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The RFID-based travel time estimation: development case in Bangkok 
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1. Introduction 

 2�_�"�&"�&��86�802F�2�_�"#*P0ก�86O/�	8�#�P�425�0�`��6�"85�_���"�R5�	
ก2���)$�� 5��3"'ก"&�&"�&
#*P��"������/��"กQ%:5(:&7����48:&�$6:��%
�3"'ก"&�&"�&#*P7%ก�:���
�#��#���#*กT���"�"&7��8���5�0
̀�ก0�:�#"�
ก"&08��#"��&̀�&%2�$$ก"&08��#"�#*P�*2&���#W�3"'���"��%��)848: &�$$ก"&2&�0����3"'�&"�&48:7%ก�V"�"5(:
���"��'&��
"�5�2&�0#9��"�R �ก������"�0(�� 5�0�`��a���ก�&�$$ Advanced Traveler Information System 
(ATIS) 48:7%ก'�1�"6O/�0'`P�2&�0��� �"�����86���3"'�&"�&	8�5(:6:��%
 RFID (Auto toll tag) 6��&7����#*P
Q�"��)80กT$ �"Q�"�#"����	����� 0�`����"�R5�2&�0#9��&�d�0�&�ก"กT48:�*ก"&'�1�"&�$$2&�0����3"'�&"�&	8�
5(:6:��%
�"ก�
"�R��
�� �"#�0(�� Toll tag, GPS data, Sensors �
� Cellphone �
�5�:$&�ก"&6:��%
�3"'
�&"�&Q�"��̀P���"�R �"#�0(�� Traffic.com 5�ก&)�0#'��"� &กT48:�*ก"&'�"�"�#*P��'�1�"&�$$8��ก
�"�
0(��08*��ก�� ����5�_��
:�&�$$ก"&2&�0����3"'�&"�&��6O/���%�ก�$&%2�$$ �
�
�กh!�6��6:��%
#*P�*��%�5�
2���)$��48:�ก� 6:��%
 �"�0&T��&"�&#*P0กT$�"ก Loop detector, Sensors 6:��%
ก
:�� CCTV �&̀� Image 
processing 02F��
�ก 

 �"�0&T�6��ก&����&"�&#*P48:�"ก Loop detector, Image processing �
� Sensors #*P�*��%�5�ก&)�0#'j��
��"��"ก&���0�
"08��#"� (Journey time) �&��6��0�:�#"���"�R 0�̀P���"ก�3"'ก"&�&"�&���*ก"&02
*P���2
�
���"��"กก�$�V"�����6���"�'"���$�7�� �ก������"�0(�� �V"�&�$7��#�P�425�ก&)�0#'��"� &  �"�
�"(:"
6��ก"&08��#"���0ก�86O/�#*P��ก��"�R	8�����5�_� NOP�7:"0&"#V"ก"&��8 �"�0&T��&"�&#*P��ก��"�R  �"�0&T�#*P48:��
02F�9%��� �&̀�02F� �"�0&T��&"�&#*P0ก�86O/��"กก"&4�
6���&"�&�
���"ก48:&�$��__"!4l06*�� NOP� �"�0&T�#*P��8
48:�*/4���"�"&7�V"�"2&�0���&���0�
"�7� �� �&̀�&���0�
"08��#"��&��R6���"�'"��� �"ก�)8��OP�42����*ก
�)8��OP�48: 8����/� �"�������*/ 0&"�O�48:�V"0���&�$$ก"&2&�0����3"'�&"�&	8�5(:6:��%
 RFID 02F��
�ก 

