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Table 1  Descriptive statistical analysis results of chemical composition in historical tobacco blends
(=% 1A e/ ME N Hfi gk brifE 22 i E I 7 A5 R %
B R/ % 26.01 24.57 27.16 26.12 0. 69 -0.38 -0. 69 2.65
R 2 % 2.33 2.24 2.41 2.33 0.05 -0.09 -1. 44 2.15
A JFRE T /% 21.72 20. 31 23.05 21.74 0. 84 -0.09 -1.37 3.87
S % 0.49 0.46 0.52 0.49 0.02 -0.02 -0.16 4.08
BE R/ % 2.40 2.28 2.55 2.39 0.08 0.33 -1.17 3.33
BAEEE/ % 2.00 1.94 2.03 2.01 0.02 -0.62 -0.36 1. 00
T '/ % 4.51 4.27 4.79 4.49 0.15 0.10 -1.20 3.33
B L 9.31 8.71 9.65 9.36 0.23 -0.78 0.20 2.47
014 0. 86 0. 82 0.91 0. 86 0.02 0.02 -0.98 2.33
Gilkayg 4.87 4.48 5.33 4.87 0.21 0.21 -0.59 4.31
Wi LE 0. 83 0. 81 0.85 0. 84 0.01 -0.22 -1.17 1.20
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Table 2 Chemical composition analysis of experimental tobacco blends

J-‘? = 4%’\*% /E\*E%Eﬁ J‘I‘Jﬁﬁ %‘L %qf] 4%\% %Eﬁ&: H: ﬁﬁﬁ&: H: %Eﬁ/;:( H: W‘j*% H: ﬁ*)/}

T mER % R/ % /% TR/ % TE/ % T/ % TE/ %
N1 27.17 2.35 22.51 0.46  2.30 2.01 9.58 0. 86 4.96 0.83  4.59
N2 25. 84 2.33 21.04 0.52 2.47 2.04 9.01 0. 88 4.74 0.81  4.49
N3 26.29 2.38 21.74 0.51  2.34 2.02 9.14 0.85 4.59 0.83  4.59
N4 26.52 2.35 22.14 0.47  2.35 2.00 9.43 0. 85 5.00 0.83  4.65
N5 25.63 2.43 21.32 0.56  2.41 2.03 8.78 0. 84 4.32 0.83  4.46
N6 27.19 2.35 22.54 0.46  2.30 2.01 9.60 0. 85 5.02 0.83  4.62
N7 25.22 2.36 21.01 0.51 2.42 2.03 8.91 0. 86 4.79 0.83  4.36
N8 25.73 2.34 21. 14 0.51  2.47 2.03 9.02 0. 87 4. 84 0.82  4.55
N9 26.33 2.37 21.90 0.48  2.36 2.01 9.24 0. 85 4.91 0.83  4.56
N10 25.81 2.41 21.39 0.53  2.41 2.03 8.89 0. 84 4.58 0.83  4.62
N11 26. 82 2.36 22.15 0.48  2.37 2.00 9.40 0.85 4.96 0.83  4.68
N12 26.30 2.37 21.70 0.50  2.35 2.01 9.17 0.85 4.66 0.83  4.54
N13 26.75 2.29 22.59 0.49  2.36 1.99 9.87 0. 87 4.80 0.84  4.77
N14 26. 82 2.35 22.20 0.48  2.35 2.01 9.47 0. 86 4.91 0.83  4.63
N15 25.57 2.35 21.06 0.51  2.47 2.03 8.98 0. 87 4.86 0.82  4.50
N16 25. 80 2.38 21.28 0.53  2.48 2.04 8.96 0. 86 4.68 0.82  4.47
N17 26.70 2.28 22.42 0.46  2.31 2.00 9.86 0. 88 5.05 0.84  4.83
N18 25.76 2.43 21.29 0.51  2.39 2.04 8.75 0. 84 4.70 0.83 4.53
N19 25.76 2.35 21.08 0.53  2.46 2.03 8.98 0. 87 4.67 0.82  4.49
N20 25.65 2.35 20. 98 0.51  2.47 2.04 8.91 0. 87 4.88 0.82  4.51
N21 25.26 2.30 21.05 0.50  2.43 2.01 9.16 0. 88 4.83 0.83  4.34
N22 26.27 2.37 21.68 0.51  2.35 2. 00 9.15 0.85 4. 60 0.83  4.53
N23 26.32 2.36 21.88 0.51 2.34 2.01 9.28 0.85 4. 64 0.83  4.53
N24 26. 49 2.31 21. 88 0.47  2.38 2.01 9.49 0. 87 5.07 0.83  4.46
¥ 26. 17 2.35 21.67 0.50  2.39 2.02 9.21 0. 86 4.79 0.83  4.55

