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Cross-modal Filter with Joint Spatiality Adaptive Means
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Abstract: Non-local means filter uses Euclidean distance to measure the similarity of gray values between pixel blocks in a
non-local area. In this sense,the filter does not take the locality into account,and thus leads to several local and aperiodic
details being over smoothed in denoising process. To address this problem,this work pursues a local and non-local adaptive
strategies to improve the performance of non-local means filter. Meanwhile, considering the fact that multi-modal images are
widely used in practice,we also focus on extending non-local means filter to a cross-modal version. Finally,a novel filter is
achieved which is cross-modal and can adaptively tradeoff between local and non-local implementation. Experimental results
show that the performance of the proposed method is more powerful than the original one.
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Fig.1 Single-modal image experiment
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Table 1 PSNR results of three filters on standard gray images

Standard deviation of noise

Name Methods
10 20 30 40 50

BF 19.41 17.93 16.68 15.05 13.25
Lena NLM 25.64 21.00 18.61 16.16 13.87
CJSAM 26.01 21.32 18.93 16.34 14.01
BF 19.43 17.92 16.65 14.99 13.19
Boat NLM 24.41 20.30 18.09 15.79 13.58
CJSAM 24.92 20.76 18.46 16.06 13.78
BF 19.51 17.93 16.65 14.99 13.19
Cameraman NLM 24.46 20.29 18.08 15.74 13.53
CJSAM 24.87 20.71 18.46 16.07 13.78
BF 19.59 17.93 16.61 14.94 13.10
Man NLM 22.08 19.07 17.25 15.22 13.18
CJSAM 22.73 19.64 17.74 15.59 13.47
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Table 2 PSNR results of four filters on color and depth images

Standard deviation of noise

Name Methods
10 20 30 40 50
JBF 23.9 20.5 18.4 16.2 13.9
At NLM 24.1 21.1 18.7 16.2 13.9
INILM 24.9 20.9 19.2 16.2 13.9
CJSAM 26.2 21.4 19.0 16.4 14.1
JBF 24.1 20.6 18.5 16.2 13.9
Book NLM 26.6 21.6 18.9 16.4 14.1
JNLM 26.3 21.5 19.4 16.4 14.0
CJSAM 26.7 21.6 19.0 16.5 14.2
JBF 24.1 20.7 18.5 16.2 13.9
Reindeer NLM 26.0 21.4 18.8 16.3 14.0
INLM 26.1 21.3 19.3 16.4 14.0
CJSAM 26.4 21.6 19.0 16.4 14.0
JBF 24.1 20.7 18.5 16.2 13.9
Laundry NLM 26.6 21.4 18.9 16.3 13.8
; INILM 25.8 21.3 19.2 16.3 13.9
CJSAM 26.5 21.6 19.0 16.4 14.0
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Fig. 2 Multi-modal images experiment
a Y48
4 ghie

22 AR SR PR IR U OO T (B S AU, AN A A (b R B AR RIS B, L
DUE T IR 5t AR SCRYBS RS 23 350 11 368 DI A (B DB ( CISAM) XI5k b AT 1 ket —Jr i,
Wi FIAZER M CISAM HA RS AR R0 A 1E BV ; 55— 5, i BB al SE RO BS (R B, SC BB 1L
AU, I B AR O 3 KA S0k S T SCHU i R . B R LSRR ACR W IRAIE T CISAM 9L KL 25 1
PEfE.

B NLM B3k i ) & 2% B 48 e, 31X — [ BB ZE. CISAM. P AR SR A7 A8, W ] % FE 347 sk i 75 2 — 25 F
FE. HASCE G 2000 NLM Bk96 07 17 1A, IFoR 5 STOA BSREASSAIER TS LE | J5 2 TAR S PASG
TE. WA A SOV R — RS S ) A T DR B A Bt , Wy 1 X6 BAR R FH 37 5 i — 242 T CISAM HERET
P HIE.

