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ABSTRACT : This experiment was conducted to investigate the discrimination of cigarette
brands and the similarity between Korea and America cigarette brands by near infrared
spectra. Statistical tools such as principal component analysis(PCA) and mahalanobis
distance(M.D) were used.

The discrimination rate of the Korea and the America cigarette brands, determined by
position number which was calculated with PCA and M.D, was 94% and 87 %, respectively.

The spectra of the 10 America cigarette brands were selected by averaging 5 sample
spectra for each brand and another 5 spectra for each brand were investigated to use
as the sample spectra. Comparing the sample spectra with the selected spectra by M.D
using 410 - 1090 nm, 1110 - 1850 nm and 1970 — 2490 nm wavelength, the discrimination
rate which was determined by the closest M.D between the sample and the selected spectra
was 100% when each spectra was investigated on the same time, But the discrimination
rate decreased 50% when the sample and the selected spectra were investigated on the
different time. Excluding 1970 - 2490 nm wavelength, the discrimination rate increased up
to 90% when the sample and the selected spectra were investigated on the different time.

Comparing the spectra of Korea cigarette brands with those of America cigarette brands
by M.D using only 410 - 1090 nm and 1110 - 1850 nm wavelength, the spectra of Expo(G)
was similar to Winston, Vantage(U.L) and Benson & hedges(M.), the spectra of Hanaro
(D) was similar to Carmel, Winston(L), Vantage(U.L), Vantage and Carmel(L), the
spectra of Hanaro(L) was similar to Winston(L), Carton, Vantage and Carmel(L) and
the spectra of Pinetree was similar to Kent, Kool, Kent(G.L), Merit and Benson & hedges
(L), respectively.
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me} 5 10 2 159 A58 FH)5le] YH UAE
AAT dxE 8CE 3M7F AF, EH(Cyclotec,

1093 sample mill) 1 mmA & T35 A28 24 &
%% 7] (Perstorp A}, model 6500) A& 2A-&F+
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1, 10, 58239 A A5 ~2HEY 54 7IF
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7t AR scored Al4Se] 3A9lel agez e
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X i Marlboro
1. 2, 3 1 Principal component

Fig. 1. The symmetrical view of Marlboro in 11
America brands by using 3 principal compo-
nent

vetd A3 19 13 gl

MarlhorodHl A8 58 £ 4382 1¥9 Fdl
(XE) e} AEHusl AE F1 T3S A3k
gl A Fgul et #e] 7FEhd, AR 13 2199
BltEobol 9133l 474 2] Marlboro A &2+ A7t
ad, 284 A el A E3AT R A F-S Mar-
lhoro HHj &} o] A7t Foj FEe] Brbsd Al
27 g gdgien) 7 AEE de FEE 34
o] AFFu) BEo] 7Heetdrh Delwiche 592
A% ZHH ~HEHL] FHAESE E4% FH
71 go] 71 & A 1FAHEL 4RV E, A4 2
FARE R JEH FHEL YRz §
At B AlgA FA4E 3= 2 A F
o] 7158 AL Z AZTHuid=s 459 4
ZH|go] 42 gt gAY, FEFHF L FEA
o] Aol& vehdd 7|" Aoz add.

a3 18] AF] ZH Y 2HEH FHRE
F4814 37 o)) =4 E 0] ALHY, fYE 5
AR FE7A FAANA FHE B2 scores ALt
3l AFEwE @dshd Ager) ol n=
AED (Y 1 A28 ) ZHYH 2P ER )

Table 1. The position number and mahalanobis distance of cigarette samples form one of Marlboro samples

(sample No.:11)

