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Rapid origin traceability detection of coffee based on electronic tongue
and GAN-CDAE-ELM model

Gao Jiyong Wang Shoucheng  Yu Xucying Wang Zhigiang

(School of Computer Science and Technology, Shandong University of Technology,Zibho 255049, China)

Abstract: In order to rcalize the rapid traccability detection ol collce origin, a dctection mcthod based on the
combination of electronic tongue and generative adversarial networks (GAN)-convolutional denoising autoencoder
(CDAE)-extreme learning machine (ELM) is proposed. Aiming at the problems of low accuracy and poor
generalization ability of deep learning model caused by the insufficient number of original data samples of electronic
tonguc detection, gencrative adversarial networks (GAN) is used to cxpand the data scale of training samples and
improve the robustness of the system. According to the characteristics of complex electronic tongue output signal.
large dimension and many noise, convolutional denoising autoencoder (CDAE) is used (o extract the features of
electronic tongue signal in low dimensional feature space to improve the expression ability of key features. Finally,
cxtreme learning machine (ELLM) is uscd to classily and identily the extracted [cature inlormation, and a collce origin
traceability detection and analysis model is constructed. The results show that compared with the traditional machine
learning models such as discrete wavelet transform (DWT). support vector machine (SVM) and extreme learning
machine (ELM), as wecll as the deep learning models such as VGG16 network, GAN-CDAE-ELM has better
discrimination effect on coffee from different producing areas, and its test set has higher accuracy, precision, the recall
and F1-Score reached 99.00%, 99.03%, 99.00% and 0. 990 1. This study provides a new idea for rapid identification
and detection of coffee producing areas based on intelligent sensory system.

Keywords: collce; clectronic tonguc; gencrative adversarial networks; convolutional denoising autoencoder; extreme

learning machine

0 = AR T AR5 T BT 0 2 A e A3, 9% 8 B OE 1k AR 2
BEZNATEZ . AR & i 7 =Kk z — 0
O el U T AR U R FE A L R R R O R T R R i I A A R, S [R5 0 A A | RN T AL 4 Ty

i

ks B 57 :2021-08-20
* FETHE LAY B RESI S (ZR2019IMF024) (B E HRHE &R b 7= S48 # 55 4 (2018 A02010) 30 B ¥Y )

. 36



EHE £ LATFTEFEE GAN-CDAE-ELM A2 A 44 vho vl = 3, He i 518 2 )

# 21 M

BRI It B AP R 25 5 . BEAF R, 34y
ERZARIEL L S AR S N SRR @ s <
AP R AR T R ok T A P e P o R 1 VR A L
TEE L, R NMET b 2 5075 v T BCE 4T sk A
A s, BB AT S A DL A B R B A
TCE AT ACAE EOETR L5 32 T I AR AR R 1 22 Y
B, FRALIMAT L R AR LA S L R AR LT
B AR XA = i M Ak 25 41 43 i AT SR B B 3K B O B AT
A PRERC A A8 B o A0 Rl B TR AR R R A
DL R A A AR S (A T, N A 7 W T B R S
UTAE R, G0 45 A 148 T DA 5 5 A 22 0 43 B 3 1 A By
BRI AR HEAT 25 L T R — R T A 2 A
1% B RE 45 BB IR BIH AR AR B 2 1% 1848 ME 4 <5 B3
TRRFEAS 48 SR8 ik ) HLG A B0 A T R
BRER B NAMRER A, AR AT ERECET ZMA
FRFLN T IR 2 iy K 2 A R 1
i AT B SN B B R R T e 7 e e R R
BRI AR FZEX BT FF S TR LIRS 4028
PUI; Horp R AT 4R HRE 08 DA B2 22 157 = b 4R SBCOG BE R AT A
T4 155 41 AL /D15 B 0 4% o 42 1o 46 0 28 J32 0 o o4 .
FHIR A 1907 7 2 2 A B HUN I A H (DWTH™ | Hilbert
AR CHTN R B L (FFTN 48 (B2 Bk
TSR B ik B F A BRI, B2 1 00 R 2 5% 4%
Ko AR TR B T 42 IO A7 1E XA AR S 1 X 23 9 7 12
FEA BP A4 (BPNND - ZHEm EHL(SVMOLY 28
PEHEF) 8T (LDAY-- 45, BIE T EERETRENS
)RR & AR B RIERE A PR AL fhRE S AR
BB M TAL S L4 7 2T HOR L BRI 4 MIT 2 4r
AEFE AL N & B AE R R ST R 1 B SRR B S 4
BN T i — P 2 AR 2R L BB M B 4 6D
#% (convolutional denoising autoencoder, CDAE) #E 2 — #ib
WA R 2 B BT RS N M PR AR VL TR HE S B
AR AW BRRIE S 2 RE S 1 L B i XHE 5 B4 4 4 g 4
REBEXT R AL L 2 (R S AT IR R 4a PR 48 . B3N E 5
FRAE 25 [H] 7 42 B A A0 3R 1 9 0 78 R AR, () 60 3 7 % /) 1l
TR R £ S E M S R 25 G R R S BRI TR S
B AT AT (AR B SR AR TR O 1 SR E IR S R &L
P ARG I B vk R R SR YT, AR CDAE BRI E T
2RO HE S R R AE S E A DL R WL
LW AL, (0 FT A BFS CDAE B F i 7
RSB GRS
TR B 2 5] A5 AU R AR RIS 1 D/ e o SRR AT 48 S D
PaE S I €Sl C RN e e SRR A T N
Bbm 7 U045 B A B . A R X BT W 4% (generative
adversarial networks, GAN) & Goodfellow 1 3 T & fiI
T 5 XTI R T AR 4R M R — PR AR R s . GAN T

