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Fusion of dual color MWIR images with weak signal based on
suprathreshold stochastic resonance
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Abstract: A method on fusion of dual color mid-wave infrared (MWIR) images with weak signal is presented based on su-
prathreshold stochastic resonance (SSR). The weak signals of two images are enhanced by SSR respectively, and the noise
of images is reduced with median filter. Then images denoised are fused by support value transform (SVT) , and fusion im-
age with more information and clear details is obtained. The experimental results show that local standard deviation, local
entropy and peak signal to noise ratios of images obtained by the method proposed increase 247.7% , 45.52% , 6.71%
and 6.65% , respectively. The validity of the method proposed is proved.

Key words: mid-wave infrared (MWIR) ; image fusion; weak signal process; suprathreshold stochastic resonance (SSR)

PACS: 07.57. -C; 07.57. Ty; 85.25Pb; 85.60. Gz

Ell

T

FELLAM P BE(3 ~ 5 wm) 00 109 > 7 1Y i B
(W13.4~4.1 pm 4.5 ~5.3 pm) 4rAkf% , Z204h
XU BE (SRR ) BRI 5 1Y H 22 20 BT 4. B/
H 12 1 S AS [ 40 53-8 B 1R AR R v 22 57 3R A5
S [r]— Sy A [R) AR, 130 4o 45 2 i 45 31 G
TR M 2 SGE S B EUE, RS L
5B 5% T A e A PR, LA AR AR LU A
5 PR SASULEL B3 23 0 A /Nl 0 A e R4y

W HmBEA.2010 - 11 - 04,18 [E1 H#A.2011 - 03 - 24

B SR AR XL T 4T A R AT T R
WHE, A TR RS OR . (B, 6 TR T
sl SN ERER T EE RSP R AR NESE VS ST I}
IR RS RCR AR B, F2 b EE i H
Sz e, SRR S R e S X LA RE SR 1, PR, BT
SRR P s {5 U@ LA R S BAT S PR
X.

NI, B2 T A B B BEALAE R (SSR) J5 ik
BT PSR B £0 5055 15 PR AT 2 D, 3
52 5 UG U I PR P SRR BE AR (SVT) 3R 3R A T

Received date; 2010 - 11 - 04 ,revised date; 2011 - 03 - 24

EETH : At RFPRL2EI 4 (20090604 ) 5 BT F A B 5 A 508 = 564 (201003 ) 5 L P A WF 78 AL A5 3L 42 (20103082 ) 5 1L PE 48 H SR B2
4 (2011011015-1) 5 JH AR AR 5 R G #0E H T 05 50560 = FFil 34 (20100EI0F16)
TEER N R (1966-) , %, (N7 R AN, B8z, I A, B0 48 0 21 /M5 BAR ], E-mail : 1s2@ nuc. edu. cn.

* @IS 1EE . E-mail : yangfb@ nuc. edu. cn.



6 R4 T b BENLIL IR 0 55 15 5 XU P e LD AP RS Rl 547

FlEr. SRR , 5500 B PG A U P S
ASWESEATRNG A L, TEIR R T EIE 2R R
PRBRIEZE | Jr AR | U {15 MR LU 25 2 LA b HE A7
i, Rl SRR .

1 5 EpaitkiR

REHLILHR R AR Lt R 40 55 1 R B35 5 A
MR = — A N MERT, MR i T AR 2R
YRG5 Sl B A B4 . H AT E &9F
S BEMLIEIR I G N AE TS5 e AR R 3
G s A i H ARG A L IL RIS 32
FRE TS S LS T BT, C A TR R
B A5 1 00T R BEAL L IR AT RE 2 A 2B as D A
PUBE ST BTTE R AT 2 L T 28 T A
BT T AR R _E AR S BENLL R S A B (5 BAL
HREGA5 B AL B g i, SCEk[9 1 A 10] 43
)3 2 A R T R R A R MG SR D R 4
B B BUS T B RCR . Stocks 3 TRl 25 48 42 1
T AR P R, 1 R
B A 8 -5 B8 AT LAE AR i S A (5 18 , B9 4
T LLEAVE heaviside pRZEL.

