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Asymmetric Infrared and Visible Image Fusion Based on
Contrast Pyramid and Bilateral Filtering

YANG Jiuzhang, LIU Weijian, CHENG Yang
(Key Laboratory of Biomimetic Robots and Systems, Ministry of Education, Beijing Institute of Technology, Beijing 100081, China)

Abstract: This study proposes an asymmetric infrared and visible image fusion method based on a contrast
pyramid to save the feature information of infrared image and the detail information of visible image
simultaneously. First, the contrast pyramid is used to decompose the high-frequency and low-frequency
information of the infrared and visible images; then, the high-frequency part is fused by taking the largest
absolute value, and the low-frequency part is processed differently by the method based on bilateral filtering.
Second, the inverse transform of the contrast pyramid was used to obtain the fused image. Subjective visual
and objective index evaluations were conducted on the fused image. The results show that the algorithm

performs well in highlighting the target feature information and retaining detailed feature information.
Key words: image fusion, infrared image, visible image; contrast pyramid, bilateral filter

0 3§

FEBLIAMIR IR AR 55 S5 IR B 2R M 2 OIS LT S
A e BB AE LSRG & Nl A S AAR(E 2. 40
HNEVE AT R 5 IE R, D ok FE B I 5 22 A 1]
RARAE T — M R . BT L AMEHGCR RO
5 NIRRT A2 a1 A R —1% B, PRIZEoh B
FAEAEAE AN T RGP, S ECE R T)
F YR [ 2R HRL SR A 1 B 2 R AT I

Ui HHEA: 2021-01-12; f&iTHHA: 2021-02-02.

BRLE H R PR SRR AR, Al —
AT A MR 7253 4 G b 7] A I35 BT 1) I s
HRAER G NSRS I B R A5 2. VP2 IS
G rb S A FE LI % . ARG I AT A JeE iR 9] 045
Wz A B, TR R A TR 2 5
R AR 7R A BT WG S LLANEMR, BeA 780
AAPIR &S 5 X 0 P B RANE . A8
H il 5 07 9% AL AR S R] I AR AR B I 5 A D
Ko, ZHEEASN S G, e B &R

fE&®EMT: MiLE (1996-), 55, WiLmFsd, FEMNFEGAIT M. E-mail: 825438054@qg.com.

BIEIEE: B (1990-), 55, {4, BUEERFCO, WH7C7 M EREmRES, iEmRg, BB, FREZXAARIFESESIHE . 85 ERE K
AR . 208 5 E AL = JFBOR . E-mail: yangcheng 2007@163.com.

EEWMB: ExRARFIEEETH (61905014); A E 1 oL )5 E R3S IR k&I (20190097).

840



$43% FoM
20219 H

Wy U B A BT LU < 73 S XL NE B AR X IR LA 5 7] WO PR b &

Vol.43 No.9
Sep. 2021

B R LG RO PA AR S 2L AN ER A S S HARE R

ZLAN S WA R B D5 AN R, 2N RTRT AL
JeEBAE R — A B AR AR RA RN ER . KEH
ZLANAITT WO B il & Sk iE I 2 RZ & DU
A NIRALSEE. filtn, 78 S \Ei bl )
e 2 R A TS, Ba R, RSN E
Mg R ER, AHRZFEFE AR, MA RS R
FAF R R . EE RS A SR AT —
Y2 ML S R vk BARREBON I B 58 H H AR,
EE R o B GO B AR, AT & NIRALSE -
2% JR B 25 A\ HH 10 2 T 5t i ik 2 3 vk 5 T
T IR 22 PRI 5 XU BN AR ) R B Rl K
RELF, HEBOVEI:, Bhadi Rz R B E Y
M HEK o

e B A DR B AT L A BT 1T 5 Z0 A B (R
WAEL 5 HAREE, ASCEH 2 RIEA T %
H B R RS RS IR S, i 45 S X0 iE A
IR, R 218 AR 70 X 204 5 7T WO B R
A AT 3%, AT se M LA 57 Wi fe s,
i B[R PR B 204 BB BRFAEAS SR AT I e BB g 4
TG SR ERCR, £ R i X HE BRI T ik

