527 B 6 £ R x B K ¥ % # Vol.27 No.6
20104 12 H Journal of East China Jiaotong University Dec- » 2010

M ERS . 1005-0523(2010)06-0036-11

TS A MBI AR IR K oz F

x| AR BOEWA
(ARSI JEHLHAR B IBFIEAT L7 5 330013)

BE.LRAALANEIRCH ZAATFTIL REZEMFIRT, XEABT Lot biE % A3 BT AL B,
XHEUREFFFobFEFOATHYAMRALRMNBERREZ. )M T ARALLRUFELRGE A ST LR HFHTE
FEAE LRI PR AEHER, AL RE T RFALRMNBE KRG LR A=,

*x 8 E.AEERAAmAEN TRLEF SR

R4S .0657.3 SERFRIRED A

TEB AW AR Hb s BERAS TE AT PN G £ 18 B T BUE AR © B AT IORER R AT
TR TR A A S A R T AR SR A7 s AR SO TE B FRASL I B A i 2 R ) HEAT 4 v
AR L E

36&1‘4{5‘ BATEREE R A R BLE AR — [ THrBOR B A TR B0 ik B
F RS BT A S RS 45 T BO 7 R BEAT M, ELANTBCORARE Sl AEAR B T4 0 15 R O
UE T AR R Y SE B To s NS A AN B S B SE A M BRAL 27 U . SUREA 0t P MM TE 515
HATRES AR TR R . BEE T EALEOR R s K e 417 3 1A RS AR o fesdt T e il
BRI LA AR 2 A

T H AT AR FL AT X 5 (i SELERFAE XS R 7 O | HR LA B A 0 SO 2R AL A L » KRBT 70y
LLAMETERNEA Hr 2 AR IEAR HLASRMBA B A BAR MR X A A L& G
AT A EARE , HRAEAS R B RS SR P 855 n] 2R AN [ B TE 450 F AT A AR Y. A A e
EoksH.

1 STMER TG A

L1 EHielRERRE

£THM'E 1 (infrared spectroscopy ) % 22 A H5 T 21 #M 6 1% (NIR» near-infrared spectroscopy ) Fll H1 £ #h 't %
(MIR - mid-infrared spectroscopy ) , UTZLIMGIEZHRBASTE 780~2 526 nm {51 PN 1 FRZE . HHLLANETE R B
KFEHEH 2 500~50 000 nm (WL 1), ITLLAMERAS B A BA POk Tt T FT e ah BB SF 0 A0 T2
R T8 SIS E PR BT sPaAMEEAS IR R B A 2 W s RS B e Bk
TR B T AT 98 LA B it D SR T T T AN & W) S R a5 MBI 5 LA K A
Yo l?]

AN X EZRAN T E M (C—H, N—H, 0~ H 55) 89 45 3k 30 #9 25 P S L H A 4k 3
& RS G BRI JLFEEE T AT T & AR E R BA 0 TR AUUREEEE B

W8 B #A.2010-10-25

EEWAB . F R R S R0 H (2008BADICBO4) s YL G 45 £ 242 Ay Sk AitJl 5 B (2009DD00700) s Y78 45 % 4
REH A& E190 H (2009BHB152000)

YRR 91 XA (1967 — ), Lo, B0, W, BF 5875 190 R JE AL F B % R T




56 3 X, 45 T B AR B A R B2 3 37

EREEWCONFE . LIS AT A AR b 5 ) B BT (4R ) T A 85 BE R B8 ORI B 2 5 ) D B
ARy (AR BT RASERR BT TR K AL BB TR 45 ) Sl T AT RE,
BAAEI FE /R 28 B (the Lambert-Beer law ) JYZLAMNCAS AL A B & 1 At . 4 s 28 73 A0 ¥ A 5 e AL 88 )
EAFENR TSI Y AE < R EA —E (RO & - BT
A= &bC (L)
Forr Ax IFE S TERF B K (B ) ROEEE s &0 Wiz FE S AR 3 B 2R B K THIBOC R b h
JERE: C MZFER RN 7 VR AR . X T REEPI T, & Bl b 28 O E WIAT DGR R EE € R

IVAEVNOE S

200 nm 780 nm 1 100 nm 2 526 nm 25 000 nm

| | ] ' I

[ | 1 |

A ] WL X 45 LA I X I, | o 4T AR 6 HE X 18]
| | |

EOAMERRE LM XIS
H T SFIwRILIE TR
A R R 2L L
Bl %igs#HmXE
S AR R AT A TR B BTN GIE 2 e
G BB R R R R R b T

SR SRR B R IR (8 DA 3R .
FANTWAX J A0 AP 2, ST I 25 R (3L 28 ] | o H
SR P U KRS S 4 W AT . phy T A e A J 3 N
AT U (5 BRI, ke E 2
R AR R T (5L 0 13558 H A 2 57 i
e KRR S o R B HEAT 44T 5 (L EEL 25 72 8
RULTAMETEA B T3 2] 2 K A IR E B, HIE B2 {8 B AT Sh S AN Y B R