2���)$�� 48:�*ก"&#V"������
�'�1�"&�$$2&�0����3"'ก"&�&"�&	8�5(:6:��%
 RFID �&̀� Automatic 
vehicle identification (AVI) ���"��'&��
"� 	8��*����2&�ก�$ 2 ����#*P�V" �_ �����&ก ̀� &�$$ก"&ก
�P�ก&��
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&���0�
"ก"&08��#"�#*P7%ก�:�� (Data filtering algorithm) �
� ����#*P 2  ̀� &�$$2&���
Q
6:��%
	8�&�� (Data 
fusion processor) &%2�$$6:��%
 RFID 2&�ก�$8:��0�
"6��#*P�"�'"�"��Q�"��)8��"�R#*P48:�*ก"&��8��/� RFID 
reader 4�: ���"�4&กT�"� &���0�
"ก"&08��#"�6���"�'"�����"�R#*P�"�"&7 V"��!48:�"���4���"�"&7
�V"�"5(:5�ก"&2&�0����3"'�&"�&#*P�#:�&��48:0�̀P���"ก �"� 
"80 
`P��6��&���0�
"ก"&08��#"�6���"�'"��
��/�RQ�"� 2 �)8#*P48:#V"ก"&0กT$6:��%
 �ก������"�0(�� �"�'"�����/��"�����ก��ก0�:�#"�ก"&�&"�&#*P0&"
�:��ก"&#V"ก"&2&�0����3"'�&"�& (Route diversion effect) �&̀��"�'"�����/��"����*ก"&��)8&����"�#"�0'`P�
#V"ก��ก&&���"�R 	8�&�$$ Data filtering ��(���ก
�P�ก&��6:��%
#*P7%ก�:��ก���#*P�V"�"5(:2&�0����3"'�&"�& 48:�*
ก"&'�1�"�
��V"0���&�$$ Data filtering algorithm ���"��
"ก�
"�5�2&�0#9��&�d�0�&�ก" NOP�2&�ก�$42
8:�� &�$$ TranStar 5�0�`��a������/�, &�$$ TransGuide 5�0�`��N"����	���	�, �&̀� &�$$ Transmit 5�0�`�� 
�����&�  �
����0��&�N*P 	8�#*P&�$$��"�RกT�*�)8���� �
� �)8�6T�#*P��"�Rก�� �ก������"�0(��&�$$ TransGuide 
(SRI, 1998) 4���"�"&7#*P��#V"ก"&2&�0����3"'�&"�&#*P������48:7:"�"ก�3"'�&"�&�*ก"&02
*P���2
����"�4��
������	8�02&*�$0#*�$�"ก�7���#*PQ�"�R�" &�$$ TranStar (http://traffic.houstontranstar.org) �V"02F�#*P���:���*
6:��%
 RFID �V"����"ก'�0'`P�#*P���"�"&72&�0����3"'�&"�&48:���"������V"NOP��"���02F�2�_�"�V"�&�$&�$$
#*P�*�V"����"�'"���#*P48:��8��/� RFID tag �V"����:�� �V"�&�$&�$$ Transmit (Mouskos et al., 1998) ��/�48:�*
ก"&2&�$5(:d"�6:��%
�3"'�&"�&�$$ Off-line 06:"�"(���5�ก"&2&�0����3"'�&"�& ����/V"���ก#*P5�:5�ก"&
2&�0��� �"&����"�6:��%
�$$0&*�
4#���
�6:��%
�$$ Off-line 48:7%กกV"��84�:
�����:"#V"5�:ก"&2&�0����3"'
�&"�&4���"�"&72&�$02
*P��42�"��3"'ก"&�&"�&#*P02F��&�� Dion �
� Rakha (2006) 48:�V"0�����W*ก"&
ก
�P�ก&��&���0�
"ก"&08��#"�#*P7%ก�:��	8��*ก"&2&�$02
*P��(���&���0�
"ก"&08��#"��$$'
���& (Dynamic 
time window) NOP����"�"&702
*P���2
�48:�"��3"'�&"�&#*P48:�"ก6:��%
�$$0&*�
4#�� Tam �
� Lam (2006) 
48:2&�$5(:&�$$8��ก
�"�ก�$d"�6:��%
�3"'�&"�&�$$ Off-line 0'`P�0'�P� �"������V"5�ก"&2&�0����3"'�&"�&5�
ก&!*#*P�*6:��%
�$$0&*�
4#��#*P�V"ก�8 &�$$ Data filtering #*P48:ก
�"�7O�6:"��:��"�"&7�V"�"2&�$5(:ก�$6:��%
 RFID 
#*P48:�"ก &7��������$)  
 &7�#TกN*P �
�&7$&&#)ก6������� :"48: 

5�����6��6:��%
 RFID #*P48:�"ก&7	8��"&2&��V"#"���/����* �"���ก��"��"ก6:��%
#*P48:�"ก6:��%
5�����
�&ก 0�̀P���"ก&���0�
"ก"&08��#"�6��&7	8��"&2&��V"#"���&��&���0�
"#*P��8&�$���Q%:	8��"&�"��)8��"�R
8:�� ��ก�"ก��/��
:� �"�0&T�5�ก"&08��#"�6��&7	8��"&2&��V"#"�	8�����5�_���(:"ก��"�"�'"����̀P�R
0�̀P���"ก6�"86���"�'"��� �
�&���0�
"#*P�:��0&���
�
8 �"�0&T�5�$&�0�!2t"���)8&7 ���"�4&กT�"� �)808��
6��6:��%
 RFID 6��&7	8��"&2&��V"#"� ̀�  �"���PV"0���6��2&��"!6:��%
#*P�"�"&70กT$48: �
�0�:�#"�5�
ก"&08��#"�#*P������ NOP��"�"&7�V"42(���0'�P�2&���#W�3"'ก"& Filter 6:��%
�"�'"���2&�03#�̀P�#*P�*&���0�
"
ก"&08��#"�5�0�:�#"�0ก��&���0�
"ก"&08��#"�#*P "8����48: (Expected travel time) Elango �
� Dailey (2000) 
�
� Cathey �
� Dailey (2002) 0�����W*ก"&2&�$5(:6:��%
&���0�
"ก"&08��#"�6��&7	8��"&2&��V"#"�0'`P���8
 �"�0&T��&"�&�"��)8��"�R ���"�4&กT8* ก"&9Oกh"8��ก
�"�4��48:�V"0�����W* V"��!&���0�
"08��#"�6��
�"�'"���#�P�42�"ก6:��%
&7	8��"&2&��V"#"� Chakroborty �
� Kikuchi (2004) 48:0���ก"&�&:"���ก"&#"�
�7���0'`P�#*P���&:"� �"����'��W�&����"�&���0�
"ก"&08��#"�6��&7	8��"&2&��V"#"� �
��"�'"���#�P�42 	8�
48:#8��$ �
�2&�$5(:��W*8��ก
�"�ก�$0�:�#"�&7	8��"&2&��V"#"�5�0�`��08
"��&�2&�0#9��&�d�0�&�ก" ���0ก�
8:����" 6:��%
#*P48:�V"�"5(:5�ก"&9Oกh"8��ก
�"�02F�6:��%
 GPS tracking 6��&7	8��"&2&��V"#"�NOP�&���0�
"#*P
��8��)8&�$���Q%:	8��"&&����"�#"��"�"&7 V"��!��ก�"48:	8��&� &���0�
"ก"&08��#"�6��&7	8��"&2&��V"
#"�5��"�������*/ �"9��6:��%
 RFID NOP�4���"�"&7 V"��!&���0�
"#*P��8&�$���Q%:	8��"&��48:	8��&� ���"�4&กT
�"� ��W*ก"&#*P�V"0���	8� Chakroborty �
� Kikuchi (2004) กT�"�"&7�V"�"2&�$5(:ก�$6:��%
8��ก
�"�48: 	8��&:"�
 �"����'��W�&����"�6:��%
&���0�
"ก"&08��#"�6��&7����#�P�42 �
�&72&��V"#"� 
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0&"48:0���6:��%
#*P48:�"ก	 &�6�"��"&�0�l4�8* (RFID sensor network) &��#�/�6:��%
�"ก GPS vehicle 
probe �"2&��)ก��5(:5�ก"&2&�0����3"'ก"&�&"�&5�ก&)�0#'j�$$0&*�
4#��  �"������V"6��ก"&2&�0����3"'
�&"�&��6O/���%�ก�$&�$$ก
�P�ก&��6:��%
&���0�
"ก"&08��#"�#*PQ��Q�"�&����"�6:��%
 RFID �
� GPS 6��
&7���� (Probe vehicle) 02F��
�ก �
���"ก#*P48:ก
�"��V"�
:� 5�����#*P 2 ก
�"�7O�ก"&�V"0# 	�	
�*�"&�0�l4�8*#*P�"
2&��)ก��5(:5�ก"&0กT$6:��%
 �"�0&T��&"�& ����#*P 3 ก
�"�7O� 	 &�6�"�ก"&�&"�& ก"&�V"��ก2&�03#6��6:��%
 