FrifEZE  0.57 0. 04 0.55 0.03  0.06 0.02 0.32 0.01 0.18 0.01  0.11
BWRERB/ % 2.16 1. 60 2.54 5.06  2.44 0.82 3.45 1.37 3.80 0.80  2.45

K3 BUFRSGRE

Table 3 Weighting of individual chemical components

2oy XA w0, FAE w, HENE Z, Hey HRAEIE 7, Hery
BB /% 0. 105 0. 107 0. 107 3 0.122 3
S % 0. 087 0. 126 0.116 2 0.120 4
WS i % 0. 107 0.081 0. 088 5 0. 094 5
AEE/ % 0. 059 0. 070 0. 067 10 0. 045 11
B/ % 0. 095 0.078 0.082 8 0. 080 8
BASR/ % 0. 066 0.079 0.076 9 0. 057 9
BHOL EE 0. 095 0.137 0.126 1 0. 141 1
AL 0. 093 0. 080 0. 084 7 0. 081 6
B LL 0.117 0. 098 0.103 4 0.125 2
P LL 0. 089 0. 057 0. 066 11 0. 055 10
TEM &/ % 0. 085 0. 087 0. 086 6 0. 080 7
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Fig. 2 Histogram and KDE-based probability density curve of chemical

composition data for historical tobacco blends
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Table 4  Error analysis of normal distribution versus

nonparametric kernel density estimation
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Table 4  Similarity analysis results of experimental tobacco blends
o GM BB EEm W B BE o s 4 B
L TR/ % HE/% Sh/% S/ ok/% i TRIL RS BSIE PUREIL g
N1 0. 000 0.767 0.363  0.015 0.157 0.624  0.131  0.884 0.682 0.694 0.649
N2 0.772 0.951 0.456  0.012  0.399  0.000  0.245 0.545 0.561 0.126  0.880
N3 0.720 0. 366 0.999  0.244 0.485 0.380 0.468 0.676 0.173 0.615 0.667
N4 0.477 0.781 0.664  0.106 0.612 0.943  0.594 0.784 0.543 0.966 0.383
N5 0.575 0. 000 0.663  0.000 0.893  0.064 0.037 0.367 0.000 0.857 0.743
N6 0. 000 0.787 0.334  0.000 0.120 0.858 0.083 0.819 0.489 0.734 0.516
N7 0.271 0. 648 0.436  0.360 0.785 0.153  0.127 0.971 0.721 0.940 0.328
N8 0. 666 0.841 0.530  0.233 0.425 0.064 0.257 0.818 0.916 0.383 0.813
N9 0. 672 0. 489 0.863  0.373 0.714 0.734  0.739 0.646 0.838 0.860 0.775
N10 0.741 0. 030 0.720 0.000 0.898 0.027 0.106 0.557 0.139 0.715 0.534
N11 0.205 0.671 0.652  0.251 0.760 0.890 0.696 0.641 0.670 0.583  0.295
N12 0.710 0.548 0.971  0.445 0.552 0.769  0.549  0.673 0.332 0.537 0.874
N13 0.257 0.458 0.302  0.952 0.719 0.625 0.000 0.746 0.774 0.465 0.026
N14 0. 206 0.818 0.614  0.299 0.601  0.641  0.463 0.921 0.846 0.665 0.490
N15 0.522 0. 800 0.472  0.270 0.403  0.002  0.196 0.815 0.983 0.469 0.936
N16 0.735 0.410 0.636  0.000 0.336 0.000 0.177 0.910 0.399 0.524 0.793
N17 0.303 0. 300 0.431  0.000 0.202 0.855  0.000 0.501 0.406 0.701  0.000
N18 0. 693 0. 000 0.646  0.271 0.982  0.000  0.024  0.463 0.457 0.611  0.896
N19 0. 694 0.785 0.483  0.000 0.489  0.046 0.199  0.856 0.351 0.253 0.898
N20 0. 588 0. 696 0.411  0.318 0.390 0.000 0.126 0.767 0.952 0.240 0.983
N21 0.295 0.586 0.459  0.456 0.707 0.541  0.517 0.517 0.876 0.936 0.229
N22 0.745 0.487 0.954  0.210 0.587 0.906  0.489  0.590 0.191 0.546  0.904
N23 0. 684 0. 667 0.880  0.364 0.539 0.588  0.873 0.818 0.273 0.837 0.920
N24 0.505 0. 699 0.877 0.073 0.838 0.752  0.390 0.686 0.351 0.585 0.777
B 0.502 0. 566 0.617  0.219 0.566 0.436 0.312 0.707 0.538 0.618 0.638
PRUEZ  0.245 0.270 0.214  0.222 0.237 0.368 0.256 0.161  0.285 0.225 0.294
AEHRM %o 48. 95 47.67 3462 101.68 41.81  84.40 8212 22.78 52.96 36.46 46.06
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Table 6 Comparative analysis results of chemical composition in experimental tobacco blends
AR PEYI(E
IH BB, BRI B A B AR e e - ey VEW SR/

