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ABSTRACT: The work aims to propose an image fusion algorithm based on Non-Subsampled Direction Filter Bank
(NSDFB) coupling local Laplacian energy sum, regarding the fusion algorithm based on the Contourlet transform that
easily leads to the Gibbs phenomenon on the edge. Firstly, combined with multi-wavelet transform (MWT) and NSDFB,
the image was decomposed into three high frequency directional coefficients and one low frequency coefficient. Then, for
low frequency coefficient, the LSML-PCNN model composed of Local Sum-Modified-Laplacian (LSML) and pulse
couple neural network (PCNN) was used to fuse the low frequency information. For the high frequency coefficient, the
low frequency and high frequency subband edges were extracted, and the absolute maximum value method of coefficient
was used as the basis to achieve the fusion of high frequency coefficients. The experimental results showed that, the pro-
posed algorithm had higher fusion quality and clearer and more complete edges of the fusion image than the current image
fusion scheme. The proposed algorithm has a higher fusion visual effect and it can improve the contrast and resolution of

images, which has certain reference value in the field of image processing.

: 2018-09-03
2013B011201377
1982—



Fa0k B

S, T g AR 45 Laplacian B8 &= A1 MG El& Bk - 219 -

KEY WORDS: image fusion; multi-NSDFB; Local Sum-Modified-Laplacian; pulse couple neural network;

non-subsampled direction filter bank

BR324 2 A5 A A 1Y [ — H ARy
B AE Bl AL A G o — IR, B
o T P AR, O v MR A AR, s R
it BURRLG A T A RE RIS LG B, IRk
XEEAE B AN G, $ i BB A 4 5 80 . ARk,
GRS TE B2 | 3Rk EIV S ) 45 2% A i kgl )
RO Fhn, XFF R R ERR & AR, — e
i CCD FMLARARBED B 5t G, 56 TRl R gk
R b e AR BRIG , SR, ZEED R i AR5 D
[, PO RS B8 BR ], 7 T X6 RT3 R AR B R i B
ARG 1 — UM G R BRI W B 5 o8 B B R 1)
EIE, an SR 2338 o — R FAE R AR B B, 2SR
EIMG oy R S5 R, eI 2B AR , R 1w AR A
WERPE | 38 BT S o3 X A%, fESE R PFHE 2 A,
— P ARG G B R X X B 7 i RS S5 R A
PR, DA TV OB RE L DT A 3 B i P Az ) v
HRE,

AR, EWNSMEERE T —RINEA T
RF 5 T VAR Contourlet 454 1 EHUER Al &
FE, EHEEL V-RFEZL/NEA Y Contourlet
7 e, 6% AMIEER, Bl —F2 RE
597 iR o it e, AR SRR T AR
TEE R BE Y, FrHm A T2 HVS B9 Gaussian 431
SACEAE o X R, AR R R T R 3
B P T ICEC Rl A, {H2& Contourlet T AR M,
I HAE— @ #E FAEdiZ 157k Gibbs, XIA 450
FESCT — Pk R EE S R M e 4% (BP ) EI{Gl
HHE., B, P Gauss-Laplace JE I #3455 E1%
SRR 1 ZM g 2T IR SR)5 , #EF HEK
JrEX AR Z G R T PIiR AL, i A BT
H BP BRI A HTT . % X 4% 38 128 53 i i AR5
HARE A O SR o, JFEE ARG R, A
AR MU 2 A Rl 25 L o 2007 U T 380 il B 3%
W, AT R SEAG R AR M, (A3 al G5k
BN HAE . Periyavattam!® 5 i T — Fb JE T 2R BE
Contourlet Rl FL5 75 . Frde th i H R AR
T 2RAE Contourlet (NSCT ) K KIG 40 fif AR . 155
I 43ie o AR 43 R R S AN 7 22 B RA vE DU o H
RGP A T A A o8 AR TR RE
Contourlet 725 #e (INSCT ) fHEIHJF45 . %k
A Al A USRI B, S is s e, (A2
VA 7057 7% 85 B 7 i, 7ERLS X I8 th
B2 =1 9P R E N I v 7 N2

