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On-site Determination of Grape Soluble Solid Content (SSC)
Based on Spectroscopic Technology
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Abstract: The fast detection of inner quality of living fruit is of importance to the selection of optimal

harvest time and to the information management of an orchard. The trellised grapes in the southern part

of our country are used as the research object. The soluble solid content (SSC) of four kinds of grapes in

growth is detected by using a visible and near infrared spectrophotometer on site. The SSC correction

models are established by using Partial Least Square regression (PLS) , Latent Variable and Artificial

Neural Network (LV-ANN) and Latent Variable and Support Vector Machine (LV-SVM) respectively. The

prediction performance of these models is evaluated by using a validation set. Compared with the PLS

and LV-ANN models, the LV-SVM model has the best prediction performance. The experimental result

shows that the combination of spectroscopy with the LV-SVM modeling is suitable for the nondestructive

SSC detection of living grapes in an orchard.
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 ��!�� (Soluble Solid Content, SSC)
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1 �J[KL
1.1 ��� !� Æ

����.�!�./��'�)��

'�"�#�*(+0&/� USB4000 &��

�$	%��01% 345.61 ∼ 1047.80 nm 	,-

% 0.16 nm��)% 20 W&21���*�+3

�4256	56,--3'4#.5$	()

.% 1 cm ���7*+ USB /,,60-7-

./	*�!8� Visual Basic �/*1���

��'�97�0�2��,% 20 ms 	8/:

7% 20 :	�3;% 8 ���9<* 12 V 17

=0>
7�


��)$�����?%�@1 (Rosario

Bianco) 
�A: (Red Globe) 
234 (Muscat

Kyoho) �;% (Fujiminori) 	*"#(<2	4

������
����&,����Æ��

���	�,% 2011 5 7 3 3 Æ2 8 3 14 Æ	

5 6 &	6&Æ��� 1 :������	6

��--70	Æ�45=���#� HANNA

+0&/� HI-96801 &B6/7'/7>'�

����
 ��!������07 (C?%
◦Brix)��58D 2485$--	�98= 70 %

(%9)1	%: 30 % (%*1�3 1 8E

�--�'@9�

1.2 ��"+,

*�;A��:FG���<B	�8=

475 ∼ 930 nm H���7*���� log(1/R) 6

I>��-:%=C��	>* Savitzky-Golay

�3D� (2 ;	.? 3 ��3) �%��<<J

;�

# 1 $%&'()*+,-./0123 (◦Brix) 4567

@/= A0=
<1

BKE 2C =>2 L3M BKE 2C =>2 L3M
NO? 438 3.4 ∼ 17.1 8.33 3.78 188 3.4 ∼ 17.1 8.43 3.95

>PF 467 3.9 ∼ 16.9 10.12 3.67 202 4.2 ∼ 16.7 9.29 3.49

@A? 432 4.8 ∼ 18.3 11.13 3.62 184 4.9 ∼ 18.0 10.89 3.69

G4 406 2.7 ∼ 16.2 8.86 3.71 168 3.5 ∼ 16.7 8.02 3.25

1.3 89:56789:;

B<DQR@A (Partial Least Squares Re-

gression, PLS) ����%'�%=<S���

���� [9] 	����5E�>�C>,!

>�C>,�BF� PLS ��	��	T�

�H,,��;5���*��H��7*

����>:	�"7D>� (Latent Variables,

LVs)UI;�7*	�Æ7*4J�-$8�C
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��VUB<DQRD� (NIPALS) [10] 	9<�

D>�7% 15 	DW9�7% 20 �E*DW

9��EGX (RMSECV) <D�;H	K!

PLS �&<�D>�7% 7 �

1.4 ;?<@=A9:;

�FL+ME (Artificial Neural Network,

ANN) ����Y&�L+ME%G�H��

'D�&��FL+ME�J;�IIJNO

�S�Z(���F���FG.� [11] �

-$6 PLS ���8D� 7 $D>��(�F

L+ME�4P7*	G�D>��FL+M

E (LV–ANN)�&�ANN KH��% Levenberg-

Marquardt � [12] 	L[L+M7�% 14 $	<

�VU:7,�;�?% 10000 :� 0.001 �

1.5 >B?CD9:;

E.N�9 (Support Vector Machines, SVM)

����!��'%O;I�%GJP<D�

;;K\��9J%O���)��6N�Q

>2�$L�H�K,L	�!�N&,��-

]�'	.:$,���]�',�()^

2<���E.N�9�MMD--
C���

�H�/Q?NO��RF�R [13] �-$6

PLS ���8D� 7 $D>��(E.N�9

�4P7*	G�D>�E.N�9 (LV–SVM)

