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Abstract 
In recent year, GPS surveying method has become widely integrated in surveying works because of its 

advantages over traditional surveying method. One of the techniques called single point positioning technique 
permits one GPS receiver to determine the absolute coordinates of a point with respect to a coordinates system 
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such as WGS84. The objective of this study is to apply GPS precise point positioning (PPP) software, which 
mainly uses carrier phase measurements from both frequencies (L1 and L2) to compute the error from the 
troposphere to predict the moisture content. Though troposphere is a source of error on GPS observations, it is 
possible to estimate the wet or moisture content in the atmosphere in term of precipitable water vapor (PWV) at 
the observed location. GPS analysis was made from GPS observation data collected from GPS station located in 
Nakornrachasrima, a northeast province of Thailand. The results were reinvestigated, and it is found that GPS 
provides useful moisture information that can be used for artificial rainmaker. This is particularly important, 
especially during the last portion of drought period, where water is mostly all depleted. GPS-based information 
through PWV for rainmaking is discussed and initial study is presented. This work presents possibility of 
implementing GPS data to aid rainfall making. 
 

Keywords: GPS, troposphere, precise point positioning, rain marking 
 
 

1. ���3� 
.'?-+(/��#8+(;�-'"$��m >"=(<'1��.#�

1���*17B"�����>"8(>$8("�?+@�0>�$''A)�.9?-+
���+21��� *����� >$����#)�.�n � �0�.o9��
+�=�(��-(<'p0&.9��1$&� .�n ���/�1���*����
.0?+0�8+'#2�@!������ .'?-+(/��*�(��%A(L':08#�A(�=�(
'�'"�?+����L'#�A(�=�(.��0<'�������p �@+(9?�K$ 
�?+9?�+�&=<'����#3-�)�$%(<"8K$K$�  -)� "�?++�//�:�=
�3K$K$� <"8.$� .1O' 8' 0%('%A'����L'>$8("�?+L'
#�A(�=�(<'> =$���%A(> =$�1G/,(��8�(����.0?+0�8+' 
>$������&B.�3�#�(.��nN��/>�=.�n ���.1O'+�=�(
�&( '+�/��'3A�������� 8+(���<�8'A)�'%*�%'/�#�3
1��������� 8+(���.9�-��&(@,A' ��+% �����.9�-�@+(
1������ ���@���9?A'#3- .�n �����>$����
./��B. �*� @+(�$2=�+2 ��"���� .1O' 8' 

.'?-+(/��<'17//2*%':08�3���(���L'"$�(
@+(9��*�#��.0H/9��./8�+�&="%� #)�<"8.��0L' �
'+�."'?+/��#3-/�:08�%* /�������� � �0�')�
.#��'�$�3')���%�>$�#�%9����#3-�3+�&=1���2� !�%*

�%����9@+(���.��0L'<'.@ �8+' /���������3���
#)�L'"$�(#3-<�8.1O'"$%�+�&=<'17//2*%'�?+����1��
���.��3L'"$�(/��.��?-+(*�' .9?-+.�=("�?+.�������
�=+ %�>$����./��B. �*� @+(.�q >$�����/� 3
�$2=� .1I�"��� #3- 8+(���#3- .��1r�*% ��%'�� %A(> =
.��-�>��/';,(17//2*%''3A <'*�(��%A(�H1���*17B"�#3-
:�=.��01���*K$�)�.�H/ ��#3-��0"�%(:�8.'?-+(/��
1����������?A'<'+����:�=.93�(9+ =+���#)�
L'.#3��<'> =$���%A( #)�<"8�&B.�3�(*1�����:1
+�=�(��� 

