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Precise Discrimination of Xihu Longjing Tea
from Different Producing Regions Based

on Near-infrared Spectra

ZHANG Long 1, PAN Jia-rong 2, ZHU Cheng 2
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Abstract: Xihu longjing tea from different producing regions has different quality. Near-infrared spec-

troscopy, spectral pretreatment, principal component analysis and discriminant model are used to dis-

criminate Xihu longjing tea from Longjing village, Meijiawu village and Geya village. The results show

that the second derivative pretreatment method is most effective for the removal of the noise in near

infrared spectra and the Bayes discriminant analysis is the best discriminant model for the tea from the

above three regions. Setting the components as 5 in the Bayes model, the best original discriminant rate

and the cross-validation discriminant rate are 100% and 82.35% respectively. In the cross-validation,

the discriminant accuracies of the tea from Longjing village, Meijiawu village and Geya village are 80%,

83.33% and 83.33% respectively. Therefore, the model can be used to discriminate Xihu longjing tea

from Longjing village, Meijiawu village and Geya village and can provide the theoretical basis for the

producing region discrimination of Xihu longjing tea.

�����2015–09–16

�����4QR5STUVWXYZ[ (2010R50028) �	\6]
^_TU7Æ`aZ[ (Y3100246)

�����8b (1986-) �c�def9g�hi�:;jklmno<mpq=>r�
E-mail: 10907017@zju.edu.cn

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.12, Dec 2015



42 � � 2015 ? 12 @
Key words: Xihu longjing tea; near-infrared spectroscopy; spectral pretreatment; principal component

analysis; discriminant analysis

0 AB
���������������	�

���	���Æ���������
Æ	



��������������	��

���
����������������

�����������	������

�
������������
�����

������������ [1] ��� 2001 �

�������������������

���	����	����	Æ��	

���	������	��������

��������������������


�
�������������	����

	����	����� [2] �������

������������������Æ�

������ ������������

� !"��#������������

�����

�$��%�&��Æ'��� (X-H)

(��!��Æ"�Æ�� 4000∼12500 cm−1 	

���
�%�&������#��ÆÆ

�
�$ ��)���$���!���

%���*+�
�,���� [3] ��� �

����!������  �#�%�&�

!"-��"##"#$�#��$$&

����%�!�� (��) %�&�%�&

��%�''(�(��&�(��&�) �

&��%$�)) �&��,�*'+,(&

�#!"�-.&�"!�� (��) ���

� ,( [4−6] �$!"/�.�%�&�/�

''(�(��&�) �&/��*+-. 3

0���	������) !"���

����0�1 � !��2)��

1 stCuv
1.1 ��&� '!

"����� ����,1
 2011 �-

2�3,,*��#,.����������

$%��4 17 0���Æ 6 0����	

��/ (L) � 6 0����� (M) � 5 0���

��	5+( (G)�3 )�$����,*&

' 1 "(� 3 0�0	�34�������

/ -���� -	�34� 2 km ���

�1��/ -34� 3 km ���/ -1

5+( -34� 5 km ��)0���*

5.6� 16.1 ◦C �*5+6� 80% �
�6+

�,� 1500 mm -.�

/ 1 07782345491/

Æ,1�������8� 60 ◦C 90

2 :9 12 h �,��-�"�. 10 g ��8

/ �;0$ ;0�Æ��;:. 180;1�

..1�;:6��

1.2 "#$%&&�

� Nicolet Nexus 870 (<<�7=%�&�

3,1���%�&� (' 2)�%�28=%

�3>9��+$��:.6� 25 ◦C ��#

+6� 30% �4*�%�&�3,1"�Æ

�� 4000∼12000 cm−1 �5?;�� 32 ;��<

@� 2 cm−1 �Æ��;:*6�74=>?'

58�@74=>?,1���%�&���

0���> 3 ;�,�.*5��

Infrared (monthly)/Vol.36, No.12, Dec 2015 http://journal.sitp.ac.cn/hw



� 36 ��� 12 � � � 43

/ 2 Nicolet Nexus 870 6?A7A@A8B99

1.3 '(
)12

���&+3�Æ::��
�%�&�'