X BN, ChE L—FZ NSDFB fii&
JrER Mt Laplacian BER AW ALA TR . 2/ A&
TN LS R B A A O A, TR ARk A TR

AN RUBE B — | A3 BERON 5 A5 5 . NSDFB 4k7K T
NSCT W F#AZEM:, HAEEIHER Contourlet H1H
RIRSWM, @ik Z2/NES NSDFB 454, B
T —®Z NSDFB 27X, ffif5, iHidZ NSDFB
¥ BbRor R, A5 3] E A0y ) AR BCRARE R 5. SR
LSML #Jili PCNN 1 28 503k 52 A0 2 B0 k4 o
T E AR 2%, 4% NSDFB 43 iR 45 5 5 4 45
PTG, R R B i KAE R, R
A THYLRAE , 30 GRRRAEAE Dby i 500 2R 5500 il 4K
P, AT 58 B e 0 R B il A o SR 5, i 2 NSDFB
WA AR Al A EMR . Bedn, TR A Rl A R AT
RYGE .

1 NSDFB

1.1

L NP /N AE R R R — R, AT IERE
P OFRYE R AT A R AR Y 22N
FRERL T —RET R BT O, HE S s ROR B
o, DAL E W PERE ML AT . 22 /N ANl A 2
T2 REE Ut B T A, 2 X F 2/
WS R PR (1) = [ (1) by ()-8, (O] AE B o /NI
45 1 o) = [0, (1), 0, (1)..0, (O HE IR . 2/ — R
7 R R R,

L

#() =2 H g2t k) keZ (1)
k=0
L

P(1)=\2> Gpt—k)keZ )
k=0

K He, Gl B REER B & A9 IGE 575
AR PRI A o T2/ NP R R g r=2, 5
58 WT ML, Z/NIE 05 ff 5 SR SLAnTF

Sj—l,n = ZHk—ZnSj,kdj—l,n = ZGk—ZnSj,k (3)

k k

Sin= ZH k2 -1k +ZG k—2n i1 4)
X X

Kb Sy, R r QBRI 55 diy,, R r HE ALY
s ONILEIREE R . Z2/NERERA N R AR
S AR OE A, TR R TN AR R BRI, 22/
Bod HADGHIYE . B3 RFRPE . RSS!, I,
Z/INITE RUG S A il 55 D7 T LG /N il BAT S A
E

1.2 NSDFB

Jr e 48 ( Direction Filter Bank, DFB) H&
1LT7 IV RRAE B —Fh B R, HoR S FRIE R 46 il A .

i



- 220 - f1 %% T 72

201941 A

K 455 w0 WT R 1 g #s i —Fh, (HIHAY
JMRFARY. BESXMA 3 A, @A
Laplacian 4 ¥ Contourlet 284, 7£ Contourlet
i, dEid Laplacian 473K G AE A o3 i R A8 Fi
=il A2, MU T DFB 40, S EEA T R
B M R %5, T DFB BYE R FERE S, F=4
TS Uk AU RIR S, I, Contourlet %47
PRANARYE, I HAE—E R AR B T AR )
N by AEE AN . T ( Nonsubsampled Con-
tourlet, NSCT ) HA K VFBAAREM, ik T
Contourlet AR E AL . £ NSDFB HiHER T
DFB A 5 RAR S B R I Y A 73R4 2207 1) 43 if
R PER 2 DI s as Al . 7EDUiE A
Jr it R, SRRSO U (F), Hih, j=0,1,

Kb kAEESE, HOAM 0 3] 3 my3s, W
I, @it NSDFB k45 2 7 I fetk .

