5510 % 454 1) el TR Vol. 10 No. 4
20194E2 H Journal of Food Safety and Quality Feb., 2019

B KR, L, % F, &, RAL
(HZ W EMY RS RREVIERE, et 100037)

B O DRI S L AR 52 E R T, 1R ST AR R A S AR A, R R TE R
B BOH S5 AR DL BEA T PRI | R RS IR Y AR B AT MBS 2 — o MGG RIS R AR A
PRI, OB FEIE N L O B AR O SRR, BLC O TERUS IR BT B, TEAR L G | PR
I ARSI A Al TR T AR 2 SUSEUR T OB R, AR AR AR T ﬁmﬁﬁ& LA R A4 0 T i
o AR SO B OB 2Z IO T BOAR BRI BRI 2 2 B UL B R HOR AT T 2508, R E 1 i%4L
ARLEGERR AL BRI 50028 . RERRBTIREE | AR ECRRT T e LR AR 3 ARG 5 T £ 17 mﬁ%,ﬁﬁﬁﬁﬁ%%
FORTEAREL b RS I v 1 5 R R A BT RS AT 1 R B

RERF: A 2ZEHE; AERRAL T DA

Application of terahertz spectroscopy technology in the quality detection
stored grain
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ABSTRACT: In recent years, the quality and safety of food grain have attracted national attention. It is one of the
important tasks for grain industry to understand the changing trend of grain quality during storage, especially to
detect its deterioration quickly and accurately in the early stage. Terahertz (THz) spectroscopy detection and imaging
technology has become a research hotspot because of its the characteristics of fast, nondestructive, low attenuation
and no ionizing radiation damage. It has made progress in many fields, such as human safety inspection,
environmental monitoring, disease diagnosis, agricultural product quality detection and so on, and has a good
application prospect in quality detection of stored grain. This paper reviewed the principle, parameters extraction and
imaging technology of THz spectroscopy, and emphatically expounded the applications of identification and
classification, freshness, fungal contamination and insects of stored grain. Finally, this paper prospected the
development and application prospects of THz spectroscopy in the rapid detection of grain quality.
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Fig.l1 Schematic of Terahertz time-domain system of transmission

ny (@) = P(@)——+1 (1)
wd
4ny, () c
k =Inf— 027 1 = 2
O (@) 17 wd @

_ 2k () g In 4ny, (@)
d " p(o)ny(o)+11

K, o REBIAR, AT p(o) 53 BRSNS 5
B A5 HA A £ IR, d QBRSO JEERE, ¢ Rttt
AR b3 3 Bl LA S0 B A A v 3 B LA
SR T AT, LRGN 52 WSk,
2.3 KiFZAIERGHEAR

A ULE . UTLLAN . R | XS AT UG AR M
181, THz WREIRIRE AT LA AR (15 5 A T R IR 3
HAHT . EERE THz (55 RSB MORE, B AT
THz-TDS R A 53 Bk o e B 15 R 4 88 e A2 530, %
SEFIAIRER, THz-TDS Jei EHREA 5 & 1 M R M
58, WREARIESARE, SOMEHE, BAMEE AL THz
S BB 1 5 R 5 05 T A1 A0 50 I A T Sk
RO RS BARGS A AT, AT E— 2R B bR
A TE SHERITE, THz BUGHARAETCH I 4T B ARk
KR ABI

Hu %478 T THZ-TDS ML RE0E &, s A i
WFHEAT T AR S B, 9 AR 2% AR B A B 58 FFRE T 56
1], AR, B MR HEAR, THREMUASE AR, Ko
75 8 R AR AN BT 2 12, A 2 AR AR 1 B 5 S I B

(@) 3

FRRME, FAELPTR A . oA e, Bdh ekt
A TR BB ARG S 2 AT B TN AEAOl B RS
e RUASAL RO R FHAL T2 0 B B, e R AR AR A b ST AG
7 LA AR s B A (A A i s [l