�
�กV"��8
�กh!�'�09h6��0�:�#"��&"�& ����#*P 4 ก
�"�7O� ก"&��ก�$$�
�'�1�"&�$$2&�0����3"'�&"�& 
����#*P 5 ��8� Development case 5�ก&)�0#' �
������)8#:"�02F��&)2�
��3�2&"�Q
 
 
2. RFID Technology 

&�$$$��(*/���7)8:�� 
̀P� �"�7*P��#�) �&̀� &�$$ RFID #*P#*��������ก�$$�
�'�1�"6O/� 2&�ก�$8:��
�)2ก&!� RFID reader �V"����"ก �&:"�02F�	 &�6�"��"&�0�l4�8*0'`P�5(:�&����$6:��%
�"�'"���#*P��P�Q�"�3"�5�
	 &�6�"�7�� &�$$ RFID sensor network 2&�ก�$8:������#*P�V" �_ 4 ���� ̀� 

1. Base station  ̀� �)2ก&!���"���__"! (RFID reader) NOP���7%ก��8��/��"��)8��"�R�"�7�� 0(�� 
$&�0�!�*P��ก 2t���V"&�� �&̀�2t"�&70�
� �
�3"�5��%:	#&9�'#��"W"&!�#*P��%�6:"�#"�02F��
�ก 	8��)2ก&!� RFID 
reader �����6:��%
 ID 6���"�'"���#*P��"� �"48: 42���9%��� �$ )� Q�"�&�$$���0#�&�0�T# �"�0&T��%� (ADSL) 
�&̀�Q�"�0 &̀�6�"�4&:�"� GPRS, CDMA �&̀� 3G &%2#*P 1 ��8��)2ก&!� RFID base station 
   

 
 

Fig. 1 RFID base station (B-Base) 
http://bal.buu.ac.th/bal2010/?q=bbase 

 
2. RFID tag NOP���7%ก��8��/�3"�5��"�'"�����"�R 0(�� �"�'"�������$)  
 &7�#TกN*P &72&��V"#"� 

&76������� :" �&̀�&7����2&�03#�̀P�R 	8� RFID tag (Active) �����6:��%
��8��� (Vehicle ID) 42#*P RFID 
reader NOP���8��/���%��"��)8��"�R�"�7�� &%2#*P 2 ��8��)2ก&!� RFID tag 
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Fig. 2 RFID tag (B-Mov) 
 

3. 9%��� �$ )�ก
"� #V"��:"#*P5�ก"&&�$&��6:��%
 �
� �$ )�ก"&#V"�"�6��&�$$	 &�6�"��"&�0�l4�8*
#*P��8��/��"�7��#�/���8 	8�5(:ก"& �$ )�&���4ก
Q�"�0 &̀�6�"� Fixed IP VPN �&̀� Dyn DNS 42#*P RFID 
reader ���
���� 

4. N�l����&���$'
�0 (�� #V"��:"#*P5�ก"& �8ก&��6:��%
0$`/���:� ��0 &"��� �
�2&���
Q
6:��%
 0'`P�
��$���� �"��:��ก"&5�ก"&5(:�"�#*P��ก��"�ก�� �"#�0(��  �$ )��
���8�"��"�'"����
���8�"&"�0�
"08��
&7 02F��:� 
 &�$$ RFID #*P'�1�"6O/���/� �*��� �8�"�"ก&�$$ RFID #�P�42 ���0'�P� �"��"�"&75�ก"&�̀P��"&48: 2 
#"� (RF transceiver)  ̀� &����"� RFID reader �
��"�'"��� (Vehicle tag) 0'`P�0'�P�6�/���� (Protocols) 
�&����$ �"�7%ก�:���
� �"���"0(`P�7`�5�ก"&&�$���6:��%
 &��#�/�0'`P�&��&�$ก"&�&:"���$'
�0 (��5�ก"&5(:�"�
#*P�
"ก�
"� �"#�0(�� ก"&&�$6:��%
 ID �7"�* 0'`P�#V"�̀P�	}h!"$�&72&��V"#"� 02F��:� &�$$ RFID sensor 
network #*P'�1�" �&̀�ก
�"��*ก�����OP� �*
�กh!�08*��ก�$&�$$ V2I (Vehicle-to infrastructure system) 	8��*ก"&
�����__"! Beacon &����"��"�'"����
��7"�*&�$��__"!#*P��%�6:"�#"� (Roadside infrastructure) 3"�5�: 
CALM Standard 
 