1 BOdiEm RS

SO 5 T LT/ S 4045 1 e 0 2
L LT T R
R B B PR, S B A1 1 B 0 2.
AL TN
0,09 =exp(— ¥ o) &)
I8 1 76 4% p HINGAIE R R
1(P) =5 20, (p-abg, (1P -1@DI @ @

qe

W=>g,(p-apg, (1(p)-1(a)) ®3)

e o Moy A A e A 2 (R I 2 (1 e b 2 5 T
B p—q MSEE 1(p)— ()= 15514 &R E
X 2 T A

2 XtLEEFERGME

of L G o RO — R P R A T8, 5
GRS, % L & B 1 R 3R
B E AR AR S, MR SEINAT & N HRALSE >
TRAI LR 2o X B RE 7 BRs BB T M 9 AN ] 2
[EIBRE, T0R 2 A IR, B — R Alid s 17X
82 [A) B P LU AR

GRS, RS T ESREEEMA R

s EFEANE R R o A G R RS R A IR
AR, S ER TR o IR TN ) 2 TRV
(170 AR B, A7 x bl B < B TR Rl R O BE
a5 NIRALSE -

3 ETMEEEFESIOLIEEIIERFR
SNSRI B GRRE

B SER X BB - B s B R 0 RO R S R
B ER Ty OXF TSR 7, RIS 735 B R 0 g 1 Tl
JEEE, RAFAEXARRIEE T5E, RIARYE B SR s,
XHLAME R 5 AT LG BEECR F A A (0 A 2 5 A
R IOCE G T . @ TRy, BlkRe 5%
Tz A EAl R B, R 2 M i 28 UK 5
o Bk, X HRAER Y, Pk EEW IR
TERRIEE B . R AMER 5T IO B B CRI4FE
fEBENE EJR MR e R . RO BE s 5% )
AR AMEE S AT e R, B2 3(2) 5 A (@) kA
AN S IR Tpo FEIRAT 1, AR B B A
A BN o AE AT PADR B R A 25 B ) < R R
FERFAE”, MR o SCBARR IR 2 3 ARS8 RUBE 4075

BEAL Ng(p)s2 D i A 1] e i g, 715 6t
R e R, T EIEN:

lg(p)=vivz o, (p—al)i(@) (4)
w=>g, (|p-d| (5)

Hep, 1 5 gL, 1, BE TS ESNILSAE R
PRI, 70 BLR 9IRS IR B AE 1 Hh L BRATRS 2
SUERAHTT Po A1 INFRIL ZRRHAE Py

Po=I1—1y (6)
Pi=l—lq (7

FE P WG EUR B AIE B3l b, R Z0AM R
() Po {5 EIIA L rr, A JERATOR] F 30 SR AR A I,
ARG P E RN, AT 5 2 1 UG 40
A Rl BB OR B 200 BB Fn RS AL 5] I B — 6
73 AL PG il SR P R L' 40 1 45 S U

4 LERIGIF

T B UEAR ORI A R, L 3 LA
A LG AT R L, R ARSI S R 4
# (Laplacian pyramid, LP). /b &™ (wavelet
method ) . XU B & /v i 28 #: 1) (dual-tree complex
wavelet transform, DTCWT) J5 & T L% . s2bit5
Ml CPU E4i 1.99 GHz, W 8 G, SERHMTH
MATLAB R2014a. A3+ LP. DP. DTCWT @&

841



435 9
2021 4E9 H

EANE S AN
Infrared Technology

Vol.43 No.9
Sep. 2021

FUN5 R AR R BOCIME, SR ECN R Re L
KT, N HAE T db2 i, AT WoOERILL AR )
BB S RAAR I EG R A5 R 1~ 3.

