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Abstract: In order to solve the three dimensional block matching algorithm on the processing image edge of high-
frequency pseudo like ladder and inhibition effect, proposes a adaptive BM3D algorithm based on generalized variational
all. First, after a preliminary classification get two blocks with different structure information subset. In a complex
change of subset, considering the adaptive algorithm can significantly reduce the BM3D algorithm used to match the
traversal, to adopt adaptive reference block matching the area, in a uniform variation of subset, application of the
original fixed reference block size. The staircase effect in view of the image processing, puts forward a new kind of
generalized variational (CTGV), second order total generalized variational can automatic balance of first and second
order partial derivative of the image features, introduced the variation coefficient, the adjustable generalized variational
diffusion effect. By comparison with the experimental data, the algorithm compared with BM3D algorithm and other
algorithms, image PSNR improvement more than 1~2 dB, SSIM values also have a significant boost, contrast visual
effects, this algorithm is effective in addition to the high frequency artifacts and the effect of the inhibition of ladder.

Keywords: 3D block matching;coefficient of variation;self adaptation;total generalized variation

2] WRES R IE L, B O R I A B R S M I B
(BM3D), 2005 4&, 4k Ja 3 H (NLM) J7 3 i Buades %5
HEEEMERERNEETEZ — BFUEER L% B %05 T a0 B M 5 e B TSR ™ 4% . 78 SCRk[ 1]

il

BRNEE., WERRTT QRS AR ER RN PR R IER RN TR R B T A% NLM Bty ik
BB T, DM T2 M. X T e 28RS AE R M A 0] B, NL-Means F AW FILRE AR

W f H 8 :2021-06-17
*» FEETH . HERBAREIEETH (11202106,61302188) ITHEAGEESEG LAYEAXRERIE JLHASKRBE LI ER LRTE.T
TRA KA QDB AL U 2RI T B (202010300128P,2021103000502) % |l

130 -

Beoom o2 R F ALt 516



TEE F AT LA

T oty fiE m BM3D Bk

5 16 1

[ R S W N AR o AU SR VR N A T B o
AR R SR B 1 S B R S A Y L B . e[ 2]
a6 JEAR SRR 8 (NLMVD (B 45 25 Mk st A7 el ik, 42 1 —
FFIH S B & R R B R SN IER I EE
KR LB . 25 .Dabov & 4 2007 4R 48 7 —Fh 3%
F NLM et 758 s — e VU [ = 4 38 o, 37 00 RAR £ e 0y
A P AR RS 1A AR B 2 R B R A R Y 1 A A
PEARM B R G G ., T BM3D Bk R TR K68, &
Foil THEZEGE Rk, Hod — S 57 ok HoAth
FME 7 Bk Bt BM3D B3k . ilan, ) iy SR AT R R N ok
%t BM3D Bk 4T T it . Zhong %5 T — B i
FAAE R oo ke 5 B it BM3D Bk, w1 R 22 50 A
A EEGE T BM3D 8k, {H BM3D 53k 76 4b # R 5
BIADTT BRI BCR A, AR G A G iR
BYBLG , SRTAHLE 2T o o Ath— S I ) 0 v 4 4 45 ) 2%
5 BM3D BEAL A&, B, CE7IIRE T —fims
M5 BM3D Bk A AW ETHIME L. EEBL
. SCAS A THE R R i — Bk A fE &
ZRFR BT T L BE A AN IR A RO 58 4G 2 K 2
B P 4 2B BE 15 A 20 B2 R AR R B IR A AE S R AE
HEHh  ZERERMEETN NS ZEGR S E S B iakan
BOCR . AN XS G5 BM3D 2 v K 5 MO8 B 4530 48/ &
FRAE A0 () U, SCHRLO B2 s — o 500 G AR 4 1 ek i 22 1
RUCHIEH B R, %7 R 7E % L £ 700 X T e 5 v 2 A
b R T O A B 3K T MR BB 1)y 48 B
38 B B IR B, R LA e /N R EC IR 2 A AT
PLELUR B E A A B a5 R . UL 104 Xt ys e X
WK ER, 856 T 18 IR K BB IR JC R 4, 3%
T8 3t B R B Sigmoid BRELYT R T AR AN X L A He
THEZHEANRE, X EY A BN L g
RE BRI AT R A AR A 2 . SCRRCIT D4 % 2 i
PR 2 T30 0 e 2 6 8 Ak 5 40 160 20T LA B as 3B Bt R I AR
JE R T — AR R A Y BOR R B agE kA A%
4 BM3D STk KN B S % St 17 L i, M 7S A
BEANRIBZNMER G2 XTRFRSHERN=
HERETIASHER 5 BT A R B AR ER G . BTk,
Song ZM R T — B TFAE S REH LM A E N B L.
CERL13]HE TR EE B AR RS —F A& 2R Y
38 17 R B R A 2R o BB IR R k. P TR S
5,BM3D R LR GATT M MAE. M TGV Bk
T AR i 25 B D B DA R A B B AR, XI5 40 %5 ' B
THERBT RSN B XS (TGV) fEIE & 1
Fd . CHRLIS 6T X G G 28 4y ik AT 4 @ 48010 T —Fh &
MeBad X BAGHRAEMT T B REBUNME RS
BT AR ZEHGHHRMERD, Wi hif TH L
AR o3 e A B B RN IR AE T BRI B A E B