3.  Data Structure 
  5������*/ ก
�"�7O�&"�
�0�*�86��	 &��&:"�6:��%
 �
�ก"&��80�&*��6:��%
0$`/���:� 0'`P��V"�"2&��"! �"
 �"�0&T�ก&����&"�&6��0�:�#"� 	8���� �85�ก"&��ก�$$�
�'�1�"	 &��&:"�6��6:��%
��/�����8 
:��ก�$
�3"'	 &�6�"�7��6��ก&)�0#'j, ��
��#*P�"6��6:��%
 &��#�/� �"��:��ก"&5�ก"&'�1�"��$'
�(��ก"&5(:�"�
�"�&���0�
"#*P0��"��� 	8�5��"�������*/ 6:��%
&���0�
"5�ก"&08��#"���7%ก�V"425(:5�6�/����ก"&�"��Q�
&�$$6�����"W"&!� &�$$6�����
�ก&��"���� :" �
�&�$$	
�����ก��5�0�`���
�� 02F��
�ก 
  3.1 Travel time network 

ก"&�&:"�	 &�6�"�6:��%
&���0�
"5�ก"&08��#"� �&̀�ก
�"��*ก�����OP� �"&"��)80&�P��:�-�)8��"�2
"�6��
&���0�
"5�ก"&08��#"�5�ก&)�0#'j (OD travel time matrix) 5��"�������*/ 0&"�"9��6:��%
&���0�
"5�ก"&
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08��#"�#*P48:�"ก	 &�6�"��"&�0�l4�8*#*��8��/���%�#*P�%:	#&9�'#��"W"&!� (RFID node) &��#�/��)8'�ก�8 GPS �&̀� 
Virtual node 0'`P�5(:02F� Offset 6:��%
�V"�����'�ก�83%��9"��&��"ก�)2ก&!� GPS NOP�&���* Node #�/���80#�"ก�$ 
521 Nodes 	8��&:"�02F� OD Link �&̀�	 &�6�"�6��7��#*P0(`P�����ก�� 	8��"9�� �"�&%:�
�2&��$ก"&!�6��
Q%:�����02F��
�ก �"ก Nodes 8��ก
�"�7%ก�V"�"�&:"��"&"� OD time 6�"8 [2360 * 2360]  &�$ 
)�	 &�6�"�7��
5�ก&)�0#'j�
�2&��!�
 NOP��*�V"���0'*��'��V"�&�$5(:5�ก"&�"��Q�&�$$6�����"W"&!� &�$$6�����
�
ก&��"���� :" �
�&�$$	
�����ก��5�ก&)�0#'48: 

ก"&�&:"��
���'08#&���0�
"5�ก"&08��#"�&����"� OD Pairs �&̀� Link 58R5� OD matrix ��02F�ก"&
�&:"�6:��%
&���0�
"5�ก"&08��#"��"ก Node 7O� Node 3"�5�	 &�6�"�7��#*PกV"��84�:
�����:" (Sringiwray 
�
� Indra-Payoong, 2007) #�/��*/0'`P� �"���8�ก  �"�0&T�5�ก"&2&���
Q
 �
� �"�0�7*�&3"'5�ก"& 
Maintain d"�6:��%
 &��#�/�0'`P�2t��ก��2�_�"ก"&0'�P��V"��� Link 5� OD matrix ���"�&�80&T� NOP�#V"5�:0ก�86:��%

#*P4���V"02F�5�&�$$d"�6:��%
 (&��#�/� 6:��%
 Link $"�����5��"&"���4����$%&!� �&̀�ก
�"��*ก�����OP� 4���*6:��%

�&"�&5� Link ��/�R 5�(�������
�0�
"��/�R #V"5�: �"�7%ก�:�� �
� �"���"0(`P�7`�6��6:��%
�&"�& ��6O/���%�ก�$
2&���#W�3"'6����
ก�&�#O�5�ก"&'�"ก&!�02F��
�ก NOP��"�ก&�#V"48:�"ก5�	 &�6�"�7��5�ก&)�0#'NOP��* �"�
�2&2&��6��&���0�
"5�ก"&08��#"��%�) 

