5534 % 55 12 ] = % 5 & K Vol.34 No.12
20194F 12 H Control and Decision Dec. 2019

TEHS: 1001-0920(2019)12-2673-06

ETHTHEMSVRRBE2REGIE:E

i

F AR, MR, RN 2 omb? FEARS, X
(1. FAZZHE K 1815 56 B LR, W% 710121;
2. S B IZ NS N BR A 2 HRE S stin =, P 710121;
3. MRS RE RS 1M EALS LFE%PE, Huddersfield, UK HD1 3DH;
4, WHHERAENG T W2 THEAL2:BE, Sheffield, UK S1 1WB)

7 OE: TR AN REN S EG IR, 18— T 40 AR A R A R R A R R
B R B B S, R N2 I il SRR EUE RS o , FE SR 3E AN TR I AT b RE S R Y A
B7 B A S IR B AT AL B ARG, 5 IR GG Y IRE AT IR A 15 B IE R BG4 i, AR R
SRR, B — S R R bR BOR A I RS B B E, KR IR B R B A O, PSRRI B A S
I35, SEE0 45 TR, BT th M R e SR s UG FE A IR, W] DA i B A1 5 15, B 7, 3 i s MR
tEAEEEINEE A

HRIF): ANTTRHIE; RUAPER:; RIEEARE BRI

FES S TP391.4 XHRFRERE: A

Low-light panoramic image enhancement based on detail-feature fusion
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Abstract: A low-illumination panoramic image enhancement algorithm based on a weighted fusion of detail-features
is proposed, which can improve the quality of a low-illuminance panoramic image. Firstly, the illuminance component
is extracted by bilateral filtering, and enhanced by adaptive gamma correction and contrast-limited adaptive histogram
equalization. Then, the three illumination information is fused to get the final illumination component. In the reflection
component estimation, an adaptive adjustment function is proposed to correct the reflection information. Finally, the
corrected light component and the reflection component are multiplied to get the enhanced image. The experimental
results show that the proposed algorithm can not only improve the image brightness and gain more detailed information,
but also remove the noise, and it makes the color of an image more natural and abundant.

Keywords: detail characteristics; bilateral filtering; low-illumination panorama image; image enhancement

.

DOI: 10.13195/j.kzyjc.2018.0312

=
s BB o A B 50T A e — A 5K
R B — M A A R = 4 3, 4 5 T AT DL R
360° ER A Vi Y ) BT A S, AT DA e W A
— AR BB ARG 55, e KPR B 1 R B 37 5%
LS, S Ay 3ty 2 AATT— P45 B . = 4EST AR
225 () SR, A5 L0002 ) B e L 35— . ELAE I 4
sEBRREERE , TR eI R T EEk
By o PRI o A 2 (A I R R it LR I AR

0 3

Yks B EA: 2018-03-17; 1&[E HEA: 2018-06-28.

B A /N AR S REAG X L FEAR . € 15 A
B M LA, A5 R A ANE 4 BB E T
BeE), e LA A2 ANATTHORE 58 225K, F-45 5 22 i s 1O 4 5
PR A B4 A (Can AR 20 B ARSI, H AR R BE AN
P 5 iy R R HEN 2 TR ke, R AT A1 HER S 4 5t AR
B SR AR AL, 32 4 S BB B, AR OSOR I AE BR
Fort o WA N E B

AT, CA R B R Rk G T
B EREE MMSEIE. /NE AR #7%, Retinex &

HEWB: 7822l fE K240 7 A BB AL 4 T H (CXI12017057).

RERE: GEE.
Vi@ AAE . E-mail: 13772405149@126.com.



2674 EC o

5 Xk R

34 %

e BB S DL T S BT AR H o 1) it
%, BT I A A S S o0T TG R Ak 5 T i 5
B P A BRI e 3 S OR,, e
2 N BB G g U T (B0 TR R, A 5
B A SR I SIS P S i R, AT SR T
5 P S DR R 1 L7 PRI S A8 A B0 M n B 2 32 BR A
I 3&  BL 7 BT S, SR B0 mT DL A 48 i
FEFP I SRR, (B AN BE DRI BB 405 552 B
(7 f 8 15131 ff 5 A 1 B PR AT DA 5 P A5 ) B AT
BURE, (HZ 0 TR L MR, 2 5 25 0k R I X
A AR BT BTN ERBA AT DU 58 AN [F) AR
v B N R R B, R AN R RUBE T (4, (B2 0
8 SUDNELS7 ) ONL IELSuVS) (7 SESN N )]
SE TN A A TR AN+ DWT A 57
E RIS, BAR K ER TR, B RHIR R LA
A PR N2, Retinex 5592 Jz HAT AR SR AR 2 ]
B W ROCIR > B AN B 73 B, SR 3R AT A 2, (H 2
RRFRIB BB, B 5 7 O E IR ik,