3 RFFZEETERORE R BN eI & F

/e

31 ERRSRESSHASEONT

R K R TF e R e, 45 A
HREL s Jo PR SEEAG I T B AT BRI T S =S ] . 2 3
HESEHSEE THz JGik BRI R U IT 1 My
AIESE, A A KRR AN ] X6 THz i i i s
P X8 B 5~ AT 2 00 5 ks (I T 0 A DI X
R, HESE TNE SRR PR, G 2R LT
DS TR | AR B 2 D OK KoK A R (9 4051 53
SRMARY; FRST T RO HR AR 24 0 H BB B 4 ARG DA R ()
PEREANZ 1 Frs). Wbl A, FIH THz e HoR xR
AR RS | BRI IR T S B L R 2G5k B A D AR R AT
S R AT
32 R KNS EAORE

WERA A AT TG, A 5 BA A AR AR, e
LRI 5 A ARSI 2 e, AEK
SRR, B RO R AOSE R, AR A,
e 2 DS L R B R B, S SO



826 B dn 2 4 R R I A 4R

%10 &

e, bR, HERMEAMEAOE. Kk, SR
A 2 70 28 e G RS T A A 0 o T

T, RETERE LR P UK S . IR . ERY . R
JEAH . 2R RAF R A b BT R A A Ae Ak, T il
Xt B AS D0A FOURI AR BT PR IR B, AT Ay it — 25 Do
FRAEMAE o AHOCHFTE N BLUEE X THz i %l 7K 43 4 S i
WA P ST /NS BRE b 8 K R B PN AR AR, Xk /N2
ARy . USRS IR . KRB B, 22 R
IRERT RSN, TR T EON BRI AR, AT
FENRR TR P2 . A2 s AR T T
FE T, BT B A R SRR IR E I, T4
WL 1 PR hIERTRL, R 2E G HARA IR T
XA BT fif R A 1) 2 MR R SR R b AT E b . >
Hi THz HORX/NERE S ARSI R HGE S 2, T T A
AL EK L R RRAR S Ah SR bAS: I 5 T A A
b A

3.3 fEREEISRENS AR

BTG R, B T A SR BRI, k2
Z R BWE H A F RS R TR RS A
F AR MTEE ELIREE T S AR AR B P S IR,
HARJST, B SRR IR @ IR | AR SRR,
Bib o HA R EMBUE M B R, TUEEW 1
MBI BTG AR 0L, B2 B R iR . D,
X it B A 3 LT R A R S ARG 0 B I AR ) A 55 T 22
Bho AR R s DL B 18 3 B0 R DUk g | se il s
whas . RERMEE . BlhEE . FESEONE, HhaiiaR
BRI PR R ORI R AL 14 T2 G T O, AR o0 B T
PR ROR H B SUR IR m i R R, R AT OR
Hle HAT, A THz SRR R A T B A B 708 14
R, (HEA RSB X EAT TIRE . xd o ih 2575
2By A M R IEIRCTE THz U5 B AR HAC G 37 5 A % B Ao
AT T s 20X A FOR R R B A 35 i 2558 K B ik

F1 KHFEAERREREDRAANPHOEAAR

Table 1 Application research on quality in grain using terahertz spectroscopy

IvazkieE WFFEREA W5 ik W N2 EZ PN
FKFIF 25 0] B RE AR 43 BT FRAN TS H R 200634
(SRR B g4 i B N el RSy AP 201459
/N frfe/N 3, X [l E ) 7k b ) 20153

F S 5 2
Kok LS-SVM, RF, PCA-BPNN T 3 PR ROK S 5 201657
IKFE SR, LS-SVM, RF T BLIRUK AR R 4 5] 2017058
FAKM A SVR, PLS, iPLS, biPLS TR A AR 24 ik He bk g B G 20158%
INZE L INFE M it ot ATRIK 35w 20051
N it ot ASTRIAFA5 71N 22 A 2015
BT IR A “HF PLS, N-PLS AR . A AR AR 201741
INZZFERL PLS, LS-SVM, BPNN yoa e =Rl 20164
0y = PCA, SVM 2 2RI 2018
Fok £ D-S IR IS HHEREER B 201444
FRER S M AR E B A M, 20144

