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z(k) =0

(12)

Bk, z(k)ds < z(k), # D3 RSRICEHET.
2) W X AHEWEBERFHI, N

z(k)d; — z(k) =
2z(k) &
-kt D)n+F)
z(k+1) i 1a
(k+n( uk+n4m) g
n (——;(”fz’)‘i (n)) }— (k) >
2z (k)

(n—k+1)(n+k)
2z(k) [(n+k)(n—k+1)] A

[k+(k+1)+-: -+n] — z(k) =

(n—k+1)(n+k) 2
z(k)=0
(13)

Ht, z(k)ds > z(k), 8 D; ABUEHET. FE
FHER Y X ARG IR, Dy haibEEF, %/b
Dy AIREAR LB ErhE T,

T2 4. ®z(k)>0k=12,---,n), X—
(z(1),z2(2), -+ ,z(n)) ﬁgﬁfﬁﬁﬁ‘aﬁhﬁﬁf?ﬂ, H

%H’f?ﬁﬂ XD4 = (.’C(l)d4,.’£(2)d4, e ,Z(’ﬂ)d4), ﬁ’
I:FJ
um@:ﬂmﬁh—ﬁm—ﬁjzh,
ik Va(i)z(n)

k=1,2-,n (14)

MFE® X AREEKFD]. BIRERFIIIRS F
SR, Dy BABUEHET.

ERR. ASKIE, Dy WAEMETH=
i Dy AEMET.

MAE,

S e O

1) & X AR, N

() ( z(k) )*( z(k+1) )éTu_
Vz(k)z(n)) \\/z(k+1)z(n)

I(TL) % n_—}cﬁ g

1

2(k) ( ZE) )( z(k+1) )m
Vz(k)z(k)) \\/z(k+1)z(k+1)

0N
( m(n)m(m) J e

z(k)-1—z(k)=0

(15)

Rk, z(k)ds < z(k), Dy RBAZHHT.
2) | X HBATERFI,

z(k)dy — z(k) =

z(k) - zk+1) T
i [(;/z(k)z(n;) (;/z(k—kl)z(n;)

;1

( 2(n) )“]n—:m_x(k)z
z(n)z(n)

- 1
2(k) z(k) r(k+1) 7e+—1
Vz(k)z(k)) \/z(k+1)z(k+1)
a:(n) } A

x(k ‘1—2z(k)=0
(16)

Hit, z(k)ds > z(k), ¥ Dy ARUEHET. RE
AE S X N3RS PPN, Dy AEHERET, K
D, AL FERL G ET . a

3 ELBISHR

LASZER [10] P AR AHERE (TR - #) A6l
SR UE A 3935 K SRAL G P S T AE TS 72 B
R. IEH 2000 F ~2006 FHIFEANIBRAERE
TR R B, sk 1 B
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K1 PEABBRIHERERE (TR - )
Average electricity consumption by per person
in China (kW -h)

Table 1

E4 2000 2001 2002 2003 2004 2005 2006
ABE H#E 132.4 144.6 156.3 173.7 190.2 216.7 249.4

ZA3CLA 2000 4 ~ 2005 FHFEANBEHHER
B (132.4, 144.6, 156.3, 173.7, 190.2, 216.7) A4
[RAAE BRI, 2006 FEHIREARBEIR. &
5 2000 4 ~2006 G A H K T E AT 45 A
KRFFH (9.215%, 8.091 %, 11.132 %, 9.499 %,
13.933 %, 15.090 %). I LAFE H b K = 55 870
7955 (9.215 %, 8.091 %, 11.132 %, 9.499 %) 18K i&
FEARXN K8, 5= A (13.933%, 15.090 %) #iiK
FEERSR, BA#—PHREEKES. Eiit, imE
A B IR 2R B3R - 51 AT AR T, FEPA T
H R —AHEE TR A (132.4, 144.6, 156.3,
173.7) WKHEE KRG, HENAXERIETEILN
BRANEKEEDRLRE, X5F—Bo8HEEL
RILH KBRS KEF I EAL—H, RBEER
FHEWMNESLEESEEAD; H—m, & RERE
—HB A PRIE I ISR P F AN (173.7, 190.2, 216.7)
ERBEEEE, WEHEKEAY, HABERNEFE
A, BB TFREAZEFAN—BINEEREE, &
BARGE RBEFT— Mo BRI NEXRR. Bk, X FixX
FERT— 4 B0 R BN L JE A S 3
KERK., $3E B KEXBERFS, 7T LN AL
REBLEFET, FABRRBEFRIINEFE
B z(n) Fr R RBFFFIHERS R “Snfi”, 5ExF
JRUGEIR P HIRAT IR, FLBUENE T
HENBEENBEEF, HEe— i KEgL
TR R A B3R 7 7 S R OK, [R) B AR ALE 4b 22 A
BRI L RFEEE o(n) REAZE. ETREMN
HTABEENFFIMBMERERZ T RAESE
BRI RBEAEREL, DL REBLT Mo [ B 51 AR
ke, AN XEsafARTEERR, AF
R AR, .

