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Enhancement of the Localization Accuracy of AE Source by Using Narrow-band

Information Extraction Technology

GONG Cong-cong, SHI Li-hua, LI Gang
(Engineering Institute of Corps of Engineers, PLA University of Science and Technology, Nanjing 210007, China)
Abstract; To enhance the measurement accuracy of time of arrival( TOA) of the stress wave, wavelet transform
is used to extract the steady and clear narrow-band response from original wide-band non-stationary AE signals.
Hilbert transform is further used to get the envelop of the narrow-band signals. The first peak of the envelop is
taken as the arrival time of the stress wave. The new method can greatly remove the noise effect and the dispersion
effect of stress wave, therefore a clear waveform can be acquired. A test system is setup to verify the effect of the

proposed method. Results show the localization error of the simulated stress wave source is reduced from original

15 mm to 4. 9 mm,

Key words: acoustic emission; signal analysis; wavelet transform; Hilbert transform

PR CAE) M Ry — R b B A S BT = A 1 I
REERNRERRTMB LRSS BERNAE, &
AHE 0T HKB T ZRAY, RE AEFS
BlAES [ (TOA) I E A KRB, BT
K BB R B KB H A — T #4 BB K EF
R 5 B0 DA 669 B0 o 0 A B A o 0 0
SRLM . A ERRE T ETFESHX B
BREDHE—RIIEHRE TOA ¥ &g,
M AE S SHHER A K% R, B m L TOA 5K
HERBUT LIS

D EEFRESGTFENESHEFRE, Ta
BEMHZEBBEB L MARMEFSEM R FE
BEERFECHARY . SREHELI LD
iR A R A5 BB BB K 2] BB,

(2) AE RS BEETH, 0 A MK 20 S
BRERAGERT FREGTFZIRY, FEBF
WA BAR 2. Kk, 7T % MR W15 S PR R

WA B 4 :2007-10-20

EHRS. BEGEANTRABE B/ EER
BN AW, BT RRE S P KB EHRAE R
7. B AXNBRN HEFSFREREHEE
BTN AR RFR.
1 FRARMER A%
AEBARGES BT ENERARRE BT
U—REFEERA LR RHLREAL. BHER
“F 24 600 mmX 600 mmX2 mm, FEEEM 4 R PZT
EoRlEE AR TR NGRS ER 2
200 mmX 200 mm RIIEJF TG 76 B , 7 Wi K 8 & 1
HALGRAR ATHARAHBENEMNRT. BER
E50FFZE K FAMEE LeCroy Wave Runner
6100A BF /R EA . B BB X RENE B BT
BHALE. BESHLBMEMEEREBA
B rESTEEALEMER. REHRMA 1
Fim. )

ERMA AR, & WRBEA HLE, FENEESLEREROMHEAR BT,



#2H

ABBS . RAEERERRNERES &M RECHE 293

SEEA 1
.| LeHz,
L EBE ILeCroy 6100A|

BF S

Al XRREREME

R GHE SRR &R T Rl 58 AR 0 AL
ANERTHEZINGESERFRERTE St
ffEEmAeE, FERRRESBAM 2 REXA
+FEME REESBEAFEE TR EE,
HEFRRFBEHNE. B2 +FREMBEAGAE
B.EP S ~S HAPTERTHEMMNE. BRu~u
Hd S RAENERITHKE, S =2 —
bt FHREMABEPE 2.y WL 2 R
RENHEIZE A ASEERTHIRANER;v
BE; P, ) Wit ERIMEFBRAE. BUARK

D

(L) SR

F) T o 12 o (12 —/2
th(hz—v 4t__)_+_'u £ léz; 2)

4
v
y—_ty ¢ 2
b2 (hz t§)+v‘ ot e (£5—12)
4 16 2)
hA_(tH—ti) o f o B’
4
sV
L\
h
S, Si_,
0| X
<

B2 t+¥efnrEHR

2 B BB R AR R
B3 ARRMEEREN AN HERES.
HTAERENER SEEREDNFSREL
EAR . GRm B KX EHREE. LHEKE
MEBBRETEREORMES . DURUMAN I ER
BERRERE. ERX-RARNETREREER
HESEXEAAARKNBRRS G BN QT
FEMARSR ARBRRY QW EBHFERHE, S
BB B 1E SR LURS, B0 AR A AR B