BT TS YeAG
ESP/N PLS, PCR SVM MR B g = 201614
INFZ PCA, SVM, PLSR, BPNN S TR B AR B 20157
IINZE L AN SN iy HR HL AR G 2014148
JiEEaS PLS-DA FEATAR S R ok 4 20154

R )

/N ESNaRs Iy BAR . B AR ZENE K 20145
I Fy PLSR INFE R FR TN R R A 201551

: PLS: partial least squares, fii#x/]> _-F€¥%; iPLS: interval partial least squares, [A]PF /N —F€i; biPLS: backward interval partial least
squares, Jx [t [] b f d /N € :; PLS-DA: partial least squares discrimination analysis, /> —F€H) 553 #r; LS-SVM: least squares
support vector machines, fiz/N "I M Hl; RF: random forests, JiZkHLJfi*K; PCA-BPNN: principal component analysis-BP neural
network, 50T BP #1242/ 4%, PLSR: partial least squares regression, fifi/N —FlmlH .,



55 4 1 %

AR, A KBRS CTEBOARAE AR il ORI H 9 Rz 827

T3 7R RO, FE R b, ARG ST TN R A
FEREMERER B, S EIE RIS, BUG—E DR,
T3 53 22 70 RAE 23 5 R AN Rl R S R 1) /N K
RLEATHI B 1) T A, FIH THz SEiEHoR S5 54k
SE RS 5 R XAt AR 52 B T e U R RO IR B Y
FLLETTIE, (AR S B h A M O RE = A9 IR,
i =2 X LAl LT R L 1R ) 2 ), R e AR B Y
R 7 T I
3.4 fEREDRENSEBRAR

SRR A B AR A 1 — A N RO R TE AR A S
PRI LA AN TR RN A bR 35 L, PR T A f= 2
NI AEARL AR AE | AR B ARSI AR R OK
G, EE KRG RIRAE, XUE AUR G RS AE R, iE
A —LE RS G AR RS B A R B R ORI B L K
FARATEE . HRA 3 A B TR R A 2 B s
AR A IR IR L AR A i SR A
BAUK R B K2 B S L
MR, AL B Q™ Wik & A R MBUEYI R, f77E
A" AR RR KU ). THz SGasHe AR T fH bt 5 A B
BRI AT 20T, TG A 3 SR ARG 5 T By AT
XD, B2 E AT T2, Widad e THz Jeik
FIR I MAC 32 SR ARG /N A2 R AR L ) (R R, S T A
A FE b TR ORI FURIRERY, DL /NNy o K e
Fra BTN, IR AR SE AL, S A RS N Bl L
JCHEZE MR IE R . B MU R ZENE T TR L
# 1)o HATAL, FIH THz SRR HURR OG5 B A7 A
e R ARG . RALITTE, 45 kK THz BB S
JCHERHIESS G 0 HT, %R R S RRORLYE A T2 T A ARG

4 ¥ i
55 HA G I A (6 2) B2 THZ-TDS #

ARUUHCHGE . Jofit, S 58 . 2k o JCH B AR A
SERRPETERIN U 2275 3] T F NS E Iz k0 TR

PN s SN A AR S 7] I TR /e e
PESE I 2 GURIBAS T B Betk BE e, Al s Bef R 58
e BRI BTSSR, R AEMR ATk THZ £
AR AL T IRZR BB, BAT T R i 1o FH 7 g s
6], {5 THz HoARMAFAE—E B R R R 2% 2% 9 il Y
05 BE 8 A /K 0 BAT i 0 BB, S AR R e AR
FOFERBEAF, PRERIE IS . THR, NI 2Z R A &
XK A 5 RAEASHEA TR, B T RE23 B RE L N )
JRAE KA 22 05 B A e W B S 6, T i — A A
SR A TR AR B, AR R 22 T A DN 15 4 2 MO
A, RMBERSGE, . e A R
WAL TR A B, AR 7% ARAE 7 2 AT Y 1
SHET.