SN’ PN’ MD® SN PN MD SN PN MD SN PN MD
11 1 0.00 28 15 1.57 23 29 1.96 33 43 2.46
14 2 042 5 16 1.59 38 30 1.98 20 44 250
15 3 049 7 17 1.59 10 31 1.98 31 45 2.57
12 4 0.52 30 18 1.60 34 32 2.07 16 46 2.58
13 5 0.62 42 19 1.67 25 33 2.08 1 47 258
39 6 0.69 41 20 1.68 2 34 211 43 48 264
40 7 0.70 20 21 1.69 48 35 2.13 45 49 2.78
54 8 1.26 50 22 171 32 36 214 22 50 2.83
18 9 131 9 23 174 21 37 2.21 52 51 2.89
35 10 1.35 51 24 1.78 36 38 2.27 44 52 292
4 11 1.37 46 25 1.79 19 39 2.28 3 53 3.19
29 12 143 6 26 1.79 53 40 2.39 24 b4 3.25
49 13 145 55 27 1.90 26 41 242 27 55 5.90
47 14 157 8 28 191 37 42 243
USample number 2 Position number  # Mahalanobis distance
*Sample number : 1~ 5: Winston 6-10: Kent 11-15 . Marlboro 16 - 20 * Kool
21-25: Capri 2630 : Carmel 31-35 : More 36— 40 : Marlboro(L)
41-45: Salem  46-50: New port  51-55 ' Merit
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FAE-E B3] £AAE 7/ 48 Z AR scored
A4tale 7 281 AFE A FH AN DA E YRS
&1, 2] Marlboro B9 AlE 13 & 71E2 2 (M.
D:0.00,PN:1, A E2¥E 11 2 A8 MD$} PNE
ZA 23 ® 13 Zsh

Marlboro THl 9] A& 13-E 71F2.2 5YU Ma-
riboro B¥lE(AE¥E 12, 13, 14, 15) MD7} #+%
0.42, 049, 052, 0.622, PN= 2, 3, 4, 522 E
weou g A2€ule MDY 0.69-5.90, PNt 6
55802 vebdc Marlboro E¥l= AlE 5H2
Abg-5tg 7] W2 MDE dAF PN7F 19X 5
A7 A 23 Fu] E Marlboro B9 8 S ¥ o, of 2
A Eg 7t EAE 21 A Marlboro HH A= 53
E5 fe] 745k _

= AlFI 17, 7 AFE A8 58 vx
AEG (LY 1 AR TY)9 ZHYH ~HE

He ¥ 13 2o ubgos I AEgy <o Als
13E 7IFo2 Y AFEEY PNE Vel AL
Zyzr & 9, 39 2skcd,

Zt AEE G 53 AEE ARREYT] W& P,
N7} 1A 5¥7LA] £3 A8 & ZF AF guja
HEE o, = AFGel=(E 2) 853 F 804 0] (94
%), vl= AEGE=(E 3) 5583 48%H(87%) &
Ho) ZVe st g h =2 AF G 5T T A F D)
4F AMEZF PN7F 59 oldez veht gde) B
7Fed A RE AFgvel He), Julg Bod %
71etale R Qg YA=7| EFY, FEe] 2
getd g AolPe) Zi9lE Reow mFHAL)

A AFEUE ZHH 2HEQ o2 PP =
W& 2A487] 98, o= AFHE 10, 4 AEG
AE 1078 23 ~HERE do, AR 5%
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Table 2. The position number determined by mahalanobis distance of each Korea brand in 85 cigarette

samples

Cigarette Brands

A B C D E F G H 1 J K L M N O P Q
........................................................ POSltiOﬂ NumbeI- R S Y L L L L L L T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
5 5 67 5 5 5 5 5 # 5 69 5 8 73 5 5 5
A Ballon flower B Chenga C:88(DM) D:88(G) E:88(L) F:8(M)  G: Expo(G)

H : Expo(M) I © Hanaro(D) J ! Hanaro(L) K@ Lilac L: Lilac(M) M : M.T Halla
N : Pine tree ‘0 ! Pine tree(GL) P Rose Q : White percelain