OATTHR T 366 T [0 2 St R 32 90 g B 3 R 2y SR )
B 137 1) Retinex {5 3 5 50512631 b 28 B9 ERAR
W T REILR, AR R IR AR B LR,
R R SRILG. SCHR (2814t 1 —Fh kT4
JE Y 1) Retinex 535, ZH LW DR IF HL 5 Bk e
ISR G M 7 LA A8 TR A i KR, (EL 3 i S 11
B A5 15 B A8 5 28, BGON bL FE K. 5 il
A RELIGRSCR BAR R H R EES R E
gk PG, M DL 2 SV 5 SR D I — i 8, Sk
(2914t T H i R Rl 1 55 0 UG S i S vk
TEAT LA 5 AR A A R B R O B L
SRS AT s X A0 o T k.
1 ETHERKRESREGRYEEE
1.1 EXERIE

AR SCAE GRS SRR () At K 4 St BB %
bl 38 5 5 40 1T G B AH 45 4, $ HH — Bl R T 4H TR AR
IR Rk A (R E PR RSE 4 s PRI 0 i B, RV dt [
1.

I JEFars| e
: 0 b
=N G| ﬁlj
ROB Vi nsval [ Ei
L : - RGB
i T AT N
R [ = P s [T R
HSV
/‘E
i y

1 AXEERE

12 SERELE

N1 S G e R I S R B o, U
YGRS T SRR IR, RENS HERR I IR
JelAE BIJCNEEL H AT, MBS OIS B IR
SR A S TR SR . SR B UL R AR Gy
HEZR 1) Retinex 59555, k- 5 Hir e P O SR IUSLVA
5y 18 BB ID G, 401 15 BORFF R, 2 T80
HE 2R ) Retinex Sk A #EAT e JEAR S 4R B, X 547
I B R AR 1 R SR IR I F AN BB, ASCR A A
L Z DR FFRFE (0 00 8 R RIS 2 SR 1
JEREAE S, AR AR 4 DR B R RIL 245 2 I [R]i
] P (R e

b e i FE < i e - Q7R Sl LN
R B A E E, xh LT R R R, Bk T BRI
4R R LR R L e 5 45 B Iy B AR

PR 1) P9 AE AR R 1, 6 2T BB rh 1 s A3, S Bk 1
EIL 1) K 22 250 8 4 15 13 S R0 BT A I S . AR SR
I g T 4 s EUR AT DR AL 38, 75 BRI RR D 2%
) [R) ISP 4 01515 5, R T 459 2 SR AEAAUE B D
M &

121 JERMAES

AT A Sk Ol B\ HE T 5 oR U
TR B A st B ) SR 4k e iy

BN 1(1) N2 S BRI R G 6 iR o &, Ay
TRER AL S B, 7T LA o R 3 g A% o
FRANK.

BN 2(1y) A2 SCR A I BN 5 A% 1 181t
MM BT IE GRS R, FEH AN TR E
B BN BT R & 1 (z,y) WIMER A
T8 N SR B S H a, BTN Gamma B2 1E (2, y) 124



%12

IBAE F: A TP A Eak o0 ikE E AT BRI R 2675

HEAT G R, B
1 m n
a=1———3 "% I@y) (1

z=1y=1

~ (I(x,y)+a)
rley) = =1 @)
Iy(z,y) = I(z,y)""). 3)

Homs nor n BB TE S5, T (2, y) WONR ¥
JRIEG RS B RS BRI Gamma K2 1R 1) [ 1 B

K B & B Gamma 1% 1E 7] AR I B2 5 5 R
JE, 255 W XA 415 45 5, ) S R b B X e
45, B 1k 1 5.

