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Identification of Coffee-Bean Varieties Using Terahertz Detection Technology
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School of Mechatronics & Vehicle Engineering, East China Jiaotong University, Nanchang, Jiangxi 330013, China

Abstract Coffee is one of the top three beverages in the world, and it is crucial to strictly control the quality of
coffee. Using three different varieties of coffee beans as the object, the terahertz time-domain spectroscopy
combined with chemometrics is used herein to identify three different coffee beans quickly. Various pretreatment
methods are used to reduce the experimental errors, and principal component analysis is used to reduce the
dimensions of the spectral matrix. The dichotomous model based on partial least squares discriminant analysis
(PLS-DA) is established, and another model based on a support vector machine (SVM), a back propagation neural
network, and a random forest multiclassification discriminant is then established. The PLS-DA dichotomous model
exhibits the ideal qualitative discrimination effect whose accuracy is 98 % . Among various classification models, the
SVM model based on baseline correction is the most effective model, with the total accuracy reaching 98% . This
study shows that it is feasible to use terahertz spectroscopy to quickly identify coffee bean varieties and a better
support vector machine model is established based on baseline correction, which provides an empirical reference for
the qualitative detection of other agricultural products using the terahertz time-domain spectroscopy.

Key words spectroscopy; terahertz time domain spectroscopy; coffee beans; qualitative discrimination; baseline
correction; support vector machine

OCIS codes 300.6170; 300.6495

s B HI: 2020-10-18; & E B H3: 2020-12-16; RHAEH . 2020-12-27

E&£WHE: “ T H7ERK 863 11X (SS2012AA101306) VL7 44 P AR 418 41 BA 4 % 11 %1 (20153BCB24002) . 4 77 Ll b
T B e Ak A B R R 5 2 4 U IR b T B G 2014160 B VE K H AR BE 4 (2002017018) T HEH T R
ARV FETH ( GII190348) LV 1 - 58 4E BB BT 4 51 H (YC2019-B106)

BIEESE: jxliuyd@163. com

1630002-1



el

WE 2% L AT RT AR 2 A T B A = R TGRS 1Ok
JHC R ol 2 YR T8 VAT B AR TR ol R L A )

$£58%5 £ 16H81/2021 £8 B/BAEREFEFHRE

SO PRI T = AR O R A R, AR e I
sty ) OO A U O B AR~ 2 OS  b A

AR IR . R A R R 2 K R AR
AR Bl 58 22— e 7 S B R e ) R R Sk SR
I A 5 0C 25 = IR T vl ) A A R BT

X I P o 2 S L P9 A ARG N 7 3 B

Wl 52 B K 2 o g ol e 2 = e
NTREE g A Horik s, NTERE&RE

R F A HE R 7 30 D v BEERS o s =l S8 Tk
BAE B G R B TR AR P i T S
R R AR T 4% 58 BB S 92 56 ok F TR A Ak L
FF Z 007 56 FH A R ATLORE o e 2 3T 08 2R L ) 2

AR 253 TR B 18 W e 0053 A T AT A i 240 )
WEE R R SE B2 5 s oA T 7 1k B S A AL

WKL, I3 200 B G 1 18 BORS 48 B4 o eE SO R L LATH

I AR X A 2% 6 1% Y HBCS S . R S AR — S T
IR R E 8 E L B R A R A

W AH 35 ¥k (CHPLO) . WA 8 3551 1%/ 5 3% %

(LC-MS) AT 8 335 1 RS €8 335 0 3% 106 FH 05 S5 4G

T . 8 PLaZ S DL 2 i b L 2 e ol e A kg

M Sy 5256 X6 52, A FH A0 60 1% - I 3% 16 FH 3 9 AN TR

A IR B AN )G R B 1 i D TR A ik 3l o AR

Fr ARG 7 R 2 1 2 R [R) R . Moreira 255

I FH o R A 3

YN

0.13 g /& 47, % Jk J) i 10 MPa, JE& i i [8] 2
Imin, JEHI EE RN 0.85mm £ H. HRE R
13 mm, b N REH L) CEATRYME R o Al 2 )
% 50 AR, L3 150 SRR
2.2 KMEXIERGEE
556 1T 2L 6 1 X A% 2t o
LRGN ME G T T X 48

XL T5 4k A B
0, i Ak BT R BB BRAE AR A 2 A T A
1+ R DR IS ] K 5 0 3 i A P 2 5 A 0 X

AN % E R H A & H AR Advantest 23 & f)
TCAA R BRI BT — b R BB TR Y
W 2 bR I B R A A A

