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Abstract: Objective Based on multi-source information fusion technology, integrating traditional Chinese medicine character
identification, a rapid identification method of processing degree of Xiangfu (Cyperi Rhizoma) was established, which provided a new
idea and a new method for the formulation of quality evaluation criteria and the application research of processing quality control.
Methods A total of 72 batches of fragrant decoction pieces from six regions were processed with vinegar and sampled at a interval
of 3 min. Then, the intelligent sensory information and near-infrared spectral data of the above samples were obtained based on the
color difference meter, electronic nose and near-infrared spectrum (NIRS), and the principal component analysis-discriminant analysis
(PCA- DA), partial least squares-discriminant analysis (PLS-DA), orthogonal partial least squares-discriminant analysis (OPLS-DA),
Lasso regression analysis, genetic algorithm (GA)-back propagation (BP) neural network algorithm (GA-BPNNA) and other
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stoichiometric methods were used, then the processing degree identification method was established based on single source information
and multi-source information fusion, respectively. Results The processing degree identification model based on single source of color
difference meter, electronic nose and NISR could not accurately identify the four types of processed products of Cyperi Rhizoma, while
the processing degree identification model based on two kinds of intelligent senses and multi-source information fusion technology
could quickly and accurately identify the four types of processed products of Cyperi Rhizoma, with an accuracy of more than 0.93, and
the model classification and prediction effect were good. Conclusion The processing degree identification model of Cyperi Rhizoma
based on two kinds of intelligent senses and multi-source information fusion technology can identify the processing degree of Cyperi
Rhizoma more accurately, further improve the prediction accuracy, and provide a reference for the rapid identification of the processing
degree of Cyperi Rhizoma and other traditional Chinese medicine.

Key words: Cyperi Rhizoma; intelligent sensory information; rapid identification; multi-source information fusion technology;
character identification; quality control; vinegar-burning method; near infrared spectrum; principal component analysis-discriminant

analysis; partial least squares-discriminant analysis; orthogonal partial least squares-discriminant analysis; Lasso regression analysis;