5 REERE

FIAT, THz HARLEGEAR o ORI LU 0500 32,
Z SRR E I T ISR A Fr it — 22 R JT, THz 0K
AU JUAS 5 A T 2 s e LA AR | BRI
T ARURE AR 0 O 10 ) 5 i 0 A A PR A T4, T
MRS AR BT I ARl 7 | SRR 18] S5 26 4F, A2 o0
S 56 K T iR A T 4 A R 0 R AT S TR B AL B A3 AT
HAE R THz JERE B S Al Bl £ X4 THz SEib (s B i
B8 HAFAE T B AN TCAY B (R, 388 A8 5408 157 Ak 15 47
PERESETHAY I, S LA 1 H LB i Ik, PR
H — SE R K AL B o0 T i, REAS dR K BR 42 4
HH 5 AR A SR AR B R A S R £ L, ST H B
3t 53 B i O T R E e E PR R, THz il
RGN AR, 2 B0 S % TR TR R R ) AY
#n A, PR T THz JEib i RS AR kA ik i,
BEH BOCH AR | B R A LR S 7 S A R
R, THZ SEREERIN S R R R Gk 23 1 /K . 4R AL
A (53R T 1] R Jig, 2 DA AR i o TR A7 R A 0
CRENEER S

®2 FERERMEARMLE SRR

Table 2 Comparison of the advantages and limitations among different spectroscopy techniques

Jrik LB

A

KRR A

ik, fRAER, WSS E ML, AER R

A A, X K 2 S AR A LA U,
BEREEAGE, REEEZE, B, i, SRR

LTAGR W, A, B R N AR A \
ShE
\ S SO
LMRIGIR R, SR AR, RS SRR, AR
i i s 1 ! R
REOLHHA AL B, B A AT, S IR, BRI 3505

X BRSO

B grEE, ATARBURE b 2D il 3D B2 1E 5

R AR, EIRRAE Sl R Ak,




828

B ah % A BR K I

1 F10 %

SE

(1

[10]

(1]

[13]

Orina I, Manley M, Williams PJ. Non-destructive techniques for the
detection of fungal infection in cereal grains [J]. Food Res Int, 2017,
100(1): 74-86.

Zhang X, Lu S, Liao Y, et al. Simultaneous determination of amino acid
mixtures in cereal by using terahertz time domain spectroscopy and
chemometrics [J]. Chemometr Intell Lab, 2017, 164: 8—15.

RS, #3085 TR 1A 85 I 1 UG v AN A8 TR KRGy T 9
[D]. db3T: s EgRE KA, 2018.

Chu X. Hyperspectral imaging identifications for cereal fungi and
detection methods for moldy maize kernels [D]. Beijing: China
Agricultural University, 2018.

MRS %, K24 O B FO A B ARBT A [D]. BT : Wik,
2012.

Chen XA. Research on measurement technology based on terahertz

time-domain spectroscopy and imaging [D]. Hangzhou: Zhejiang
University, 2012.
B, #E, B, % RESOUREORIVRS D] Bam