DA HIER R U E P E T Dy, D,, Dy #1 D,

Xt R GG R AT — B AR A AR B IR A AR P 8 an 1
1 7R, 2T X SR (L Gk b 7 b 3 A R RO B0 P 3
SORGBAEREE, P RAEFAREER
A, RETHE, AXRNELT AEEMBERNL
ZHE T B E R LR AR A R R SR [10]
JIEESL R K BRERY, Z R AR AR B RO L nk 2
Fi7s.

220 %
200f] =" XD} y
—-—XDZ2 > '

%:180 - - -XD? =
2 160 ——XD} S
2140 i
§]20 -7
=
Z 100

80} .

60 s

1 2 3 4 5 6
Sequence number k
B 1 4R 5

Fig.1 The data sequence generated

M 1 " LAE W, ERWEMET D M D,
(i =2,3,4) 1EHT, REBBKFIE SIS KR
BRIRGEIEES, BREKERT. K+ D, FHNF
FUSEFRE R &R, NE RAE B TR (8 th Bk K, Ds
TR BFFIFBR R RN, TME RS WK 2
A UE ), S|mAGRMRHE T A 5 8 BRI
FEH L EEARGEER PR BB ER; R
HIEFIIELE D, MZsR)E, MAAEXRES

N,
4 g

ftxf—RAe BB (BUER) PRI, KEH
K () 218, BNEK— IR,
ARG T RSN ERRZ A0, BHEEE (n) KiE
R (B ), B A 23 # B 45 R A 3R B X o 3
JBh s R ) PR T I K (B R) SR ERRESF

®2 BUEFETHERRENGM(, 1) A

Table 2 Model GM(1, 1) produced by different strengthening butter operators
257 GM(1, 1) EEMA AITT A T7 SCHR [10] J7iEHT SCHK [10] J5VERYD
2006 FFMiE  FMLRE (%) 2006 FHME TRE (%)

X £#(2000 + k) = 1317.848 %102k — 1 185.448 236.831 5.040 236.831 5.040
XD? #(2000 + k) = 779.422 01520k _ 647,022 252.191 1.110 237.499 4.772
XD? #(2000 + k) = 1043.371 01232k _ 910.971 242,152 2.910 241.210 3.284
XD? (2000 + k) = 1105.016 e%-113%% — 972,616 240.252 3.670 240.118 3.722
XD? (2000 + k) = 1040.637 e°-2215% _ 908.237 242.258 2.860 241.185 3.294
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. HrX T RALX RPN TMEL, ERHH
TABGRT, AICRE T FI 2R EE 75 &H
5B x(n) FTRBHREFPIIPLER K (BREER) K
“Udi” ME—RKFHRUEME TR, EEX
[REG AR PRI BEAT SRAL AL R, LRI E A T4
HENUBRNEEFY], He— K RgL
B RIGHIE PP RE KR (BREME) K, R
RUEL %R P 57 AL AT f5 B8R 5 K B Bl |
z(n) M z(n)d RIFAFE; HLR, BIUETREMNH
TALE 5 PRI B A AR R, IR, F A AR B R
[RIGEARIR R, ACER T MLBIRY, K&
H7 A R 2 SRR B AN REBLAT e R BR JE 3 51
REF KOS, R XEEFR S FHIRA A %R
5B (BFE A G KRRIBHNE), HRER
AR B R A TR BE. A< SR H B0 T4
SRR ST A KB T A AR BE A P R A
HFRITMR. AXAEE T —FHHAE SRR
T ‘B D> (FER) R LR B KRR, R
ARENBABRAOERECHEERBREKE
H* X—FFERIFF, AR 38 R 96 1T 0 BaRE B
FEHOMKERUERERBUERE T (B
EFRAARETERLEET).
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(1. T TR REE R ST TR, A7 ,310012;2. #ivLER T k2% 8 S bR 5T B, #f LB , 310012)