Table 3. The position' number determined by mahalanobis distance of each America brand in 55 cigarette

samples
Cigarette Brands
A B C D E F G H I J K
......................................................... POS]thI‘l Number L N N R L LT T T T T T
1 1 t 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 6 3 3 3
4 4 4 4 10 4 4 9 4 4 4
5 5 5 5 47 55 12 16 5 5 59
A | Winston B : Kent C ¢ Marlboro D Kool E ! Capri F ! Carmel
G More H : Marlboro(L) 1: Salem J i Newport K Merit
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Table 4. The mahalanobis distance of the selected spectra from the sample spectra by using 410 - 1090
nm, 1110-1850 nm and 1970 - 2490 nm wavelength when each spectra was investigated on

the same time

SamV

A B C D E F G H I J
Sel?
A 14 53 471 80.0 231 11.3 304 5.6 185 94.6
B 35.6 0.2 29 33 19.3 481 229 30.3 4.1 80.3
C 17.6 15 0.5 154 9.8 26.3 16.7 26.7 80 1195
D 414 19 89 0.6 235 64.5 30.9 29.8 45 79.7
E 15.0 534 144 516 0.1 60.1 58.6 375 111 2255
F 127 33 449 51.7 275 13 74 24 6.3 39.3
G 144 6.9 17.7 35.6 17.1 3.0 0.6 9.9 41 75.5
H 215 9.5 719 53.5 34.3 25 26.8 0.3 9.0 22.2
I 27.5 118 6.4 24.3 214 8.8 14.6 18.5 0.1 43.2
J 859 454 66.3 53.1 60.8 59.2 1215 23.3 16.1 0.1
U The sample spectra D The selected spectra
A . Winston B Kent C . Marlboro D : Kool E © Capri F : Carme]
G : More H: Winston(L) 1 Merit J: Carton

4 NEF), 2+ AFED F oz A5 538 AHE
de ANEgH 2HEH (X 4 7t2E) 02 ALEd ],
Zr AEHY A2HEDL JFo2(MD:0.0) A
il 2 EH) MDE AN Adh= F 49 2
St

7 AgE 2dEYE NBoa Ay 2
EdS] MDE AlRwulst dddulrl EdAE9
Winston 1.4, Kent 0.2, Marlboro 0.5, Kool 0.6, Capri,
Merit ¥ CartonZ 0.1, Carmel 1.3, More 0.6, Winston
(L) 0322 71 717t Aoz yrlyon, 7 A
sevfel Adduzl 8 AEgdms MD7F 15
- 22558 doX & Aoz veldth & Az w9}
Adbg] ~HEf o] MD7F 71 7478 Aol FY
AFEvide AEHu7 Bde Aow BTN,
1070 AEFEW 2FQ00%) BHo) 71538 Aon
el ol 7t AZFGuEEe 989, 92N E
9 7IEL AZF o] Aoldle AR YRAY), £,
=84 2 &4 o] el E vErde 7iE Ao s
@A

TAA] 7] 7} Aol g A v 9} A el 23 )4
2HEYHO B AEFHE 837 e, A 2 gl e}
Aol A 2E g2lsle zt A Fgul g A8 589
Ao ~HERE g P ow do] F A=
@ 2HEPL 7)Fo g Aueh] AdERS M.
DE A& dAe ¥ 59 2k

E qol A} Ze] 4 Alguule) Al AHE
d9o] MD7} 713 7I7hEAe] 59 ASgudy
AZgu)7 HE 9 Ao 2 Busld 570 4)E(Wins-
ton, Capri, Carmel, Merit, Carton)2 o] 7}
3}, 571 A F (Kent, Marlboro, Kool, More, Winston
(L)& wde] B8tk Kent 5 $de] B
T3 Al Adge) 2394 2HERE v
2, ZAFE A, RAMAZ]6) wbg) B 1970 - 2490
mmoll A 2#HEHe] AeolE EYed, oj= FAM
7o) wre} Zt A F el o] Hole}h A ZF] Hgifo)
S 71eld Ao =Z Holu} o] H e B FH ook
g Aoz ngH,

