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4. Digital Elevation Model 

5. Global Positioning System 
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1. Probe contact 

2. Continuum Line 

 �����/0�
� 123 

    $	 ��'��	 5���� U�9��m���/gZ� L�'��  ��+�B ���  p[DDD�

  �'YW � :G� Fj�g"�� �Z�� $� ��k� !��(�� ��'� ]8.[ 

 ����4�� ���  �.�9 �(�������7��DDD�  K'9 (� �DDDw"	 ��

L'���F  �'�  ��/) �	 :G��� �'� $% ��   ts[? �  IY�
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�	 �.�9 :�#(�	 -(�����  ����/�L��;/DDD����DDD� (�  ~�

 c�DD�# ��/DD�'�B��'DD�� ]4 .[ ��4��$	�DD�����3  �����

      T��	 ��4�� $% �DDD�� ��+�� �+��� ��/DDD�'�B3   ����'�

�� �'� ) n[	��1(!+��	��	 .   �W'� ��/�'�B CG�K���� �(�� 

 �� �.�9 ��4�� n���� K'9L'��+��  T�g�� $% ��� n�+��

  c���1 �� �	G� Vg�����% -�� !+� �� .$	���   ���./� �

��4�� V% (�F  >����m# (� �.�9 nDD@;DD)� �E� ��'� �	G�
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3. Continuum Removed Spectrum 
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 ���5.  :10B��/��+;����  �! $?13 C�.%�5 %� �D�E $�;�� ��� C& $?13 CF(  

 G�+(1. /��+;���� $5F( ]20 [  

G�3J��  $9�-=�� � $9�+=5� *��+;�$5F(  G�3J��  �K��� *��+;�$5F(  ��� 6  

1560-1340  1400  QR�  

2140-1850  1900  �  

2300-2150  2200  S  

 

  
 ���6 $�;�� .��="�1� MFE  *��+;� $5F(1400 (NO�) �=�����P  $�;����="�1� MFE  *��+;� $5F(1900 (C) �=�����P  $�;�� MFE

��="�1�  *��+;� $5F(2200 (J) �=�����.  
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 G�+(2R!�� .�2"�;� $?13�5� ����S�E 
��� �� /+�  

R!�� T�� G���U 42��  

CARI (Chlorophyll Absorption 

Ratio Index) 

a.5 +1)2×(a670))/R2+b)670×(SQRT((a×670+R700R 

(a×550)]-550)/150; b=R550R-700[a=(R 
]21[ 

NDVI (Normalized Difference 

Vegetation Index) 
)670+R800)/(R670R-800(R ]22[ 

MCARI2 )705/R750)) ×(R550R – 7500.2× (R –) 705R – 750((R ]23[ 

MSAVI (Improved Soil 

Adjusted Vegetation Index) 
)))670R – 8008× (R – 2+1)800SQRT((2×R –+1 8000.5× (2×R ]24[ 

OSAVI (Optimesed Soil-

Adjusted Vegetation Index) 
+0.16)670+R800)/(R670R – 800((1+0.16) × (R ]25[ 

TCARI (Transformed 

Chlorophyll Absorption Ratio 
Index) 

))670/R700)× (R550R – 7000.2× (R –) 670R – 7003× ((R ]26[ 

TCARI2 ))705/R750) ×(R550R – 7500.2× (R –) 705R – 7503× ((R ]23[ 

TCARI/OSAVI TCARI/OSAVI ]26[ 

TCARI2/OSAVI2 TCARI2/OSAVI2 ]23[ 

NSMI )2119+R1800)/(R2119R-1800(R ]27[ 

NINSON )2230+R2122)/(R2230R-2122(R ]28[ 

PRI )570+R531)/(R570B-531(R ]29[ 

    H������  �	G�    ��/� '�B CG� ��4�� (� ���./� � �	

  ���� $"� '#�� ��'� ]91 .[ H������ 1BD F2RBD  �
3NBDI )$DD	    $DD[	 �� IDD�# �#��DD� 2 F3  �4 (  $DD�,� (�

 H������  ���	 r,W /����    >��?'@� ���3�	 ���	 $%

��4�����     V? �� $% ��/� '�B T��	$+*6#V��4#�  CG�

 ���./�� ��� ��/�'�B��'���.  