NSDFB Wy 2 il A uEd %, REmeReat T HIE 7
] ()8 5 048 NSCT [R5, s 21 4071575 DL
B, 54b, NSDFB J&—FpaERAEERME, FRAC T RAE
TETEWE AR P IR, HA PR,

1.3 NSDFB

HT A Z /NG5S NSDFB s, ¥ Z2/hNks
NSDFB #4254, & XN % NSDFB 28t . Z/Nj il
2D EIM& S A ARE 5 sl 47, RS, {5 NSDFB
A w538 A 43 T - o FE NSCT H H Z2 /MR
BN RESFIE RN — D EB SR 2 /NS
EIG A BT T A JUAE s amEsS . X %

o 1-1 N PSS PR R, XAERRE I P2 Yy,
ﬂéﬁ%ﬁﬁiFE:[ }ﬁﬁ\ﬁﬁa‘ﬂlﬂ%fym&w‘z%ﬁ Uly) : -
11 ’ P ST NSDFB X /N 4 B 715 ) B G A
RN HEAT J7 10 3 Al o g s T R B — R DYy 1] £
U,(»)=U, (U, ) (5)  NSDFB %M, WA 1.
NSDFB wEyE > M NSDER RE T
=] ! %
L e | b v
[ @ | NSDFB iy | | L. |NSDFB Ry At
Fi HL g T
B
NSDFB B LL- |NSDFB [=2i |
g ” F# [7| LH ” T
2/
> LL >
Kl 1 £ NSDFB 5 it 12
Fig.1 Decomposition process of multi-NSDFB
5 Aofe 1 y) WEE 1 REE . S k JTIATE MGA

2 RE kv, A8 isirh 2800 s sk
BURAR E Al A YERE A G . Xk, SO R AEA B
P B8 /Y Jm #B & IF Laplacian HE & #1 ( Local
Sum-Modified- Laplacian, LSML ) /il PCNN #ji£:
JG, JERT LSML-PCNN %!, HAEGW H4S HVS
FRIE, (REEZMATEER, Wb T 58 fUs
2.1

SML BEMSAR i iR 2 RRAE , T 7R BUR IS
B 5 B a3 AL 55 SML HAE K 5% B 7 1) b
AR EW AR LR Laplacian {H., XFit, 0%t
ek 4 N, JEHEIER) Laplacian .F (ML),
FE SR
ML (x, p) =217 (x, p) = 1" (x =1, y) = 1K (x +1, y)| +

20 (6, )= 17 (e, y =) = 1 (x, 1) (6)

W x 7. By SR
KT HEFFE HVS, 15 (6) MR, ZERE
HE K/, JER T LSML, F£RTF .

) 2

LSML* (x,y) = Z i W(r,s) [MLI'k (x+o0,y+ p)]

0=—0 p=—P
(7)
Kb w MR R, E3Ch, Ww=
1/16 1/8 1/16
1/8 1/4 1/8
|:1/16 1/8 1/16
(2p+1 ),

PCNN ( Pulse couple neural network ) J2& X B R
AR Y AT AL, R e g Rt
PCNN H A Jof72: A sl 25, sERE IR 22785 50 T 3R
AR BRE, FAL S T [R5 bk b & G 5 R AR RE A O
e, TR HVS R4, PCNN A 3 A4 L4«
ooyt Ao Ak e R R g oy, LI 2.

s ZHC op WHTHEH T (20+1)




Fa0k B

A FETF 5 SRR AR 4L Laplacian BE & A RS Bl & B L - 221 -

P 3

U ik A=

P12 PCNN 454
Fig.2 Structural model of PCNN

FERC R, B 2 TR0k H PCNN Y55
T FNEE BB 15 5 o W BRI B — R E AR At 4
BT, B RRGEE SRS, — D EEERA
L, 55— RBRERA Fyo 7230, fH—A 10
PCNN #iA1 58 HOY X KGR Al G, ek,
BHEFEMTRR.
F,%(m,n) = S™*, (m,n)
Ll’kh (m,n) = exp(—¢; )Ll’kh_1 (m,n)+
Vi D Wsab Y™ (m, )

b (8)
U™, (m,n) = F"*, (m,n)x 1+ BL"*, (m, n))

0", (m,m) = exp(=ag)0"" . (m,m) + VoY ™, (m,n)
Yl’kh (m,n) = step(Ul’kh (m,n)— Hl’kh (m,n))

