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ABSTRACT: The work aims to propose an algorithm to enhance the weak visible light image based on Retinex and then
to fuse image based on NSST and SWT for the problem that the images after the fusion of weak visible light and infrared
images still have a large amount of details lost and blurred target. Firstly, the SSR was used to enhance the low visible
light image, and then the enhanced visible and infrared images were decomposed by NSST to obtain the first high and low
frequency coefficients. The high frequency coefficients were fused by a method based on local energy characteristics. The
low frequency coefficients were decomposed by SWT to obtain the second high and low frequency coefficients. The high
frequency coefficients of the second time were fused by the same method, and the low frequency coefficients were
fused by the linear weighting method. Then, the low frequency coefficients of the second time were obtained through the
inverse transformation of SWT. Finally, the fusion results of the high frequency coefficients of the first time and the new
low frequency coefficients were transformed by NSST inverse transformation to obtain the fusion image. Through simu-

lation experiments, the proposed algorithm was compared with NSST, NSCT, and the algorithm in literature 5. The results
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showed that the fusion image details were clearer in subjective vision, and the average gradient, standard deviation, in-

formation entropy and information retention indexes increased by 35.63%, 26.73%, 16.89%, 7.2% and 4.6% respectively

in the objective. The proposed algorithm has a better effect on image fusion, and the visibility and quality of the fusion

image are improved.

KEY WORDS: image fusion; SSR; NSST; SWT; local energy characteristics

G Rl G 245 0 A 7137 5% (R B SO TR, ol AN [
AL SRR R A 1 22 MR UG i A 1 7 BV st A
EUR R G H R &8 T 2L B A5 SRS HoR , 7E#
15 B Al 5y | e R EIAR L Ke  2 R S S A
AT IZ BN o AT WL SE AN A G ) il 2 A R
AT U AR, TR A ] IO AL B R S
LT HME SRR R A W R BN 20 SN EUSAR S
YRR GRS 2 B, AUEESN ARy Se i, (HAL
HEUR 5 HERRZ R IBRE A ZARGS , Fhn b AR EREE
H T RE ), AMERER AR R ER IR IR Z
AL BB 32 852 ) W A sk T Dl 09 B 3ft i T o
B, SERMEETAMBI OGRS, G IRAF 3R
B, A UOGEMER I o BER RN A0 2 OORER LU
BAECIA R EMT, BGHTC R 28 E
B, Wi, AR, nTRhE G mAE 2,
2L AN G 5 B0 BP0 S AT L R 2 B A s AT
G, AR —EEEA T IOG R R E AR
BAFRTRE | 43 B S A LLAMNEUR i Y H bR
R ER

PG Rl B AR AR G S 223 ) Sl R A B Bl 9 K2
Horp BT 23 [ S Rl B AL IO R 5 1 L 4
T L A2 SRR, vk R B X )
AR R AL R 58 LG Rl o BRARIZ T T TR R S 458
1, (HARIRAS 3 A R SCRAS R AR HAR T A8 46
kA RS & A Y N AR R | SP RN
g AR T REEAE BB Contourlet A8 H | B (6,25 [H]
(7 3 S ) e ik 3R B R AR B K K
WE B AT IT, TEARME R e B Al A, IR B Y il
AR P RS A A . BT EHR Rl AR B R K
ZHT A, 20 ey, [\ /N AR Y
FIEMG RS, BUSR R HORTS B & o BEE /N
FARWIAWT &, /INEE R — 45 B T ik 25 SR 4
Bifi 5 V-8 A AR R R B 75 B2 % . MUNLDO %542
B Contourlet 284, HLWRAM T /N AR He (1 4, 1H
RO P FH AR ™ bR 2R F R 2 R
il T AT TR UGS, R2LER T TR 2R A R 5E
%, H SWT( Stationary Wavelet Transform ), NSCT
( Nonsubsampled Contourlet ), NSST ( Nonsubsampled )
2T IR AN M 22 RUBE LA 43 ik 1k e
HRIRIT

H i, 2EAMNRAT DO G Y Rl B AR B 58 4
BUSAR KD, (HJR ™1 B . SO Bk A E bR

FEAS AN AT SR S IG5 AT o M B, R ot S rp i o
— LT SSRXF55 Al WG MR UEATIE SR AL B, SR
J5 FE#EAT NSST A1 SWT Bl S Ab B Ik, AT 43

SR S MR A AT (5 B A R RS T
W
1 EARES

1.1 Retinex E£/R1E

Retinex FLIEPIBE 12 0 T 25 Fh EGb B
Retinex AU BL AL I AR PRI BB AR5 i ARG
JERI IR B ST 2 A DR s MO e A B i1
@iE, ERAETEN, AR AN, W
K1,

