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Infrared and Low Light Level Image Fusion Based on Multi-scale Dictionary

XUE Mo-gen, LIU Cun-chao, XU Guo-ming, YUAN Hong-wu
(Laboratory of Electro & Optical technology and system, Army Officer Academy of PLA, Hefei 230031, China)

Abstract: A novel infrared and low light level image fusion algorithm based on multi-scale sparse
representation is introduced on the basis of the Human Visual System and over-complete sparse
representation theory in this paper. Firstly, infrared and low light level images are decomposed according to
the Gaussian pyramid model. Then a multi-scale learned dictionary is obtained by using an efficient quadtree
decomposition of the DCT dictionary which is considered as the initial dictionary and each scale dictionary
independent training update using K-SVD algorithm. We use the improved OMP algorithm with the
dictionary to get the input sparse coefficients of source images. And then we get an optimization function of
the fusion image sparse coefficients by optimizing the Euclidean distances between fused image and each
input, weighted by their own variance. Finally, we obtain the fusion image by solving the I; norm of the
function. The experimental results show that the proposed method exhibits considerably higher fusion
performance than the typical methods such as the wavelet transform method, the Laplacian pyramid method
and Principal Component Analysis method.
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Fig.1 The quadtree decomposition framework
% R TIOR3 AR K-SVD SRk k-
TEHUH) e R TN A2 RO, J0 5 A U5 &I 1R
AT E & ARG, e iR G T 48
2

=Y *B,){, (3)

A Y RoRE A IR ENS s B, RonhrvtE Ty 2 olg(p)/
lgG) IRt b, Fom FREEs 5,=(0.8)ps p st
I 25

G 0T 4 T IR R S EUR /S N xn B
B HI{Z Y- BB R H R T Loyl 2 R 7
DeRV*Wmi# =, 7 D oA kK NEF, s AR
AR - o YRS P 0 B B n R DO SR ) &5
xR, B A — 2 BRI KN ng=n/d*(s=
0, -+, S—1)o ASGHIT LN AR ES—ANZ EA
IR )

TG4 D, e R™™ i fds— AN JEU 4% i U R
MR FI AT o0, i 2,

Hk, EH DCT FufE k2 R TSI 4G 5

697



5354 #1130
2013 4F 11 H

a s HOR
Infrared Technology

Vol.35 No.11
Nov. 2013

i, EFE e T RIS, %I
K-SVD S92 rp = it ST K 5 7 s )1 i AN ) R
M7 U, g Je H ) ROBEAN R A BT I 1) s
PP A, Wi 3.

2 RJEN 2 MIRT o) i
Fig.2 Decomposition of a atom with a 2-scale dictionary

i
B3 RN 2 (R TI AR

Fig.3 Composition of an atom with a 2-scale dictionary

el LRk, AciiEd T S=3 M REH
TENE ) e, i 4.

T O ErEE SN 1 SSEFiECAE

Ir1 Iy L 'lrr-'ll i=madl F N _LMaadl
""""l"[ Lo e

ar g

(@ s=0 (b) s=1

(c) s=2
K4 —> 3 RUEHEN Y 7l
Fig.4 An adaptive learned 3-scale dictionary

2 BhEEX

BRSNS RO G UL 78 D~ A5
AR08 R VA R SO I I AT UG S 0B R Tk ——
GramSchmidt 575Kk (0 Hsh R HOY ol B, il A
% F=Dpfeiz7 8 PRy DUk, s EIERK
T A BBy oM prHIEFEINAFIR, ISR
Hoybedlt, BIRLS BB F Rl

X RE EB IS, WP IERE e R
(KIS HY o B VP EL R DRI T il R P A R

B2, R TG EGSEEG AR
TR LR RS S, ASCR ARG B

(1777 7 R LA K Rl G R 5t P ) 2 S 2 A TE DU SR
698

SRS, 722 1 ph R i T4 043 B

S, ORI R 0 S A R )

G, IR B, AR

B PR S P 2 R P R

S, B FAROR LS, A R 5 U

KRR TRE S, T 2T, R ot
y =argmin [V (y =)+ [V (v =),

e xg Al X 23RN AN UG s y FoRfiley
KI5 o TR B y—xo Al y—xo RAL T YRI5 5 b & %
20, Vxg MV x Rk B E. T x,=Da,
X;=Dp, y=Dy, KL (4)ZMA:

2

I=[vxD(y-a) +|[v.D(r-B),  ©)
%: @ =vVxD, & =VxD, Il:
J=|@y -2 +|0y -2, 6)

B, BT LB G — NIk, AT
W20, LXNEN A

1=/ (B B+ 0] 0,)y-2(Ba) & +(B,8) &)y +

(Ba) Ba+(D,8) &,p
(7

XH, ZATEXP, Q, CoalA:

P=a @+ o,

Q=Rad +0,p®) (8)

C=(Ba) Ba+(Dp) 0,6
M (7)F AL

J=y"Py-2Q"y+C )
Pk, mlE BRI AR s R AN -
y*:argymin%yTPy—QTy+%C, I7], <L (0

X e Yu 2, X R IATHE Y p=0,1,2 —Ff
B

D loudl: BT lo WEEAMLA R EE AR 1, %17
A NP M), 38 R BE 5 AR B A
TESE bR AR ME SN

2) I e BAR | BRI B 1o T £,
51 B AT ME—E, T B ARSI RIS
Tl et 8, R VE R AT s TR
SCFRR N AR A ) R iR . 34k, BT RS
[ X ZER AR R REUS T RE . Bk, 5X(20) AT



$3HE FI1LM Vol.35 No.11

2013 4F 11 A BRI AS: ST 2 ]S PR s 5ot G al & Nov. 2013

L5 Rl A0 L ) A T R A B R PCA ft&
L . o P p Ay T S

f=wmmlfw—d%J£+Wﬁ, (1) ﬁ&ﬁﬁ@ﬁmé%%@iﬁfﬂdﬁﬂéﬁ&%ﬁ

y 2 2 : T EIAT R b o A SCSEE R T AR MG R/

A A>0 % Al LASSO [ i,

3) L ek HAGE BB L, (HREHIR
LR HOTART i TV O 7 G PR - 9 W e W DX
A

* . 1 T T 1 2

y=ammm57Py—Q7+EC+ﬁWM=

’ (12)
ammm%7%P+ﬂUy—QW+%C
Y

7 FEEE O ANSE & ) R Tikhonov 1F j4kM!
Jiid, TR AR

d(1, oL le)l
d—;;[Ey(mﬂu)y Q7+2Cj—0 (13)

Y =(P+a1)"Q (14)

TR AR 3 R IE WA (e AT o0 B, ANHE AL
lo VO BRI IE B, (HIXFEAS NP Sl )l AR 2
AR TR BRI e e, (EAT RIAT IR
fif s % WEBAMATIRGF MR, T A1 e
AR DT I, ASCRAT I YEHOR il
15 (i i 2R K

3 XRERSH
AT ISERTR AR R, T 3 R

(d) Laplacian fli & 45 3
3 S 1 Eh A AR

(e) /MG ER

170 360X 270 K/MILLAN S ROGE

TEKE 3 A 4, ()R RLAMAE, (D)X ROt
Elfg, ()& PCA RlG 4R (d)FI(e) 7l /N
Bk ‘db8’ [N RG24 SLAN Laplacian 4 - E5Rl
5, WERH T WY)E N R, AR R B B
HUIACFI403: - i 28 25011 35 36 R H A48 0 (L 3 K 1) il
GHEN]; (R RASCE LR S5 R

e 3 FIE 4h, OB SREEEE, A
WG RTEW . MAELLAEHE D, 40715 (5 RSO,
R N AR . R LA 5306 G RE HoR
AT AR B (R4 P9 i B P B A LA 78, n LATE 4
ML R ER . MG g R UG, PCA il
A7 HARBOIANTE T, AT RS H bR 0
SRR, 5 Laplacian #5757k /N AR 7 VA
bb, ASCT7AS B Rl G 45 A HT I R VA, BE
k7T LLANEUG R H BRE B OUR B IR B T O
B mysE e, BENEREEZ,

h HCEAN RN Rl 7 VR R T e, AR SR T S T 14
BlG g R R WVEAN 7k o A B GG . B dE T
% R RIS SR EEE  E A RO R G B R
B (Rl 2 15 AL s R Q ABFIM,

H LRI 2 TR, ARSCOT R BB A
Wed7 2% HAH B QY BT T KA. X

() Ais gk
Fig.3 Results of experiment 1 fusion

699



$3HE FI1LM
2013411 H

EARPNE S N
Infrared Technology Nov. 2013

Vol.35 No.11

(d) Laplacian fili &5 45 5
4 SN 2 Eh e aE R

®1 ARG SIERNE R HrER

Table 1 The quantitative analysis results of different fusion

algorithms
Bgg QT HAZE bRz
Laplacianfili#  6.7017 04213  1.4735 31.2996
AN R 6.6291 0.4161 1.4718 28.9523
ARILTT 7.0966 0.4325  2.0748 41.3733
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Table 2 The quantitative analysis results of different fusion

algorithms
Bigg  QF  HZE kR
Laplacian @&  6.8558 0.4010  1.4027 27.3575
AN Rl 6.7799 0.3698  1.3728 28.1614
AT 6.9929 0.4128  2.3237 31.3035
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