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Abstract

Aiming at the problem that the traditional multi-scale image fusion method is easy to weaken the
infrared target information and reduce the image contrast, this paper proposes a fusion algorithm of
infrared and visible image by virtue of the advantages of morphology and the characteristics of fuzzy
rules. Firstly, multi-scale morphology was used to separate high-frequency and low-frequency com-
ponents from source images. Secondly, the fuzzy rules were used to integrate the low frequency
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components, and the mean value method was used to inject the high frequency components rea-
sonably. Finally, the fused image is obtained by morphological inverse transformation. Experimental
results show that, compared with the traditional fusion method, the proposed algorithm can retain
the detailed information in visible image and highlight the infrared target information.

Keywords

Image Fusion, Infrared and Visible Images, Morphology, Fuzzy Logic

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

BT BB AE,  [Fl—3 5 LD RS AT A WOG BUG H A IR 1 BAME:, X R ERE BB S
M—REE, MU R TR R, AR TS KBGO, WwHPRRE. 298, 785,
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R BRIAR . IS AN REAE, LA SR RS B 2 0 RGO LS O B A0 [1] [4] £04h EG0@ 3 40
TERB . Hir5E ST EERAR. KETCEERE, Eit, a5 0BG S B AR AMUEREF
B OCEG AT E R, RERm BRSSO, DRIT ANRGE R B AL . 28 Ear s, F
FATEAS B4 AL AN R AT DL USRS BB B i 3s

TiiE A% # (Top-Hat Transform)j& —Fl EE LA FEH, BReA B EERHEX 3,  “Hhidk”
BHER. SESHTRERY K2 RERA, TR O H AR S RhA A0 R0 50 S5 A
RIS RIS 7] [8] [9]. $R1fT, A&4i% REETNIEAS e (R 45/ e 3 B —, 7R 0BT BMBURHIEAS S 25 5
BHRECFE BGATEER, 22 BURRESICORAME[L0]. v 1 5 A A+ & 1 ERRHIE X155 8
FiE, Bai X Wit TR SE M e s, R H O PR SR TINE AR 4 (Center-surround Top-hat Transform)
B, B RRAR G A R BB AR AE AN A E S, AERE BERHIE XA 5 B E, Haeil s EGxTLt
FE[7] [11]. #RT0, FEIXUEEF, fE EEGEH A MuRMIUE BEES, 2T ARRE FMEEM
TURRFR, FEUS BRbE 45 R AR S BT 1 e

R TOHE BB R A RO X A LA R B AR RS 55 R, G 18] 58 1) SR B FEARTE A B e | 2L 50
SRR, RN BAME R[12]. B, AR S SO S IR B ARRRAE, ¥ mT IR ge i E B
MEILL AN R, v LLERL S B BECR B 2040 B ARERAE, ST BRI B 254045 (5 2.

NIRRT F G FEPAEE AL, AR SCHET H O IR G TR AR e 145 S 3R A8 70 A0 g ATk
AR MR A, PR —ANE T AT WG EUR IR A Rk . SRIG g5 AR W AR H 7 v I Rl 4 SR R
U AR B R S AT S S, (RS HARRHE
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Figure 1. Center-surround disk structural element [7]
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B RGAE f (x, Y)&oR, T RORSEHITTRNIF. BT OBy Al fmBy; 275 M9
foB, (x,y) = (f®AB) ® B, (2-3)
fHB, (x,y) = (f ®AB)OB, (2-4)
Boi B/ — AL HFLOIR G TE R, B By M By BTN IG5 W T AL b T T S TE R,
T (P)IE B8 5 4T MR P (O ) DX SR, L5 322 (O )R DX SR 2 X 35k 0 4 TR 2 e (NWTH)
IS THME AR e (NBTH) AT R M-
NWTH (x,y) = f(x,y) - foB,(x,y) (2-5)
NBTH (x,y) = fMB;(x,y)- f(xy) (2-6)
THEE AN B hA 3N T S5 70 2R ISR REE, X 5 B A P R S X 4, Rt (1 T
(NWTH) B8 FF A ER 4 B SR X Ik AR, PAIE SN B P S 32N T M TE 30 RO IIREARAIE 3 3 A
155 BT S P IX 4, TR LS TG (NBTH) A F SR E P SRS R AE X A Bk E, — VR TH
AR BUGIR A AR — N IE UG RPN RIS HERRAE I 5. TS k1 R o BRRARAGE 1 R~
REUR, SRR RSP SHT R, THE Aot 2 B R ) RN RS BEARAE X IR (6]
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NWTH/!(x,y) = f (x,y)— f, 0B (X, Y) (3-1)

BWTH/ (x,y) = f BB, (x,y) - f, (xY) (3-2)