X4 20 Ge A A S TR a6 B AH T Y B A S L AT 3K B R
UG R R WY R BRI R ORY- . FA S M
GAN XA ER U #7978 R AR & R A GAN /I
A [ 258 10 B o T 4%, 1 P 3 6 A R R T L A e I
S 2 SRS R IR U e AR 1 R R i 7 2 4 e
T HBARHATY FEMIN L BRI R N L

AR —F T T3/ 5 GAN-CDAE-ELM 1
ARZE A it o e 7= 0 SR 00 O L AL RLE R AR S il B AR
5B BT AR RS 25 1 A R, £ 2R BV L ) 4 (GAND
SRR IEATY T £ %G 15 5 R AR 4 R VRS £ 1 )
B AR 8 40 0 25 (CDAE) ) 5 46 B 38 38 47 45 4F
PRI, TR AR BRI, B S f R R SR B A AR T AR PR
S HLCELM) L 3E 47 e = b 7 5 4 A7 S5 R0 . 0 s B
145 R R 2 ) R 0 B A AR N TR RE R 4R
3, S AR P B4 o R DR T R R R 1 T 0 BB D
Fik.

1 #REFE

1.1 #ESHERLIE

B . =M. GRS h HEE IBNES 5 AR
b X[ O R A Ry R A K o E 2 TR A B R R
8.25 g MIMEE M AL 150 mL FIBKIR S5, RIE LR
HATE S RET K EEACR L WS , W R 1T T
FE B 8 7 U T W S ke Al R AT BE L Bk — i DK e
FEAR TR AE 150 AN ERAR LT 2R 4R 750 NRIGREAR
1.2 BFHRES

PR RESEAARLEEAR WL, £4H 1 13
A3 AR5 430 R (B IER AR TR A 5 o T S L B B R R R
K LabVIEW #fF. BR 45 X B R gl 1 fios, I
PRI E S REMNEELSW,. R 8 M TIEMRNK
R H & B VBV VBB (1 DS i R/ R AL
)5 1AMEERGED AR, TAER, BT 5 &5 450
RE RMFERT = AEmB R —1~1 VIEFR 10 Hz B
BRULAE K 5 mV Y ICIE Ar i ik ial (5 5 (large-amplitude
pulse voltammetry, LAPV) , iZ {5 5 £ U5 3 e, 2% 38 30 )5
WEEREES, I LAPYV WEM T HA R RE R
W BT PR T, A A B IR R B, 7= AR AN B LR S
ZRRES AWK ENG G & 4 LabVIEW K44
IR A A3
1.3 HERXH M4 (GAN)

GAN MAE R G MHBI# D WA oM, KA. 4
JEA G R IR R R A5 E R IR A (R R A K
AR 42 B SR 325 D DR EEAS 1 B 28 D 2 7 378 8 T
MER R B PEARR R WA A, WA G 5H I D
ANWE A TR AR AL R 2GR BGOSR TS L IR AR R
A O] ARSI Y 7 . ARSCR A GAN RN 2 i
AN RAS IR 11 B R 4 B HE A

o 37 o



44 woF o ' & R
ES AR SR M P = Pyt DG () AR 0.5, BB HIBI48 D To
— ’ R VR T RE A SR R L X R T A SRORE A nl PR B3

— AP FE.

