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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@
10 000-4 000 cm™! A 0.0000 3.6132 1.7122 2.8553
3.6131 0.0000 5.3070 6.724 4
1.7122 5.3070 0.0000 3.1976
2.8553 6.724 4 3.1977 0.0000
0.0000 5.0996 2.1325 3.0502
5.0996 0.0000 7.3704 7.706 7
2.1325 7.3704 0.0000 3.8179
3.0502 7.706 7 3.8179 0.0000
0.0000 5.7920 2.5715 3.4618
5.7920 0.0000 8.7392 8.8042
2.5715 8.7392 0.0000 4.2412
3.461 8 8.8042 4.2412 0.0000
0.0000 6.1816 2.5774 3.669 2
6.1816 0.0000 9.1592 9.2794
2.5774 9.1592 0.0000 4.562 4
3.6692 9.2794 4.5624 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 different spectral regions

Spectral regions/cm™! Correlation coefficient Factor RMSECV
10 000-4000 0. 966 7 17 0.325 6
7 500-4 050 0.9759 16 0. 260 3

B PLS Bk B R — AR, FEXDRE#AT R
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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 RMSECV Predicted range
Grammage 700 0.976 8 7 0.5614  24.00~34.00/(g+ m™?)
Thickness® 500 0.966 4 11 0.0960  4.20~5.40/X1072 mm
Permeability 400 0.947 0 15 1.274 1 51. 00~66. 00/CU
Moisture 450 0. 956 3 5 0.096 7 (3.90~5.10)/%
Ash 550 0.9759 16 0. 260 3 (16. 60~21.00)/%
Mark: @X107%(mm)
3 BT HRE
3.1 SIMCA % %ER HIRIE
RERFALBRIM KR 46 MERWHRE, Kb A, Bogus

B, CHID& 4 MNREFEMAAES 1049, AHFR. HH
TRIFLEH: (Bogus) & 3 4~ RLFILL EEIFH) SIMCA 425487
HATHE], BRBT ERMIRER, BHEMNBEH S,
ERRIFHAZIES . SEMRNE S,
3.2 REHMBNATERIE

B, MEEEMNEITSEHEXRE, XEREY
FREMBEN S EARTMHBER MBS, HERE
BB, HEMNER—ERA, WEmBIREEEEMNR

Fig. 5 Class projections plot from SIMCA
analysis of A, B, C, D and bogus
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RUERTEYE. FXRATHIEE 20 MEHEERBIE X -REEIE, £BEWKF 0.05 0,  2HEHNTIEF
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Table 4 Comparison results of PLS-FI-NIR method and standard methods for
grammage, thickness, permeability, moisture and ash (n=20)
Thickness/ X10~% mm Permeability/CU Moisture/ %

