H33E B YOI RS 27 2 i SRR 2 WD Vol. 33 No. 5
2020 4F 10 A Journal of Liaocheng University(Nat. Sci. ) Oct. 2020

LS 1672-6634(2020)05-0009-07 DOI 10.19728 /. issnl1672-6634. 2020. 05. 002

KT 25 RULPE 5% 0 Y 5| S B D8 D%

W B

IR 7 B B o 22 Be L L AR W3 252059)

fif B e AR RS AT T FERSRA TR AEANIER R, SFEBRKL
ATIR I AL 2 KR, R IR B Sk e IR A R Bk L 5| BARIE O AR ek AR A 0y 4
MEFHE R FHALERMBED S AL LR GER AR —F A, KL H AR E -
BAEF R B BB LN R RO, MMM RS, A e Bk R — A a5 ik
W T kAT AL B ik a oy kAR R e e A E B SRR KD
A S T BT M BTG

Sl BRA WA E N G TR B KA LA R e

g sy Y TP391 Xk baiteg A

0 5l

w2 BCT R N 2 3 B A8 0z L ST 22 B BRI W Tl AR I S R, R T AN
R A &S SV SR T AR B PR RIS B 4% 1 9 BR 1 IR AT AR SR IR0 T 0 A 2 52 B M 7
G HR L R A P A D R B 52 DA 3 AR B T I L O 2 U S TER B ARG L TR A5 A 55 R 48R IR
AP AR AR U8 e U i il 8 PR B ) — b e B HOR T B 3 — R AR AL B H B AR AR D8 D AR
A TG EREI S5 T LI B I8 5 2 R B P26, B A 5108 IS () 51 S U8 k.

BTl A 51 I8, RIFE XS H AR G IEAT 2k 3 A 5 R RS A B 250 5 B A — 2R 07 0k LU A ARk
A 3 W € Ik (Bilateral filtering, BE)M , JE F# #{E (Non-local means, NLM) "2 & , X 8 1 J5 22 (Re-
gion covariance, RC) I J , 41 4> 2% /3 (Total variation, TV)M, I A % /N — 3¢ (Weighted least square,
WLS™ Lo JE bk B &% /b (L0 gradient minimization, LOGM)™, #H %t 4> 7% 43 (Relative total variation,
RTV)I 4, Jorp, BF . NLM, RC il i A3 B 0 77 258 ionk H AR R 9 b B s TV, WLS, LOGM. RTV 4}
i GE L PR AR T T YEE, 2 YA 0 YEBCRUANAL 1 Y4000 Uk I i Hh i 6 B E AT 20 A0 H bR eR 58 AL 30 A
SRS B Ty A R D e T A SR AT S T A T2 I LT R AT R A A
A X M P NG 5 B T R AN B I A R A AE LSRN L 2 2 R T B AR ENR
FI B AR A R4 (A vl of AT S 9 S5 A0 15 5. X T BE 4 ik A 51 S U8B 7 ¥ i 0 T ok 1 BORBR . A SR b 15
Bl — A X T 1 5 PR 25 4 15 S 46 0 B AR G R A Ak B % 7 12 B 51 S B gl (e Bk 5 B ) 5 1 ke
TR Mz .

FEG IR W Ik, — MR E ML Petschnigg 58 A 42 1 KA X B8 I (Joint bilateral filtering,
JBE)RT He % A$# 11 1951 5 R 38 I (Guided image filtering, GIF)"*'. I EE A28 X 115, JBF J& Xt BF 1y
BAEHE)T B BE HARER B B 3 BORCER 19 77 208 ) 51 S B R B X — AR B e 7 DRI T-FR TN D

Y 75 B #8: 2020-04-13

ESWH:BZRXAARFILEHH (11801249 1 AR 4A A SRR 5L 4 B H (ZR2019BA011) 5 W 4k K 2% 52 36 20 2% 5 H
(26322170128) % [l

BIESE ANVES 00 M B 0 ) BME AL 5 PLER 2% 2, E-mail : altlp@nuaa. edu. cn.