T B AR 16 R — A R
B SRR E N EEH AR, WA
B S HAE LA,

08 16 24 0 08 16 24

B [B)/ms S {6l /ms
1 2
# | B
-1 . . —7
0 0.8 1.6 24 I 24
i )/ ms B‘:l’l"l/ms

B3 4 MBS HERBINSG SRR
Jok G R E B AR R T AR

BRBE-ROABRBEHESHTE. MRERA
ERAX—-BFRETHERMFER. DEERERSD

WEE FOE—-IMHEINMNEERHEER gD
HELiEH

W¢f<a,b>=fL rwp(=2)ar 3
A >0 KREEF 0 HREIRET ;) B
JOME TR,

A R/ R

ga(t)=J%J(—t) «@)
MR RATREA

W,f(a,b)=£ f(t)g( =1 .0

(5)
A+ HEAAS. ROOEHNEERTHER
T NEEROLREEFESEL BRI N
g (OMIEK R, B 4 8% F# Morlet /) 4B K
MBS BT R EXH
g(t)=e*"2 cos (wt) (6
RP cHEHHORE, PREFILITARH—F
BH.

o X

> 06 205

& 0.2 > 0.4

Chy 803

0.6 Eof
LT e 2 04 038
B} ()/ms H— L% /Hz

(O Moriet MR BBE () Morlet N EBBHET
B 4 Morlet B R SR B
g EE W, N RS AR BB EE . TA
HHERESPFHERMEES R REE XL
BEEAENERES. EIXERERT a, A
BEFBENPLOAEN o/a,



294

E 8 5 #F %

2009 4

MY EE B A R B, AT X R () E I T i@
B.AMNTRAELEHNERHESTER TS H
WK b () 9 B, SEBR 0 £ 2 49 5 5 0 Bt 0 b
B REHEEE SOBBMT W™ (), WEH
EWBR f(O), NAUB A ERZEHNAERE, N
MY TRRLEAE g. () BT B 5L, BP & 5 % o
DIER w/a WEHREARRSGOWR. W0k
ERREHEEHEENRERNETE RIS
IR T .

BEROMER, FRERAFSERTHE
WD RGBS E RS ES0E.R
HEETEER, BTROXLCHEESHRRAR
S+ Bkt A, AT # — &k Al Hilbert 8 R EE
SHREWE) . HEES ()8 Hilbert F 44
BE XK

BREEHEE AO=VzO Tz Y EH
Roms.

