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Fusion Algorithm of Infrared and Visible Images Based on FPDE

GAO Xue-Qin* LIU Gang' XIAO Gang? BAVIRISETTI Durga Prasad? SHI Kai-Lei'

Abstract Aiming at the problems that the traditional infrared and visible light image fusion algorithms are not rich
enough in detail,and the edge information is not sufficiently reserved, an improved image fusion algorithm based on the
fourth-order partial differential equation (FPDE) is proposed. The algorithm firstly decomposes the registered infrared
and visible images with FPDE to get the high frequency and low frequency components, and then uses the principal
component analysis (PCA) fusion rules for the high frequency components to obtain the detail image. An approximation
image is obtained using the fusion rule based on the expectation maximization (EM) for low frequency components; Finally,
by combining the final high-frequency components and low frequency components to reconstruct the final fusion results.
The experiment is based on a standard fusion dataset and compared with the traditional and recent fusion methods. The
results show that the proposed fusion method can effectively integrate the important information of infrared and visible
images, better visual effects.
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Fig.2 The fusion result of image “dune”

gl 3 frw, AFAIEE T A% ), T FPDE

(g) CVT-SR (h) VSM

M RATIO (75 %A R IR MG A5 B e e R B
A gEs b, 2T GRAD #i1 CVT-SR. VSM )7
VERERHIR E B (5 B e o R A B G 45 5 b, (=
B HEIA T, T DWT &2 Rl R
WM, A EA DR E, X LER. &
G, TEAF A IR RRZ.

WE 4 iR, T DWT. RATIO. FPDE #I
VM X LR 5 A5 2 A il A 25 R 00 FEERRARATG, A
B 2E, BT CVT-SR B & 45 S5t b BE A e
w, HEa R, BT GRAD Ry & 451
ROR, A ST VR Rl A 45 A S i, HLXE O,
RRAR S 1 R s St 2040 5] IG5 .

. e i PR G | i il
—— il - 3|
q= =mif

(a) VIS

S |§;

i v'&qﬁi

(e) DWT

£

L

.
- g it

Q) AT
3 “pavilion” IRAYRELR

Fig.3 The fusion result of image “pavilion”
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Fig.4 The fusion result of image “maninhuis”
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(b) IR
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(g) CVT-SR (h) VSM (i) ATk
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Fig.5 The fusion result of image “UN Camp”
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FE [F] s O B 2L A ] DG RS A 355 5., 15811
Tl &85 S JIT 0T I 1 57 S 400 S I A, X bR
HAse AR, AR A AR Wb 5457

AT B T A S5 SR AT VA, ARSI
P71 E 15 H (Mutual information, MI) . {5 E%4%
(Information entropy, IE). #rif2 (Standard de-
viation, SD). #1Z {5 B R B E (Edge information
preserve value, EIPV) ixX 4 FpE W FEH FEFRXT Rl 6
GERIAT MR, R EER (ML) RS G HE
B S5EERS 2 B EAL, HTEERGEE S
QAR K BE oA E AR R B2 g nd s S m (1K)
T E B, [EREMER, 2R EGEE Rk
K, ARG BGrinfEZE (SD) 2w T
ARG R B, PR 228K, R R B R
FLRE M, L ifE B, M RCR LY. (s
BB (EIPV) T B R R 2 @l % 1
NG DR, R, FoRmhfy B & BT,
FAF A AR S B

R0 RS WL, RFAs A Rl A vk o8 T Ho A 6 2 R

BRI B NI TR IO A R 5, el
R AR A Y 25 2R

MR 1T~ 5 ISR G R E, A3y
BT R WA E R R AR (M), 55
i (IE). trifEZE (SD). %5 B EE (EIPV) L

1 “dune” WELGEAPRIEFIIEIRITOEER

Table 1 Objective evaluation result of the fusion result

of “dune”

LSS PR/ MI 1IE SD EIPV
GRAD 1.2948 4.9 37.9309 0.4278
RATIO 0.7248 4.2485 18.5883 0.3546
DWT 0.6542 4.3821 21.0136 0.3841
FPDE 0.7339 4.2997 19.6550 0.4821
CVT-SR 1.5809 4.8953 38.4630 0.4408
VSM 0.7053 4.3278 20.1876 0.4085
ARSIk 2.4647 5.0006 41.2892 0.5106

# 2 “pavilion” [EIEEERAFMARIRIEAN R
Table 2 Objective evaluation result of the fusion result

of “pavilion”

AT MI IE SD EIPV
GRAD 1.9984 4.4074 26.9211 0.4625
RATIO 1.2350 4.4073 25.5996 0.3724
DWT 1.1351 4.4671 28.2542 0.4197
FPDE 1.3621 4.3829 25.8059 0.3846
CVT-SR 1.3812 5.2110 48.8611 0.4251
VSM 1.2409 4.4436 27.8868 0.4451
A 3.1240 4.8207 59.5605 0.4671

# 3 “maninhuis” BEE SR IIEIR TN 45
Table 3  Objective evaluation result of the fusion result

of “maninhuis”

LRSS MI 1E SD EIPV
GRAD 1.6169 4.7116 28.0854 0.4814
RATIO 0.9408 4.6744 26.7289 0.3857
DWT 0.9312 4.7941 30.4888 0.4371
FPDE 1.0689 4.7081 27.4131 0.4516
CVT-SR 1.3302 5.151 46.7314 0.5015
VSM 1.0296 4.760 29.3688 0.4921
AN 3.2612 5.036 57.1928 0.5091

# 4 “UN Camp” HYREEEURAYEIIRIR PO &5 2R

Table 4  Objective evaluation result of the fusion result

of “UN Camp”
A MI 1E SD EIPV
GRAD 1.3059 4.8571 36.0841 0.3918
RATIO 1.0455 4.3359 22.9454 0.3895
DWT 1.0314 4.4535 24.9950 0.3641
FPDE 1.0894 4.3503 22.9777 0.4234
CVT-SR 1.1538 4.7549 32.5279 0.3635
VSM 1.0753 4.3991 23.9920 0.4064
RIHVE 2.5529 4.9069 41.5711 0.4461
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Fig.6 The fusion result of other six groups of images
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Table 5  Objective evaluation result of the other six groups of images

Rl YR GRAD RATIO DWT FPDE CVT-SR VSM AR

MI 1.9322 1.3495 1.2301 1.3235 1.4803 1.3201 2.9112

1E 4.9659 4.3952 4.4904 4.4409 4.8827 4.4594 4.9711

SD 49.5321 23.9142 25.5283 24.3822 41.2654 26.6849 51.8051

EIPV 0.4732 0.3491 0.4651 0.5244 0.4653 0.4857 0.5276
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Table 6 Computational time comparison of different fusion methods
Rl VR GRAD RATIO DWT FPDE CVT-SR VSM ARSI
1A (s) 2.7914 0.6909 1.6567 8.1072 5.4289 5.6316 71.7869
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