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Tab. 1 Model results based on singular data source
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Tab. 2 Confusion matrix for the leaving-one-out cross-validation of SVM model based on NIR data to identify 5 cities
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Tab. 3 Confusion matrix for the leaving-one-out cross-validation of SVM model based on Heracles EN data to identify 5 cities

b IX B M SET5 L WE 9E o) R/ %
- S0) 25 2 0 0 0 92.59
e 1 13 1 0 0 86.67
P 0 0 24 0 1 96.00
W& 1 0 5 20 1 74.07
3E 0% 1 0 0 2 18 85.71

X 2 fER 3,0 LA L AEE T B — T 20 AN 1 E s AR A X 1 B 0 IO VA R A L 35 F181.48 06 L (H
T FH B U0 o A % 45 2, AR 66.67 V0. AN BE T B — B S BCHE AR AU N R B Y T o A R LR AIR, AR
74.07 % AU G B HERG R 5 L R 86.67 V0. 3k AR AL 14 At 3 At 2 T 4 v R 3 D) 5 A U ek o B 4T
AT 5 H B A i T A AR T SE SR RT DL LT 2T AN S S R B R A R S S [ A A R S A
IR AR )45 B R AE 308 ek 5 8 o 2 B A 5 T DL A A R R B 2 A £ L 0 T R R A R
24 ETHEHBENEINERTR

TC e A2 B T B — I 2L AP G5 B A 8 7 b R A AR 38 B T B — Heracles FL o 508 (9 40 i 7 by
P RL, XF T L 2 B A R R 4 77 i AT DL ST v A 3R g B PR A AR D PR R X B A [ A 03 Y b B
7 BB Lh RO L A 25 5 R AR I A B 1 2 R b AR A, DR A R R O A A 23 (R T A P IR
TR BH T B N BE D 5 g T e, ph T A AT R 22 SN L AR B (1 22 St A
b /N DR O ASE 0 SR 500 o A SR AT T FL AR BT 3 LA B R SO T 2 A 5 B b S TR [ 4R B 1
Heracles HL 5 5540 2008 il & 5 850 7 38 2 B30 4% 8., DAL g 7 TR e 48 P 5 A M 2T i ™ b iR
S0l VR 3% e ) A

FIH PLS XA 3T 2L 2635 Rl Heracles B~ 5 il 4 $0HE 547 W 4, SR BRUAT 14 > PLS [N+, F 2tk
% PR, AR B 30, ST 1T e 48 PR T L B PH L IO LV B RN GE S5 5 A B 2T 7 b R ) A R
(F 4) B B UERA 3 100 Y0 B RY B — R MERR R 98.26 V6, J i) 9 E B %2 24 96.30 %6 (3R 5) . i [
P HERA 22 100.00 %6, - To0 LU A9 HERR 258 100.00 %0, VF B B HERR 268 96.30 %, 3F B ) (4 14 2 4 100.00 %.
AI LA H 3 Rl S0 E ST T R N 5 A b T ) 7 b U A R 1 o 0 S B B O R — S 2T A
TR ST AR R A RE L T L T B — Heracles L 7 8 B0 8 7 BB RY , 45 51 J2 B FH AR B A9 30 R 1

TR,



%2 EMR G, F LTS R aE AR A F S AR 3T E oF R R A AR R 109

R4 ETHEGHES T AT HAMNKRBEERER

Tab. 4 Confusion matrix for the training set of SVM model based on merged data to identify 5 cities
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b S0) 27 0 0 0 0 100.00
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LN 0 0 0 0 21 100.00
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Tab. 5 Confusion matrix for the leaving-one-out cross-validation of SVM model based on merged data to identify S cities
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Classification of tobacco leave parts based on the fusion of near-infrared

spectroscopy and Heracles electronic nose data

Wang Yangzhong', Zhang Xin', Cai Zhenbo', Huang Wen', Fei Ting',
Wu Da', Zhang Xufeng®, Meng Xiangzhou?, Shu Ruxin'

(1. Technology Center, Shanghai Tobacco Group Co. , Ltd. . Shanghai 200082, China;

2. College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: In this study, the tobacco leaf origin identification models were established in four provinces in China(Yun-
nan, Henan, Fujian, and Jilin) and five prefecture-level cities within Henan Province ( Luohe, Nanyang, Pingdingshan,
Xuchang, and Zhumadian) by utilizing near-infrared spectroscopy data, Heracles electronic nose data, and a fusion of both
datasets. In geographically distant provinces, accurate origin identification models with relatively high precision were success-
fully constructed by using a single data source. However, in the five closely located cities in Henan Province, where geograph-
ical proximity, minimal climate variations, and high tobacco leaf similarity were evident, the accuracy of the origin identifica-
tion model based on a single information source was comparatively lower. To enhance the accuracy of tobacco origin identifica-
tion in the five prefecture-level cities in Henan Province, a fusion of near-infrared spectroscopy data and Heracles electronic
nose data is performed. The increased information content in the fused dataset significantly improved the identification accuracy
in these five origin regions. The Leave-One-Out cross-validation accuracy in these regions was measured at 98.26 % , surpassing
the 86.96 % accuracy of the single-data-source discrimination model before data fusion. This study demonstrates the capability
of Heracles electronic nose data to complement near-infrared spectroscopy data across different data dimensions, providing new

perspectives for tobacco variety tracing, quality monitoring, and market supervision.

Keywords: near-infrared spectroscopy; Heracles electronic nose; data fusion; support vector machine

[REHAKR BEL BFEK]