EVERE BT R A &R IE R AR, X BAUZR
55 SR T T AU S 0 AEAE - (AR A AE S A P S 32 21— e O BRI 53 A, XSS A s
IR AR EERK,
1.2 ERSMARIR AT
H AT, 2t A AN E R A X E T NIR Al AR A7 f 8 TAE, B AR 25 Fhit 55 20 ki
FITUA NIR A A28 A 1 1R ML FY A B9 B A3 S5 AR TG B &5 A4k, ey i B8
WF5EAY % F R NIR 43 BT {SCRIEE ] F NIR 3872 DA S B e e e P 2o e IR 5 EA T AR P R S A
Il R . NIR Bl AR AE S A b A R B B R K BT ST 4E 5 TERY R EER
LB IR 7T O 4 B FEAEARO 5 B b AP0 i VA e R R A A B A | £
AN Tt BRSPS 2 T2 B NIR A e AR 51 2 75 1 © 8 AOAC, AACC AT ICC ) FRifETr
701, Khanmohammadi 250 SR I T4T /M8 ST IEIEBEAR 25 £ A T 020 0 24 S0 K — AL IOR: T84 0k
J&, Oliveira dos Santos Q—’XF[S]7Téﬂ%ﬁél&ﬂ%fiEﬂ'ﬁlﬁﬁz{f‘éﬁégfﬁﬁﬁﬁ*ﬁ‘éﬁ%{% RE BT T IR,
LM R B SRR RAE I3 TZ N T Aol A, W ZUF) o 20018 I 55
F LS ERG A HTALSIMCA 75725 % A 18] sl 7l — i B i 2 R i adb AT 7 Mo 49 2031 29 AT . Heise



38 L I N 2010 4

AU VR P 21 SNBSS X 27 4 i b PR s T B BN 38647 7 2 BT, Viscarra Rossel 251 F F sar
NG IR ST Bt S I R B 64T T VEHT . Santosh Kumar Verma 251 SR I s 41 418 R 5T 6 3% +
YU RIS I B R BREREAT T TCHR B SE BT, Gregor Kos S5 VFI FI FR 4T A k45 & ATR 4
AR K A ) R L A T B
1.3 A RFERRNXRE R RE

o FREBAENAL AW =R YA LLAMR Y X T2 2 22 & WA T e BT 75 B
RZH I PLLANCEA B E S, U TR S, k. BE 7 S HR B K& LA ik i HE i 43 A
PROALRRE . B HIK (capillary electrophoresis» CE ) A1V AH 4,3 (liquid chromatography » LC) & P i A 21
SYEER TZ N T ENE S AT A A dr B s G il bR CE AT LC RA R TA S 4 B4 & stk
K. ST B AL R R AT,

2 HEAETHENEA

2.1 FTImiENRERRE
%1% (Raman Spectroscopy ) K6 il A & —17]

‘ XA fesg | TEHE
BTSN R RARI T RA B8 ) "X 7@ CODRY I
B 5 THIRENE BN B, BB Ry 2 @;L——«a- -

ST A Fh A TE 3R B R B A e HR BhRE R O 15

B ST AN B AU R R B R 4 % r

TR ST, AR T4 T8 R ) - -
BRI, A0 T4 Ml ST AR ) i 'm o
%, MR C=0.N—H &% 0O—H & HAHR

RILTINEYE, TR PR 0 C=C,C—C. N=N X B 8RR

S—S 4 HHfRMPIR G, —HAELT IR
VRN (5 BR8P AR I R B e . R BRI i I T8 K A R G B AT

P BSR40 R 3 iR, Fr@Ei A TR SRR/ IR R L X
SNSRI, SRR 4 TR SR SRR 55, T 45— T Hs 6 B R RHIERL 806
W, DRI A T AR AR R B S RO i o B L BT X BV AT B SRR 4. BRI 4
T2 S T TR B4 1 3BT X B A0 S HEA T 25 3T DA B 1) 1 8 WA B P e 0 vk I L
(3 AT BT
2.2 ERSMNFRIURSHT

H T e A T A 535 BAL 2 AT AAR L B To Bt el BRI . T ) 45 1R T T EEAL,
SRR BT AR B/ A, OF LR MO G IR L, oy e VR | S VRT3 B AR TSR S0
BRSO I A O 2 W T A T AR E S W R F ] A S S,
Berg 25UV F (8 B I A0 e b 2 ' 3 3R 2 s BB b 9 & T RRIRHEAT T 4007, Healay 25U B 8618
KRR R FL it SRR BEEAT T /0H7 . EI-Abassy 25UV 1) FH 130 8 0 1 22 5 M B/~ 3 101 51 24 % e 14 s iy
OEHHTT R, R SR T A IR 5%, Elbagerma 25V SR L8 e it pH 1 52
FRIELL IS

