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Abstract \ This article presents a method for arrival 

time approximation and tracking of Naresuan University 

electric vehicles (NU-EV).  The propose of this work is to 

develop a system to facilitate  NU-EV  users.  By using the  

system, approximated arrival time of NU-EV will be 

informed to users at each EV stop.  Error of estimated time 

is less than a few seconds.  Developed wireless network 

covered the whole NU area.  IEEE 802.15.4 ZigBee 

standard is used as a protocol for transferring data among 

EV, router node, and displays installed at each EV stop.  

By gathering positional information and the EV speed, 

computer gateway calculates the arrival time and then 

sends the data to the displays and a database server.  This 

server is also used as a web server for showing the 

information, i.e., arrival time and NU-EV position, via a 

website.  Therefore, the NU-EV users, who have 

communication device with a web browser, can also access 

this information online. 
Keywords E Time Approximation, Vehicle Tracking, 

ZigBee Wireless Network, EV Stop, Mass Transportation 
System 

1. >���� 
�&�8�8#.\ก��0J]50��2��0�.2G�ก���7���2F5.I��$�ก 

���5.I��� I� ^�F_%%,N�� �(NNกH�7�G�H�/7�I�8#ก 7�J5 %\6\�50 
(Global Positioning System, GPS) �Fe��(NN&\]�Fe�&\]�P�%�ก /#( 
QPก�H�$�^ ����ก��5.I��/6�I7#�. [1] �5ก%�ก�\� ���J5KI�.ก��
0J]50��2��0�. &\]^ �0�ii�-��&.,^�ก��0J]50�� 2G�QPก6�j��^7�
0�$��Q0����2G�8G.�I�. [2] /#( QPก�H�$�F�(.,ก�'^ �^�
01�6/�G#�5$�I�� l  ก��^ �����&�8�8#.\�7#I��\� ^�G���
�I��l �ก�GKm����$$� 5.I��$�ก$�. ^������%�.&\]�H��0�5^�
N&���$�\� ���2G��H��&�8�8#.\%\6\�50 �I�$ก�N �(NN���J5KI�.



2��0�. $�0�����(NNF�($�-��#� /#( ��G��$�H�/7�I�
�Q2334�0�+��-(K5�$7���&.�#�.������ 

ก��^ �N��ก���Q8G.0��0�+��-( K�5$P#7�m]� &\]OP�^ � 7�J5 
OP�8G.0�� ���&��N�6J]5^ �F�(ก5Nก����G0��^% �J5 ��#�&\]
��5�^ �^�ก���5 /#(/7�J5 �H�/7�I�F_%%,N��K5��Q8G.0��  ^�
F_%%,N��2G�$\ก����%�./#(6�j���(NN&\]0�$��Q/0G�K�5$P#^�
#�ก�-(G��ก#I��/#�� [3-5] 8G.^��(NN&\]6�j��Km���7#I�����QPก
&H�^7�$\���$�7$�(0$ /#( �%�(%� ก�N01�6/�G#�5$&\]
�H�2F^ �����I�� l G��.ก��^ ����J]5�$J5 &���p��'G/��' /#( 
q53/��'  7�J5 5�#ก5��&m$ &\]�I��ก��55ก2F  ^�ก����%�.�\� 
�-(OP���%�.2G�6�j���(NNF�($�-��#�/#(/0G��H�/7�I�
8G.0��0�+��-(K5�$7���&.�#�.������Km�� ^7�$\���$
�7$�(0$ก�N01�6/�G#�5$&\]$\5.PI �6J]55H���.���$0(G�ก
^7�ก�NOP�^ � &\]5.PI1�.^�$7���&.�#�.������ 

��J�57�^�N&���$�\� /NI��Fe� 4 0I��  8G.0I��&\] 2 2G�
5+�N�.Qm�ก���H��&�8�8#.\&��G���ก��0J]50��$�F�(.,ก�'^ �
�6J]56�j���(NN�\� 2G�/กI 6�ก�G1P$���0��' 8F�8��5# NMEA 
�(NN���J5KI�.2��0�. ZigBee /#( ก��F�($�-��#�ก��
��#J]5�&\]K5��Q2334�  %�ก����^�0I��&\] 3 2G�5+�N�.ก��0����
�(NNF�($�-��#�/#(/0G��H�/7�I��Q2334�$7���&.�#�.
������ 8G.5���.���$�P�/#(�&�8�8#.\&\]ก#I��Qm�^�0I��&\] 2 
8G.^�0I���\� %(F�(ก5NG��. ก��55ก/NN�(NN0J]50��/NN
2��0�. �6J]5��N0I�K�5$P#K5��Q2334� ก��F�($�#O#K5�K�5$P#
&\] � 5 $ 6� � � � 5 �' � ก � � � .'  � 6J] 5 �H � � � - � � # � ^ � ก � � $ � Qm �
8G.F�($�-K5��Q2334� &\]�H�2F/0G� - F4�.%5G�Q2334�
^�&\]�I��l /#( ก��� J]5$�I5ก�N�(NN���J5KI�.5����5�'��s��6J]5
N��&mกK�5$P##����K�5$P#^����J]5��5$6����5�'�q��'3��5�' /#(
�6J]5/0G�O#N���sN2q�'  Q�G$��J50I��&\] 4 �J5 ก��5+�N�.O#
ก��&G05NK5��(NN�\� 8G.0�$��Q/.ก6�%��-�ก��&G05N 
55ก�Fe� ก��&G05N���$/$I�.H�ก���(N,6�ก�G�H�/7�I�%�ก 
GPS Tracker Box ก��&G05N��#�&\]^ �^�ก��0I�K�5$P# ก��
&G05N���$/$I�.H�^�ก��N5ก�I����$��s�^�ก����#J]5�&\]K5�
�Q%�ก GPS Tracker Box /#( ก��&G05N�(NNก��/0G���#� 
/#(�H�/7�I�K5��Q2334�  0I��0,G&��. �J5 0�,F 