genetic algorithm; back propagation neural network algorithm
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Fig.1 Changes in characteristics of decoction pieces during processing of Cyperi Rhizoma in Shandong Province
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GX18 49.920 9.800 20.210 54.740 317.888 —41.813 0.130 —0.071 0.017 0.041 -0.025 0.025 0.000 0.028
GX21 45.330 10.180 19.850 50.520 319.297 —38.880 0.136 —0.042 0.012 0.007 —0.020 —0.002 0.042 0.008
GX24 42.130 9950 18.690 47.150 308.562 —33.218 0.125 —0.078 0.017 0.044 —0.023 0.027 0.010 0.021
GX27 40.740 9.290 17.480 45.300 322.366 —25.939 0.128 —0.081 0.013 0.037 —0.023 0.017 0.019 0.019
GX30 37.530 9.100 16.100 41.840 316.673 —25.629 0.132 —0.076 0.016 0.042 —-0.020 0.021 0.014 0.023
GD0O 56.540 5.070 16.000 58.980 319.186 —35.055 0.160 —0.077 0.017 0.061 -0.015 0.032 —0.006 0.027
GD3 58.010 4.980 15.860 60.350 294.439 -33.347 0.145 —0.075 0.018 0.045 —-0.022 0.030 0.001 0.026
GD6 58.080 4.460 15.000 60.150 298.485 -31.713 0.156 —0.032 0.017 0.008 -0.015 0.004 0.053 —0.003
GD9 55290 4.740 15.000 57.480 316.990 —33.832 0.147 —0.076 0.021 0.073 -0.020 0.037 —0.004 0.022
GDI11 55290 5.180 15.420 57.630 318.084 —-32.766 0.117 —0.080 0.012 0.054 —-0.018 0.025 0.007 0.024
GD12 52.800 5.310 15.080 55.170 324.607 —30.546 0.152 —0.023 0.017 0.008 —0.013 0.001 0.056 —0.004
GD15 51.020 6.430 16.040 53.870 324.833 —30.357 0.146 —0.015 0.015 0.012 —-0.007 0.002 0.059 —0.010
GD18 48.300 8.690 18.750 52.540 344.626 —39.077 0.342 —0.006 0.024 -0.078 —0.012 0.004 0.042 0.031
GD21 44.650 9.270 18.570 49.230 336.263 —31.563 0.270 0.003 0.021 -0.082 —0.008 0.000 0.052 0.039
GD24 41.330 8.890 17.390 45.720 324.477 -23.631 0.109 —0.077 0.011 0.042 -0.016 0.017 0.027 0.013
GD27 37.860 8.570 16.200 42.060 331.514 —-26.408 0.114 -0.075 0.017 0.063 —-0.013 0.033 0.003 0.028
GD30 35.750 8.210 15.080 39.660 339.553 —12.792 0.127 —0.009 0.016 0.008 -0.006 0.002 0.069 —0.012
SCO 57.700 6.290 17.920 60.740 339.625 —54.756 0.146 —0.034 0.014 0.001 —0.018 0.002 0.047 0.004
SC3  58.180 6.400 18.040 61.250 293.864 —-39.490 0.123 -0.059 0.011 0.016 —0.025 0.005 0.031 0.010
SC6 56.820 6.640 18.490 60.120 301.674 —44.662 0.125 -0.078 0.013 0.040 —0.026 0.023  0.008  0.022
SC9 55.100 7.070 18.390 58.510 337.077 —48.023 0.129 -0.078 0.016 0.033 —0.026 0.020 0.016  0.020
SC11 53.500 7.150 18.080 56.930 335.718 —47.038 0.135 —-0.076 0.019 0.042 —0.023 0.027 0.011 0.021
SC12 55900 7.950 20.130 59.940 340.755 —40.908 0.127 -0.046 0.015 0.018 —0.012 0.007 0.053 0.003
SC15 52940 9.330 21.640 57.950 331.193 —47.764 0.163 —-0.032 0.015 0.003 —0.018 —0.001 0.052 —0.003
SC18 48.870 10.810 22.750 54.980 327.217 —46.972 0.139 -0.082 0.017 0.045 —0.025 0.029 0.004 0.025
SC21 44.170 10.760 21.170 50.150 317.251 -37.611 0.168 —0.084 0.014 0.040 —0.025 0.018 0.008 0.024
SC24 42410 10.780 20.660 48.390 318.193 -38.189 0.149 —-0.021 0.013 0.004 —0.012 —-0.001 0.061 —0.008
SC27 39.760 10.450 19.090 45.330 321.522 -32.846 0.181 -0.026 0.024 0.009 —0.019 0.000 0.055 -0.001
SC30 38.480 10.490 18.560 44.000 324.338 —34.980 0.164 —0.079 0.020 0.054 —0.024 0.033 —0.003  0.028
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kK2