N 3: T Gamma %2 1E Ji5 B& 1 5% FE 15 2148
e, H 2 B 3 VO A P s 48, 5 350 R ) JR) 0T B 2
AR, A SR R BR 15 b B B 2 174K P (Contrast
-limited adaptive histogram equalization, CLAHE) X}
MRy B AT A B, 5 2D IR AN 3. Bk A s R

I3(z,y) = CLAHE(I(X,Y)). @)

122 JtREMARA

PR B3 FOGR B, A SR H— MR TR R
o) 1) R b5 %, o a R & R 9 & ME
N3N A AR R I3, ek R &R
1) JR AR AIE T LIS B 0 Jo 2 DA K 4 1 15 S B 2R
ATHT . BT BB T2 BRRE. T DUR &7 Hh
S BB 5T B T M DL R R I A R R, A SR
R 34N JR R EAE 2 AR R IR AR Al 7. SEER
X —MEE A (2, y), BUZ B R AL —1
(2k + 1) x (2k + 1) WIETTEE, Gt & N34 K
AR %R R AL, 2 T AR I 12 A8 R A
X35 p 11 o 8 Rr AE 1 e L AE R o B o PO, B
MRHEAR R A (1 T7 00 34 N HET R 247 fib
& Fikh AR GE

z+k  y+k

1 _
QVarwp(x>y) = g Z Z [Ip(m>n) - Ip]2> (5
m=z—k n=y—k
Qgrad,p(‘rv y) =
x+k y+k

% S (Lm+Ln+1) = L(m,n)|+

m=x—k n=y—k
|Ip(m7n+1) _Ip(m+1an)|)7 (6)

Qentr,p (QZ‘, y) =
z+k y+k

ST I, (mn)log2p(I,(m,n)),  (7)

z+k y+k

L=2 S 3 Itmm), ®)

m=z—k n=y—k

d=(2k+1) x (2k+1). )
Horp I, ROREE p NN CIRAL T, Quarp (2, y) NIT
%’ Qgrad,p(xa y) ?\jﬁ%fﬁ, Qentr,p (l‘, y) y\jﬁéj’
EX BEG I ENE R T BRI 2, B
JEE S5 P — T i 22 A P v, R 2 ) Joit 0 T S SN
Qp(xvy) =
Qe p(2,9) X Qo (@, 9) X Qlyr p(2.,y),  (10)
Hrb o, B oy BUE MO 1.
BE R B

wp(xvy) =

Qp(xay)
-
Z Qp(xay) +h
=1
Hr:Q,(z, y) & 6 I Ean A Ak v 0 5T & I B AU &

3

iﬁlﬂ\é‘@jﬁvﬁEZwi,p(m,y) = 1,0 < wy(z,y) < ;A

i=1
ARV IER, B R 1y B N E . T
Rl e IR AT iR A
3

(1D

Tenanced (T,9) = Y _wy(x,y) x Ip(z,y).  (12)

p=1
1.3 REDELE

IR E S RGBS 5 L e, A S AR
BATS ZRIR, B B B S TREBRE
A AE B O 1A 5 S R 4 5 R T DL
U i 7, R B oy AT R R AR A L B 1A
AT 2 W A S8 P PRV G v 165 0, B o 2 ) a2 >
TR/ 24 5 5 70 B Pl S 38 JEE DX S, PR F) 2
TIARLGIER, 75 B St o AT 5 R e, A S
73 IS 3] v 5 P DA, 2 SR AR S0 S S o) kAT
o, W) 2> LR R RS R 20 =BG, T Ttk
i R, AR SCAR S — i [ 3 IR 5 U R g 4, B

R(1.0+2.9><AR)7 AR 2 ();

Renhanced = (13)
RLOH0IXAR) AR < (;

AR = S—Ienhanced(ma y) (14)

Horr: SOYER 5T, Tennancea AL PR JE IR 20 &,
ROYAEFETT S5 70

2 SWEREST

AR S 3 4 B A [ 37 SR R RS 4 St UG kAT
SEEHG, A8 FH SR [10] 509 STk [14] 5092% . STk [25] 5
i SCHR [29] 535 SCHR [30] 50925 SCRR [31] By AiA
SCEE Gy AT AL HE, o S 45 AT X L A
WK 2 ~ E S k.

P 2 ~ B 5 AT BUE H: 6 T AN [F 3 s A [ B )



2676 EC o

5 & K

34 %

(a) F

(e) STHR[29] 51k

QﬂiLiE?