�&� SVM N&% epsilon–SVR	ONKNO7

�:$%O�G c � g *!,�O7��K!
[14] �

1.6 :@AHB


%���&����P�	S����1

.�DW9M!F7 (R2)���EGX (RM-

SECV) Æ�*1.���M!F7 (R2) ��

�EGX (RMSEP) �'D+/�0�

R2 = 1 −

n∑
i=1

(y
i
− ŷ

i
)2

n∑
i=1

(y
i
− y

i
)2

(1)

RMSE =

√√√√ n∑
i=1

(yi − ŷi)2

n
(2)

/=	 n %--$7	 ŷ
i
, y

i
�?%_ i $-

-��&'DI,9QI	 ȳ %9Q��I�

%������&������� ��

"	S�!C�����&	>�-���7

*�!P&�&	`�(C���&�P&�

&������7*J;.� Unscrambler X10.1

� Matlab v7.5 TQ���

2 MN[\O
2.1 !���CD

--��=a�R����TU�U 1-V

%)$�������=C��W��J!�	

�+���=C��K-VX	� 680 nm Jb

��$,WR2=C�B�HS�� 500 ∼ 550

nm H�	�@1�����W�4HTK	X

,)����SYY�B��@1���"Z

�4RUY	%[�����V���

\ 1 ]WT^<1c=>Z_XU

2.2 PLS :@

�C�� PLS �&=	�A:���DW

���EGX<D (RMSECV=1.05 ◦Brix) �

%[���&�DW9���VW/%�@

1 (1.24 ◦Brix) 
;% (1.32 ◦Brix) 
234 (1.53
◦Brix) �P&�&�9GX<� (1.71 ◦Brix) �

U 2 -V%C���P&�&� PLS @A

F7W�� PLS @AF73VH,���I�

Y��D�@AF7�X�I[�	3V)H,

��&�\][��
�YE	� 520 ∼ 550 nm

JG��$ZR�HS	X
�,--=�Z
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`2�B [15] Æ[� 650 ∼ 700 nm ,��J(

��HT	X
�,��&,�WR2 a���

>��B [16] �

\ 2 d<1[^_\][^c PLS ^_`Eaa

2.3 LV−ANN :@

�C�� LV–ANN�&=	�A:���D

W9GX<D (RMSECV=0.60 ◦Brix) �%[�

��&�DW9���VW/%�@1 (0.81
◦Brix)
;% (0.99 ◦Brix)
234 (1.19 ◦Brix)�P

&�&�9��(` (RMSECV =1.12 ◦Brix)�

2.4 LV−SVM :@

�C�� LV–SVM�&=	�A:���D

W9GX<D (RMSECV=0.68 ◦Brix) �%[�

��&�DW9���VW/%�@1 (0.83
◦Brix)
;% (0.89 ◦Brix)
234 (1.17 ◦Brix)�P

&�&�9��(` (RMSECV=1.07 ◦Brix)�

2.5 :@" EFLMN

3 2 8E� PLS 
 LV–ANN � LV–SVM C

���&�V�P&�&�*1��%��


�YE	b���������b,���

B	�VW/%�A: (R2=0.90 ∼ 0.92) 
�@

1 (R2=0.87 ∼ 0.88) 
;% (R2=0.82 ∼ 0.86) 
2

34 (R2=0.80 ∼ 0.82)��P&�&=	LV–SVM

�&<`	LV–ANN�&:	PLS�&<X�

U 3 -V%P&�&�*1��I,��I

,�\&BF�C�� LV–SVM�&���M

!F7 (R2) �?% 0.87 
 0.92 
 0.82 � 0.86 	

����EGX (RMSEP) �?% 1.24 
 0.91 


1.35 � 1.14 ◦Brix �P& LV–SVM �&���%

��0� R2=0.86	RMSEP=1.36 ◦Brix �, PLS

� LV–ANN �&V�	 LV–SVM �&�a��

,��C���P&�&,�����X

?<D	RVE(]������"�

3 ]M
-$��
� – ��������)$��

���
 ��!�����Æ�!!��	

�?�!� PLS 
 LV–ANN � LV–SVM b��

��&��I�C���&"�P&�&	LV–

SVM �&�����b�� PLS � LV–ANN �

&� LV–SVM �&�a��,�����P

&��������X?�<D	�����

"]��%�3Z	6
� – �������

# 2 GHIJKLMN,OP/Q

B PLS [^ LV-ANN [^ LV-SVM [^

EÆ= K
RMSEP RMSEP RMSEPE LVsa R2 LVs R2 LVs R2

(◦Brix) (◦Brix) (◦Brix)

NO? 188 2 0.87 1.43 7 0.88 1.25 7 0.87 1.34

>PF 202 2 0.90 1.14 7 0.91 1.04 7 0.92 0.91

@A? 184 3 0.80 1.67 7 0.80 1.40 7 0.82 1.35

G4 168 5 0.82 1.35 7 0.85 1.20 7 0.86 1.36

\][^ 742 6 0.75 1.89 7 0.84 1.49 7 0.86 1.36

aLV s � PLS ^e_WE
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