CeEel

i P

. LabVIEW EAr bR
(a) P EHLEH

(b) BFEHEYE
1l BFERA

—LE 3 LRFEZ L R 1AL R A R e i 3R
TRAFBIAHEHB 34 MA-LEL R 1 2%
HeJZ 5 BRI 9 4 R R Soltmax Fh HA = A0S

PREC I H B LeakyRelLU,
RS
" _mnR AR LRER

A )
MR A—HE SRR

F 2 GANfA

GAN &k Bt mEA T s .

rr}inml;)le(D G) =E..p, [log(D(z)) ]+
E,p, [log(1—D(G())] b
. VDG FRRBEEEG P, REBFRBEEEAN
A s Po AARAEMEEA S,

BEATE M AR G, 525 09 DI 2k B AR R 2 A3
V(DG TRk R VDG MARITTF B .

VD,G) :J P,. ()log(D(x)) + P (x)log(1—D(x))dx

(2)
M A 548 D B3-S AR N .
. P . ()
D(; (x) = (3)

Po.(xo)+Ps(x)
FE 3R (3 IR (2) 7T LU E G 19 H o6 K
P.(x) J

C(G) :m[axV(GeD> =E.», [log

€Y

P.(x) }

E. . ¥
< [105” P (2) + P

. 38 .

1.4 HFMERE 4% E:E(CDAE)

F IR [ g 25 (CDAE) 18 1t /& /e il e R IR 5 S
5EWFEHRESRE AR 4 FR 1 7S ] o 52 BL%T
TR 5 B A B AR BR B . CDAE KA Hy 45 7 4% i gt
WOTR AR AT 2 s P o B RN IE R R AR (5 5 4 1, i 1
e S5 A I 2 AT 2 A (1 AT 5 06 5 S0 B 28 00 35 5 A AT
KT M PR RN RGES™ . CDAE (AT
ZEIR R RECMSE) F 40 I G 4R 75 25 H fR o 25, 78 U iR
PN A = R A o e [ R X R R L 2 S (N
MEB G CHEE RS RAEESEENERN,

7R SCAH F — 4 B W g 2R D38 L {5 S AT R
IEAREL, Hh S amits o 2,04 3~ —4i5H

B3 E— AL 3 AP RE R B AL 9 2
3 A —HBERE 3 MR 3 M EREL.
CDAE #LEIZ5H A 3 o .

kAR

5 3 CDAE #i%1% iy

CDAE {ifi Y77 25 5 28 (MSE) of % 6T T 7 #% 25 #6147
&, AT,

Loss() —| P—Q | = %2 (% Iz = 1)

R P HIMBREES; Q VEMRLES; m HIRIHE
LR

HBFUZN CDAE T i AT R AR R B R B M, K
B ARUT

2l = F(O Wl kb (6

b ) S METE R KRR 2 BT — SR Y
FRAT s/ PRECHBOS REG o) HETE R WERE; o
Sk 24 i AR R T I B i

T RAE 2N R TR X 2 BUZ SR BRI SRR B — A R 4R
Hep g, DB, #eiE s, R R #E
(R

zh(n) = max{z{2n —1),25(2n)) (7)
AH 2o Fh,j RARARLZE ] DGR .0 FRH
HBRR I T s max R b K (E REL
1.5 #RERFE3H(ELM)

e B 2% 3 Bl Cextreme learning machine, ELM) 2
Huang -5 1) — B8 [ B AU 22 W 4, 51 50
A EER L ELM 5 T 2 80 A0S 00 A 72 Ll i oR A



B F F. A TR FES GAN-CDAE ELM A4 64 vhosk /= 3o Be ik 91 7R 4 ) %21
7 R Y77 AR AR H R B9 280 M ELM B A2 L4
e IR 2 ) 1 B BB Ul 7 R o R 4T e’
T LA 0 4 e 2 b R £ 4 5,
BRIRETEBE N L B ELM Al £R ol -4 H > B Bw

0, = DBy (W.X, +b) 8
KO, HMBEH e OFRNEFEREG B, ARILES
B RS MY AZAMEENE; W, ARAZSRYE
B ATERANIE 6, HE DN AEZE B R,

1.6 GAN-CDAE-ELM #& 8

| s | EEDE :

| B | ;@ﬂwml
; b . {RCDAE] |- < !
X JwReE | CDAE ELM D; -ELM&@U-‘ SHER |
R : LA
| 1
i

g === |

| I

x- -ifi?. - [ A | i |

1 GAN e e Y ! WEE 4 I
f nex {uu%& |

B 1 GAN-CDAE-ELM #{ R8T /57 72

TR .