10 LI SN o A= S Y

STRME KM AT S5 vh AR A8 T B KL, B S %712 B T % -0k 2040 B G Bg st % (-1 R R 4y

B AEAT 55 SR T AR MM TBE A B B TS A B A 5 T SR B i Gk AL A

RS B, BB K %% (Gradient reversaD)™ ' 5 M 52, GIF 1B & 1E Ik 5y Y 5 51 5 ER UR) 3#0 Ze b o6

Z LR T S OE AT B Ry A — B0k S IR T JBE I A RR EE R RS AL . GIF (A R A S uk bl

T 2R AR TEOC X AW B 1 25 BT fe R e R R UE D SR vE 2 — . i, Li A8 A8 B AL | R UE ik

(Weighted guided image filtering, WGIF) "™/ X} GIF #E47 T 2ok, HAARK UL, 8 i 51 A SR AL E , WGIF
REAE X GIF w1 D) A 2 B0 A7 1 3 7 3 2 70 4100 4 56 22 194 (] I 52 050 Ak 300 2% 1 S 4 R A

TR A, BR G R IR AE R S R ERS B bR ER 1 a5 — 2. SR, 31X — BB A S BR
o O AN B T o G HE 2 3K P PRS2 1R AN ) A% SR BUAE AN [R) 25 R T AR AR . — Bg | S R & TR B AE
AR B8 T 8 254 30k S 5 1 1 ) 4 5 A 38 38 0 I o o DTG 5 B 8038 52 1) (Texture copy) B BREGH ",
FEAS T sk f 23 %) I 2 1 AL BRAT: 55 365 T 3.

N R IX — [A] B, AR SO SR T 4 R AR AR B S0 (Structure similarity aware, SSA) , UL YE B 2 ) 5] §
KRS bR R S5 H 22 5, 4k 10 2 G — b 2l i 09 51 5 08 0 07 v BRI - 465 44 AR Rl P SR Y 51 52 IR D8 D
(Guided image filtering based on structure similarity aware, SSA-GIF). & 5 F AF & 75 85 108 &0 . A SCFE

F A0 -R B GBI SR HEAT T — RGN S50, 45 R WY AR A B0k L SSA-GIF 4 %0k 4 1 g Dk i Hh b iy
2P A T Bk

B RGRIEDE 5 9 S E S DE 3%

1.1 BEA ML IEDE (Joint bilateral filtering, JBF)
— X ECAE S B R S A B AR T RIS SRS G TP T ESE L JBFY Y BFY R
BB s B Rom L A R r IRIERE O o, PR ZE K EE R IAE 1, B
-1 Z LSRG D

Hoh K= 25 SiRy AR A S, FIR, SR HIE AR & A j 2 18] 28 A LR AR BEAR L
B 2 R B B
(x; —x;)° (G; — Gy)*

Sij = eXp(*iT‘%j)aRU == exp(*'T‘?’) ’ (2)

XH 2 Flox; 50 R R f G AR, Gy Gy BT SRR G AR R 0 M KEEAE ; o, Flo, A4S a]
JE )1 S8
1.2 5] B2 IE D% (Guided image filtering, GIT)

AT IBF AR R R, GIFV B Bhs B T I8 ¢ 551 5B G R e 1 b i =5
KPR

q; :akG +bﬁsVi6w/a (3)
Hdva, o b WM RECIEIEIEE 1T w, O H BB T /MU ITTT B bR R EOR f#
ECab) = 25 (aGi+b—1)" +eai) (4D
XH e JEIE ML S0 TR RE a0 HEMAEST. 4 Lk B bR sREOT a0 o 6, B SECHE 015
_ COV((Jk alk) (L')
G Lar(Gy) e 7
bk - }k *ak(}k 0 (6)

Hep Gy o LI G 5148w, PHIE . var(Go) J& G fE w, T cov(Gy 1) 5 G AT 1E w, 19
73‘% HHR Mo

1 S
WIZJZG,,LQ = WZI , <)



555 Wi L S R T A AR DL Y T ] R 11

var(G,) = ﬁZ (I —1)° . ®
I'ka
cov(Gy I = ﬁZGJ, —GlI, . (9
1'Ewk

Hi o] Ko, THBRERDE.
AR TR M E S VR R R ST 2 0l a2 3O RE A B 220 B
N fifp R X — [ GIE K @ A7 mT AE A O D5 i i A9 ~F- 249 {1 Dy G e 2 i gl i o 1D

g = ik;%wk(;, o). (10)
MR 7 1A X AR AR Qo) T LE S
¢ =aG,+b, (an
Hva, . b, 39 NIAAEHRE WESEITPLER a, - b BFIE, R
@ = i;ab - i;b . (12)

