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Fig.1 NIR diffusion reflectance spectrum(a) and their regions
versus discriminating power from SIMCA analysis(b)
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Fig. 2 Class projections plot from SIMCA
analysis of A, B, Cand D

Table 1 Interclass distances with different spectral regions

Spectral regions Class A@ B@ C@ D@
10 006- 4 000 cm~ ! A 00000 36132 17122 28553
B 36131 00000 53070 6 7244
C 17122 53070 00000 3 1976
D 28553 67244 31977 0 0000
9 000-4 000 em™ ! A 00000 5096 2 1325 3 0502
B 50996 00000 73704 7 7067
C 21325 73704 00000 3 8179
D 30502 77067 38179 0 0000
8 000-4 000 cm~ ! A 00000 57920 25715 34618
B 57920 00000 8 7392 8 8042
C 2571587392 00000 4 2412
D 34618 88042 42412 0 0000
7 500-4 000 cm~ ! A 00000 6 1816 25774 3 6692
B 61816 00000 91592 92794
C 25774 91592 00000 4 5624
D 36692 92794 45624 0 0000
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Fig 3 Spectral region versus correlation coefficient( r) for ash

(a) and their variance spectrum( b)

Table 2 Statistics results for calibration models
of ash with diff erent spectral regions

Spectral regions/ cm~ ! Correlation coefficient  Factor RMSECV

10 006-4000 0. 966 7 17 03256

7 500-4 050 0.975 9 16 0 260 3
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Fig 4 Actual value versus calculated value of ash (a) and

changes of RMSECYV with factor number(b)

Table 3 Statistics results gor calibration models of thickness, grammage, permeability, moisture and ash

Model name Number of sample in calibration set  Correlation coefficient ~ Optimum factor RM SECV Predicted range
Grammage 700 0 976 8 7 0 561 4 24 00~ 34 00/(g°* m~2)
T hickness 500 0 966 4 11 0 096 0 4 20~ 5 40/ x 10~ 2 mm
Permeability 400 09470 15 L 274 1 51 00~ 66 00/ CU
M oisture 450 0 9563 5 0 096 7 (3 90~ 5 10)/ %
Ash 550 0 9759 16 0 260 3 (16 60~ 21 00)/ %
M ark: x 10~ 2(mm)
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Table 4 Comparison results of PLS FFNIR method and standard methods for
grammage, thickness, permeability, moisture and ash (n= 20)
Grammaged (g* m~ 2) Thickness/ X 10~ 2 mm P erm eability/ CU Moisture/ % Asl/ %
Ne GB/T  PLS  Devir GB/T PLS Devir GB/T PLS- Devir GB/T PLS- Devie GB/T PLS- Devie
451.2 FENIR tion 451 3 FENIR tion 458 FTI-NIR  tion 462  FI-NIR  tion 463 FI-NIR tion
1 2923 2937 014 502 512 010 6378 61L08 -270 38 363 -018 1824 1817 -007
2 3026 3022 -004 502 517 015 6558 618 -360 375 36 -013 1923 195 03
3 3023 3021 -002 543 538 -005 6075 6203 128 38 373 -011 1874 18% 020
4 2961 298 022 545 539 -006 6075 6015 -060 376 362 -014 1873 1874 Q01
5 2976 2991 015 505 512 007 5748 5939 191 38 373 -010 187 1872 -0 04
6 209067 2973 006 540 515 -025 5813 599 L8 366 368 002 188 1911 026
7 2959 2995 036 546 526 -020 6133 6L70 037 38 377 -006 1927 1905 -022
8 3219 3243 024 554 547 -007 6133 6135 002 372 365 -006 1911 1910 -0 01
9 3.79 3192 013 570 539 -031 6005 6001 -004 372 364 -007 208 209 006
10 3245 3281 036 507 517 010 6L14 6014 -10 375 366 -009 205 208 026
11 3245 3264 019 504 507 003 595 5917 -039 329 358 029 212 2112 -Q17
12 3.68 3192 024 499 503 004 6127 6L12 -015 35 374 015 2149 2135 -014
13 2993 2964 -02 499 505 006 6L28 6071 -057 358 370 012 2108 2128 021
14 20984 2974 -010 504 513 009 629 634 055 350 358 008 1913 1929 016
15 20998 2979 -019 503 503 000 6528 6531 003 365 360 004 1910 1910 000
16 3052 3031 -021 545 533 -012 634 635 013 372 365 -007 1843 1841 -001
17 2994 3002 008 548 534 -014 6174 604 -131 345 361 016 1828 1839 012
18 2058 20974 016 517 519 002 635 6L17 -233 349 35 Q08 18% 189 002
19 2975 2991 016 494 507 013 6364 629 -074 345 364 019 1846 1830 -016
20 3.25 3.25 000 501 517 016 6315 6.4 -172 38 32 -067 1943 1936 -007
+value 2 029 0 415 1. 440 0 642 0 974
33
, 10 >
, 5 ,
ISO 534: 1988( GB/T451 3—1989 )
1 3 Hm; ISO 5636/ Table 5 The precision test( n= 10)
2: 1984( GB/T 458—1989 ), Grammage  Thickness Permeabi Moisture
No X Ash/ %
6 4%, GB/ T463—1989 2 /(g* m=2) /(x10-2 mm) -lity/CU /%
R 1 32 11 5 08 61 78 4 17 21 39
5% , 2 32 13 510 61 25 4 20 21 34
3 32 15 5 08 61 26 4 18 21 25
4 32 05 5 09 61 78 4 18 21. 55
GB/ T451 2—1989, GB/T462—1989 5 32 32 5 10 61 76 419 21 50
6 32 31 511 61 82 4 19 21 43
) [11] 7 32 32 516 6165 419 2155
8 32 42 511 62 24 4 18 21 34
4 9 31 93 511 60 86 4 17 21 39
10 32 15 515 60 82 4 16 21 36
Mean 32 19 511 61 52 4 18 21 41
| | SD. 01496 00269 04575 00120 00980
’ ’ ’ RSD/% 0 46 0 53 0 74 0 29 0 46