0&"�$��
�กh!�#"�ก"�3"'6�� Link 02F� 3 &�8�$ 48:�ก� Road (at grade), Elevated, �
� Toll 	8�
��8 
:��ก�$�V"�����6�� RFID �
� GPS nodes 3"�5�	 &�6�"�6:��%
�&"�& 0'`P�2&�	�(��5�ก"&#V" Route 
diversion �V"�����#*P��8��/�0 &̀P����"� RFID 5�&�8�$7�� (at grade �&̀� specific location) �
�5(:6:��%
 Attitude 
&�8�$ �"��%�#*P Return  �"�"ก�)2ก&!� GPS �"5(:2&�0��� �"�0&T�6��7��5�#�/� 3 &�8�$ �)2ก&!� RFID reader 
#*P'�1�"6O/�	8� !������j �"�"&7 Customized &���ก"&��"���__"! (Spot area) �
���8��/�5��V"�����#*P
0��"���0'`P�5�:48:6:��%
�"� �"��:��ก"&48: ��ก�"ก�*/ 0�̀P���"ก
�กh!�0X'"�6�� Link �*
�กh!�#*P��ก��"�ก�� 
48:�ก� �)8ก
�$&7 #�9#"�ก"&��P�0X'"��"�'"���$"�2&�03# 5����
�(���0�
" �V"����)8��8�
��)80(`P�����6��
7��5� Link �V"���(���#"��&"�& �
��V"���2t"���)8&72&��V"#"� 3"�5� Link ��/�R ��7%กกV"��802F�	
 �

'"&"��0��&��
�7%ก Maintain 4�:5�&�$$d"�6:��%
 0'`P��V"�"5(:5�ก"&2&�0��� �"�0&T�ก&����&"�&#*P�*

�กh!�0X'"�6�� Link ��/�R 

 
	8��"9��6:��%
�"ก	 &�6�"��"&�0�l4�8* &���0�
"5�ก"&08��#"�6�� Link i �"�"&7 V"��!48:�"ก   

            

i q pt s s= − ;  q ps s>           (1) 
 
	8�#*P ,q ps s  ̀� 0�
"#*P Vehicle tag ��P�Q�"��)2ก&!� RFID reader q  �
� p  
 

  3.2 Vehicle types 
  5�&�$$d"�6:��%
0'`P�5(:5�ก"&2&�0��� �"�0&T�ก&����&"�&6��	 &�6�"�7��5�ก&)�0#'j 0&"�$��
2&�03#�"�'"�����ก02F� 13 2&�03# 	8�'��"&!"�"� �"�0&T�6���"�'"��� &��#�/�0'`P�2&�	�(��5�ก"&
5(:�"����0�̀P��5���" �5�:��8 
:��ก�$ก"&�$��2&�03#6���"�'"����"��V"��ก�	�$"��
��Q�ก"&�&"�&�
�
6���� (��6.) �
�ก&�ก"&6����#"�$ก NOP��"�"&7�$��48:8���*/ 0&*��
V"8�$�"�'"���#*P5(: �"�0&T��:���)8 42���
�"ก#*P�)8 

- (K) &7'��� (Trailer) 
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- (k) &7กOP�'��� (Semi-trailer) 
- (H) &7$&&#)ก 10 
:� (10-wheeled truck) 
- (h) &7$&&#)ก 6 
:� 
- (B) &7$��	8��"&2&��V"#"� 
- (b) &7����$��	8��"&2&��V"#"� 
- (P) &7$��	8��"&6�"85�_� 
- (p) &7$��	8��"&6�"80
Tก 
- (L) &76������� :" (ก&�$�, �%:) 
- (T) �#TกN*P 
- (V) &7�%:	8��"& 
- (A) &7��������$)  
 
- (M) ��0��&�4N�� 

ก"&0กT$6:��%
 �"�0&T�6���"�'"������
�2&�03#��7%ก�2
� 5�:02F� �"�0&T�6��&7��������$)  
 (A) 
�
��* �"��ก��"�ก��5����
� Link 0�̀P���"ก�V"����)8��8 2t"���)8&72&��V"#"� �)8��8�
��)80(`P�����6�� Link 
02F��:� �ก������"�0(�� ก"&�2
� �"�0&T�6��&72&��V"#"�5�:02F� �"�0&T�6��&7��������$)  
�V"�&�$ Link i , 

iAv �"�"&7 V"��!48:�"ก  

iA iB iB iBv c vβ= +               (2) 
 
	8�#*P iBc   ̀�  �" Intercept 6�� Regression line �V"�&�$&72&��V"#"� 
  iBβ  ̀�  �" Regression coefficient �
� iBv   ̀�  �" �"�0&T�6��&72&��V"#"� 
 

�ก������"��"������6�� Bae (1995) 48:2&��"! �" iBc  = 11.88 �
�  iBβ  = 0.66 	8�#8��$ก�$&7
2&��V"#"��V"��� 3 0�:�#"� 

5��"�������*/6:��%
�&"�&#*P48: �"�"ก&72&��V"#"��
�&7 Taxi 0#�"��/� 	8��2
� �"5�:02F� �"�0&T�6��
&7��������$)  
 �
�ก"&�V"425(:�"���7%ก0กT$4�:02F� Properties 6�� Link ���
� Link 5�d"�6:��%
0'`P�5(:5�
ก"&2&���
Q
 