2 KL ATRPRTIOUPE R 1 5 S P 5 DE %

FEISETE L SIS ER G R B AR R T 385 2 il S ) B A5 15 2% 30 1% B 3 76 R ) AR 45 1 T R4,
W 33K 19 S LA 8 A7 AE G R I S5k 25 5 &L 1 TR 1% G IRB (a) B LR BE IR (b 4 3% B8 F 6 1 80
EEL B T2 T PIRGIE 45k 25 5 TBEYY F GIFN ) B 45 2R HI % (0 1R 14 1 45 K 1 5 0 T TR 4% 2R A7 0
(1 3 AR (A5 JET AR oA B A R 1 5 ) HE B T LU IR e v B SO A R B4 L A (g s (h) TP PR R
IR R . A SCRTESCR IBF 5 GIF (93X — BB, it o7 4@ i 7 —Fh B S S ks o s R RIR 5 H
P L4 11 45 4 22 5 (4 4 .
2.1 SR R

W —FR R r PR R R b BJREEWE T 1w, AFH AR5 5 EUR G M B FREUR T 7w, 25
X Z (48 b R U — 4k 28 AH X (Normalized cross correlations NCC)YM'™ , i

L cov(Gy, 1)
o7 | rarGovar( + g

Hor var(Go) o var(L) 43508 G T FE w, FEITT 25 cov(Gys 1) U 225 9 h— /NS AR 0% 850, B 1k 2
R AR MK o /N R o 2o RARKE T B B 8 5 22 300K 25 32 T4 T DTG 52 o e 5% i) 445 449 A 0
P RE &L PG S G ORI T 78 X 300 25 A A AR B P B R AT BE ME B L A SO n 1R R 0. 005, of BEREM G
AT AE w, T B RE DL 0 )N 0 i P A L I

7 LA I NCC X [EI& (1] 45 A6 AR AL 1) 220 18 B oy 52 Jeg 38 8 B 11 242 o B2 0, i 1 1 (D) AT Ced il
R TR W AR BN Cr=1)  NCC X G (a) F1 T (b) i1 % 5 28 1 20 i 455 Ay i o {5 7E - HH A £
DX 350 0] 32 W 7 1 S 0 A K, RS R L I PO TE A AR BN DL T SR SCBE XS8R T 22 Ry 2 %
W 7 P TS RS R 5 T AR AR B R LR Cr = 5 ), S 3H N GUHE X 38R 14 iy 25 R 22 DU g
A R Y R L T SRRy 22 R 22 BT S 68 ok 1, 3 B0 NCC 7 i1 % Ak 78 7540 I A 80 A 5 om
5 1 2 i 9 P10 ) 19 45 0 O 3 L AR SR AR /INRER K BT 2B R 1 NCCCHI o oo o << DI A, 1E R
G T TE 0, "2 10 25 40 FE DL 2 2, ]

13

Ay = phore . 14)

AR SRR AR SR X — B dE b A, FRZ 25 R A BUER I (Structure similarity aware, SSA). WA 1() A

TN A SR T pr 5 o WA A AU R B AT 0 i L B T N MRS B 2 1 T (0 5 (b IS R L
HoE X MR 4 mi 5 .



12 LI SN o A= S Y

(c) AR

NCC (r=1)

(2) JBF (PSNR =33.94) (h)  GIF (PSNR =33.44) (i)  SSA-GIF (PSNR =35.07)
W1 Ba-wIE Rk
2.2 HEHB
55 JBF il GIF AN A% SCHAE AN 56 42 M 5 | 5 P 45 g 11 0 DU A 45 R AR RL P SRR A A 5 B L Bk 5|
SEMG G RRUE B H RS T B ug i g s R ke R

q,-:ak(MG,-Jﬁ(l*/\k)L)Jﬁb“ViEwk, (15)
Hrba, o by H o, HEZMERE AN, N BB H A5 iR
ECapsb) = 20 Cay G, + (0 —A0 1) +b, — 1) +eal) . (16)
iEa;k

IS ap o b KRG I RO FA1G

Arcov(Gy, 1) + (1 — A var(I,)

- /\fvar(Gk) +2Aﬁ(1 *AL)COV(G/[’I/J) + (1 *Ak)zvar(h) +€ ’ (17)

ap

by :}k_ak(/\kék+(1_/1k)}k)' (18
RUUT GIF Oy fip e o M & L A8 P o A0 FIE



555 Wi L S R T A AR DL Y T ] R 13

¢ = (G — 1) +al,+0b, , (19
/ﬁ\:qj Pi o Zli ’ Zi ﬁ%ﬂﬂﬂ@?ﬁ@ﬁﬁ!%‘fz E(JHTE?DEPQM/E s ap s by E@%Zi’g{ﬁ,ﬂﬂ