FHL, 2015, 23(S1): 11-14.
Cao Y, Wei L, Zhao HY, et al. Status and prospect of technology of green
grain storage in China [J]. Sci Thechnol Cereal Oil Food, 2015, 23(S1):
11-14.
B, R, iR, NIRRT THz PRETEBEL I 7T
1. Bl AR, 2015, 27(2): 191-194.
GE HY, Jiang YY, Ma HH, ef al. Study on rapid nondestructive evaluation
of the freshness wheat using Terahertz time domain spectroscopy [J]. Chin
J Light Scatt, 2015, 27(2): 191-194.
RTFE B, B, SRR S RGO FEOR TS
JE[]. B Ak, 2014, 22(1): 1-6.
Wu ZD, Zhao HY, Cao Y, et al. Research progress on the application of
simulation technology in grain storage ecosystem [J]. Sci Technol Cere
Oils Foods, 2014, 22(1): 1-6.
Wi, SRE TREE, SF AERRE RIEEEOR B BRI, £lk
TAR2EHE, 2007, 23(11): 286-290.
Hu LH, Guo M, Zhang JH, et al. New detection technology and
application status of stored-grain insects [J]. Trans Chin Soc Agric Eng,
2007, 23(11): 286-290.
Wang KQ, Sun DW, Pu HB. Emerging non-destructive terahertz
spectroscopic imaging technique: Principle and applications in the
agri-food industry [J]. Trends Food Sci Tech, 2017, 67: 93-105.
Lu SH, Li BQ, Zhai HL, et al. An effective approach to quantitative
analysis of ternary amino acids in foxtail millet substrate based on
terahertz spectroscopy [J]. Food Chem, 2018, 246: 220-227.
EFR, K, B R BCERIBOR VIR, AR
&, 2012, 32(6): 77-79.
Wang XQ, Zhang M, Yan P. Advanced in food microbiological
determination technology [J]. J Microbiol, 2012, 32(6): 77-79.
FA2E, MR, BREfE. AR AR A AR R R B RS T
EI’JHJH?.[J] RN TAREBE2A4, 2003, 24(4): 5-8.
Wang RL, Bai DQ, Yao WH. Storage qualities of staple grains change in
different temperature [J]. J Zhengzhou Grain Coll, 2003, 24(4): 5-8.
05, BliEerE, . frEOR R I h RN A E A

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

T RAEAR, 2016, 7(11): 4408—4414.

Li F, Lu AX, Wang JH. Application of Raman spectroscopy in grain
detection [J]. J Food Saf Qual, 2016, 7(11): 4408—4414.
BITAR, TROCIE, WSO, A, KB2E I JE A
L HUMEEAR, 2013, 44(7): 246-255.

Xie LJ, Xu WD, Ying YB, et al. Advancement and trend of Terahertz

BARBIEF ik e (7]

spectroscopy technique for non-destructive detection [J]. Trans Chin Soc
Agric Mach, 2013, 44(7): 246-255.

TRMSC, RER. KM HE AR MR, 2015, 36(2): 12-16.
Zhang DW, Yuan JM. Introduction to terahertz technology [J]. Natl Def
Sci Technol, 2015, 36(2): 12—-16.

Xu JZ, Zhang CL, Zhang XC. Recent progress in terahertz science and
technology [J]. Prog Nat Sci-Mater, 2002, 12(10): 729-736.

Shin HJ, Choi SW, Ok G. Qualitative identification of food materials by
complex refractive index mapping in the terahertz range [J]. Food Chem,
2018, 245: 282-288.

Liu W, Liu CH, Yu JJ, ef al. Discrimination of geographical origin of extra
virgin olive oils terahertz combined with
chemometrics [J]. Food Chem, 2018, 251: 86-92.

A, Jebe, XU, S5, KRG H AR B HAR Al U L
U], Al TR, 2018, 34(2): 1-9.

Li B, Long Y, Liu H, ef al. Research progress on Terahertz technology and

using spectroscopy

ek

its application in agriculture [J]. Trans Chin Soc Agric Eng, 2018, 34(2):
1-9.

WER, BEY, FCE, & T THZBR M4 i TS i r
FE[]. JEie 5 9EE4HT, 2014, 34(8): 2047-2052.

Jiang YY, Ge HY, Lian FY, et al. Application of THz technology to
nondestructive detection of agriculture product quality [J]. Spectrosc Spect
Anal, 2014, 34(8): 2047-2052.

Jansen C, Wietzke S, Peters O, et al. Terahertz imaging: Applications and
perspectives [J]. Appl Optics, 2010, 49(19): 48-56.

Gowen AA, O’Sullivan C, O’Donnell CP. Terahertz time domain
spectroscopy and imaging: Emerging techniques for food process monitoring
and quality control [J]. Trends Food Sci Tech, 2012, 25(1): 40—46.

Thrane L, Jacobsen RH, Jepsen PU, et al. THz reflection spectroscopy of
liquid water [J]. Chem Phys Lett, 1995, 240(4): 330-333.

