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Construction of a prediction model for mainstream cigarette smoke quality

based on Fisher linear discriminant analysis method
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Abstract: To establish a method for discriminating cigarette qual-
ity, using Fisher's linear discriminant analysis theory, 16 parame-
ters of 30 kinds of Chinese commercial finished cigarettes as dis-
criminating factors, and of CO, tar amount and smoke nicotine a-
mount as three discriminant functions the Fisher discriminant
model was established. After verification, the model has a false
positive rate of 0, and the prediction accuracy of the test calcula-
tion is 100 %.
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Table 1 Each index value and discriminant function value of some training samples

o & R/ i 22 JE Bk / A/ m/ BA/ 225K 53/ KB/ W BHL/
7 % (mg+ %D % % % % mm kPa
A 16.33 2.46 0.74 2.66 2.24 5.28 84.35 1.17
B 20.07 2.32 0.78 2.33 2.18 9.63 84.08 1.02
C 20.58 2.47 0.65 2.18 2.13 9.37 84.09 1.13
D 21.08 2.32 0.64 2.60 2.14 8.84 84.17 0.96
E 21.23 2.31 0.60 2.62 2.19 7.37 83.88 1.00
F 21.79 2.30 0.67 2.38 2.01 4.94 73.93 0.90
G 18.13 2.20 0.65 2.28 2.09 8.74 84.06 1.17
H 20.12 2.08 0.79 2.64 1.92 6.88 84.00 0.93
1 17.00 2.37 1.05 2.36 2.28 7.50 84.05 1.18
J 20.08 2.26 0.62 2.39 2.06 3.88 87.90 1.15

' i/ 5 & / i g/ PEWEE R/ BT KR/ 4538 KR/ KR/ AR/
I=)

(g« %D mm % % % % % (mge« %D
A 0.88 24.31 62.41 8.08 14.19 6.10 12.24 12.0
B 0.89 24.32 62.34 30.99 38.60 7.61 12.12 9.0
C 0.91 24.33 62.70 12.06 22.93 10.87 12.03 12.0
D 0.91 24.27 61.89 19.53 25.48 5.95 12.40 11.0
E 0.90 24.21 61.28 18.56 26.41 7.85 12.38 11.0
F 0.82 24.23 62.90 34.52 40,74 6.22 11.79 8.0
G 0.91 24.25 64.69 15.75 23.95 8.20 11.59 10.0
H 0.89 24.20 63.78 19.60 26.50 6.90 12.56 11.0
1 0.89 24.32 63.38 10.23 22.27 12.04 12.07 11.0
J 0.68 20.15 57.76 33.19 40.39 7.20 12.91 8.0
AR R SRR/

JE- ; CEw Csigg J i J s Yipw Y

(K (mg'}'{fl) (mg'}{fl) IEH St i IE 7 St i IEH 5t
A 10.0 1.1 14 896.0 13 496.8 122 620.3 122 550.5 7 000.2 6 960.9
B 8.0 0.8 15 466.8 14 156.3 5 055.1 4 618.5 690.1 676.9
C 11.0 1.1 15 087.9 13 640.6 122 370.2 122 296.2 6 948.7 6 921.9
D 10.0 1.0 15 622.7 13 995.0 122 323.3 122 219.9 6 801.9 6 767.7
E 11.0 1.0 15 364.5 13 839.1 121 299.9 121 222.0 6 838.4 6 808.9
F 8.0 0.8 15 314.6 14 036.3 4 917.5 4 481.7 704.5 696.5
G 8.0 0.8 14 810.5 13 615.2 122 853.7 122 716.3 658.3 636.6
H 10.0 0.9 15 697.9 14 016.6 121 516.5 121 429.0 773.3 760.3
1 10.0 1.0 14 808.7 13 521.1 122 629.4 122 557.0 6 940.3 6 958.0
J 8.0 0.8 10 337.3 10 611.6 3574.8 3 636.6 653.0 646.4
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11 mg £E Tl 0 55 R T 3 B A 0 3 A O e X
PG K A EARA R . Bl 48 L [ s 2 /)y L B W JE
DS 3o IR Bl e /N 7K 38 TR /N 18 2 5 SORE o 1 £ il o
5. 3 L AR 0.8~ 1.1 me MHA MR BB B S R
B SINER N R T SR A S Y Y D NN LE =N
ANES R K 34 2 T BURE St A SO B A R
2.3 Fisher # &I g 5pER IS IE