A B BM3D i Hid LB H L R IE Eid &

LSOk IR T — AR e E E (CTGV) , 8
B2 (CTGV) J5 AL B 3061 B 86 2% R A9 7= A4, 4
PEG R EBEEE A

1 HEXEZXER

1.1 BM3D &%

BM3D 25 ¥k 224 iU KR 40« FRait Al 1 A B 4 Al 1
B—AHA XA LA 3 NN,

ERME g FAG A B TR RN RS 5 3,
A HIIAATHRICH 4 4 50 3D AWk i 8 1E. M
FTHEAEESHZEWRSRAES, RIERELEZ G AT
EINRT 15 2 R AG 15 B9 B . & ot B R 4T 4
P B E RSP ARAE R 488 225 e, S R 4B A A A1
ol B, et o S AR 3 B 2 A L S TP B = 20 I . A T AT 3R
PEAR e AR (B P X 2 R B 22 BT A BR S BE B p s 1 . 1B B
BIE o, R d <o AL N —H B RES A
EHATHYIERL BT PR =G T, 2N
SRR AT U TR U M = A S R AR R B
SR S B AT RE R B BEHNES B. W
KPR,

B = 15 (R(z3pTp)) D)

S YRR YT R N — B B AUE A8 AT
WS R GA- S W G E . SR )5 ¥ T 1 AR Bk E R
B AR R A2 BRI EBAE ] R (D,

B AN TS BB T —F R AR T BB
WG R . BEAE 5 E R AR T 20 BEAE L, B 4
WG AE R, B EMAA TN ERN R ()
PEAT B DL e A3 20 45 2 A = 480, — Ak BAG B g
To s B—AKARBEER Tr,. W LREFIHTA =45
AT =4 B (4 DCT A B 1 — SR A5 30 , J % b AL
TG 0 = A 5685 T, AT AR 0k .

BE RAEINAMR TR SG . HTES. RHF Y
DX 3o AR A R, R N T B X sk, FH AR AR B A I AR T
H1E R B Ao T
1.2 "Y&TH(TGV)

TGV 42 Bredies 25" 7£ 2009 4E$2 1 1Y — 4> Hr B A5 43
EWI—T L&A 45y, MEF TV, TGV MR —F &M
AR, TGV BB 38 3T T B 5 B9 3 B 2 0 2 oR 30, A 3L
WIRT TV BRG FreA e i M. TGV &

udiv'vdr | v € CH{Q,Sym" (R)),
a [ div'o || . <a;ej =0,1,000k—1
(2)

Hor, Sym" (RN k Bt fRik =23 18,.0 & R A —
NFRIR, o ANESH div ARYWERF. £ =2,
R RCE A B TGV IE W 3, 5 Fl H Legendre-
Fenchel X {877 %, AT 8 =B TGV 1E W35 0 5 4 75 HOE

« 131 »

TGV () = SUPH



Ak W F o

F R K

A3, AKX
TGV: (u) :mvin{al l~vau—o) || e, ||}
(3)
He, v € Ci(Q,Sym*(R)) MEH Q B EHXH
B B ik 2 BB B v () € Sym* (R ,x € Q.