H E: EX¥ERBAXNTHRRZHEEEZNNAME. (XN SESEEERBRIFE , AR —FETAZE
URFENEFXBERBENME 7. B 5k, M2 B AR BRI 173F 8 FE K 42 BT 22 % ((Nonsubsampled Coutourlet,
NSCT) 2 RUEE 4% , 48 BRI F 1 A T sy o) 774 R IR F & b 7 K0 R E R GE R A B R 5
RS RARKEEESFHRERS SN EHITE A REARX BRR HE K% SR R EURE , ZER M
T R B A £t DX R R T 1) X EL RE S Bk PR # 22 I 4% (Pulse Coupled Neural Network , PCNN) #H4%5
AR E RS FE T, $R 4 T IR 5 A I FE— B N A S # A {L B (Weighted Structure Similarity, WSSIM) 1 2 & {4 it
& BVR K%L, BE IR IA T BB AU B R E R R HE AREGHT T KEME HEER AR E
TEHAT AT b SRR A RR I A S B AR A SR B IR AR 015 B, 1 B AT AGERE A FHR R BER E 4y L, 3
FHRE T EERBNEER AR EFAMERR.

XxER: EFEGEE; AFUBIFE; AL ; AERBRER A RRERETaEE oy mxt
B BhiEE AN

FESES: TP91.4 XERARIRES: A XEHS: 0372-2112 (2015) --

B F %38 URL: http: //www. ejournal . org. cn DOI: 10.3969/j.issn.0372-2112.2015. @ . @ ~

Adaptive Medical Image Fusion Based on Human Visual Features

DAI Wen-zhan' , JIANG Xiao-li', L1 Jun-feng*
(1. School of Information and Elecironic Engineering , Zhejiang Gongshang University , Hangzhou , Zhejiang 310012;
2. Institute of automation , Zhejiang Sci-Tech University , Hangzhou , Zhejiang 310012 )

Abstract: Medical image fusion has very important application value for medical image analysis and diseases diagnosis. Ac-
cording to the characteristics of multi modality medical image and human visual features,a new medical image fusion algorithm in
NSCT (nonsubsampled coutourlet, NSCT) domain is proposed. Firstly, source images after registration are decomposed into low and
high frequency sub-bands using NSCT. According to the low frequency subbands concentrating the majority energy of the source im-
age and determining the image coutour,a fusion rule based on weighted region average energy combined with average gradient is
adopted in low frequency subband coefficients. Moreover, according to human visual system which is more sensitive to contrast and
edge, texture of image, the fusion strategy based on directive contrast integrated with the improved energy of Laplacian and PCNN
(Pulse Coupled Neural Network, PCNN) are used to fuse high-frequency subbands. Furthermore, a closed loop feedback is intro-
duced into the fusion rules of low and high frequency subbands to obtain optimal fused weights adaptively by using WSSIM
(Weighted Structure Similarity, WSSIM) which highly consistent with the HVS(human visual features, HVS) as objective function.
Finally, a lot of experiments of fusion of images including gray images and color images based on different fusion methods are con-
ducted. The experiment results are analyzed in terms of visual quality and objective evaluation. The experiment results show that the
proposed algorithm can effectively preserve information and significantly improve the performance of fusion image in terms of quan-
tity of information, dispersed gray scale, visual quality and objective evaluation index.