\ @ %»V«
. ABEL (x,

SETFHIR (x, y)

Bl 1 Retinex 1A Y BIRAE 514 L
Fig.1 Image signal composition hypothesized by
Retinex model

AN — IR R AT LUE R B 43 i
Sy, el (1),

I(x,y)=L(x,y)xR(x,y) (D

s ROy RS, R P i SO v ;
L) WASG, ET I WshAER; 1(xy) 8 AR
R R I G . LR 2 S RECE R TR
o ER P R R i, NI ARAS S A Jrh
i %] HY 42 SSR ( Single Scale Retinex ) PR EH
%, BRG4GB I8 I 281
R, B SRS 20T R R

Ri(x,y)zlogll.(x,y)—log[F(x,y)*Ii(x,y)] 2)

Kb Fooy) i g s, HRKA R

)
F(x,y)=4-e (3)
K. o ARERT; 1 EaE (ATRRH

1 e
A=) B [[F (x, y)dxdy =15




BarE 19

FLEH A JET Retinex Y55 AT WOGFIZLAH & 15 a5 o1k - 239 -

X (3) 1, MRS o BRI NERNT, 1
SSR H kA FE R E EEMEH . Y o B/, SSR
ELA 558 2 10 30 285 U LR 406 BE R O e %) RS 40 1 3
SRR, HaSH—ERENARAER., Y ok,
SSR 2R sh 25 BBl 4 16 7, 5 0 - b A e i o
B ERAR AN, (HEMGRMTE S BR R4,
KL S EL o B BN 5 IR IR BRI /NG, LLAF- i
TR 2 B RNl RS G i

1.2 NSST T /HIE

BT REEBT I AR (NSST ) 76 4 1) Lz Y
JEJR R VI BE M AR, ST AR A, BT R
KFEFR Y o & EEIRARIE 7 5 R G0k 2 R RULfr 2
ARk . TE YR B A R B K ST R S
Ay (W) R (4),

A (v)=
{'/’f,j‘k (x) :|det A|

A y/eLz(Rz), L AAlRzs ) A g ROEEAR
BRI B OBy UIAERE, AEEIh 2%2 Y AT i
detB=1; Jrfr, 4 4, (v) TR SCHEERESE (B
Parseval HE4L ), A,y () ITCRFR N GFR/NE. 4E
M AN RSB &R, R B 5 LA AR
AHIE R A, R I3 A 48 R4 AN AU AT IR /Nt AR 40 IR R 7R
AN RBE I X I8 B ) Parseval fEZE FHE G,
Al AESA T 1 A . —ts s ECA=[4 o;
02], B=[11;01],

NSST 7484 F 2 ALHE 2 D4y, Bl IE TR
BT (NSP) XFEMQIETT 0, 43 J5 15 2 =i
FUIAST 2 N8R4, Fxd HARAIE o A T8 A, B 4%
fift K ] ISR K+1 A RZB0HE SN R )5 R
BT (SF ) U 2% 76 i EHR o i 5 R 2 RUE:
I3 )AL BRAE o T8 53 04 B4 el 52 B 1 o Pl 45 S ke
5 ECRAEN ) At B LI 2.

4

i/2

v (B A'x—k):ijeZ ke zz}

@ TS

NSP
I:l N?s§|: E = E SINVA g
NSP @ e i

FHE k=1
L il

K2 NSST =4 fifil 2
Fig.2 NSST three-level decomposition process

1.3 SWT T#aHIE

RGN DA e S B (/N e AR T e T
HAG B A ISR AR R, -t R 35 - R AN AR P f

ERER A v IR AR A AL )T, SWT A 35 IE |
AR 2 MUY, B h(n) W g(n) 4P SWT A5
F) R 0 e D o, WG 20 i, 78 27 U
AR 234 L K AN TR T 1 g A A g 8 2
A (5—8),
AD (myn) =" 0D (k) (1) AV (k + m,0+n) (5)
k.l

DY (mn)=>" g (k)" (1) 4™ (k+m,1+n) (6)
fﬂ”@mn)zgég“wk)M”(UA“”(k+mJ+n)U)
VY (m,n) =£h(j)(k) g1 A9 (k+m,l+n) (8)
BRI (9),