FRAEAEHGEERTRANAEERT %,
B3M—AEBTHAES WER. HETR, 4
BENESRAEW . HRTBETLEER . BA R
NS R W] RS — I R (B R4
E2(Be:n gt

| Al

&

-100L_ . 40 R,
0 08 16 24 32 08 16 24 32
B fa)/ms 4 (5]/ms
100 100

e

zy=20_1 rm @dr (7N o e 2 32 Y or e T 32
t ml-etTT fE)/ms W [E]/ms
BIANEHTESY 5 MAARNBERRRESESHRAEGHEY
W) =z()+jz(t) (8)
k1 BUFARRRALER
PFRFBELEMNE % 56 08 {1 2 4L R BAE BHESRIE EHE TR
(xo »¥o) %ﬁ(-l'lvyl) Eﬁ‘ﬂ%i ﬁﬁﬁéﬁi(lzv)’z) ﬁﬁi&f
(—50,100) (—53.372 0,89. 547 0) 10. 984 (—52.224 0,104. 720 0) 5.218 0
(0,100) (—22.114 0,97. 833 0) 22.220 (2. 256 5,106. 360 0) 6.744 6
(50,100) (41.597 0,93. 445 0) 10. 658 (52.591 0,100. 460 0) 2.6311
(~100,50) (—102. 470 0,36. 708 0) 13.519 (—104. 450 0,52. 546 0) 5.129 1
(~50,50) (—46.373 0,52. 319 0) 4.3049 (—52.922 0,49. 835 0) 2.926 6
(0,50) (2. 613 5,43.702 0) 6.818 7 (2.562 8,53.024 0) 3.964 0
(50,50) (51.983 0,51. 983 0) 2.804 3 (53.368 0,50. 531 0) 3.409 1
(100,50) (106.920 0,36. 965 0) 14.759 (107,370 0,52. 928 0) 7.9321
(—100,0) (—96.098 0,18.171 0) 18. 586 (—108.510 0,—1.925 1) 8.726 9
(—50,0) (—40. 846 0,0) 9.153 7 (—51.879 0,0 1.879 2
0,0 (3. 955 6,31, 026 0) 31.277 (—3.203 7,2.059 2) 3.808 4
(50,0) (50. 983 0,3. 900 2) 40222 (53.029 0,1. 225 6) 3.267 1
(100,0) (109. 090 0,18. 505 0) 20. 619 (109. 910 0,1. 135 3) 9.979 3
(—100,—50)  (~—82.038 0,~44.078 0) 18.913 (—107.200 0, —52. 795 0) 7.7211
(—50,—50) (—45.319 0,~45.319 0) 6.620 7 (—50. 348 0, —54. 482 0) 4.4955
(0,—50) (3.932 8,—39. 417 0) 11. 290 (1.788 0,—48. 836 0) 2.133 2
(50, —50) (66. 386 0, —53. 937 0) 16. 852 (52,—50. 971) 2.223 2
(100, —50) (118. 470 0,—24. 291 0) 31. 655 (103. 650 0, —50. 876 0) 3.754 7
(—50,—100)  (—48.039 0,—83.230 0) 16. 884 (—53.154 0,—107. 320 0) 7.970 6
(0,—100) (—10. 432 0,—100. 680 0) 10. 454 (0.564 7,—106. 950 0) 6.971 0
(50,~100) (52.218 0, ~—74. 328 0) 25.768 (56. 264 0,—107. 200 0) 9.543 0

3 FAMREHZMER
RAERFT . EE 1 P& L AEEME Lt

AEMFERHREM LR, ¥4 R PZT BEME

TR 77 A7 ot AR (B FE v TT 44

FREER 4 TSN o KR G BR(E 2 B b % A
AXHHATROGE R LM 6 frR. £1 RFH
TR MR RN SR, K, UERGTOER
ERER. R4 PERTHNEGEINER



%2l

ABRE. RANFEERRTRERE RN FEMME 295

(—100,100). (100, 100), (— 100, — 100), (100,
—100), BHET. 77T MM REWEHENRERN
12. 8 mm; 3 FHER /D 4.9 mm B RA L,

Edctis) Edf  WRHEN
H’E{tl fr R ?‘F;fr’ﬂii
100F4-4-s-ad-pog-w § 10004 w4 boup

[ LN BT I “el s sae
E 50 '-o‘_.n < *ale E 50 A popoa
L . - f . s 4, |H 2 SN S P I
& offeterderfdlE ol
" n.‘q's PR . b: “oa . TIE I Y
B-50r—4-te—steFp-docr 41 50 e

‘A 2% s s b oAt " e ) . “ s
~100 + T’*"*t-"ﬂ—r-*'-- -100 Ly’ dat s Sl 0 g

~125]100 50 0 50 100 -125-100-50 0 50 100

Wik F/mm M A /mm
(a) fE WA (b) FHH SR
Be6 HMBSEHREMER
4 BXiE

NEE SRR RRIE S REBAA AR K
A, £8FX—8AAXRADBERRRBERE EH
R—RHESIHEFFE . TARRAKRES
B A0 G 7S R BT A A5 4R 65 BUBUM X B B A
et %0 40 3 B R W 5 ST AR (R 5 L 4% A R IRGE T
—$HBRH AN A ERBKE . KBERERY,

WHEREEMIREED . BRNTHRENREE
ERETREILR T ER, LRE R ) E
AREBF S, TS — 5 R B R & KRR

FEUM:

(1] Z=#44, BEg. CAKMFERIM]. L= SR T
AR, 2002, 244-273.

[2] MARTIN G, DIMOPOULOS J. Acoustic emission
monitoring as a tool in risk based assessments[C]J.
New Zealand;12th A-PCNDT 2006-Asia-Pacific Con-~
ference on NDT, 2006.

[3] &85, 2 R AKFE, % EFEEFRHAAH
FEBRMERF S REBEHENIRFRI]L 6
HLM T, 2004, 15(13): 1 179-1 182.

