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Abstract: Aiming at the problems of low target contrast and insufficiently clear images in the process of
visual saliency fusion, this paper proposes an improved frequency Tuned algorithm based on bi-dimensional
empirical mode decomposition (BEMD). First, the strong points and contour information of the infrared
image captured by BEMD is used to guide the generation of saliency maps of the infrared image. Then, the
visible image and the enhanced infrared image are subjected to a non-subsampled contourlet
transform(NSCT). The saliency map-guided fusion rule is used for the low-frequency part. The
high-frequency part is used to set the area energy to be large and rely on the threshold value rules. Finally,
the inverse NSCT transform is used to generate a fused image and subjective visual and objective index
evaluations are performed to it. The results show that the method in this paper achieves a multi-level and
adaptive analysis of the original image, and achieves good vision compared to the contrast methods.
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Infrared and Visible Image Fusion Based on BEMD and Improved Visual Saliency

0 31§

FEREE M RSO RE, ZIHEGRRL S R
A H e s, MG a0 EEA SR B R0 H
f, R EE SR REERE, T NIRALES i
OB AR . 2 2 IR G R A, ZLANATR] I ]
LT AT A B A X R A HRAIE, BF T RER X
HAEREME L, HEEASRAEAT LN E 2
VARG R AERY . AN A SOz, AR 3 5
S AL HEORERL, M RRAER. R, R

kS HEA: 2020-01-23; f&iTHEA: 2020-10-28.

TRWAR . A 2 VA B 2 AR IR
Rl B o R AR B 22 FRUBE 43 il o S [R) 9 26 1 43 14T
Xy Mifiie, PRmiEshE 2 RES IRk, &
I R B JR B 22 07 1) 22 03 9 AR R R OR T VE
T RIZHANTT o HE TR I B H o () 9 T SR
R AE, BT ALY Shearlet A LHIIET FAEET
1 9 28 ™ (nonsubsampled shearlet transform ,
NSST) « FETF eI B 25 43 D etk (o Bk [ 38 17
TN i (fast and adaptive bidimensional
empirical mode decomposition, FABEMD) %% ¥

& & AR (1995-) , B, WiEwrsd, FENELAERAI T E-mail: curl601645438@163.com.

1061



Has B AR S N Vol.42 No.11
20204E 11 H Infrared Technology Nov. 2020

i TR N H T B RE 9i8. Hd NSCT
MUEA Z 3P Rt 27 W, FRALRER
REHE, R IATIRIF MR N, 1] FRAK TR
F O ECAERS B2 LR, FEnld & R A RSB E S
AbEEH

AR, BEENLES T IR RE, Ao 25 A
T ORI FUR T . AR B 5 M T R — i RS R
— AN rh AR 5] N S B RE ST, X PR EE
772 HIAE T 5 T A AR 1Y) 22 e PR B W8 1 2 0
o0, A H N R A L DX s 1 s B R R
Mot g R T GRS, CEBE T R
. Harel SV T — BR800 B T 0 _E (R0 25
A, R T R AL 9 2 & P (graph-based visual
saliency, GBVS) . BHIEMADIR: B Joft it Ly
fEIEE T RORE B, AR e AR R I n vr 5
BB A I 77 O HE AT AL . 2R T A, O
HAEABRIATITEE N BB A Era i, H
PRI R R G2 AR, AN Re s 1 58 th R
BEXEL, HETBENRILA. Hou S 1ER
7 (spectral residual, SR) J77%, i EI¥s BIMG #2240
$o o Y BHE BoREAT B M. Achanta 26
& Frequency-Tuned (FT) EFEMIFHE 7L, #)
FH e 0 5 B Hn H B A 7 AT o S 35 0 Rl S 4
DR EER, HRE TEZHNMENE, (H2HT
AT s s, 1E1IE ERGE T I [F] IR 415 K
BN G ATAF R o

