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IR ARSI, A A A A B AR AR G
1 MRS
1.1 RIS
1.1.1  SEIedbR

AT e e ol A PR B R 2 R AR 7 SE R S M BT 00T 5 WACHE 8 ML 4 A 2,
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Table 1 Preparation parameters of each finished cigarette

b3 i A M ) R TIFEE %
CG1 4 (RSFHERED 100
Ly CG2 4 (RS 50
g CG3 4 (RSFHERED 0
AbFEZH CG4 7 (R RSREZED 0
CG5 10 (R RAFHERE) 0
%% CG6 10 (p1.0~2.5mm FE%) 0
ReF CG7 10 (2.5~3.35mm f#25) 0
LB CG8 10 (93.35~5.4mm fH%%) 0
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Fig. 1 Volume detection method for inner stem of cigarette
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AR, o AEHFLIRZ/ %, Vo W N FLRAAF /mm?®, Vo il 22 Bkl SR /mm?.
AT 538 FH ()26 MR AR S RS K B 84.00 mm ., S JEMEK R 25.00 mm. EL4E 7.66 mm, HHA
JH 22 BRARFR 2 717.56 mm’.
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Table 2 Key parameters of the algorithm

¥4 X Y GRS

Iy RAS RRIEAIKEL [100, 1000] 100
2 [0.01, 0.30] 0.01

T PR [2, 5] 1
AR [6, 12] 1
TRFE [0.6, 1.0] 0.1
F—JCRFE L [0.6, 1.0] 0.1
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Table 3 Statistics on the content of tobacco stems inside cigarettes

RSP I AR 22 BT B A R AR bR 2

A2 / (mm?) / (mm?*) / (mm?)
CGl1 7.44 1625.75 4.12
CG2 12.78 1669.96 3.49
CG3 15.78 1668.90 4.06
CG4 16.54 1680.55 5.20
CG5 17.60 1649.44 6.66
CGo6 14.92 1679.43 8.77
CG7 48.16 1655.91 19.01
CG8 39.86 1665.48 20.64
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Fig.2 Schematic diagram of stem distribution in regular cigarettes

Gt AR RS B AL B P A S A AR RS R, A MR E RS AR AR 3 A 4
HSEC A BT L W 2 Bt o AT DA 7R 5 R0 P, BEAS AR AR A 4E 0~25 mm?,
Z1MH CG1~CGS5 A ZARF AR LE 0~25 mm? (5 L4378 99.99%- 95.33%- 100%- 89.71%
M 87.70%, HAEEEA LIIESAMRE, FFagitF e, TR RS R 135
Ve, NSRS ATRELE B AT ) BRAR bR R SR AL TR S . PR R BRI OR,  KARARRERE
FEB A & Lt 2 38 v, B R B XU T BEk )y, R AR AR 25 0 i 5 A L X
PR, AHASEE 2 0 AME S AR,
22 FEEEEXNERIIIEEFRIFZN
221 BEWEIEREEES T

XA AL HR B FR AR RSP A A m ZE AR R 2, W05R 4 Fos. SRE AR A
7E CG4 AL FHIE B i KMH 0.931 g 124,171 mm; S8 KGR FIHF O P AE CG2 Ab Bk 21 i KAE
8.757%H1 1.079 kpa; i BE FIFLEERAE CGS ALBLIR B i KAH 69.467% 1 71.771%. L85, HHE
AFLBRZRALE CG1 AFREE /N, 70514 0.883 g+ 56.320%H1 57.822%; [ . &E K EFIFIK
W BHAE CGS5 AT /N, 439908 23.332 mm. 7.861%F1 1.004 kpa. FAEE . fifi BF AL IR R BEE
Zf w2 BT, SOl KA AN O B Sk, B T B R AR,
T RN b B R 25 2 1 I AR AL

DUH X A 22 R B P 3 e A B AR 25 & s R AR, T DA HY S5 2 B0 B AR 25 2 s R AU AT TE
—EWE, LR GRS RGERIE X R ZERT 3 65, AN 21.30%. 20.53%74
11.55%. &7 ZREHE 2 BTG H, BE, FEE, SEMALREEARENEE
MES, HpfLBR s RaoNRE, RUFESXGHRE, A, A ILB Ry b A
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Table 4 Descriptive statistical analysis of physical indexes of cigarettes

