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Discrimination of Varieties of Sugar Based on Partial
Least Squares and Fuzzy Clustering Methods

WEI Yu-yong 1, CHEN Yong-ming 2, LIN Ping 2, HE Yong 2

(1. Jiaxing Vocational and Technical College, Jiaxing 314001, China;

2. College of Biosystems Engineering & Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract: A new method which combines Partial Least Squares (PLS) with a near infrared spectroscopy

is proposed for the nondestructive discrimination of the varieties of sugar. A near infrared spectrometer

is used to obtain the diffusion spectral characteristic curves from the samples of white granulated sugar,

xylitol, maltose and glucose. Then, the PLS is used to derive the variety and characteristic values of

the sugar. The derived eleven main components which are normalized are used as the parameters for

establishing a fuzzy clustering model. By setting four clusters, the fuzzy clustering model is established

and is used to predict forty unknown sugar samples. The prediction accuracy is up to 100 %. This shows

that the new method has a good ability to fast discriminate the variety of sugar.
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-�+.�	#�,	$,��%/�-0%�

�+!&.1�-'2
(.)$) ./0

$ (Partial Least Squares, PLS)3"/���/1

" (Principal Component, PC) [4−5]  �3"��

& �#2*�/1"!�+0 c Æ0 (Fuzzy

c-means, FCM) ,�1"+��1+34 [6−9] 
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1 +BR,-
1.1 #$%&

99:$	� ASD ��	5� Handheld

FieldSpec +!:
4+!);%8� 1.5 nm 


"89;� 325 ∼ 1075 nm <%
<594� 30

9
=>�?�:� 20◦ �+=)$�+!:5

6@� 14.5 V 7A:�!;�+!4�� ASD

View Spec Pro B;'#� ASCII 8�C
>2

Unscrambler V9.7� MATLAB V7.1B;! "D

2*�

1.2 ()*.+,-./0
��<6�9�E<= �+.� (Saccha-

rose) 	=>#�, (Xylitol) 	F:$,� (Bifid

Sugar) �*G;?%/� (Dextrose) -0%��

/" 4 �;>
<� 400 g �/%�;>Æ$?

=� 120 mm 	@?� 10 mm �>@?H1��
�A.99I@ AAB"7��:@-A


���<�>@?1�.!���99;>�
<��%/2 40�;>
B� 160�;>��B

�99;>J5"11+C�1"C�4�
1

+CB 120 �;> (<��%/ 30 �) 
1"C

B 40 �;> (<��%/ 10 �) �+!:�+C

C".! "!�+!:D+;>��$
A�
DC 120 mm ��<��;><5 30 9�

1.3 ,-34./56
��
E��@DJ5EK	(2EF	;

>�ÆG	�+L1-���
���(! 

+!12*	
EEK�M�4�! Savitzky

Golay Derivatives 2*
>)$ Savitzky-Golay F

D$
"$�FDF4� 9 
�"0EFG4G

E/%�AN5	�@DEK� .�4�!
 G"�
�� (Standard Normal Variate, SNV)

2*�2++!'2�OH�HHI���E

K
��H"" 400 ∼ 1000 nm JK�+!! 

"D�

1.4 7089:;
) ./0$ (Partial Least Squares, PLS)P

�%FBI��J#�$$�Q0E1I+!
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BIJ:$�)*)

+!4�2*$$�LP���������
SBM237R"
)$232*-0�K"D
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M+0,�6$�
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+��,��>V)$ FCM 6$� PLS 5	�

PC 0! 1"�WCQX�W FCM 6$�

FCM MGO4 Jm(U, V ) �

J
m

(U, V ) =
n∑

i=1

c∑
j=1

um
ij
· ‖X

i
− V

j
‖2 (1)

C�
 ‖X
i
− V

j
‖ = [

s∑
k=1

(x
ki

− V
kj

)2]1/2 �;>

X
i

= {x
kj
} �,��Æ V

j
= {V

kj
} <%�N

CAO
4� i = 1, 2, · · · , n 
 n �;�4�

j = 1, 2, · · · , c 
 c �"�4� k = 1, 2, · · · , s 

s��-��4�uij �;> Xi �Q j ��P�

?� m �RQP4
 m > 1 (��RR X
i
�

+/�%?���?) �m �0��
N!"�

SQ�+0%?/�� ( �( m " 1.1 ∼ 2.0) �

MGO4 J
m

(U, V ) DY;> x
i
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V
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�NQAOF$�
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P��

C
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GO4 J
m
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4L
R(�!;���P�? uij �,��Æ

V
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�� m > 1  X

i
�= V

j
"
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(3) RS�6*P�? u
ij
�,��Æ V
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[7−9] �

uij =

[
c∑

l=1

(
‖x

i
− v

j
‖

‖xi − vj‖

) 2
m−1

]−1

(2)

v
j

=
n∑

p=1

[(u
pj

)m · x
p
]
/ n∑

p=1

(u
pi

)m (3)

