
d 35 l�d 3 o h u 43y	<P	 1672-8785(2014)03-0043-06fgnsviqztprkejb{wx��W�Le� ∗

(�|$IZ0$�$F0o��| >" 310032)����5I�P\�SS_�7COI 4YR8�0uQ (pH Z) }E�/;2sEOVT�(?��S 2 CCD S_�HCQk��\8�N<O R � G � B � NIR 7C℄PY��RS_�7C}EI �r^j�mK RGB  D�rX?^jN HSV I �rf LabI �r
�h5�B6I �r[S_�7COI 4Y
`h�X?w5�OI 4Ya9�DO*�=
�v	 PLS f LS–SVM 1TO8�0uQUE�D�$Jzb>���SS_�7Cn+R8�0uQ}EsE'�EO�UE�DO`pzb�>��P=- (R2) 9 0.91 �UE�V^<G (RMSEP) 9 0.34 �MXB�S_�7Cn+
8�
0uQ
I 4YwIaO� S123 x{=n� A DOI: 10.3969/j.issn.1672-8785.2014.03.009

Application of Multispectral Image Technology

in Detection of Soil pH Value

LI Yun, YANG Hai-qing

(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: A method for fast and non-destructively detecting soil pH by using the color features in

multispectral images is proposed. First, a 2 CCD multispectral imager is used to obtain the R, G, B

and NIR images of each soil sample respectively. The multispectral images are converted in color space,

i.e. the RGB color spaces are converted to the HSV color space and the Lab color space. Then, the

color features of the multispectral images are extracted in different color spaces. Finally, the extracted

color features are used as input variables, so as to establish a prediction model of soil pH by using PLS

and LS-SVM algorithms. The experimental result shows that it is feasible to detect soil pH by using

the multispectral image technology. The best result is given by the prediction model established. Its

determination coefficient (R2) and root mean square error (RMSEP) value are 0.91 and 0.34 respectively.
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0 RHd�1+(N"Wg+
(m�G1hH�G.�}g�F0A/��Z`u51J�"Y5�:(tW+
F��xhH�}g5Fr��V�:(;<���";�-Nby";d&
�)�//.u1}5\��gtW�d�Gsw (pH �) yd�
5b�}"?T�IY�N,�d"P�^�l"}gXt [1−2] ��}oO}gGAd��� �SBjCgzL&Pb℄�*�d�B�g(P�℄X~-��}�Qd�}g!�"?X,�� [3] �d�GswWT�d��gP/�R�d��gSBCWI��"�P�8G*Z�8s*gd�W`��}XegjC%J�V}T��}g>"? [4] �O^gP/����A��� u~?�,fR/�'hHyd�#�gq6+��{0sA�d81J�xJq6d8�{0sb�,�W℄p[b�g#��}�Q�;?�<�,ug	Kg#��}�5eg6�kM�1X{0sA�d8yd��}?J�q66��2���{j1Xd�#8g{0sb��[8�%V� RGB � HSV � Lab 8��ogUw��)	 BP !�kP�A%x3?d�;<Jgh6_& [5] �yxX CCD ��℄(�G1�~C�G�<℄H�)	?yd�;<<gq6 [6] �y:^j0Xb����yd�E�Bq6���)?6� [7] ��Æ j�	�d�;<JgÆ��db�gUw��oB	IJ�	��*g=:-� [8] �
Bartholomeus Hj1X0sb� rI?4md�g℄℄S;<�-mb [9] �_xd�Gswg{0sb����Z��qus
�d�

�sN�{$����bj 10�m�g 103�d�C�3n6�y��1X{0sb�d8V�d�g8�U
�(yvdd�Gsw
(pH �) �ogr<-��)?)=6��
1 C�TWU
1.1 p�>b��id�C�Z�{Y/hHE�d#�d8RX6�LV&��%0+�{$����b�<"��M�{Q�?`����vj��E[Dq� 10 �m�g
58 (0 ∼ 20 cm) d��v��d�+&℄<bdD&94d;��0`gd��8+
Æ�M��6aAd��4�
MX 2 mm !yv�)8�K.�J(��? 103�C��U�C����;�JX`d�Gsw (pH �) gP/6<�DJ{X`{0sb�64�# 1 AI?d�C�g[�#��uVz# 1�g 103�C�O�nx_`C�Dh6`C�;��O�3{1	�x_`C�:dh6`C�:g�2pn 3:1 �(���h6`d�C�g pH�gP/�mKxx_`d�C�g pH ��m�e�xR/�9;�Zvg�%��zC�I℄�A;�C�`�# 2 AI?x_`C�Dh6`C�gd�m��-�0`d�b�'�5�zUd�C� +�x��n 7.5 cm glB[��n?�J#Z,�sy)=�6gT��+Fyd�#Z�)3)d,nK.�{0s��℄gÆ`Q�`d�#Z�{0sb�0`nOZ{0s��℄�0mNbeH℄0A��b 1 L.�v��{0s��℄[8 RJ–45�"deH℄gk��"8
0m0X{|GCi℄'��
b� 1 4-6��/)3$�� �A =# �N |R �a F\ �� wk� rA .;=e 0 29 8 8 6 5 8 8 8 8 86':5e 15 0 0 0 0 0 0 0 0 0 15.; 15 29 8 8 6 5 8 8 8 8 103
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 1 |1t�1ah/P�0`g�/8Eux�2��)�0`d�b�'L+Xg CCD b�0`�v�NV{0s��℄g.k (www.jai.com/cn) ��v��s0X℄Q JAI'>";g AD–080GE&
2CCD #H:,��℄�N�℄��w�[8vPd8+0/,Æ~:}a? 1/4�CN�����℄0X,Æ�0��%z��0�_�2� CCD	AD	Kg CCD	A�QSf*i�C�g2�b�D	Kgb��vb���Jn
1024×768�C�i�ÆJg1Y�n 30 fps �V{0sb���N�-IK� (R) �L� (G) �)� (B) D	Kg (NIR) j 4 �:�[d�NV�%yR` 4 �,℄gb��
1.2 ;\w}IKxi�d�C�g{0sb�'�uVzd���xl()6�x��+d�C�g#Z�Gn��
Mw�)b�0`�xyd�C�gb��)U
V��}��z�%� (℄d�g�g) gb��gdvMb��g���'�
M�y�%�g�gV�8�U
�b���H�℄I{�vO^���&[`�gg�����[`�ng����Nb

 2 AD–080GE '|1t��^;��Gg�����}!��{�&[`:/(P/�[`_N.M�[`!�kP�[`�G�<℄�[`bM�[`YOH�D[`4weH.Mgb����� [10−11] ��Ia�sL℄gb�C��xxb��gr��~+r�u[���xb�g�>r���}�d�C�L~b�g�2~Y�LN�uVT℄1X�ZVagb���J���}1����?C�b��Y�n 300×300 �Cg)b�b 3 nbJd�C�gb��v��b 3(a) n RGB [dg2�b��b 3(b) n	Kg[dgb��b 4 nb 3�N (350,200)nw,4 L��gY�n 300×300 �Cg)b�
1.3 m?`VD�mt�uj
1.3.1 � RGB .�(%:!� HSV .�(%d RGB �� HSV f*#.I���2g��7*�og7�� HSV 0X8�g 3 �[�7*� (1) �p H �2�K��S�j8�
 (2) �Dw S �#.�2gRw
 S q���2Rwq�
���S q���2Rwql�b�UwPG"l℄�
 S g���m1 1% ∼

100% 
 (3) ℄w V (G�>w) �v���mn
0% ∼ 100% �z RGB 8��o&Ra HSV �og'-���

V = max(R, G, B) (1)
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 3 e�D�h�	 (a) RGB \eh3��� (b) 
Lh\eh�

 4 e�D�h��* (300×300 �D) 	 (a) RGB \eh3��� (b) 
Lh\eh�
S =
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1.3.2 � RGB .�(%:!� HSV .�(%
CIE Lab 8��o1Z5h�℄pkW (In-

ternational Commission on Illumination, CIE) x
1976 g�rgJ��2_- [12] �N℄ L � aD b ��[�4 (t A Lab) �v�� L #.>w
 a g:[#K���:[#L�
 b

g:[#S���:[#)��Lab �2�o�℄8��sgYn�Ng,K(`0��G,K(`8��v#Xg�2�m�~2��NW+ RGB 8��o�,K(` ��2U
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1.4 YdHG
1.4.1 PLS 1�

PLS H��℄1�~CV4D$A�V4;�p[H�gYn�℄'QfxeH8E�iA$A�V�DV4x_;�.#��H�g$FYn��� (1) �N+X�*x:��)x_�QSx+0�Dgg��'f�0s#��g-*x�+fx_8E�f�~t^

(2) y�C�:�gx_�6G�~A
 (3) f*~Am�J0s:�g{�+-	��
1.4.2 LS–SVM 1�

LS–SVM H�0X1�~Cg�*�^3n[n=:�[Y?O^�G�<℄L0Xg~U3O���LN��H�YYtP?eH�u*�℄�V�?tHEw�x LS–SVM t)'�C=: (Kernel)[8=:V�g��z6��o�g��*tW_�a�o�o��()zIj%=:�x�s0Xg��[ (RBF)C=:��v5: γ D σ2 y_&gT�IY�1Y8E0Xk�BK1Y��y γ D σ2 ;�5

:�%� n ��D m ���
MX n× m � (γ,

σ2) g0G�%�) LS–SVM29(fHUU29g~:�V}�a~:1�gJ0 (γ, σ2) (zv3nYPg5:�xeH'� γ D σ2 g�m�Orx (10−3, 103)�oe�1Y�6�[�
LS–SVM �)M.gx_tH�
2 {T3Æ1X��g8��o&R'-��Nfa
RGB C�b��%x HSV d Lab 8��o�gb���s�gU�d�C��℄ R � G � BD NIR [db��1X RGB b�(�88��o&R��Nfa HSV D Lab 8��og +[dgb��LN�y`UJ�C��uV�Nfa RGB � HSV � Lab � NIR  [dg 10 �Uwb��1X��Uwb��
M[8^eg����V�Id�C�g8�U
�N RGB �2�og8�U
V�n2��%y R � G � B [dgUJ��Cn�)*l�D�
MwzvJN�b��Cng-�:
(300×300=90000) �1��NfaU�d�C�
R � G � B [dgUwn���d�C�x
RGB �2�o�g8�U
��℄.�G�fa HSV d Lab �2�og8�U
��QS�y`UJ�d�C��uV��Yf R � G �
B � H � S � V � L � a � b Nb NIR (e 10�8�U
��yM�V�g RGB �HSV � Lab �2�og8�U
�)x_�fa# 3 L.g�6�v��_&g6� <�℄ 4 ���%1 8��ogUw��d	Kg[dgUw���� 3 #7�2.�(%� PLS  LS–SVM 8�'��B 9� p LV ;d PLS LS–SVM

R2 RMSE R2 RMSE

1 RGB+NIR 2 0.74 0.57 0.87 0.41

2 HSV+NIR 4 0.74 0.56 0.91 0.34

3 Lab+NIR 4 0.74 0.57 0.91 0.35
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(1) LS–SVM gh6�6�� PLS gh6�6A�v�� HSV+NIR gh6�61A�

R2=0.91 � RMSE=0.34 �
(2) V8��o'��� HSV �2�ogh6_&�61i�xM1 PLS H�_&Q1

LS–SVM H�_&� HSV �2�ogh6�6�F�vM�2�og�6A�b 5 L.n HSV �2�o8�U
d NIR8�U
g LS–SVMH�x_gh6�6�h6`d�C�u~n�sm�-x.�h6��
(y = x) �	�

 5 `'i7�7
3 {Æ�s1Xd�g{0sb�h6?d�gGsw���q6��$E�t^�(�faN��M�

(1) 1X{0sb�d8q6d�gGsw
(pH �) 1�)g�1i)=�6n R2=0.91 �
RMSE=0.34 �

(2) x_�6#℄�z H � S � V D NIR ?�8�U
3n6��<Lx3g PLS D LS–

SVM h6_&g�6FY`[`vM8��oU
gx_�6�}� LS–SVMH�gh6�6� PLS H�g�6"A�
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