DRHARFEREREFBREAGS IR TER
SR 3 2 09 Lh B A o U R AN AR

2) B R 25 R Kk (MSED el B 1 7 o A R 22 el
b2 F{E ok -4 CDAE BB (5 5 M7= Hofl, W Y44
AR oE B 22 e L 3 B Y F % CDAE 3= R 45 4F 48 B

3)# CDAE #2 My ¢ BURR AR 5 A ELM o, ff Il 2%
B R vE A R AL ELM RO 2T SR E .

DB FEIHFEANLGEFA GAN PTG HER
NG RN R A A I 2R 58 52 00 A A 25 2 AR
2 A WP 0.500,1 000,1 500,2 000 /12 Wi A £ 4 55 5
HINGERS AR RGINGE.

DRAFHFNRSINEE S AV TER CDAE-
ELM #1714 AW F AR REEMWIRGNEET
#) GAN-CDAE-ELM #1838 Y 7830 R .

6)ffi B 9 17 % 2 +SNE X 5 45 50 85 42 . CDAE &
DWT $& U RE AT 7] Ak 4307 fff A 0 28, 6 [l 28
8 TG 245 A A A o B T AT A 5 AT B T T S i e e e
PEAG I A KR

2 XWESW

2.1 BFEMEES

B 8 AR MY AE S WA 5 B, IS T
VLA - TE A (] < I A B B A AR TR B ARV i R A A2
B2 BE 5 7 A A TR ey i P B LR P AR 1 000 A Bl
LB REARIARE] 8 000 DR AL B — B 150 A
R, AP BERLPE R 60 AN REARAE a4

& #® #
AR AR A L
Pl 5 W5 T R A

2.2 CDAE &#Mt#

ASTR] L ] 9 725 B 1 MR A5 X CDAE JR 16 15 5 0 T A4 3%
REEES EMIRZE/N S EIRES WA TR IR &%
PEREAR AL SRR A 0 FE R e . AR E W A
¥riRss (MSEY R RS2, b F Rl b o1
WS A B TE BUG A  P R I AS [R] L B Y e R R W AR e
FIRR G SR 6 B, I 6 Al LR H L 2 M B L B
7 0.1 B B S I M i 2R B B b T HAl b B0
FA 5 Y £, B 415 B0 i SE M B R R, O 0,037 82, 1M
IG5 5 o R A 2 B0 5 12 B 2 TR b o BB MR L 4 R
0.1 MR B A AL A .

0.09 =~ W7 L R0
00ls -~ IR L 501
S T 75 b il D502
0.07 %\ - R L 0.3
Pl o T A0 4
g i ~- 7S LB RH0.5
il
0.04 *g}-ﬁﬁ*ﬁw’b""*“*’*ﬁ-ﬁ-ﬂ*A*A . 1:; a«i»a;«;w - mﬁ wh

"0 10 40 50

20 30
Y E
% 6 CDAFE BRFE H )%t

CDAE 2B F5 1k 4 550 [7) B 52 T o B 20 09 o 25 HE B
R BURRAT 4 50T 2 S AR R = 3 B 80 2 TURFRIT, 3L
3V 23 Y D Bl 5 R TR A 28 B0 D R B e 20 22 ) B
AP FRAE AT IR AL Sy 2 M R AL, B R AR IE 4R 4K
KM 10 4T 60 #E (85 FE R 10 MRRIE X ] %] CDAE 431k
PRI Bt A7 AR Ak, U 2 88 B 4t 46 M 4 4 A8 b 1% 00 40
B 7 B, A7 ] DLE I, Bl 5 51 2 0000 368 . )3
RSN IE T RZE R & MO 10 B2 E 50
LR F MR R R R R AR OC HE s/ B R 10 1R
E R AR I AR
2.3 ELM Z#h

