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Fusion Algorithm for Infrared Intensity and Polarization Images
Using Hybrid lyl; Layer Decomposition

BAO Daerhan, GAO Wenwei, YANG Jinying
(Xi’an Microelectronice Technology Institute, Xi*an 710054, China)

Abstract: A combination of infrared intensity and polarization images can more fully describe the
characteristics of a detected scene and facilitate subsequent processing. An algorithm for fusing infrared
intensity and polarization images using hybrid Igl; layer decomposition is proposed. The algorithm consists
of the following steps. First, multi-scale geometric transformations are applied to the infrared polarization
and intensity images using hybrid Igl; layer decomposition. Then, in the low-frequency characteristic
subband image, the index local Gaussian distribution similarity is adopted as the low-frequency image fusion
weight of the infrared polarization image, and the fused infrared polarization image is injected into the
low-frequency infrared intensity image. Next, the local spatial frequency and local energy are used to fuse
the high-frequency subband image, and the two fused images are combined by principal component analysis
to obtain a high-frequency fused image. The final fused image is obtained by reconstruction. An
experimental comparison reveals that the algorithm can be used to fuse images of different types with
complementary features, and the quality of the fused image is clearly improved.

Key words: hybrid lglilayer decomposition, image fusion, infrared intensity and polarization image,
multi-scale transformation
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Table 1 The pseudo code of the low-frequency feature fusion

rule

In put: Bjr and B; Out put : Fy

Fori<=1tom
Forj<lton
ur(i, j)¢<—Local meam(Br)
uie(i, j)«<—Local meam(BgR)
r(i, j)<—Gaussian membership founction(ur(i, j), Ur)
(i, J) < Gaussian membership founction(uie(i, j), Ug)
2% ()% e i)
D+ e i)
F(i, ) =B (i, j) + By (i, j) e *"?
End
End

22 SSFHERLE AN

ET s R R A S BRSO W& KR
Xk &4 1E, 2 [A4Z (Spatial Frequency, SF) BEWS
BT HER R 40T RRAE, 530 6E & rT LA R
R R, R X R R e, R, AR
SCR A R A [ Ai# (Local Spatial Frequency, LSF)
TR SO RGN D R, 2 (13) R A Jm i e &
(Local Energy, LEG) #fiid i X I4FAE, wi=X(16):

LSF = /(LRF*)? + (LCF¥)? (13)

AP LRF NBHATHIR, LCF NRMAIE, Ha
a1

1 1
LBF G, j)z\/iZZDﬂf(Hx,j+y)—D:(i+x, j+y+D)
X

x=—1ly=-1
(14)
1
LCF G, j) = izzm”x, j+y)-DEG+x+1 j+Y))
3>< 3)(:,1)(:,1 " "
(15)

A Do ARSI B R

LEGL(, j) = \/ﬁi i (D CGi+x, j+y))*  (16)

x=—1x=-1

AL R & B,

Hy = (LSFg / (LSFg +LSFy.)) * Dy, +

1)
(LSF, / (LSF; +LSFy,)) * Deo
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HY = (LEG|, / (LEG, + LEGK.))* D} +
(LEGg, / (LEG}, + LEGy,))* Dy,
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BAEFE, A M 2095009 MORIE T3 ZE 50 C B KRy
AR X RS AL SR R 26— DR AN EE — R R

3 XWHERS5HR

K 2 RS R S, HoA (al) 5 (bl) R
T3CHik[14], (a2)5 (b2)sKIE T 3CHRk[15], (a3)5(b3)k
VAT SCHR[16], (a4)5 (04)KIE T CHR[17], (a5)5(b5).

(18)

- .

(al) asMeiEEG (a2) “rsMeiEEG

(al) Infrared intensity image

(a6) 5 (b6) AL btk BIME « ASCKH 5 MG HiLS
AR SCHAFARS LG, 530 ) Db fr AR #e (Laplace
Transform, LP) . f&#5/N ¥ (Steady Wavelet Transform,
SWT) | JE T RIEBITIE S kb 285 & M4 (Pulse
Coupled Neural Network) #54 (NSST-PCNN)D . 3¢
RS (Support Value Transform, SVT) 13| &
JEI% (Guide Filter, GFF) M, [&] 3 g &4 R
F 2 BRI RS B Dy AR
Table 2 The pseudo code of the high-frequency feature fusion

rule

In put: D™; Out put : F,

Fori<1tom

Forj<1lton
LSF"(i, j)«Local spatial frequency(D™)
LEG,"<Local energy(D,™)