Grammage/(g * m™2) Ash/%

No. GB/T PLS Devir GB/T PLS Devie GB/T PLS Devie GB/T PLS Deviaa GB/T PLS  Devie
451.2 FT-NIR tion  451.3 FT-NIR tion 458 FT-NIR tion 462 FT-NIR tion 463 FT-NIR tion
1 29.23 29.37 0.14 502 512 0.10 63.78 6L08 —270 3.8 363 —0.18 1824 1817 —0.07
2 30.26 30.22 —0.04 502 517 015 6558 61.89 —3.69 3.75 362 —0.13 19.23 19.54 0.32
3 30.23 30.21 —0.02 543 538 —0.05 60.75 62.03 1.28 3.8 373 —0.11 1874 18.94 0.20
4 29.61 29.83 0.22 545 539 -—0.06 60.75 60.15 —0.60 3.76 3.62 —0.14 18.73 18.74 0.01
5 29.76 29.91 0.15 505 512 0.07 57.48 59.39 L9 38 373 —0.10 1876 1872 —0.04
6 29.67 29.73 0.06 540 515 —0.25 5813 59.94 1.8 3.66 3.68 0.02 188 1911 0.26
7 29.59 29.95 0.3 5.46 526 —0.20 61.33 61.70 0.37 3.8 377 —0.06 19.27 19.05 —0.22
8 32.19 32.43 0.24 5.5 547 -—0.07 6133 6L.35 002 372 365 —0.06 19.11 19.10 —0.01
9 31.79 3192 0.13 570 539 —0.31 60.056 60.01 —0.04 3.72 3.64 -0.07 20.88 20.93 0.06
10 32.45 32,81 0.36 507 517 010 61.14 60.14 -100 3.75 3.66 —0.09 20.59 20.85 0.26
11 32.45 32.64 0.19 504 507 0,03 59.56 59.17 —0.39 3.29 358 0.29 2L.29 2L12 —0.17
12 31.68 31.92 0.24 499 503 004 6127 61l.12 —0.15 3.59 3.74 0.15 2149 21.35 —0.14
13 29.93 29.64 —0.29 4.99 505 0.06 6128 60.71 —0.57 3.58 370 0.12 2108 2128 0.21
14 29.84 29.74 —0.10 5.04 513 0.09 6292 63.47 0.5 3.5 3.5 0.08 19.13 19.29 0.16
15 29.98 29.79 —0.19 503 503 0.00 6528 6531 003 365 369 004 1910 19.10 0.00
16 30,52 30.31 —0.21 545 533 —0.12 63.41 635 013 372 365 —0.07 1843 18.41 —0.01
17 29.94 30.02 008 548 534 —0.14 6174 60.43 —131 3.45 361 016 1828 1839 0.12
18 29.58 29.74 0.16 517 519 0.02 63.50 6117 —2.33 3.49 357 0.08 1894 1896 0.02
19 29.75 29.91 0.16 494 507 0.13 63.64 62.90 —0.74 3.45 3.64 0.19 1846 18.30 —0.16
20 31.25 3125 0.00 501 517 0.16 6315 6143 —1.72 3.87 320 —0.67 19.43 19.36 —0.07
t-value 2.029 0.415 1. 440 0. 642 0. 974

3.3 RESENEEERR

S ERERKERAGT, SE—RET 10 KN
R, HRIE S, WRHEXGFERR, REREMNENESR
¥E7E 1SO 534, 1988(5 GB/T451. 3—1989 %0 &, WE
MREAMAT 1.3 um; ETEWE N EE A 10 5636/

EERLBYIE. BERARIEME. EERAEE RS
Ao BB NARER SRIEERMES ], MATHHEK
fISE e E BRI R ATATHY.

Table 5 The precision test(n==10)

2: 1984 (5 GB/T458—1989 % %) H, @%%ﬁx]ﬁj{? N Grammage  Thickness  Permeabi Moisture Ash/%
6.4%; KAMWER EE HEE GB/T463—1989 w1, LA 2 Rl % J(gem™?) /(X1072 mm) lity/CU /% s/
EMERFHEERER, WERMRERN AT FHEN 1 32.11 5.08 61.78  4.17  21.39
5%, S, BRI . ESBRRKSRA BT R S A s St
. 3 32.15 5.08 61.26 418  21.25
B 4 32.05 5. 09 61.78  4.18  21.55
GB/T451. 21989, GB/T462—1989 RAIRARHER A 5 32,32 5.10 61.76  4.19  21.50
YR B UK I R R T E . A SUMBRS LR 6 3231 511 682 419 2143
St AR —E XA, RO TEFRF SRR, 7 32.32 5.16 61.65  4.19 2155
8 32. 42 5.11 62.24 418  21.34
4 2 $ 9 31.93 5.11 60.86  4.17  21.39
10 32.15 5.15 60.82  4.16  21.36
TR, RERERAIT REATE N B S e e
R EHEIAT, HARRERIE, E0E5, RARGH RSD/% 045 0,53 074 029 0.46
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The Quality Assessment of Cigarette Paper by SIMCA and PLS Combined
with Near Infrared Spectrum

WANG Jia-jun', WANG Fan? , MA Ling!
1. Production Research Center, Honghe Cigarette General Factory, Mile 652300, China
2. Department of Chemistry, Qujing Teacher’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. Meanwhile, 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. 966 4, 0. 947 0, 0. 956 3 and 0. 975 9, and the root mean square errors of
cross validation (RMSECV) were 0. 561 4, 0. 096 0, 1. 274 1, 0.096 7 and 0. 260 3 respectively. The methods has been applied
to the determination and discrimination of unknown samples with satisfactory results.

Keywords SIMCA; PLS; FT-NIR; Cigarette paper; Quality assessment
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