Za;/\ﬁ,a - Ea“b — Eb"' (20)

kE o, kE w, kE o,

R R L A SRS 3 FEI’J?’:TF&%Z%J%? *’]*ﬁflﬁ@%ﬂﬁﬁ%l%@T%?E?K(Guided image fil-
tering based on structure similarity aware,SSA-GIF). X F, G I Fw, PHEHA—ELEIA, =0 ,H
AR5 (17) (18) 1] 1%

q; :akf,-—ﬁ—b“ak :%9bk - (1*61;?)};( ] (21)
B S55I SR G TG, IR SSA-GIF Xf HAREE I $h47 A5 S g #2; & H a5 —2L WA, =1 .00
COV(Gk sIk) -

q; — aG; + by sa, = 22)

b =

var(G,) +e 4G

XEF SSA-GIF X I U715 5] S i 0% i F2. Btk , SSA-GIF R [ 3 W v 551 2 K4 b 5 B 4% B A
— EE5 A T X U o B 4R T DA TE 25 B PG 7S L R AT IR G S 4 o B bk 4 JBE R GIF T I 9
SUHELA L I 1) R,

Bk 1 T AR 5] 5 ER IE .

(D AGIFEB G BHAREG T B 0 r BN S5 e s (2) RIEAR 14, (17), (18) 433l
THE 2 F AR LR B A et Rl a 65 () MIBARXCOMMITE A a6 WFEEEp va b5 (D) BA
KA RL R g .

S 1T AR SCRT R SO BT SSA-GIF SES i O AR, th TiZad & b g — 2 B e e B
O(N) 5 2% & 11 & F I8 )% (Box filtering) " PRSI, P I, SSA-GIF 5 GIF —# T BE 218 OND .
e 32 47 B 18] 5 1 X — 8 K /N R 370 X 463 Y% L JBF . GIF F1 SSA-GIF 5¢ i H Ab 3 5 F243 B 2975 1. 78 75,
0.06 s 1 0.15 s. AT WL, SAA-GIF s —> 3 m B0 ek 5 2 A A1) SE PR ) i .

R

L PP RS A D ORI K S5 SR E ) 4D R W T B SR vE SSA-GIF R 5 A AUk S SO .

— 25X HAT ROE AT B UE A SCHE R TR B UG R ARV AT T — R A S g P IR B R & A R
T 20 10 M F B A K TBEY GIFY Y RGE AR 48 9 WGIE™™ 14 & I i th E 7 H 3. S PR IE
SO B4 28 S 4 590 DA S LA A A 15 % UL 06 {1 {5 B HE (Peak Signal to Noise Ration, PSNR) W [fi % 52 46 2%

HATIPM. A B4 7E MATLAB R2017a 528, I 7E— B BCE 4 Intel (R) Core(TM) i5-7200U CPU
@2.50GHz 2.70 GHz, 478 8GB 1Y PC t 4T, H.2 53k th 9 S 804 8 8 S K P . 3k 1 R, sk,

TESE g T v, 2238 8RR A7 T A PR B4 380 P B9 AR S OK BEE By [0, 1] ATE M.
®1 FRSNSEBEAEFHSHRE

%&E%}MH#

JBF GIF WGIF SSA-GIF

r=2,0,=1.5,0,=0.02 r=1,e=0.022 r=1,e=0.02% r=1,r0=5,e=0.1%

mE 2, & 3(d), (e) s (D) H A SR G IEHE XS 7, T 208 1 KR R 9 4544 2% 5, JBF, GIF 1 WGIF
W R (0 RG v A Hh AR TR B UG 1 ) 45 4 £ 36 300 1 B ke A b v (0 AR e 2 SO R . S R R, ] 2, [
3(@) FTR AL BB SSA-GIF 76 25 46 AR LI B0 ) 35 B T BB A% 11 35 17 O 3%k 5 % B TR A — B (4 ]
BEE RN AT 35 5, T e A 7 SO A . e A L B a9 PSNIR 45 ARt R B SSA-GIF 75 H #0531k v I
19T S 1Y) 25 AR



14 LI SN S AQ= I = = 7))

(a) Bt EB (b) & MR KR (PSNR = 28.12) (c) i B K B B &

(d) JBF (PSNR = 34.46) (e) GIF (PSNR = 34.26) (f) WGIF (PSNR = 34.37)  (g) SSA-GIF(PSNR=36.68)
K2 B IErEigEE

4 g

o e BRI 5 XU SR L 51 T AR B 2 BUA 51 S 98 D ik T TR i ) 30 R A ok ke B AR S i S 0075 I
PR A K 22 57 B 1 T — S8 B U8 I 7 15 BVEE T 85 A AL PE RO 9 5 | 5 PRTAR U8 0. A LE B 300 AR ST ise
T 8 I 0 RE A% AR AI5 P 5 I 9% 2 A AR o 1B 35 7 M 28 4 5 PR b R 240 £ L 06 AT 5 1 S DB e o DA T A 2580
e T B 515 D8 I A A SO A ) i