(f) 3CHik [30] i

(e) 3Cik[29] F2:

() SCHR[31] 50X (h) A3CEHE

B2 FHRNoRESREGAEIEREALELER

() SCHR[31]HIXL (h) ARSI

B3 HRESBEFHEREGIEIERERLEER

(e) SCiik[29] &v%: (f) 3CHik [30] 532

(g) SCHR[31] 57k

(h) ASCERE

El4 FEHRioiaeREGAEIEREELIELER

(a) JiL & (b) SCHR[10] 5%

(c) SCik[14] 5% (d) SCHR[25] 57k

(e) SCRk[29] &2

(f) STk [30] Fi%
&5 AREZEGRBRELZEGERERARETN

FRIAEK T8 B 4= 5% R, SR [10] 55922 A STk [25] 5927
P v PR o P 1 [ B o M A AT 1 ORI 4T
&R RN, TG B T E R, BB AR A
57 A5 SR (14 092 ] AFE B2 i of bl FE AN S B 1 1)
B 36 0 MG R A 15 B (E A UG R k2 I 4
SRIL G, P AR L SE RO AN H AR AR S 45
FE 0B AR, BRI GERCR A A N IR S 4 P SOk
[29] 515 F e - S SR A X e HR o il AT T Rk

(g) SCHR[31]5%% (h) ASCER:

il F 48 5 P LRI € S0 AR, B R R ) =
ERESEE SR EPS I R SNk SN 2 SN
PLZ SR 5 B E R, S AR MRS, A3
SR G T Ol R B, e o R s S )
(i A B, TR P 20715 45 5 S 0 5 8 SR [30] S35 AT
SCHR [31] Skl st o 7 B S L (I
{8 10 JRUIE S5 M 45 S AT I 25 9 AR SCRERT R O
Sy AT T B G R, A 5 AR B N e



%12

ERAR AT @ AR S 00K IR R & 5 BUR 3G 0%

2677

BFESEMEEENEE, A B ATE D,
N TSR T AN TR SR AL FE ) A A e AR R
BEAT 2OV, W3R 1 o, A FH 5 R AE B (SSIM)
VAL {5 1 U (PSNIR) SR 1 588 f 1) 4 o5 PG ot =gk A
7B, S5 A AHALIEE 2 VA R 6 4 A A 2 L 1Y) B
PR R, SSIM R, 16 BA b 215 1 S R i MR

TR R AL U {455 P L A R 1] R 70 16 75 28 i, PSNIR L
e, R PR 5 R RE R . 25 LU S PP 1R
BRAT R, A SCHR ) S T DAFEZE RR R S5 AN R
{1 [R]85 P A5 100 77 BT 2 DA K PR A1 15 IS, 1 45
5 ) A B N4 B AR, FF & AT 5

2R,

#=1 AREEMREE2SEGIEEIRARETFN
SRR [10] 592 SCHR [14] 592 SCHR [25] 551 SR [29] S92 SR [30] S SCHR[31] 5% AR
Bl
SSIM PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM PSNR
2(a) 0.74 15.44 0.72 15.54 0.506 8.89 0.63 12.29 0.23 8.59 0.68 14.50 0.75 16.14
3(a) 0.73 15.20 0.69 15.50 0.491 8.62 0.57 12.17 0.55 10.79 0.65 14.23 0.75 16.28
4(a) 0.76 15.08 0.73 16.83 0.547 8.71 0.70 14.50 0.67 12.71 0.70 14.11 0.81 18.65
&l 5(a) 0.72 13.52 0.69 15.80 0.453 8.73 0.60 11.77 0.66 14.22 0.65 14.36 0.71 14.36
3 é?:(: 'lﬁ% Int Image Conf on Processing. Orlando: IEEE, 2012:

AT AR R R 4 S I A 49 9 1 B, A SR Y
T PR T TR A R AR R 4 R R R 5T
% SRIRAREAE T A SCHIRAE RS KT I3 55 2%
S RV, AT DA v g o R P R I Dl N
LB b BEAREE AN A2, 315 o i ) 4 St R BB 52
JE R ZE AR T, A AR S 25 e, 1 g R R 1
L E R, AR R TR 2 R AL i