PR B AL AR SR 2 TS

QbR HH/g 5 J& /mm SVIE R % FF% FH/kPa i /% FLBRZE/%

CGl 0.883+0.012° 24.198+0.042° 8.223+1.080° 1.051+0.036° 56.320+1.943° 57.822+2.202¢

CG2 0.904=0.009% 24.162+0.049° 8.756+0.9712 1.079+0.043¢ 60.333+1.799¢ 63.230+2.421°

CG3 0.916+0.011° 24.098+0.040¢ 8.026+0.962° 1.038+0.036" 65.363+1.6112 65.385+1.732¢

CG4 0.931+0.006° 24.171+0.051¢ 7.816+0.854% 1.056+0.039° 68.693+0.815° 69.204+2.714¢

CG5 0.921+0.070? 23.322+0.321° 7.871£1.707° 1.0040.182° 69.467+1.841¢ 71.77143.122¢
FHXS AR 22 5.281% 3.653% 11.552% 7.144% 20.531% 21.300%

T ME 0.911 23.991 8.139 1.046 64.035 65.482
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MRS B SN B2 e RN K 3 B, BB 3 AN R R 8, BRI & & aE K
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KBRS TR . FLRR AT JE WAE CG3 ik B R AR

BARRE, AR AR 7 REIAE 2% LS, FaE Ve RAF, BEREAE S AR AR 5 RE0K
BN, FEEhRHEE T2 MRS R M RAF 25 . BEAh, 5 R85 R0l 2 51 T2
MR S5 22 DR BB, (R DR AS T 7 B AR E | T IO BN FLBR % 3 AN A A e M 281k,
BRSO BELFN AL B 2 i A b B A 28 B G AR e 1 FRAIK, 5 V3 S5 12 i 9 A8 22 568 45 R il
JEREMESS R —3. 45 L, BEREAES B RGNV B R Ae E MR FRAR, CG3 (4% M & &,
P40 b R MY B AR brAs E TR
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Fig. 3 The coefficient of variation between stem stick content and physical indexes of cigarettes
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R B 5B MY BAE AR R A DS B W3R 5. BHER S mIn, FEAE O B AN s | AN
FLERAR 2R F LA, SR 2IEEF LMK, SIBORMEEILEE XK, 588X
REMRK R LR SAMITEERE 0 SCE MY B B e d e 257, AR
PRI A RSB OB TR B, 4% 5 B LU s 1Y A R BB 25 s I JE R 22, IR
FURERE & B P SCE M B E R . AHT FLLAVE BB A H B O S R, 8
ARG TSRS I =4 R, M 7B AR S R AT, BERERAEE SR
5 H G P BARFRIAI G &R . B ANSLIGTHERIANE, BIE A S5 L E R . [F]
I, 26 AL A0 XGRSO LA 0 2R BRI, o vh 503 KR AT TR BEL B 1 52 18 %8 35
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Table 5 Partial correlation analysis of stem stick content and physical indexes of cigarettes

&

N

E{=ga SRty T RE /% TF T80 BRL/K Pa SO A Y% I & /mm /g
[ty 1
Hd/g 0.836%* 1
%] J& /mm 0.544%* -0.161 1
A R EE /% -0.103 0.248* 0.191 1
ﬁ?ﬁzm -0.288* -0.068 0.233* 0.2927%* 1

T /% 0.792** -0.132 0.538%* 0.436** 0.621** 1



Ei=1 MRS T2 /% JF TSR BH/K Pa S IE K% [ J /mm FLE/g
Kyt 1

FLERZ/% 0.733%* 0.696** -0.120 -0.117 0.025 0.743%*

VE: *RIRIE P=0.05 /KFLEFE; KR 7E P=0.01 /K LEE.

224  FET CRITIC BB T

NEMYFESHZI LS BEFERE, T CRITIC i E S AR BUE 25 &% 4%
G130 WK 6 F1R 7. HR¥E CRITIC ¥:iHH CG1~CGS A HE R UATS 4y, BT REARIE T hrilEE R
AR s, DRI B BEETR 00 60, K4 R 4619 7 B 22 [60,100]1X (8] 19 2 25 5154020, HH
x 705, FALEENIF A CG4>CG5>CG3>CG2>CG1, CG4 (7% &, R 145)
REFRB AR FRIEAR S8 15 00 e (BB TBR CG1 AN AL B3 MBI, IR 45 &5 0
VIRRAEARAS E MR ER S TR . BAR CGA (T%MEZE &, R4 a3 & fE, (55 CG3 (4%
RS, K125 4080L, H CG3 REtE L, 5B M b Ik LB 25 i v LASR
s R A — B0, SRR R B LR SR AT, CG3 sl b B