ELM MM R A B SRS ZH 0S8 B . UF
X ELM BR& 257 m BB #AT AL Hor B 2 245 R
8 Fros, mE T, A R g a s 25w, il
GESGIHRENERERS.
2.4 GANHEERETRTHR

W BREA VG E T A GAN MR P, 3 3] 53 72 )
N SRS E 9 i, WE 9 A DIAE . &
YIGERTH L AR s 5 0 ) 28 30 % PR B3R o 2 8 e R, R )

¢« 30 o



T B F

¥ OB K

= lgRsE
e iR LE

10 20 30 40 50

EEHRE S

#l 7 CDAE 43k 4 T 5 I
100
80F
£
geo
& - YIgRsE
10} ~— PALE
B A R
2 4 6 81012141618 2022 24 2628 30 32 34 36 38 40

R R

B8 ELM &8I

A BB R BCR AT AR B O 2 T S 0 A BCEIE TG
30 0 ) 2 5 SN A E 4 000 WRIE A RS S ) B3 1
BUR BT Z RIS, K Bl AR E RS, &
B B AR B AR AR B JE 88 B 5, 7T jI/E CDAE-ELM #2 #!
ESMIEZ 2 Ecv N

10
8
g,
z |
C4
2
0 1 1 1 1 1
1000 2000 3000 4000 5000
(a) R ATL
1.5

1
i

1000 200 ‘ ‘ 000
B HL
(b) HSIB KA

B9 GANilgdi%k

4000 5 000

R 10 AHEBEBRNERES X% 10 000 KIEMRG £ R
BRI T T LUE B AR AR B A T B
T DR B

A FTREAR B B N o B VEF R AR W, 4 BIR o
500.1 000.1 500.2 000 A g FEAR 5 FUAGEH I IR &

e 40O

— R - R
) \INMJM;\Q f\“q Z‘&}
=2 \/1 a ZRPRF
_40 200 400 600 800 1 000
SR AH
E10o HWRESS5ERES

YIZR4E, 53 5 % CDAE-ELM R A7 4k, 4 T R [R5
HEREA NGBS R INE 11 FiR . B2 248 50
KRR MER RS INE | s, M 1L af 4, U R R AR 1Y
0015 45 o T 2R A VI 5 i I AR BE A1 A8 B — B m KR .
TR LY FERE N 2 000 B, HET R 1 T E b, B
KN 5 WA AR & T H AR oA S M EUR 4R .

100r e e s DB EANIEDOUREDE sszapenenenns
90 Gl
. ﬁg e BUEEYT50
%ol |1, #ﬁﬁ%#?ﬁsoo
£ ol -~ PREEY TR 000
= ol o BRI 500
30 = HREY FE2 000
200 10 20 30 40 50
HEARK S
F 11 ¥ A 50 ghde i o 6 0 5 &R
K1 TRAEATZHENERE
PREE WEERER/ Y THRERERER X
0 95. 11 95. 00
500 96. 53 95. 67
1 000 97. 85 96. 78
1 500 98. 36 98. 00
2 000 98.73 99, 00

& GANY ZBIE I % 5 RE GAN I REARE D
CDAE-ELM R M AR IBE R B A 12 Frs , Bde 1,
2.3.4.5 MR ZE NS N E R W fEH S b, 2w L BRI
OO, R 12 THL 2 GAN I T8RS IE# 22 0
BEAKEHE 2 T RS GAN I SE 5 f B A 8, E D k2
AR I 1A T AR B B A ST S R IE S A T BN T A4 B 2
21 W GAN BESE B X5 LG S0 09 4 AR ik i AT T L (AR
CDAE #BIBRE A7 /R A LT 5 7 IR BURE A AR 1L, B &
AR R R S 2 Ak
2.5 HEFT{4L

Kt — e iE CDAE RYARIESEBRE J7 . R A AT 24 )
FEk ot A BE AL T AR 88 A B (stochastic neighbor
embedding. t-SNE) 73 5l % J& & £ 4. 85 B /Db 3 78 #e
(discrete wavelet transform, DWT) L & CDAE 42 B B9 ¢
AEFE AT AT AL A L 2 R 13 ik, DWT fE Al
BILES S ) FRAE SRR GT ok s AR 2 BN 2 s 50 5 7 1