[ %23k ] ( References)

(1] =R, EEK, EHN. 458 NRIEER T ARSI 4 Fe % G BRI E [ )], Mt I R e ( TREEARM) ,
2018,18(3) :25-32,38.
[2] 1HaEE. MR M B SR A 5 T R sE [ D] K58 . MR, 2016.



P UM R A2 2R (TR R ) 5522 5 1 (2022 4F)

[12]
[13]

[14]

[15]
[16]

[17]

[18]
[19]

[20]

[21]

[22]

RUDIN L I,0SHER S,FATEMI E. Nonlinear total variation based noise removal algorithms[ J]. Physica D :Nonlinear Phenomena,
1992,60( 1-4) :259-268.

FARBMAN Z,FATTAL R,LISCHINSKI D,et al. Edge-preserving decompositions for multi-scale tone and detail manipulation[ J].
ACM Transactions on Graphics,2008,27(3) :1-10.

XU L,LU C W,XU Y,et al. Image smoothing via L, gradient minimization[ J]. ACM Transactions on Graphics,2011,30(6) .
1-12.

TOMASI C,MANDUCHI R. Bilateral filtering for gray and color images| C ]//Proceedings of the 6th International Conference
on Computer Vision. Bombay, India:IEEE, 1998 .839-846.

TRy BB KRG, A5, — ol T et Al R A (S RO L AMAIMR 25 [T ], ZDAME R, 2018,40(7) 638~
641.

XU ANBL. S IRE /N 34 T BRI P A sh A B DR ZEAMEE [T ] i B 2724l (TR RR) ,2006,6(3) :1-4.
PERIYASAMY N D,RAMASAMY A. An adaptive truncated wavelet filter for speckle removal in ultrasound images[ J]. Inter-
national Journal of Applied Engineering Research,2015,10(2) :2327-2337.

BUADES A,COLL B,MOREL J M. A non-local algorithm for image denoising[ C ]//Proceedings of the 2005 TEEE Computer
Society Conference on Computer Vision and Pattern Recognition. San Diego, USA . IEEE 2005 :60-65.

SHREYAMSHA K B K. Image denoising based on non-local means filter and its method noise thresholding[ J]. Signal , Image
and Video Processing,2012,7(6) :1211-1227.

IR XN eTh IRE M, S, BBRR AW — MBIk 1], P EBFERE,2010,40(9) : 1165-1175.
Xide IR I E 1, 55, Edge-guided GAN . A FHE B3 FHRERGEE[T]. THEEZEIE ¥ ,2021,26(1)
186-197.

ZHANG X P,SIM T,MIAO X P. Enhancing photographs with near infrared images[ C ]//Proceedings of the 2008 TEEE Conference
on Computer Vision and Pattern Recognition. Anchorage , USA .IEEE,2008.1-8.

KRISHNAN D,FERGUS R. Dark flash photography[ J]. ACM Transactions on Graphics,2009,28(3) :1-12.

SHEN X Y,YAN Q,XU L,et al. Multispectral joint image restoration via optimizing a scale map[ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence ,2015,37(12) ;2518-2530.

GUO X J,LI Y,MA J Y,et al. Mutually guided image filtering[ J]. IEEE Transactions on Pattern Analysis and Machine Intel-
ligence ,2020,42(3) .694-707.

LIU W,CHEN X G,SHEN C H,et al. Robust guided image filtering[ J/OL]. 20171-14. http : arxiv.org/abs/1703.09379.
LI'Y J,HUANG J B, AHUJA N, et al. Deep joint image filtering[ C]//Proceedings of the 2016 European Conference on
Computer Vision. Amsterdam, The Netherlands: Springer,2016:154-169.

HAM B,CHO M, PONCE J. Robust guided image filtering using nonconvex potentials[ J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence,2018,40( 1) :192-207.

PETSCHNIGG G,SZELISKI R, AGRAWALA M, et al. Digital photography with flash and no-flash image pairs[J]. ACM
Transactions on Graphics,2004,23(3) .664-672.

SHEN X Y,ZHOU C,XU L,et al. Mutual-structure for joint filtering[ J ]. International Journal of Computer Vision,2017,
125(1-3) .19-33.