Key words: medical image fusion; HVF(Human Visual Features) ; WSSIM( Weighted Structure Similarity) ; NSCT( Nonsub-
sampled Coutourlet) ; directive contrast integrated with the improved energy of Laplacian; PCNN(Pulse Coupled Neural Network)

SO RS 3 1 2015-05-10; 48 5 B 38 : 2015-10-26; AT 4548 . T 24 3%
HETH . BRK A AP F RS (No.61374022)



2 B +

E N 2015 4

1 5|8

HTFREBRERAGBELSHMNESRE AFE
—RENEXERNERBARNGEE  ARKSH
EX¥E R B BEA TUA M XA w8 E K
&.CTREVEMT ZEM R HEE M B REH , MRI X 1E % RI%
AR AR 40 BB BRI RUAR , SPECT — AR BE MK S (8] 4 3 R
AL MBI IERHERETFHEAD Y FHil,
R EXBRMAEANMABA T ZEN.E
¥EBRMEN TR AT EEWNANMNE, EF
FRAE W RIRITR NEAREME L FHEHNGEE .

NA/NMNEZEBRMIAEEERERETHRER, BA
HhagE Xt AR A AT T AR 2 A8 B 5T . 0 B R B A
A Lin % A S /N B s 300 T R 2 BARRLA F . R
M/MNEZR AR W R R BRODEMIEFEER,
X R (LR AT K  EEMAX AL =1
BT Xt /) 3B 2 # £) BR B , Barmas!®' ¥ Contourlet 28 2 i
A EGRmAe P BEH THAFER FRAESE, HH
THIERBRIAZR, A5 BMIEHRFALTY . I TK
X —FE,AL Cunha B APE AT RERART
T NSCT, s THEA REFHJ7 k& R EBAEH,
FEEAEREMSS NRMEFE. BN, BRTH A&
N — ek FJF S, B KRl A RE I £ =
KB THRELZBNERAFTERERE L5%X. 8
#E RSB LU & g e 3 B R BT B
ENRE, KRR B N 2 ; Chang Xin 5
AP RAEENES A EENRATHHTRE;
Liu Fan % A\ [BILUE 0 He R HREE B & R B B R 4R 2
¥R % AU LUE BRIE R BT R SOk S 185
Fime .

AL, E TR A9 ERE £, MASE M5 45 1 (hu-
man visual features, HVS) tH & , #& t —F# 2 F NSCT # &
FEKRBENMAEEE NSCTH P, BIBESFHES
TRHBEEEREREMREEREENFS, XKAKX
WEER 58 B ARSS & 80 07 ik iR 48 N BR X B 48 %t
R RN SRR S BURE , EHTEM T R
B R UG A KBS TREE T X HLES PC-
NNHRAS R M, REMEAEAREETE
B INAR &5 #4948 DU BE (WSSIM) 20 B 4R K%Y, B & R A&
T BB IUAUE s B , WK E R B R #EETT K
BRMAERERERN . AXHETLUARREREER
BB R E B R OK B8 4 i, TR i s R B B R0
ZnER.

2 FFERREREIE (NSCT)
Contourlet ZEH BN A B —F “HIE"HIEER 4R

NI AR REMF m#fTa, Bh THEE
BA /T RERT ARG FEEMSRSE, AT ER
TUAME MK NSCT 2 7E Contourlet A5 # ZE 7 I & J&
B HEMETHRMEREEINE, SR EBATHE R
FEIF R R S RERERF A NIRRT .

NSCT & 3 ##% & Bozont {E 5 KM A 2L UE B 27
EETRS PR, LUIET RAEE T 43 #% (Non-
subsampled Pyramid, NSP) R Sk R 2 R E4FAE, M B dEF
F 5 [ 38 P 2% 40 (Nonsubsampled Directional Filter
Bank, NSDFB) 3k #47 F m I8 . — R E R T, BEKZ
NSP 43 fi# 4% B F4 M 574 R E R i &
NSDFB 4+ ## 18 2R R Y 75 [ F B, K mEE I E 1 57
7N

‘ B

AT

FER

SLLiid

E1 NSCTZE#:

3 ETEMBUENEXZEGRBENRE

BFEBKREZ NSCTERGHRIMNETFERSERERZR
KA EBEEMTFFRZEE RS AR E R
FARMBE R NSCT E2ER AEN M A T ER
ZMmE 2 .

