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X-ray fluorescence spectrum combined with power
k-means to examine toner analysis

TIAN Shisi', JIANG Hong', QI Henghui®, WANG Yiduan', MAN Ji’
(1. Institute of Criminal Investigation, People’s Public Security University of China, Beijing 100038, China; 2. School of Statis-
tics, Renmin University of China,Beijing 100044 , China; 3. Beijing Huayi Honrizon Technology Co. Ltd. ,Beijing 100123, China)

Abstract: In order to construct a model for identifying printing and copying toners, X-ray fluorescence spectroscopy was
used for theoretical analysis and experimental verification. The experiment data was obtained through quantitatively analyzing of
the element content of 28 common brands toner samples. According to the preliminary grouping based on the presence or absence
of specific elements, improved power k-means algorithm was used to perform clustering analysis to divide samples into 7 groups.
After the verification by the Pearson coefficient, the result was testified, and the samples were well distinguished. The samples
within the group were significantly correlated at the level of 0.001. The experiment provides new ideas which is fast and easy for

the identification of printing and copying toners in judicial practice.
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Table 1  The results of detection
sample source origin main element content/ (g + mg~')
number brand Fe Ti Cr Ca Mn Zn Sr Co Sn Ba Ni Cu
1*  ICE COLOR  import  63.131 0.036 1.492 0.326 0.451 0.070 0.000 0.000 0.000 0.000 0.013 0.000
2% PRINT-RITE  Guangzhou 0.962 0.000 0.001 0.457 0.000 0.027 0.000 0.000 0.000 0.000 0.000 0.000
3* JANTMY import 1.427 0.000 0.000 0.481 0.000 0.457 0.000 0.000 0.000 0.000 0.013 0.000
4*  ONE ZHONG  Zhuhai  11.161 0.023 0.000 0.404 0.000 0.020 0.000 0.000 0.000 0.000 0.000 0.000
5t CHG Zhuhai  548.116 1.719 0.479 0.264 2.443 0.198 0.652 0.370 0.103 0.129 0.000 0.000
6* YI YIN Shenzhen ~ 14.324 8.298 0.000 2.971 0.000 0.052 0.088 0.000 0.000 0.000 0.000 0.000
74 LEDS Changping  3.234  0.056 0.000 0.544 0.000 0.013 0.016 0.000 0.000 0.000 0.000 0.000
8" Jcs Luzhou  551.073 3.918 0.565 0.341 1.624 0.170 0.019 0.350 0.082 0.000 0.025 0.000
9* KILTLER Haidian ~ 79.118 15.394 5.046 0.362 0.782 0.027 0.026 0.000 0.000 0.000 0.012 0.000
10* LEDS import  10.281 0.200 1.250 0.365 0.560 1.130 0.000 0.000 0.000 0.000 0.016 0.000
1n* LS Baoding  560.750 0.639 0.281 0.361 1.744 0.102 0.721 0.494 0.084 0.000 0.034 0.000
12* OAREN import  49.075 11.469 0.083 0.957 0.277 0.249 3.456 0.000 0.145 0.000 0.013 0.000
13*  FUJI-XEROX ~ Minhang  273.737 5.272 3.276 0.956 28.338 11.815 0.468 0.069 0.058 0.113  0.855 10.132
14* YI YIN Zhuhai 5.490 1.228 0.010 1.119 0.000 0.014 0.150 0.000 0.000 0.000 0.000 0.000
15 HAO YIDIAN  Zhuhai  133.323 0.595 0.049 0.000 0.723 0.033 0.499 0.000 0.000 0.000 0.000 0.000
16" JIA JI Dezhou 1.839 43.565 1.886 0.635 0.215 0.000 10.852 0.000 0.000 0.138 0.000 0.231
17" GGIMAGE Zhuhai  506.202 3.923 1.032 0.309 1.686 0.170 6.555 0.189 0.069 0.000 0.035 0.000
18* OAREN Changping  44.814 17.375 0.088 7.521 0.225 0.434 1.215 0.000 0.037 0.155 0.015 0.010
19* HUI MEI import 4.115 17.226  0.000 0.718 0.000 0.448 0.315 0.000 0.000 0.149 0.000 0.000
20 DAYS OF GEN  Huzhou  540.007 4.273 1.134 0.402 2.561 0.221 8.486 0.547 0.096 0.194 0.000 0.000
21% JANTMY Zhuhai ~ 25.772 0.030 0.013 0.456 0.128 0.086 0.000 0.000 0.000 0.000 0.000 0.000
22*  PRINT-RITE  Zhuhai ~ 35.787 0.023 1.489 0.382 0.292 0.047 0.000 0.000 0.000 0.000 0.000 0.000
23*  ICE COLOR  Shenzhen 108.484 0.081 1.298 0.349 0.521 0.342  0.000 0.000 0.036 0.000 0.010 0.000
24" RUIBANG  Xicheng 528.655 0.781 0.829 0.486 2.072 0.189 0.360 0.350 0.064 0.000 0.023 0.000
25 DAYS OF GEN  Huzhou  4.285 0.000 0.284 0.479 0.000 0.014 0.000 0.000 0.000 0.000 0.000 0.000
26* BEFON Yiwu  505.603 7.372 1.133  1.224 1.808 0.393 12.984 0.431 0.092 0.233 0.021 0.000
27* KABLEE  Changping 16.327 0.000 0.913 0.450 0.143 0.023 0.000 0.000 0.000 0.000 0.000 0.000
28" GAO XIN Haidian  375.771 0.173 0.586 2.278 1.134 0.218 0.701 0.117 0.087 0.000 0.057 0.169
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Table 2 The classification results according to element composition

type number  Ni Sr sample number
’ . . 8%,9% 117 ,12% | 13% 167 ,17*,
18%,19% ,24* 26* 28*
2 + - 1* 2% 3% 10* 21*% 22% 23%
3 - + s*.6% 7% 14% 15% 20*
4 - - 4* 25 27*
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Fig. 1 The first group inflection point graph
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Table 3 The classification results of power k-means

pe mumber e b

| 1-1 8%, 11*, 17% 24% 206* 28*
12 9%,12%, 3% 16*, 18*,19*
2-1 2% 3% 21*% 22%

g 222 1*,10%, 23*
3-1 6*,7%, 14* 15*

: 32 5% 20%

4 4 4* 25% 27*
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Table 4 The correlation coefficient of sample 17

sample number correlation coefficient group number

2 0.8977 2-1
3* 0.9059 2-1
4t 0.9991 4
5% 0.9997 32
6* 0.8415 3-1
8" 0.9997 1-1
9* 0.9809 12
10* 0.9998 22
23% 0.9999 22
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Table 5 The classification results based on Ti/Cr

group number Ti/Cr domain sample number

1-1-1 Ti/Cr<1 24* 28*
1-12 1 <Ti/Cr<5 17% 18*
1-1-3 Ti/Cr=5 8% 26"
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