> =<'17//2*%'(�'�)���/�%(�%008��/393.+�:08
;&�')���<�8+�=�(>9�="$�� >$�:08.��-�.@8����3*#*�#
���@,A'.�?-+�m .'?-+(/���3@8+:08.1�3�*<'���#)�(�'#3-
��0����=����3.0�� .�=' (�'�%(�%0��**0��.#3��       
/393.+� �3������0��<'���.$?+� )�>"'=( �����;
#)�(�':08#2����9+���� ���<�8��**/393.+�.9?-+
�, �n �<' . �?- + ('3A �3 @8 +03 ��= �"$��1�����  �? + 
��+*�$2�.��(9?A'#3-�,�n�:08��8�(��=�  ��/�+*:08
#2������+���� �=�<�8/=��:081����#����9��=� >$�
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�����;#)�����%0:+'A)�L':08 =+.'?-+( $+0.�$� �0�
1� �/393.+�<�8<'����%(�%0�)���/.9?-+"��=�9��%0*'
9?A'�$��0�<�8�$?-':����.�C #3-�=(��/��0��.#3��  
/393.+� /�.��0���.$?-+' (delay) @+(�$?-'.�?-+K=�'�%A'
*�������:+�+�'�.CG��!>$��#��9�.CG��!#)�<"8�3
K$�����$�0.�$?-+'@+(@8+�&$ �)�"�%*�%A':+�+�'�
.CG��!'%A'/�@,A'+�&=�%*�������@+(�=�(�$?-' 0%('%A'�=�
03 .$�!J,-(��/���%A'*��������#��1�.CG��!/��3
��." 2��/�� 2 ���3 #3-.�3���=� hydrostatic delayJ,-(
�=�''3A/�.��0@,A'/���s�J>"8( (dry term) /,(.�3���=�
�=�'>"8( >$�+3�17//%�"',-(.��0/��:+'A)�/,(.�3���=�'
'3A�=��=�'.1G�� (wet term) J,-(�=�'.1G��'3A.+(#3-
�����;�)�'�'"��=�1������=�:+'A)�<'*�������
(precipitable water vapor; PWV) :08/���=�'.1G��'3A
.+( 
 

2. ��	� ��
�V�
 
2.1  .9?-+1���2� !<�8/393 .+�<'���"��= �

�����?A'�%�9%#�!.9?-+<�8<'���#)�L'"$�( 
2.2 .9?-+1���2� !<�8/393.+�<'���$0����.�$�

���"��=������?A'�%�9%#�!<'+���� 
2.3 .9?-+�,�n����.1�3�*.#3�*����>�='�)�

��"�=�(���<�8/393.+�>$�*+$$&' ��/+���� 
 

3. ^(��^	^(V*����-�� 
3.1 <'���1r�*% �(�'$(����'�����.�H*

@8+�&$<'���#)�(�' <�8"$%�������3����%(�%0>**�;�  
�0���� %A(.��?-+(�%*�%BB��0��.#3��.1O'.�$� 1 
�%-���( #3-����>$�9?A'#3- =�(m �%' 9�8+�#%A(#)�����%0
+2�"�&��>$�����0%'*�������<'@��#)�����%(�%0 

3.2 <�8@8+�&$����%*�%BB��0��.#3��#3-:08
/�����1r�*% �(�'/����� %A(.��?-+(�%*�%BB��

0��.#3��.9?-+')���1����$K$�=���%*J+C !>��!#3-<�8
<'���1����$K$ 

3.3 .1�3�*.#3�*K$#3-:08/��J+C !>��!�%*�=�(
����.�$�����%*�%BB��0��.#3��  

3.4 .1�3�*.#3�*>$� ��/�+*����;&� 8+(
�%**+$$&' ��/+���� 
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 �̂1�	(�*���+*��   
�0����"� )�>"'=(/20.03-��/�+��%�@8+�&$     
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<'(�'��/%�'3A<�8>'���0@+( PPP J,-(.�3-��@8+(
�%*���$0�����$�0.�$?-+' =�(0%(1���r<'����� 
<'(�'��/%�'3A.$?+�<�8>**/)�$+(�����$�0.�$?-+'<'
�%A'*��������#��9�.CG��!>** Saastamoinen 
model ���$�.+3�0.9�-�. ��:08/�� Saastamoinen 
(1973) [4] �=���%* Niell mapping function (Niell, 
1996) [5] ���.1�3�*.#3�*0%(�$=��.1O'���#)�@,A'��
.9?-+<"8>'=</;,(����;&� 8+(@+(>�11~�(C7(�!�%-' 
NMF  $+0���<�8(�'����9+03�)�$%('8+�#3-�20 
(least-square fit) #�( Niell:08>�0(<"8."H';,(����
>1�K%'�%-�����@+(>�11~�(C7(�!�%-' NMF "�:08/��
�����0%('3A 
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T0 = �%'#3-.��0��� adopted phase �3�=�

.#=��%* 28 
 

/�����<�8>**/)�$+(�����$�0.�$?-+'0%(#3-
�$=����@8�( 8' �=�.$@1���'�@+(0��.#3��> =$� %� 
>$������$�0.�$?-+'.'?-+(/��'�y���.��?-+(�%* 
���#%A(�=�9��%0.��?-+(�%*�%BB����"�=�(0��.#3��
>$�.��?-+(�%*/�.1O' %�>1�#3-:�=#��*�=�<'����� 
J,-(/� 8+(#)����1������=� =+:1 ���>�8�����.9?-+
"��=� %�>1�0%(�$=��/�<�8���1������=�08�����3 
extended kalman filter (Witchayangkoon, 2000) [3] 
<'���3#3-.��. +�!�=��%(.� >$� state vector :�=:08�3
�����%�9%'�!�%'>**.��(.�8' #)�<"8.��0���3 extended 
kalman filter (EKF) J,-(.1O'���3#3-(=��>$�:�=J%*J8+' 
> =�31����#����9<'���/%0����%*��**�����#3-
:�=<�=.��(.�8' �0� State vector (x) �3�����.�3-��.'?-+(
�%*.�$�0%('3A 1k k k kx x w

+
=Φ +  �+0�$8+(�%*
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5. %̂(�$����,'%,�*����-�� 
@8+�&$����%*�%BB��0�� .#3��:08 / ��

.��?-+(�%*�%BB��0��.#3��@+(������������>$�K%(

.�?+( /%("�%0'������3�� Leica �2=' GRX1200 Pro 

.��+���� AT504 �%��3��+*�$2� 200 ���$.� � 
��"�=�(�%'#3- 29 9pn���� 9.�.2552 ;,( 4 ��;2'��' 
9.�. 2552<'> =$��%'/�.1O'@8+�&$<'����%*�%BB��
 %A(> =.�$� 07:00:00 - 08:00:00 <'��**.�$�#8+(;�-'
�����;@8+<�8*�����>$�0���"$0/��.�H*:J ! 
http://202.149.105.234/spiderweb/frmIndex.aspx 

@8+�&$<'��� .1�3 �* .#3 �*���1�� .��'
�����?A'�%�9%#�!<'+����#3-<�8<'(�'��/%�'3A :08/�� 
�&'�!��/%�1r�*% ����L'"$�(.o$��9��.�3�� � "�&=#3- 11 
 )�*$$%(��<"B= +)�.�+9���� /%("�%0'������3�� 
��"�=�(�%'#3- 29 9pn���� 9.�. 2552 ;,( 4 ��;2'��' 
9.�. 2552 <'> =$��%'/�.1O'@8+�&$<'����%*
�%BB��/��*+$$&' ��/+���� %A(> =.�$� 07:00 - 
08:00 <'��**.�$�#8+(;�-' 

< '�= �'@ + ( @8 + �& $ � ( � � / �0 � � . #3 � � 
���K&8��/%� #)����0���"$0/��.�H*:J ! http://igscb. 
jpl.nasa.gov/components/compindex.html 

���.1�3�*.#3�*���1����$K$@8+�&$/�#)�
�=�(.�$�<' 1 �%-���( ��"�=�( 07:00 - 8:00 '�y��� 
@8+�&$�%*�%BB��#2�m 10 ��'�#3 .1O'.�$� 1 �%-���( 
0%('%A'/��3/)�'�' 30 �20@8+�&$  ���(#3-  1 >�0(
/)�'�'�20@8+�&$<'> =$��%' 

K$$%9�!#3-:08/�����1����$K$0%(>�0(�&1#3- 
1 �0����C�=+��&1*'>�0(�=� delay >�0(�=�1�%*>�8
@+( Saastomoinen >$��=� Troposphere delay ���C
�=+��&1$=�(>�0(�=�*+$$&' ��/+����>�0(�=�
�����?A'�%�9%#�! 
 