RmeeRS [ maEES
FigpE | THERN |1
VRN -NSCT>
ISMLA EXH | /s | | |
ESPCNN FiRE
WEBM| NsCT e | PR
LRK NSCT¥ZE#
-
WSSIM Be
Lan gL B

H2 AXE¥REMaERER

B EEENESXER M, N 451317 NSCT 43¢
iR BEURIA T o), ) MEBEANBMTH 4, 4 RE
RIBE TS AXWESFER BERERNE
KUK EEE MY EELSE SN B EMF&
BHATREA R E, LA X 38R 0 B & A ) % e S
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B FE T ARIERFHER NSCT BB BE M A 3

PCNN HHE5 & #ATRMM T AL 2 ; & J& LA WSSIM 4 B
P R RN, B & NIRRT R B UAE, SE B B &
Bha .
3.1 D& FaHE{UE (WSSIM)

fbE BR8P J7 R A 3 T A E A A
HTFRMAERUARIEARGEE ERENGHREE
BT ARG . B A, R B & S PF A 48 Fm R R
RERF A AN KBS, B 5 WP M E—5 S [/
BERREWME BRZRIRAHEEE R, BN
FEEHELEME R . 2002 4F Wang % A\ k4R H T 4
FIAR DL EE 3 48, 2008 4F Yang!"' 7E Wang B9 BBl |2 1
T XA B AU 7 2, R EHHERT T btk ik
EXT RS R P ARG R RIS A
LM IR E G — . A LA WSSIM 1 R & F 4 b
A1 E AR R, H o SSIM AL FE R B R BE X HLRE 4
A, Rk =3 L Sk [ 18]

£ SSIM FEfth |-, A< SO YR B R 2 ] TR R R 5 45 1
BR8] 43 7 i AT X 380 45 #4948 0L B 3 &, 48 3 SSIM
(M,Nlw),SSIM(M, Flw),SSIM(N, Flw),$R G R4
5 [ {5 1] 45 #4948 0L A /N 3R £ 47 & 36 A A HE B
oo X 2% X SR il 4 AR AT INACR A B R R s
B

WSSIM(M,N,F) = >c(w) - SSIM(M,N,F | w)
wE W

(1)
SSIM(M,N,F | w) =
max( SSSIM(M,N | w) < 0.75
SSIM(M,N | w) > 0.75 (2)
AuSSIM(M , F | w) + AxSSIM(N, F | w)
SSIM(M,N | w) = 0.75

K, Ay = S(MIL(,)A{L';"()NW),S(M|w)\s(le)%%
c(w) =

HEEGREED « LMW BEEREFEE,
AR EAR M, N Xt [ 8

s(M 1 w) + s(N| w)
‘>—‘(s(M lw) 4 (NI w))

Aﬁuﬁ%&zm
3.2 ﬂwﬁ%”*ﬁm*’*&w

ERZ NSCT 2R f5 EM FH &+ THEEZA K
ERArBER , i AE O R B A A AE X BAE K. R B4
AR E TR B R A TR 8, R T R B B . F
BWREFUARBRBERESHERE, RMEDE
HEREREMANETZAEE B TERENEWES
BEEVMEX, ASCRAXSRERF YR EHRES
75 R R B A R B R AR T4t .

ST RBUERE R LG ) NP OB DREE R
BRWKG) R, KPR ATREFLME, MHAED

PR w.
MGLJ) = 2 2 w(m,n) » [ey(i+ m,j+ n)]?

mES n€ET
(3)

o, |
He,w=—" {2 4 2}
12 1

SR B E AT K

G(L_])— SXTEZ

mES nET
\/[c,_(i+ m,j+n)-c(i+m+1,j4+ n)?]
+legli +myj+n) - i+ m+l,j+n+1)?]