A S mn) WA LR k7R m AT
5% n %% NSDFB £%4; (m, n) NEZENE;
Lim,n), U(m,n), Y(m, n), 0(m, n)
WK A . NG, WSS RE; o N
AT 5 ap A REWETE]; W, MALE ; k ik ARk
B Ve NI,

WH, PCNN [W#ZIT B2 5 MSD S+ 24
(H o RS Z AR SR, BRI s R A HVS
Xof P15 30 G ORI R AIE o R 30 DX e B A A
#, Wik, CHRIHZ NSDFB &%) LSML {HiE17
Fil, LAfRifk PCNN 4o, 7Efiifbry PCNN
g 5 (8) iy B (mn) @R (7) thi
LSML™* (x,y) KB . X (6) G 17 (m,n) i 5
SP (m,n) B4, HeJ5, T LSML-PCNN Hi%1,
REMS AT A HVS FRIFE, REEZMATER, Wb
5 P AU

2.2

LT AT ORI AN T E R, R ERY
PR AR B AE SRR ST, NS . B R
PR 38 A 8 i 2 MR R IR R, EIR BT Rl
THRENG . MR E T 2%, bl
EORE G AN [a] J2 68 o7 AR A1 1 30 ¢ R A1 5| i M0 2% S0
Ho HE, P Canny 58U H, [RIRS 44 5]
TAENGE Ex, Ege N T RBIAGHRHAEE R Ya, Vs,

FIHE (9) HEATHRIC, IFXT En, Ep PUTIES K
FeAE, DI A 850 25 30 G AR IE AR5 2, 198
Ya. Yoo
Y, = XOR(E,,Eg) and E,,
Y, = XOR(E,, Ey) and Ey, ©)
K f: XOR N “So” 2% and N “If” B85,
RIF, XEMB A, B R RECL,G)
( Cioy G, )RS I ATTIREL, X=A/B) SHITRE,
A5 360 R Y e T
D - {1 ‘c;}),, (x, y)‘ > ‘cj‘?o,, (x, y)‘
’ 0 JiAf
Hw, RIEMSEE Dapg 5 Ya, Ys, FIH
{D,‘Q,B = OR(D}p.Y))
DE,B = OR(I_DI/:,B’YA)

(10)

TR AR AR5 e 90 0 % 14

AP Dy, DXy o L1511 DYy, DX 5347 1T 15
i, W DRy = DRy =1,Ch, G )xCR G, /) <0, T
LA JZ S B R B R, & 808 24075
WG, xFib, AEARIROREN, CP R
(11) X Dy, DX WM HEAT AL IR . SR 5 MR 4L
PSR A SE R, SRR (12) B9 R B4 3 o R (e 12
PRI BR Dy, Dag PAFIMHZE, BEIMLEREN
Tos.Thg :
Dig = Dyp =1,Clo (i, ) Cjy (i, j) >0 (11)
TAA,B = lsT/f:B = Oa‘cﬁ),z (i’j)‘ > ‘Cfo,z(i,j)‘
To5 =0,T05 = Lelse
2, HEi RS, RNl
Clo(is ) = Tag x Clo 1 (1o N+ TR x Clo (/) (13)
FIHZ NSDFB 15 2| LA 55 = 4 43 it i 2% 32
W, ARSI SRR IEAE Ry e 400 R B A Rl o SCrp R

(4 e 0 2R R 5 T 58, T T ASTRJZ A7 1] ) AR A5
HANGAE R, BEE T BB U

(12)

3

K £ N 5 NSDFB A4, weit T —F
% NSDFB, I TEGRMA, SRIILE 3. #&it
)2 NSDFB B A (\Ue—Fh 2D EEF G R, 1
HRE—F R A S8 F B, kA, £ NSDFB ##
RIS Z R . 277 [ A4 00 5P S o X IR
FAU, #iidZ NSDFB %19 LSML {HAE 5 PCNN #f
ZICH I, FERL T —Fh LSML-PCNN AU, ] {3 84
RN (5D, U X 5 B UM L X R A AR A
i 3 X 22 NSDFB 43 fiff B 5 2 3 i i 2 B M
MR G R AEAE A 5 451 2 5l 5 A A o



22y % TR

201941 A

RBA Ef4B

ZNSDFB %£NSDFB

fom | |wom ||| | P
SRS AES kS
l

!