Wallace VP, Cole BC, Woodward RM, et al. Biomedical applications of
terahertz technology [J]. Proc Spie, 2002, 1(17): 73-81.

Auston DH, Cheung KP, Valdmanis JA, et al. Cherenkov radiation from
femtosecond optical pulses in electro-optic media [J]. Phys Rev Lett, 1984,
53: 1555-1558.

Fattinger C, Grischkowsky D. Point source terahertz optics [J]. Appl Phys
Lett, 1988, 53(16): 1480—1482.

Baxter JB, Guglietta GW. Terahertz spectroscopy [J]. Anal Chem, 2011,
83(12): 4342-4368.

WK, WSO, R 2 G SR B AR A £ it 22 A AG o B R 3],
ekt 56T, 2009, 29(6): 1445-1449.

Shen F, Ying YB. Application of Terahertz spectroscopy and imaging
technology in food safety inspection [J]. Spectrosc Spect Anal, 2009, 29(6):
1445-1449.

Dorney TD, Baraniuk RG, Mittleman DM. Material parameter estimation
with terahertz time-domain spectroscopy [J]. J Opt Soc Am A, 2001, 18(7):
1562-1571.



55 4 1 %

R, A KBFREICTELORAE R A

JECRSEI Hh g Nz 829

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Liu W, Liu C, Hu X, et al. Application of terahertz spectroscopy imaging

for discrimination of transgenic rice seeds with chemometrics [J]. Food

Chem, 2016, 210: 415-421.

Haddad J, Bousquet B, Canioni L, ef al. Review in terahertz spectral

analysis [J]. TrAC -Trend Anal Chem, 2013, 44: 98—-105.
XU, SR, BT AROBR2Z I SO H AR B BF T K 53

i LA RGN AE 4], 2014, 5(3): 725-729.

Liu H, Han DH. Quantitative detection of moisture content of biscuits by

WP B

terahertz time-domain spectroscopy [J]. J Food Saf Qual, 2014, 5(3):
725-729.

Hu BB, Nuss MC. Imaging with terahertz waves [J]. Opt Lett, 1995,
20(16): 1716-1718.

BELL, T, G, S KME UGBS FOKAD T 5 5E AR
I JeFEAR, 2006, 32(3): 361-363.

Lu MH, Shen JL, Guo JL, et al. Identification of maize seeds using
terahertz transmitted spectral imaging [J]. Opt technol, 2006, 32(3):
361-363.

BN, RO, B, AF. ROBRAZ I SO A I i I K I A R
[J]. B dh a4, 2014, (3): 730-735.

Liang C, Qi SY, Li XR, et al. Preliminary study on terahertz time-domain
spectroscopy in oil detection of high oil maize [J]. J Food Saf Qual, 2014,
(3): 730-735.

Ge H, Jiang Y, Lian F, et al. Characterization of wheat varieties using
2015, 15(6):

terahertz  time-domain

12560-12572.

spectroscopy  [J].  Sensors,
Liu W, Liu C, Hu X, et al. Application of terahertz spectroscopy imaging
for discrimination of transgenic rice seeds with chemometrics [J]. Food
Chem, 2016, 210: 415-421.

Hu X, Lang W, Liu W, et al. A non-destructive terahertz
spectroscopy-based method for transgenic rice seed discrimination via
sparse representation [J]. J Infrared Millimeter Terahertz Waves, 2017,
38(8): 1-12.

Chen Z, Zhang Z, Zhu R, et al. Application of terahertz time-domain
spectroscopy combined with chemometrics to quantitative analysis of
imidacloprid in rice samples [J]. J Quantit Spectrosc Radiat Trans, 2015,
167: 1-9.

Chua HS, Obradovic J, Haigh AD, et al. Terahertz time-domain
spectroscopy of crushed wheat grain [C]. Microwave Symp Digest, 2005,
4:399-400.