NIRS H

PCl PC2 PCl PC2 PC3 PC4 PC5 PC6 PC7 PC8
HBO 53.850 7.660 19.090 57.650 348.415 —53.537 0.383 0.014 0.032 —0.087 —0.012 —0.001 0.051 0.032
HB3 54.890 7.090 18.100 58.230 312.014 —42.100 0.197 —0.028 0.011 —0.001 —0.016 —0.010 0.050  0.002
HB6 52990 7.540 18490 56.620 320.471 —39.893 0.202 —0.077 0.019 0.051 —0.027 0.030 —0.014 0.031
HB9 51.770 7.530 18.030 55.340 320.664 —41.030 0.113 —0.033 0.011 0.022 —0.005 0.004 0.061 —0.005
HBI1 51.760 7.890 18.490 55.530 313.704 —34.388 0.125 —0.024 0.013 0.015 —0.004 0.001 0.065 —0.006
HBI2 49.680 9.630 20250 54.500 324.117 —43.307 0.127 —0.035 0.010 0.016 —0.008 0.000 0.059 —0.004
HBI5 51410 8.680 19.330 55.610 307.814 —34.829 0.192 —0.087 0.012 0.036 —0.031 0.011 0.011  0.020
HBI8 46.680 10.630 21.150 52.340 311.669 —40.019 0.140 —0.088 0.012 0.034 —0.029 0.011 0.024 0.019
HB21 42.620 10430 19.790 48.130 315326 —31.879 0.176 —0.095 0.011 0.033 —0.031 0.009 0.028 0.015
HB24 40.070 10.080 18.740 45370 319.271 -29.923 0200 —0.099 0.012 0.028 —0.036 0.004 0.032 0.016
HB27 37.130 9.440 16.870 41.860 322.547 —23.208 0.192 —0.095 0.015 0.023 —0.038 0.010 0.031 0.015
HB30 35.080 9.210 15.810 39.570 324.043 —21.214 0.126 —0.084 0.018 0.052 —0.018 0.029 0.012 0.027
SDO 50720 7.760 18.650 54.590 352.276 —49.800 0.143 —0.094 0.021 0.046 —0.029 0.030 0.015 0.025
SD3 50910 7.280 17.470 54320 290.316 —33.225 0.133 —0.100 0.017 0.049 —0.025 0.024 0.027 0.021
SD6 52.170 7.470 18.610 55.890 333.451 —45.326 0.134 —0.109 0.019 0.052 —0.025 0.025 0.038 0.017
SD9  51.110 8.070 19.000 55.120 337.120 —47.756 0.138 —0.106 0.021 0.042 —0.032 0.023 0.041 0.013
SDI1 50960 8.620 19.720 55.320 338.354 —48.370 0.161 —0.087 0.013 0.037 —0.026 0.015 0.019  0.020
SDI2 50.980 9310 20.740 55.820 339.615 —51.954 0.254 —0.074 0.027 —0.038 —0.022 0.034 0.029 0.052
SDI5 47.730 10.780 21.470 53.440 322.347 —40.928 0.294 —0.089 0.023 —0.017 —0.027 0.025 0.028 0.036
SDI8 42.650 12.050 21330 49.180 334.262 —43.478 0.350 —0.088 0.026 —0.035 —0.024 0.023 0.028  0.050
SD21 37.890 10.960 18.280 43.480 328.366 —35.195 0.285 —0.086 0.026 —0.033 —0.032 0.025 0.030 0.044
SD24 34900 9.870 15.700 39.520 331.115 —27.928 0.183 —0.087 0.015 0.044 —0.027 0.016 0.011 0.025
SD27 32590 9.140 13.950 36.610 343.085 —21.868 0.156 —0.093 0.012 0.044 —0.027 0.015 0.023  0.020
SD30 31360 8.570 12.810 34.940 342.732 —12.079 0.164 —0.097 0.014 0.040 —0.029 0.013 0.030 0.017
HNO 51.790 9.000 19.530 56.080 343.522 —59.191 0.163 —0.100 0.017 0.039 —0.033 0.018 0.033 0.013
HN3 60330 7.370 18.500 63.530 300.003 —46.239 0.176 —0.105 0.015 0.037 —0.031 0.012 0.038 0.016
HN6 56.830 7.840 18.540 60.290 319.482 —50.548 0.197 —0.087 0.014 0.048 —0.026 0.019 0.004 0.027
HNO 58.160 7.840 18.870 61.640 294.206 —45.694 0.248 —0.092 0.022 0.030 —0.043 0.013 0.013 0.024
HNII 56.070 8.380 19.440 59.930 319.313 —49.001 0.205 —0.103 0.018 0.040 —0.036 0.015 0.023  0.023
HNI2 55.650 7.940 18.530 59.190 314.347 —44.530 0.204 —0.104 0.019 0.033 —0.040 0.015 0.030 0.017
HNIS 55410 8.620 19.600 59.400 315.966 —41.253 0.187 —0.103 0.019 0.036 —0.037 0.017 0.033 0.015
HNIS 53320 8.660 19.140 57.310 315386 —42.846 0.132 —0.015 0.014 0.008 —0.006 0.002 0.068 —0.011
HN21 52970 9.490 20.370 57.540 314.000 —35.642 0.131 —0.085 0.017 0.065 —0.014 0.034 0.003  0.029
HN24 50980 9.580 20.710 55.860 327.542 —40.616 0.144 —0.092 0.017 0.073 —0.014 0.040 —0.005 0.034
HN27 48.550 10.160 20.970 53.850 303.037 —35.459 0.137 —0.092 0.018 0.056 —0.021 0.034 0.016 0.020
HN30 43.190 10.190 19.390 48.420 315.205 —36.231 0.153 —0.104 0.017 0.058 —0.023 0.030 0.018  0.025