LB F. 5 TETEE GAN-CDAE-ELM A A 44 vhe e 2 3 b 3% 50 % 4 ] %21 H
Confusion Matrix 5
& 3
1 P AT
20} pt AR
L o, 4 *IE
2t N oL op e :.,:E@
z N WY
v o ' 5% 2 . &
g B | e e YT e Yee
T e 9 f'??g%f:’i' v
® @ -
T ‘-. 4,“* :'ﬁ.‘::. ‘: 4 d' .‘
S¢ 10 :‘ w7 . O‘ * .:
B Y LA I ] L]
1 7 3 4 s e 1{3 o
Prediction Label Ba w7 . o
(a) CDAE-ELMA& ! 20t wj%
Confusion Matrix . . . . .
=20 -10 0 10 20
AR 4EE ]
(a) BIBE
: s R
- 00, Gy e
% gas tat SR
23 LR
£ 10} - ]
o~ !‘gﬁ%& AANT I h gw*
4 % ¥ e Bl Y
L 0 $s°
5t E . ive st L
; ;_,EO » @'g‘ £i% g e
] 2 3 4 5 g e, « bt
Prediction Label -10r * e at &, sg® ®
(b) GAN-CDAE-ELMASLAY 1)
'ﬁ“c’..‘. "l‘
& 12 BRI 2500 TR ¥ I B 20t L
. o o . _ . A5 o 5 0 5 10 15 20
EHE R AR R R AR AR F8 AR, 20 40 IE AR /) WA
W KR, symd Y 7 I DWT #0453 F 3 BU R i () DWTRHER
Bt L R Y 0,975, (i1 13 7 LU L SRR KOIE 4 4% sl ‘ THELy
U I 8 30 A1 g 7 L o AS )28 912 10 52 306 2 2 6 LA 4 G
ToE: Mo A PERE A 28 51 L IE W R G B0 P S T IR 2 TU A B 20¢ *BAE
fE LB BB Y IE #4025 4 DWT L CDAE 43 1F 2 B
N ; . - e ~ 10}
252 R A ] B B L AR % T DWT .CDAE 8 B ¥Rk % ql
TE AN R 2 2 [R] 9 B0 B8 B e , 2 P R AR SRR B BB N % 4R L UL R & ol .
CDAE X 56§ 1 FOA% T ST A 3% iE W T CDAE #54iF ®
SRR A -0} ,54
2.6 EEMEEEILE AW 2 ‘!
% B AF GAN-CDAE-ELM 70 X il 57 722 Hb 4 2 4 it ‘
N N - N =30 =20 -10 0 10 20 3
WY A A ME L 4 90RO B 3¢ C Accuracy) . B ) K oA E 0o
(Precision) « 4 M Z (Recall) . F1-Score 23T M #R7EXT 8 Fis (¢) CDAERHEHE L
R A7 i X A, X R DWT-ELM, DWT- K 13 SNE #7134k
SVM, PCA-SVM, VGGI16-ELM &, H b, & @ & 40 7 T o
inci Siss PCA) W 3 BOAT AT A0 5 ik curacy — L ‘
(principal component ‘analysls PCA) W 3% B 45 fF 847 53 ik Accuracy T ¥T.+F, FF, (9
TR 95% B9 9 D 3 B4 X HF I B8 ML (support vector T
machine, SVVD 543 S HE fiE £ 52 1631 B F 5 B S 000 Precison = " (10)
V4 Fa
W, 28 A% AL o BB E WA S DWT-SVM A T
»
BEHN 2.2 PCA-SVM BRI H B N 2727, ELM Recall = 7 (an
PRt 2 A 3 el R B G WS Fls 2+ Precison + Recall (2
(convolutional autoencoder, CAE) B 45+ 5 CDAE By &R weore = Precison 4+ Recall

SRR B — 2, RO R R R R AT

MFE 2 BT LLEH ., GAN-CDAE-ELM £ % 4 [ T

o 4] .