 
4.   Travel time estimation 

	8�#�P�42 ก"&2&��"! �" �"�0&T��&"�&�"�02&*�$0#*�$48:ก�$6�/������W*#V"�"�"& NOP�Q%: ������"ก��"�กT
&%:6�/������W*ก"&#V"�
�����2&�ก�$6���"�"&#*P�:��5(:2&)��"�"& ���"�4&กT�"� ���
�'`/�#*P ���
�2&�0#9��"�กT�*
��
�����7)8�$  )!3"' �
�&" "6�����7)8�$ #*P��"�ก��42 8����/� ��P�#*P02F� Key 5�ก"&2&��"! �" �"�0&T��&"�&กT
 ̀� ก"&0
̀�ก��
��6:��%
#*P0��"��� NOP��"�48:�"�"ก�
"�R ��
�� �"#�0(�� GPS/RFID vehicle, Cellphone 
probe, Toll tag, Loops detector, Autoscope �
�Infrared sensor 02F��:� 2&�ก�$ก�$ �"�'�7*'�7��5�ก"&
��0 &"����
�2&���
Q
6:��%
5�	 &�6�"�7��6�����
�'`/�#*P#*P�*
�กh!�0X'"� &��#�/� �"�02F�4248:�
�
6:��V"ก�85�ก"&5(:#&�'�"ก& ��'��0��&�0'`P�5�:�"�"&72&���
Q
6:��%
�$$0&*�
4#��3"�5�	 &�6�"�7��5�06�
0�`���
��6�"85�_� 
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5�&�$$2&�0����3"'�&"�&5�ก&)�0#' (Siamtraffic1.0) 0&"��ก�$$(���0�
"ก"&0กT$�
�2&���
Q

6:��%
�&"�&5�#)กR 5 �"#* (5-min interval) 5����
�(�P�	�� �
����
�2&�03#6�����5���28"�� 5�2���)$�� 0&"
�"9����
��6:��%
#*P48:�"9�� Probe vehicle (�"�'��#*P��8��/�0 &̀P��&�$��__"! GPS) 0'*�����"�08*�� 

 �V"�&�$ GPS data 6:��%
 �"�0&T�6���"�'"��� ��02F� �"�0&T�#*P�"�'"�����P�Q�"�	��8 2 	��858R
5�	 &�6�"�6:��%
�&"�&5����6:� (3.1) �
� Offset 6�� �"'�ก�8 2 �)8 (Vertex) �&̀� Sub-link58R 5� Segment 
�&̀� Shape file 6�� Link ��/�R 0#�"��/� �"กQ
ก"&#8
��0$`/���:� 0&"���
*ก0
*P��ก"&�V" �" �"�0&T�	8��&��"ก
����)2ก&!� GPS #*P&�$ �"48: 0�̀P���"ก�)2ก&!� GPS ��"��*P�:�ก�� ���* �"� 
"80 
̀P��5�ก"& V"��! �"�0&T� 
(Spot speed) #*P�* �"���ก��"�ก�� 
 
  4.1 Offline Filtering 
  4.1.1 RFID Filter 

 0�̀P���"ก �"��:��ก"&5(:6:��%
�&"�&	8�����5�_��:��ก"&2&��"!&���0�
"5�ก"&08��#"��"ก#*P��OP�42
���#*P��OP� (Link speed �&̀� Space mean speed) 0'`P�5�:�"�"&708��#"�427O��)8��"�2
"�#"�0&T�#*P�)8 5�
�"�������*/ 0&"�"9��6:��%
 RFID 02F���� Filter �
�ก 	8�0X'"����"���P� RFID bus (&72&��V"#"�#*P��8��/��)2ก&!� 
RFID tag) NOP��*#�9#"�ก"&��P�#*P������3"�5�	 &�6�"�7��5�ก&)�0#'j#*P�* �"�N�$N:�� 0'`P�5�:ก"&2&��"!
 �"�0&T�ก&����&"�&6�� Link ��/�R�* �"�7%ก�:�� �
��"�"&72&���
Q
48:���"�&�80&T�  

 
6�/����ก"&2&��"! �" �"�0&T�ก&����&"�&6�� Link i , iV  ��8�8��&%2#*P 4 
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Busmax

Busmax
],[ σV

 
 

Fig. 4 RFID offline filtering 
 

6:��%
 �"�0&T�ก&����&"�&#*P48:�"ก Probe vehicle #*P0กT$����4�:#)กR ��� �$���"�2&�03#6����� 5�
#)กR(���0�
" 5 �"#* 5�6�/�����&ก ��
ก�&�#O��� Filter 6:��%
 Probe (6:��%
 Location �"ก GPS) #*P��P�Q�"� Link 
i  #*P5(:0�
"�"กก��" 60 �"#* ��:ก&�#�P�5� �"�02F��&�� Probe �"���5(:0�
"�"กก��" 60 �"#* �����P���"�7O� 
ก"&0ก�80��)ก"&!�#*PQ�82ก�� �
�02F�6:��%
 Outlier NOP���4��7%ก$��#Oก
�5�d"�6:��%
 5�3"'&��6��&�$$ 5�����
2&���
Q
 Online estimation ��#V"��:"#*P5�ก"& Detect �
�2&���
Q
 �"�0&T��&"�&�"ก0��)ก"&!�#*PQ�82ก���*/ 

����"ก��/� ��
ก�&�#O����&����$ 7:"5�(���0�
" 5 �"#*��/�R �*6:��%
 RFID bus &�$$��5(: max Bus  
(&72&��V"#"�#*P��P�0&T�#*P�)8) 02F���� Filter 6:��%
 RFID/ GPS probe #*P�* �"�:��ก��" max Bus  ��ก42 5�ก&!*#*P
4���* Probe #*P�* �"�0&T��"กก��" max Bus �*/�
:� 5�:�V" �" max Bus 42 V"��!�" �" iV  ���7:"�*6:��%
 Probe 
#*P�* �"�0&T��"กก��" max Bus ��
ก�&�#O��� Aggregate 6:��%
 Probe 0'`P� V"��!�" �" iV   

