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Abstract

It is one of the main tasks of image processing to recover the original image from the noise-polluted
image (observed image). The approximate coefficient matrix of the original image matrix in the
wavelet transform domain is low-rank, and the corresponding gradient transform matrix is
low-rank and sparse. Based on this prior knowledge, the compressed total variation image de-
noising model is used for the approximate coefficient matrix of the observed image, that is, the
denoising of the observed image is realized by minimising an energy functional containing the fit-
ting term and regularization term, and the image is reconstructed by using the inverse wavelet
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G=argmin ... {J(u)+pg(u)} (2)

2
¢(u) REIME T, — kA ¢(u) :M v p>0 0 FESE, 3 (u) NIENIT, G AR i
e 3 (u) RIS 25 B IEGE B ARG R, EEEARP I (u) 27 EAFRR PR . AL
JEAE AR oy B G PR RO E B2, R T — P B L, SRS R 5 A A Tt
B FH R 28R B ) IE AR Y e AR SR T 5 B X, 28 =30 W RN A AR B, BB IUES o R s A4 A
TR G E USSR, 38 B NS CE I 4.
2. FEEHME S
W82 3| 52 Mt 75 5 e i) B B BRI 448 7y, Rudin #2174 811K 4248 75 1E Ak A% 784 (Total Variation,
TV) [1]
TV(u)= [[Vu]]l 3
Horh v SKEEEST, B DU, Dyu e R™" 2350 BRI AT Rl B 1 ) 3 8057, W D = [Dxu, Dyu] =V,
WEREIGER P BUEEERE, RE TRERNINZ%, e RRE R BRG] USRI B0y, EIG
2 L i 1 XURS
I AR 4y IE AR (Total Generalized, TGV) [21% & T @b S48, AR A X 3848 FIAS R 59 160 7
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o LLMEETOV il BV =C2(QR?) MRk R, BRI (3] [4]:

TGV (u)=min,, {al [Du-v], +ea, ||g(v)||1} 4)
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V:{DU,UEQl )
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RS ] 50 .
GV (u)= {% oo ©)
a,|Dul,, ueQ,

IR T TR, A T BOGH BREUE S AL R BUE R ER S O, T B2 T — B
HrphertEol, WEMEGRA > BEDIAGRE, MOt X2 mE S TR, £RGRIATFLEKE
RORTELT, A 80k G T BB 28 .

REIEHOT LU SO Z A R R, K TGV B i) | Y B e A% G 8L, AR BRI R ) A
A543 IE NAL K (Nuclearnorm Total Variation, NTGV), ] LAZI i E4 IR REHRAE -

a, ||D2u|| ueQ,

()
a,||Dul,, ueQ,

NTGVj(u)z{
BT EGEAMmBIME, HB SRR HARE AR50 AR, USRI te (55 M BRe
K, B IS 5 (P HERA P h 2 b g« 28 I HH R 4 42 7% 23 TE 4L #3528 (Compressive total variation, CTV) [6],
FESCHR[S]HH il I PR BEAT AR 7, WL AS BRI 2 R I, PN R AR R B IRRRTE, TEBE T LA R4Sk
JRAL
rank (D,u) ~ rank (u) ~ rank ( D,u) (®)
BIVRH 2 AR 0 LT AN SO R B R, M IR B0 R It LA R R A 25 DL BRI SR, R
A2 V5 ) T DA IR R a7
b=Au+p
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Dyu ,

K D,u 0 i (2m. 2
ran o D.u <min{2m,2n}
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<2mn

rank (u) < min{2m, 2n} 9)
38 B IE U 353 Ay
J(u)=ATV (u)+z|uf, + NTGVZ (u) = A|Dul, + 7 |u], +min,, {al [Du=V]|, +a ||g(v)||} (10)
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BEAT R, 2B T NTGV HIHESS, X 2l 7 EGARFRAN B B ARk B AR AR, 72 B 2
TR W