(4)
KA, Sx THREE O KA, ¢, (i, ) AERIAFHIER

(1. AR,
TN T, BT R RS
i) s s)

KRR ALTT B & M A BRE T( TE (0,0.5)).1m
R(6) BT B4R X S A 1B & X IR 7 246 5 5 I 9 3%
R ABEHEEREGNERTHE R

a (i) = lTEETs Tt

<iTEW(i,j)sF(i,j)
i, Tl(i,j) < TET < T,(i,j)
EGM(L D> 6 i)

3.3 .—J‘bﬁ¥¢§mﬂ">imu

XF Eb BE AT A &G e i R B0 B AR AT TR
RRERNTE , ARG B G B a9 281k
iR B e EGN A ALREFENE
K, BERSEHER DL RSN ER

Jik ¥ 58 & 1 22 ™ 4% (Pulse Coupled Neura] Network ,
PCNN) B A 2 BB &bk Rt 75 BB A +15
#TrEmA™ PN T EEES KB FHFESGE
RBTERBRE AR ERE. A T ALXUARR
Ge3d 05 1) 1R B N BURK, A SCIR L K S
R BB A7 (5 % ELBEAE 9 PCNN B SR % A, 7 Bif 45
Xt AR R 0N 87 18 B B9 2R PR 18 5 N #EAT NSCT 8 5
BT B R B A
3.3.1 BHIBEE#HE N L (PCNN)

PCNN 2 i — B3 E AU H 2 TU 4 LAY IR N 4% , 45
PR TTEY B = BB 4 48 B FE WSO | R il 4 R Bk R P AR
A2 AR ST EE A TRk [ 21 142 H 9 B4k PCNN BRI
k(22 )42 1 RO RR PRI 5 i , 38 a3 %o 30 S o R BE RO AR

et (i, j) =3 (6)
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R nskHEF T R AL . H PCNN HERU AN 3, ¥ df (i, j)

FIAF AR [22]. d¥ (i, j) K1-K2> 8
. dt (i, j) K2-Kl > 8

B3 PCNNfRj{LiR

3.3.2 NSCT@EfEHHTgeEMA R LLE

MMRREHNAREREZH N HLEHRRES
H R Z R 2IELME. RAR(7) FR 8 R
W RER 7 ) X HCBE BT LA R R AR EUE £ B9 4F
i, T H 225 BRI R B A IEOL' ™) ] LA 2k
AEGH% FEERTE R K R E SRR
HRER ARG A AR E 2 w00 B E451E .

( IEOL (i, j)

ﬁi—Nz Z(Ck(i + m,j +n))

mEM n€EN

(0 D (i + maj + n))) Va, Eit

mEM nEN

LIEOL, 1(i.5), >, 20 (eli + myj +n)) =0

mEM neEN
(7)
K, o AR H LS4 MM LR E , HBE L E
$4(0.6,0.7): ¢, (i, j)ASE k BRI TH R
Bt RS R T RE A E XA (8) , W T Rt
DEPREE R, AR ATIRKE O R
IEOL, ,(i,j) = > > w(m,n) [ML, (i + m,j + n)J?

(8)
ML, (i) =[12dy (i + m,j+n) = dp (i + m=1,j+n)

de(i,j) = 9

~d(i+m+1,j+n)l
+12d, ) (i+m,j+n)—d ,(i+m,j+n-1)
~dy (i +m,j+n+1)l] (9)
W0 (X 358 437 3 7 7 BE B AN 7 (9] X HE BE R F RIBA K
H:
DC(i,j) = ; ;w(m.n) . dck‘l(i + m,j+ n)

(10)
3.3.3 BEABTFHBREAD
FEX K1, K2 A FESERES LS.
R GiLj)
RY (L)) + RY,Giyj)
R‘:‘,l(i.j)
RY,(i,j) + RY,(i,))
BT AR A R EERR.
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K2(i,j) =

10

Kl-dy(i,j)+ K2-dp,(i,j) 1 K1-K21< B
(12)