e AUV 5] G 38 it FT B35 MR I 4
%, HEME 5] S 8D 25 R ARE I B b 1 & B A R
B, FRR N H B AN ER S A, AR T
AR NER T TP = SO 7 ) Nl 22 WO I
Ui ot FT SORIEIAL A EUR 1) 2 2 1
FEXF ] L PG AT 50 b RE S2 PR B 3 R LT B3
AR ER, X1 AR B AT S 7Y il 2 06) b RS A AR 3
RABJFMEEEEREE, HRX W AR H 6
S NG e BT FT SR RO FRIR 22 5 3%
A (saliency detection using maximum symmetric
surround, MSS) i i (dim-suppressed MSS,
DSMSS) , WHHTERZEME S L, HEaUutm
PRI AN 5] S YRR B AT RS, S T
U By Rk G ROR

Nunes Z 2 H ) 4230 B4 /MR, BEMD /2
—4 EMDM 4 dng, TR TEBESHIEZR
FEort, EEGEE . SRSl is . @
it BEMD A PAFRAH R 40 BUR 22 R ) — 4E [ A1 08
% (bidimensional intrinsic mode function, BIMF) .

1062

BT R TEE R, thanfeEs, smea, BAHE
SEAREIRRE ST, CAESChr EUR AL HE A5 3 B,
Ho o A5 2 10 22 B B o i T4 08 TR 48 1) 4 R f
TR R R r) BAME, BRI T EEB TS
PS8 BN o, AR AL 5

Ex IR, AR SCHE Frequency-tuned & 35 PEAS
WL JE R B 5] N =42 30 B o il Hodh AT ok
Bk, R A PR L LR 4 20 A B 1 B
5 5 4G NSCT 43 fift I B AT Y8 2% IR 3 S 5001
WHE, USRI, ot rta Nk e
F R B A AN B R AR

1 BT THRWREDWUANLINEGRE
Z M NEE

1.1 23 Frequency-tuned & & M6 M55

7 B EE IR AT B R N IR %A~ X U R
MFARREREAT B4, FT B PEA KT A AL o Ak 2]
BLE, = T B N A R AT AL,
RIS R R, R BEARAIE (1) o Je- i 1 5
TRAGRN WK, MR A FEHTER, F AR
o AR A 43 o RSS2 S Bt T U I AR S
LA PR B0 RS AR () 2E R X 3o s A0 20 T s A 1
EUR A0 E 5, WS . 22 PR X 3R I A
B 5 2 IR 43 45 5., AH B A Y2 25 M A
JREE, FEINAF A NI AR .

N T IR R IE B G B AEAZRRE, FT BEHE
w25 5 F DoG KA iEdk, i F =
DoG(X,y)=—| —¢e ‘" ——e 7 )
2n

2
O 0,

s oy Ml o (AR TR i 8 Y8 o 75 28] 1) 22 TR A
REEE, Ho> o, REIEH o B2, 1=
ikt o W 5E - SCHRO1 T K oy SRBN 1T T5 K, LAOR B
P eI . Oy 7 Bk e A A,
5X5 iz, A& E AU 4 i n/2.75,

SRIEE ) AR

SOGY) =1, = L V) )

A LB RIE R RS Lae(x, )R BEIREGRE
T v TSR] i 0SB (x, )L BAR AR, T2 L2 JE AL,
FIBRAPRES U5, [R5 Lab 2318~ 46 s 5 A M
G (VNI E L

K DoG A N BULAE T ER AT HI AN mT
BT R GRB ILR, FEN I FT B
Wb, BARMKEE B ERE R L 7 AARXK, (H2 L%



Aa s B Vol.42 No.l11
2020 4 11 A HEBESRSE: S T BEMD ok 4050 5 2 VLD AN A] O ISR Nov. 2020
VX 35830 SRR B35 M ST R A i — B, A

BNy e LG Y) = (% Y)+ 6 (%, Y)

I FH = 20 B2 ) ot B A P R G 3 5 S )= Oy £ 6.00)

(i AE Sy, A FT ST T il PV EREENTE D ©

SO6Y) =1, = Ve (% V) (3)