[4] #A=sk, ma#, % X, %. Gabor MEMBIHE
BERESLBEEH AL PEBEER, 2006,
32(1). 76-79.

5] % %, ¥ % HEE. XTPETEHRNBERELE
iR MES R Arm¥R, 2006, 27(2).
137-140.

[6] JEONG H. Analysis of plate wave propagation in ani-
sotropic laminates using a wavelet transform [J].
NDT&.E Int, 2001, 34(3): 185-190.

(E&% 291 )

[4] MARQUES M L First-principles study of instantane-
ous and averaged local potential in BaTiO; []J]. Phys
Rev B,2005,71(17):174116.

[5] TINTE S,STACHIOTTI M G, SEPLIARSKY M, et
al. Atomistic modeling of BaTiO; based on first-princi-
ples calculations[]]. J Phys: Condens Matter,1999,11
(48):9 679-9 690.

[6] HERZBACH D, MUSER M H. Piezoelectric coeffi-
cients by molecular dynamics simulations in the con-
stant stress ensemble; a case study of quartz [J].
Computer Physics Communications, 2006, 174(1) ;17-
23.

(7] TSUNEYUKI S,AOKI H ,TSUKADA M. Molecular-
dynamics study of the to structural phase transition of
quartz[J]. Physical Review Letters,1990,64(7):776-
779.

[8] TANAKA H,TABATA H,OTA K,et al. Molecular-

dynamics prediction of structural anomalies in ferroe-
lectric and dielectric BaTiQ;-SrTiQ;-CaTiO; solid so-
lutions [J]. Phys Rev B,1996,53(21):14 112-14 116.

[9] XE%.5m¥E.ALE S AFHHEEDHEES
RO, 1% #F&,2003,33(1):65-73.

[10] NOSE S. A unified formulation of the constant tem-
perature molecular dynamics methods[J]. Chem Phys,
1984,81(1):511-519.

[11] HOOVER W G. Canonical dynamics: equilibrium
phase-space distributions [ ] ]. Physical Review A,
1985,31(3) ;1 695-1 702.

(12] HEERMANN D W, Computer simulation methods in
theoretical physics[J]. Applied Optics,1987,26(10).
1818-1837.

[13] PARK S E,WADA S,CROSS L E, et al, Crystallo-
graphically engineered BaTiO; single ecrystals for
high-performance piezoelectrics [J]. J Appl Phys,
1999,86(5) ;2 746-2 750.



[ FRSE

WANFANG DATA SCAK4E3E

KA %ﬁﬁ%ﬂ)ﬁ?&‘%‘%ﬁ REHIREALKEE

(=r NI, Aiarte,  ZENI,  GONG Cong-cong, SHI Li-hua, LI Gang
(== e fﬂ+ﬁ$l£pi$1j<7—, +/\I$”"' 2, L5, B AL, 210007

W i o[ ISTIE]PRU]

Y4 PIEZOELECTRICS & ACOUSTOOPTICS

i, &0 - 2009, 31(2)

51 B 0K

‘

SCER (64%)
L A5 A6 R TSl T 2002

2.MARTIN G.DIMOPOULOS J Acoustic emission monitoring as a tool in risk based assessments 2006
3. AR SO AR R JE TR R AN A 0 1 S 3 Y A A T U 5230 5 D PR 300 - o [ LG T
2004 (13)

4 JRA R U, B8 L Gabor /NEIN AT ST 7 RS 5 A R (8 DR ST - P R A 2006 (01)

5. 5K %, ER. IR JE TN 0 g 0 < AZ RS 5 A FE TIPS ] - Al £ 4 2006 (02)

6. JEONG H Analysis of plate wave propagation in anisotropic laminates using a wavelet transform

2001 (03)

AHABLSCER (104%)

SRILIC T Webster FRHIEFR 1 40 75 A5 5 20 #1998

5RO BSLI0A RAR T, 00 B P AP BTGEA P R S 5 T AS BT HRA (RS i THEARFLBSHIRD 11, B0 5 TRl
RIS B WA o (T RTS8 ISR LAY T 75 S IR AT, LT T ASIRL IR0 I L 0075 529 0 AR VP
o I PIER S S N R RS U