T B F

=

AR

B
DWT-SVM.VGG16-ELM 45 45 B »f L o, 38 B 4B &% T beans using NIR spectroscopy and multivariate data
DWT,PCA S5 AR TT 1 . CDAE AE 85 1fi: 5 32 HURE A< 45 analysis[]7. Food Control,2019, 99 137-145,
fiE s 26 GAN SR A2 B B8 T A wdcig g ny (4] SImete, XU, XM, ¢ 3T KM 2208 3l fu S5 1A
BOE, PEREA TR TH. VLI GAN P A Bl i 00 T . EEPLER A 0 o E )T M LT ] R TR Rl 2017,
CDAE TE 68 #8 & 45 47 ik 42 B9 {1 3. GAN-CDAE-ELM 33(9): 302-307.
R YA RET R LA T 99. 00%iE A B P a4t [6]  CETO X, PEREZ S. Voltammetric electronic tongue
B BE A% ST T X I 7= B g e SO S A N [or vincgar [ingcrprinting [ ] J. Talanta, 2020,
219. 121253.
T2 FEEBERE [6] ILUIL, HU Z, HU X, et al. Quantitative approach of
. Accuracy/ Precision/ Recall/ Fl-Seore multidimensional interactive sensing for rice quality
% % % using clectronic  tonguc scnsor array bascd on
DWT-SVM 90. 67 91.35  90.67 0.9101 information entropy [ J ]. Sensors and Actuators B:
DWT-ELM 92.00  92.13  92.00 0.920 6 Chemical, 2021, 329 129254
PCA-SVM 86. 00 85. 96 86.00 0.959 8 [7] KRANTZ-RULCKER C, STENBERG M,
VGG16-ELM 92. 33 92.47  92.33 0.924 0 WINQUIST F, et al. Electronic tongues for
GAN-VGG16-ELM  95. 67 95.75 95.67 0.957 1 environmental monitoring based on sensor arrays and
CAE-ELM 941. 00 91. 01 91.00 0.910 0 pattern rccognition: A review [ J]. Analytica Chimica
CDAE-ELM 95.00  95.22  95.00 0.9511 Acta, 2001, 426(2); 217-226.
GAN-CDAE-ELM  99.00  99.03 99.00 0.990 1 81 FIZ, WALRL. SKARHL, 5 105 & A Y R A fr
2R LT, 25,2021, 191 : 78-84.
[9] DE A, GHOSH A, TUDU B, Sclection of optimum
3 % i level of data compression for voltam meltric electronic
KT —FETFHFE RS S GAN-CDAE- tongue signal using DWT[LC]. International Conference
ELM A8 3008042 700 o4 7 [0 7 Sl oin e s 47 ol 38 9 A 0 11 on Perception & Machine Intelligence,2015; 237-245.
e U LT AR AL 5 ol T A I T 7 T 1R 4 TR [10] YIN T, YANG Z, MIAO N. ct al. Development of a
T A B R I ) ) T L R 4 AL AR remote electronic tongue system combined with the
AN RV e 5 TR 1 A 65 6 0 S 7 3 VMPHT feature - extraction method for - honey
IS L 5 B 4 R 42 A R 2 5T 1 R S T botanical origin authentication[ ] ]. Measurement, 2021,
IR M 1 B DU A T (3 17 105995,
BRR RN GAN B 7 e LA b B0 o o5 [ 2 0 i [11] LU L, HU X, TIAN S, et al. Visualized attribute
B MRS 4] CDAE % B 4545 1 9 11 20 4R 00, 2¢ 0 A analysis appr;)ach for ﬂcharaotcrizatior; and
. s e ot . e A e quantification of rice taste flavor using electronic
g?iﬁﬁiiig%i;;g;ﬁgg;ﬁiﬁ; Iz:;ﬁf};z;:ﬁi tongue[ J]. Analytica Chimica Acta,2016, 919. 11-19,
HEF DWT-ELM.VGGI6-ELM %1% fish . %Egji;mf etk % fg?ﬁ%ﬁ&ﬁmgm
T3 F1-Score A1 4k 7. A BFI 4 52 AR 2 KA R
j;z:ggigzﬂﬁiﬁgiiééﬁffﬁ%}gjfEi}jﬁ%ﬂ [13] BOUGRINTI M, TAHRI K, SAIDI T. et al
- o - AT Classification of honey according to geographical and
5% Lk botanical origins and detection ol its adulteration using
[1] M bl , TESCIT, BREUR . S5, Ok S0 B R voltammetric electronic tongue [ J]. Food Analytical
BT A 8 o AU 2 A A IR BT 52 [T, A R Methods, 2016, 9(8) . 2161-2173,
4, 2016, 37(5) . 971-978. [14] DE MORAIS T C B. RODRIGUES D R, DE-
(2] WAZ, Bk, BB, & SRR B 750 36 i - Ik CARVALHO P S U T, et al. A simple voltammetric
22 B G ) M RE ek O HUB R A i B AR electronic tongue for the analysis of coffee adulterations| J .
ICY LT &8 % 4 B A& T 2% 3, 2018, 9 (20D, Food Chemistry,2019, 273 31-38.
03165352, [15] HICFE. & F0E. % B THTH R —4RE
[3] GIRAUDO A, GRASSI S, SAVORANI F. et al. CNN-E LIV K70 8 35 1 28 I 5 A7 Pl B AG 0 [T ). £l

Determination of the geographical origin of green coffee

. 49 .