B 1A

(1) = {1 x(t) +m(1) > T, (1)
0 x(t) +m,(1) T,
O DRIONS 2)

Horpao(0) BAF G — MR IR ARG S 0, (1) 2
FHE A SE AR T, B, y (¢) 25 A5 5 . (1)
=0 i, g 2 O sl NV, 380 o, (o) I i Hh 2 RE4E,
VLI FH eSS 55 5 B RE

R 2L AMEHG A A R A5 5 — 4, RZ LU
LA SR R B, ok A LD SR AN 2 2k
Gt 2 MR P A R s A, do 5 1) IR P AT T BE VA 9
G, TSRS 55 2 TR R, Bl 78S
YA SO A AR 3 B A AR, BT AR

n (t)—: n me

- (0 (0
———————————— P
O o z

Y0

Ty

10—

K1 RS ITIFAT LR
Fig. 1 Sum model of threshold units in parallel
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Fig.2  Framework of fusion of dual color MWIR images with
weak signal based on SSR



548 EAND/NES I SR8 14 30 %

M = max(max(f,(x,y))) , (6)
_#5-1 rl ) i
m= (L—l)zgf) ;}(fn(%y) fole,y))  , (7)

Ao s A1 r 432 BRI T RN, L 2 R K BE 9%
B Co,y) RIREELL (o, y) R 258 n AL 3R
J R BEATL AR 4.

55 on MR IS IR A

Fioay) =f0(ey) +a+ (b-a)p(z) ,  (8)
K n=1,2,---,N,a,bFnrN

a=p-Bc , (9)

b=u+B3c (10)
Ho w o 3 5EEUR £, - (v, y) KIBMEFNTT 2. p(2)
SRS PR, R R
1/(b - a)

a<z<b

p“):% - (11)
S £y y) IEAT AR
1 "(x =
i) =1 Suley) 2T )
0 fi(x.y) <T,
e D WA CRON (13)

R (8) A (12) 22 N HHFUIR oK 1
IR HIBEHLIC RS R

R DY AR (14)

2.2.2 FhEER

BR T 35 W Ak R b 2D ARG s A
SRR B M P . 2 e 38 rh (0 D R F R AR R 1Y
NGAF B, HXTAER R LB A 2%, Rtk , R A e
B PR B AL LR AR A T8 .
2.2.3 THETHREE

U SR ARt B AN R

S, =SV, - P,
P/+l :Pj_Sj J=120 (15)
P =P

Horb T Ao RIZEL, SV, N RBVSCHF L IR W dw, S, M
BN SRR S, FOaT Sz e BR B 2405 AR AL, P
R EUGRE ZFVE LR, PR R 1.

X PR R 04 PR, AT SOfR E AR 03 ]
THENE B 250 SORFIE PUBALE AL IEHR, B S, Sy,
Py Py 5 F R 5 )2 B SR BE BGAN fULA
18, W2 Rl 1 SR RE RIS S A LR Py

SFj :fmax(slj’SZj)

{PFJ- = aPy; + BP,

(16)

HorP R R S VBB R LR N Sy S, M
M P 45 X RO A5 8 ) 248 W (R AR R AL B R ATt
FIIAARG AL RS , A T30 A e, B AT A5 3 d i i 5
HDJENE S

HIT Py Py SRR R AR S, fo7 B A
R RS RV AT 2, o B N INBLF- 2 2R 8. 5
BEA IR EOR, o B AT U A s 25 222 1R B 2R — i
KR BRI I3, o BEIEY R —28, )R 2, B U R
— 2t HARIUE ] B0 RS EHGAR P S R e

3 AR

BRSNS RBCRE AR B 2 BOR A, %
JE B BEAL PR T 5 M R i B G R DI A S s AT
PR AL SO P D b Oy 2 MR R R )
(BN 20 IS IRE N Sy 50 GEARECR 5. 2% 1& 3
LI IRE TA7 10 8 DR U0 e 28R A e 3k 2 12 R Y
HARTE TR T RE 22 S5 AR, SR e T 5 x5
DI TS A0 3 B R A AR S o s
PR 5 22 00, TR Rl G 45 8 b B DR A1, ik
SVT il 5 o B BUE S 0. 5. ff B2 5 )2
MATLAB7.0 7£ Intel (R) Pentium ( R)4, CPU g 2. 40
GHz, N7 H 512 M ¥:4E & 4~ Microsoft Windows
XP ) 5 AL B AT

PR A G AL BR, B 3 S RS 055 0L i 204
KI5, & 4 S8 REALER A B S5 2R, I S b (e
UENE AR 1B 6 SRl E Ias R, T TR 7
Brxs ke, B 7 45 H3 7oAk ] SSR 1Rl & 4551

4 ZERpWH
4.1 FEHESHF

& 3 (a) FE] 3 (b) 43570 2 PR i 15 s i s s 32
B ARSI LA MNEIG I 3 (a) HARFG AT LA A
S (EEBE LT F—A K& R X3k (2 K BH

(@) (b)

3 WM B 55 05 XA P LLAMEE (a) B — 4
B (b) 55— a0 i LA &

Fig.3 MWIR images inundated with noise (a)image in sub-
band 1 (b)image in sub-band 2
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