 

2. ���B�B
�?�
��
�กก���?F�����IL� 
2.1 ������ก�����������  (Geographic Coordinate System)  

�(NN6�ก�G1P$���0��'  �Fe��(NN&\]^ ��(N,�H�/7�I�N�
6J��O��8#ก [6] $\�0��/���5���\.ก�I� �0��#(��%PG (Latitude) &\]
$\�0���P�.'0P�� �Fe��0��5���5�� �0��&\]K���ก�N�0���P�.'0P��Km��
2F&��K���8#ก�7�J5$\7�I�.�Fe�5����7�J57�J55�%/&�&��&��
�Fe��I�N�ก  �0��&\]K���ก�N�0���P�.'0P��#�2F&��K���8#ก^��$\
7�I�.�Fe�5���^��7�J55�%/&�&��&���Fe��I�#N (GP�PF&\] 1(ก)) 
�0��/��������\.ก�I� #5�%�%PG (Longitude) $\ก��กH�7�G�0��
5���5��^7�$\ J]5�I� �$���G\.�F�$ (Prime Meridian) $\�I� 0° (GP�PF
&\] 1(K))  �(NN7�I�.0H�7��Nก���H���-&\]�ก\].�K�5�ก�N 6�ก�G
1P$���0��'$\7#�./NN 8G.7�I�.&\]�H�$�^ �ก�NN&���$�\�$\ 2 
/NN�J5 

- ���	�����-

��� (Degrees Minutes , DM) $�ก^ �^�
8$GP#�(NN%\6\�50 8G.�I�&\]N5ก/NI�55ก�Fe� 2 �I� �I�/�ก�Fe�
�I�5��� (Degree) /#( �I�&\]05��J5�I�#�FG� (Minute) 8G.�I�
�H�/7�I�#(��%PG %($\�I�����/�I -90° Qm� 90° /#( �I��H�/7�I�
#5�%�%PG$\�I�����/�I -180° Qm� 180° 

- ���	��������
�� (Decimal Degrees, DD) ^ ��(N,�I�^�
#�ก�-(K5�&���.$ qm]��I�.�I5ก���H�$��H���-�I5  8G.ก��
/NI�$,$5���%($\#�ก�-(�G\.�ก�N/NN DM /�I%(กH�7�G�I�
���$#(�5\.GK5��I�5���8G.^ ��#K&���.$ 

 

 
�K��?F 1 (ก) /0G��0��#(��%PG /#( (K) /0G��0��#5�%�%PG [6] 



 

2.2 01�0��	2 NMEA-0183  

NMEA-0183 [7] �Fe�8F�8��5#$������0H�7��Nก��
0J]50��ก�N5,Fก�-'5��#sก&�5��ก0'&��&(�# &\]กH�7�G8G. 
National Marine Electronics Association  ���8$GP#�(NNN5ก
�H�/7�I�6�ก�G8#ก�\��Fe�K5�N����& Locosys �,I� S4-1513 &\]^ �
^�N&���$�\� ^ � �6 SiRF Star IV �5���N0�ii�- 48  I5� &\]
55ก/NN^7�^ �ก�N�(NN��G��$�H�/7�I� 8G.^ ��PF/NNก��
0J]50��/NN5�,ก�$ ^7�K�5$P#�Fe�3}#G'/.ก7��K�5K5�K�5$P#
5.I�� �G�%� qm]�0H�7��NN&���$�\� 3}#G'&\]�ก\].�K�5� 2G�/กI 

  $GPGLL �Fe�3}#G'&\]N5ก�H�/7�I� #(��%PG #5�%�%PG /#( 
��#����5.I��� I�  

$GPGLL,1644.7064,N,10011.4392,E,161229.487, A,A*41 
5I���I�2G��Fe� �I�#(��%PG �&I�ก�N 16°44.7064� �7�J5 �I�#5�%�%PG 
�&I�ก�N 100°11.4392� �(���55ก /#( �I���#� 16:12:29.487 

 $GPVTG �Fe�3}#G'&\]N5ก���$��s�^�ก����#J]5�&\]   &\]%\6\
�50 5I���I�2G����5.I��� I�  