AH: Igemp(X,y) A2 H - HEZR U0 RS 7 ff 45 21 1 P 2 A
TR HAN TR AR DA 21
12 ZHARRRESNHE

BEMD Hf5 4§ acHAE F1, 43 BEMD 4
19 B 4 RMAEBLES sR % (BIMFs) Mk R 7=
(Residual) , "JESHLINEEGZ 2R, HE
R AT X F MG R RRRE R, LLande e, 58 a5
SLHAHRNRIAGE S, S ma I AR

1(Xy) =26, (%, Y) + (X, Y) “4)
j=1

A quy)RE j 2 BIMF, j<L, ry(xy) AR&ias
Bl% . ABFFEA T ELGFIH BEMD 20 f 2 5132
R, WER I(x, y) R R E A LN D TR

DRNERB N, 528 B R LUK T BIMFs
A0

2) BRENERNR, 2 Ry=1(X,Y):

3) FEEMEFI R HHREUS MR M/IME, i
F 32X 3 &R A 11 77 7k PR IRy S AR RABLHE [ M AT
W /MEHEFE N3

4) SRR B ME AT TS, F
PG HEF MAX il MIN 38388, M M; il N;

B LAY, MTE%L, WIS THE
I I PRI OT FE Ug, FITH T a4 L,

$) B4 Z, = (Ug, +La,)/2:

6) TN ci(xy)=R—Z,, FIH c;K5EE, HIWrifik
AR SR IEAUT R 5% . AR, WA R
=cj, FEATRERAE, REEEIR 3D 5 # i EFE N4
Ri=Rj1—¢; RIEEER 3) , &0 METI L JZ.
i SD (standard deviation) 36 BURR vt 22 7B 0 201 -

w3 ey (x,y) — RO Y)[

SD = !

gé R*(x,Y)

A FHEG KN MXN, x,Y)YNERME.
TE YR A S R AR, SR Ech A AR AR B R

X

)

L Y)=1(XY)+C (X Y)

X L ONRIER: L Rz, BED MR
FERIHEIN, B2 RS RS B 2B WA B,
AR S, ALy 1 eR S R 2
B, L IFANE AU R ASCRH T B & BN
TR SEIRCR B Z AT R4 S

I'=wl, +w(l-w)l, +-+(1-w)""1, (7)

L-1
L

X w= v HEERERB AN 1,

-1

I (X, Y)=ﬁ (®)

e g NE—HUUERRARNEEE R, #E%EIER
BOH AT B R LR 15 3] Igpmpo 70 E1F 2 TR
B RS B R TR A6 AR 1 4 S R A4 5 R
BA R EAME .
13 I5NERBE AN

¥ FT Bk, BT 2RXHER LC (spatial
attention model contrast-LC) "8 EA1 HC (histogram
contrast) H L' FF FEAS LR AC (achanta
contrast) Pk, SCHER[101H 51 S 20 FT &
EPERIN S SCRR[1 148 H Lo Ya K G 1-1 elcask i
FT SRR SCEEFAT R L aeas,  Hou 225 vl
S BT F WAV

Ji 46 21 4 AR 3% H faf 22 TNO Human Factors
Research Institute 3% 1 “UN camp” , @1& 1 Fiaw,
XSS R 2 Frow .

K1 JRaGa s

Fig.1 The original infrared image
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Fig.5 Multi-scale transform based infrared and visible image fusion scheme

AR HER R, ASCHE 618 10(h) B &
(K1 i Ak & SR ), e 18] 6 0 e BUI, 1B 7~
B 10 7 BB, TR BN 73 B R [ R AR 2R
ARk B 10 BERERK, @ SRRy S5, B
# BEMD 7 i il B2 (RS SD,  ZLAMEI R AL B 2

(a) 45NEE

(a) Infrared image

(b) " RIGEIE
(b) Visible image

() CHR[10] 7572
(f) Methods in 10 Refs

(e) NSCT-FT J7i%
(e) Methods in NSCT-FT

T R AR T LR R RME IE R AL, KRS SD W
N 0.2, FIAPERGE PR EN 4, BIERKRE
N 0.6, MEIENEEEME 100)F7R, HAREFRAL
SRR B FAE BRI BB FACR .