TESEFRAMT 77 T - BUAR R B AR C AU PR 400 0% 1 8 AS B T S 3 7 o R 1 A 2R L5
H AN IR S RS B 4> 18] 53 F PR S5 H 5 Ak I S B R 6725, 2 e P st B e O e SR %, B2
BRI M BE— 25 R R RS H AR B RHFFRT SRk f !,
2.3 FASRERERRINEREERRE

12 BT 50 TR BV 240K T 0 RE BT WA H 28 2 [ A B R B B 3 2t B0



56 39 X, 55 T BUE AR B SR 22 3 39

HfRP & SE IRV, HI, T2 MR, (kA2 SOHRIOL) S, RBAIE T A Res 7>
TERM SR BE R AR P AR POE R BRI AN RE A A SR, AR A T 0, Hos BORFImam A T 8 L
S N 2B 25 S RFAE, A SOEIEA B TH05 RRORER P BT A A A8 00, B8k A T
AEY B ARYET, RSSO R IR % 5O 3 — T A R0 Ik 5 I df TT ab BE
Jr i R — B R R A O IR

WOLH 2 HEAS M H AR TE M R E A ik —. A, % A2 e (5 53R
G BRI T HAES AU . Bl 2 58 5 8 ' 1 (swface-enhanced raman scattering, SERS ) £ A &
B R B e AR M O T W

3 WS Tme MR

3.1 THEMEERRE

HLAFHLE (machine vision, MV) SRRy MR PR ANEN G A 248 i AR HHAE T RALIASE T S2 8
R EL S NS A e FELE R AR T 0, HLas LR AR R 2 2R R X 585G, B REITR
HLBF Db B U] N RE BRSSO ERAL P BR f5 BR g p 2% Kt
RREE LR U A TR ERODIEIRIF R —, FLESILIE R i iF I i B B4 R BCR 4R | EIR KL
FAL B R P B B T RS N A, R BRI AT AL 2 80 % B L]
53 N Z BBt BB BIALEE RIS IR AR A B R A TUALBE S e AR 15 4 AR A A A1 R B
BB (/N R R TBA ) 2o e i PR AL BE | RG50S AL PR AR I 5 T A T RAAE SR RS SR 2
BRI R, BB LRI R Nt 2 AL B Y [ 8, SR 30 M T R U AN B ) 2 2P AL 1
AR AGFAESAA S a5 B 89 B AR BURRYRF AL QAL | SCRRFL SR AL B RF LA TS
fE4F . RHIEARICE TR A K ) h R RS 4,

Tl ALAF TN RS FDEIR e R BRI R G0 R B TR e A7 B R AL BE BB
BEFIIBT HR SRR ANBURZ Sl PAA TR, ] 4 B . B R CCD AIHLECH B MR ST B R H AR i
GG 5 RIE A TR S840 T A R IR AL B R 5 ARIEAR R 20 A e BEM B 2505 Rk AT
B FHZ TR BR Y RPAL AR TR ) 2R M Ath 2% (- b e 4%

F2E R B BB RE TR G E
BEs [T £5% [ 7| 54k [T Shstsk

EHRIFATE LR

B4 TIitEHNARREEN
FERLASLIE R AR BT s O 1 MRS B F AR BN S B G it A B Bh 55 e dE s G
B RRBOTE AR B, W AL R 55 BARBUNEME S Frs.

3.2 ERIMFRILR AT

HLEF LI HA A 20 1Hh2g 70 AR ATE 18 IR P A5 A P A0 22 23 [ AR A BB R G Eh 7 A kil | Bl P AR
ALBRELA 4 T VAL T SRAUBCAS B T M B2 4 S i i 4R A, JF T2 W T & e, 4 R 2%l
Bhiglr, G BEIRAA , ST M P At A R R AR, Tl ALAs AR FIR R, Tl s s A
55708 K g B ARSI 5%, B RTHLES U ZE Dolk R C 2000 24 35 0k 55 e i FE Aol By .
FARH 6020,



40 R X @ K ¥ ¥ M 2010 4

R K
I |
WERE HERHE

YHHE
e _J L_ Visht
MR BB N
Rt 51 AP WRR Rt

amzE AR

B5 #RANNENERAREARRAE
3.3 MAREEMRHNXEEERRES

W SRR B R R T R W R b L A ] A B R , ZE BB 5 ATl 2076 42
RGBS T UG RS B AT S B0 2 RE 1) R B i 2 )

NSRRI AR 228 T 2R TR SRR FINLES IS H A S2 B 42 B 3] RGeSk 6 1R £
) 350 — ] S 53 R PR R ) S AL B8 D 5 PG i P S v i . B T BB R 1 R
HLESLSE AR DA IE 45 5 J S —Fh R |, SER | U R A