$GPVTG,327.82,T,,M,12.65,N,23.4,K,A* 7$�.���$�I � 
8$GP#%\6\�50กH�#����#J]5�&\]G��.���$��s� 23.4 ก�8#�$���I5
 �]�8$� 

 
2.3 ����:��;	<���=�>��� ZigBee 

�&�8�8#.\ ZigBee [8-12] �Fe�ก��0J]50��K�5$P#/NN2��0�.
��$$������ IEEE 802.15.4 55ก/NN$�^7�^ �^�7#�..I��
���$Q\] (868 MHz, 915 MHz, /#( 2.4 GHz) /#( &�&���I5
0�ii�-�Nก��0P� qm]�&H�^7�0�$��Q0I�K�5$P#2G�^��(.(2ก# 
(�(.(&��0P�0,G 1500 �$��) $��%m�$\���$�7$�(0$0H�7��N^ �
���^��(NN���J5KI�./NN0I��N,��# (Personal Area 
Networks) 8G.0�$��Q�H�$�55ก/NN�(NN���J5KI�.2G�7#�.
�PF/NN [9] 2G�/กI /NNG�� (Star Topology), /NN�$  (Mesh 
Topology) /#( /NNก#,I$���2$� (Cluster Tree Topology) ^�
ก����N�,$ก��0J]50��G��.87$G API [9]  K�5$P#7�m]�/6ก�ก�
%($\0I��F�(ก5NG��/0G�^��PF&\]  2 [11] qm]�/�I#(0I��$\
���$7$�.G���\� 

1. Start $\K��G 1 2N�' $\�I��&I�ก�N 0x7E 
2. Length $\K��G 2 2N�' ^ ��(N,K��GK5� Data Frame 

3. Data Frame �Fe� I��&\]N��%, %,G7$�.F#�.&��&\]��5�ก��
0I�K�5$P#2F 87$Gก����N�,$ /#( K�5$P#&\]��5�ก��0I� 

 
�K��?F 2  ,G8���0����K�5$P#7�m]�/6ก�ก�&\]0I�^�87$G API 

 
4. Check Sum $\K��G 1 2N�' ^ ����%05N���$QPก��5�

K5�ก��0J]50�� 
 

2.4 ก��1����B:C2�ก��:�2;D	E�FD<	G�H=IIJ� 
ก��F�($�-��#��6J]5�H�2F/0G�^7�OP�&\]��5�ก��^ �N��ก��

�Q2334� &��N�I��Q2334�%(��#J]5�&\]$�Qm�%,G%5G�Q �$J]52� 
���%(��5�&��N�I� �Q/#(�H�/7�I�K5�F4�.5.PI&\]6�ก�G^G 8G.
กH�7�G^7� %,G a $\6�ก�G (ϕa, a) 8G. ϕa (a) �J5�I�#(��%PG 
(#5�%�%PG) K5�%,G a &\]�Fe��H�/7�I�F_%%,N��K5��Q2334� /#( 
%,G b &\]$\6�ก�G (ϕb, b) �J5 �H�/7�I�K5�F4�.&\]�Q2334�กH�#��
��#J]5�&\]2FQm� �$J]5&��N�H�/7�I�&��� 2 /#�� %�กก��0I�K�5$P#%\6\
�50OI�����J5KI�.2��0�. ���%(0�$��Q�H���-7��I��(.(7I�� s 
�(7�I�� 2 �H�/7�I� 2G�8G.^ �0$ก��&\] (1) ^�ก�-\&\]2$I��G
���$8���K5�O��8#ก �J5 

 22
)()(

baba
ks λλϕϕ −+−=   (1) 

 
8G. k = 1828.8 �$�� �J5 �I���&\] &\]^ �/F#�7�I�.K5��(NN
6�ก�G^�7�I�.#�FG� �Fe� �(.(&��^�7�I�.�$�� N�O��8#ก 
 

 
 

�K��?F 3 /0G����$0�$6��+'ก��F�($�-��#�ก����#J]5�&\]K5��Q2334� 



 

ก���H���-��#�&\]�Q2334�^ � ^�ก����#J]5�&\]%�ก�H�/7�I�
F_%%,N��Qm�F4�.%5G &H�2G�8G.ก��^ �K�5$P#�(.(7I�� s &\]�H���-
2G�%�ก0$ก��&\] (1) /#( �I����$��s�K5�8$GP#%\6\�50&\]5I��2G� 
v 8G. $\0P���H���-7���#�&\]/0G� G��/0G�^�0$ก��&\] (2) �PF
&\] 3 /0G����$0�$6��+'K5����/F��I�� l &\]�ก\].�K�5�ก�Nก��
F�($�-��#� t &\]N5กก����#J]5�&\]K5��Q2334� 
 
 t  =  s/v   (2) 
 

