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Identification of Tieguanyin Tea Grades Based on Hyperspectral Technology
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Abstract: Hyperspectral technology combined with support vector machine (SVM) as a classification theory was applied to
identify the grades of Tieguanyin tea. Twenty characteristic spectral parameters were extracted based on the hyperspectral
data of tea samples, including red edge amplitude, blue edge position, yellow edge area, red valley reflectivity, normalized
difference vegetation indexes, etc. The optimal values for the penalty parameter (C) and the kernel parameter (g) were
determined based on the SVM classification model with the radial basis function (RBF) as the kernel function by using
these characteristic spectral parameters as the inputs. An identification model for Tieguanyin tea grades was constructed
and verified. The best experimental results were obtained using the RBF SVM classifier with C = 10° and g = 0.007 5. The
discrimination accuracy rate for unknown Tieguanyin tea samples was 92.86%, suggesting that hyperspectral technology can
be utilized for rapid, nondestructive and accurate identification of Tieguanyin tea grades.
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Spectra of Tieguanyin tea samples from different grades
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Table1l Spectral variable data based on spectral position and area of Tieguanyin tea

FHE T T, T, T, T,

24 1 40 1 40 1 1 1 40

D, 0.003180+0.000014 .. 0.003226£0.000013 0.002575£0.000011 ... 0.002660£0.000011 0.001863+0.000020 ... 0.00173240.000014 ... 0.001932£0.000018 ... 0.00190920.000 021
1, 711 71 712 711 710 711 710 710

SD, 0.168640£0.000 113 ..  0.161568+0.000426 0.162916+0.000170 ...  0.167297£0.000 136  0.119849£0.000 666 ... 0.114693£0.000324 ... 0.128 157+0.00190 .. 0.12325840.000 742
D, 0.000409£0.000041 .. 0.00036420.000031 0.000341£0.000044 ..  0.000330£0.000 041 0.000265£0.000045 ... 0.000216£0.000053 ... 0.000245£0.000034 ... 0.000242£0.000 029
Iy n 519 514 n s 17 . 519 17

SD, 0.005901£0.000320 ...  0.004 728£0.000273 0.003656£0.000173 ... 0.003831£0.000374 0.001 825+0.000367 ... 0.002042£0.000580 ... 0.001911£0.000358 ... 0.002474£0.000410
D, 0.000369£0.000012 .. 0.000342£0.000015 0.000447£0.000025 ... 0.000433£0.000026 0.000323+0.000016 ... 0.00030620.000016 .. 0.000351£0.000018 ... 0.000322:+0.000 048
A, S 512 626 624 625 625 625 625

SD, 0.002759£0.000130 ...  0.000280£0.000 126  0.008 581£0.00078 ...  0.008 373£0.000 135 0.00743420.000 116 ... 0.008 546£0.000 106 ... 0.008 792+0.000 138 ... 0.007 871£0.000 092
pe 0.04724120000125 .. 0.040080£0.000 187 0.0419860.000 114 ... 004274020000 165 0.0297920.000228 ... 0.028391+0.000 184 .. 0.031980£0.000155 .. 0.031760%0.000 291
Ay 560 559 560 560 560 560 560 560

SD, 2.143837+0005345 .. 181781020013 143 1.920579£0.007529 .. 1957231£0.006786 1.38130120.010308 .. 1.305311£0.010291 .. 1491327£0.007122 .. 14676850.013028
p 0.033594£0.000084 ... 0.027130£0.000106 0.0327660.000079 .. 0.033608£0.000096 0.02653740.000192 ... 0.027359£0.000096 ... 0.029018+0.000 104 ... 0.027 870£0.000 200
1, 669 669 669 669 668 668 669 669
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Table2 Normalized different vegetation indexes (NDVI) of
Tieguanyin tea
FEAZ  FEA% NDVIL NDVL,  NVDI,  NVDI,  NVD,  NVDI
1 086411 084737 073666 076484 055348  0.52836
2 088192 086553 075755 078489 057864  0.54870

Ty

40 088859 087347 077264 079756 059766 056547

1 084970 084010 075715 078256 065328  0.58238

T 2 086768 085718 076824 0.79323  0.65147 057089
1

40 085922 084904 076627 078872 065427  0.58948

1 086191 085340 0.77099 079629  0.63938  0.58648

T 2 086216 085497 077921 080347 067550  0.62260

40 086126 085329 077176 079687 064964  0.59470

1 085531 084724 076288 079025 063607  0.59459

T 2 085600 084794 076392 079045 063024  0.58979

40 085567 084911 0.77715 079975 0.66839  0.63083

1 086308 085504 077515 079861 065732 061016

T 2 086007 085272 077722 080012 065827  0.61383
4

40 085475 084652 0.76398 078814 062919  0.58425
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Table3  Results (correct discrimination rate and correlation
coefficient) of model parameter selection
8
C 0.001 0.005 0.0075 0.01 0.05 0.1

A% R A% R A% R A% R A% R A% R
108854 093 9063 095 9271 096 9375 097 9479 096 9479 096
10° 9271 096 9688 098 9792 099 9792 099 9479 096 9479 096
100 9688 098 9688 098 9792 099 9792 099 9479 096 9479 096
10° 9688 098 9688 098 9792 099 9792 099 9479 096 9479 096
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Table4 Identification results in the prediction set
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