E 59 Alggule M) ZH9dH AHEY
2 1970-2490 nm IS ALstn I Algdu)
2HEHE 7|Eor Mgl ~x=39 MDE
ZA A= E 63 2

T 40l Mg} Zo] Zr Alggujel Hutge] AHE
He MD7F 71F 7H7he Aol Y AFEdd
AFFst #E g ez AASE, MoreE A%
978 A FEu) o] 7H5 Ak wekA 2AMA 7)7)
o2 A ZEelet A 2HgH ~2dEYPew
Z AFGuE BEY "= 42 1970 - 2490 nmE
ALstn AEGE Bdsle Hol A HFgow
AZHGE Bd= Ad(E 5) Hls) B S
4 4 A& Aoz BdEd More AETHu7}
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Table 5. The mahalanobis distance of the selected spectra from the sample spectra by using 410 - 1020
nm, 1110=1850 nm and 1970 -2490 nm wavelength when each spectra was investigated on
the different time

- )
\SamA B C D E F G H I ]

(72
@
=

A 138 1014 36.8 7.2 49.5 2.6 8.6 13.3 96.5 5.0
B 35.2 126 233 18.8 13.0 54.0 13.2 145 17.7 2.3
C 24.2 35.5 8.5 15.5 6.4 35.6 13.7 84 329 1.0
D 39.2 52 18,5 125 164 73.6 9.2 164 14.2 04
E 155 92.1 205 33.0 0.7 56.0 113 8.8 59.3 5.4
F 2.8 M8 18.2 23 450 20 82 7.1 316 6.9
G 49 32.1 43 44 23.5 11.0 12.8 12 25.7 31
H 8.7 85 7.4 8.0 13.0 425 31.0 16 52 13
I 16.0 2.9 116 02 10.6 50.0 7.6 45 32 12
] 139 5.6 4.6 5.5 5.3 56.3 16.1 171 9.7 0.1

Y The sample spectra 2 The selected spectra

A Winston B Kent . C : Marlboro D ! Kool E : Capri F . Carmel

G : More H : Winston(L) I Merit J i Carton

Table 6. The mahalanobis distance of the selected spectra from the sample spectra by using 410- 1080
nm, 1110- 1860 nm wavelength when each spectra was investigated on the different time

Sam’ . g c D E F ¢ H I ]
Sel?
A 0.2 104.0 236 268 56.0 18 21 3.7 55.4 4.7
B 25.1 17 7.2 09 10.7 56.8 6.2 9.9 1.7 1.2
C 15.7 10.3 11 35 6.8 38.8 6.5 2.8 6.4 0.6
D 33.7 6.3 13.0 0.2 154 81.0 6.8 134 4.7 0.6
E 124 101.1 17.3 275 1.2 60.6 10.8 16.1 379 5.7
F 2.0 752 195 25.6 54.4 1.3 15.1 7.3 23.0 115
G 2.3 498 36 232 25.6 11.2 13.5 14 115 4.0
H 7.6 22.5 6.2 29.3 12.7 43.8 44,6 04 24 24
I 162 37 8.7 65 105 536 123 39 15 19
J 14.7 111 6.0 144 5.1 67.5 290 31 84 0.1
D The sample spectra  ® The selected spectra
A : Winston B Kent C : Marlboro D Kool E . Capri F . Carmel
G : More H : Winston(L) I : Merit J . Carton

oz AZYNE FETuE S 1970~ 2490 nmE
Asn BESE el NRAY Ao Bad

WEo) BrbsE AL AF Hel Ee e 290
719HEA ¥ ZAE oo F o2 nFA

A
=
=

X 4 5 69 Z#AZ TPE 2AA A BUT
Azgus) Aded] THeH 2HEHon AF
w2 ghEste 3lo] A wr 4w, FAM
717} B2 Alggeel Auge] 2594 AHEY

t}. o]ate] AN o] AFHH ZHLH 29
ERE AL T, v AFE 2HIH 2~
He@dy} vlasd, uA AEFH #Ee] 7hesti
njz AFHet AAFL BS 1S AFHS
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2 oA ~2HEH {FAAES HEE 5 g A
oz #ddd,