H{ = (LSF,S /(LSF S + LSFeS ) * DK, +
(LSF&5 /(LSF S + LSF ) * Dfp
H3 = (LEGg /(LEG +LEG:))*Dig
(LEGRs /(LEG  + LEGRp))* Dp

+

End
End

F,=> (PCA(H;,H}))

(a2) Infrared intensity image

(a3) ZLAMLIRIEE (ad) ZLAMEHEEE

(@3) Infrared intensity image (a4) Infrared intensity image

(b1) ZhMmdREG (b2) 4 hMmdREG

(b4) ZL5Mmi KR
(bl1) Infrared polarization image (b2) Infrared polarization image (b3) Infrared polarization image (b4) Infrared polarization image

(b3) A AMmdREG
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(a5) LA (b5) ZL5Mmdi 1% (a6) 2ot IR (b6) ZL5Mmdi 1%
(ab) Infrared intensity image (b5) Infrared polarization image (a6) Infrared intensity image (b6) Infrared polarization image
K2 shnimtimik g

Fig.2 Infrared intensity and polarization images, (al)-(a4) Infrared intensity images, (b1)-(b4) Infrared polarization images

(al) This paper fusion algorithm (@2) LP (a3) SWT (a4) SVT (a5) NSST-PCNN (ab) GFF

(b1) This paper fusion algorithm (b2) LP (b3) SWT (b4) SVT (b5)NSST-PCNN (b6) GFF

..J

(c1) This paper fusion algorithm (c2) LP (c3) SWT (c4) SVT (c5) NSST-PCNN (c6) GFF

(d1) This paper fusion algorithm  (d2) LP (d3) sSwWT (d4) SVvT (d5) NSST-PCNN (d6) GFF

(el) This paper fusion algorithm (e2) LP (e3) SWT (e4) SVT (e5) NSST-PCNN (e6) GFF
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(f1) This paper fusion algorithm (f2) LP
K3 AR & H AR A
ME 3 AT LLE S, AE SR ERIE 2 SLbR
HRAEME, A VLR UGS BA B
AT LG KX EEREAFAE,  HEinl& 3 s EE
AlE B EF OR B 1K T L. FERlE A
AR SR A XA, [ I R 15 PR RE AR AL 5 S8R B
T G Ath B 35025 A AR i b £ B 2041 e i R )
FERFAEANZL M 3 R 415 SR AE A0S0 28R AR X
B2, Pk, ARG FERS R LA
AR 22 Fh B AMRRAE B0 b R 2 30 R
N T U A SRl SR A R, SR K
FEMME (W WEE (o FEEM (M) . Z5HM
KA (Rape) A4 R 2 BT VPN Y, Rape
O Bl R SRR AR L, n3(20):
Z:};[DALj)—B}[g(Lj)-§]

| E2(0.60-5] [ £3(.0.00-57
Rabir=1(Dy, 1)+ r(D2, P) (21)
s k=1, 2, DM Sy 7 il Amh G BHE 5 5 B %= 57 K
FFEEER: DS 23514 DMl S A Rapr AHK
PR, K 3~8 NAFEREG EGIERE.
* 3 FB—HasMRE RS ERTa bR E

Table 3 The fusion image index values of the first group of
infrared light intensity and polarization

r(D.S)= (20)

Fusion algorithm u o M Rave

LP 69.2570 40.9351 6.5054 1.7354
SWT 69.3868  33.0127 6.4634 1.6119
SVT 100.8366 46.0371 7.1467 1.6150
NSST-PCNN 62.5136  50.2934 6.7009 1.0370
GFF 61.8414 46.5714 0.4357 1.1895
This paper 105.222  56.6130 7.0013 1.8525

F 4 B HADEER S RS R TR
Table 4 The fusion image index values of the second group of
infrared light intensity and polarization

Fusion algorithm u o M Rave

LP 86.5847 31.7298 6.3105 1.7455
SWT 85.7013 24,1091 6.5331 1.5205
SVT 143.2785 40.1977 7.3049 1.7285
NSST-PCNN 152.8770 42.1666 6.8373 1.7628
GFF 20.2391  25.3966 0.0903 1.1317
This paper 162.2015 43.5204 7.0401 1.9417