2 BEFIXETHHEIEN BM3ID Hi%

SEREEN

P8 By 2024 DX P L A B RS BAIXT A 2. O Tl
I 75 T [5OSR ) T 8 A 0 B AR ) AR A BB X
SR B X3, Y T 5 e ) 25 MR Ak B . AR S R RO R 8
SR ERA . l’iH%EF'ujUJ H o Xn WA T 9L BRE

AR RHCHI
E (0(j) — Ave(N,))*
Var(N) jEN,

ve’ (N ) Ave® (N,

2.1

CVii,n) =

4

HA N, BLUAT AP OMEFEARFPERENKS
LS HH KN 2 Xn;oG) R A BB EMN;
Ave (N RSB N T AR E M- BIE, Var (N Z %

Y R RS 0 AR BEAT T 4 25, i SR A E R
IR X BN, BRI EIIRRRA . KRG,
B4 4y 28 )5 09 ) IX B R A0 803 IX B R wf LY
B

R™ ={; € ]:.CV(G.n) <p}
R — (j € K:CV(j) >p)

Hi,p BEURMEME. EREXE D, BEFEEAR
BAESBKIETIRFE AR, Hib, ey 280, B
4 CV AN U E KPS 5, RS K,
AR AR AN B K 1] DA T3 R R ST B & Sl AT
R A, XN FERR TS YT LIAENE ZH
LA TER . AT AE RN T X, FEMHKE DR
SH S e, (115 B AR S Y B A LR AT R R
TR AR AR A F X B P R S Y RN S S e, B
ZIEIPMES S FE S R EM A E 2T
wiEL.

RIS R I B R R L E A () B,
BRAMETHFAERNEFM, MEMRNLOTRERE
R U\(z,y)ﬁ!lé‘»ﬁ'ﬂﬂiﬁfﬂiﬂ%ﬂg/l\ﬁfl\ﬁ
n X AR, BT 7w JT AR 5 X S 5, TR A

(5)

R B s A A5 (22 +n) /2, 2y +r)/2) 3 /\I:iiw
CV 1H K.
Var (N )
CV(]’MEPN’Z,) — i (6)

Avez(‘V wdap )
B, BT DL R S *ﬁEW*]”ﬁ%E’JEL SRR

¢ 132 »

INEIFRHE R -
s = argminCV(j“dd”P ,s) (7
Hor, s 2 Bl N 1S5 0 X 5 T B S B
Khss BREESG v PABEMERNSHI KA,

2.2 TGV B&GaE
1 %oF L5 2 e it AR o B 7 A B B Ak R B BB L A SR
H TGV IE W - 9F 0 48 2] — Fh5r 19 = Br 48 4> CTGV

R,
H T A ME AR G BT i S RO R
WHIAB R v, 188
TGV (w) = (@, | vu |l +a, | w () ) &
TESHEREAE—Trm B, X2 RBSERE M
SR AR SCHR T — 4% 1) (R 59 B0 B2 o iR R RE A 3K
BIEE X 2407 M AT
£ 1
| vz ‘[,j LZ;,, W | Zilei ¢« T iy [y s |+lz >0
(9)
p TR DR p HR 1. B SERANK

B S — B BT R T SO R 807 R T SR

Uiy 2 T L L 21> 0

(10)
ARSCRPERTE R R R B, AT TGV
HELR A ilJzIxIJﬁﬁHE'J CTGV A=, ARWF .

TGV:i(u) = (o, | vul  +ea, | V(7o) || D

m
(11
P8 ) S B X SO0 R A5 Ry CV R, 75 B Y 1B
IR, RERCHT AR B LR AIE 5 1 15 B0 ) S5 DX 30T 1
BN CVAH L BB A BAF 195 BR800

3 XBWHERSHM

ATRIEABE LR, AL RHEHEESR G
(PSNR) 7 F145 £ AH b1 (SSTMD P 48 47 3 TE A 22 1 ik 5
&4 BM3D.NLM & 2l &5 BM3D+ TGV 4 4 & %
X Eb, D B 5 2R A I 1R B vk R 3 IR AR
PSNR & LA 3nF .