1
~ R
H i
[
BAT WAt
RN RN
v v
| BERH
l W ZNSDFBAE#
| A

K3 SOPRGRERE R

Fig.3 Process of the proposed fusion algorithm

SCrP R A 7 VSR B NSDFB HoAT B 44 J7 1]
VR, S 2 /N AT 2 RO | TE AV S X o
J3—7Ji M, LSML i& & T HVS By%edE . i id
LSML-PCNN 7££ NSDFB 5 i A] DI A 2 Hb e £ 2 8%
KRl AR R

1) Elf& A, B4r5l$4T2 NSDFB 43

2) WX (7)) iE LML (xy) 5
LSMLG"™ (x, ) BAFAB I 5 90 2R 58

3 )i PCNN #£H £ NSDFB &4, #]H LSML
PRI PCNN @l A f i F pridk

2L, (0)=U,% 0)=0,6,%(0)=1,

m,n > Ym,n

vk 0)=0,

L L, (p). Ut (p). 054, (), Yk (p) o

¥ otE A F O R B LSML (myn)
LSMLG™ (m,n) , E % A PCNN Bl 25T

BRUHNEE, () N (p)H5ER

N (D) =N (p=-D+Y5k () (14)

W p=100, EACTEREEE, WX (15) AT
BRI DL | SR (16) HefF RE tupt
Bh, USRS B AR Y — AR A OB, X
86 OB e R BB

1,k 1,k
Dl,k — 1 NA,m,n = NB,m,n (15)
" 0 N¥ < NEK
A,m,n B,m,n
1,k Lk _
Sl,k _ SA,m,n Nm,n =1 (16)
Emn = oLk Lk
SB,m,n Nm,n =0

s SEESEE St RRONBATEZF, A,
B7E 1 REE k7111 m A7 n BIR R

4R Clo (i, j) = Tag *Clo s /) + T *C oy, (i /)

PEAT R AR KRG
5) ifid % NSDFB i 3¢ # # f fie 4 K15 .

B UE AT I RS AR, RREETT 2 S
. CT 5 MRIflG; Z2RERGHG . LI
Intel (R) Core (TM ) I3CPU@3.10.GHz PU#%, 4 GB
ROM, Windows7. fj EH {2l Matlab 2012b, K3
T b 96 UF S A O e, S BCH R G Jr EAE x R A
( SCHR[4]. SCHRS]. SCHR6] ). it 2 YRS i E 1
B SH N B RUEE pREL =2, A TR
k=3, j=0, 1.
4.1

e AR EE R G PERE , 4 W RS T
HHRR, CP5IA T EM (Information Entropy,
IE ). ‘FH86% ( Average Gradient, AG ), %5[A]45#)
FIRIEE ( O*PF ). PSNR #EAFIEM, 4r51E XA -

E RFOREGAE B m K/ HE bR, Fmhle,

L-1

E=Y pInp, (17)
i=0

P L NIRBEY; p=N/N N5 i AR R
No3REGE . EBOR, SANGEREMZ, BRBCER
g

A 3R T UG AT i ey, o omlT

B 1 M N 3 3
AG_MxN;; (A7 +ar}) /2 (18)

Hor, (A2 ALY RKNTE x, v JTIEIBBIE
Ag TR, FWIAN LB

OMY SRS M 2 . s s, 0T
LTS,

AB/F
0

(m,n) =

3 (0 (o on) - O () (19)
m=1n=l1

M N
Z Z (wA (m,n)+ wP (m,n))

m=1n=1

L. oM, O°F MIEEE A5 B BlAAEIUE F
B G A5 s w™ (myn), w® (m,m) 53 3 R 10 G ALAE
OMF R, TEREMUET

PSNR SN T FIG A5 e L F- 2 fH, PSNR
FMG gy, oot

()