SRS RS WL FH. TR, S 2A1 248 A A 0T LU RBHE T T S AR R 2008

I FH 25 BB 75 R 5 AW 778, S BT T 2A L2582l 35 BB (A W B AT s o VR A, LT I TN T R 4% 11 e st i, R A
A REA 57 SALCE AT B U, AL TR R I BRI S/ . S b B W, 207 Ve R 5 R 74 K 5 2480, S50
SIS T — S IR, A — 5 (R 9ebs TR S

3 WITIEIC 223 BALI P BEP R AR IS 7 RN 5 0BT —HLA i 2006, 44 (7)
ARSI T LA R R el s R R I S HCS B A 5 MR, SR bPRL, Wi ARG, VIV R R 5
AR SR R 50 T KRATTO 6, T WURIT 75 R A W R 5 AT AR .

ARRESC AR BRI TGN ST SR N FR 5 S b BOEAT —HL T 41:2010, 38(2)

A (5 5 3R R L, Bt LT ST R 15 5 T 7 v = R 07k, SR T T SRR S B A, ) X
SRR BT S5 N, o A6 6 M 2 e, A SR SCS A0 78 250155, SR 00 0 P91 0 (5607 A
PV, BRI = LR 3 VAN 75 SRR A . 07 P 5 R ST M S J 055 5 I BRIV A, FL 22 . 7T A,

5. TR JUAS. Tl BEEIAN T 75 BN 5 08T — AR 4l (A AR R0 1998, 19 (1)
SO P RS AT T A0, i 1 S A 15 5 R DA B e A A 15 5 1 B TR AT 2 B IR R, 7
LA I T S R A T

SUORSC BUEAR. A5, TR FAil K BN T A P RO R 5 2 B 15 T 2005
RSO B U e 75 R 1S AT T A0, i TR I B A S R D, T R R B R A 1 BRI 1
RFATAT R ORI R 1 LU AP 5 A 3k B R 3 AT M.

TSAALRIC ARISHE JETDSPIY A HC b RN B BRI ST IE 2002

S 1 T TOSPI ET TCRATRC. BT A28, AT FERLBRFT I, 7 7 16 FPOBPC| A IDSP AL P A 0T R, AEDSPTF
BIRBICCS L. O S T RAPHFAE (CHRIRAE ¥, TGRS FEDSPA SIS T TP AR I, LRI, ETbe, FRRRI, Wefll, 4RECHHC Hbits
B RUSA TR L, 9L T DSPIPOHLIGI 5 B ASHOL R 1675 A RGBT PRI, A7 T OO SCAR I, e, it iy
SR M BRI BRI 4 10 46 DA, A B T A HTIT I, Stk T A S0P ST, A RME A, i SASRAMT, DR S BT4
DU 7 5. T2 AR IR 2 75 R U7 T, $20% T 5 FUATLABIOBP 2 4 5 B Hise.

8. WATIRSC A7 HEFS. JK AR, Sl YANG Bi-ling. ZHANG Hui-ping. YAN Xiong MExCHUIFES &AM RIS 5 4001

RN -BEEREN /A pRE2007, 77 (2)

RCYUIAE S A PERE R RS 5 20 AT P 52 S0 L. AR SO 5 TR BRI 5 45 5 S5 TR U3 5 5 T 2534 73X — Sk F 58, T A8 IR T 5 E (3% X
AU T VR LR, IR T B AT AP LE () 2 1 S e,

SPORIC ZOGIE. XI K 7 RIHE 5 o BB &tk 2004

B PR SHE  IRE A, VAR T 7 RS o B 0BT I R R RIS BT 7k, 0 T 3 T BT AT OB (3 5 A B R R 7 A R R 135 A4
B TR

10 38 30 28t 430, ZFIERE. 423575, Gong Bin. Jin Wen.Li Zhaonan. Jin Zhihao ASFI/NEEE/EWRANATRLS K