% 6 CRITIC ##E &
Table 6 Normalized weighting coefficients from CRITIC method

Ei=gaN TabRAE et FRPR PR BLE /%
HLE /g 0.21 5.01 18.09
[ & /mm 0.19 5.15 16.30
I X /% 0.20 5.05 16.88
TEH FH/K Pa 0.18 5.12 15.62
T 2 /% 0.24 4.34 17.17
FLBRZ/% 0.22 434 15.93

k7T BREIGIRTFHRLGESFS
Table 7 Average and comprehensive scores of physical indexes of cigarettes

A CGl CG2 CG3 CG4 CG5
JRUR1S ) 42.35 57.60 58.22 62.38 60.89
CEE1S 76.94 83.04 83.29 84.95 84.35

2.3 EHTF XGBoost HEIRYIIEEFRTTN
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Fig. 4 Density distribution of predicted values and true values
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Fig.5 The distribution of the true and predicted values of the physical indexes
BE—DVPAA AL VERE, EBYMERE PR R LR 8. B3R 8 WIANASIH A . A ORI FLER 2
XGBoost AR 253514 0.953 1. 0.950 3 1 0.875 3, XfLLJE4H XGBoost 7 0.913 5.
0.934 4 F10.848 3, R34 M 74104, 02 F103, RAGSIRIAE, HFEER S, AR
RO T] AR A 25 B v A T A5 0 B B R A, B O A MR LR 2R, W LI A e
HROA 5 A T P R AR A S

k8 BAMRIFSE

Table 8 Model performance evaluation table

WhSH $HEg FEA/mm  SEXAE%  FRRMHAPa  BEE%  FLRE/%

MSE ~ 0.0010  0.0032 2.026 5 0.001 4 2.1220  0.0005
Ji4s  RMSE  0.0075 0.0565 1.423 6 0.0369 14567  0.0223
e MAE ~ 0.0039  0.0435 12278 0.027 7 09946  0.0177
R 09135  0.0371 0.364 5 0.025 8 0.9344  0.8483
i MSE  0.0010  0.0027 0.965 5 0.001 7 0.8150  0.0003
RMSE ~ 0.0067  0.0514 0.9573 0.040 7 0.8922  0.0179

R
MAE ~ 0.0043  0.0412 0.803 6 0.0328 0.5725  0.0135



R? 09531 0.1937 0.001 2 0.071 6 0.950 3 0.8753
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Research on the influence and prediction of stem
stick content and size on physical indexes of
cigarettes

YE Zhenghong!, JI Huifu!, DUAN Kun?, YANG Qi?, WENG Jiakai!,

Gu Jiajia®>, SHAO Huifang', DING Meizhou?
1. College of Tobacco, Henan Agricultural University, Zhengzhou 450046, China;
2. Technology Center, China Tobacco He'nan Industrial Co., Ltd., Zhengzhou 450003, China

Abstract: [Objective] To investigate the effects of stem stick content and size on cigarette physical indicators and
their intrinsic correlations. [Methods] Conventional cigarettes were used as research objects, and experimental
gradients were set for stem stick content groups and size groups. The internal component content of cigarette
samples was quantified by CT three-dimensional reconstruction technology. Correlation analysis and the weight
determination method based on inter-criterion correlation (CRITIC) were employed to evaluate the influences of
stem stick parameters on cigarette physical indicators, and an optimized eXtreme Gradient Boosting (XGBoost)
model was established to predict cigarette physical indicators. [Result] Larger stem stick size led to greater
fluctuation in stem stick content in cigarettes. Stem stick content exhibited extremely significant positive
correlations with cigarette weight, hardness and porosity, a significant positive correlation with circumference, and
a significant negative correlation with open resistance. The physical indicators and stability of cigarettes were
comprehensively optimal at a stem stick content of 4% when the air damper of the cigarette maker was fully closed.
The optimized XGBoost model achieved coefficient of determination (R?) values of 0.9531, 0.9503 and 0.8753 for
the prediction of weight, hardness and porosity, respectively. [Conclusion] A positive correlation exists between

stem stick content and cigarette weight, hardness and porosity, which can be accurately predicted by the XGBoost



model. This study provides a scientific basis for the control of stem stick content in cigarettes.

Key words: stem stick content; stem stick size; physical indexes; predictive model; XGBoost