4 BEETTHREMEA

4.1 LHRANEERES

A PR AR — T TR EE | BT WU B bRl Sy ) AT 45 VBB A sl oA 2 — B R
SR 7 AR R B M PR R S A, A A [ P ST R A I A BTN,
P U R A A2 T TE AR IB A e 17 FE 95k T3 BRI A 2 — 8 2 T4 DM 493 v 7 P A 5%
VE R AR 2 . R Y 0 o A S B A R A 7 2 AT (A | BE DR R R PR PR ) S
FEON A Tl A P 2 B (e Bk R R RGOV R GO S 2 MIAETE Y SR ROk
TR e BRI 2R R LT3 5 0 o e B S IR Tl i, TR A Ay
W A B AR 0. 5~10 MHy » 8502 A 412 32 2 F 1400 b e R 2 R S A T AU 0 3% 1
FH T B2 A I RUREL S R A . B P A A T B4 2 Y 13 1T 5 At TE 450 R A I 24 (6
BRITTAE Lol A 7= op 5 4 T A ML AN AT A TE AR I A 2 — L%
4.2 ERSMRSTIIR ST

FAFE BRI A 32 I T ol (AR B B P 8 3 B R P U v R PR AR ) |
AR (I PR B9 25 ) N DA R P L W B A 13 1 T 7 1 2 R v T ( £ R AR N L L0 B /K o
SRR B A ) S

H TR AR B SR A 7 SRR VE B B 55 R 10 SR, T AT 43 ) 6 760 dB 1 4% R e Sk
RS LI B TR A AR R (5 5 A0 B0 5 7 FR G 52 A/ 20 D B A I A, AT 4% b R A L B
BB D2 Z B IAE Dol ARl S B 2Tl U A SR I AR B sk 1R




56 39 X, 55 T B AR B SR 22 1 41

® 1 BEERAMER

i i ik i
I8 PR " o BRI
FHH 505 PR % N
WE G RAE GBI o "
i B o
. AL TR " ke
B SRS T o mERE
b mmsn T B
ST WL i ALY
AR g TR W2 Pl %
g HBE 7 I L
Py et o
L sy 7 PR A

4.3 RANEPERANERETMARTRE

TERAFE WA P eS0T 77 VI RS A AN TIT 2, DRI 0 £ S 0 7 e P 1 L A R B
Sl B P 0 R TR T B L W TA I | B Tk P R 4 BE B B T AE AN T, ik fe L A g
DA /N A 8 P TOB B 07 Sl T B R v P T AT Al AR S R £ L SR TR AR BT A ok
AT A TR,

5 X FHETHEMHEA

5.1 FHCMFEERRE

X BEEGR— T2 T | BVRITC 2k LI A PR S0 B A e R M A (Dl X BT ZedR O b o T B0
PG ZTE 0. 1~0. 001 nm Z[8]), fh TARGTH BT S KB, B B B BE B K, BTL X 42k
B SEBYIRAOAE 77 IR X —HEVEEAT X S

4R X STEEAI T X SRR A 3N SO EAT R HLR I R AL an 8] 6 TR HEgm
X BHEOCHEA L, 255 X SO RA LN R MR A (1) BAEAR RN R L (2) ERAARH
PR R (3) BAEMESIRE: (4) A X HLMTE SR 2 ZE 0T,

Mgt AN A

#* £ L
x

E—’} X142k E

. i =
e i HEHL

(&) b (-1

ﬁW%‘

Pt

[
L]

BGREE

E6 XFERNRRARTER
T4 U X SEOE T A REFOR DL, X SR B0 ) R it T P AR K Al
For Mo R e 7 B0 SR T 5 22 ) A A AR AR A . TR 2 B A 1 B -0 T L [ st A 3




42 L I N 2010 4

freEsEntr.
FEX SIS e ZFoTR R E B a2 (2) Bros .

_L/S, _my, )
! Iim/sim Msample

Ho: € RFTEDEG TRIOCHITRIE S SEARR R x SZAANTTER s int RININHI AR ITER s m TR, 40
REFINTTR B9 BRI, AR FIARR R 7 B T 5

_L/S
Cx——*—LZIi/Si «100% (3)

Hor i WA TETCE ., ST S AR AT i TSR0 0 FEAE S BT, 75 R A B A
BT TARIE
5.2 ERSMASTIIR ST

X LA A R N IR i T vk 2 —, X T BB RSk A i R ), LG OIR B
Sk BN P TR R B UG TR IE X SRR S T BRI A B I T e AR AR B
2 FZSHUR | E B ARl SR 24T,

