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Abstract

This study was conducted to evaluate the internal quality of Korean red ginseng using a VIS/NIR spectral
data. Internal qualities of Korean red ginseng were classified into normal, half whit core and white core
red ginseng according to different colors of internal tissues. The objective of this study was to evaluate the
internal quality of red ginseng by analyzing the transmittance spectrum of the ginseng. To evaluate the
internal quality, ANN (Artificial Neural Network) model was developed. In order to save the processing
time of data and to increase the quality evaluation performance for including a lot of data point of each
spectrum, conducted for the various step size and epochs. The best way to evaluate of internal quality
shows the combination of 15 step and 20,000 epochs. The results of performance showed the MSE (Mean
Square Error) of 2.9×10-3 value and the estimation accuracy of 92.5% for unknown samples. 
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� �

����� ��� ������ �� ��� �
��� ��� ����� �� ��� ��. ��
� �� ���� ��� ����� ���� �

� ��� ��� �� ���� �� ����. �
�� �������� ���, �� TV ��� �

��� �� �� ���� �� ����� ��
�� ��� ��� �� �� ���	 ��� 	

� �� ���� ����� ��. 
��� ��� �� ��� ����� ���. �
�� ��, �� �, ��� ��, ��� ��� �

� �
 ���, ����� ����� �����
�� ���� ��.

Lee et al.(2001)� ����� �� �����

������ ���� ��� ��� ��� ��
	 ���� ���� ���, ���� �� ��

� ��� �� ��� ��� ��� ���� �
��� �� �� ����. ��� ����� �
��� ���� ����� ��� �� ���

�����. 
Kim et al.(2001)� ��� ����� �� ��

��� ��� ���� ��� ��, �� � �
�� ��� ���� ��, ���, � ��� �

��, ����, ginsenoside ��� ���� ��
�� ����� ������, ����� �� �
�� ��� ���� 	�� �����. 

��� ��� ��� ����� ���� �,
�, ���� ����� ��� �� �
���

�� �� ���� ��. �� ��� ��� 3�
��� �
 ��� ��� ����� ��� �

�� ��� �����. 
�� ��� ����� ��� ���� ���
� ����� ���, ����� ���� ��
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� ���� ���� �� ��. ��� ����

� �� ��� �� ���� ����� �� �
������(Kim et al. 1997, 1998; Jang et al.,
2000)� MRI� NMR ��� ���� �����

������ ���� ��� ��� � ��(Kim
et al., 2001, 2003; Lee et al., 2001; Lim et al.,

2002). ��, Son et al.(2002, 2003)� x-� ���
�� ������� �� ��� �����. �
�� ��� ��� ���� ��� �� ���

� ��� �� ���� ������� ����
� ���� �� �	�� ��. 

��� � ����� ���� � �����
��� ���� ��� ����� ���� ��

��� ����
 ����, ������� ��
���� �����. 

�� � ��

���� 
��� ��� ��� 6� � ����� ��

��� �	� ��������� �����. �
���� ����
 �� ����� ���� �
����, ����� ����� ���� �� �

�� ����� �����. ��� �� �� �
� ���� �� ����� �� ��� ���

38�, ��� 112�(���� 77� ��) ���. �

��� ���� ��� ��� ���� ���

� ��� �� ��� ����� �� �� ��
���� �����. 

Fig. 1� ����� �� ��� ���(a, b), �

��(c, d), ���(e, f, g, h)��� 	�� ��
�� ��� ��� � ����� ��� ���.

��� ��� (b)� 	�� �� ����� ��
�� � ��� ���
�, ���� 	����
��� � ���� ����. (c)� ��� ����

� ����� �� ��� ���� ���	� �
���� �� ��� ��� ��� �����. �

	 �� ���� ���	 ��� ��� ���
� ��� �
� �����
 �� �� 1���

�� ��
� 	�� �� �� ����. (d)�
��� ��� ��� �	�� ����� ��
�� � �� ���� ��� ��� �� ��

����� ��� �����. (e)	 (f)� �� �
� ������ ���� �� ��� ����

� ����� ������ �����. (g)	 (h)
� ��� �� ��� ���� ��� ��, �

�� �	�� ���� �� �� ���� ��
�� ��� ���. 