S5HIBE 2020, 36(8): 45-52.



EHE £ LATFTEFEE GAN-CDAE-ELM A2 A 44 vho vl = 3, He i 518 2 )

# 21 M

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ZEREAE. LR R, BT R E/NE KW A 3 4 17555 14 4
HCB A RS W T vk (). P HLE T S AR, 2021,
38(2): 145-151,190.

Moz T J030E, 3 RAN. 3T — 2 5B Hh 458 W 4% 1 %
W TR O 28 B AT S N L ] S S RLR T S A
2020, 37(8): 171-176.

Fifd, T 5B A 4000 10 0 IR 2% 09 L oL £ 5 [ M 4 1k
FF5E[D]. fR5E Ak K%, 2020.

K, T, . S ETHEREEF MR HE
odE LT, Al e ER M HR IR L 2020, 55(6) . 1210-
1219,1160-1161.

SR RE. AP TR — 4 AR 2 R A g0 R 4%
R BB IZ [T ]. MLAR TR 4], 2020, 56(7);
96-108.

SUH S, LEE H. LUKOWICZ P,

Classification

et al. CEGAN:

enhancement generalive adversarial
networks for unraveling data imbalance problems[ ] ].
Neural Networks,2021, 133: 69-86.

GOODFELLOW 1], POUGET-ABADIE J, MIRZA M,
et al. Generatlive adversarial networks[]]. Advances in
Neural Information Processing Systems. 2014, 3.
2672-2680.

WANG Y, SUN G. JIN Q. Imbalanced sample fault
diagnosis  of rotating machinery using conditional
variational auto-encoder generative adversarial network[ J].
Applied Soft Computing,2020, 92 106333.

TAH], BERT, T4, 4. 0 WL B R AR AN B B
Rt s kb 7 (1], SCRALER ¥ i, 2020, 411D
261-269.

R, RKE. BEEW.E BT GAN W& M H
VB A I 5T [T DL AW LR 3, 2019, 50(12)
231-239.

DONG W, HU R, LONG Y,

evaluation of the volatile profiles and taste properties of

et al. Comparative

roasted coffee beans as affected by drying method and

detected by electronic nose. electronic tongue. and HS-
SPME-GC-MS [ J ]. Food Chemistry, 2019. 272;
723-731.

YANG Z, MIAO N. ZHANG X, et al. Employment

of an electronic tongue combined with deep learning

[27]

and transfer learning for discriminating the storage time
of Pu-erh teal ]]. Food Control,2021, 121. 107608.
LIANG P. DENG C., WU ],

diagnosis of rotating machinery via wavelet transform,

[28] et al. Intelligent fault
generalive adversarial nets and convolutional neural
network[ ] ]. Measurement, 2020, 159: 107768.
WG, X, BRI, BT A M) RS
TP 28 R 25 11 R 2 Rl R B S I [ ], SR Bl Ly
47,2020, 39(17): 106-111,133.
HUANG G, ZHU Q. SIEW C. Exireme learning
machine: Theory and applications [ J ]. Neurocomputing,
2006, 70(1) . 489-501.
A, LA, MRER . ST ARG GAN-
SDAE-RF £ #1 5F 55 [J . 53 #L T % 45 B2 A . 2021,
57(21) . 155-164.
LY. BT, R, BT ROB IR A S5 X S
VR B BhARGE B R 2 T vk L) ). R g Y vkt 2021,
40(8) . 110-116.
EZEE N

SR R e e R Gl sk = S [ G e
REZ LB
E-mail;1078970104@qq. com

FEE W LHEA, U R B BT
SAb A,
E-mail: wangsc0112@ 163, com

BEL-LOE A, B R D E R,

E-mail: 879591947 @ qq. com

FER.AE LA, TR Ty E R ALV
EERAL.

E-mail: wzq(@ sdut. edu. cn

[29]

[30]

[32]