3. BT IVEEHRINESR T 5 E R FERIRE

/NI (Wavelet Transform) i) A< JAERIAL Gt 1) (8 B AR o — 250, e o ] — IR R R (5
SHREL X R BRI R, NI R EUR R R AN R BT RS AR R, R
P — b L IRRUESE B IR AT 22 (R B RS i 11 389 ) 22) () - S= kA 7 #r 59k 8], BAd
RAFROIS BUREIE . 2 0 R TR P . BB R AR T, )2 N T S S U9, A
PG A AR BN, ORGSR, BRER. EE&RE . BIRA EIGHE 555 KL P
KLFRrA B FIRANE AT AL A 5 (AR — O 15 5 Gl /MBI 5 2 i R IR 73 B R e A3 o
B, RSB BADLHE R AN SRS S, 0 R 3 W 4 S R A B SCBR A9 [10] [11], X g A
AR ATS) 5 53 20 o A3 R FE /N AR 3 AT B . By (t) e R (PR Fom P i R s e ), BV
ARG S A0), BHUNEEE:

i
i ()=a p(alt-k),jkez (12)

Forb a ABULMEER T, k NEECFR T, § OB, NERBE TN RS S AR
FE o ARG HEAT AR T SRR B BN 3 i (Nonsampling Discrete Wavelet Transform, NDWT) 5, 15545
AV RFEPRE B, 4 HRARE LLT, KF LHT, BB HLT RO M40 HHLT BB, 53 T R DY B
IELRBUERE A, » KFREGEREH, EERBOEEV,,, » X HAREHERD,,, . £nbxt JUAE T
W, TR ERDUANERERI R BB BRI R ARG B4R AR, 19 B RBUERE A, BA KRR S, JF
H A, (B B AR E ARG B I . Je T DA B Se0 AR, 42 H BT /Nl 38 i 1) He 4 42 70 70 P e g A
7 (Wavelet-based Compressive Total Variation for Image Denoising, WCTV): %I B 7= A BUG 47 JE R A
()N AR e, 0 I AL R B RE A, (8 5 T SCTVS I B 5 [ M 5 20 ik A7 P g Ab 38, 45 3ad R
A(CTV), X A(CTV) s Hoos Vi » Dy BEAT R A5 S 15/ 22 i (Inverse Discrete Wavelet
Transform, IDWT), XfEGREATEN, AR A EL), BEARRZEREREELE L.

N T BSAIE SR R AR A BRSO AT AT SR, AR SO A] Matlab2020a # kT MR HEAT 07 B SRR
MR F A Lena, Shape, Dartboard, Text, Peppers, I =il (0 5 SR ALl 52 e m i ey B4, Horp
e 0T R PR B AT IR R B o A, DSl FE NI ) 404 . LAME R LK (Signal to Noise Ratio, SNR)
FUEAA 15 4 Lt (Peak Signal to Noise Ratio, PSNR)FE Ak 5 B4 i & I PF A bR #E, SNR XEE B A5 (5 5 55
SSMREELLE, PSNR FRIRN{E T K] Re D Z AN & 1R 2 7 b B (R BRI M 75 D 28 K B A, fEDBROR
RERAEBRSZHERGBEL, WEGEEICRBEET . itE A A:
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Figure 1. The flow chart of the WCTV algorithm
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Figure 2. Test results of each model
B 2. BRENRER
Table 1. SNR
= 1. Ef&IERELE
Image Lena Peppers Shape Text Dartboard
SNR (TV) 10.0256 5.5666 21.9220 7.5392 15.7057
SNR (TGV) 13.7243 12.6677 23.2837 9.6657 18.6623
SNR (CTV) 12.0391 9.5127 24.9306 14.3554 21.2554
SNR (WCTV) 16.5615 16.3599 27.4500 15.8454 22.8244
Table 2. PSNR
= 2. EfGRIEEEREE
Image Lena Peppers Shape Text Dartboard
PSNR (TV) 245577 19.0694 28.9407 19.2445 25.7338
PSNR (TGV) 28.2564 26.1801 30.3025 21.3710 28.6904
PSNR (CTV) 26.5712 23.0155 31.9493 26.0607 31.2835
PSNR (WCTV) 31.0936 29.8627 34.4688 27.5507 32.8525
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4. BE5
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Ay PG PR IR P ) R EAT AR KA B BN B AR e, 0 AT AR BOEFE A, ST

CTV B PR AT MR AL BE, £ R0 A(CTV)_ > X A(CTV)

v Hiwr Voun s Dy AT T
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KA JE T B NS AR A, T S DL R B o AR S A0 5 T, FRATI T BT AR
Fio X TAEMRLESESR R, Seias RAEMI AR W] DG L BRI S, OREEAT, m s, ORMIEA
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