MSE
1 2
o o ()~ () @)
f:l:i:l umaxﬁ%j( Jﬁ“—?{ﬁ, MXNﬂ\j[EHﬁRRﬂ‘, u

PSNR =101g (20)

MSE =



Fa0k B

A FETF 5 SRR AR 4L Laplacian BE & A RS Bl & B L - 223 -

RVREME s wo ARLE IR
4.2

SIS 19 CT 5 MRI BlE 45 R LA 4, Fifl &
CT WK 4a, Fflé MRI K 4b, Kl 4c—d I N
BR[4—61LA B SO B AR B R S a0 25 5 . iRl 4
SRATE 1, K 4b BEASSE AL CT 5 MRI 2581
A, BT B SRS Hir, HREESCRIEAK
A NI, XS 5 58 A, R Jg i X S B
Hy=4 T Gibbs B4, 2L FUE SCHk[4]H R T 6
SEEAZEM: Contourlet, TLE 4 HAHERT R, K 4d
AWM SR LUE B, (0 — L85 XS Bl T
P 5, WK 4 FhortE , E8 R R SCER[S1% %
FEAR R B A, X FEERAANE ., B 4e
HRAS B B A A SR A Y, TR R T CT
5 MRI HifER, (BUfFfE—SAE, 417 5808
AEEA A FRi o X B BRI BIE A 0% e
JRRAE BT IR . K AF IR RIS R, IR
MR B, AR S5 A T CT 5 MRI R I35 A .
TERL G R IC Gibbs SHAR LG, & 58T
W, R R T CT 5 MRI L H#SE E . BAk,
BRI R SEFA ARG R, TG A
RIBUETE Z 0 Bisg R 55 Mg, M1
fife, H, XPEEAEGRIEITT 2 55, H5hcsHh
SIHY 3. SCE 4, MRI S PET RS 45 R WK 6, & 6a
i MRI El1%, 6b 4 PET Elf% . B LR ERBG G
HEERILE 7, B 7a WA REREG, K 7o HARE
BIR. MR 6. B 7 sk B, SCHk[4]58 5 s 2] r 1
GAEFREIR , W R o SCER[S]H i B R
BT — 2 B R Sk G SCRk[6]H A5 E] i 1A
B FALAEAE I IS, HREBan s A ., (H)E,
SCHRRE A BURAR G Wos T E R, 525X
FLRE AT, R RAUR A . R BRIk
K 2 NSDFB #i 5 Jr # it i7F Laplacian fg & #1789 K&
AT M 2/ N R R IS SR A P AT, il
4 NSDFB 47K T NSCT [ F A, HAEWS TN
Contourlet H IR S 8, 106 £ /N5 NSDFB
g4y, TR T —FhZ NSDFB ¥y X, BiJs, @it
Z NSDFB 73fiff, 193] m 07 0] S0 28, Hrp,
SR LSML #Jili PCNN #2800 47 fl A (IR0 22 50
PORSE=E S QST S (D OR S N (= Relc] i e
ik, FRYE S ARAEVE A 0 2R B A i, (1 L RE 8
R AEE

By 2 HOR[A R AEMA SR ILIE 5, B Sa—b 1K
WAHERESLERERG; Kl Sc— KK Ry ik [4—
61U K SC R R B RS 45 . SEERZE RAS S, SCh
LA AR T B A, W O S SR A HVS,
HARHE HIm A I (LRSS Bon, AT EE . B
Sc AR B EER h RAEZ AL A A RORANE, BB
TR S hEe 4. B 5d T B4 o R S i

FIEEREIG , ALY 1Ll S Bt B T SR L4 o &
Se HARMG TR ARG B, (H L0 R ER DA
fREEANKEE .