3. ��>>�������	
��
��!����������������� 

���	
���
������	� 

3.1 ก��		กK��ก���L�G�E<	G����0���C� 

�PF&\] 4 /0G�5��'F�(ก5N8G.��$8G.��$K5��(NN qm]�
F�(ก5NG��.�(NNก��0J]50��K�5$P#&\]$\ 2 �(NN 2G�/กI�(NN
���J5KI�.2��0�. 8G.^ ����ก�(%�.0�ii�-��N-0I�K�5$P#�Fe�
8$GP#2��0�. ZigBee &H����&\]���$Q\] 2.4 GHz ��$$������ 
IEEE 802.15.4 �Fe����ก#��^�ก��0J]50��7#�กK5��(NN /#( 
���J5KI�.5���&5�' ��s��6J]5�H�K�5$P#2F%�G�กsN&\]���K�5$P# 
0�$��Q5+�N�.#H�G�N^�ก��0J]50��K5��(NN2G�G���\� 
 

 
 

�K��?F 4 1�6��$K5��(NNF�($�-��#�/#( 
/0G��H�/7�I��Q2334�$7���&.�#�.������ 

���]$%�ก GPS Tracker Box &\]^ �0J]50��ก�NG���&\.$�I��l 
�6J]57�6�ก�GF_%%,N��%�ก8$GP#�(NN&\]^ ��(N,�H�/7�I�N�
6J��O��8#ก 8G.8$GP#�\�%(��G����5.PI1�.^�����Q2334� /#(^ �
�PF/NNก��0J]50��K�55�,ก�$ UART G��.8F�8��5# NMEA-
0183 8G.ก���#J5ก5I��K�5$P#3}#G' $GPGLL �6J]57��H�/7�I�
K5��Q2334� /#( $GPVTG �6J]57����$��s�&\]�Q2334���#J]5�&\] 

8G.K�5$P# %(QPก0I�55ก%�ก GPS Tracker Box �K��0PI�(NN
���J5KI�.&,ก l 1 ����&\  OI���(NN���J5KI�. ZigBee2F&\]
�5$6����5�'�ก���.' &\]��G����5.PIก�N&\]^�7�5���N�,$ (1�.^�
5����) �$J]5�5$6����5�'�ก���.'2G���NK�5$P# %(�H���-7�
�I�F�($�-��#�&\]�Q2334�%(2FQm�^�/�I#(%,G%5G��N
OP�8G.0�� %�ก����%m�0I��I�&\]�H���-2G�2F/0G�O#&\]F4�./0G�
����#K OI�����J5KI�. ZigBee 8G./�I#(F4�.%($\�#KF�(%H����
�6J]5�Fe�ก���(N,�I�F4�.5.PI&\]^G /#( ���/0G��I���#��&I�2� 
/#(%�ก���� &H�ก��0I�K�5$P#^7��5$6����5�'�q��'3��5�'�กsN#�
���K�5$P#�6J]5^7���sN2q�'0�$��Q�K��Qm�K�5$P#  K5��H�/7�I�
/#(���$��s�K5��Q2334�2G�%�ก���K�5$P# �6J]52F/0G�&\]
��sN2q�'2G� 

 

3.2 ก��		กK������:��;	<��� ZigBee 

     ก��55ก/NN�(NN���J5KI�.2��0�. ZigBee $\0�$0I�� �J5 
0I��&\]��G����5.PI1�.^�F4�./0G���#� qm]�กH�7�G%�ก%,G%5G�Q
��NOP�8G.0�� 0I��&\]��G����5.PIN��Q2334� /#( 0I��&\]�Fe� ���&'
��5�'8�G &\]^ � 0�����(NN���J5KI�.�6J]5^7�ก����N0I�K�5$P#
0�$��Q&H�2G�&�]�&,ก%,G&\]�Q2334�OI�� G���������%(��5��H��m�Qm�
F_%%�.�I�� l &\]$\O#�I5ก��0J]50��K�5$P# qm]�$\F_%%�.&\]0H���i2G�/กI 
�mก5���� &��8���&��/.ก /#(���2$��I��l qm]�F_%%�.�7#I��\�
0I�O#�I5ก��&H����^�ก����N0I�K�5$P#K5� ZigBee �6��(0�]�
�7#I��\�%(�Fe����F}Gก���0�ii�- &H�^7��(G�N0�ii�- $\K��G&\]
�]H�/#(&H�^7�$��0I�0�ii�-2G�2$I2ก# %�กก��&G05N�(G�N
0�ii�-&\]�(.(&���I�� l &H�^7����0�$��QกH�7�G%,G��G���� 
ZigBee ���&' ��5�'8�G 0H�7��N�(NN���J5KI�.�Q2334�
$7���&.�#�.������ G��/0G�2��G���PF&\] 5 8G.$\�(.(&��
�(7�I��/�I#(���&'��5�'&\]5.PI^ก#�ก��&\]0,G /0G�G��^������&\] 1 

 
 



 
�K��?F 5 /O�&\]N����-$7���&.�#�.������ &\]/0G� 

%,G��G���� ZigBee ���&'��5�'8�G %H���� 14 %,G (%,G A - L) 

