2026411 A Kﬂﬂ*ﬂi?ﬁ B5TEFE2W

doi;10.6041/j. issn. 1000-1298. 2026. 22. 026

BT W E SEFHEST KM KRB F B/ KR A 773E

399 A
(g AL U 3 A T3 8 TR, P 473000)

FEE . FER/INKT™ HRS AR, X R b AR e ™ R T Sk LA 2 0 5 3 S, T B il oy
W AEAERRAE BB FEIHC A BIREAS H ARG B R 0 [R) 8, H - S SRS DB O | UG SR AR 1 3R 1 DR 34
S/NAKFE MBI AE T AT SRR T B, SN T B R SR/ N KPR MRS AR SO A AR B R B T —
TR ] SARHFAE 4322 25 ( Bidirectional gas feature classification network, BGFC —Net) , L FE ARG/ T 6 NAIH
FEHL/NR ARG R L B SR AR O SR I B ELAT 38 SURER M N B A S 1, Lo 2 R e e
FBHRAIAT 7 0 e LA 5 0 4 25 Pk RE RO TR B AR AE, 2 Hh OB AR 45 A 3 8 B Bk ( Bidirectional gas feature
calculation module, BGFCM) , 435Il A A% Ji&s Al BsF 18] 737 31 XU 1] i ] 530 32 i) SR 43 S PR RE AU IR Z 4R 1E , IT 45 &5
NHEE S LB FER S . 3T BGFCM # @ 8 1LY BGFC — Net, H T 52 BL/NK = bR, T Al 46 48 UE
T BGFCM BEI A R, 78556 SR 2 k5T L85 B BGFC — Net 3715 T S L0 JEHERA R 97. 40% fx:
e F1 S50 97. 59% , HFEIRBE 2= 2 5 ik i S e B S 0 R A9 "

S S BT B SRR R, YR ;ﬁ?@
FE S ES . S24; TH89 XERERIRED . A XEHES: 1000-1298(2026)22-0306-09 OSID. ﬁiﬁ“ﬁ@

Electronic Nose-based Millet Origin Identification via
Bidirectional Gas Feature Classification Network

Gong Qianru
(Faculty of Electronic Information Engineering, Henan University of Industry Technology, Nanyang 473000, China)

Abstract; Accurate traceability and identification of millet origins are of great practical significance for
protecting geographical indication agricultural products and standardizing market order. However, existing
detection methods generally suffer from cumbersome operation, time consumption, sample damage and
insufficient identification accuracy. With the advantages of rapid non-destructive detection and strong
odor fingerprint characterization capability, electronic nose provided a reliable detection method for millet
origin identification. To realize millet origin identification, a bidirectional gas feature classification
network (BGFC — Net) was designed according to the characteristics of gas data. The gas information of
millet from six different origins was detected by an electronic nose system. The gas detection data
acquired by electronic nose had cross-sensitivity and time-series attributes, and their high-dimensional
nonlinearity made it difficult for existing data analysis methods to mine key features affecting classification
performance. Therefore, a bidirectional gas feature calculation module (BGFCM) was proposed, which
collaboratively extracted deep features affecting gas information classification performance from both
sensor and time-series dimensions, and integrated bidirectional features through cross self-attention.
Based on BGFCM, a lightweight BGFC — Net was constructed to identify the origin of millet. Ablation
experiments verified the effectiveness of the designed BGFCM. Comparative results with state-of-the-art
gas information classification methods showed that BGFC — Net achieved the optimal classification
accuracy of 97.40% and the optimal Fl-score of 97.59% , and also exhibited obvious superiority in
computational complexity compared with state-of-the-art deep learning methods.
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Fig.1 Schematic of electronic nose system
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Tab.1 Sensor parameters of PEN3 electronic nose system
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Fig.2 Gas sensing response curves of millet samples
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Fig.3 Radar plot of sensor responses of millet

samples from different geographical origins
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Tab.2 Ablation experiment results of bidirectional
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Tab.3 Ablation experiment results of local and global

feature calculation %

SRR 42 R HEE HER R F1 5%k
Vv 95.18 £1.67 95.07 =1.78
Vv 95.93+1.55 95.78 £1.65
vV vV 97.40 £1.66  97.59 =1.61
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Tab.4 Ablation experiment results of attention-based

feature aggregation methods %

SFH bk Kbk HERf % F1 5%k
Vv 95.56 £1.66  95.98 £1.56
Vv 96.29+1.85 96.201.73
VvV vV 97.40 £1.66  97.59 +1.61

2.3 AERBEIERENK

J 73— IE ] BGFC — Net 53, DA A1 14
RE Gt R e s R TR A 3 AN T A
I3MT . 25 A AR T HER R K F1 43 BCF ¥ (E
FbnifE 2 AL g5 R SR T 50 IREZ A T
G R IR A5 R, LM AL AR 2 2 Pk SVM
KNN FDA (8 (AR 5K B 5592 A g 1 AH X A BR,
XEIIEMIIN T3 i 5 i v Rk, X DL 785032 4
L S P s R AR LR | 58 AU S I R Bh S
GIIRIZRE . BRI E (B TR E
22]) il CC — 2DCNN, FGSFormer , MCCT — Net,
GAF —Net Fll DFFA — Net , F i 1 i 2] i 2 > $2 7 T
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Tab.5 Performance comparison and statistical analysis of different classification models

X L ABE 7R TR/ % F1 5350 % SHE e =Ny ! p
svml's) 93.70 2. 11 93.49 +2.04 9.84 <0.001 **
KNN{H 90.74 +4.34 91.88 +3.61 12.93 <0.001 **
FDA] 94.44 +1.31 94.71 £1.12 9.75 <0.001 **
CC —2DCNN[2! 94.81 +1.55 95.18 +1.18 8.07 x 10* 5.92 x10° 7.15 <0.001 **
FGSFormer 2] 95.55 +1.66 95.13 £1.59 6.12 x 10* 6.48 x10° 5.37 <0.001 **
MCCT — Net[ 10! 95.18 +1. 66 94.94 +1.43 9.32 x10* 8.35 x 10° 5.99 <0.001 **
GAF — Net'?) 95.92 +2.03 96.00 +2. 12 4.71 x10° 1.02 x 10° 4.86 <0.001 **
DFFA — Net!?*] 96.67 +1.55 96.73 +1.70 1. 84 x10° 4.71 x10° 3.89 <0.001 **
BGFC — Net 97.40 +1. 66 97.59 +1. 61 1.72 x 10* 1. 68 x 10°

T e FORFEMIME B3 (p <0.001) ,
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Fig. 6  Confusion matrix of classification results on test set
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