e SCHRI61RN % f SChREE
S W3] EE
Fig.4 Fusion results of experiment 1

e CHRI6IF M

5 SEH 2 YRGS 2R

Fig.5 Fusion results of experiment 2



+ 224 - fu % T & 20194F 1 H

a MRI

d SCHR[STE e SCHR[6]5A L f PRk

K6 S8 3 rymlaas
Fig.6 Fusion results of experiment 3

K7 S8 4 RYRlG 4
Fig.7 Fusion results of experiment 4
H T HER TR A TA RS TERE, FIHT 4.0 e IR, WSk 120 MREER 1 5K 2 PEN, UhR
WREPFA R PR B R 1 500 2 HPRIAT R R R RO TIRM IS bR E, 46, 0*PF ,PSNR



Fa0k B

A FETF 5 SRR AR 4L Laplacian BE & A RS Bl & B L - 225 -

YIRS T R AR B, MG IR A5 8 T ks, 1t
BT G R BA R bERe, IR ENIE T
SCERZES AN, O T HE A S B AT RE, I
THRBE A TIESR, Sttt AR RReR, Wk

10dB, 2k 1dB), SRIGERYE 4.1 W RN 18
FRI, 5380 TR ESE RS RN E, Ag, 0*°F,
PSNR {E UL 8, 4K & 8 n] 1, fEpEME = HAIE K, E,

2 2
1=20 XTI 4 Ry P A R & T 5, SCHR41RIC Tab.2 Objective evaluation of experiment 2
Fﬂ‘j([ﬂ%%ﬂ%&iﬁ%r% , /j%\:ﬁj‘*%i?id\ s ﬁ’%']jﬂ 4.26, ‘ X E Ag QAB/F PSNR s
6.26 Y jC'43%@525‘]ﬁﬂi%’?ﬁ%glﬂ%ﬁ?i@([ﬂ%ﬂi@( jcﬁk[;l_] 5.34 5.72 0.51 16.89 4.31
(6], }6.36s. [AtE, XTI sTIH, BAELAIIM HR[S] 5.66  6.67 057 1821  21.69
A, SCHR[4TFSCHR[6]28 B0 H T8 & A R5C%, 1 SCRR[S) SCHRI6] 6.15 7.8  0.67 2043 631
MIFERT I 22, ik 21.69 s, X T8 0 E% 1 il A 3k S 689 757 073 2196 6.40
Me, R 3 53% 4 0HEbEdET D, B keEE, 3 3
Ag, QAB/F , PSNR SEfRFR[FIFEZLAL T Hofh 3 Fhoxt iR Tab.3 Objective evaluation of experiment 3
R, WTE 7, R8I E, 4g, 0, [ E 4, O"F  PSNR t/s
PSNR 23353 T 7.65, 8.36, 0.84, 23.16, iXijii] SCHR[4) 576 599 0.2 1823  4.78
JIr 407 % FIKE 5 @G A& LA R . SCHR[S] 593 686  0.69 18.87  23.65
SRR TR v, SCHR R da—b SR Schkle] 677 755 072 2036 6.41
% ST AR RIS R R /N s e s (11— SO 7230 814 081 2218 653
1 1 4 4
Tab.1 Objective evaluation of experiment 1 Tab.4 Objective evaluation of experiment 4
Bk E As 0" PSNR t/s (=R E A 0" PSNR t/s
SCHR[4] 563 5.87  0.53 16.25 4.26 SCHk[4] 589  6.10  0.65 18.94 4.81
CHK[S] 572 6.76 0.56 17.66 21.22 CHK[5] 621 722 0.70 19.63 23.72
SCHk[6] 6.38 7.25 0.64 19.27 6.26 CHk[6] 6.99 17.73 0.76 21.55 6.44
A 696 783 0.72 20.52 6.34 XHRER 7.65 836 0.84 23.16 6.62
10 10
ot —A— ik [4] 9r
8t 3R [5] 8L
71 —W— 3CHk [6] 75
6 —— SR 6
5 ,g 5t
4l 4t
3t 3
2t 2t
1t 1
0 1 2 3 4 5 é 7 8 9 10 0 1 2 3 4 5 6 7 8 é 10
55 /dB I /dB
a b
1.0 22
0.9 —A— 3k [4] 21} —A SR [4]

QAB/F

P8 AN TRl Sk A B R 3

Fig.8 Noise immunity testing of different fusion algorithms
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