)2(  BD 1 R= − ′  

)3(  BD
BDI
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)4(  C
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NBDI

BD BD

−=
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 �6�+� ��BD T�DD)�����J  r,W J���4��	G�  �cBD 

 �*%�� L'� K'9 J���4� �	G�] ���19.[   

45����� ,-
.��� 

 (� �g+!+�#��	��DD%�B -���DD�  ���	 !��Y# !�	 ��DDY#��

�������  � �.�9 $DD@;DD)����   (� ���./DD�� F���/��DD�

 H������   .�� � �.�9 H������ �.�9  K�,W� $6�/�

 K'��1 0+  ���+� ���� ���	 �� �+ ���	 ��k �.�9  ���. 

                                                             

1. Band Depth 

2. Band depth ratio 

3. Normalized band depth index 

 >���,W !+� I�'�  :�#(�	 !�	 Cs/�� �+�)#��+�B��  �

 �[�4� V��'W �.�� �R� 2��% !��v,���'�� ]8.[   

�� 2��AB �DD��� ��k H��DD� �.�9�	� )K��� 2 (

$YDD��4�  �DD� H��DD� �� (� ���./DD�� �	 \+�/� !+�/�	 $%

�.�9�	�4NINSON � 5NSMI  $	��3 ���. 

6
�)!��� ����'  

 $	�'E��  �DDD���	 !�	 ��Y #��  �(��� ����7 ���  �.�9 �

�(�������7 
�� ���DD)1 �����  T'�DD��7� (�5�7$	5�76  

  ��) �B    .��  ���./� �  ��'�� �7� -�� ��5�7$	5�7   ��) �B

  ��/	� ����m/�  0+ $	 0+   K�� ������ ��'DDD�  ��m/� � �����

 :�;/�� $/DD�	�� ��m/� �	 ��/DD�Y,� !+�/DD)�	���'� .�DD� 

    ���� 2+�*1� K�� $	 ��+� �����m/� ���� �� ��? � ���
2R  T'�(3 �	 $���� �� �+���% -�� !+� �� .���F  ���6��

��DDD��' -�� �� . 5�7 $	 5�7      �+ ��  ��� ��m/� ���� �	  F

 $% �+����m/��sYf  K�� ����������  ��'�(3 '� (�����'�  �#

 H;DDD)�$% �'DDD�  �'DDDw� c� ('�� �+3 ���3  $	 K�� ��

4. Normalized Index of NSWIR domain for Smc (Soil 

Moisture Content) estimation from Non-linear regression 

5. Normalized soil moisture index 

6. Stepwise regression 
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 0,% T3 ��1'�����% ��� �+ ]30[ .  *�� �6����Y/W� ���	

V	�/� �6����Y/W� -�� (�  0+ �	 n�',�L������1  ���./��

  .��  J'��     $% �� � >�'?  !+� $	 V	�/� �6�� ��Y/W�  �	

    (� $�',� 0+ T��% L��� $�',� ���  �f�	  ��� �� ���	 Fn-1 

  K�� ����) � $"� '# -(��	 $/1�+�� �'�  ���	 $�',� 0+ �

   ���./�� �6����Y/W��� �'� !+� . ��+��1n  ���g# ��	��  �'�

,� �n ������ ���f�   �6����Y/W� ���	 ��	 0+$	��% ������ .

    !����� � �+�� � ��  n6�/� !+�n    �6�DDD���Y /W� ��	 $	T�'�W 

 ��+*7�	 �+��� !�,;#���'�.  

 !/DD��� ���/�� �� �	�(�������7  ����� ����DD)+��(3

      ���/� � (� ���./� � �	 
�� ���) 10#��'4�2  ���3�	 �

    
�� ���DDD)1 ����� $	 $��DDD�� -(���B ��� �.�9  �	 F

 (� ���./DDD������3���  �G� �[� >�"	�� !������3RMSE 

) n[	��5( � �G�  �Y�� ��[� >�"	�� !������ 4rRMSE  

) n[	��6(  ��Y/W�K����� �� �	�+(�� ��'���7�.  
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100

Y
rRMSE = ×  

��� F��  ���  $	   �+��� I�#�#���3�	�DDD�J      F
�� �����

 �+��� ����)� ��J   ~�'/� � 
�� �����  J���)������ 

 
�����.  