K dy (i, )) i G, ) B R ETFH M, NS k
BE AT EBRE, RY (i, ) RY (i, )5 B R &5
F# M.N% PCNN GiEBER L, p AL EBE. &
AEBEP REMNNEBEFEAFFTHEREST T
ZE5 pZEBYX RIFELT. X BE AT LSS EL X 475 &F
ERR B , R8T EEARIESS R BRI L F—BE.
4 BEBRBKITEMIER

AT Eﬁtkﬁ,qii%ﬁﬂgﬁ\ﬁﬁm](hfonmﬁon En-
tropy, IE) FIH AR (Root mean square Cross Entropy,
RCE) #7722 (Standard Deviation, SD) 1% {5 B iE 1 A
F%)(Edge information evaluation factor, QABF) #1 WSSIM X
A BIRIHT BT, AN 8 SR [24,25 ]

5 ZWHERROH

HTRIERBEEMB R, AXHTTKENLL
REK AR =AM AELEERNAREAS
YER B E R : OCT/MRI A& &4 ; @ MR-TI/MR-T2 &
B4 ; OMRI/SPECT BlR R4 . K9, B 4(a) . 5(a) R
PN ARRAGHLAR CTRES, ;B 4(b) 5(b)FR
AMMALH MRIREES ;B 6(a) HFE—HL MR-T1 R E
1%, 6(b) AR LA MR-T2 TR, I ERIBHA
K& KERREZRAASEKE.

5.1 REBGRE

AL WSSIM AR iR, AR AR FRE®
MU= EME Tea X B. Toa BB IEN=ZLEFEE, WA
FREESR R N 20, AR 48 45 (8 A9 [X 8] BE AL 33 17 30
KKK BLREM. B TFHEERERL A
[14].

B4 c.B5FH ¢ B 6T ¢ 4585
Bk (26142t B9 HT 5 2 L INAY 5 & AR BE & L InAUAE 45
AHEAER B4R 4. BSFR 4. B 6 BIF d 4
Bl I A SCRK [ 27 132t 9 R 948 BE A O 22 98 BRI
A RAETHERELMAMME ERE 48
e S FH e B 6 FHY e 43 F NN FCHK 28148 tH Y
KAETRFEEMER T EZERB AR TH I E
RERE) NSCT B e EG B4 FES R . EB6
B9 AR AA R T ERINER.

F A ERAR MRS 7 EA NS BRI E
mFE1~%3Fxw.



BT - BT AR R MR NSCT B2 E1R BE MRl & 5

(0))

62}

He £RMEMEEMR-TI/MR-REARTENEXEGEESR

A 6 £ & 14 it £ MR-TI/MR-T2 R AR FEME
YERGMESER

HRI~-RIVTUEFH - BZ=ZESFELHER,
ZAEKIIEMIER, MAAXRBRENEEREEREM
B EGRERSE THEME. WEE 5 E 6,
ALDEARABEAIRREFEWHADSZ, HREEER L
EZHFE.NE 4~ B 6eTTUES, NAEEENEF
B f IR EERAEE A RO E CT BRI B AR
ZEM MRI BMRALER B8 T RBRIEME.

X1 BH4PRBAARABEFZNEZEERSTN
PR S AR
r IE RCE SD QABF  WSSIM
A
[26] 8 5.8735 2.4414 28.8439 0.4693 0.7841
[27]# 5.9377 2.4704 31.7085 0.5299 0.8094
(28] 5.9138 2.4078 29.9047 0.7376 0.8963
AT 5.9455 2.7386 32.0185 0.6870 0.9072
*2 BSHRAAARESFZNEZEERMETN
W45 IR
i IE RCE SD QABF  WSSIM
AT
[26] 5.1603 1.0124 76.7863 0.4182 0.7802
[27)F 8 4.4970 0.9441 86.2657 0.4175 0.8233
(28] 7% 5.204]1 1.5893 69.1304 0.5299 (.7915
A 5.5269 1.2601 85.3026 0.4342 0.8513
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*3 BePEBEIAEAREFENEZBRBSITM
WA HEAR
RCE SD QABF  WSSIM
(261 5.1506 0.1386 66.5978 0.4866 0.8223
[27) 5% 5.0208 0.1355 72.3637 0.5059 0.8330
[28 )% 5.2148 0.1341 67.6703 0.5764  0.8926
B 5.3940 0.1267 68.1032 0.5487 0.8769

HNTEFEMEAX— R, FXEE 4 PRISER
BOARER S (AN 4(c) FrRFETE X)) B, anfE 7 B
. HEBRE 7 & R AT 3 T R B R A Tk BE TR
FBRTEREZHER, AT UEFHREREROL
BER, BAA & ENE .

