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ARMA Forecast Model of Tar of Cigarette Smoke

LU Mingetal (Technology Center of China Tobacco Fujian Industrial Corporation, Xiamen, Fujian 361022)

Abstract  [Objective] The study aimed to provide a base for computer-aided formula design. [Method] With the tar of cigarettes from different
batches of cigarettes with the same trademark as tested materials and by using time series sequence method, the forecast model of tar of cigarette
smoke was built and validated. [Result] Among forecast models, the values of AIC, LF and FPE were all least in ARMA(2,2 )model, namely (1-
1.622 q+0.844 q?) y(t) = (1-1.836 g™t + 1.02 g9 e(t), so it was selected as forecast model for tar of cigarette smoke. The established ARMA
(2,2)model was significantly effective model according to autocorrelation check of the residuals on the model residual sequence.The forecast
precision of ARMA(2,2)model reached 99.51% and the average relative error was 0.49%, so the ARMA(2,2)model belonged to the first grade
model (excellent model). However, time series model was usually used for short-term forecast but not for long-term forecast. [Conclusion] The
forecast model of tar of cigarettes smoke built in this study had a better precision, lower error and could beused for short-term forecast of the tar of

cigarettes smoke.
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Table 1 Detection results of smoke tar amount in cigarettes with different batches
MEA CFEER Average I Average A KAy JHR E73 B3l Tar )/ mal %
Brand weight /g draw resistance // kpa Wet coke // mg/= Moisture /mg/>%  Nicotine // mg/3% Number// ripg i Tar/mg
200601 0.91 1.140 17.95 2.21 1.27 1.7 14.5
200602 0.92 1.100 17.86 1.81 131 8.2 14.7
200603 0.92 1.190 16.40 1.64 1.40 7.8 13.4
200604 0.94 1.220 16.49 153 1.43 8.0 135
200605 0.93 1.170 15.69 154 141 1.7 12.7
200606 0.92 1.180 16.49 151 144 1.7 135
200607 0.92 1.190 15.94 151 1.29 7.8 13.1
200608 0.93 1.210 15.04 1.26 1.32 8.0 125
200609 0.91 1.170 18.49 2.41 1.46 8.0 14.6
200610 0.93 1.190 17.21 2.30 1.47 7.9 13.4
200611 0.91 1.170 17.32 2.20 1.37 8.0 13.8
200612 0.92 1.210 17.51 1.83 1.40 7.6 14.3
200701 0.91 1.040 18.35 1.50 1.50 7.2 15.4
200702 0.91 1.000 17.66 1.55 1.35 7.3 14.8
200703 0.91 1.090 17.50 1.63 1.33 7.2 14.5
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Fig.1 Sequence diagram of smoke tar amount in cigarettes
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Fig. 2 Autocorrelation of smoke tar amount in
cigarettes after smoothing zero equalization

23 BEZEHFAEMSHMITER PR )75 A
A A 1nH# 3°F-1 ( Auto Regression Moving Average, ARMA) .

A 814 (Auto Regression, AR) . # 31114 (Moving Average,
MA) iR ARMA H B[4 F AH 5C 22 BRI FAHOC R ECER
A R, B 2~3 B I8 AL IS B R S AR
) AR A B A DG R BCERHE R , T LA BB ARMA 5571y
TSN A IE AR ARMA BERIZ5 4 — 8k A (q)y(1)=C(q)
e(t), Hop A (q)=1+aq'+a%q 2+ +auq ™, C(q) =1+c,q "+,
Q2+ 40 ™, q N IEIR B S ARMA(L, 1) .ARMA
(1,2) .ARMA(2,1) . ARMA(2,2) .ARMA(2,3) .ARMA(3,2)
HEA PRERL B UK I I REAHE

; r .

N

:a

Z 3¢

£ 2t

® 0 oo

o 11 ]

= -1 IS

€’ o . . . . . )
2 4 6 8 10 12

AJAMK Cigarette batches
B3 FEREHEAESHESEHENRBEHEXXER

Fig. 3 Partial autocorrelation of smoke tar amount in
cigarettes after smoothing zero equalization
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Table 2 Model parameters, LF, FPE and AIC

57 Model a Q& & 1 C, Cs LF FPE AlC

ARMA(1,1) -0.678 8 - - 0.863 8 - - 0.040 1 0.066 8 -2.7173
ARMA(1,2) -1.0030 - - 04134 -0.602 4 - 0.059 7 0.1450 -1.9848
ARMA(2,1) -1.6570 0.8998 - -1.0100 - - 0.014 8 0.0359 -3.3818
ARMA(2,2) -1.6220 0.8440 - -1.8360 1.0200 - 0.009 1 0.027 2 -3.7016
ARMA(2,3) -1.566 0 0.7839 - -0.7254 -0.0737 -0.2154 0.018 4 0.0920 -2.6620
ARMA(3,2) -0.539 2 -0.7509 0.795 0 -0.758 0 -0.254 6 - 0.015 3 0.076 7 -2.8438
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Fig. 4 Partial autocorrelation of fitting error of
smoke tar amount in cigarettes
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Fig.5 Comparison of actual measured value and model
predicted value of smoke tar amount in cigarettes

WA, £ % F Smoke tar amount // mg/ X

I\

3 ARMA(2,2 )R M RNEE SERTMNEN LR ER
Table3 Comparative results of actual measured value and model predicted value of ARMA( 2,2 )model tar

SEBRE Actual  THINAHE Predicted %22 Residual AXF iR 22 PRIHIXTER B e MR FETHIXPRS L
value //mg/% value //mg/% error//mg/%  Relative error /% Average relative Avgrage _ Small error Average relative
error// % deviation ratio  probability accuracy// %
15.4 15.4779 -0.0779 0.505 8 0.49 0.180 7 1.0000 99.51
14.8 14,7337 0.066 3 0.4480 - - - -
14.5 14,576 4 -0.076 4 0.526 9 - - - -
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