T�6$�WÆ

(1) T8"4 c 
RQP4� m �[U�U

� ε �""T\P�?SQ U (0) 
4JA u
ij
�

�Æ

0 ≤ u
ij
≤ 1, ∀i, j;

c∑
j=1

u
ij

= 1, ∀i

(2) ��C (3) � U (q) �*,��Æ V (q)
j



4� q �RS94�

(3)��C (2)��!� V (q)
j

�* U (q+1) �

(4) Z max{|U (q) − U (q+1)|} ≤ ε 
R]SR

S
 U (q+1) �54� V (q)
j
�N�4L�URV

WUT (2) 
XURS�

(5) �!;�P�?SQ U �
V<W��

 �JA� 1 
4V� 0 
<'!;��X("

�SQ (M"�4L) �

2 CSD1R2T
2.1 @A)B.C.>
	D

�0%� (+.�	#�,	$,��%/

�) �B 120 �;>! /1""D�D 1 W*

�Y^�/1"��-0�Z�-W? �2+

Y[�/1"�-W?
V 97.7 % 
��Y$

Y[�/1"/-	DYX)*)+!�/(

W_�

Æ 1 3456789:;<=>

EWZ PC1 PC2 PC3

\[]YX 58.5 % 97.7 % 99.5 %

` 1 � 120�1+;>�/1" 1 	 2 �!

"`�4�
\FGDY<�;>�Q�/1"

�!"0
GFGDY<�;>�Q//1"�

!"0�<` 1 �-	^*
+.�	#�,	

$,��%/�
�_ "10�Æ#�,�

30 �;>,��Q�ZU
F:�� 30 �;>

,��Q/ZU
+.�� 30 �;>,��Q

^ZU
%/�� 30 �;>,��Q0ZU�

�0%��E�+.�B��;>abBN)

O<)
4V^%��,�3YFG
c_/1

" 1 	 2 �0%�B�G�,�!$�

d 1 120 ][Z[EWZ 1 ^EWZ 2 [\Zd
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2.2 PLS H	.I0J<KL3.MN

)$ PLS "D$$ �_H9A$`]!

;
 S/1"4� 11 �D 2 W*�/(�+

�34�"$ 11 �/1"+��^@ (RV) �

0.000985
57R4 (R) � 0.999916��"
4C

�CG")@ (SEC) � 0.014538�2+P���

%�! ��
$ 1 	 2 	 3 	 4 "�DY0%

���%��
 �4!� Y ���

<XB���3"���
M�XB��

! 23O���1����3"����a

-0AbXB���B$W_
a-0AÆ�

�4
��<%5H_I
�/P�-���

PLS 1"P<XB����;>4�SQ X �

3"�5H�_�1"�Q�`Ab����

��573
\Ab����$@
<'�


EXB���B23��"
:1I�W +

�e0`"4.]*�������<%�5

H7R�

Æ 2 PLS ?@A96BCD

ab fa�g ^_bcP ab fa�g ^_bcPEWZ EWZ
(RV) (R) cb (SEC) (RV) (R) cb (SEC)

1 0.531000 0.764739 0.722656 7 0.001357 0.999755 0.024828

2 0.030750 0.988309 0.170998 8 0.001339 0.999840 0.020029

3 0.006359 0.997587 0.077864 9 0.001115 0.999867 0.018314

4 0.002901 0.998960 0.051141 10 0.001015 0.999894 0.016315

5 0.002034 0.999320 0.041357 11 0.000985 0.999916 0.014538

6 0.001659 0.999575 0.032702

2.3 <=>


+!JK� 400 ∼ 1000 nm ��L�4B�

!�+0h� FCM 6$�h�H
de&`�

���aR4�6��' ;��B�fb�

�+!W_Fi
�;��O1c3c<%g

d�8�573�'$ PLS /1""D!*�

YC 11 �/1"
������"+!W_�

��
���� 11 ��-��! � �#2

*
 �2*4L!� FCM 6$�1+34�

��"��1+�1";>4"#� 120 ��

40 � ( 2D 3) ��T\#,�4� 4 
�RS

94V; 129"
MGO40� 315.448349
S

11"�` 2 NY�,�&%�D 4 W*�1"

4L�2�-2
1"4L��.JV; 100 %�

Æ 4 ?EFGHI

ed eh[Z df[Zed

1 gjkhed 1-30 i 121-130

2 ikjhed 31-60 i 131-140

3 jekhed 61-90 i 141-150

4 klkhed 91-120 i 151-160

d 2 hflm[g�d

Æ 3 ?EFGJ?KLMNO

ed ehkdf[Z dffQ
1 gjkhed 1-30 i PC1-PC11

2 ikjhed 31-60 i PC1-PC11

3 jekhed 61-90 i PC1-PC11

4 klkhed 91-120 i PC1-PC11

5 mg[Z (ed 121-160) PC1-PC11
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