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Intelligent fusion method of infrared polarization image based on
fireworks algorithm
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Abstract: Aiming at the fusion of infrared intensity-polarization image, an intelligent fusion method
based on spatially weighted averaging method optimized by fireworks algorithm is proposed. Based on
the optimization model, the boundary conditions of fireworks algorithm are determined. The fitness
function based on comprehensive relative-entropy is established by introducing the weight of relative-
entropy. Finally, the fusion experiments on three groups of infrared image “ground”, “truck” and
“car” are carried out with six typical traditional fusion methods, and the fusion results are evaluated ob-
jectively and compared with the visual effects. The experimental results show that the proposed meth-
od can effectively achieve the fusion of infrared intensity map and polarization map, and retain the in-
frared intensity and polarization characteristics. Combining the visual effect and objective evaluation
results, the method in this paper is superior to the comparison algorithm in relative-entropy, similarity
of summary structure and total mutual information index.
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Table 1 Pseudo—code of regular sparkling

KAEE BB AED

:forj=1toA;do

e« A, - rand(-1,1)

s BEMLIE RS 2 RS 2 round(d - rand (0, 1))
LSy T w;

s fork=1tozdo

«—
Stjk Sijk + e

AC TN Y T N VO

: end for

8: end for
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Table 2 Pseudo—code of variant sparkling

KAELE RS

forj =110 A do

: e < randn(1, 1)

: BEHLVERE : MHEEE 2 < round (d - rand (0, 1))
8w,

s fork=1to0zdo

P g e

~N N BN =

: end for
8: end for
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Fig.1 Flow chart of FWA
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Table 3 Fusion algorithms settings for experiments

Algorithm Algorithm setting

Dim=4, Seed Num=10, Son Num=30, Maximum Iter-
FWA

ations=500
p Level=4, Highpass combination: choose max, Low-
’ pass combination: average
op Level=4, Highpass combination: choose max, Low-
pass combination: average
PCA
VP Level=4, Highpass combination: choose max, Low-
pass combination: average
Level=4, Highpass combination: choose max, Low-
DWT
pass combination: average
Level=4, Highpass combination: choose max, Low-
SIDWT

pass combination: average
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Table 4 Objective assessment of “ground” infrared -

polarization fusion results

Metrics RE FSSIM FMI
FWA 0.7774 1.4149 1. 5462
LP 1.2245 1.3532 1. 0964
GP 1.7645 1. 4090 1.2368
PCA 1.6119 1. 1061 1.7559
MP 0.9401 1.2618 1.0168
DWT 1.2921 1.3124 1.0137
SIDWT 1.2953 1. 3649 1.0908

K3 “ground” fil £1 41 i JBE 1 I B2 141 R4 4523 () Z0A0REEIE, (b) £L5M i

PCA,(g) MP, (h) DWT, (i) SIDWT

Ay ~
s

WRIERE, (c) FWARLA K, (d) LP, (e) GP, (f)

Fig. 3  Fusion results of “ground” infrared-polarization image (a) infrared-intensity image, (b) infrared-polarization image, (¢)

FWA, (d) LP, (e) GP, (f) PCA, (g) MP, (h) DWT, (i) SIDWT
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Table 5 Objective assessment of “truck” infrared - po-

larization fusion results

Metrics RE FSSIM FMI
FWA 0.3253 1.7744 3.3937
Lp 0.3798 1.7211 2.1439
GP 0. 4080 1.7701 2.2947
PCA 0.3385 1.7955 2.7763
MP 0. 3947 1. 6492 1.9312
DWT 0.3915 1. 6893 2.1045
SIDWT 0. 3871 1. 7409 2. 1856
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Fig.4 Fusion results of “truck” infrared-polarization image (a) infrared-intensity image, (b) infrared-polarization image, (¢)

FWA, (d) LP, (e) GP, (f) PCA, (g) MP, (h) DWT, (i) SIDWT
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Fig.5 Fusion results of “car” infrared-polarization image (a) infrared-intensity image, (b) infrared-polarization image, (¢) FWA,
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Table 6 Objective assessment of “car” infrared - polar-

ization fusion results

Metrics RE FSSIM FMI
FWA 2.2053 1.2559 2.3473
LpP 2.9673 1. 1467 1.3457
GP 3.0748 1.2267 1. 5746
PCA 2. 6545 1.1711 3.3017
MPpP 2.9885 1. 0695 1.2487
DWT 2.9697 1. 1477 1.2587
SIDWT 2.9647 1. 1764 1. 3705
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Table 7 Results of mutual information calculation

MI MI MI MI MI MI
(2a,2f) (2b,2f) (3a,3f) (3b,3f) (4a,4f) (4b,4f)
MI 0.2669 1.4890 1.9571 0.8192 2.9449 0.3568

Metrics

TR GL IR B, S B it PCA J7 3 9F AR B4 R
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Table 8 Sorting of algorithmic performance

ground truck car
RE FWA>MP>LP>DWT>SIDWT>GP FWA>LP>SIDWT>DWT>MP>GP FWA>SIDWT>LP>DWT>MP>GP
FSSIM FWA>GP>SIDWT>LP>DWT>MP FWA>GP>SIDWT>LP>DWT>MP FWA>GP>SIDWT>DWT>LP>MP
FMI FWA>GP>LP>SIDWT>MP>DWT FWA>GP>SIDWT>LP>DWT>MP FWA>GP>SIDWT>LP>DWT>MP

BLE “truck”HHHI % T LP MIDWT, X IE BT MP,
LP 25035 B Ve RE AR T IR BRI, B0 0 38 I 1
Z B BR A, 1 A SCHT 48 D vk J T A AR X AN TR
RN (R 21 4 M B G R B RSl &, 3T R 4
SRl AT AR AR RS 1 P BE R I

4 #ig

ZL A1 B2 P10 i 41 B2 PR ELAT R AR EL AN AR A
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23 W IR 9% AT R e Ak, OF 5 LP U PCA |
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