5�ก&!*#*P4���*6:��%
 RFID bus ��%�0
�5�(���0�
"��/� ��
ก�&�#O���5(:6:��%
 Historical data 6������
�
(���0�
"��/�R 30 series �:���
�� �V"�"�" �" Dynamic valid time window [V σ± ] 0'`P�5(: Filter �
� 
Aggregate 6:��%
 Probe 0'`P� V"��!�" �" iV  ���0ก�8:����" 2&�03#6���"�'"���#*P��ก��"�ก����7%ก�2
� �"
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ก����V"�"2&���
Q
 (5����6:� 3.2) ��ก�"ก�*/ 6�/���� Offline ��0กT$ �" iV  5����(���0�
" 5 �"#* ���
�
2&�03#6����� 4�:(�P� &"� �"#�0(�� 6:��%
6��������#&� 5�0�
" 10 �"��ก" 05 �"#* 

6:��%
8��ก
�"��"�"&7�V"425(:5�ก"&�"��Q�ก"&08��#"� ก"&6�����
�ก&��"���� :"
�����:" (Pre-trip 
planning) �
�0'`P�5(:5�6�/���� Online estimation NOP��:��ก"& �"�0&T�5�ก"&2&���
Q
 (5����6:� 4.3) 
  

4.1.2 GPS Link Data 
 0&"กV"��85�: Link  ̀� 0�:�#"�&����"��)8�:"�����V"�&�$6:��%
�&"�& 2 	��858R$��Q�#*P �&̀� OD Pair 

(���6:� (3.1)) 	8�5(: Latitude �
� Longitude 02F� �"'�ก�83%��9"��&� GPS link data �&̀�ก
�"��*ก�����OP� Node 
offset data ��/�02F�ก"&�V"0�"�V"�����'�ก�8#*P48:�"ก�)2ก&!� GPS #*P��8��/���%�5��"�'"������Q�"�0 &̀�6�"�4&:�"� 
GPRS �&̀� 
̀P� �"�7*P��#�)#*P48:&�$��)_"�0X'"� (Licensed radio frequency) �"2&���
Q
0'`P��"&���0�
"5�
ก"&08��#"��&̀� �"�0&T�6�� Link ��/�R 

 
 

#ST.$U 5 GPS Link Data Process 
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	8�#�P�42 6:��%
'�ก�8�"ก GPS probe �����ก
�$�"���0 &`P�����6�"�5�#)กR 1 � 3 �"#* 0'`P�5�:0ก�8 �"�
 
"80 
̀P��5�ก"&2&��"! �" �"�0&T�6�� Link �"ก��
��6:��%
 GPS �:��#*P�)8 5�6�/��&ก ��
ก�&�#O��� Map 
'�ก�8 GPS 06:"ก�$'�ก�86�� Origin node �
� Destination node 6�� Link ��/�	8�#*P�V"�����'�ก�86�� GPS �:��
��%�5�&�9�*6�� Node 	8�5(: Offset 6�� Node 0&�P��&ก 0#�"ก�$ 30 0��& ��#V"5�:'`/�#*Pก"& :��"�V"�����'�ก�86�� 
GPS 5�:�:��
� 0'`P�
80�
"5�ก"&2&���
Q
 6�/����ก"&2&���
Q
 GPS link data ��8�5�&%2#*P 5 

�
���"ก48:6:��%
'�ก�86�� GPS probe #*P��%�5� 30-m offset 6�� Node �
:� ��
ก�&�#O���0
̀�ก �"'�ก�8 
GPS point #*P5ก
:0 *��'�ก�86�� Node �"ก#*P�)8 ���4��0ก��&��� 15 0��& 0'`P�02F�����#� �" GPS point 6�� 
Node ��/�R �
���
ก�&�#O���#V"ก"&�&:"� Link #*P0(`P��&����"� Origin node �
� Destination node 58R #*P7%ก
กV"��84�:5�d"�6:��%
 '&:��#�/� V"��!�" �"�0&T�6�� Link ��/�R NOP�ก"& V"��!�*/��0ก�86O/�0X'"�6:��%
 GPS 
0#�"��/� 

���0ก�8:����" ก"&#*P GPS vehicle ��06:"42 offset #*P Origin node �
� Destination node 0'`P��&:"�02F� 
GPS link data ��/��"��*	�ก"��:���"ก ���"�4&กT�"� 6�/����8��ก
�"� �"�"&7
82�_�" �"� 
"80 
̀P���
�
 �"�0(`P�7`�6��6:��%
���0�̀P���"�"ก�3"'��8
:��5�ก&)�0#'j �"#�0(�� ก"&�%_�"�6����__"! GPS 0'&"�
�3"'3%���"ก"9 lt" &O/� ���ก ก"&$8$����__"!�"ก�" "&�%�
:��&�$ #"��ก&�8�$ &74llt" Elevated �
� �"
&���#"� �"� 
"80 
̀P��6��'�ก�83"�5��)2ก&!� GPS 02F��:� 

 5�#"�2��$��� 0&"�"��"�"&7�&:"�	�ก"�5�:0ก�8 GPS link data 0'�P��"ก6O/� �ก������"�0(�� 5�ก"&กV"��8 
OD nodes 4�:#*P&����"� Road intersection 0�`P��"�'"���5(:0�
"��%�5� Queue 0'`P�&� Traffic light �
�(���0�
"
5�ก"&��'08#6���%
'�ก�86���)2ก&!� GPS #*P
�0�*�8�"ก6O/� <= 1 �"#*��ก�"ก�*/ ก"&�&:"� GPS link data 
�"�"&7�V"�"2&��)ก��5(:ก�$6:��%
 Cellphone location based �
�ก"&#V" Path estimation 0'`P��"&���0�
"5�
ก"&08��#"� &��#�/�5(:02F���� Filter 6:��%
 �"�0&T�6�� Link #*P48:�"�"กก"&2&��"! �"8:����W*�̀P� 
 