�#�;<���ÆÆ 4=;<;��B5

#&�%��(��&�!.�(��6B��

>6�>6��,������() �&

!"%�) �%��C1�����) ,

(��.%�,(1?,( </�(���

%+��,(�

&�7D�,�
=*C" (Savitzky-golay

Smoothing, SGS)�@E*C" (Moving Smoothing,

MS) �CF� (First Derivative, 1D) ��CF�

(Second Derivative, 2D) �G�8� (Normaliza-

tion, Norm) �H,A��8� (Unit vector nor-

malization, UVN) ��89�7= (Standard Nor-

mal Variate, SNV) ��89�7=�;>?�"

(Standard Normal Variate and Detrending, SDT) �

�:@AB9" (Multiplicative Signal Correction,

MSC) � �" (Center, CT) & 10 �&�7D�

!"%����(�& (Principal Component Anal-

ysis, PCA) !.&��(��B�&� �>

:C�6B&���>6�DD) ,( 

</��>6��$!",�C�) �&

(Linear Discriminant Analysis, LDA) �I�=) 

�& (Bayes Discriminant Analysis, BDA)� k%�

E�& (k-nearest Neighbor, KNN)3 �) ,(%

����&�7D���(��&�) �&5

,� Matlab8.3 EF%��

2 wxCyz
2.1 *+,-;<./"#$%&'(

/ 3 17 D07782DF5=GGA8B9/

&' 3 "(� 17 0�������%

�&�EHÆ�� 0.20∼0.45 	���$"�"

E 4000 cm−1 D�%�EHH
��#"�"E

12000 cm−1 D�%�EHHB�I&�4=-

#�����������%�&�� 4432

cm−1 � 5179 cm−1 � 5708 cm−1 � 6805 cm−1 �

8060 cm−1 �9220 cm−1 &D��IFEH��

�' 3 �>�����������%

�EH&�??����J�
�����

�	) �GJ����.&�7D�;�&

�4=�#&�%��(��&��&��(�

C�%�) �&�

2.2 @0<%&1'!12A2B
34C5

<67

/ 4 KJB9DL9FEMGGHKHIN

JIL5JK

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.12, Dec 2015



44 � � 2015 ? 12 @

' 4 �,���&�7D�!"#�(�

MK7�LM��L&��SGS �MS�CT�

�E7=2M0�(�MK7�NOH
�Æ

 P0�(�MK7�H#� 42.98%∼70.66%

	��2M0�(�MK7�� 81.91%∼91.94%

	��!	�K� 1D � Norm � UVN � SNV �

SDT � MSC 2M0�(�MK7�H$��

69.07%∼78.00%	��Æ P0�(�MK7

�L$�� 8.33%∼16.18%	�� 2D P0�(

�MK7�� 23.92% �O5�(��FNG

3�MK7�N P
�PM0�(�MK7�

Q 88.04% �GJ�$!" ,���&�7D

�!"�& 69.07%∼91.94%Æ��2M0�(

�MK7��BO Æ2M0�(��
) 

�&�

2.3 @0%&1'!1289H:;A*+,

-;I<9H=><67

?� LDA � KNN � BDA 4 3 �) ,(

#������	%�&) �&��R 1 �

>��L&�� Norm � UVN � CT 7D�O

LDA �L) 9�@� 100%�MS � SNV 7

D�� LDA�L) 9�@%$� 82.35%�

�L&����&�7D�� KNN �L) 

9�@�� 100% � 1D � 2D � SNV � MSC &

�7D�O LDA�L) 9�@� 100%�Æ

Q7D�O LDA�L) 9�@� 94.12%�

�L&����&�7D�� LDA OSPJ

) @� 17.65%∼70.59% � KNN OSPJ)

 @� 29.41%∼41.18% � BDA OSPJ) 

@� 29.41%∼82.35% �GJ� 2D &�7D��

BDA �L) 9�@� 100%�OSPJ)

 @%
� 82.35% �"��?��CF�7D

� ����	������%�&��

?KI�=) �&) ,(�

? 1 @ABC{DEF LDA � KNN G BDA HIJKLMN

GPP6 QTP6 Null SGS MS 1D 2D Norm UVN SNV SDT MSC CT

=GGP LDA 100.0 88.24 82.35 88.24 94.12 100.0 100.0 82.35 94.12 94.12 100.0

KNN 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

BDA 94.12 94.12 94.12 100.0 100.0 94.12 94.12 100.0 94.12 100.0 94.12

RUQLGP LDA 35.29 29.41 29.41 70.59 47.06 17.65 17.65 29.41 17.65 17.65 35.29

KNN 29.41 41.18 41.18 41.18 47.06 29.41 29.41 29.41 35.29 35.29 29.41

BDA 29.41 17.65 35.29 76.47 82.35 23.53 23.53 35.29 17.65 35.29 29.41

2.4 *+,-;I<<9H:;