 

3.3 ก��		กK��ก���L�G�E01�Kก���	���C:�	� :ก�:C�  
    �5$6����5�'�ก���.' (Computer Gateway) �Fe����ก#��

ก��0J]50���(7�I �� ���J5KI �.  ZigBee /#(�5$ 6�� ��5 �'
�q��'3��5�' G������^�ก��^ ���� �5$6����5�'�ก���.'��5�� J]5$�I5
ก�N5����5�'��s�5.PI�#5G��#� /#( � J]5$�I5ก�N Gateway Box 
�6J]5� J]5$�I5ก�N ���J5KI�. ZigBee ^�ก����NK�5$P# 

   �5$6����5�'�ก���.'%(QPก��G����2��1�.^����5���� �$J]5^ �
� � ���5 � � F} G 8F �/ ก� $� ก� � �.' / 566 #� � �  �]�  (Gateway 
Application, APP) 2���6J]5������(7'O# F�($�#O# /#(0J]50��
ก�N5,Fก�-'�I��l �PF&\] 6 /0G�#H�G�Nก��&H����K5�8F�/ก�$
�ก���.'/566#��� �]� 8G. 

������?F 1 �(.(&���(7�I�����&'��5�'&\]5.PI��Gก�� 

B�� B�� ������� (����) 

A B 420 
B C 245 
C D 190 
D E 450 
E F 160 
F G 270 
G H 150 
H I 150 
I J 320 
J K 530 
K B 570 
B L 320 

8F�/ก�$%(F�($�#�I��#K�7�0F�(%H����K5��Q2334� %�ก���� 
%m��H�3}#G' $GPGLL /#( $GPVTG $�F�($�#�I�6�ก�G�6J]57�
�(.(&�� %�ก���� %m�&H�ก���H���-���$��s�K5��Q %�กK�5$P#
��#�%�ก%\6\�50 /#��%m��H���-��#�&\]��5�/0G�^�/�I#(F4�. 
/#�� 0I�2F^7��5$6����5�'�q��'3��5�'�กsNK�5$P##����K�5$P# 
/#(^�K-(�G\.�ก��กs0I�2F/0G�O#&\]%,G%5G��NOP�8G.0��5\ก
G��. 

 8F�/ก�$�ก���.'/566#� �� �]�%(��NK�5$P#�K��$�5.PI          
^��PF/NNK�5$P#/NN ZigBee API %m�0�$��Q7�����(N,�7�0    
K5��Q���&��^�ก����NK�5$P#2G� K�5$P#&\]2G�%�ก3}#G' $GPGLL 
ก� N  $GPVTG/�I #( / NNK� 5$P #% ($\ �� � 5� ก� � �� �7�� � 0, G            
�Fe����NI�N5ก�I��Fe�K�5$P#&\]2G�$�%�ก3}#G'^G qm] �Q�����          
7���0,G�Fe� �L� /0G��I��Fe�3}#G'K�5$P# %�ก $GPGLL 7�ก�Fe� 
�G� /0G��I��Fe�3}#G'K�5$P#%�ก $GPVTG K����5�ก��
F�($�#O#^�/�I#(3}#G'���� $\K����5�&\]/�ก�I��ก�� ���]$%�ก 
 ,GK�5$P#&\]2G�$�%�ก3}#G'  $GPGLL 1�.^� ,GK�5$P#�\�%( 
 

 
 

�K��?F 6 #H�G�Nก��&H����K5�8F�/ก�$�ก���.'/566#��� �]� 



F�(ก5N2FG��.�H�/7�I�&\] GPS Tracker Box 5I���I�2G�             
G� � ���� %m ��� 5� $\ก ���� G ก � 5� K�5 $P# 0I� �&\] � Fe ��H � /7 �I �             
5 5 ก $ � F � ( $ � # O # �� � 5 .I � � �  I �  L,1644.7157,N, 
10011.7960,E,114413.000,A,A* 0I��&\]�Fe��I� #(��%PG �J5
1644.7157 (16°44.7157�) /#(0I��&\]�Fe��I� #5�%�%PG �J5 
10011.7960 (100°11.7960�) 5��G�N/�ก&H�ก��/.ก0I��K5�
5���G��.ก���H��I�&\]5I��2G�2F7��G��. 100 /#���กsN�I�#����
/F� ��G%H������s$ 0H�7��Nก��/.ก0I��&\]�Fe��I�#�FG�55ก$� 
&H�2G�8G.ก���H��I����]$���2F#N55กG��.�I�5���&\]�H���-2G� 
8G.�I�����#K&\]�7#J55.PI%(�Fe��#K&���.$^�7�I�.#�FG� qm]�
0�$��Q/F#��Fe��I��(.(&��2G�8G.^ �0$ก��&\] (1) 
 

3.4 ก��		กK�� GPS Tracker Box 
  GPS Tracker Box QPก55ก/NN^7��Fe��(NN�_����&\]��5�

��G����2��1�.^��Q2334� �6J]5^ ���G��$�H�/7�I� /#(���$��s�
K5��Q2334�K-(��]�N��ก�� ก��55ก/NN1�.^�N��%,7�I�.
F�($�#O#2$8���5�8&��#5�' (Microcontroller, MCU) 
K��G 32 N�� �N5�' 

 
�K��?F 7 (ก) 2G5(/ก�$ก��� J]5$�I5 GPS Tracker Box /#(  

(K) 1�6QI�. GPS Tracker Box &\]0����%��� 

 

STM32F103 � J]5$�I5ก�N8$GP#%\6\�50 &\]65�'& UART1 /#(
8$GP# ZigBee &\]65�'& UART2 �6J]5^ �� J]5$�I5ก�N���J5KI�.^�
ก��0I�K�5$P#2F&\]�5$6����5�'�ก���.' (GP�PF&\] 7 (ก)) 8G.�(NN
�\�^ �/N���5�\]K��G 6 8�#�' �Fe�/7#I�%I�.ก�(/02334�^7�/กI
�(NN &����\���5�$\ก��F��N�(G�N/��G��#��Fe�K��G 3.3 8�#�' 
��J]5�%�ก 2$8���5�8&��#5�' 8$GP#�(NN%\6\�50 /#( 8$GP# 
ZigBee ^ ��(G�N/��G�� 3.3 8�#�'^�ก��&H���� 

 0I��/0G�O#N� GPS Tracker Box �J5 %5/0G�O# LCD 
K��G 16 ���5�ก�� 2 N��&�G (GP�PF&\] 7 (ก)) qm]�^ �/0G�
0Q��(ก��&H����K5��(NN �5ก%�ก�\�.��$\ F,�$�\�qs� F,�$
0H�7��Nก��F}G-�F}G ก��&H����K5�8$GP#%\6\�50 /#( 0I��
/0G��(G�N6#�����/N���5�\] /#( 23/0G�0Q��(K5� GPS 
Tracker Box �I��F}G^ ����5.PI7�J52$I �PF&\] 7 (K) /0G�1�6QI�.
#�ก�-(��%�1�.^� GPS Tracker Box &\]6�j��Km�� 

 
3.5 ก��		กK������ก��K��G:C2� K2��L�KRE�G<	G�H=IIJ� 

   O##�6+'ก��F�($�-��#� %(QPก0I�K�5$P#2F/0G� 2 
 I5�&�� 2G�/กI &\]F4�.%,G%5G��N0I�OP�8G.0�� /#(&\]��sN2q�'&\]^7�
OP�^ �N��ก��0�$��Q��G��$�H�/7�I�OI����sN2q�' 

 
�����!���	
� � CD���>JK�B��!���������  

   F4�./0G���#� $\#�ก�-(�Fe��P��7#sก qm]���G����5.PIN����-%,G
%5G��NOP�8G.0�� (GP�PF&\] 8) 8G.55ก/NN^7�$\ 7-Segment &\]^ �
/0G���#�&\]��5��5�Q /#( $\�PF/O�&\]K5�$7���&.�#�. �6J]5
N5ก�H�/7�I�F_%%,N��&\]OP��5^ �N��ก���Q2334�5.PI^�K-(���� 

   1�.^�F4�. N��%, ,G��N�,$2$8���5�8&��#5�' /#(
8$GP#ก��0J]50��2��0�. ZigBee 0H�7��N��N�I���#�%�ก
�5$6����5�'�ก���.' $�/0G�O#&\] 7-Segment %H���� 4 7#�ก $\
� � � $ # ( � 5\ . G � ( G� N �� � � &\  1 � . ^ � $\ � ( N N F �� N � ( G� N
/��G��2334�%�ก�(G�N 220 8�#�' �Fe� 3.3 8�#�'0H�7��N�(NN
��N�,$ /#( 10 8�#�' 0H�7��Nก��/0G�O# 



 

 
 

�K��?F 8 ���/NNF4�./0G���#�K5��Q2334� 

 

�	Z>�[�Y �!����������������� 
0I��/0G�O#&\]��sN2q�'%(N5กQm��H�/7�I�F_%%,N��K5��Q&\]

$\���$ �G�%�ก�I�/NNF4�.&\]��G����5.PI&\]%,G��NOP�8G.0�� 7�ก
OP�^ �N��ก���K����sN2qG' www.inear.embeddednu.com %(�7s�
/O�&\]K5�$7���&.�#�.������ G��/0G�^��PF&\] 9 /#( $\�PF
0�i#�ก�-'�Q2334�กH�#���#J]5�&\]N��0��&���G���Q5.I��
�I5��J]5� qm]�0�$��Q�K�� $OI��5,Fก�-'0$��'&G\2�q'&\]�5���N
��sNN����q5�' /#( � J]5$�I5ก�N5����5�'��s� 
 

 
 

�K��?F 9 1�6%�ก��sN2q�'/0G��H�/7�I�F_%%,N��K5��Q2334� 

 

