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Infrared and visible image fusion based on CSR and energy features

WANG Zhao, DU Qing-zhi, LONG Hua,SHAO Yu-bin,PENG Yi

(Faculty of Information Engineering and Automation, Kunming University of Science and Technology , Kunming 650500, China)

Abstract: The traditional sparse representation (SR) block-processing strategy reduces the continuity of the image,
which results in a serious loss of feature information. Therefore ,an infrared and visible image fusion algorithm based on
convolution sparse representation( CSR) and energy features is proposed. In this algorithm, the low-frequency subband
of the non-subsampled contoured transform ( NSCT) domain is decomposed into the low-frequency basic component
and the detailed feature component,local Laplace energy method ( LLE) and convolutional sparse representation are
used for fusion respectively to obtain the low-frequency subband fusion image. Meanwhile ,a new activity measurement
method is constructed according to the underlying visual features to fuse the high-frequency subband. Finally, the low-
frequency and high-frequency parts are reconstructed by NSCT inverse transformation. The experimental results show
that this algorithm effectively combines the edge texture information of source images,and is superior to most existing
algorithms in subjective and objective evaluation.
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AE R R A48 BRI 2% # ( non-subsampled cont-our-
let transform ,NSCT) 45 £ J5 1] 4% [n] 5 LL SR A
AR EERFE TRl I, FE — s FREE b T O A
B, B SR T — R LT K bR A b
24 (PCNN) i NSCT SR2L40 5 ] WOt R il &
SV MR D T R A R 1 BRI ) B, Zhang
SRR T HE TR B2 0 i 5 (Local Laplace
energy , LLE ) L SLE B A b5 MU0, R ml &4 F R
FEBT D) AR e (NSST) IR W (5145, A7 8O A T
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filter banks ,NSDFBs) , & #E47 k B0, il 5 5 H
KN B+ 1 AT
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Fig. 1 Schematic of a two-level NSCT decomposition
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Fig. 2 Image fusion framework based on NSCT-CSR-LLE
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HERAK, NSCT-PAPCNN-C % 454l PCNN-C 8.3
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Fig. 3 Fusion results of different algorithms for forest image
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BURTE 2R WA QTR R AR 40 19 15 8., AR AE A 7 i KT forest” il & LY Y H WUPFOTFEAR(EL AN R 1
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Tab. 1 Objective quality evaluation indicators of forest

PEM R IR M1 SF SP QABF VIFF SSIM
NSCT-T 1. 9524 4.3575 1. 8398 0. 4042 0. 4415 1. 1940
NSCT-PAPCNN-C 1. 6456 4.4294 1. 8883 0.3618 0.4122 1.2248
SR-C & L 1. 6033 4. 4471 1. 9051 0.3633 0. 3686 1. 0968
PCNN-C 1.7344 4.9183 2.2002 0.3194 0. 3212 1.1338
SF-Energy-Q 1. 6186 4.1234 1.7783 0. 4400 0. 4995 1. 1238
Proposed 1. 8942 5.1292 2.2666 0. 4628 0.4914 1. 2447

1 e e e e Mo o B AN L B AR I S R AT L

TR R o #22 N T  store” SR L5 i
PR AR bR , AR AR FEA AR B DL IR 6.

Index Value

Performance Index
E 4 “forest” T FE PR AR IE

Fig. 4 Evaluation index curves of forest
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5(c) ~(h) HAFEPXT LR EE R, AL 5w
Hirds st 4 5 4%, vl LA i NSCT-PAPCNN-C %
225 NSCT-T 53k B BN BB, H AR 1 56 B8 {5
SR, SR-C&L 5% Al PCNN-C 5k 2
HWELT“BARZ L A7 AR R4 4y W R 25, B
RO SRR, BB G SRR A B

. o = (g)SF-Energy-Qfri: (h)Proposed

MR” o NSCT-CSR-LLE 5335 4 Hi B2 82 , X1 H bt [R5 “store” MR A FIEAK O 50
IR RAF, se ik 1 Dbl A 3 B4 A 4k Fig, 5 Fusion resulis of different algorithms for store image

(b) IR 4B




WOt 5 40 4 No.8 2021 +* WA AT CSR MgE i FHEM L s 57T WOt EUG Rl & 1093
&2 “store” T E I8 AR
Tab. 2 Objective quality evaluation indicators of store

MR R M1 SF SP QAB/F VIFF SSIM
NSCT-T 3.4227 5.5892 2. 1708 0. 6021 0.7583 1.2031
NSCT-PAPCNN-C 1. 3888 5.3652 2.0992 0. 3823 0. 4584 1. 0658
SR-C&L 1. 6668 5. 6264 2.2633 0.4928 0. 5267 1.0129
PCNN-C 2.0367 5.8517 2. 3826 0. 3975 0. 4527 1. 0820
SF-Energy-Q 2.4427 5. 1028 1.9159 0. 5267 0. 6808 1.2217
Proposed 3.7411 5. 8824 2.3134 0. 6504 0. 8346 1. 2241

v s Bse 222077 Mllvirr [ Jssiv

I =

I ZI IIZI ;sﬁl 554I

NSCT_TNSCT_PAPCNN_C SR_C&L PCNN_C SF Energy Q Proposed
Performance Index

6 “store” TR HRARFEIRE
Fig. 6 Evaluation index curves of store
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SSIM 5 At Jy s AHIT , /B MI 1 VIFF $545 5 48 9] 2
e, REAR - b S B AE AR E F B