R HR U0 < SRAR IR A% X SR ST R IR 2 B Xo A ok b 4 5 57 L S B R 5
LS T P AN T SRS, SR I HIR IS FFA8 S T R SO A S b i A s
1, RIGBRIE 50 AN & FMERBER B, 43 BIXTRSEIEFT X GTLR BB ARFN X SR Seid BUGAS I, BE7E X 5t
2R B P S S A IR S BRI (5 5 X SRS B 0 DM PR X e 638 7 ST AT A8 N 5 X e
BIRBIA PR, FEZR S EFFRIBME AR, Foit ot 5L . R S5 iR AR RF A 90 260) b, 3
MR TIRT X SRR 28 5 i LR 7 B T B R T PR AR B SRR Bk WU A CT B
RN PR K Rtk i 5 JE R R A A Sl e R 3T T T, Neethirajan 2501 R7 F X STEREEHA
RAM/NERI TR R, TCHIPM 2R, Haff 250 DURUE 20 6 4, 32 10 7 3RBOE 8 & 77 5 X 4t
LEPEURAY )71 . Karunakaran 25073 X G LR MG AT LM RERI B 54 B B B RO 25 SR0E4T T LB G501
R X GRS SRR AL 575 » T LD /NS SR A [ Fh
5.3 MR ERRIEBEER RS

bt R S TR FE 7 R AR TE A R 4 R X 6 R B 1 TR B AR B, &
55, AT B F) T K SRR R S 2 Rt £ R B S HE S B ks & S 2 e R M UHER 4>
B, R OT A S 40T » G0kt A LA B 28 S rh (ORI BB AT LA e e iR A e, =y
T 17 PR HEA T 4 TR SR ST 1 T4 & &b &R Y 305 25 e e, Touk el 5 SR b S B0FAT
SRR TR I — o WO RE S TIALBE 77 B A TR AL B

AR5 X SRR I A . — A T B R 4TI BEAT 22 T 20T B A IR A R A BB AE AR N
BOZE TR LT LASEF TS0 117 LR 245 5 R - R AR 2 TAL 388 P e R IR T 6 81 pg S0, S7E B2 T
BT v I B 2 SRR 24 Y

6 HEFBFMEFHEILTHEMEAR

6.1 FHRENERERKE

bt 25 M5 SRR ARAG AR I K, FET A=) R G WL PR Y FE T 4 (electronic noses ) A1 HEL -5 (electronic
tongues ) LIS T B KA K&, HT BRI 15 S2hr LR 5 0 A% R B AR AR 1R ik ) AU
Wk LS ARG, T b BT R T E B P g™ i 7 iR,

PV, LT HET RN AMIRER S FEED TR, I ol 2577 LR E TS Hfh o
BN RN Z, B R SORTHAGM FEH R FH AR RS, EBRE RS H ., A
Z P PR TCRAR B B A5 B IR o AR i (B S AR 0 20 R I R o i C A2 i 5 B 3 — 25 B AR Y



56 3 X, 55 T B A AR B R S 3 43

B RHBATYUN2E, AR T RGN RS, DIrRIERE T —H R A PR R Z MAH ST X
VR SRR » DR IBARBLAY 7B OB B AR A2 Sy B 45 2R s T AS [ ) A U o » HAB R . A Tl 1E
MLSE R —FE . BT A BT BB TR U B PSR TR A gy ),

6.2 EIRSNTRIURAH .
sS4k T ik
K T R S 2 S B A ) B ]

YR SRR | R Pl T o T 7 R o
L B R |

TEETAR A o R P 7 R A 2 DA T A <%k
SRR (AR A A TR bR TR ) B M P e —
SO B 75 o S 1 A1 550 10 25 S 5 P
B, B | pH {8 21 DA JR 2 445 A kP W
I Aot 2 B e R 2 M 1 T A s A ¥
R b, £ LI Sy B TR 6 7 VP [ [ wmge | |
AT 7 6 4 U MR B 5 AL, bt g
B 7y R B M P A T T
S N TR 7 B He B BT DL SO B BT RFRMETENERERDE

RS HERR WD) R e i Y

1555 0 PR FE VA T DA 1 oL T A 2 SRSt 0 2 sl P 7 ST S, 336 6 3 7 SR A
iR AR A, Connell 250V R I 11 AN 8% 10 5100 ) A P IR 0 A S AL 15 s M M B Y PR T 1 22
GEAPU AN ST AR AE S5 1 P A T P8 . N[ — > TiT 3 15 81 357 6% ) BT AR A48 £ P » B0k 20— 60 g [l
BRI £ 1 BONVK R PR 3G, 5 S KA A EBURE S A T 40T AT T3 T TP 3B B8 e
o1 PRI SN, BP0 SRR U Pl T D DX 20 S [R5 R 5 2 PAY S ] £ 8 A R P
PRAR B8 R T

Benady 251" % BT —Fh K SR A ) 1 s MR S 1 SR Bl A ORI Y FR TR, (B s o
FUF T AHRERIN e Gk s — /NP2 B KR F T b UK SR SR B SR B AR, 5]
T ALK G 2R IR, SRS T BB R Ge R T, 0SB 2 IR DTt ok oA 4
IR XL L, 43 3 R A ) IR 837,