X B EM 4 K~P 6 A5 B i 47 5T 2 A6 0, AH
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Table 2 Comparison table between the detection results of some training samples and the Fisher linear discrimination results
. e = i B A oihy L 53 b o o )
— & ek — A m —E kL ek abr/  EaESS/ N A A/ 08 8 5 ) /
[ RN, e o £E 7 ) 1B X 00 9 4] W7 , ,
F 1t (XN S (mg + 3¢ (mg+ 31 (mg+ %1  (mg+3FZH
A 1 12.00 11.85 1 10.00 10.35 1 1.10 1.12
B 1 9.00 9.25 1 8.00 8.12 1 0.80 0.85
C 1 12.00 12.22 1 11.00 11.32 1 1.10 1.05
D 1 11.00 11.38 1 10.00 10.35 1 1.00 1.06
E 1 11.00 10.86 1 11.00 10.85 1 1.00 1.04
F 1 8.00 8.12 1 8.00 8.21 1 0.80 0.83
G 1 10.00 10.09 1 8.00 8.01 1 0.80 0.82
H 1 11.00 11.14 1 10.00 9.79 1 0.90 0.94
1 1 11.00 11.06 0 10.00 12.25 1 1.00 0.96
J 0 8.00 10.12 1 8.00 8.37 0 0.80 0.99
x3 HAHNFRPEEUERBER
Table 3 Discriminant function significance test results
T 4 A7 i £ PRER I Wilks lREUE RJ7 HHEE  BFEEKFE
X o 0.001 291.467 34 0.000
fbR— ALK L7 mg.9 mg]
0.209 68.948 16 0.000
R 1 0.001 355.832 34 0.000
FAREINEL7 mg.9 mg]
2 0.255 65.522 16 0.000
FbR B A (9 mg, 13 mg] 1 0.413 186.266 17 0.000
. 0.205 134.770 34 0.000
£ ARSI (0.7 mg,0.9 mg]
0.646 37.127 16 0.002
EFR RS R (0.9 mg, 1.1 mg] 1 0.457 245.955 17 0.000
F 4 FH B R B REKE

Table 4 Discriminant function contribution rate

T 48 b iy 4 PREC FRIEME JrZETUERE BRIy ZTTEE  E WA
B 1 156.157 97.6 97.6 0.997
Fhr— bk 7 mg,9 mg]
2 3.792 2.4 100.0 0.890
L 1 422.314 99.3 99.3 0.999
EAREEM A7 mg.9 mg]
2 2.916 0.7 100.0 0.863
AR R (9 mg, 13 mg] 1 1.423 100.0 100.0 0.766
B \ 1 2.154 79.7 79.7 0.826
EFR A MO 0.7 mg.0.9 mg]
2 0.548 20.3 100.0 0.595
£BR M S % R (0.9 mg. 1.1 mg] 1 1.186 100.0 100.0 0.737
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Figure 1 PCA analysis results of some training samples of 8~12 mg CO labeled in the box
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Figure 3 PCA analysis results of some training samples of smoke nicotine with box label of 0.8 ~1.1 mg

First categorical variable

83



84

L& 5#% 7 SAFETY & INSPECTION

KBRS P (AR 1.2 550 b it I 37 35 %)
AR A A SO B A R — SR AL B R AT
K. Fisher 28 Pk 45 58 5546 0 45 581 0F L a3k 6 Fm .
m 3 6 Al K I 45 SR Fisher 484 2 91 45 R — 80, 1y