) BADRE (o) Bae)RE (d) B4(/)HH
A7 B4tpasBERHBERLE

(a) E4(c) R

FeREGME
A SCHR I B A U8 AT K R R, i ]

5.2



6 2 =+ =4 # 2015 4E

HTEASKERBZRMEE. A X 24 Eal TRLERME 9. B 10 Fix. A9 FH o B 10 F
BREKEEGMRME NG  HREEIME 8 Fix, B a 2 H AP ARAL R SPECT IEEER B 9 F Y
Hh HIS 5 RGB OB vk BLARTE L 3Bk (29]. b B 10 FE b 4y RN EL A MR TR ER. B 9 F

BAEYE = B a B 10 R EY ¢ 4351) i Xk [26 |82 B O B 15 315
[MrIER | CDI msacsssa B9 Rhy 4. B 10 A9 d 451 SCEk (27 4R a0 B

23+
- BE; 8 9 FEY e B 10 A o 45 i STk 28 3R H BY
G “‘;;GB BEEE]E 9 FE £ 10 P £ 4RI R R AR
gt et i ot H A AT R ER . M TR B R AVEY , 148 RCB

BUEEE D B AT IR, R R S EE N RA K M RE
bR, TS RINEK 4,38 5 s

(c) (@
E9 EHMEMSPECTMRIRAFFTERNEXERMELER

(a) (e)

E10 HEBHEESPECT/MRIEAEFENEXERMAER

£4 BIPRARARASENELERMATY B bR . B e 10 AT L B 2k SO X A (1
e ; " BAEMEERS) RRENTE i, BRA%E L
PO £ RE  SD OABF WSSM e e \ HASEEE . B A SCER[28]4 B A

(26158 4.2575 0.1920 60.9176 0.2553 0.6729 W EMRT T Z/E RN AR A HN , K4 EJiEg
[27] 7% 4.0685 0.1899 56.5751 0.4281 0.7702 BT E B, ERAEARE, ERANMEANEE

(28] 3.9660 0.1775 62.1340 0.6052 0.8427 =.
A 4.2922 0.1885 65.5887 0.4722 0.8304 6 g"ﬁ’i/e
%4 BHARBRARAFENESBERATH EXEGR e — 7 HEKEME /5B E &R 0] GEHE
vt 72k Y - L FEBEAMARBRTEENGES ;A —TEEX
A £ RCE SO QABF WSSM  mAm@RERMARAERSG. ETFH, AXEET —

(26175 % 4.4816 0.3549 63.5597 0.2942 0.7392 F NSCTHMEXEBRBENMMEHE, KB FFRE
(27]77 % 4.4780 0.4202 70.4040 0.4363  0.8059 RAZET KRR AT 50 AR S & BRI, MR T
HHERERCE R ATEEE AT MXS L E S5 PCNN 45
EMTTE FFLL WSSIM /B8 B Rk %, B 3&E M R R &
T BB AUE . A SO B 32 1 A9 B 3 M 72 JK BE &
GEULERERTURENTE L. SEAN QEARQEGHT T KELKHE, 4 RYRNE
HEIMBMETEHEL A XBEEHMBEREGREM XREMBES T EEE . EWEMER EHHBMT
IE frHEZE SD RESHHELIE WSSIM &5 E ARG BT H HTBers, BMERA TS REF ETE®
i RS BESRMNEERTRBRNGEESZ . 5K RERMEREEE . X—ITTMEREBA TIRKESE
BARHNERE/EREETEEENFEEMEK BIFESH E FIAR .

(2815 43094 0.3762 64.0612 0.4987 0.8093

Ak 4.5712  0.4040 72.6199 0.4247 0.8364
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