TERL TR I R b VRS A5 Rt L R REAS AR 2 5 X JLRPORL , Eedmmmndk | B 10kl 25, Larisa Lvo-
va U5l PR AR R AT IE . AT S T PR X A0 IR RE 1. AT S
LT ZE 4 Tl E P2 0 4 25 FIERY IF S5 2600 . SR A PCA 400777 12 04 B 716 B R AT AR I Hb X 420 55 4
SR, I LA R AR b X 43 S ] b 245

KPS 0 STV BT TR SR 3 AR 2, X T LU TR =2 rh o i
Satoru Tiyama 25U ) FH e 312 TR S RITRT 40 00 125 SRR 280t B A KV 1Y W A7 T 53 A W 3 £ 8 e 1)
8 AN AR AL U R AT i A TR SR B AR 4 S B S TR LR 1S B L A B3
TR A A, WSRO EF T B S e R B 2 ] B R AR
SV, HY e R Rl TR 1 T By
6.3 R ERRMNLREOTRRELE

T T BT TR RA AR IR S (45 S RS BB A 8 A ITRE . T AT L3RS 4
S EAME R, VLA B F AT E RS M I R s, 4 RGN T R5H
T LA S SEBUAS [ B B S BRI AR R R SRS B

S AE A5 BT 5 55 Fb -5 R 5 4 R P o o 125 B 8 1 0 36 A 125 B 1 I 8 b TR %4
AR D (R RS Y R e A T IV R (R VE AR A0 AT 00 BT 125 2 b 8 v (7 P [ 2 6 /S T



44 L I N 2010 4

R, B RS AR ¥ T B RECUN T v (T B 0 ST AN AR 2R R 2% ) Ml 2 5T AR IE T7
¥ (2 A N TP 2 W 28 A0l e /N SR ) X 2677 AR AT LSS IR B R 5 B G2 6 04T

7 HRIE

TeBUE AR AR AT ATE A B IR P RT SL A RIS T 58 0™ i BORINAE 55 B8 b CL RN B H A A6 1Y
FANTII AR FEARE A A A BE 58 U R IS, A3 I 75 22K IR PEA I 77 3 X Te 1k
DAY 25 A TR UE AR L AR AR A= v T KR SRS 00 0 R RS I 255K 28 6 35 1Y) TE 150 R AGE M 45
A A BEARCRERN B Y ST AR ISR H B S 80 D8 sOM 5y BRAE , o A i 7 22 e 4 B s A
EORM G & AR ESRCR M 2 e AT S8 U AL 55 LASAE 25 H U0 SR E 2w A il B
.

W& T IREOR (5 S BB NG ST B ITIER AT AR 25 P 7 i 7 A2 4 22 4 6 15 B4R B
AAG AFR P A NI FoA50E FAS B A 7 SRt T R B S Fr

SE K.

[1] STORME PARIS 1. REBIERE H. MATOGA M.CIVADE C.: et al-Challenging near infrared spectroscopy discriminating ability for coun-
terfeit pharmaceuticals detection[J]- Analytica Chimica Acta, 2010, 658(2),163-174.

[2] CHENG HONGFEL. YANG JING LIU QINFU et al- A spectroscopic comparison of selected Chinese kaolinite coal bearing kaolinite
and halloysite — A mid-infrared and near-infrared study [J]- Spectrochimica Acta Part A Molecular and Biomolecular Spectroscopy -
2010, 77(4) ,856-861.

[3] Pl o B SO - ITLLAME T SR AR AR 7 b /60 8 o IR A 2 T 45U o 1 B4 7 PP 9 0 JRE (0] - e 2 S50 3
SrHr,2009,29(1) ,122-126.

[4] KHANMOHAMMADI M, GARMARUDI A B, GHASEMI K. et al - Attificial neural network for quantitative determination of total protein
in yogurt by infrared spectrometry[J]- Microchemical Journal,2009,91(1),47-52.

[5] OLIVEIRA DOS SANTOS E. MONTEIRO SANTANA SILVA A.DUARTE FRAGOSO W et al- Determination of degree of polymerization
of insulating paper using near infrared spectroscopy and multivariate calibration[]J] - Vibrational Spectroscopy - 2010, 52(2) , 154-157.
[6] WU ZHONGCHEN, TAO LIN,ZHANG PENGYAN. et al - Diffuse reflectance mid-infrared Fourier transform spectroscopy (DRIFTS) for
rapid identification of dried sea cucumber products from different geographical areas[J]- Vibrational Spectroscopy, 2010, 53(2) 222~

226.

[7] HEISE H M. KUCKUK R.BERECK A et al- Mid-infrared diffuse reflectance spectroscopy of textiles containing finishing auxiliaries
[J]: Vibrational Spectroscopy > 2004, 35(2) ,213-218.

[8] VISCARRA ROSSEL R A, WALVOORT D J J. MCBRATNEY A B et al- Visible near infrared, mid infrared or combined diffuse re-
flectance spectroscopy for simultaneous assessment of various soil properties[J]- Geoderma., 2006, 131(1),59-75.