TAS7500SU Kk 2% i 8 06 1% R 58 . & 58 R 4 W
FILH M 0.1~8 THz, &g ¥R N 7.6 GHz, &

PO K ol (9 a2 R 20 mWL L KO
T AT R o IR A 2 S I 5 AR AL 3 T IO AR AR ™ i/
I 201

B RN U KRR 28 (T H2) 3 BEAY T3l Al

1550 nm, 5e B R 50 fs, B E MK N 50 MHz, A 1
i

2L AN X IR 2 ), HAR L A 0. 1~10 THz(3. 3~

333.6 mm) ,IZIE B Ay K 2% ' 15 H A 1R 22 1l Ry 1 1k

JRE AR Z KAy F (DNA L [ 545 Pl 25 % 73 456)

() e 51 RN IR 31 RE 2 A0 AE 0 DX (1], iy DK ik 22 % 1 2

F 8 ME R AT A R AT G IR R R S RE
AN R ZZ OISR AR & 4™ i DL R i

s R 000 5 S A — 2 (14 2 R, X T A A B 7 4 )

T B SR A A TV R 6 1 o P W L R P R 2%
B 3 A S e 2 5 e o Ak TR AR B B

ARSCLA = AN [ o o F) Wl S0 BF 7 X 52 L SRR
IR 5 2% i 38001 3% B AR

o R 22 I O 6 28 48 B A, TR AMEOE # A G
4 4 6 D6 28 53 AR 23 B SR 5 e vp 800 Y O O R

TG, 855 WG IO, S 6 A S B A Ak K

(GaAs) ML TR b, b & THz kb, %
THz [k i 28 25 375 55 A4l 187 5% A 9 24 & R 1w, THz
Ik i 28 3o Rt 7 A R RIS 5 DA T 5 1 R A R A L

(A5 Ak, THz ik b #8547 B 5 0 15 8 5 30 — i

B ZnTe diR L. PA5 OGS 208 B R
R P AT AL AR AR W UK B IR AR 5, 5E
PR BRI A (R T AR A5 R OB 2% 900 (5

Delay line
Detector
Para.lbolic
mirror
P BS
L :
HWP
 — |
G4 A2 T kA 5 S i e
AR TR L At ST TN A R E v
. . s . Si Laser
S 1) = e S ot e 3 A WP 2 A ) S G AR PBS L3 QWP Antenna
— T PRH TC A B4 75 0 R Sy i — AP AR T R 2% 16 P 1 A 2 B0 1 % 45 B L
FCRERE I F5 AR AEAR 7= 5 S B 5 AT B 1 o FH 4R ik = 2% Fig. 1 Terahertz time domain spectral system schematic
s )y 2.3 HmAMEXILSHIRK
2 MBS
2.1 SEIHHE
S 36 3 A o mE A 3K TR AT Ik B

S T HA AT R PR B R T TR N T
1630002-2

B3 b R 2 AR 48 L X RBE 2% R kAT TR,
Pl 9 ML R = N B s RO R, I R R



$£58%5 £ 16H81/2021 £8 B/BAEREFEFHRE

(25+0.3) C, 2 TMERFFE 100 LT RO
T J6 K R 251 45 Wi 0. 5 h, DUE A 250 1)
TGRS R T W/NR 22 O IR R R A R B 4 A
AR 83 B 4 ROGTE AT 5 097 Y08 1 S 4 b Y B
W55 . MW Dorney %" Hl Dragoman 2" #2
(0627 SRR IO v FEW T S B AR I 3 )
W 2R KA ) PR A B AR e (FFT) 50 325 ml LA
) A 2% Wk b G 1

E(w) =A(w)exp [ ip(w)] :JE(t)CXp(— iwt ) dt

(O
PR A2y (2)
wd
() 2k (w)w 2 In 4n(w)
al\w) — —_ T = ’
¢ d Al (n(w) +1)°
(3)

KA () NG IR 0 AR, 0 S,
E) R BT o () BAE . E (o) Bk
I %% ok ol R A L ¢ RO L d AR AR EE S0 (w)
RFE R BTSSR R R IH G R @ (w) 2 HE I
W R
2.4 XIRHAEINFAEREEEEZNERFE
FEEAT BOHE A BT, R T 4 b 3AR BT 500k
BRI PEAT WAL 3, 3 Savitzky-Golay #& fR -8
2.2 0 USRS IE (MSC) | b fE IE 25 748 & A8 e
(SNV) \FEZ AL IF (Baseline) .
SO ) AL (SVMD Y VR R B4 40 01 1) e
DE o3 2R 5 I 3 28 T i 225K 3 26 T A {H RE 8 K% 9
T AR I 22 il by 3 I o T L 25K 32 ) B ik B 0 K
DA AE 2 M 23 20 5 4 20 4 M 4 28, DTG S 381 48 1y A
T e T7 R AR AR R AR L W R %
PRI A L MR AK R A 1] I 22 PR B (RBE) AR 52 5
FHEY /& RBF I3 1] &2 19 432K
RBF(asb)=exp(—|a—b | /6", 4)