BE 2328 | 2021 £2 B | RaSUH
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Table 5 Each index value and discriminant function value of the 6 brands in the test set
Ms IR % JH 22 JFH %/ mg A/ % /% B/ % 22K 4/ % KJBE/mm % BHL/kPa
K 21.95 2.48 0.66 2.04 2.14 8.64 99.83 1.32
L 22.56 2.28 0.54 2.76 2.19 9.24 83.84 0.96
M 22.36 2.54 0.68 2.08 2.20 8.22 100.08 1.12
N 15.97 2.50 0.72 2.63 2.24 7.50 83.65 1.19
O 17.08 2.24 1.06 2.26 2.38 7.54 84.14 1.13
P 21.32 2.32 0.75 2.12 2.18 8.56 84.12 1.08
Ji/ [ Ji / . abr—E bk /
i S o WERE/ Y% WEMEERR/ Y RIERGE/ % AUERE/ % aokw/v T i
(g« %D mm (mg+ 3D
K 0.59 16.98 52.75 24.11 38.89 14.78 12.26 7.0
L 0.92 24.16 50.03 23.74 30.65 7.23 12.17 8.0
M 0.58 17.03 50.03 48.88 51.71 9.96 12.38 7.0
N 0.86 24.27 62.68 6.44 15.13 8.69 12.48 10.0
O 0.89 24.32 65.34 11.70 21.20 9.50 11.91 11.0
P 0.90 24.34 61.89 12.49 21.64 9.14 12.24 10.0
SRR/ SRR A R/ g .
e o ) o Cx Cry J e J g Yies Yy
(mg+ %1 (mg+ %1
K 8.0 0.8 6 355.0 7 830.5 2 385.9 2 805.6 712.5 709.4
L 8.0 0.8 14 861.3 13 695.3 4905.4 4522.2 655.0 664.9
M 8.0 0.8 7 414.5 8 647.7 2 843.0 3 141.7 680.6 687.0
N 11.0 1.1 14 535.8 13 354.8 121 752.6 121 742.9 7 018.0 6 983.5
O 12.0 1.0 15 075.9 13 673.9 121 844.7 121 873.8 6 829.2 6 845.9
P 13.0 1.1 15 081.7 13 708.3 121 697.5 121 726.4 6 837.8 6 815.3
F6 MMERE Fisher REHI B HERITEL R
Table 6 Comparison table of detection results and Fisher linear discrimination results
e —E b — AR SR/ R ARmRED/ M fE AR/ BESON/ ek MeERs/ ek SR/
TOOHM (mge D (mge & D KB (nge %D (mge %D KB (mge %D (mge %D
K 0 7.0 8.95 0 8.00 10.12 0 0.80 1.02
L 1 8.0 8.25 1 8.00 8.35 0 0.80 1.10
M 0 7.0 9.10 0 8.00 10.09 0 0.80 1.05
N 1 10.0 10.35 1 11.00 10.84 1 1.10 1.06
O 1 11.0 10.86 0 12.00 13.59 0 1.00 1.18
P 1 10.0 10.29 0 13.00 14.52 1 1.10 1.05
£ A B 500 P A AR T T A R A A A R AR SR Y
3 &

@ aL Fisher £ 30 5 B i W T #4077 L A #9)
B i IR A 16 2 B O FH R T 9 Fisher #]
BIRERL S T LA AR B A A 22 0 AR 2 B 4
o Aok AR A 8 AR — S A T A A A i ) T
FA AT R T A A U 0 R R 2 P
R 22 5 1] AR ) 2 Sy O AG: B8 T R 0 RS 3k B 10094 .
F W A 57 00 4 0 R OB RE Fisher 508 AL 16 5
Frep L ELAT 3R A TR0 L BB A% N T T 46 0 2 i s B

BUSE (R, R v 3 A A S B A R 2 AR R Y 1)
RO I B 3 — 2B I AR A B SR A Y )3 T 9 R R
iz,

P
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