ZAAMN 2HEY Ao T} uF AEFF
o] §AHE-S 2AVE) 98, v AEa 23%,
7+ AEGF A5 539 AN 2HEY Hpon
Aggy) 29EE-E FEIA(E 7 A2F), ¢ A
FH(E 2N B FYE A5 SHEReR
sl (R 77122), 24 915 A Eg] 2HEH S J)E
(MD:00o2 v= AFE] ~4dEHS MDE
ZAG A & 794 2y

Zy gt vla Al 2HEH S MD7F0.0-
1.0 Ate)9)l AL AAE(G)S Winston, Vantage(U.
L), Benson & hedges(MenthoD), 31+2(D) ¢ Car-
mel, Winston(L), Vantage(UL), Vantage, Carmel
(L), 32 (L) ¢ Winston(L), Carton, Vantage, Car-
. mel(L), £ Kent, Kool, Kent(G.L), Merit, Benson&
hedges(L) & 47 yehgd ~HERY Fio] frAlst
Ak

zt g A Egul e} v)= AFgu] ~HEH] M.
D7t 1.0-20 Ateldl A A2%(G)% Carmel,
More, Merit(U.L), Carton, Salem(L), Virginia slim,
2 (L) ¢} Carmel, Vantage(U.L), &% Marlboro,
Virginia slim(L), 88(L) ¢} Carton, 9 Z=%(M) ¢} Be-
nson & hedges(U.L), Kent(G.L), Virginia slim(L),
Benson & hedges(L), Salem(L), #el€3 Carton
oz zbzh velgto ), =84, 4 2}, 88(DMD, 88(G),
88(M), el (M), stekat, £(GL), WA, #v £
HAEHL ulF AFEeeE MD7F 20 ool Atk

Ztztel gh= 3 u|= AEF AHEFL AE 53
o7 AYr) YFo) 7 A FdEH Holg &I =
&3 A= sAsr)e g} kA @31 vl
AZGu e NeFE T3 THA 2HEHE £
Avete], Zt A FFulY] WolE $Hd] EHAZ &
HERo 7 #29 vF AFvle FAHIE BE
3H ABEs Fold Aoew agnh

4 £

F=7 o= AEG 22 17%, 23329 B2 E
A% ¥3A(Cyclotec, 1093 sample mil) 1 mmAE
Eqa AgE 2394 £37](Perstorp Al, model
6500) 2 24 400 - 2500 nm(F3 42 12 nm) ¥
9ol 2AYN 2AEYE Fdo] FHE EAH ma-
halanobis distance(MD) EAMMIE o2 AF e o

R R v AFEe 2HEY fAE
ZA AR ofefet 2}

1 = v)= AFR AlRe SHYM Y EY
O 7 AZEE BT A 3 AFE 857
F 8073 (94%), = A FE 553 F 483 (87% )4
#g o] 7MeEE

2. 1070 v]= AEFEle) 2F N 2HEHoz 7}
AFEd HE MDE 2AMEY 2 HETuE B
e it FAA 27 FUE A EEl el AdEe
THLA 2MEHOE AFHlE HEsA 2 E
AFFu] $HH)(100%) 7158, FAMA 717} AFe]
a9 570 AEFEe) $ldel(R0%) 7tE it Ag=rt
sskt), BAA7)7E el Ao e SX9d A9E
3 #1970 2490 nmAY L AFENE &
dEE 97 AFh] Bde)(90%) Mg IR
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