(d) NSCT J7i
(d) Methods in NSCT

(c) DWT ik
(c) Methods in DWT

(hy AL
(h) Ours

(g) SCHR[11]77¥
(g) Methods in 11 Refs

Kl 6 UN camp & 5 K&
Fig.6 UN camp fusion image

1066



Fa2E FH11Y Vol.42 No.11

2020 £ 11 A FEME SRS FET BEMD ol A0 o 5t 35 MR 40 AR T s G el & Nov.

2020

(a) ZLAMEIR (b) ATEEIE (c) DWT J7ik (d) NSCT J7i%
(a) Infrared image (b) Visible image (c) Methods in DWT (d)Methods in NSCT

5.

P

",.

5.

(e) NSCT-FT 771 (f) SCHR[10175 7% (g) CHR[11T7k (h) ACHIE
(e) Methods in NSCT-FT (f) Methods in Refs[10] (g) Methods in Refs[11] (h) Ours
K7 Duck &5
Fig.7 Duck fusion image

(a) ZLAMER (b) ATLYEEME (c) DWT J5i& (d) NSCT J7%
(a) Infrared image (b) Visible image (c)Methods in DWT (d)Methods in NSCT

(e) NSCT-FT J5i% () STHR[10)773% (2) SCHR[11]7795 (h) ARSCHE
(e) Methods in NSCT-FT (f) Methods in 10 Refs (g) Methods in 11 Refs (h) Ours
8  Quad )5 FlE
Fig.8 Quad fusion image

(a) ZLAMEE (b) AT (c) DWT J5i& (d) NSCT J574&
(a) Infrared image (b) Visible image (c) Methods in DWT (d) Methods in NSCT

1067



425 511 AN S N Vol42 No.1l
2020411 A Infrared Technology Nov. 2020

(e) NSCT-FT J57% () SCHR[10]75%% (g) SCHR[11]757% (h) ASCHEZE
(¢) Methods in NSCT-FT (f) Methods in 10 Refs (g) Methods in 11 Refs (h) Ours
K9 Road @& 5 EI1E
Fig.9 Road fusion image
i /"S"' ¥ .

(a) ZLAMEIE (b) AT (c) DWT J5i&

(a) Infrared image (b) Visible image (c) Methods in DWT

AP

o =

s
‘(_J ~

—

(d) NSCT J5i (e) NSCT-FT J7i% (f) CHR[101757%
(d) Methods in NSCT (e) Methods in NSCT-FT (f) Methods in Refs[10]
o

: o
s

(2) CHR[11]7 1% (h) SEERCR 1 (i) FEHR 2
(g) Methods in 11 Refs (h) Oursl (1) Ours2
B 10 Meting @l & 5 B4
Fig.10 Meting fusion image
31 EMREITN FREEE. B 6 Z&dANERMELE, “N” M5
s, b6 Ml G EIEE RSB T A PEN, R BN EREIEW S, BT
1068



Fa2E FH11Y
2020 F 11 H

FEEIREE: 6T BEMD oSOk If L (2

Vol.42 No.11

EA cRAW/ VI ey Nov. 2020

FIETI. EVEANTE SR, EAR ARG 47T 2 Ik
FE5. HEAERE, BiREEAEAREHIR
R B 7 @A 5 MEVEX AT DUKHL, “RS7
JJE ORI 0 B 28 e o LU s e EE R i, HL
KRG8 EnEEE, /M ENE S 2R Y
2, FBE AW . B 8 RER MR, xRy
DUAR IRAT N AN R0 45 32 22 16 25 H AR B B AR () B 5,
H B¥ePirse B Aan (5 B0, HE ey bligid
e WA BLI PAA, T R R0 s A R TR
WP HEINEM . B9 MR AR, RS 2 H
M PTG T B 2, R o) e T L IZ8 Ak PR A T 8 25 145
BN, I UM EIREA T X e, Ay
IR R R B AN S B P I () SO AR B 7 R B
9 A 8 SL[FIRUE 1 55 1] WOt A SCHIE M A
RetE. B 10(h) 5 2 R 5e BRI BT I T e, Ll
M ARFE T SCRR1OTAN SCHRR T 1] AR S 385 P RCR N A T 8
SCREEA PTG, SCHL TN E bR B R s, Ao
AR R R R B R, AHEESCRR[11], A
F AR AT B B ES, MRS B EE. B 103)
FHEZ I 10(h) FEML 0 I sZ B BEARZERIA R, XA
pac AP SN EPNIN SIS ER e S 1
JE o