 

 
 

�&1#3- 1 @%A' +'���1����$K$08��J+C !>��! [3] 
 
 

 

�&1#3- 2 ���.1�3�*.#3�*���C�#��9�.CG��!�%*
*+$$&' ��/+���� �%'#3- 29 9pn���� 2552 
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�&1#3- 3 ���.1�3�*.#3�*���C�#��9�.CG��!�%*
*+$$&' ��/+���� �%'#3- 30 9pn���� 2552 

 
 

 

�&1#3- 4 ���.1�3�*.#3�*���C�#��9�.CG��!�%*
*+$$&' ��/+���� �%'#3- 31 9pn���� 2552 

 
 

 

�&1#3- 5 ���.1�3�*.#3�*���C�#��9�.CG��!�%*
*+$$&' ��/+���� �%'#3- 1 ��;2'��' 2552 

 
 
 

 

�&1#3- 6 ���.1�3�*.#3�*���C�#��9�.CG��!�%*
*+$$&' ��/+���� �%'#3- 2 ��;2'��' 2552 
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�&1#3- 7 ���.1�3�*.#3�*���C�#��9�.CG��!�%*
*+$$&' ��/+���� �%'#3- 3 ��;2'��' 2552 
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6. #���.2
���a&%-�**����
���#� 
���C>�0(�=������$�0.�$?-+'#3-:08/�����

1����$K$08��J+C !>��!#3-9%M'�@,A' (�&1#3- 2-8) 
9*�=����C#%A( 7 .�?-+9�/����/�����C�#��9�.CG��! 
�3>'��'8�$0$(>$�.9�-�@,A'�$8+� �����C#3-:08/��
��� ��/+����08��*+$$&' ��/+����  %A(> = 7:00 - 
7:30 '�y��� > ="$%(/��.�$� 7:30 '�y��� ���C�3
#��#�($0$( ��$)�0%*/'.1O'�&'�!<'#3-�20 .��0��/��
*+$$&' ��/�����?A':08$+� %��&(@,A':1;,(�%A'
*��������%A':+�+�'�.CG��! J,-(�%A'*�������<'�%A'
'3A:�=�3�����?A'+�&=.$� 0%('%A'"$%(/��.�$�1����� 
7:30 '�y��� /,(:�=�����;')�@8+�&$/��*+$$&' ��/
+������.1�3�*.#3�*:08 

����,�n���%A('3A>�0(<"8."H';,(���������;
@+(J+C !>��!�)�"�%*���"� )�>"'=(/20.03-��#3-<"8
����$�.+3�0�&(��1���2� !<�8<'���"��=�����
�$�0.�$?-+'/���%A'*��������%A'�#��9�.CG��! /��
���1����$K$08��J+C !>��! [3] ���C'3A>�0(<"8
."H';,(����.1O':1:08<'K$$%9�!#3- :08/�����
1����$K$08��J+C !>��!>�0(<"8."H';,(K$$%9�!
��"�= � (�= ������$�0 .�$?- +'#3- :08 �%*/���%A '
*��������%A'�#��9�.CG��!�3�����$8���$,(�%*K$
 ��/�����?A'�%�9%#�!/��*+$$&' ��/+����@+( 
�&'�!��/%�1r�*% ����L'"$�(.o$��9��.�3�� �  %A(> =
�%'#3- 29 9pn���� 9.�. 2552 ;,( 4 ��;2'��' 9.�. 
2552 +�=�(�3'%��)��%B 
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