-2

Lena.,House,Barbara,

PSNR = 10 » @(m) 12)
MSE*—iiHI(z,])*K(u])H (13
SSIM H"J%Xj;f O

SSIM — Cup,+CHCey +Cy) ao

(ui +p; +Coei+o;+C
Horfvopw B0 g S0 02 AR PR w0 0 25 MR 5 A TR o )

Wl .o, Mo, 53 MR aflu B2, SSIM & H kB PiiE
R AR BT B 38 4 o 38 0 (AR TR 1, 26 T I &1 48 A &5



TEE F AT LA

T oty fiE m BM3D Bk

5 16 1

TR

AR I T B % House, Barbara, Lena /At E %
HATIIRXT . B 1~3 &R LW 7 Bh & X IR T A5
% 20 B E R RS A9 House.Barbara,Lena &% i 4 B 45
Fe B 1~3 (b FICe) 7 R e e i NLM 2 B Al BM3D
Bk L R, B 1~3 (D & BM3D fl TGV 4l &R
REBRER K 1~3 F (O BERBHET LE2L 4
W) B i R BM3D Bk i LRt R,

(a) B4 (b)NLM

(c) BM3D (d) BM3D+TGV

A 1

(e) RICHE
Barbara 25 W55 5 %F H

(a) T E R (by NLM

(d) BM3D+TGV ,
2 House Z MRS E

(a) I E R (b) NLM

(d) BM3D+TGV

K 3 Lena Z=ME X)L

(¢) BM3D () ACHE:

1N 2 D9 XA SR RAL G X R R 25 R A SR AR
TR UG R R R R B R0 B O AR 22 6 = 15,2025
(1 B ST R A

*1 RAFEEZLEAREEFK PSNR 3

PSNR/dB s, NLM BM3D BM3D+TGV AKX&EW:

15 27.34 29.87 30.28 32.41

Barbara 20 26.56 28.68 29. 54 32.07

25 26.47 28.07 29.09 31. 89

15 28.06 30.45 30.53 33.76

House 20 27.39 29.07 30. 21 31.59

25 26.86 29.71 30. 06 31. 38

15 27.58 30.79 31.51 33.68

Lena 20 25.97 28.34 31.33 32.16

25 25.65 28.18 30.77 32.13

%2 RATEAEELKLERBEEFK SSIM 3tk

SSIM ¢, NLM BM3D BM3D+TGV 7 (&%
15 0.652 8 0.8649 0.877 2 0.928 5

Barbara 20 0.5865 0.752 8 0.796 2 0.873 1
25 0.5578 0.7237 0.754 7 0.864 8

15 0.6732 0.83914 0.913 2 0.934 6

Housc 20 0.6029 0.7617 0.854 8 0.863 5
25 0.5973 0.7516 0.7915 0.843 8
15 0.6967 0.8937 0.903 7 0.923 4

Lena 20 0.5716 0.7847 0.846 3 0.882 9
25 0.5536 0.774 6 0.797 2 0.853 9

mF 1.2 PEE R, BM3D Bk NLM 5H 3k 5
TilAf SE A B, T AR BM3D 53k 5 R TGV 2 M SSIM
N PSNR (#8258, BiF 7 TGV Bk %t B4R 1 B
sk N A MR AE R A SCRAZ R R BORIEA TGV EM
A B RO o 5 A7 540 T e 75 (R AR O 20 B AT

REBEGR A 1.2 A 32, B Fh 5 BE i e &
REUTUEFEH FEFERATRNHRN SS9, mE 1.2
FIE 3 I Ce) s BT AR H 0 2 S 40 40 A — 58 e i, R T
Wi EEE BT T B, 7= 22 T B B s 5 1K TGV B by 1E I =X
W, HMER SR BB T TV 220, 80 T Bk 8, (2
RARUER TGV fR R A %5 B EG A 5 &850 R Ak, A
B 1.2 AR 3CD ] LLE H, BR 09 8 B2 AR i i 2% L B0
FF A EAE TR R B EM AL AR AR A B, &
CHE T — A 1 R R B AR A R 3R TGV IR
M EFIAT —ABRAE R R R MG S B RRAE 7]
A EG G AR AN R ZHE, mEER M
S 4H DX R LA BN AR S R RO B RS i &
BbSEATETF I3, LR RE 415 B A R LR B
AR 13 RPN AL A F iR iy T 1

+ 133 »