Kl 7(a) ~(b) Ky~ tree” JHEE, K 7(c) ~ (h)
Ir N A A LS IR 25 0 . SR-C&L 5575 5 PCNN-C
FEAR R I A 75 87 . NSCT-PAPCNN-
C B33 A0 NSCT-T 535 B9 i ik {5 5 B2 2% , SF-En-
ergy-Q FLEEY BAHIG M B0 PERAUI,

FAEG T & , NSCT-CSR-LLE 55 vk fill 75 45 5 iR
JE R AR T SO T T, R A 2 AR, H AR AT
RERSAT SO 41 34 IR PR A S5 AR R AIE

B 2 G ree” YR ENG Y 552 35 WA A 1 I
2 3, RN XS LA AR I LI 8

M3 ] FHH, NSCT-CSR-LLE & B 7E 4 Tj
fabs b b dfs 27, A SF 5 SP{E g Ik T PCNN-
C 5% {2 PONN-C S Sehr i B 1 ™ iy~ O 7
A" N o BEAT , A SCE 2 i AR 8 bR (AR RE R
G- A B 5 T AT FX LG R e

Index Value

Bl 8 MM R ARk IR B 1, A8 AR 5 H
FER I, SR ZE A K, (HE ML VIFF Q™" F
SSIM 5 % W1 A L 3, % MK BL T NSCT-CSR-LLE
IR

(D) IREEB

(g)SF-Energy-Q¥ik
E7  “tree” FUGAFI B IE A RL & 45

Fig. 7 Fusion results of different algorithms for tree image

(h)Proposed
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Tab. 3 Objective quality evaluation indicators tree

PE R AR MI SF Sp QB VIFF SSIM
NSCT-T 3.5072 7.5509 3.3613 0. 5885 0. 8239 1.5129
NSCT-PAPCNN-C 3.4067 7.4284 3.3321 0. 5404 0.7679 1.4744
SR-C&L 3.4527 7. 0967 3.0762 0.5571 0.7636 1.5103
PCNN-C 3.2971 8. 1648 3.7856 0.5374 0. 7408 1.4594
SF-Energy-Q 3.2782 6.5189 2.7635 0.4844 0.7748 1.4852
Proposed 3. 8144 7. 9898 3. 6260 0. 6190 0. 8734 1.5351

AB/F
v EEs B 220 i viee —som

1 a

Index Value
L

FFFFFE

NSCT_TNSCT_PAPCNN_C SR_C&L PCNN_C SF_Energy_Q Proposed
Performance Index

8  “tree” PEMFEHRARIE

Fig. 8 Evaluation index curves of tree
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R A3 R 20 S0, Y T 4 v, 0 AR 11 i % SC B A0 T
R 3

S VUL T grove” [l £ 5L I8 ) 5 LR 48
WL 4 AT AR E UL IE 10,

XT L 43 A AT DL & B, NSCT-CSR-LLE %5 7 X
Q"™ HEAIK T SR-C&L i3k, HAy 5 TR hr¥y M fc i,
FWAL D A5 LASIE

& 10 11 grove” PEMFEFR XS ELAIR KT AT LLA 5L
HE WA NSRRI & 22, NSCT-CSR-LLE 59
g Q™ AR F SR-C & L33k {0 MI F5hRil 34 d
AR AR 4 TR ARt AR & T AR X Bk
AR S A SR EA SO A T IR G B A

B WA B ARAT SE 4f, FE B SUEE L 3 B AR e
R R

(a) TR A (b) JEEIEB

(c) NSCT-TH % (d) NSCT-PAPCNN-CH#

() SR-C&LE #: (f) PCNN-CEL:

(g) SF-Energy-QFi:

(h) Proposed

F9 “grove” EHEA Rl F vk O il 5 45 2

Fig. 9 Fusion results of different algorithms for grove image
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F 4 “grove” ZW EITF M FEAR

Tab. 4 Objective quality evaluation indicators grove

PEM R AR MI SF Sp QA VIFF SSIM
NSCT-T 4.8571 7.3665 3.1826 0.6173 0. 8156 1.2354
NSCT-PAPCNN-C 3.9526 6. 6929 2.8754 0.4595 0.6192 1. 1591
SR-C&L 4.7194 7.5696 3.3551 0. 6574 0. 8291 1. 1994
PCNN-C 4. 4609 7.5730 3.3791 0. 5641 0. 7390 1.2414
SF-Energy-Q 4.3263 7.0849 3.0596 0. 6252 0. 8388 1.2360
Proposed 5.2368 7.6729 3.4411 0. 6438 0. 8706 1.2728

I o [ sF [ sp (22" [ VIFF [C]ssiM

Index Value

=l |

NSCT_TNSCT_PAPCNN_BR_C&L  PCNN_C SF Energy_Q Proposed
Performance Index

10 “grove” S HEFREEIR
Fig. 10 Evaluation index curves of grove
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