6224
Lena 27.92 24.33 24,56 26.30 28.96 Lena 0.8235 0.6245 0.5478 0.6627 0.8438
Lighthouse 24.02 21.07 22.43 23.71 26.03 Lighthouse 0.7269 0.5276 0.5652 0.6619 0.7840
Mandrill 23.26 22.71 23.03 23.66 2417 Mandrill 0.5513 0.5350 0.6330 0.6328 0.6048
Milkdrop 30.56 24.49 25.06 27.89 31.22 Milkdrop 0.8649 0.5856 0.4493 0.6271 0.8726
Parrots 27.87 24.38 24.20 26.51 29.97 Parrots 0.8450 0.5894 0.4633 0.6275 0.8656
Pepper 27.52 | 23.78 | 24.43 2620 29.05 Pepper D.8550 | 0.6288 | 0.5527 | 0.6830  0.8695
Sailboat 27.49 23.00 24.62 25.91 28.20 Sailboat 0.8426 0.5889 0.5974 0.6926 0.8571
Text 24.98 20.56 23.92 24.68 26.16 Text 0.7704 0.5746 0.7014 0.7452 0.8051
‘Woman 27.48 24.70 24.48 26.17 28.38 Woman 0.8003 0.6233 0.5468 0.6542 0.8192
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2B 2 EE (S0 - k- A 63

LV BRWERERSTND. Lo T, JEIRTV 7 4 L%
EIZBWTIEA SV AHEE ORREAIE L <ATHiL D, D
FU, METEA L VAT OBERIEL T,

(ST CIRARVERNA VS AMEE & LTR ofﬁm
SN ENREHETHDLEZ A2 DND. ZUTE1IC
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e~ BERTM 3 K OV RN 2 30 CHRASIED BAF 224k
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FEOHFEZHED TND15]. A% OFREE L TidA 28
TV A FRNER O 1 FEA b, AV o 5 i 14 N O HIEN S - Rk L s
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Original Degraded Proposed

PSNR:22.31, SSIM:0.5949

Hybrid

PSNR:22.00, SSIM:0.5554 PSNR:20.68, SSIM:0.4892 PSNR:21.92, SSIM:0.5327

X 5 ALEEGE B (Barbara)  (0,=30, F84EME=R 10%)

Original Degraded Proposed

PSNR:22.21, SSIM:0.5107

TV DW-MTM Hybrid

PSNR:21.61, SSIM:0.4820 PSNR:21.49, SSIM:0.5338 PSNR:22.40, SSIM:0.5650

X6 ALERRE R (Lax) (0,720, FEAEMEE 10%)
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Original Degraded Proposed

PSNR:24.87, SSIM:0.7899
Hybrid

@

PSNR:22.64, SSIM:0.6554 o PSNR:20.38, SSIM:0.3668
7 LS (Pepper)  (0,=30, FEAERER 20%)

Original Degraded

PSNR:24.12, SSIM:0.7082

DW-MTM Hybrid

PSNR:21.64, SSIM:0.5890 PSNR:19.32, SSIM:0.3219
8 MLPEfE R (Lena) (0,730, F8AEMEZR 30%)