% 44 w F o ¥ O R
A SCEEE MM HOR R EEE I AR K E 1.2 FAELT]. B S TR A . 2020,39(8) :34-39.
T 3Ce) 5E B e o2 WA ST L T DA (G F 3 (9] WA BRI 2% scalt 8 5 WUk U AL ) 190 M Bk K 5
RIS AN S 4 R I O LR Barbara #0 3T S LT TR AR S A 2021, 35 ()
S House 85 i F K B, Lena )3k % AU T4 ifi 53 pese i N
S ORI BIOI R e 7oA 0D PR TG BRAE KT ERR A BT
VR 35 S 4 4 B £ B BM3D 7 FLAT B A B oy BT R S0 S
KR RASHE R A AR T« [11] S AT 440 5. = A e B 71 0 0
4 & w B[] TR HLRESE ,2020,47(7) :130-134,
[12] SONG B, DUAN Z, GAQ Y, et al. Adaptive BM3D
AYEBRT —MET T XL/ 0 B W M BM3D £ algorithm for image denoising using coefficient of
MRS . AXRATAEN S ZH, B AR ZAAER variation[ CJ. 2019 22th International Conference on
i X 38 2 B IR IS 48 S Rl g9 222 1 B T a7 A, & Information Fusion, 2019.1-8,
KPR T RGO SR AR A s ez (1) SRR BT SRR 5 S B I I 755 2
A CHR A BT U F 3T 4R 6 — B DI L3 Do i 5 o 2017,
— BV B R A ROBI T SRR RIERR R £y g e s B SRR E
T H 3 R LB EUR MR D). T LT B S R 2017, 53(19) £ 198-203.
A IS A SRR R, BA  [15] ik, BaE ETRBA0F5 S0 2240 EZ
XE BB TR K TGV M, A SCH A T i3 EF S [T 3 & HL B A B 5, 2020, 37 (10): 3159-
W AR T b i BM3D vk, AR SCREE XA & R R A 4 3163,3174.
BRI VE . (E% 7 3 0 o TR (2 ) 3= W 3 S R R AR 4, [16] LEBRUN M. An analysis and implementation of the
i BB G S0 i B i vkt DA R T A TR B R 2 W Y ) AT BM3D image denoising method[ ]]. Image Processing
gerh, on Linc, 2012, 2(25).:175-213.
[17] BREDIES K,KUNISCH K,POCK T, Total gencralized
S &k variation[ J |. SIAM Journal on Imaging Scicnces,2010,
[1] HE L, TAN J, HUO X, et al. A novel super- 3(3).492-526.
resolution image and video reconstruction approach [18] XING R. The application of coefficient of variation
based on Newton-Thiele' s rational kernel in sparse estimation in reliability study of existing structure[ C].
principal component analysis[J]. Multimedia Tools &- 2018 2nd TEEE Advanced Information Management,
Applications, 2017, 76(7) :1-21. Communicates, Electronic and Automation Control
(2] BABR.BEARW, M. 2T D RIS ek B ik Conlerence(IMCEC) , 2018:2652-2657.
ARG EMEE LD EAM TS EE %M. [19] NASONOV A, KRYLOV A. An improvement of
2016,28(3) :101-110. BM3D image denoising and deblurring algorithm by
[3] DABOV K, FOI A, KATKOVNIK V, et al. Image generalized total variation [ C]. 2018 7th European
denoising by sparse 3-D transform-domain collaborative Workshop on Visual Information Processing(EUVIP),
[iltering[ J]. IEEE Transactions on Imagc Processing, 2018.1-4.
2007, 16(8).:2080-2095. [20] JOSHI K, YADAV R, ALLWADHI S. PSNR and
(4] X%k, BLEF. DS =4 et E& L8]], it MSE based investigation of LSB[C]. 2016 International
BHL TSN, 2010, 46(16).185-187. Conference on Computational Techniques in Information
[5] ZHONG H, MA K, ZHOU Y, ct al. Modilicd BM3D and Communication Technologies ( ICCTICT), IEEE,
algorithm for imagec dcnoising using nonlocal 2016:280-285.
centralization prior[ J]. Signal Processing the Official [21] BRUNI V, PANELLA D, VITULANO D. Non local
Publication of the FEuropean Association for Signal means image denoising using noise-adaptive SSIM[C].
Processing, 2015,106;342-347. 2015 23rd European Signal DProcessing Conference
(6] #hE =, e Lok, X3 . —Fp Pk 59 = 4 e T & & (EUSIPCO), IEEE, 2015:2326-2330.
FMRTTELT ] 770G RO R 2 240 (R B D 2015, YEBREIAT
21(2):73-80, ARE 784, EEH TN BB .
[7]  YANG D, SUN ]J. BM3D-Net: A convolutional neural E-mail ; wandd1999(@ 163. com
network for transform-domain collaborative filtering[J]. A%E . B R TEMR TN EESSEL AR
IEEE Signal Processing Letters, 2017, 25(1);55-59, FoE 4% 4b 3,
(8] ki, T, T RTREFINEMGERMSNE  E-mail:zhouxc2008@163. com

¢ 134 »



