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Abstract: In order to effectively integrate the spectral saliency information of infrared and visible light im-
ages and improve the visual contrast of the fused images, a fusion method of infrared and visible light im-
ages based on weighted visual saliency and maximum gradient singular value is proposed in this paper.
Firstly, the new algorithm uses the rolling guidance shearlet transform as a multi-scale analysis tool to obtain
the approximate layer components and multi-directional detail layer components of the image. Secondly, for
the approximate layer components that reflect the energy characteristics of the image subject, visual saliency
weighted fusion is used as its fusion rule. This method uses the saliency weighted coefficient matrix to guide
the effective fusion of spectral saliency information in the image, and improves the visual observation of the

fused image. In addition, the principle of maximum gradient singular value is used to guide the fusion of de-
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tail layer components. This method can restore the gradient features hidden in the two source images to the

fused image to a great extent, so that the fused image has clearer edge details. In order to verify the effective-

ness of this algorithm, we have adopted five groups of independent fusion experiments. The final experiment-

al results show that this algorithm has higher contrast and richer edge details. Compared with the existing
typical methods, the objective parameters such as AVG, IE, QF, SF, SD and SCD are improved by 16.4%,

3.9%, 11.8%, 17.1%, 21.4% and 10.1%, respectively, so it has better visual effect.
Key words: image fusion; rolling guidance shearlet transform; visual saliency weighted; gradient singular

value
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(EESSSL Vb A N NG AR WS AESEF )

FE, fo PR S S e

DZ;I:(X,)’) GSVyL(x,y) > GSVRr(x,y)

D}i(%)’) GSVyL(x,y) <GSV (x,y)
(26)

Herf Dy i(x, y) RS R BIART 2R E R

Dji(x,y)= {

4 KBRERBLHH

R T R UE AR SCHE A sk, R CVTEs,
NSCT 21, ADF B9 WLSBI, MSVDP2 TSFBI 45
5 PRIl 2 RO i VBT L SR T
BHRRIZ M, BT S FORRIIE 4 A0 5 T
WOEEE, E 7 s, Hp & darsh5n] Wt
PR B M e v, 1 EL AT LRSS T 3509,

X iR £ 2R Bk, e RO ol T H
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(a) Infrared image of the
1% fusion scene

(b) 2 2 DELG 75
FUEARUNESEE

2" fusion scene

O 5 1 MRE SR
Al WA

(f) Visible light image

of the 1** fusion scene
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(g) Visible light image

of the 2" fusion scene
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(b) Infrared image of the  (c) Infrared image of the (d) Infrared image of

3 fusion scene
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(h) Visible light image (i) Visible light image
of the 3" fusion scene  of the 4™ fusion scene
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H 10,2, 3, 4],

(3)ADF J5 I 45 ) S P4 RECHE 0 2 3K
BRI AR 2 5 4071 )2 401, i i
K t=10,4=0.15, k=30,

(4)WLS LA & a5 S i 5 i
TEPAR AL A 2 RBUR IR BUE a2 S
U1 2 o b, TR E N SRR 4, 0°= 2,
o= 0.05,

(5)MSVD J7 R H “2 e 4 25 S 4 "
AT EA AN F RS B ER o 2 8, Hodhay
R IZHCH 4

(6)TSF J5 1R 1 rP (B8 1k 2% 7 AR B 4 5]
B2 5 40 25, a2 80k 2,

w,= 30, wy=3,

(d) 5 4 DR 5
FEEARNESER

() 5 5 MRl 75
GEEARANESEER

(e) Infrared image of the

5% fusion scene
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(j) Visible light image

of the 5™ fusion scene

the 4™ fusion scene
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Fig. 7 Infrared and visible light images used in the fusion experiment
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Fig. 8 Comparison of AVG values under different decom-

position levels
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Fig. 10 The first group of image fusion experiment
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Fig. 11 The second group of image fusion experiment
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Fig. 12 The third group of image fusion experiment
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Fig. 13 The fourth group of image fusion experiment
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Fig. 14 The fifth group of image fusion experiment
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BB R, R A BUE s G RS 4 ®3 F3EEGMAEZHRIBEWITNIER
VR RS AE B £, (5225 R 11 Jo 3 oot i Tab.3 Objective evaluation indicators for the third
AR 5 Lﬁb%ﬁ(’@’(ﬁ/ﬁ\f@% AR R group of image fusion experiments
S, L S Bt 5 2 45 4 R WLk — i 5341 b
PP WEFE avG @ s sD seD
ST UL EF8FRIEAMY, A PC EHL ER A CVT 498 691 059 1480 3432 160 222
11th Gen Intel(R) Core(TM) i7-1165G7 2.80 GHz, NSCT 413 737 054 978 5049 1.62 91.1
RAM 16 GB, Windows 10 Z &£ H' Ui, MATLAB ADF 303 662 041 888 2899 152 142
2016 HFREE FisfTRY. XX 5 ARG EIER, 1§ WLS 511 710 055 1547 4780 181 3.16
A SE PP ILAR 13 5, HoRLIREROR A I MSVD 395 665 046 1199 2952 153 045
IETTIR AR AR5 e 2 TSF 4918 7.08 063 1493 3902 170 0.14
x1 %1 HEEGHSZWHEINITNIE AT 575 715 0.65 1639 4865 182 751