�,(1?.V ��(���0��

���%�,(��%D�(�C1%M)

 'N�GJ�%+!"&�(��# 2D &

�7D�9�) @LM�&' 5 "(� 1 �

2 � 3 � 4 � 8 0�(�# BDA �L) 'O

����� 94.12%�5 �6�7 �9�100�(�

# BDA �L) 'OR�� 100%� 1∼10 0

�(�</ BDA �&OSPJ) 9�@�

76.47%∼88.24%�%
OSPJ) 9�@�

(��� 4 0���J) ,(S���::

?K�L) 'O%� 5 � 6 � 7 � 9 � 10

0�(��,��Æ ?KOSPJ) 9�@

%
 5 0�(��

/ 5 EMGRF 2D B9DL9MSQTL5JK

Infrared (monthly)/Vol.36, No.12, Dec 2015 http://journal.sitp.ac.cn/hw



� 36 ��� 12 � � � 45

GJ�?� 2D &�7D�!"%�4=;

��,��. BDA %�) �C1�����

%M) ,( ��L�OSPJ9�@�

 � 100% � 82.35%��OSPJ)  �5+

(���/������) 9�@� �

80% � 83.33% � 83.33% �Æ �Æ 20% 5+(

��WT7%���/���Æ 16.67% ��

/��WT7%�5+(�Æ 16.67% ���

��WT7%���/���

? 2a OPQRSHITUVWXY

ZL|[HI\JK

=GQTL PUN 78X SQV O�

PUN 100.0 100.0

78X 100.0 100.0

SQV 100.0 100.0

? 2b OPQRSHITUVWXY

ZL]^_}HI\JK

RUQLQTL PUN 78X SQV O�

PUN 80.00 20.00 0 100.0

78X 16.67 83.33 0 100.0

SQV 0 16.67 83.33 100.0

3 ~�

�� ��%�&�/�'(�#R�#

!"��*+��
!��������

TP [7] ��� �$����W>C�T�

C���S�T�C&&��
XU�UV�!

 YV�3,.VZ ����	��

��U�ZY��"ZY�.�WX-V	

�=����.3W�&�J� [ ��%�

&���$�'��� (X-H) (��!��G

J����	������G"'�$��

�\,YFQÆ�%�&�'�����$!

"�2�]��;�&�4=�,� 10 �&

�7D�!"�*.�"&�7D�����V

6�;�&�4=� MSC ��B������


@A"FQ�C7� [8] � SNV J	�G@

A�ZW#$[X�:9Y� 1D � 2D J	

��CZ@�\[��<�^��!
XY6�

�<@ [9] �&' 2 "(� 2D &�7D�!"%

���J�G� 2D JM&[%R���L&

��^��!
XY6��<@�@ZJ� 

[Æ �(�Z �

�[C%M) 'O�,�& 3�) ,

(� LDA ���Z_) �&!"�Æ)

 ���)���!Z%$����!Z%#�

8S�R\C1) \��,�[�J) \

�) ]>�$'%����]!"���
]

R�&�,^_ �$W#^ [10,11] �BDA

��:P^@�`�::�[�P^@�`�,

������P^@#$%�� )_ [12] �

Cover &![& KNN \"�Æ�$�����

>>� T1!]>�$%�E k 00�'

��� k00�  )_]>�$��� k

00\�]>�$ k%�E [13−15] ��(��

#) 'ORU`����(��`DYLM)

 'O9���a�(�`�RY�a��

bV�6B'O8���&' 4 "(�b�(

��Q1 7 � 8 c�I�=) �&OSPJ

9�) @KZ6B�GJ?�& 5 0�(��

"?)0�0��,*]���*5

.6� 16.1 ◦ �*5+6� 80% �
�6+��

1500 mm -.�$	�����&W�6d&e

aGXLMZY�#H$��^_%�Y(�

���GC������!*YV���3

,.V�,1���������Z��Æ

��$%� [16] ������	.�0XU�

��b_X�cfX�b`_X�$%_X4 4

� [17] �XU�(�Y(ZY�G	���

���3,,�M#�$.�#"�[�d�

e�̀ �\�_�a�g�b�5��.�h<��

�.�.V �c#$�.�c��YL

M������a]�9f������Zd

c�c�ci��Vd!"R���-�2��

�V�!�X6d�gh� 1960 �=LV�$

d�j!V�i�e�e&�d��.%+�

%XU��fb���/����/�^XU

pH ��ki'��� 4.4 -.�a����/

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.12, Dec 2015



46 � � 2015 ? 12 @

�^XU�$�'�

��/�Z��/

�^XU�c�e�e�f�g�d�IF



���/ [16] �GJXUZY�Y(��/�

���������ZY�G	��� �

-�!"[��%�&�#��%�� �

&�_h&[��%�&���(��&�F+

gh"�-.&�������i�� Fisher

_ ,( [18] �`�&�.�%�&�/�-.