 2��AB !+� ��  n"�'#   ���� ���7 $� (� ���./�� �	 K��

  5�6 �� �1 �7 .  ��%  !+� ���7 �� FK��     (� ���. /DDD�� �	  �� �#

 H������ �.�9�	� �� F 5�� ���7	    H���  (� ���./� � �

NBDI -��  ��/�'�B CG�  � H������ �	 �.�9�	�  c�

�� �  5'�  ���7 *��  (� ���./� � �	  n,� H������  -��

  ��/DDD�'�B CG�  $DDD� �� ��  J���4�    5�6�� c� �	 �	G�

   �1�+GB   �E� (� $k 0�g.# �  J���4�   �E� (� $k � �	G�

H������  -�� ��/�'�B CG�.�1��� >�'?  

                                                             

1. Cross Validation Leave One Out (LOOCV) 

2. Unconfined compression device 

3. Root Mean Square Error 

7%�/� 8)� �  

 VgDDD� 7 T�DDD)� ����J   �.�9 j�g"�� ��4��45   �	 $�',�

 �	'9�14    .�� � �? �� 2��AB !+� ��$	�'E��   �� ��	

 T�'#-�� ���  !+'�8�9�6�DDD�    ���� � ���3�	 ���	

 -�� �� (� 
�� H������  � �.�9�	�CG�  ��/� '�B 

 ���./� �  .�� !+� (� 2�BF   �) ��AB���	   �� ��	 ���	�f

 -�� 
�� ���DD)1 ����� ���3�	 ���	 ��/DD�'�B CG�

 $/1��� >�'DD?�DD�� .$	�'9 ��% 
�� �.�9 ��4�� ��F 

    �� 
�� :�#(�	  T�*�� ���4�J  �b��  2��%  2+�*1� �	  �

 2+�*1� L'� K'9��  �	�+F  $	  �� $% �'4�  J���4�  T����

*��f ��#'% L'� 5)SWIR(  $	 !+�/)�	 2;	 �� !g,� ��

 �g�/B��� ��� �� .# n���( �� >��4 �����0#��'4� 

  
�� $	  �� W ��Re#       
��  �� �� � �� �	 '9�  J���4 �

*��f T���� ��#'% L'�    .�� � ����'��	 ��/) �	 ��,�� (�

���� 2��AB \+�/� $	 $�'# �	F  ��/�Y,� !+�/)�	 $k�7�

   �� �� � !�	 0#��'4�   K'9 � 
��L'� ���  8�/;�

 �����4�J *��f T���� ��#'% L'�   ����)� F��   ��/�Y,�

 8�9 V% �� 8�/;� >���� �	�� ��+� *���  ����� !+��	��	

 >��4# ��+�   ] ��  ���./� � �.�9 ��4�� V% (�2 \+�/� .[

  Vg� ) �.�9 �'�Z�3  �'�Z� �	 $[�� 
�� $% ��� T�) � (

 ��%   n@;)��.�96  (� :�#(�	 T�*�� � ���� �	�[� 
��

 K'9L'����  $	 ��#'% K'9 �,DD�L'����  2+�*1� ���	

���	�+ ]31.[ 

$	�'9  �� ��%2��AB��� !�)�BF  (� ���./��8�9�6��  

 >��DD?'DD@� ���3�	 ���	���/��DD� DD�'�	 �� T����7 �+��,

 �/Yo� \+�/�$/DD��� �DD�� ]12F31 �� !��v,� .[2��AB���  

 $	 �'	�� J('� *�� 
��������� 8�9 �6��    �Y� ��� \+�/�

  $b ��� ������ ] �� �2F4     \+�/ � !+� $	  $�'# �	  .[F    �� �	�f-�� 

  ��/DDD�'�B CG�  �H��DDD� ���  �.�9�	� $	�'E��   ���3�	

.�� ����	 
�� ���)1 �����  

4. relative Root Mean Square Error 

5. Short Wave Infrared 

6. Spectral signature 
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T�,��'9 �� $%   VgDD�2   �DD� ���� T�DD)�F  K'9 ��

L'� ��� 1400 F1900  �2200   �/�'���  J���4 �  �	G�

  �	G� ���'W !+� $% �DD�� ����DD)� V	�f$	V�Z� �'�� 

   
�� �� �	'9��DDD��   ���'W r,W �� 
�� �	'9� .

    �'	 ���'� ��G7��Re# �	G��    $% >�'DDD? !+�	  2+�*1� �	

 �	G� ���'W r,W F
�� �	'9��1�+ ���'� 2+�*1� . 