http://d.g.wanfangdata.com.cn/Periodical_ydysg200902046.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%85%ac%e8%81%aa%e8%81%aa%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%9f%b3%e7%ab%8b%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GONG+Cong-cong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SHI+Li-hua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Gang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a7%a3%e6%94%be%e5%86%9b%e7%90%86%e5%b7%a5%e5%a4%a7%e5%ad%a6%2c%e5%b7%a5%e7%a8%8b%e5%85%b5%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e6%b1%9f%e8%8b%8f%2c%e5%8d%97%e4%ba%ac%2c210007%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-ydysg.aspx
http://c.g.wanfangdata.com.cn/periodical-ydysg.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ae%b6%e4%bc%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e7%a7%af%e6%87%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-ydysg200902046%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22MARTIN+G%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DIMOPOULOS+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-ydysg200902046%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%84%a6%e6%95%ac%e5%93%81%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%95%e5%ad%98%e5%af%8c%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zgjxgc200413015.aspx
http://c.g.wanfangdata.com.cn/periodical-zgjxgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%be%9a%e4%bb%81%e8%8d%a3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%a1%be%e5%bb%ba%e7%a5%96%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%aa%86%e8%8b%b1%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zgcsjs200601027.aspx
http://c.g.wanfangdata.com.cn/periodical-zgcsjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bd%aa%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%ae%a1%e7%a7%89%e7%8e%89%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_syxb200602030.aspx
http://c.g.wanfangdata.com.cn/periodical-syxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22JEONG+H%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-ydysg200902046%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22J.Webster%22+DBID%3aWF_HY
http://d.g.wanfangdata.com.cn/Conference_215545.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%b1%e6%96%87%e5%ad%a6%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e9%87%8c%e9%98%b3%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b0%b9%e6%99%93%e4%bc%9f%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e8%b7%af%22+DBID%3aWF_HY
http://d.g.wanfangdata.com.cn/Conference_6810664.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b3%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e7%ba%a2%e6%ad%a6%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_jxzz200607012.aspx
http://c.g.wanfangdata.com.cn/periodical-jxzz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%85%a8%e6%83%a0%e6%95%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e7%91%9c%e5%85%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e9%b9%8f%e4%ba%ba%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_dianzixb201002019.aspx
http://c.g.wanfangdata.com.cn/periodical-dianzixb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b7%a9%e4%ba%9a%e4%b8%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ae%9b%e5%b1%b1%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_dbdxxb199801021.aspx
http://c.g.wanfangdata.com.cn/periodical-dbdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b7%a9%e4%ba%9a%e4%b8%9c%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%99%8e%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%ba%8e%e5%a4%a9%e5%bd%aa%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ae%9b%e5%b1%b1%22+DBID%3aWF_HY
http://d.g.wanfangdata.com.cn/Conference_6332661.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e8%bf%90%e7%87%95%22+DBID%3aWF_XW
http://d.g.wanfangdata.com.cn/Thesis_Y456312.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e7%92%a7%e7%8e%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%85%a7%e8%90%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%99%8f%e9%9b%84%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Bi-ling%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Hui-ping%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YAN+Xiong%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_blgfhcl200702014.aspx
http://d.g.wanfangdata.com.cn/Periodical_blgfhcl200702014.aspx
http://c.g.wanfangdata.com.cn/periodical-blgfhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%85%89%e6%b5%b7%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%97%b6%e9%a3%8e%22+DBID%3aWF_HY
http://d.g.wanfangdata.com.cn/Conference_6889797.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%be%9a%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%87%91%e6%96%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%85%86%e5%8d%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%87%91%e5%bf%97%e6%b5%a9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gong+Bin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jin+Wen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Zhaonan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jin+Zhihao%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yqyb200803011.aspx

SHE S BT IR SR 24112008, 29 (3)

PSR ANBERERT ] — P R 5 0 W 2 R 1) ey Lk, AR/ SR A T RIS R I 72 F 7 R 5 M IF TR B, T db5 A symd B i J11 /s
IR 5 AT T2 W s b, 5 R, RN W AT AN RS e A 7 B A 5, 2R N B (R e A A R R o W R — 3, fE 2
S WEAELN AR b S3H  EEEE, TI RO e 2 A 1. 53%, I 7E % 2fis 5 by fi dat LU PR AL 55 S5 W BB (22 50K, ROl 27 10% 254, 7T E A%
7.

A http://d. g. wanfangdata. com. cn/Periodical ydysg200902046. aspx

FE A 20104E6 H2H


http://d.g.wanfangdata.com.cn/Periodical_yqyb200803011.aspx
http://c.g.wanfangdata.com.cn/periodical-yqyb.aspx
http://d.g.wanfangdata.com.cn/Periodical_ydysg200902046.aspx