4. ก����!�>��>>�������	
��
��!����������

����������	
���
������	� 

4.1 ก�����	��C��K��E�L�ก�����S��ก���L�KRE�GT�ก GPS 

Tracker Box  

ก��&G05N�\�2G��H�ก#I5� GPS Tracker Box �กsNK�5$P#
�H�/7�I��I�#(��%PG/#(#5�%�%PG &\]%,G�I�� l &���7$G 5 %,G1�.^�
$7���&.�#�. 8G.�����&\] 2 /0G��F�\.N�&\.N�I�6�ก�G&\]5I��2G�
%�ก /O�&\]K5� Google Map /#(�I�6�ก�G%�ก GPS Tracker Box 
%�กก���H�K�5$P#&��� 2 /7#I� $�7��I����$�#�G��#J]5� (7#�ก
0,G&��.K5������&\] 2) 8G.^ �0$ก�� (1) 6N�I� �I����$�#�G
��#J]5�&\]�ก�GKm�� $\�I���5.ก�I� 7 �$�� qm]��Fe��I�&\].5$��N2G�^�
ก��^ ����%��� 8G.OP��K\.���G�I� ���$�#�G��#J]5�&\]�ก�GKm���ก�G
%�กก��กH�7�G6�ก�G�H�/7�I�N� Google Map &\]2$I���ก��ก�N 
�H�/7�I�&\]��G^�0Q��&\]%���G��. GPS Tracker Box 
 

4.2 ก�����	�����:C2��FDUV>UEก����G<>	��2W��E:��;	<��� 

ZigBee  
ก��&G05N�\��Fe�&G05N�(.(��#�^�ก����N0I�K�5$P#K5� 

ZigBee OI�� ZigBee ���&'��5�'8�G^��(NN8G.2G�O#ก����G       
G��/0G�^��PF&\] 10  /#(N5ก2G��I�%H����8�G$\O#�I5ก��
��N0I�K�5$P#  

������?F 2 �F�\.N�&\.N�I�6�ก�G&\]5I��2G�%�ก  
/O�&\]K5� Google Map /#( %�ก GPS Tracker Box 

L�F��������� 

E
ก���?F���C�ก Google Map / 

GPS Tracker Box �	���
��

��
�F�� (����) 
��
CK� 

(���� DD) 


��C
CK� 

(���� DD) 

F4�.�Q�$#'- 
7���0�(�I�.��H� 

16.746234 / 
16.746225 

100.196869 / 
100.196852 

2.1 

0�$/.ก�K���mก 
EN 

16.745469 / 
16.745457 

100.197252 / 
100.197268 

2.2 

����-( 
����ก��$��0��' 

16.744398 / 
16.744323 

100.197534 / 
100.197522 

8.3 

0�$/.ก 
&��55กF�(�P 4 

16.743093 / 
16.743035 

100.198277 / 
100.198268 

6.4 

7��� +.ก�,�2&. 
756�ก^� 

16.737388 / 
16.737385 

100.199425 / 
100.199408 

1.9 



 

 
 

�K��?F 10 �(.(��#�&\]^ �^�ก��0I�K�5$P#�(7�I��8�GK5����J5KI�. ZigBee 

 
8G.%H����8�G.�]�$�ก.�]�&H�^7��(.(��#�^�ก����N0I�K�5$P# ��
#� 8G.�(.(��#�&\]^ �^�ก��0I�K�5$P#�\� &H�^7�ก���H���-/#(
/0G��I�$\ก��F�(�����#�8G.��$5.PI^��(G�N����&\ (��5.ก�I� 
10 ����&\) 

 
4.3 ก�����	��C��K��E�L�UEก���	ก����C��:�XCUEก��

:�2;D	E�FD<	G�HT�ก GPS Tracker Box 

^�ก��&H�ก��&G05N8G.K�N�Q2334�2F^�&��&����� 
�(.(&�� 200 �$�� qm]�OP�K�NK\] 6.�.�$N����N^7��Q��#J]5�&\]G��.
���$��s���&\]�#5G�(.(&��&\]&H�ก��&G#5� O#ก��&G#5���G
�I����$��s� 0�$��Q0�,F2G�G�������&\] 3 8G.$\ ���$��s�&\]
�H���-2G� �H���-2G�%�ก�H�/7�I�/#(��#�&\]2G���N%�ก%\6\�50 
%�กO#ก��&G#5��\�/0G�^7��7s��I� ���$��s�&\]��G 8G.^ �K�5$P#
�(.(&�� (�H�/7�I�) /#( �(.(��#�%�ก���8$GP#%\6\�50 ^7�O#
&\]05G�#�5�ก�N���$��s�&\]กH�7�G /#( $\�I�$�กก�I����$��s�&\]
5I��2G�8G.���%�ก8$GP#%\6\�50 G������^�ก��^ �����%��� ���
%m��#J5ก^ � ���$��s�&\]�H���-2G��\� ^�ก��กH�7�G�(.(��#�&\]
/0G�N�F4�. 

 

������?F 3 O#ก��&G#5�&\]2G�%�กก��K�N�Q^��(G�N���$��s��I��l 

�	����Z	 

(ก�./L�.) 