(f3) SWT

(f4) SVT (f5) NSST-PCNN

Fig.3 The fusion images of different fusion algorithms
*5 BEZHAIMCR S WIRMEG BB E

Table 5 The fusion image index values of the third group

infrared light intensity and polarization

Fusion algorithm u o M Rabe

LP 52.8460 35.2304 6.9802 1.5248
SWT 52.1438 27.6834 7.2951 1.4431
SVT 80.9704 50.7916 7.4339 1.7525
NSST-PCNN 79.6781 55.2514 7.2702 1.3561
GFF 76.3510 51.4638 0.7928 1.6702
This paper 91.8233 56.1465 7.6166 1.9172

* 6 HWALLIM RS MRS B G RE

Table 6 The fusion image index values of the fourth group
infrared light intensity and polarization

(f6) GFF

of

of

Fusion algorithm u o M Ranr

LP 91.3913 549466 7.1236 1.4654
SWT 91.7140  46.1083 7.1120 1.3186
SVT 139.9660 57.7209 7.3606 1.4924
NSST-PCNN 128.3984 55.1791 6.9647 0.8634
GFF 56.0699  68.6447 0.5719 1.2224
This paper 154.7707 65.9553 7.3829 1.7698

RT BRHALIOCES RS G HE AR E

Table 7 The fusion image index values of the fifth group
infrared light intensity and polarization

of

Fusion algorithm u o M Rane

LP

SWT

SVT
NSST-PCNN
GFF

This paper

71.2694
70.3316
110.2721
113.2356
27.4692
137.9017

35.6526
28.6528
43.5733
45.8973
28.7692
52.8827

6.6839
7.1316
7.1932
7.0927
0.1593
7.3272

1.5393
1.2902
1.5652
1.3705
0.8713
1.9312

£ 8 HANHASMEER S KRR S G FE bR
Table 8 The fusion image index values of the sixth group

infrared light intensity and polarization

of

Fusion algorithm u o M Rae

LP 104.2824 33.1386 6.2707 1.8210
SWT 103.8353 25.1304 6.4982 1.7632
SVT 143.2043 35.9252 6.7713 1.7107
NSST-PCNN 128.7341 455877 6.4071 1.1292
GFF 104.0915 39.5347 0.6532 1.6724
This paper 198.5984 47.8040 6.7772 1.8904
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LFIR G R, R IAAS SRS Sk B BRI IS R

9 MK 10 ARG BIER & SLhrn i EE iz
HITE, JRE loly 25 il R AR 53 7 53R 4075 BIHE
AFEZ R, FX LP. SWT. SVT Fll GFF iz 5 [H]
£, [A] NSST-PCNN #H Ltis S a0 4E, BEAREEAA LI
(AR, (HH Rl G R R B, HASLR 25 31
KEi ﬁﬁ@kmﬁ%m,hﬁ*ﬁfﬁm

#9 K 2 Hi(a5) M (b5)mh A Al
Table 9 The fusion operation time of the figure 2 (a5) and (b5)

S
This paper  LP SWT SVT NSST-PCNN  GFF

10.689555 0.573178 0.98399 9.394178 18.390709  0.805302
10 & 2 Hh(a6) 1 (b6) il A 1A

Table 10 The fusion operation time of the figure 2 (a6) and (b6)
S

This paper  LP SWT SVT NSST-PCNN GFF

10.828798 0.399810 0.926649 8.187327 18.27237 0.893792

AR R RE W B R S LA iR
ik B R A AME S, RSB IR S B, 185
AR, BT AR ROR .

4 g

AR HFETRE ol J2 0 R 256585 i
BGR G5, FIRRS Lol B R ess, xrrsh
I 5 PR R BEAT 22 RUBE 708 >R 8 40 0 vt 3o
AR LM IR R AR B R Bl A AL, fg
HE NS o R R & b, Bl bR 2050
58 5 Pk B R SR RAAE s Xm0 B B
JS 73 73 BT R 2 ] A N B 1) 7 SRR AR ik [
%, ARG T Py BRI ARTS . SR AR IX I
RFAIE; I SIS b, R WIA SRl & FE R R B
T LA 555 Ik BR8] 22 Fh ELAMERFIE, B4R R
TG BB E,
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