1862 26

[ 1] HU Qun, MA Jing, XIAO Yan, et al( s s s ). Study of Auxiliary Material for Cigarette( ).
Kunming: Yunnan Science and T echnology Press( : ), 2001. 25.

[ 2] Jerome]J, Workman Jr. Applied Spectroscopy Reviews, 1999, 34(1&2): 1.

[ 3] XU Guang-tong, YUAN Hong fu, LU Wan-zhen( R R ). Spectroscopy and Spectral Analysis( ).
2000, 20(2): 134.

[ 4] WANG Jia jun( ). Chinese Journal of Spectroscopy Laboratory( ), 2003, 20(2) : 181.

[ 5] WANG Jiajun, LUO Liping, LI Hui, et al( s s , ). Tobacco Science & T echnology( ), 2004, (12):
24.

[ 6] WANG Jia-jun, LIANG Y+zeng, WANG Fan( s s ). Chinese J. Anal. Chem. ( ), 2005, 33(6) : 793.

[ 71 WANG Jia jun, LIANG Y+zeng, WANG Fan( s s ). Computers and Applied Chemistry ( ), In
press.

[ 8] WoldS. Pattern Recognition, 1976, 9: 127.

[ 91 LIANG Yizeng( ). White, Grey and Black Multicomponent System and T heir C hem om etric Algorithms(

). Changsha: Hunan Publishing House of Science and Technology( : ). 1996. 32.

[10] Edited by Infometrix Inc. Multivariate Data Analysis, Woodinville: Infometrix Inc., 2003. 6, 14.

[11] SHI Wetwei, GAN Wu-er, SU Qingde( s s ). Spectroscopy and Spectral Analysis( ), 2005, 25
(7): 1135.

The Quality Assessment of Cigarette Paper by SIMCA and PLS Combined
with Near Infrared Spectrum

WANG Jiajun', WANG Fan?>, MA Ling'
1. Production Research Center, Honghe Cigarette General Factory, Mile 652300, China
2. Department of Chemistry, Qujing T eacher s College, Qujing 655000, China

Abstract By using algorithm of SIMCA and partial least squares( PLS) combined with Fourier transform near infrared spectra
(FT=NIR), the classification methods were established for the discrimination of cigarette paper. M eanw hile, the calibration
models were established for the determination of the grammage, thickness, permeability, moisture and ash of cigarette paper.
Correlation coefficients of the models were 0. 976 8, 0 9664, 0. 9470, 0 956 3 and 0 975 9, and the root mean square errors of
cross validation (RMSECV) were (. 561 4, 0. 0960, 1 274 1, 0 096 7 and 0 260 3 respectively. T he methods has been applied

to the determination and discrimination of unknown samples with satisfactory results.
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