 
 ���7.  $?13 W��0�� $�;���������� $"��5/+�  

$	�'E��  �(�� Z��   ���) 1 �����0#��'4� 
�� 

  ��/	�K�����  �[� T'�DDD��7�0# J��DDD� �� !�	 ���m/�

 �"f�� ��� � � �.�9�	� H��DDDD�     ���DDDD)1 �� �� �

0#��'4�  � '#"  .��  ���� $$�'# �	  K��� $	3   I+��

  $	  �'	�� !��"# H��DDDD�NINSON   �	  �	��	70/0  �

  $	 �'	�� !��"# I+��NMSI  �	 �	��	69/0  .���  !+� ��

T�,� 2��AB F�DD� ���DD�� -�� � ��'� 2;	 �� $% �'9

 .�1�7 5�6�� ���� ���7 $� (� ���./�� �	 ���	 K�� n"�'#  

G�+( 3.  X110. Y9�SR!�����  �5 $?13�5�UCS 

/����  R!�� 2R  

1 NINSON 70/0 

2 NMSI 69/0 

���� j�DD���	 K�� n"DD�'# ���',����7 ��� FK�� ���

 Vg� �� 5'� � 5��8 .��� ��� ����3  

      K��� $	  $�'# �	4    $	  K��  n" DDD�'# F ���3�	 �'E��

     H���  (� ���./� � �	 
�� ���) 1 ����� �.�9�	� ���

NINSON �NMSI    ) �Y���� !��"# I+��75/0 = 2R(  ��

 ] ��+� �DD)��AB \+�/� $% ��� T�DD)�2 (� ���./DD�� �	 *�� [

H��DDD�     �� ��+e# �� $/1�+ !+� ���+� �.�9�	� ���  .��%

T�*1� F!+� �	 H��DD� �+���'# �DD��� 2��AB \+�/���� 

 �.�9�	�NINSON  �NSMI   ���)1 ����� ���3�	 ���	

0#H��DDD� !+� $% ��� T�DDD)� �� $[�� 
�� ��'4� ��

2��AB ���	 �� �� �Z'Yf V	�f \+�/�] ��16 F17[ *��  $b���

.���'	 ���%  

 G�+(4.  Z9�=� �0"�.G+���� $��1"�>�  

 *����/��>  R!�� 
2R  

,�1"��21O�� 
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$[�"��2=\� 
RMSE rRMSE% 

?�� ��
V NINSON 
NSMI 

84/0 75/0 16/20  29/11  

W�� ��
V 
NBDI 

 �XJ�&�� �>��
��  
88/0 78/0 45/19  89/10  

W E ��
V  XJ�&�� ��LE �) M:N 86/0 43/0 31/34  22/19  
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 ���8. �1"��21O�� ������$� NO�) G�� /��> G+� P(C) T�� /��> G+� $��1"��21O�� ������P( T�" /��> $��1"��21O�� ������ (J).  

 
��� 9.  G+� $[�"��2=\� Z9�=�R!�����  :����� � $?13�5�8.���;�  �!  
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 Vg� 9   K�� �6�� ��Y/W� \+�/� H������  � �.�9�	�

   ����� 0#��'4�   T�DDD)� �� 
���� ���  �DDD���	 ���	 .
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 H���  ��/�	 \+�/� ��/� '�B CG� -�� � �.�9�	� ���
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      �	G� J���4� $�  �� �� ��/� '�B CG� -�� H���
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ABSTRACT 
Understanding soil resistance is essential for the construction and maintenance of forest roads. 

Unconfined compressive strength (UCS) test is used to determine the strength of fine-grained and 

cohesive forest soils. Spectroscopy is a fast and non-destructive method that can be used to understand, 

analysis, and assessment of the soil properties. The present study was aimed to investigate the capability 

of spectroscopy data to estimate UCS. To do so, a continuum removal technique, narrow band (i.e., 

hyperspectral) indices, and a combination of both methods were used. Three absorption ranges with 

wavelengths of 1400, 1900, and 2200 nm are effective in estimating the unconfined strength of the soil. 

The continuum removal technique was applied on the selected absorption regions and its indices were 

calculated for 45 soil sample plots. In addition, NINSON and NSMI hyperspectral indices were 

calculated. The capability of these data to estimate unconfined soil strength was evaluated using multiple 

stepwise regression analysis. The results of this study showed that NINSON and NSMI indices had an 

R2 = 0.75 and an rRMSE% of 11.29%. Continuum removal index (i.e. NBDI) gained an R2 = 0.78 and 

an rRMSE% = 10.16 which shows a better result compared to the individual index. The results of the 

present study (i.e., a reasonable rRMSE%) showed  that the spectroscopy data and continuum removal 

techniques can be used to estimate soil strength. 
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