A9 (1) = %{Zﬁ“) (kYA (1) AY™) (K + m, 1+ n) +
ki,

> &V (k) g (1) A (k +m,1+n)+
k1l

9
> & (k)R (1) A (k +m,l+n)+ ®

Ezﬂﬂ@jgm(OAUU(k+mJ+nﬂ
k,l

Afre AV AU SR EGIER EE 2 A 2
REEF s 21 misr#; oY, 7Y, vV ki
Y RPET A3 8% . KA B 1) ) i A

e
2 XHEZXEME

H TGl A AL 2 MRS, (B2 T X% R bR
EGmab#a #, Sch X i &, il Retinex
() 5 5% D R A 5o T Ah B, ol D PR S P
EHG AT RS o T IMNEMR UG e, WA HE
51 Retinex %F IG5 , i 2 HOG AT DL UG T T3
SRALEE , AR g AT WG AR, SSR B AT LR 4T
i B 5 AR AT (5 S, B8 T AT R T 3 g b AR 7 D
5o MR EHR AR SR UGS o (E, RS T
BRI Rk, flE ER A B i A NSST A
SWT FRZS G5, B MR P& S A A s R
AR HEATRE M 25 A T R B VR AR o il SR R L
FE T R AR RE AR A U7 v, AR JR R e i LR BCR A
RO B 7 kX ATl G, LRSI REscrt . A
R WL 3,

BRGNPk,

1) R HERE mxn (XHE m, n LA 4 B15
) K/ANHIE T DL L A E S

2) XFu] LGS T SSR AbHE, Hp R B IA A
) o {H .

3) BRI XA BT I B T DL G AT A G R
MG IEAFT NSST 43, XoF 2 il A5 20 1) 455 451 3 H50CR FH 3



* 240 - o TR 2020 4 10 H
AR SVH
- SSR | juim =g | NSST BT )R FAEL A
AV | Y W[ feus [ 4R
H RSAREL SVL Nsst | B
5
NSST AR H |
HNEE T — || SWT | SR A
A TS [ | wR
AR R IL

K3 Rkt
Fig.3 Algorithm process

TR AE R AR A T I AT RS, HURE R R .
P2 BRI R KA T SWT 23

4RI R B SWT 73 fift 23 PR A 21 v AR A3
A, AR B OCHE TR R RE B AR, SR HEAME
BGH TR, BER R A A, W [a] 25 3R 3 1K
RERE R . P e SWT 84 rp s AR 52 e i B0 ik
FEA T /NN 23 it JZ

5) {855 4 RS RIRAE R SWT WiA8 4,
FHEVERRAUR L, 4520 3 19 B = R Bl
SERVEAT NSST WiZsife, 3 2ImhA .

3 (FEXI

31 (FEXWES

R E SCH R A RO, BEES SCRR[S 1A TR]
RoF 360x272 H“UN Camp” FIR S|y 632x496 4
“Bristol Queen's Road” "] WLYE L ANEIG, AT 5
NSCT %k . NSST vk . SWT 8% L I SCHk[ 51587
PEFTXF L o 3 AR R B Steamboat” ] WG AN LT 41 B 4 1
UIRIE SCH B, Hoh BT Rk A 2045 0T ol
MG A 2 L RUR % .

FE T BT N BAR S BORME AN R : SSR Bk
oo EHL 3.5, ERARYE B R R/ INGE I 50 56 1E O
AT 3 S50 ; NSST & rh NSP 40l 25
Ji 32, BN RSP “maxflat”, J7IA N 4% SF Sk
BE N (4, 8, 8); SWT BIkFIFHRA 3 %o,
/N HER ] “haar” s IRAT 2R BOEAE AR I BIF A7 B
EL BB /N

S FRI% . Windows 10 &4¢, Matlab R2019a 15
HMAEINE, Intel i5 4P, 2.5 GHz, BTN
8 GB,

3.2 iEMIgFRIEEL

A% Rl A ST B AP 2 Fh, — R A
F9 IS 5 SR AT B 2 WA 5 — R SR AR R I A O 5 12
TR A E e AT U0 3 0L e M B R B AN
SEDIE, D Sch S R SRR R I . SR H
TP i {58 2 (0 FAN S0, (5808 (TB)

FIARFIWT RS 5 B S A B, 7 BBk 4
THE B E P, SFHBE (AG) MTARMEA
Jr P45 LT 4 015 R D 2 SO B I, RPN PR
AITEMTE . AG MR, BEUTEGFIB R, K
B T B2 B o AS AR (SF ) IR 57 25 1)
S ML T 05 R E AR A QR Rl 45 SR o 22
(SD) F/r & P IR R 5P B R ) B B
EHMRF N E B EEEE, RESELS b
Uf o NGAFBARE PO IR FR S iR R R
£ 5 1 PR AE S5 K THT (Y ARLEE , Horh AP (EBOR,
FR Rl G B R T