[9] SANTOSH KUMAR VERMA , MANAS KANTI DEB - Nondestructive and rapid determination of nitrate in soil , dry deposits and aerosol
samples using KBrmatrix with diffuse reflectance Fourier transform infrared spectroscopy (DRIFTS)[J]- Analytica Chimica Acta, 2007,
582(2) ,382-389.

[10] GREGOR KOS HANS LOHNINGER: RUDOLF KRSKA - Fourier transform mid-infrared spectroscopy with attenuated total reflection
(FT‘IR/ATR) as a tool for the detection of Fusarium fungi on maize[J] - Vibrational Spectroscopy2002,29(1),115-119.

[11] RICHARD VONACH, BERNHARD LENDL, ROBERT KELLNER - Hyphenation of Ion exchange high-performance liquid chromatogra-
phy with fourier transform infrared detection for the determination of sugars in nonalcoholic beverages[J]- Analytical Chemistry, 1997,
69(20) ,4286-4290.

[12] KULIGOWSKI J, QUINTAS G, DE LA GUARDIA M,LENDL B Analytical potential of mid infrared detection in capillary electrophore-
sis and liquid chromatography :a review - [J], Analytica Chimica Acta, 2010, 679(1),31-42.

[13] BERG R W, AMALIA DOPAZO OTERO- Analysis of adipate ester contents in poly (vinyl chloride) plastics by means of FT-Raman
spectroscopy [ J ] - Vibrational Spectroscopy, 2006, 42(2) ,222-225.

[14] HEALEY, A-M, HENDRA P J, WEST Y D A Fourier-transform Raman: study,of the strain-induced_crystallization and. cold crystalliza-



56 3 X, 45 T B A AR B A SR B2 3 45

tion of natural rubber[J]- Polymer. 1996, 37(18) ,4 009-4 024.

[15] EI-ABASSY R M. ERAVUCHIRA P J. DONFACK P et al -Fast determination of milk fat content using Raman spectroscopy [EB/OL]-
Vibrational Spectroscopy 2010, [2010-10-25] . hitp. //doi ; 10. 1016/} . vibspec- 2010.07. 001.

[16] ELBAGERMA M A.CHOLAMHASSAN AZIMI. EDWARDS H G M. et al-In situ monitoring of pH titration by Raman spectroscopy
[J]-Spectrochimica Acta Part A :Molecular and Biomolecular Spectroscopy » 2010, 75(5) ;1 403-1 410.

[17] 5KHE, FHADEE 1555 - B2 TSN A4 [I]- 59 0 Ak, 2009, 29(7) .1 236-1 241.

(18] LR, Bri&d MR- fL 2001 LA TC SR B A B 2k R [T 3Bk, 2005, 33(2) , 272-276.

(197 fhalie il BB XU B ATk, /8- T4 38— I R T 3G 5y 2 R ot 1 ] 8 RIRAE [J ] D6 Bl 241, 2009, 4(21) , 295-299.

[207 XK. i B AL B MR R T B B AR N R G [T ] T RAL AR 55 A - 2010, 46(24) . 26-29.

[21] ZE[EWE, R LA B0 - FE T A HL U BS ILER AL 5 A AR AE 6 5 2P 0 330k [0 ] - AROATUB S 41, 2010, 24(5) , 164-167.

[22] ALDRICH C.MARAIS C.SHEAN B J.CILLIERS J J- Online monitoring and control of forth flotation systems with machine vision: A
review [J]- International Journal of Mineral Processing, 2010,96(1) . 1-13.

[23] XGAf, Raum- HLEF I RG R JR I AT WU TR 5 B 31k, 2010(1) . 215-216.

[24] ANDRZE] ,SLUZEK- Novel machine vision methods for outdoor and built environments[J]- Automation in Construction, 2010, 19(3),
291-301.

[25] KURADA S,BRADLEY C- A review of machine vision sensors for tool condition monitoring[J]- Computers in Industry, 1997, 34(1)
55-72.

[26] IRENE ARIAS.JAN D ACHENBACH- A model for the ultrasonic detection of surfacebreaking cracks by the scanning laser source
technique[] ]- Wave Motion, 2004, 39(1),61-75.

[27] ELVIRA L,SAMPEDRO L, MATESANZ J et al- Non-invasive and non-destructive ultrasonic technique for the detection of microbial
contamination in packed UHT milk[J]-Food Research International , 2005, 38(6) ,631-638.

[28] ABDESSALEM BENAMMAR . REDOUANE DRAI. ABDERREZAK GUESSOUM - Detection of delamination defects in CFRP materials
using ultrasonic signal processing[J]- Ultrasonics, 2008, 48(8) , 731-738.

[29]1 ORAZIO T D,LEO M, DISTANTE A, et al- Automatic ultrasonic inspection for internal defect detection in composite materials[J]-
NDT & E International , 2008,41(2) ,145-154.