Zi b, N T adeREmEm I E 7~E 10, ACEE
3 P SR I SR B B o T BUR A3 HE AR IR
6, TELRFFAHFIM ARG 20T, ABERS
FIFB A O, H A BENE R 2 N AR 5 R AT SR R
fE, BhGPEEA R — 5w . A IR S
Difh& p) ki b, ML S0 /N2 . NSCT,
NSCT-FT HRE KM, MESCHR[10], SCHER[11]0L
HE B BVEAE S 2 AR AR AR 5 ROR A BT
32 EUREFNM

R T A T VRN A S AR Rl A 1 BE AR 3R AL
B, AR TR EERY (Average Gradient, AG) .
AE XA C(cross entropy, CE) . #FIAIHIZ! (Spatial
Frequency, SF) . J4—4k {5 B (normalized mutual
information, NMI) . “F %45 #J A0 L FE ) ( Mean
Structural SI Milarity, MSSIM) , QPP f 527
(Information Entropy, 1E) , iX 7 TIPFAA 45 bRk Xt ik
EIIREHAT U . Horh CE H kil & B R 1) 2
S, AEBUNU 2 RN MSSIM 35 B IR UG A ah &

PG AR AACLE FE R, [T ey i 5 SRS s QP 3
Rl R OR BRI R B30 A5 B O, EBRR Rl & 2%
R, IE R EEEFERE, BERAEEE
B s NMIARIL 1 fbE B B 46 BHRAE B IR EF
FEEE, (EBORNERBEEEREEEZ: AG kBT
Rl BUG HUINGE Y e 22 NGB AR AL I R TE RE T, 1H
K G S BT s SF AT B A A 2 TR 4 e Ak i
BREE, B BOK G BRIE T .

1. R 2. RIBAT 7 MU FEIRIEL
B, wUEHBARE . @B, AR SRR
SEYIRRREE . SRR . {5 R DS )UK 4 AN JTTH
ARk E . 5 BRI 2 Hh AR AN 2 8] 59125 A8 5 it
Hrr, XA SR A R — 8, AR SCOTIE A
G AE SUERAH 5 FHIR T FE 7 T AL T %) B By, o gg —
H PRGN B = 2H BB 0 ST 38 B B AR AR B K T 28
—H UG AR, MEMA R -, B 6 d “ N7
(e e B, ARIL T A SCRT B3 YRR A AL
PE, [RIRFBRCAT 5UE B T2 2%, FrbF3ss A
AR FERUN o [RIAEAE 23 (A2 75 TR AR SCREAS 2 1Y)
FE AN 3 AR S 2 (1) — 2, MBS g,
WA IEM AT IE . R R RIS B FE RS S
i, ARCHEH AL 3 ARG LRI M, KM
s G AR IR FE AR IR K, BB A SO
TERILLLANATR] WO BB Rl & )5 B4R B B 1R T
T A B, X RUONE R LGS s G B
FZERIMSREF, RO G R R R, BIR SR
WoEREE, HRACHEGmRE T REEH
br, BrUAE(S BFEERE A — P s, R
JR A S EAE MSSIM, 1 — 40 EAE 5 7 H R DL
HAR MR . fE BRI E b, AT TR IF AL
B, W6 U EEE X L EE, B 7 M8 B4
BN T X EERIE . T’ 10(h), ARSCHIETE
SRR A A A — A EAE B LN A AR
TR R, BT & VP AR R UE B AR ST 7255
I3 R I BB AT IR A AL B AR . XTI 10
PR 7 2 15 BB MPEN Fabrank 3 F1(), @it
F(h) e AT LUK I & AN PPN R bR 00 BB B e, %
A IS EFRBE R O, XA WP FR bR —
2, RIPIIE EURAE M EAHZEA K.

