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Abstract: A model based on grey system theory was proposed for pattern recognition in chromatographic

fingerprints ( CF) of traditional Chinese medicine ( TCM) . The grey relational grade among the data se—
ries of each testing CF and the ideal CF was obtained by entropy and norm respectively then the princi—
ple of “maximal matching degree” was introduced to make judgments so as to achieve the purpose of va—
riety identification and quality evaluation. A satisfactory result in the high performance liquid chromato—
graphic ( HPLC) analysis of 56 batches of different varieties of Exocarpium Citrus Grandis was achieved
with this model. The errors in the chromatographic fingerprint analysis caused by traditional similarity
method or grey correlation method were overcome as the samples of Citrus grandis ‘Tomentosa’ and Cit—
rus grandis ( L.) Osbeck were correctly distinguished in the experiment. Furthermore in the study on the
variety identification of Citrus grandis ‘Tomentosa’ the recognition rates were up to 92. 85% although
the types and the contents of the chemical compositions of the samples were very close. At the same time
the model had the merits of low computation complexity and easy operation by computer programming.
The research indicated that the grey system theory has good applicability to pattern recognition in the
chromatographic fingerprints of TCM.

Key words: grey system theory; traditional Chinese medicine ( TCM); chromatographic fingerprint

( CF) ; fuzzy matching; pattern recognition
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1
Table 1 Entropy grey relational grades among some samples and the reference chromatographic fingerprints ( CF) of

different varieties of Exocarpium Citrus Grandis and recognition results

Reference CF

Sample Recognition result Actual variety
DCL XY FW JQD HRG LF GJH
S1 0.967 0.841 0.839 0.793 0.851 0.863 0.816 DCL DCL
S3 0.880 0.902 0.859 0.850 0.860 0.852 0.825 XY IXY
S12 0.857 0.851 0.890 0.814 0.867 0.859 0.788 FW FW
S21 0.833 0.808 0.807 0.901 0.815 0.8204 0.802 JOQD JQD
S34 0. 846 0.834 0.852 0.811 0.906 0.863 0.819 HRG HRG
s45 0.909 0.849 0.849 0.831 0.868 0.905 0.811 DCL LF
S52 0.824 0.831 0.802 0.794 0.826 0.838 0.945 GJH GJH

DCL: Da Chaling; JXY: Jia Xiyang; FW: Feng Wei; JQD: Jin Qiandu; HRG: Huang Rongguo; LF: Lu Fu; GJH: Guang Juhong.

2
Table 2 Norm grey relational grades among some samples and the reference CF of different

varieties of Exocarpium Citrus Grandis and recognition results

Reference CF

Sample Recognition result Actual variety
DCL JXY FW JQD HRG LF GJH

S2 0.960 0.873 0. 860 0.853 0.867 0.882 0.827 DCL DCL
S5 0.899 0.904 0.858 0.844 0.866 0.869 0.782 JXY XY
S13 0.851 0.827 0.860 0.799 0.839 0.825 0.828 FW FW
S25 0.831 0.818 0.819 0. 886 0.832 0.830 0.818 JQD JQD
835 0.894 0.855 0. 860 0.852 0.898 0.874 0.859 HRG HRG

S46 0.915 0.852 0.851 0.852 0.870 0.900 0.870 DCL LF
S53 0.856 0.797 0.816 0.824 0.858 0.820 0.937 GJH GJH
3
Table 3 Recognition results of different varieties of Exocarpium Citrus Grandis by different methods %

Variety Entropy grey relation analysis Norm grey relation analysis Mean grey relation analysis

FRR FAR FRR FAR FRR FAR

DCL 0.00 3.70 0.00 7.40 0.00 20.37

XY 0.00 0.00 9.09 0.00 18.18 0.00

FW 11.11 0.00 11.11 0.00 11.11 2.13

JQD 0.00 0.00 0.00 0.00 11.11 0.00

HRG 0.00 0.00 0.00 0.00 16.67 0.00

LF 7.69 0.00 15.38 0.00 46.15 2.33

GJH 0.00 0.00 0.00 0.00 33.33 0.00

Recognition rate 96.42 92.85 76.78

FRR: False reject rate; FAR: False accept rate.

[ »

45 N ;
0.909  0.905 o

« ”»

“ »

“



: . : ) 2010: 69
Lin L Chen Z X Yuan X J et al. Journal of Guangzhou

° 132 - 31
” o University of Traditional Chinese Medicine (
( ) . ) 2004 21(4): 308
6 KeHF LiuSF ChenY G etal Systems Engineering and E-
N ° lectronics (
“ ) 2010 32(3): 544
” : 7 Zhou Y N Zhu Y A. Journal of Northwestern Polytechnical
University ( . ) 2011 29
° (1): 12
( ROC) 8 TaoZS Wei H LinJ L. Journal of Machine Design (
", . ) 2009 26(8): 69
9 WeiH Lin L Chen Q Q et al. Traditional Chinese Drug Re—
search & Clinical Pharmacology (
) 2011 22(2): 190
> > ° 10 LHM QinGH Hao B etal Computer Engineering (
) 2010 36(6): 184
11 Zhao HY Wen HT Lin L et al. Traditional Chinese Drug
Wang Y Liang Q L. Hu P et al. Chinese Journal of Chromatog— Research & Clinical Pharmacology (
raphy ( . ) 2008 26(2): 136 : ) 2010 21(2): 183
YiLZ WuH Liang Y Z. Chinese Journal of Chromatography 12 Wei H Lin L. Zhang H L et al//Institute of Electrical and E-
( ) ) 2008 26(2): 166 lectronics Engineers. 2012 9th International Conference on Fuzzy
Deng J L. Grey Theory. Wuhan: Huazhong University of Science Systems and Knowledge Discovery ( FSKD 2012) . Chongging
& Technology Press ( : 2012: 292
) 2002 13 Wang LJ LinLL Wei H etal. China Journal of Chinese Mate—
Pharmacopeia Commission of the People’ s Republic of China. ria Medica ( . )
Pharmacopoeia of the People” s Republic of China: Part I. Bei- 2012 37(20) : 3092
jing: China Medical Science Press ( 14 Wang X H Shu P Cao L. Computer Science (

) 2010 37(8): 240