&�����!����� !" [7] �$

!"%+���CF�'(�(��&�I

�=) �&#�����)0�	%��

 ����Æ�������!��2)��

4 w�

�� ��/����/�5+()0�

	�������[��%�&�/���

#!"%�&!"��CF�&�7D��I�

=) �&#��/����/�5+()0

�	������� 'O%��) @�

82.35%�
��
$!" ����D���

!"i�%+G3����!
) 9

�@�

a`�

[1] efSj07782=34kjlm 10 jk�g

bcnk — ld78XlhQollmn5mn

[J].ea , 2012, 38(3): 158–164.

[2] fij�gmh�oko�pj07782ln3

pmogbppm [J]. ea, 2013,39(2): 97–100.

[3] Burns D A, Ciurcak EW. Handbook of Near-infrared

Analysis [M]. 3rd ed. CRC Press, 2008: 15–16.

[4] qnq�rq�qojldprrr5GA8B9

ijk34sTIrqt [J].bcdebcfg,

2009, 29(3): 671–674.

[5] Zalacain A, Ordoudi S A, Díaz-Plaza Eva M, et al.

Near-infrared Spectroscopy in Saffron Quality Con-

trol: Determination of Chemical Composition and

Geographical Origin [J]. Journal of Agricultural and

Food Chemistry, 2005,53(24): 9337–9341.

[6] l7�uQs�msjGA8B9GHstnt

u=34vo�5rs [J].hijd, 2013, 34(6):

167–170.

[7] l7�uQs�msjGA8B9uvwxTst

n0778c��7827sT�5rs [J].Æk,

2013,33(3): 44–48.

[8] Fernandez-Cabanas VM, Garridao-Varo A, Perez-

marin D, et al. Evaluation of Pretreatment Strate-

gies for Near-infrared Spectroscopy Calibration De-

velopment of Unground and Ground Compound

Feeding Stuffs [J].Applied Spectroscopy, 2006,60:

17–23.

[9] Liu L, Philip Y, Saxtonb A M, et al. Pretreat-

ment of Near Infrared Spectral Data in Fast Biomass

Analysis [J].Journal of Near Infrared Spectroscopy,

2010,18(5): 317–331.

[10] lkk�wp�vqw�pjEMG – tuQTG

Hn�vvuxT�5rs [J].lrsddt (m

du), 2012, 50(1): 143–146.

[11] Thomaz C E, Kitani E C. A Maximum Uncer-

tainty LDA Based Approach for Limited Sample

Size Problems-with Application to Face Recognition

[J].Journal of the Brazilian Computer Society, 2006,

12(2): 7–18.

[12] wx�tuvjv7yQTGHnwzxyxz

wTsy�5rs [J].nopqrs, 2013 ,30(6):

802–804.

[13] ez�{{|�{�y�pjld RS l GIS p k-

G}r5|rxH�z| [J].tuvxwxsdd

t (yzjdu), 2008,27(2): 195–197.

[14] Cover T M, Hart P E. Nearest Neighbor Pattern

Classification [J].IEEE Transactions on Information

Theory, 1967, 13(1): 21–27.

[15] Henley WE � Hand DJ. A k-nearest-neighbor Clas-

sification for Assessing Consumer Credit Risk[J].The

Statistician, 1996,44: 77–95.

[16] {yy�z}qj}~lm=34kjz~�{7

~{{| [J]. {|}~jw, 2006(3): 2–4.

[17] I��|k|j�H07782F}}M5=~

[J].noea�v, 2011, 22 (3): 27–30.

[18] ~��M}�~��pjldGA85 PLS ��v

6sy0778�Æ5qt [J].bcdebcfg,

2009,29(5): 1251–1254.

Infrared (monthly)/Vol.36, No.12, Dec 2015 http://journal.sitp.ac.cn/hw