���� 
��� ������� Fig. 2	 �� �����

1.5~2.0 cm ��� �	�� ����� �� ��

Fig. 1. Cross sections of experimental samples of red ginseng (a, b) normal ginseng (c, d) internal hollowed ginseng (e,
f) internal half white core ginseng (g, h) internal white core ginseng.

Fig. 2. Inspection area of red ginseng and measurement of transmittance spectrum.
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�� ���, ���� � ��� �� ��� �

������ ���� ����� ����� �
��. �� ���� ��� �����(150W/21V,
EKE, Osram co, Germany)� �����, ����

��� �� ��� ���� 	� ��� ��

���� ��� ��� �� �����(USB2000,

Ocean optics co., USA)� ���� 	� ��
 �
��(single type)� ������, ������
530~1,180 nm ��� ����� ��� � ��. 

����� � ����
������ ����� ������ ����
� ���� ���� ��� 
���, �� ��

� ������� �� ���� ��� ���
���� ��� 
�� � �� ���� ���
�� ��� � � ����. ����� ����

	� ����� ��� Fig. 3� �� ���(input
layer), ���(hidden layer) ��� ���(output

layer)� 3��� ������, ������� 	
� ����� ������� �� �����

Matlab(The mathworks Inc., ver 6.0)� ���� �
����. 
����� ��� Fig. 4� �� �� ��� �

������ ��� ��� ���(input vector)�

��� ��� � ���� ��� ��� ���

�� ���� ���� �� ��� �����

��� 	��� ���� 	�� ��� ����

����� ���	 ��� ���� ���� �

��� ��. �� ��� ��� 	� ���� �,

� �� 
�� � � ����� ��� � ���

���, �� ������ ���(learning rate) ��


, ���� �, ��� �� ��� ����, �	

����, �� � �� �� �� ��
 ����

���� ��. ��� 	�� ��� �����

�� ��� ����� ����� �����. �

��� ���� � ��� ���� 	�� � 1

� �� ���� ��
� ��� ��
�� �

�� ���� SSE(Sum of Squares due to Errors,

�� ���)� ������, � 2�� ��� �

� �� ���� MSE(Mean Square Error)� ��

� ��� ��� �	���. ��� 	� ���

����� logsig� � �����.

(1)

(2)

���, m = �� �
k = �� 
�� �

x = ��� 

y = �� 


�� �� ��� �� ��� ��
����� ��� ���� 	�� ��� ��

����� 550~1,020 nm ����� �����,
Table 1� �� ���� ���� 
�� �� �

���� �� 7��, ��� ���� 4���
� ����, ���� 1� ���. ��, ����

2��� ������ � �� 
��� 10�� �
� ���� ��� ����. ���, ���� 
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Fig. 3. An architecture of the ANN for the prediction of
internal qualities of the red ginseng.

Fig. 4. The neural network program for internal quality
evaluation of the red ginseng.
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�� �� 550~1,020 nm ���� ����� ��
� � 1400 pixel� ���� ����, ��� 1

step��� �����. ��� 5 step� �����
� pixel �� 5 ���� ���� �� ���,
�� �� ���� 30 step �� ���� ���

���. 
��� �� ��� �� �� ��� 38�, �

�� 112�� � 150�� �����, ��� ��
�� �� ���� ��� �� 20�� � 40��

���� ���� ��� �����. 