�	
��?FIL� 

 (	
���?) 

�	����Z	�?F����	�

��� (ก�./L�.) 

�	����Z	�?F�������

C�กC?E?��! (ก�./L�.) 

20 34.77 20.7 17.9 
30 25.55 28.2 23.6 
40 17.55 41.0 35.3 
50 14.68 49.1 44.2 
60 10.86 66.3 52.3 

 

 
�K��?F 11 (ก) 1�6QI�.�Q2334�&\]��#J]5�&\]5.PIN����-กI5�Qm�F4�.%5G��N

OP�8G.0�� /#( F4�./0G���#� (K) /O�&\] &\]/0G�N���sN2q�' 

 
4.4 ก�����	�����ก��K��G:C2� K2��L�KRE�G<	G�H=IIJ� 

%�กก��55ก/NN�(NNG��ก#I��^�7��K�5&\] 3 ���2G��H�2F
&G#5�ก�N�Q2334�&\]^7�N��ก��%��� 8G.���]$���ก��&G05N �$J]5
�Q���]$��#J]5�&\] %(&H�ก��0I��I��H�/7�I� /#(���$��s�^�ก��
��#J]5�&\]2F�H���-&\]�5$6����5�' �ก���.'  /#��0I���#�2F
/0G�O#&\]F4�.G���PF&\] 11 (ก) qm]���#�&\]�H���-2G��J5 13 ����&\ 
/#( �I��G\.�ก���\� กs/0G�&����sN2qG'G���PF&\] 11 (K) 8G.�$J]5 
�Q��#J]5�&\]$�Qm�F4�.%5G�\�/#�� ��#�&\]/0G�N�F4�. $\�I��&I�ก�N 
1 ����&\ (GP�PF&\] 12) qm]� �I�&\]/0G��\� �ก�G%�กก��F�(�����#�^�
ก��0I�K�5$P# (GP�PF&\]  10) /#(/7�J5 ���$O�G6#�G^�ก��
�H���-��J]5�%�ก���$��s��QK-(�K��%5G%(#G#� &H�^7���#�&\]
/0G��6�]$Km�� 

 

 
�K��?F 12 1�6QI�.�Q2334�&\]กH�#���K��%5G&\]F4�.%5G��NOP�8G.0�� 



 

5. !�D� 
ก��6�j���(NNF�($�-��#�/#(/0G��H�/7�I��Q2334�

$7���&.�#�.�������\� �Fe�ก���H����$�P�&��G����&�8�8#.\
�(NN0$5�ก#�_���� /#(ก��0J]50��K�5$P# $�F�(.,ก�'^ �^�
ก��0����O#���&������ก��$�6J]5 I�.5H���.���$0(G�ก
^7�/กIOP�^ �N��ก���Q2334� %�กก��&G05N&\]�H��0�5^�0I��&\] 
4 ���6N�I�ก��^ ���� GPS Tracker Box &\]6�j��Km�� 0�$��Q
F�($�#O#K�5$P#&����H�/7�I�#(��%PG #5�%�%PG /#( ���$��s� 
2G�O#�Fe�&\]�I�65^% �J5$\�I����$�#�G��#J]5�5.PI^��(G�N&\]
.5$��N2G��$J]5�H�2F^ ����%��� /#(�$J]5�H�$�&G05Nก�Nก��
� J]5$�I5ก�Nก����N0I�K�5$P#OI�����J5KI�.2��0�. ZigBee /#( 
�H�K�5$P#$�F�($�#&\]�5$6����5�'�ก���.' ��$&���0I�K�5$P#2F
.���5$6����5�'�q��'3��5�'OI�����J5KI�.5����5�'��s� 8G.&G05N
^�K-(&\]�Q2334���#J]5�&\]6N�I� �$J]5�Q2334��K��$�^ก#�ก�N%,G
%5G��NOP�8G.0��$�กKm�� ��#�&\]/0G�&\]F4�.%($\�I�#G#�5.I��
05G�#�5� &����\� �(NN8G.��$0�$��Q&\]/0G�O#��#�55ก$�
2G�^ก#���\.�ก�N��#�%���&\]^ �^�ก����#J]5�&\]K5��Q2334� &���
%�กก��/0G�O#����#K&\]F4�.%5G�Q2334� /#(ก��/0G���#�
/#(�H�/7�I�K5��Q2334�&\]OI����sNN����q5�' %�ก��sN2q�' 
www.inear.embed-dednu.com 
 

6. ก
��
ก������ก�� 
8���ก����%�.�\�2G���N�NF�($�-0��N0�,��6J]5ก����%�. 

F�(%H�F��NF�($�- 6.�. 2555 %�ก$7���&.�#�.������ 
OP��K\.�K5K5N�,- ��.G�.����&�'&�6.'  /&�+��\ /#(�-�%��.' 
�-(OP���%�.ก��6�j���Q2334�$7���&.�#�.������ &\]^7�/����G
/#(�H�/�(�H��I�� l 
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