K 1 4 House VR B & HIa & 4558, H A E (@)
SMEE, B AT WEEIR . AT LE ARG A
VI HFRIEW, (BELESPERAR. RS SYIR 15
B TR EHG R NSO, H2 T LIS A
RS FFRATEEE. Bd). () (f7nl b ffi
W3 o /BRI 5 00 52 /N AR SR TR PR
A LA H B (d) 20 SRR, AN R A0 1 25 R LA ™
Ele) A B GER, BAEGX L ERE, &A
R HIRRHE. B EUGA IR, b5 R FEANE T .
Bl (c) A SRR M ER, 7T RAR e R BE A

o

(@) LAEIE

(@) Infrared image

4 T T

(d) T <
(d) LP method

(b) vy WG E R
(b)Visible image

)

() 7MAR
(e) Wavelet method

LA A H AR RIS, REAR G DR B R L
KGR B RS, SR ARG -
K 2 79 Road Y KB IR S 4R, K (a) v
SR, B AT DGIEE, WA Ao B it
RN B RIS, (EARIER . AR P AL SRR
AL B A O ACE SR A B H AR, B(d).
(€)~ (N7 RN AL 78, /NBAR e 5 00 /)
PARHRE R ER . TR HEI(d) b5 RIS,
ST R s [B(e) 3 B 55U AL 57
AN, BB D74 E R B () AR
PRSI S B, AT DO LR G R BT 2050 ER
T H R RIS, BRER A s OR B PTG R A
i\ﬁéyﬁ%mﬁfﬁﬁ,ﬁm%éA%Mﬁo

(C)ASTHIE
(c) Proposed method

= T

(f) DTCWT Jjid:
(f) DTCWT method

Kl 1 House I EG a4 45 R

|
(@) “r4rEf%
(@) Infrared image

s

(d) HrE i i
(d) LP method

Fig.1 Fusion results of House source image
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Fig.2 Fusion results of Road image

842



F43% FHoW
2021 4E9 H

P JURESE : 00 L < 3 5 0O IR I AR XS AR £ 405 AT IO B B 15

Vol.43 No.9
Sep. 2021

K 3 Jy Ship JREBIIRL SR, HAE(a) v
SR, B (o) AR WOt WA LA BT
RASTDFWE, (ERMTER™E, aTCEG A
ST RS, HERTUAZEKR. ). (o). ()
TP AL B /N XU N A
I G . LA HE(d) B D710 AR B ,
B (e) AKX LU RE R B, 4R 2R [EI(f)fin B 4
TERME, ARFENRUE. E(C) AR/ M
E R A R AR, T UK RS R AR 05
AT L H AT R S R B BRI SR T HL A
(17 201 th B

(a) “L5MER

(@) Infrared image

(b) FTHOGEK
(b) Visible image

MRYE LA E 3 HE fr, it F WAt A AT LA
ACFRAE B GRS UG T R B R BRI .
T EARBIATNERS, ik WS b A
JEFFARSE L, SRR 1 PR, WK 1T LLE
HARSCHEIETE B (average gradient, AG), 155
J# Cinformation entropy, IE), 258 F% (edge intensity,
ED X 3 MR RIE S, ] AR EEAH
T HAh 3 FhTEk, ALEE AR RS BUR MR EE 3k
RWEEERZ . WA EFE W, BBRLR
SEINE, 5 WAL RS SRR

(c) ASCHE
(c) Proposed method

(d) Pl &7
(d) LP method

(e) /M
(e) Wavelet method

(f) DTCWT 7%
(f) DTCWT method

B3 Ship & G b 4
Fig.3 Fusion result of ship image
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Table 1  Comparison of objective indicators between different fusion methods

Image Object indicators LP Wavelet DTCWT Proposed method
AG 0.0190 0.0174  0.0176 0.0220
House IE 7.11 6.55 6.65 7.14
El 0.192 0.173 0.178 0.225
AG 0.0190 0.0167  0.0163 0.0198
Road IE 7.17 6.36 6.48 7.12
El 0.196 0.170 0.171 0.206
AG 0.00830 0.00750 0.00770 0.0105
Ship IE 6.02 5.02 5.14 6.30
El 0.0850 0.0761  0.0789 0.108
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