(a) FaOEfE (b) FHURIRFEEE (PSNR=28.11) (c) THMIREEE

(d) JBF (PSNR = 35.38) (&) GIF (PSNR = 35.59) (f) WGIF (PSNR=35.71)  (g) SSA-GIF (PSNR =37.53)
Pl 3 0014 1 P 4 Mk 2



55 3 it 20 ¢ T 5 AL kA 75 AR 15
2% 30k

[1] Tomasi C,Manduchi R. Bilateral Filtering for Gray and Color Images[ C]J. //IEEE International Conference on Computer Vision,1998.

[2] Buades A,Coll B,Morel ] M. A Non-Local Algorithm for Image Denoising[ C]. //IEEE Computer Vision and Pattern Recognition,2005.

[3] Karacan L,Erdem E,Erdem A. Structure-Preserving Image Smoothing via Region Covariances[]]. ACM Transactions on Graphics,2013.,
32(6):1-11.

[4] Rudin L I,Osher S,Fatemi E. Nonlinear Total Variation Based Noise Removal Algorithms[]J]. Physica D:Nonlinear Phenomena, 1992, 60
(1-4) :259-268.

[5] Farbman Z,Fattal R, Lischinski D, et al. Edge-Preserving Decompositions for Multi-Scale Tone and Detail Manipulation[ J]. ACM Trans-
actions on Graphics,2008,27(3) :1-10.

[6] XuL.LuC,Xu Y.et al. Image Smoothing via L. 0 Gradient Minimization[ ] ]. ACM Transactions on Graphics,2011,30(6) :1-12.

[7] XuL,Yan Q.Xia Y.et al. Structure Extraction from Texture via Relative Total Variation[]J]. ACM Transactions on Graphics,2012,31
(6):1-10.

[8] Cho H,Lee H,Kang H,et al. Bilateral Texture Filtering[ J]. ACM Transactions on Graphics,2014,33(4):1-8.

[9] Petschnigg G,Szeliski R, Agrawala M, et al. Digital Photography with Flash and No-Flash Image Pairs[ J]. ACM Transactions on Graph-
ics,2004,23(3) :664-672.

[10] He K,Sun J, Tang X. Guided Image Filtering[ J]. IEEE Transactions on Pattern Analysis and Machine Intelligence,2013,35(6):1397-
1409.

[11] Zhang X,Sim T,Miao X. Enhancing Photographs with near Infrared Images[ C]. //IEEE Computer Vision and Pattern Recognition,2008.

[12] Kopf J,Cohen M F, Lischinski D, et al. Joint Bilateral Upsampling[J]. ACM Transactions on Graphics,2007,26(99) :96.

[13] Li Z,Zheng J.Zhu Z,et al. Weighted Guided Image Filtering[ J]. IEEE Transactions on Image Processing,2015,24(1) :120-129.

[14] Chan D,Buisman H, Theobalt C,et al. A Noise-Aware Filter for Real-Time Depth Upsampling[ CJ. //European Conference on Computer
Vision, 2008.

[15] Liu W,Chen X, Yang J,et al. Robust Color Guided Depth Map Restoration[]J]. IEEE Transaction on Image Processing,2016,26(1) :315-
327.

[16] Lu S.Ren X,Liu F. Depth Enhancement via Low-Rank Matrix Completion[ C]. //IEEE Computer Vision and Pattern Recognition,2014.

[17] Shen X,Zhou C,Xu L,et al. Mutual-Structure for Joint Filtering[ J]. International Journal of Computer Vision,2017,125(1-3);19-33.

Guided Image Filtering Based on
Structure Similarity Aware

HAN Bo SUN Zhong-gui

(School of Mathematical Sciences, LLiaocheng University, LLiaocheng 252059, China)

Abstract With help of the guidance image to direct the filtering process,Guided filters have achieved
powerful performance and attracted more and more attentions in image processing area. However,due to ig-
noring the structure difference between the guidance image and the target one, existing methods, such as
joint bilateral filtering and guided image filtering, usually suffer from texture copy in their filtering out-
puts. To overcome this drawback, this paper first proposes a novel indicator to describe the structure rela-
tionship between the two images more accurately,i. e. ,structure similarity aware. Go a step further,a novel
guided filtering method is proposed. In a nutshell, the proposed method can adaptively select the consistent
structures in the guidance to supervise the filtering operation,and thus avoid texture copy effectively.

Key words Joint bilateral filtering; guided image filtering; texture copy; structure similarity aware