AR SO BRI 5 CR B (H SR R LA
e, B B BRI K, S S A, BR ) 1 2 AT 5%
fea) A 80 ] AR PR 4 ) R SR BIE 78 T DL A B A Y
a4 LA B SR SE I PR R4 i, 9 HL AT DAAE S A B )
il 8 S AR 3 T — D RO I, FLIE TERUCRAE TN
BHL LN S IR E R ARSI A B 2
o2 FH R 5. 55 0 [ A, A0 2 e PRl 4 ) 1 i A
Hh, Mg P 0T PR R RS M A AT 2 R ) K, BRIk, IR R E
S BRI SR SR I R R AL BEIA T, ST B
G R S I X U P2 O 5 A A iR Y 45 R
ER 2 4 557 PR P 008 5 T 0 LA BB L

S 3Rk (References)

[1] Cheng I, Basu A. Contrast enhancement from multiple
panoramic images[C]. Int Conf on Computer Vision. Rio
de Janeiro: IEEE, 2007: 1-7.

[2] Kandan R S, Kumar A J S. An improved contrast
enhancement approach for panoramic dental X-ray
images[J]. Int J of Applied Engineering Research, 2015,
10(4): 1897-1902.

[3] Spartiotis K, Pantsar T. Extra-oral digital panoramic
dental X-ray imaging system[P]. USA: US8693624,2014.
[4]

Lee C, Lee C, Kim C S. Contrast enhancement based
on layered difference representation[C]. The 19th IEEE

965-968.
[5] LeeC,LeeC,Lee Y Y, et al. Power-constrained contrast
enhancement for emissive displays based on histogram
equalization[J]. IEEE Trans on Image Processing, 2012,
21(1): 80-93.
Arici T, Dikbas S, Altunbasak Y. A histogram
modification framework and its application for image
contrast IEEE Trans

Processing, 2009, 18(9): 1921-1935.

(6]

enhancement[J]. on Image

[71 Coltuc D, Bolon P, Chassery J M. Exact histogram
specification[J]. IEEE Trans on Image Processing, 2006,
15(5): 1143-1152.

TRAE, Tdh, FER, & —AobRAY A EG N E
WENRIEFE 1], RS TRES B TEOK, 2017, 39(6):
1383-1390.

(Wang D W, Wang J, Xu Z J, et al. Adaptive correction

(8]

algorithm for non-uniform illumination images[J].
Systems Engineering and Electronics, 2017, 39(6):
1383-1390.)

[91 Zuiderveld K. Contrast limited adaptive histogram

equalization[C]. Graphics Gems. San Diego: Academic

Press Professional, 1994: 474-485.

[10] Pisano E D, Zong S, Hemminger B M, et al. Contrast

limited adaptive histogram equalization image processing

to improve the detection of simulated spiculations in

dense mammograms[J]. J of Digital Imaging, 1998,

11(4): 193-200.

Pizer S M, Amburn E P, Austin J D, et al. Adaptive

histogram equalization and its variations[J]. Computer

(11]

Vision, Graphics, and Image Processing, 1987, 39(3):
355-368.
[12] Pisano E D, Zong S, Hemminger B M, et al. Contrast

limited adaptive histogram equalization image processing



2678

=

5 Xk R

34 %

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

to improve the detection of simulated spiculations in
dense mammograms[J]. J of Digital Imaging, 1998,
11(4): 193-200.

Kim Y T. Contrast enhancement using brightness
preserving bihistogram equalization[J]. IEEE Trans on
Consumer Electronics, 1997, 43(1): 1-8.

PR, TUEVE, FERE. T XOLM SR IEM 2 R
PG Rl (0 BB G 520705 [P). W CN104574337A,
2015.

(Huang L S, YuQY, Li Y X. Image enhancement method
based on bilateral gamma correction and multi-scale
image fusion[P]. China: CN104574337A, 2015.)

Huang S C, Cheng F C, Chiu Y S. Efficient
contrast enhancement using adaptive Gamma correction
with weighting distribution[J]. IEEE Trans on Image
Processing, 2013, 22(3): 1032-1041.

Guo H, He H, Chen M. Gamma correction for digital
fringe projection profilometry[J]. Applied Optics, 2004,
43(14): 2906-2914.

Huang L, Cao G, Yu L. Efficient contrast enhancement
with truncated adaptive gamma correction[C]. Int
Congress on Image and Signal Processing, Biomedical
Engineering and Informatics. IEEE, 2017:

189-194.