�� � ��

����� �� ���� ��� ������
�� ��
����� �� ��� ���	 ������
� Fig. 3� �� �� 3��� ��� �����

700 nm, 800 nm � 900 nm ���� ����. �
� ���� 700 nm ��� ����� ��� �

��� 	� ��� ���� ������ ���
�� 
�� ������ �� ��� �� ��

�� ��� ��. ��� 800 nm ����� ��
��� �� �� �� �� ��� ���� ��
��, 900 nm ��� � 3 ����� �����

�� ��� ���� ��� ��� ��� ��

�. 

�� �� ����� �� ��� ��� ��

�� ��� ����� ���� ��� �� �
� �� � � �� �� �� �� �� �� �

� ��� ���� ���(Son et al. 2004), ��
�� ����� ���� �	� �� ����
��� 
�� ���� ��� ���� ���

������ �	� ��� ����. ��� �
� �� ����	 ������ ����� ��

�� ��� 	����� ��� ��	��� �
� �� �� ��� ��� �����. 

������ �� �� ������
Table 1�� ���� �� 550~1,020 nm� ��

������ 1,400 
�� ���� �	�� �
�. ��� ������ ��� �� ��� �

�� ��� ���� ��� ��� �����
��� 5 step ���� � 7 ��� ��� ��
�� ������. �� �� ���� 5,000��

��� ���� ����� �� ��� ����
�� 	�� �� ����
 ���. Table 2��

�� �� �� 10 step� 15 step � ���� �
��� � MSE� �� 2.9×10-3�� �� ���

� �����, �� �� ���� 100%���,
����� �� ������ 92.5%�� ���
��� �����, ����� ����� ��

	���� ����� ��� � �� ��� �
� ��� 15 step� �
� �� ��� ��� �

����. 

 
Table 2. Learning effects of the ANN for the wavelength intervals of various internal qualities

Wavelength interval(steps) 1 5 10 15 20 25 30

Accuracy
Calibration(%) 100 100 100 100 100 100 100
MSE 6.6×10-3 5.5×10-3 2.9×10-3 2.9×10-3 5.7×10-3 3.4×10-3 5.4×10-3

Validation(%) 92.5 92.5 92.5 92.5 92.5 92.5 92.5

Table 1. Data set for the ANN of internal quality evaluation of the red ginseng

Input data
(Wavelength band)

Number of unit
Transfer function

Input layer (Interval) Epochs Hidden layer Output layer

550~1020 nm

1400(1step)
5,000

10,000

20,000

50,000

10 1

Log sigmoidal
activation function

280(5steps)
140(10steps)
93(15steps)
70(20steps)
55(25steps)
45(30steps)

f x( ) 1

1 e
x–

+
----------------=
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�� ��� � �� ������
��� �� ��� �� ������� ���
� �� Table 2�� ��� 15 step�� ����,

Table 3� �� �� ���� 5,000~50,000� ��
���� �� �� ������� �����. �

	�� �� �
� ��� 100%� ������
����. ���� 50,000� �� ���� ���

���� 43,307��� ��� �� ���� MSE
�� ���� � ��� ��� ����� ��
�. ��� ���� 20,000��� �� � ���

�� ���� MSE �� �� 92.5%� 9.1×10-5�

� ��� �� �	� ��� �����. ��

Fig. 6� ������ � 15 step, �� ����
20,00� ���� MSE �� ��� ��� ��

�. 

� �

� ����� ���� � ����� ���

���� ��� ����� ���� �����
����
 ����, ������� ��	��

�����. ����� �����, MSE � � �
���� ����� �� �� ����. ��
� ����� ���� ��� ��. 

��� ����� ���� �� ��	� �

� ���, ��� ��� ���� 3��� �

�����, �	� 
���� �� �
���
Matlab(The mathworks Inc., ver 6.0)� ���� �
����. �	� ��� �� �	� � �, � �

	 	�� � � ���� �� �� � � ���
���, �� 
���� ���(learning rate) �

��, ���� �, ��� �� ��� �����
���. 

