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Abstract Cigarette ash is one of the important material evidences in forensic science research. In this work, using
the chemometric method, the energy dispersive X-ray fluorescence spectrometer (XRF) was used to inspect 42
cigarette ash samples, and the rapid non-destructive detection of cigarette ash was realized. First, after
standardizing the XRF data in the early stage, the value of K was determined by the sum of square errors within the
group. At the same time, K-means clustering method was used to perform preliminary clustering of the samples
and explain the information of the samples and chemical components reflected by the clustering results. Then, the
clustering results were verified by principal component analysis and single factor analysis of variance. Finally, the
discriminant function model was established by using discriminant analysis. A classification model based on K-
means clustering method was established. The results show that the K-means clustering using sum of square errors
within groups is accurate and reliable. The clustering results are also well verified in principal component analysis.
Different categories are well differentiated. Each element in single factor analysis of variance has good significance.
Discriminant analysis shows that the accuracy of the classification model reaches 100% . This classification model is
simple, fast, accurate, and reliable, which provides a reference for the public security grassroots to handle cases.
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Table 1 Clustering results of samples
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Table 2 Contribution rate of cumulative explanatory variance

Initial eigenvalue

Total variance of interpretation

Extract sum of squares load

Component
Total Variance /% Accumulation /% Total Accumulation /% Total /%
1 7.279 61.996 61.996 7.279 61.996 61.996
2 1.707 22.194 84.190 1.707 22.194 84.190
3 1. 307 9. 336 93.526 1. 307 9. 336 93.526
4 0. 844 3.028 96. 555
5 0.761 2.433 98. 988
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Table 3 Results of one-way ANOVA
ANOVA
Element Position
Sum of squares df Mean square F Significance
Between groups 1644. 94 3.00 548. 31 15.74 0. 00
Pb Within group 1324.13 38.00 34. 85
Total 2969. 07 41. 00
Between groups 3161.29 3.00 1053.76 28.54 0. 00
Zr Within group 1402. 83 38. 00 36.92
Total 4564.12 41. 00
Between groups 44210. 94 3.00 14736. 98 41.47 0. 00
Ba Within group 13504. 96 38. 00 355. 39
Total 57715.91 41. 00
Between groups 1582. 79 3.00 527. 60 32.33 0.00
Hg Within group 620. 19 38.00 16.32
Total 2202.98 41. 00
Between groups 337.33 3.00 112. 44 2.00 0.13
Co Within group 2133.17 38.00 56. 14
Total 2470. 50 41. 00
Between groups 11171.62 3.00 3723.87 13.33 0.00
Cu Within group 10614. 29 38. 00 279.32
Total 21785.91 41. 00
Between groups 269753. 66 3.00 89917. 89 6.54 0.00
Zn Within group 522482. 82 38.00 13749. 55
Total 792236. 48 41. 00
Between groups 24233.79 3.00 8077.93 27.23 0. 00
Rb Within group 11271. 85 38. 00 296.63
Total 35505. 64 41. 00
Between groups 466776. 87 3.00 155592. 29 42.82 0.00
Sr Within group 138089. 92 38.00 3633. 95
Total 604866. 79 41. 00
Between groups 8924000000. 00 3.00 2975000000. 00 4.62 0.01
K Within group 24470000000. 00 38.00 643900000. 00
Total 33390000000. 00 41. 00
Between groups 40140000000. 00 3.00 13380000000. 00 15.39 0.00
Ca Within group 33040000000. 00 38. 00 869600000. 00
Total 73190000000. 00 41. 00
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sk
ANOVA
Element Position
Sum of squares df Mean square F Significance
Between groups 295571. 14 3.00 98523. 71 3.65 0.02
Ti Within group 1025183. 26 38. 00 26978.51
Total 1320754. 41 41. 00
Between groups 4000895. 75 3.00 1333631.92 23.64 0. 00
Mn Within group 2143526. 37 38.00 56408. 59
Total 6144422, 12 41. 00
Between groups 5894951. 33 3.00 1964983. 78 7.73 0.00
Fe Withingroup 9662295. 15 38.00 254270. 93
Total 15557246. 48 41. 00
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B A B0 B MK EBR Co BUAMNY/NT 0. 05, /T Table 5 Eigenvalue of discriminant function
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Table 4 Test discriminant results of Wilks Lambda
Function Wilks Lambda Chi square df  Signification
1to3 0.008 154.020 42 0. 000
2to3 0.130 65. 264 26 0. 000
3 0. 494 22.572 12 0.032
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Table 6 Output table of sample regression
Forecast group member
Item Classification Total
1 2 3 4
1 6 0 0 0 6
2 0 26 0 0 26
Count
3 0 0 5 0 5
4 0 0 0 5 5
Initial
1 100. 0 0.0 0.0 0.0 100. 0
2 0.0 100.0 0.0 0.0 100. 0
Percentage /%
3 0.0 0.0 100. 0 0.0 100. 0
4 0.0 0.0 0.0 100. 0 100. 0
N AL, 2018:201-202.
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