Tab.1 Objective evaluation indicators for the first

group of image fusion experiments

w141 VA

il & S8

AVG IE Q" SF SD SCD t

CVT 10.59 7.10 0.58 18.88 35.67 1.54 3.93
NSCT 642 751 045 1141 4722 159 109.8
ADF 1022 691 053 17.64 30.76 1.51  2.07
WLS 11.14 7.14 0398 2038 41.19 1.74 418
MSVD 936 6.84 037 1663 2926 152 0.76
TSF 961 727 056 17.76 4058 1.68  0.13

AT 1144 742 0.62 2065 47.66 1.78  8.82

F4 54 HEGRE SR BEIITNIELR

Tab.4 Objective evaluation indicators for the fourth

group of image fusion experiments

®2 £ 2 HEEMESSHRNEIITN R
Tab.2 Objective evaluation indicators for the second

group of image fusion experiments

man N bR
WETE  \ve  IE Q" SF SD  SCD t
CVT 9.18 691 039 1727 3398 148 134
NSCT 6.06 7.8 031 11.15 3807 121 29.46
ADF 537  6.62 034 1010 2790 146 0.90
WLS 982 696 039 1799 3419 158 129
MSVD 794 6.66 032 1457 2834 145 0.18
TSF 813 7.04 043 1682 3705 163 0.1
AT 984 7.15 043 1842 39.04 1.68 244

PR

AVG 1IE QF SF SD SCD t

CVT 876 7.05 058 21.67 33.65 151 1.81
NSCT 573  7.17 042 1215 3788 120 65.1
ADF 755 6.83 050 17.18 2828 150 1.25
WLS 888 7.06 046 20.88 3354 1.65 236
MSVD 784 683 046 19.75 2842 154 035
TSF 7.68 7.1 055 1940 3516 1.58 0.13

AT 944 726 0.62 2295 40.11  1.65 4.64

®5 55 HEGRME W BEIITNIELR

Tab.5 Objective evaluation indicators for the fifth

group of image fusion experiments

TESS A 5B 240 5 4 40 5 S S,
AT RS T FR bR R R L, X 5 0
W WUBCE AT B . 5 3 LHS2 v, AR SCE Y
IE {H BEAIL T NSCT 53k, (B2 H e fBirihik T

w5 PN AR
il e AVG IE QF SF SD  SCD t
CVT 1225 754 050 2483 4691 175 225
NSCT 975 781 043 1879 5587 1.64 53.80
ADF 9.19 697 042 1796 3286 174 133
WLS 1253 735 038 2462 4374 187 264
MSVD  10.66 699 043 2259 3335 178 032
TSF 12,00 7.68 053 2574 5217 1.84 0.5
AICTE 1431 776 057 2876 5792 1.89 342
@ﬁ‘f‘a ARSCRHAS R B TR R AT T &,

i ok P AR R I R o T I S R B,
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TSF 5k I v = e 08, e E . R
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A s 1] HEAE P ], S 58 T NSCT Jrik. T
RGST [R] i 77 £ KR 5 77 1) 28 P /I8 JE 1) i A2
i, [7) iof JHG oA 4 2 8t 2 AR T PR A R AIE £
T 5 SR, P G A 1) A7 I )R 2 A T g
I PSS I =D 9 = N RPN <0 i D € LU
RGST W HB 9RO T I 5E B9 22 0B E , A
Dol /i ) JRUE ORI 15 7 [ K, SR T X g 2
L RS SVA L R AL PERE, [N I BT S ik Y
B AT TR ARIE AT LASESZ 19

25 LTIk, Fris i % WA 45 2R -5 3 A6
ROREARTT G o BIRTED BT R, A LEPEAN
ANt Y, (E RS 5 Y RS B, IR A
W B AR, A SRR IR AE R XL A0 5 n]
UL & TRDEE, A SCRA AP 3 B AT — 7 B B0
P, HRES TEREM T — 25

S 3CHk:

5 &% #®

AR S —Fh I 2040 50T DGR A R E
2, AR el R o5 3 55 U AR ek IR A
BT 2 R 277 53 X ERZ 54,
SR A 3 T A0 08 25 A Ay s A 7 75 A
BTN J2 53 88, SR R 2 S 5 R %) )
AN A R O T RIERLA HERE, SR
5 FORRI A S TRA L8 . 25 RE W, ZEIE
—ERLPE AT UL A5 0] DG RR R 24
SRR B A UG HE B A A 1) AL, ()
WA T EE A B E R,
MG A58 . 25 AR 0T i A f 1T
J5 ARG F B Al fl A 5%, AVG. 1E. QF,
SF. SD. SCD %% W2 ¥ 45 br 73 5l 42 55 16.4%.
3.9%. 11.8%. 17.1%. 21.4%. 10.1%.
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