FARFRIRR T | RN JIEREIR, b5 s BRIESE s R FHATUIE AR, Bos R s A0
GRAEf LR . BEE ARG RT3 K, A8 KRS S5 44 o Al B RFAE X 32 L & 1R 2 A5 /N RSE T 4l
HUAFAE X3 e Il AN [ R N R AE S B 2 B8 KRR IURE S, s m i a RG24
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NWTH/ . (X, y) = NWTH/,, (x, y) - NWTH/ (x, y) (3-3)

s+l

NBTH/, .. (X, y) = NBTH/,,(x,y) - NBTH/ (X, y) (3-4)

s+l

Esteb, NWTH/ iR R AR 1 BIRAE s e MEX L, i NWTH ), S0 2 IR f AR
B BIRUE s + 1 ISERHE DO, IBIEIN(E-3), UL s + 1 TSSO B R FHa 2 NWTH /o
B3 7R, HNBTH] A& RERER. J0, NBTH] | ASRIFHMRAEREE s + 1 FHIHS
R KSR
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NBTH
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Xt AN [FIR L B [ R AR AR X 345 2 AT DA T 4445 AR L A b R AR
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WF = kf‘WFsM (3-9)
s=0
k-1

BF =) BF,., (3-10)
s=0

WF 1 BF 73 3R m (R & 5 IR AE DX

3.2.2. FMEEIR

WF A1 BF 32 EZERAE e 2 I B R R T (E 8, 8 VIR a E S IR, fERG IR s
ZREGEERESSNREE . AR TEGN 2 R GRS BRI W 00 R AR 18 D8 B R R
B, BT IRELRE S R A L B S iR B 02 MR AR B, 1A B TR X I IR
o ARSCHE RPEY R A5 v R R i K ORUBE 1 145 44 70 32 SR -3 B R B OIS &
0,=f,°B, (3-11)

J

C,=1 o8, (312)

ERB-11)M(3-12)H, Bon ARG IGERY R, mAKREF LS ITRINEItER, O f C o
AR j IRIEEGRFE S BERGBER. BTSSR FEREBER, AT S
EHAFEVREIE K O #4784, MRBRE R FEEE O, A RIS G - g C,
55, THIMEES O Ml C MR & EG . T2 T & EE s | E NS = EEE .
Ox(i, J) =7 (i, )0 (i, 1)+ 7 i, )0 (i ) (3-13)

KE-L)H IR IR, VIFIF 4 AARKRL AL, v IERES EIE . O, j)R=EBEE. n Ml gg 7502
ZLAME B B AR = 1SR 8 B (BUE)

FR G LLAMICAI 7y B 7 BRI, o 0 53 P R B R AR A R 20 A RS E A AN A5 B [12]. 1
SCHRHR[12], 1EE3RAS TARGFRIR G 45 R, A SCAE A & sk o e 5 BB G R B EEAUE

Py _(CIR(i’j)_/U)z 3-14
nB(I,J)—exp{ ke } (3-14)
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Figure 2. The first fusion result comparison of infrared polarization and intensity image
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Figure 3. The second fusion result comparison of infrared polarization and intensity image
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Figure 4. The third fusion result comparison of infrared polarization and intensity image
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Figure 5. The four fusion result comparison of infrared polarization and intensity image
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Table 1. Objective value comparison of the first fusion experiment
F 1. B 1HEMAIEEIITMELR

Methods bt SEIL B E l[IPTES PRt 2
CcVvT 6.704 43735 10.9842 29.1967
DTCWT 6.6894 4.1929 10.9001 28.9651
NSCT 6.7165 4.4055 11.0619 29.4857
AT 6.7552 5.1 14,0882 33.8282

Table 2. Objective value comparison of the second fusion experiment
2. F2HMAIEEMNITMELR

Methods v P Y (LIPS Nl
CVvT 6.1286 3.2834 8.8807 18.4183
DTCWT 6.1046 3.2224 8.8281 18.2672
NSCT 6.1175 3.3456 8.9637 18.4548
AT 6.1234 3.7669 9.0296 18.7684
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Table 3. Objective value comparison of the third fusion experiment
3. 83 HMAIHEIITMELLR

Methods Hi PEIERIE EAPETES PRifEZE
CcvT 7.3116 8.5583 20.9401 42.6953
DTCWT 7.2957 8.5326 21.4188 43.0708
NSCT 7.3245 8.5118 21.6494 44.3428
AR5 7.3102 8.5782 23.6121 49.7966

Table 4. Objective value comparison of the four fusion experiment
4 B AEMAIHEIITMNELR

Methods J5 YRR S ETES PRz
CVT 6.7814 8.1701 20.8959 40.314
DTCWT 6.7571 8.1317 21.1552 40.6221
NSCT 6.7692 8.3571 21.4802 41.2466
ARILITi: 6.768 12.6133 32.0822 54.8886
N
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Gt 2 RIEER G TTi%.
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