N ca FRFEAR L 0 AR R L R0, FOR
RBF # s 7 22 . B i) 1 #6122 9 2% (BPNIND 2
FI A fe 22 B P 28 0 4%, 02 — Aol ey AR 2 4 i
2 BAIL A B T Y 22 R e R 2% HA AR A 5
(9 T AE A7 B T KRR AR (AR N7, BP
24538 H =2 AU AR R R e R
B ZICH T GRS — R 20 SUA A
He U RS E /Y R 2% 454 . BPNN SR Y 2 /b —
e e KUAE A ek B AT N R

EZZZ("})%*OM)Z, (5)

P em HNGFEARE  n H 25 %0, R
TR AR ARy, S T A S e

Bl AL AR AR (RE) & —Ff 3 T~ 58 1 25 19 T SR 43
FAE U E A AR 2 1 £ I R A A DL B /)
FRBR 257 J5 A B 28 L — A~ 58 T SRR, T
2> YRR, Ol i B 5 0 J7 SRS R AR
0 2% HL
2.5 EELENERE

AR SO S0 SR A AR i R %% O 1 B E AT T
AbEE L BEHE 0.5 THz P BG4 , b fs i i 3=
B3 B (PCAD W4 B0 % 4k DT B BHT /Y O 15 46
Ve, Fiz AR AR #5515 Kennard-Stone (KS) 7E H#
i 5[] v 2 &) e OREAS S A 23 S U R 8 I X4
Fefl oy 31, B % A 2R 52050 B B 150 >k
SEFN 50 AN AE . B X Ak B 04 O 1 I R A
SEE B, B o i 7 PLS-DA X i ME 5 9E £5 4%
2, B J5 >R SRR W) AL (SVMD | 2 [a] i 28 ) 2%
(BPNN) FI B HL AR AR (RE) XF 0 ME S 4 #1722 43
25, PEAN B Y ) 2 8 3 R N B S M T Y GE
B3 DL SR TR 5 L TR A R B O T 100 26, B AR A%
R, B2 S =R e S A E 1 4 ) IR
K,

( sample preparation )

v

| collect spectral |

<

\

)_

spectral bands are selected
and pretreated

v

KS is used to divide the modeling set
and prediction set

v

remodeling

PLS-DA, SVM, BPNN
and RF are used to establish the model

C

evaluate the model

( export model )
P2 = R L e s A D1 A AR ) AR T

Fig. 2 Flow chart of qualitative identification model of

three kinds of coffee beans
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Table 1 Classification of training sets and test sets
and sample codes of different coffee beans

Total Number of Number of

Type of  Sample .
number of training set  sample
coffee beans code
samples samples test sets
Kenyan 1 200 150 50
coffee beans 7
Rwandan
2 200 150 50
coffee beans
Yunnan
3 200 150 50

coffee beans
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Fig. 3 Mean absorption THz spectra of

the three coffee beans
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Table 2 Classification results of PLS-DA model %

Object Accuracy Entirety
Rwanda 88
92
Yunnan 96
Kenya 100
98
Yunnan 96
Kenya 100
98
Rwanda 96
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(a) Rwanda-Yunnan; (b) Kenya-Yunnan; (c) Kenya-Rwanda
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Table 3 Comparison of identification results of three modeling algorithms

Kenyan coffee beans

Rwandan coffee beans Yunnan coffee beans

Modeling Pretreatment Nur.nb.er of Number Number Number Overall
method method principal of false Accuracy / of false Accuracy / of Talse Accuracy / accuracy /
components - % o % o % %
positives positives positives
No 9 6 88 0 100 3 94 94
SG 9 4 92 100 2 96 96
SVM MSC 31 2 96 2 96 5 90 94
SNV 31 0 100 1 100 2 96 98
Baseline 7 3 94 0 100 0 100 98
No 10 80 1 98 4 92 90
SG 9 11 78 7 86 1 98 87
BPNN MSC 31 13 74 6 88 26 48 70
SNV 31 17 66 6 88 29 42 65
Baseline 7 12 76 0 100 6 88 88
No 9 5 90 1 98 6 88 92
SG 9 4 92 4 92 7 86 90
RF MSC 31 2 96 4 92 6 88 92
SNV 31 5 90 6 88 2 96 91
Baseline 7 4 92 3 94 7 86 91
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