STy 2 i 0. 502 0.566  0.617 0.219 0.566 0.436  0.312 0.707 0.538 0.618 0. 638

P-H 38 2 e 7 0.507 0.597 0.698 0.214 0.581 0.519  0.407 0.760 0.495 0.682 0. 607
AXFAR LB/ % 1,07 5.37 13.06 -2.10 2.68 18.97  30.57 7.40 -8.09 10.29 -4.87

LA PR 00 7 i T ot O R — B, B A 1Y
T A B, A A D7 o L S 2 F R A SR
R I 2H C 7 S M R BT N KU 2 DDA O, AR SC
WFIEa RS Z B —2,

2.4 ARMAGETH AR FHBELESH

2.4.1 MUMEERE FH A B A AL
7 A REARIE P, 388 SR FH 25 A Ei 2 1 73 PR A
B2 A AT SR AT R, R ik
SR AT R AR S — Ao 5 A EE 2, AT
SEEH P ITAG g 12 A S A A R A TR AL
Ik I B AR RAPEAR S & e T B AR
BURYAS R AR 1 BET5 AR ALPE A B R P, AR SC
K 4 FRAL D5 125, 0 2 BC T R AR (B A T 5
LRI T, MR T HEF 6 A4 MK i
LRI ER /NI O B WA 32 (0. 532) > 8 ML 4

AT R FURACK AR ST P
Table 7 Comparison of similarity indices across
different weighting methods
W EM WMAS FIRRAE

i H

WAGE  WAEGE  REGL A

/M 0.337  0.308 0. 308 0.317
SSPN ] 0.716  0.695 0. 709 0. 702
W2 0.379  0.387 0. 401 0.384
ol(z) 0.532  0.512 0.521 0.518
BREE/%  17.30  19.94 19. 48 19.03

AIAL (0. 521) >THZEIS A AL (0. 518) > F
WA K (0. 512) , 28 5 R FOR/ MR Sy 2 UL IR AL
(19.94%) > AL A WAL (19. 48% ) >TIE L4 &
TAAL (19.03% ) >Z WAL (17.30%) . 1T LA Hi,
AL I A B 340 1 B /N, 728 S RO R s %W
IR AR B 2 0 e K, 728 S R B5UdR /D 1T L2
B AL ZR0 AL A AU AR B A 0 AR 5 R 8K
T Z 0, HAE =5 A 18] e £ T — A%
[UIBES

2.4.2 5REREMMERESH XA FEACE K
7 AT A A R (E S R VT B £ TR
PR B A ST E W 258 ) $EATAH 208, 25
RUWFR 8, MR 8 A, B8R Z [F] 477 I 2
SEAH OGN , A OGRS 7 S5 > B > A v >
IR S 2> A M, 5 RCE B A L 25 (E 1 A
SRR MU IR IS 4 A AL (-0. 668 ) > 2 LK
B (=0. 665) >FMMRALE (0. 663) >F A4 A I
B (-0.654) , JREE 4 FPIRAUT TE A R4, H
TE TG b A DGR ] 7 T 2R AN [R] . 25 WL TR A
VEAE 2SRRI R A T A DG M R T
WA 32 ) T g o5 T A B A ER R PR, LA S
WA T2 AH LG oA 3 A 5 ik | 76 4 050 FNE I T i
7N R v A DG R B (L AE BT PE | 2 R AR R T
TET AR DG PEARXSH /N, 5 SRR BT S5 T A DG P AR X A