Datong:

Antonini M, Barlaud M, Mathieu P, et al. Image
coding using wavelet transform[J]. IEEE Trans on Image
Processing, 1992, 1(2): 205-220.

Daubechies 1. The wavelet transform, time-frequency
localization and signal analysis[J]. J of Renewable &
Sustainable Energy, 1990, 36(5): 961-1005.
H, Anbarjafari G. IMAGE

enhancement by using discrete and stationary wavelet

Demirel resolution
decomposition[J]. IEEE Trans on Image Processing,
2011, 20(5): 1458-1460.

Bhutada G G, Anand R S, Saxena S C. Edge preserved
image enhancement using adaptive fusion of images
denoised by wavelet and curvelet transform[J]. Digital
Signal Processing, 2011, 21(1): 118-130.

Demirel H, Ozcinar C, Anbarjafari G. Satellite image
contrast enhancement using discrete wavelet transform
and singular value decomposition[J]. IEEE Geoscience
& Remote Sensing Letters, 2010, 7(2): 333-337.

Land E H, Mccann J J. Lightness and retinex theory[J]. J
of the Optical Society of America, 1971, 61(1): 1-11.
Rahman Z, Jobson D J, Woodell G A. Multi-scale retinex
for color image enhancement[C]. Int Conf on Image
Processing. Lausanne: IEEE, 2002, 3: 1003-1006.

[25] Lin H, Shi Z. Multi-scale retinex improvement for
nighttime image enhancement[J]. Int J for Light and
Electron Optics, 2014, 125(24): 7143-7148.

BET, HEA, B8, 5 SRBERBENUIA R T
Retinex 7% [ %t UG 1G9 [J]. D624 AG %5 A2, 2014,
22(4): 1048-1055.

(Zhao H Y, Xiao C B, Yu I, Markov

random field model of the Retinex night color image

(26]

et al

enhancement[J]. Optics and Precision Engineering, 2014,
22(4): 1048-1055.)

R, EEERA. T R AR N2 E D 1 Retinex 5
HEBRSEE (7] THELHL LR, 2016, 42(6): 265-273.

(Chang J, Bai J H. Retinex image enhancement algorithm

[27]

based on rotation symmetric bilateral filtering[J].

Computer Engineering, 2016, 42(6): 265-273.)

AR, RS DT, J7 M, 55, JE T XL UED: 1 Retinex ]
B3GR E: [J]. B4R, 2010, 31(2): 104-109.

(Hu W W, Wang R G, Fang S, et al. Retinex image
enhancement algorithm based on bilateral filtering[J].
Graphics Journal, 2010, 31(2): 104-109.)

Fu X, Zeng D, Huang Y, et al
enhancing method for weakly illuminated images[J].
Signal Processing, 2016, 129(C): 82-96.

(28]

[29] A fusion-based

[30] Ying Z, Li G, Ren Y, et al. A new low-light image
enhancement algorithm using camera response model[C].
Int Conf on Computer Vision Workshop. Venice, 2017:
3015.

[31] LiM, LiuJ, Yang W, et al. Structure-revealing low-light
image enhancement via robust retinex model[J]. IEEE

Trans on Image Processing, 2018, 27(6): 2828-2841.
fEE BN

FRAfR (1978—), 5, BIZ#E, ML, WHIHHEHA.
NTRRe A 32 A0 B G s A0 Ab B S50 5T, E-mail:

wangdianwei@xupt.edu.cn;

FS % (1994—), B, Wi AE, BRI A S EA . 1
R IGSRIA I T, E-mail: 13772405149@126.com;

R (1974—), 5, BIHER, M4, WSHLES > AL
G TE A i W 5T, E-mail: www_ldx@163.com;

XIFR(1970—-), L&, g TREN, 4, WF BRI R 5
5%, E-mail: ly_yolanda@sina.com;

BN (1969-), J, H¥z, L, NFEIGIEE . 1AL
F AR AT A4 A O 5, E-mail: z.xu@hud.ac.uk;

Fih (1983—), F, VHIM, {84, R BRI A AL 2L
REAR SR8 AT vk I, AL 8 RE 2> BT B BIE T, E-mail:
j-wang2@hud.ac.uk.

BLGE S

(GTiEmit: £E#H)