Lu SH, Li BQ, Zhai HL, et al. An effective approach to quantitative
analysis of ternary amino acids in foxtail millet substrate based on
terahertz spectroscopy [J]. Food Chem, 2017, 246: 220-227.

Jiang YY, Ge HY, Lian FY, et al. Early detection of germinated wheat
grains using terahertz image and chemometrics [J]. Sci Rep, 2016, 6:
21299.

BRI, FR X, IO BT AL MR AR /N2 22 20 A
WFFE[D). Jeigt 55685, 2018, 38(10): 3017-3022.

Jiang YY, Ge HY, Zhang Y. Quantitative determination of maltose
concentration in wheat by using terahertz imaging [J]. Spectrosc Spect
Anal, 2018, 38(10): 3017-3022.

BT, i, (TR, % RORPEMERER B (AR
K 5RIT]. SRR AEAR, 2014, 29(8): 111-117.

Lian FY, Yang J, Fu MX, et al. Terahertz time-domain spectroscopy

[45]

[46]

[47]

[48]

[49]

[50]

[52]

[53]

analysis for Aflatoxin B, solution [J]. J Chin Cere Oil Ass, 2014, 29(8):
111-117.

AR, RE, Y, A W
LR, 2014, 12(1): 72-74.

BER IR BFZZIBTSE[T]. D 506

Li LL, Wu L, Xiang Y, et al. Terahertz time-domain spectroscopy of

aflatoxin [J]. Opt Optoel Technol, 2014, 12(1): 72-74.

Ge HY, Jiang YY, Lian FY, et al. Quantitative determination of aflatoxin

B, concentration in acetonitrile by chemometric methods using terahertz

spectroscopy [J]. Food Chem, 2016, 209: 286—292.

Jiang YY, Ge HY, LianFY, et al. Discrimination of moldy wheat using

terahertz imaging combined with multivariate classification [J]. RSC Ady,

2015, 5(114): 93979-93986.

Tan Z, Lu J, Luo J, et al. Continuous-wave terahertz imaging applied to

detect infestations caused by insects in grain [J]. Adv J Food Sci Technol,

2014, 6(2): 271-274.

iﬁ&'ﬁ‘:’, FRBH, 5, 45, ROM2Z I OGN AR T i T B i e
. P ERIHAER, 2015, (6): 125-129.

Tan ZJ, Chen Y, Xie J, et al. Detection of pests during grain storage by

using terahertz time-domain spectroscopy [J]. J Chin Cere Oil Ass, 2015,

(6): 125-129.

BRI, R, FRCT, A /NSRRI 2% D BOG s ek

TFFE[]. S5 Y644, 2014, 34(11): 2897-2900.

Ge HY, Jiang YY, Lian FY, et al. nondestructive evaluation of wheat

quality using terahertz time domain spectroscopy [J]. Spectrosc Spect Anal,

2014, 34(11): 2897-2900.

WRBH. AR 2% T8 RS AR T A RIF S [ D]

2015.

B ) L F Qo

Chen Y. Research on store-product insect by using terahertz time domain
spectroscopy [D]. Wuhan: Huazhong Agricultural University, 2015.

SREE, Bk, EERR, AF. LT SR AR TG iy T AW B
1. *Eim&ﬁ%‘ﬂﬁﬁlﬂ, 2010, 26(5): 35-37.

Guo R, Wang JS, Qu SL, ef al. Research progress in grain storage quality

detection using electronic nose [J]. Grain Oil Stor Technol Commun, 2010,

26(5): 35-37.
PR, Rk, AR, S TR ST A I B SR

B[], = EARA#IE ], 2018, 34(1): 154-158.
Chen X, Wu YZ, Zhang YH, ef al. Image recognition of stored grain pests:
based on deep convolutional neural network [J]. Chin Agric Bull, 2018,

34(1): 154-158.
(s K3k

W R L, LIIWARE, TEHAR
FEARILESUEAR,
E-mail: 965796040@qq.com

XX, L, fIRA, TERRSE
ARBEHBILZRESUREAR.
E-mail: 501950375@qq.com