1069



FHaA2E F 11
20204E 11 H

Vol.42 No.11

Nov.

2020

1070

4 R
Infrared Technology
R B 1~4 BT AR
Table 1  Objective evaluation results of indicators 1-4
Fusion methods DWT NSCT NSCT-FT Refs[10] Refs[11] Ours

Camp 53124 6.4413  6.3130 6.3847 6.2933 7.0430
AG Duck 12.1330 13.009  13.9004 13.9823 159637 24.9317
Quad 29931 3.1687  3.2143 3.2211 5.2103 11.2350
Road 4.1854 6.0509 6.1220 6.1268 6.1220 10.7534
Camp 10.0328 12.3317 12.0787 12.2163  12.0412  13.0310
SF Duck 23.7788 25.8573 27.6482 27.824 30.7837  45.5664
Quck 83171  9.2165  9.3217 9.3416 13.3127  25.3463
Road  8.7663 12.9879 13.0910 13.1050  13.0910  22.0065

Camp 0.1265  0.1073  0.1737 0.1757 0.1737 0.1346

Duck 02172  0.1913  0.3194 0.3200 0.3197 0.1639

M Quck 0.2524  0.1451  0.1186 0.1187 0.1185 0.1000

Road 0.1957  0.1453  0.2052 0.2211 0.2052 0.2419

Camp 0.5182 0.5739  0.564 0.5639 0.5638 0.5386

Duck 0.4098  0.4187  0.4637 0.4660 0.4655 0.3500

MSSIM Quck  0.4285 0.4247 0.373 0.3738 0.3726 0.1745

Road 04539 05201 0518 0.5181 0.5180 0.4906

F2 1BFR 5~7 BN SR

Table 2 Objective evaluation results of indicators 5-7

Fusion methods DWT  NSCT NSCT-FT Refs[10] Refs[11] Ours
Camp 0.3666 0.4466 0.4438 0.444 0.4439 0.4472
G Duck  0.6608 0.7185 0.7412 0.7417 0.7415 0.5835
Quad  0.4914 05191 0.5014 0.5028 0.5005 0.2608
Road  0.4807 0.6067 0.6107 0.6125 0.6107 0.6146
Camp 6.4526 6.5352 6.9886 7.0117 6.9853 6.5968
E Duck  7.245 7.0741 7.3985 7.4071 7.4045 77774
Quck  6.1265 5.7455 5.5744 5.5742 5.5721 7.4564
Road  6.689  7.044  7.2423 7.2373 7.2423 7.7609
Camp 1.2799 0.6569 0.5848 0.5448 0.5979 0.6171
CE Duck  2.7133 2.9619 2.6941 2.7170 27157 2.5487
Quck  4.6854 52318 5.8247 5.8408 5.8195 3.9693
Road  1.2912 0.7181 0.8772 0.9025 0.8772 0.8917

#£3 K10 B 4E R

Table 3 Objective evaluation results of figure 10

Fusion methods DWT  NSCT NSCT-FT Refs[10] Refs[11] Ours (h) Ours (i)
AG 40168 55897  5.6484 55434 56784  9.8212  9.9087
SF 8.7041 124437 12.6046  12.6607 127046 12.7175 12.7999
NMI 0.1675 0.1056  0.2298 0.1872 02098  0.2335  0.2269
MSSIM 0.4607 0529  0.5197 0.5189  0.5267  0.4995  0.4888
QABF 0.4044  0.529 0.565 0.5332  0.545 0.5753  0.554
IE 6.6467 6.6998  7.3041 7.0408  7.4043  7.298 7.2845
CE 1.1031 07952  0.7704 1.1443  0.8704  0.9406  1.0687
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