��� ��� ����� �� �� ����
�� 	�� �� ���� ��� 1~30 step ��
5 step ���� ���� ����� �	� ��

15 step�� �� � �� ��� ��� ����
�, � � ������ 100%���, MSE �� 2.9

×10-3, ����� �� ���� ���� 92.5%�
����. �� �� ����� 15 step� ���

� �� ���� 5,000~50,000� �� ���� �
	� �� 20,000�� ���� � MSE �� 9.1

×10-5, ����� �� ���� ���� 92.5 %

�� �� ���� ����. 

Fig. 6. The change of MSE in train process for internal
quality(20,000 epochs, raw data).

Table 3. Learning effects of the ANN for the number of epoch of various internal qualities

No. of epochs 5,000 10,000 20,000 50,000(43,307)

Accuracy
Calibration(%) 100 100 100 100
MSE 2.9×10-3 1.3×10-3 9.1×10-5 1.1×10-6

Validation(%) 92.5 92.5 92.5 90

Fig. 5. Traditional transmittance spectral responses to the
internal qualities.



������� ������ �� ��� ������ 241

� �

Jang, Y.H., D.I. Jang, S.H. Bang and Y.I. Lim. 2000. Devel-
opment of an Algorithm of Image Processing for the
Shape Sorting System of Red-Ginseng. Proceedings of the
KSAM Winter Conference. pp. 430-435 

Kim, C.S. and J.Y. Lee. 1997. Computer Vision System for
Automatic Grading of Ginseng. Proceedings of the KSAM
Winter Conference. pp. 401-408 

Kim, C.S., J.H. Lee, S.J. Park and M.H. Kim. 1998. Auto-
matic Grading Algorithm for White Ginseng. Proceedings
of the KSAM Winter Conference. pp. 450-457

Kim, C.S., J.W. Lee and J.H. Do. 2001. Chemical Charac-
teristics of Normal and Inferior Parts in Korean Red Gin-
seng. J. Ginseng Res. 25(2): 89-93 

Kim, S.M. and J.K. Lim. 2003. Analysis of Magnetic Reso-
nance Characteristics and Images of Korean Red Ginseng.
Journal of the Korean Society for Agricultural Machinery
28(3): 253-260 

Kim, S.M., J.K. Lim and C.S. Kim. 2001. Feasibility of
Resonance Imaging for Quality and Age Identification of
Fresh Ginseng(Panax ginseng C.A. Meyer). Proceedings
of the KSAM Winter Conference. pp. 379-386. 

Lee, J.W., C.S. Kim, S.Y. Chae, J.W. Yang and J.H. Do.
2001. Histological Characteristics of Normal and Inferior
Parts in Korean Red Ginseng. J. Ginseng Res. 25(2): 82-
88 

Lee, S.J., J.G. Lim, S.M. Kim and C.S. Kim. 2001. Nuclear
Magnetic Resonance Characteristics of Korean Red Gin-
sengs. Proceeding of the KSAM Summer Conference. pp.
255-260 

Lim, J.G., C.S. Kim and S.M. Kim. 2002. Magnetic Reso-
nance Imaging of Red Ginsengs. Proceeding of the
KSAM Winter Conference. pp. 450-456 

Son, J.R., K.H. Choi, K.J. Lee, D.S. Choi and G. Kim.
2002. X-ray Image Processing for the Korea Red Ginseng
Inner Hole Detection(I). Journal of the Korean Society for
Agricultural Machinery 27(4): 342-348 

Son, J.R., K.H. Choi, K.J. Lee, D.S. Choi and G. Kim.
2002. X-ray Image Processing for the Korea Red Ginseng
Inner Hole Detection(II). Journal of the Korean Society
for Agricultural Machinery 28(1): 45-52 

Son, J.R., K.J. Lee, K.H. Choi, G. Kim, S. Kang, D.S. Choi
and I.K. Jang. 2004. Characteristics of Transmittance
Spectrum of Korean Red Ginseng Using VIS/NIR. Jour-
nal of Biosystems Engineering 29(4): 329-334 


