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Detection of the origin of wolfberry based on electronic nose and electronic
tongue combined with LSTM-AM-M1DCNN
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Abstract: [ Objective] To achieve rapid detection of the origin of wolfberry. [Methods] A rapid discrimination method for the origin of
wolfberry was proposed based on an electronic nose and tongue system using a Long Short-Term Memory network-Attention Mechanism-
Multi-scale one-Dimensional Convolutional Neural Network (LSTM-AM-M1DCNN) model. First, an electronic nose and tongue were used
to detect wolfberries from five different origins. Then, the collected data were fused, and finally, the LSTM-AM-MIDCNN was employed to
classify and discriminate the fused data. [Results] Compared with traditional LSTM and CNN methods, the LSTM-AM-M1DCNN
effectively extracted deep feature information from the electronic tongue and nose signals. The accuracy, precision, recall, and F -Score of
the test set reached 97.4%, 97.6%, 97.4%, and 0.974, respectively. [Conclusion] The use of LSTM-AM-MIDCNN overcomes the
limitations of traditional convolutional neural networks that are not fully capable of extracting temporal and spatiotemporal features. It is
suitable for processing data collected by the electronic nose and tongue and can effectively and accurately discriminate wolfberries from five
different origins.
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Structure of the electronic nose system
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Figure 2 Structure of the electronic tongue system
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Figure 4 Multi-scale convolutional layers
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Figure 6 Response signals of electronic nose and electronic tongue

3.2 LSTM-AM-MIDCNN # &

o AT 7 A AR B S LA A S (1A LSTM JZ |
LA HLENZE 3B EX A2 14
AL )Z 14> Softmax JZ F1 1A )2 (K] 7)o 78 4b #LUK
B9, G205 AL, k2 RE 2 2% 5 T2
3R X 15, 1X5, 1X3 B 3 B 2 25 e it R B s -
AN /N 1 45 R A 22 RUBE B 28 ) 2455 v 25 A LR 9 A
JH 15 58 A 5] NORE A9 47 2 40 2 0 b 3L, DA iy 2 3 A 7Y
B P B 5 1< 1S A9 36 ARURE T DA 4 3] 42 e %) SR R R, A B
T A A RO OC R, T IR OB T i A )R
A 5 1 X5 (9 45 BB AT LA B8 o 4590 [ ) MOl ¢ 3= L A B
TR TR 8 R4 Jy Z 18] A RP AR, T 4 B 45 RUBE
R AE B 5 1< 3 R A AR U e i T A B AR R Y

W2 LSTM-AMAFEHEHZ

—YEm RS ’

AMJZ: BEEALTE, SR AL SR

ERHLHZ

LSTMJZ: JRBUNF4FIE ——>

AL

FRAT A B 1 2 i U b i e 3 45 kg A pd AR b, T 4R
WU AR o S [ /N ) 45 B S 6] A (45 I 4% g
i A TR] R B8 1 L i Ak BRLA U8, BE 6% T 4 v b A 2 L
it (R RRAE 418 v A0 AR 1 o e R A
3.3 LSTM-AM-MIDCNN # 8 S ¥ 1¥

TE R HE A 25 LSTM-AM-M 1DCNN #% #1 [, 2 5040
TR SRR A A TS 5 E A (L RE 0% 12 T
AL Mg I8 BEA D 96 IR (AT RORI T, I B 28 52 1 A5 A A
S Ry PR HR A B R L B — IR R A R AR K
AR INFNE R R EAT AL B R E 8 iR . HE 8
AT AR it 25 3% 4R U B G R T &2 1 BIL 2 A
O RRAEAE B R 2 AR S FEGE LG L DR
TR N [, AR 12 I R A 3k 3] T R fE i E

MI1DCNN: LB R LR S Softmax /2
2 RBEFFESR I i £ 2 A ) 1
= i
ZREEBZ k)2 g Softmax/Z umj
: — # 2 B
.
& A 7N

(

B 7 LSTM-AM-MIDCNN #£#!
Figure 7 LSTM-AM-MIDCNN model

55



56

24 517l SAFETY & INSPECTION

HAR RN E T R IE P 2 5 2 808 R B R A KL
B B UK 2 R O A T Y 5 22 B0 T R

MEE 278 83 | 2024 5 12 A | AR5V

BLF 5 — AR 70 M 22 T0 R PR S 20 4 435 4 2 A 1, T 2 Y
%K%ﬁu%%*ﬁﬂﬁ”%ﬁ%JExth‘J%dﬁ%%in%

PIHLIR KN 2 S BRI S BLE Y HER RN 1o iy I BT R S5k, AR 2%, 4 25 2k 265 0.2 B, 3 4R HE 1
SEUER R d e  BOORIE AR IR LG R R AL B R TR AR I R AR AR B T R S
1001 1001 1001
Mé; 90f Mé; 90f Mé; 90f
-@g 801 .@g 801 .@g 801
70 70 70
4 8 12 16 8 16 32 64 0.1 0.2 0.4 0.8
ARREL LRV O NAN FRAE
Epoch Batch size Dropout rate
(a) AU (b) S IN () ERH
B8 REHA%ALSTM-AM-MIDCNN A ¢4 4 # %

Figure 8 Accuracy of different parameters on the LSTM-AM-M1DCNN model
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