[30] ZHANG JIE, DRINKWATER B W, WILCOX P D, et al- Defect detection using ultrasonic arrays :the multi-mode total focusing method
[J]-NDT & E International , 2010, 43(2) ,123-133.

[31] X FEfE. Toi R Ak B A e B A (M- 3R« K i B 2 i i 2007, 171

[32] RUIZ REYES N, VERA CANDEAS P.CURPIAN ALONSO J . et al- New matching pursuit-hased algorithm for SNR improvement in ul-
trasonic NDT[J]- NDT & E International , 2005, 38(6) ,453-458.

[33] ALES VON B.Total reflection X ray fluorescence and grazing incidence Xray spectrometry-tools for micro-and surface analysis- a re-
view [J ]-Spectrochimica Acta;Part B, 2009, 64(9),821-832.

[34] DE BOER D K G- Glancing-incidence X-ray fluorescence of layered materials[J]-Phys Rev B, 1991,44(2),498-511.

S ) n , ¢ »et al- Application of high resolution X-ray emission spectroscopy
[35] FERMANDO R ESPINOZA QUI nONES: APARECIDO N MSDENES:; et al - Appl f high resol X
on the study of Cr ion adsorption by activated carbon[J]- Applied Radiation and Isotopes, 2010, 68(12) ,2208-2213.
[36] WG4 B i X G2 Semf R R AR B[] TeHsin 2005, 27(1) ,41-42
[37] FhENER, ST - X G Lo A i & R ERIIBOAR B [J ] - P E ISR, 2006, 32(3) ,20-23.
, , - Detection of sprouted wheat kernels using soft X-ray image analysis - Journal of
[38] NEETHIRAJAN S.JAYAS D S.WHITE N D G-D f d wheat kernel: g soft X age analysis [J]- Journal of
Food Engineering, 2007, 8(13),509-513
[39] HAFF R P. Obtaining flat X-ray images from round objects[J]- ASAE ASABE, 2007.
g agf
[40] CHITHRA KARUNAKARAN., JITENDRA PALIWAL. DIGVIR S JAYAS. et al - Comparison of soft X-rays and NIR spectroscopy to de-
tect insect infestations in grain[C ]1//ASAE Annual International Meeting Sponsored by ASAE Tampa Convention Center Tampa, USA
Florida ; 2005.

[41] JUN KAWAI-Total reflection X-ray photoelectron spectroscopy :a review[J |- Journal of Electron Spectroscopy and Related Phenome-
na; 2010, 178 (1) ,268-272,



46 R X @ K ¥ ¥ M 2010 4

[42] AMPUERO S,BOSSET J O-The electronic nose applied to dairy products :a review[J]-Sensors and Actuators B, 2003,94(1),1-12.

[43] CHRISTINA KRANTZ RULCKER; MARIA STENBERG, FREDRIK WINQUISTT ; et al - Electronic tongues for environmental monitoring
based on sensor arrays and pattern recognition :a review[J]- Analytica Chimica Acta,2001, 426(2),217-226.

[44] LAURA ESCUDER GILABERT; MIGUEL PERIS - Review : highlights in recent applications of electronic tongues in food analysis[J]-
Analytica Chimica Acta,2010,665(1),15-25.

[45] MANUELA O 'CONNELL: GABRIEAL VALDORA, GUSTAVO PELTZER - A practical approach for fish freshness determinations using
a portable electronic nose[J]-Sensors and Actuators B, 2001,80(2),149-154

[46] BENADY M.SIMON J E.CHARLES D J. et al-Fruit ripeness detemmination by electronic sensing of aromatic volatiles[J ] - Transactions
of the ASAE, 1995,38 (1),251-257

[47] LARISA LVOVA, ANDREY LEGIN. YURI VLASOV . et al- Multicomponent analysis of Korean green tea by means of disposable all-
solid-state potentiometric electronic tongue microsystem [J]-Sensors and Actuators B, 2003, 95(3) ,391-399

[48] SATORU ITYAMA - Application of taste sensor to the study on taste qualities other than basic tastes[J]- Japanese Sensor Newsletter,
1996, 10(3) , 28-33.

Principle and Application of Opto-electronics
Non-destructive Testing Technology

Liu Yande, Hao Yong,Cai Lijun

(Institute of Opto-mechatronics Technology and Application East China Jiaotong University  Nanchang 330013, China)

Abstract ; Opto-electronics non-destructive testing technology is widely used and plays an important role in the fields of
industry  agriculture and other fields - This paper introduces the opto-electronics non-destructive testing principles of in-
frared spectroscopy . Raman spectroscopy » machine vision, ultrasonic testing technology » X-ray technology electronic
noses and tongues - The research status at home and abroad: chemomtrics algorithm and the existing problems of these
six testing technologies are discussed-Then:the developing trend of opto-electronics non-destructive testing technology
is proposed -

Key words :opto-electronics ; non-destructive testing; agriculture and industry ; application
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