K8 rHARMUEAL L B F FR AT 0 AR K M 5T

Table 8 Correlation analysis between sensory attributes and tobacco blends similarity values

AP i T A=K M AP NN By
H AL -0.591 " -0. 466" -0.461" -0. 602 -0.429" -0.523™ -0.663™
FUMRAL -0.627* -0.470"* -0.427*° -0. 566 -0.386 -0.521* -0. 665 **
B R A AL -0.626™ -0.472* -0.417" -0.573* -0.378 -0.503" -0. 654
RIS A IRAL -0.618" -0. 470" -0.438" -0.578" -0. 400 -0.523" -0. 668"

o B A3 BIFRTE 0.01.,0. 05 K (W) FFEMRE,
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i, PRI 2 & ASE 76 R 22 BURCE 8 1L 9 AH
KA T B Z ], A A 5 &R
R 6] 4 it 22 R AR, DA B A 0 SR R D7 T
R —E BB 1

3 ZEip

ARSCHR I T 3T KDE 9 35 40 e 05 A LPE AR
T o %5 VR D sk TE 5 0 A T 4% 4 4 Ak
253 KDE A3 A8 5 I Ak 27 B 43 (4 AH A
P, I8 3 A [F]AEE 5K 43 B R (AR B R B
SEARA M A3 AT I I 4T AR AR A 5 R R T
K2R A3 E 0T 4518 . KDE 4604 1Y HE 2R 535 A
PRI BB LT 1l AT I 52 E 7 A 4 1) Ak 2 B0 2%
LAY ARERAE ; 5925 A e, ST B R T
D7 FERRR L | B R SRR i 3 W AR S
JJ3 52 T 5 A R A AL Y5 (B T B2 3, 433
30. 57% .18. 97%F1 13. 06% , 7] Fi 45 S )5 it
UEAb, 4 FIRAL T 1k B AR BLE (A 5 SR B 48 AroAH DG 1
RUFEEZR ., MARRAG WAL S REZBURE
RERIAHCHE A T 32 R WIRAZ 8], A5 2008 /N T
HAENES | F A8 102, 3+ 5 BE T
W AR AT . VR Ik 52 3% T B 1077 o
ML PPN R R S T B E e 548 S 7
R REIIE v L 91 0 e T A R 4 A R R I R A
Bt N BOOAR T 7 J5 28, B 0 ™ b R e 1, R T
T AR HERL 20
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Research on cigarette blend similarity evaluation method

based on non-parametric kernel density estimation

ZHAO Zhenjie' ,LI Shitou' , TIAN Yunong' ,HE Wenmiao',ZHANG Hongfei*,PANG Yongqiang”, LIAO Fu'
1. Technology Center ,China Tobacco Zhejiang Industrial Co.,Ltd., Hangzhou 310008, China
2. China National Tobacco Quality Supervision & Test Center ,Zhengzhou 450001, China

Abstract ; [ Objective] To enhance the efficiency of cigarette blend formulation maintenance , this study proposes a
method based on non-parametric kernel density estimation (KDE) for evaluating the similarity of cigarette blend
formulations. [ Methods] A KDE distribution model for individual chemical components was constructed using
historical formulation data to calculate the similarity of individual chemical components. Different weight allocation
strategies were employed to compare the similarity between the experimental formulation and historical formulations.
The model’ s performance was evaluated using correlation analysis, and the relationship between the overall similarity
of leaf group formulations and sensory quality was analyzed. [Results] The probability density estimation function
fitted using KDE effectively reflects the distribution of chemical component data from historical formulations.
Compared with the experimental leaf groups, the average overall similarity of the leaf group formulations that passed
evaluation to historical formulations in three indicators ( sugar-alkaloid ratio, total nitrogen content, and reducing
sugar content) increased by 30.57%, 18.97%, and 13.06% , respectively. Although the four weighting methods
exhibited similar correlation levels, they differed in their tendency regarding the correlation degree of individual
chemical component similarity. Specifically, the game theory-based combined weighting method showed correlations
with most sensory indicators that were intermediate between those of subjective and objective weighting methods,
thereby reducing the overall weight deviation between these two approaches. [ Conclusion] Constructed a KDE
distribution model using historical formulation data to evaluate the similarity between experimental formulations and
historical formulations. The results provide a reference for assessing and controlling the similarity and stability of
leaf groups during the formulation maintenance process.

Key words: cigarette blend maintenance ;non-parametric kernel density estimation ; game theory-based combinatorial

weighting ; similarity assessment
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