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Study on prediction model for draw resistance and ventilation of cigarette

based on multivariate adaptive regression splines
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Abstract; Draw resistance and ventilation of cigarette are
important indexes that affect the suction feeling, smoke and sen-
sory quality of cigarette. In order to achieve the early prediction
of draw resistance and ventilation of cigarette, the relevant
factors were identified by analyzing the principle of draw
resistance and ventilation, combined with a large number of data
with different specifications and material characteristics. The pre-
diction model of draw resistance and ventilation of cigarette was
established by using multivariate adaptive regression splines
(MARS) method. After verification, the normalized mean
squared error (NMSE) of draw resistance prediction model was
0.276, and the average absolute error was 37.5 Pa; the NMSE of
paper ventilation prediction model was 0.184, and the average ab-
solute error was 0.91% ; the NMSE of filter ventilation prediction

model was 0.044, and the average absolute error was 1.27%. The
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C Group ) Co., Ltd., Qujing » Yunnan 655001, China;

results showed that the model could be applied to the prediction
of cigarette draw resistance and ventilation in actual production,
and provide a reference for cigarette materials matching in
product design and production improvement.
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Table 1 Data presentation
i Fht/g  PUH/mm  KEE/mm  WHL/pd  PIB/pd  WMRE/Y AGER/Y RBER/Y%
A 0.663 6 20.00 88.02 1189 1 405 12.6 6.4 19.0
A 0.682 7 19.96 88.70 1261 1494 13.3 6.3 19.6
A 0.648 9 19.88 88.10 1141 1 347 13.2 4.7 17.9
A 0.668 3 19.97 88.09 1158 1 381 12.3 7.6 19.9
A 0.677 9 19.89 88.35 1181 1418 13.4 6.9 20.3
A 0.668 9 19.90 88.39 1189 1 395 11.5 6.2 17.7
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F & B2 DEVELOPMENT &. APPLICATION
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Table 3 Variable importance
£ & A nsubsets gev rss

st B U iB S cu 13 71.978 58 71.939 62

lbpd? B T W PR Pa 13 71.978 58 71.939 62

fd (GEAT SIS 12 53.369 13 53.375 60

l B K E mm 10 61.946 15 61.923 53

lbpd 1 UEAE b R Pa 10 33.240 04 33.327 62

jt BINAE S E cu 8 27.101 10 27.172 88

yzl TC W B 3K mm 6 18.951 37 19.064 30

d BIMHER mm 4 100.000 00 100.000 00

{6l Cunused) WK mm 0 0.000 00 0.000 00

lbpd Cunused) I8 W 1 Pa 0 0.000 00 0.000 00
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Table 5 Primary function
h max(0,/bpd—3 000) lbpd 0.011 882
ho max(0,3 000—1[bpd) lbpd 0.027 610
hs  max(0,yzl—59.827 9) yel  —0.069 280
hi max(0,59.827 9— yzl) yel  —0.249 060
ks max(0.jr—60) jt 0.026 920
ks max(0.60—j1) jt —0.231 080
hq max(0, fd—1.105 2) fd 20.721 580
hg max(0,1.105 2— fd) fd —15.507 400
ho max(0,lbl —27) bl —0.077 490
hio max(0,27—100) bl —1.041 060
h max(0,lbpd —3 400) lbpd —0.056 540
his max(0,st—160) st 0.035 753
his max(0,160—sz) st 0.001 981
his max(0,d —7.630 57) 856 359
his max(0,7.630 57—d) 3.564 070
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Table 4 Primary function
h max(0,6.431 82—d) d —97.976 400
ho max(0, fd —1.090 45) fd 943.738 300
hs max(0,1.090 45— fd) fd —616.126 000
hy max(0,st—80) st —0.111 380
hs max(0,80—st) st —34.639 400
h max(0,/bpd2—439.6) lbpd?2 0.210 272
hq max(0,439.6 —1bpd?2) lbpd?2 7.047 573
hg max(0,/bpd1—750) lbpd1 1.123 966
ho max(0,750—1bpd 1) lbpd1 0.753 917
hio max(0,j¢—60) Jt —5.127 510
A max(0,60— ) jt —10.473 000
hiy max(0.y=l—70.156 6) vzl —83.607 800
By max(0,70.156 6— yzl) yzl —7.382 300
hiy max(0,/—84.36) [ —22.855 500
his max(0,84.36—1) [ —8.835 080
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po =10.153-40.011 96 h; +0.027 6 h, —0.069 28 hs —
0.249 h, +0.026 9 hs —0.231 hg -+ 20.722 h; — 15.507 hg —

0.077 5 hy — 1.041 hy, — 0.056 5 Ay + 0.035 8 hy, +
0.001 98h; + 5.856 hyy — 3.564 hys 6
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Table 6 Primary function
B R kA A £
hq max(0,st—310) st 0.161 600
ho max(0,310—st) st —0.020 060
By max(0,jt—60) jt 0.272 866
B max(0,60—j1) jt 0.156 689
hs  max(0.lbpd2—423.9) bpd2  0.032 683
h max(0,423.9—1bpd?2) lbpd2  —0.007 140
hq max(0,/bpd —3 630) lbpd 0.029 198
hg max(0,3 630—1bpd) lbpd —0.018 380
ho max(0,/—99.799 1) [ 6.353 356
hio max(0,99.799 1—10) [ 0.790 596
hi max(0,lbpd1—"758.75) lbpdl  —0.097 700
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Table 7 The comparison of model prediction error
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