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Classification of Tea Grades by Multi-spectral Images and Combined Features
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(College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310029, China)

Abstract

A method for classification of Xi-hu-long-jing tea in four grades was introduced based on machine
vision of multi-spectral imaging technique. Firstly, three monochrome images at 540,670 and 800 nm
wavelengths were simultaneously obtained based on 3CCD multi-spectral camera, then image features
including 18 shape features and 15 texture features were extracted based on image processing
technology. These two groups of features were adopted for cluster analysis with principal component
analysis of the four grades tea. However the result was not satisfactory. In order to obtain a more
effective separation model, the two groups of features were combined, and the cluster analysis was
conducted again based on the combined features. The result was better than the former. After
optimization of these three groups of features, three classification models were developed by means of
multiple stepwise discriminant analysis (MSDA). It was found that model based on the combined
features had the best performance with accuracy of 85% for prediction of unknown samples. The most
important two features for classification were correlation and energy of 800 nm wavelength
monochrome image.
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Tab.1 Detailed information of different grades tea
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Tab.2 Detailed information of 18 shape features
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Tab.3 Detailed information of 15 texture features
JE g S FEAE X
1 540 nm FEREIBHERE(Q,)
2 540 nm FEE IR BT (Q,)
3 540 nm R — B fHE(Q3)
4 540 nm EMR R SEHE(Qy)
5 670 nm R IR (Q))
6 670 nm EHRMIF FTE(Q,)
7 670 nm R — B 5 (Qs)
8 670 nm ERIHECHE(Q,)
9 800 nm EMR IR PEAE (Q, )
10 800 nm EE IR BTtk (Q,)
11 800 nm 1 — B R (Q3)
12 800 nm A& HIFIENE(Q,)
13 B UGB UE 22 RIS R P I BESCTT 43 LE
14 B4 EUR IR UE D 5 R W BESUE 43 Lt
15 S PR b 2 DB TR rr A
2 EREREGHH
2.1 ETFEREHENEREX S

X PG A 1) 4 A5 25 E R (B 2)
HEAT MG AL FRFNRRAE SR IS 2] 18 AMTRARFFAE , X 1
246 FEASIY) 18 MIEARFHETS 2] — 4> 246 X 18 fFE
TEFERE . 32 RUA3 43 BT R T L e 5 B3 e 4 VR
IR 12 T T B2 B b1 o i e
PEAT R R TET 3 A T i B TTERR A
) 85.08% , FEATEIX 3 A>3 4023 [l 43 A an &l 3
fime M 3 Al LB, 4 N EHAEAES™E,
AR —— X 53 (RS ERAEA R A AT

V- iAr 3 (14.14%)

B3 FET AR AR IE]

Fig.3 Cluster analysis plot based on shape features
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Tab.4 Prediction result of different grades based on

model with shape features
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Tab.5 Prediction result of different grades based on

model with texture features
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Fig.4 Cluster analysis plot based on texture features
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Tab.6 Prediction result of different grades based

on model with combined features
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