Mp L a b E"

PCI1~8-F M7 1~8
PC1—S8-principal component 1—8

PLEN Lasso EARSRREE, @ NEbrEHl, ;3 #Wig
RFRMZEA], W NI EAE - BB TR E O ZEAEAR . BT 2R NIRS H;
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AR, AT S BRAE e AN DR AT A FE 4 5 P B A4
A, RO E BT BB P B TLI R AR PR 42

&3 GA-BPNNA EMHISIERAERRE
Table 3 Accuracies of GA-BPNNA qualitative fitting model

,ﬁyéﬂﬂ e - B I BEk
g ém@k\\ W AERE MR
;?}h_7335% 1 44X 4MMZIE 0778 0833 0767
\Fj;mth P e 2 4ANX, SAMMEIE 0792 0.833 0783
~ N\~ 3 44X 6MHZIL 0806 1.000  0.767
NS, 4 54X ANMZIT 0875 0912 0.867
MR IR BE 20 MR (R o
Es BPNNA B AEE TR 5 54X, sAMZIT 0903 1.000  0.883
Fig.5 Flow chart of BPNNA qualitative fitting model 6 SAX 6T 0931 1000 0917
4 51X, 6 MHZTT GA-BPNNA EMIIAER BASH
Table 4 Specific parameters of GA-BPNNA qualitative fitting model with five X and six neurons
TH A A w1 bi w2 b2
54X, 6 ML IE 11039 15.094 —27.264 —6.529 —24.776  11.514 —26.053 —26.386 29.193 —0.662  9.182
23.524 29.674 —3.486 —2.647  8.631 —20.321 —18.152 —26.010 30.124 -3.676 —4.711
19.561 12.293 —7.705 13307  8.889 —25.121 —14.162 —13.705 —25.932 26.434 —12.621
25971 48673  1.925 —11.033 —4.474  4.033 —13.634 30.857 —15.125 —-8239 —9.006
30.548 15469 —23.749 —17.195 —2.047 —12.577 —1.265 15819 —29.045 19.685 NAN
-16.746 —17.922 —37.944 —0.380 19288 15411 23914 17.690 —19.530 —5.508 NAN
NAN: $ETHUE R X
NAN: no numerical significance
RIS I B . GA-BPNNA R Jxz B 4 2 8] & 2%
0 fIARLEYESC 2, AT % L NIRS 52 PR ik AM T 77
08 %, 41 PLS. PCA. last millennium reanalysis (LMR)
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Z 06 o AT 2 B Gy Ue- 18],
0.5 T2 22, KHE R — il o A R
0.4 EAELERE AT PFEAEL, EERIEASTS
03 SEP AR RN ERK. BRSO
5 00 1000 1500 2000 FEIRER AR I — T T BOR, B RERL G AN A

UIERVE QN
El6 HEENNLTLLZE
Fig. 6 Variation curve of model training
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