4 SEIEERXFELST

I H AL, XF<UN Camp” 0] WG FIZLAME 14
FHSCHR R DL R HE B A RS S LT 4, A
PEM R FRZE F L3 1, X “Bristol Queen’s Road” ] i,
TN L AR G T SC R Bk DL R R i Ak B 45 R L
Kl 5, FREWIEMFEhrgs R 0L 2, X“Steamboat”
AT LGN ZL A B SCrh 835 DA RORT L B30 Ak 3R 45
UK 6, MHXZMIEMIGIREE R UK 3, B ¢
547 5 WHYF-S T[]

N 4. B 5 R 6 Mg T LIE 1, 5 Ak
HB T LS AT UL LT AMEUER A AR5, (E A 320
MGERT , 2 SCHP R Al A B R AE AL A5 1 P
BHEriEE, A EGRaTY  EW AR B S .
“UN Camp”fill 5 5 BUEME, 7eF 40 ab 3 b, JC
HOER AR RS, SO A5 2 ) Al & 1 L H At 4 Fp
B2 0 MG B W M . A “Bristol Queen's Road”
AR ER, a30hE R ES LK ST,
MTLE WA 6 M7 ABAR, 11 NSST. NCST FI3CHK
[SIE RS MR (WK Sc—e ), HEEFR U 3 4>
T NBhn; B SE BB LT LA R bR s L i R
AREMI AT UL, & Sc. K 5d. &l Se HLAIX LA B L
BT o [RIREHLXT T Steamboat” %, & 6f Y
W R I L T 6c—e U LR A BRI, |
SCHVRLE RS 1S 2 B B A R KR EE ML OR B8 T T
LG EMG AT 5 BN L AMENG B AnAs 5, 10 HLB 0 b
MR T 5 B



FaE F1oW P L. JLT Retinex (959 1] WG AL A ER mh& 5k - 241 -

~ri;'-7-'_-a-:-

o 1 LEHE 4 ' b AN ¢ NSCT #3

d NSST &7k e SCHR[S1 8 7 f SCEP;%;?%
Kl 4  “UN Camp”Jii BG4 PPl A 45 2R

Fig.4 “UN Camp” original image and various algorithms fusion results

1 “UN Camp”
Tab.1 Objective quality evaluation of "UN Camp" various algorithms fusion results

Bk IE AG SF SD OABF tls
NSCT 6.3788 4.7055 9.1817 24.4633 0.4281 57.6013
NSST 6.5140 5.3269 10.8015 26.5989 0.4274 27.4231

SWT 6.4816 5.4439 10.6618 259519 0.4701 11.0012
CHR[S] 6.6814 5.6820 11.5476 27.1828 0.4769 8.3219

pat 6.9156 7.0648 14.0147 26.9454 0.5257 8.9737

d NSST &7k e SCHR[SIA £ SCHR

5 “Bristol Queen's Road” [ B A& Fp 37k Bl A 45 2R

Fig.5 "Bristol Queen's Road" original image and various algorithms fusion results
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2 “Bristol Queen's Road”
Tab.2 Objective quality evaluation of "Bristol Queen's Road" various algorithms fusion results

(A7 IE AG SF SD OABF ils
NSCT 5.9941 3.7413 10.1382 22.1382 0.5049 168.6842
NSST 6.1288 42153 12.4086 24.9255 0.5486 67.8444

SWT 6.0864 4.1844 12.2618 24.2289 0.5720 25.6835
SCHR[S] 6.2798 4.4834 12.9836 25.9647 0.5743 21.1534

P 6.4207 6.7766 16.9827 25.9989 0.6142 21.9708

a A WG EIZ ¢ NSCT &

d NSST &3 e SCHR[S1E 1 £ SO RE

Kl 6 “Steamboat” 5 [E{G F45 Fh B L fl A 245 R

Fig.6 "Steamboat" original image and various algorithms fusion results

3 “Steamboat”
Tab.3 Objective quality evaluation of ""Steamboat" various algorithms fusion results

=R/ IE AG SF SD ONBF tls
NSCT 5.0718 2.9039 6.8878 11.7941 0.5481 60.3941
NSST 5.1839 3.0466 7.2127 13.0357 0.5477 28.6553
SWT 5.1865 3.1457 7.4319 12.5983 0.5556 12.3130
SCHR[S] 5.2056 3.1289 7.3385 13.1527 0.5374 8.8216
pL 6.1335 4.1889 9.3904 24.5531 0.5311 8.8988
4
Tab.4 Average objective quality indexes of different algorithms
(ERTS IE AG SF SD QABF
NSCT 5.8149 3.7835 8.7359 19.4652 0.4937
NSST 5.9422 4.1962 10.1409 21.5200 0.5079
SWT 5.9182 4.2580 10.1185 20.9263 0.5325
SCHR[S] 6.0556 4.4314 10.6232 22.1001 0.5295

3 6.4899 6.0101 13.4626 25.8325 0.5570
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