  4.1.3 GPS Sub-link Data 

 GPS sub-link 02F�ก"&�V"6:��%
'�ก�8 GPS probe �"5(:5�:0ก�82&�	�(���"ก#*P�)8 	8�5�	 &�6�"� �"�0&T�
�&"�&5����6:� (3.1) 7%ก�&:"�02F�6:��%
0(��3%��9"��&� (GIS database) ���
� Link �* )!��$���02F� Polyline �&̀� 
Vector NOP�2&�ก�$8:�� Sub-link ����R �&̀� ()86:��%
6�� Points �&̀� Vertex �"0(`P�����ก�� 8����8�������"�5�
&%2#*P 6 

 

 
 

Fig. 6 Sub-link vector 
 



 11

6�/����ก"& V"��! �"�0&T��&"�&6�� Link �"ก6:��%
 GPS Sub-link ���*
�กh!� 
:"�ก�$ GPS link ���
��02F�ก"&�"�"ก Sub-link 6�� Link �#� &��#�/�6�/����5�ก"&�&����$#�9#"�ก"&��P�6�� GPS probe 0'`P�
กV"��8#�9#"�6��ก&����&"�&5�:7%ก�:�� 
 
  4.2 Online estimation 

 6:��%
���4
���&̀�0&*�
4#��02F��3"'�&"�&6�� Link #*P0ก�86O/�5�6!���/� &�$$ Siamtraffic1.0 48:
กV"��85�:�*ก"&��'08#6:��%
�3"'�&"�&5�2���)$��#*P0ก�86O/�5�#)กR 5-min interval ก
�"� ̀� 02F�ก"&2&��"!
�3"'�&"�&#*P48:�"ก6:��%
�:���
�� 5 �"#*�"ก0�
"2���)$�� #�/��*/6O/���%�ก�$#&�'�"ก& ��'��0��&�#*P5(:5�ก"&
2&���
Q
 �
� �" �"�
�"(:"#*P0ก�86O/��"ก&�$$	 &�6�"��̀P��"&6:��%
 

 ��OP�  �"��:��ก"&6:��%
#*P5(:5�ก"&08��#"� 5�#"�2��$��� 	8�����5�_� 02F� �"��:��ก"&6:��%
�3"'
�&"�&&�����/� 5 - 30 �"#* 
�����:" 0'`P�5(:5�ก"&�"��Q�0�:�#"�ก�����ก08��#"� �&̀�0'`P�5(:5�ก"&2&�$02
*P��
0�:�#"� &����"�ก"&08��#"� NOP�4��48:��%�5�6�$06�6���"�������*/ 

 ��� �86��&�$$ Online estimation 5�#"�	 &��&:"�6����
ก�&�#O��
:��*
�กh!� 
:"�ก�$6�/���� Offline 
5����6:� (4.1) ���"�4&กT�"� &�$$ Online '�"�"�#*P��5(: �&̀�5�: Priority ก�$6:��%
#*P02F�2���)$���"ก#*P�)8�"#V"
ก"&2&��"! �" �"�0&T�ก&����&"�&�$$0&*�
4#�� *

iV  5�(���0�
"��/�R  �" *
iV ��7%ก0กT$4�:(�P� &"� 0X'"����

��/�R �
���4��7%ก�V"�"2&���
Q
5�����6��6�/���� Offline 0�̀P���"ก6�/���� Online �"9�� Fast stochastic 
process 5�ก"&2&��"! �" �ก������"�0(�� 5�ก&!* Link #*P4���*6:��%
 Vehicle probe 5�(���0�
"��/� &�$$ 
Online �"��"�"&72&��"! �" �"�0&T�6�� Link ��/�48:	8�5(: �" �"����'��W��
� �"��2&2&��&����"ก
	 &�6�"�6�� Link #*P�*6:��%
 ! 0�
"2���)$�� (Link correlation) &��#�/� ก"&2&��)ก��5(: RFID bus expected 
travel time, ก"&5(: GPS path estimation �
�ก"& Detect 6:��%
�3"'�&"�&#*P02
*P���2
��$$#��#*#��58 
5�(���0�
"6!���/��"ก0��)ก"&!��&̀��)$���0��) 02F��:� 
 
5. Development Case in Bangkok 

  �"�7%ก�:���
� �"���"0(`P�7`�6�� *
iV  02F�2�����#*P�V" �_6�� �"��V"0&T�6��&�$$ก"&2&��"!

&���0�
"5�ก"&08��#"��$$0&*�
4#��  �"2&���#W�3"'6��6:��%
�"�"&7(���5�:0&"5(:5�ก"&�:"���� (��� �8�&&
��
��6:��%
 �&̀�'�1�"��
ก�&�#O�5�ก"&2&�0����3"'�&"�&5�:�*2&���#W�3"'�"ก��P�6O/� �
����"����0�̀P�� &��#�/�
����"�"&75(:02F����#"�5�ก"&0
̀�ก5(:0# 	�	
�*#*P0��"���5�ก"&'�1�"&�$$ 

 	8�#�P�42 ก"&2&�0��� �"�7%ก�:��6��6:��%
�&"�& ก&�#V"	8�ก"&�)��������"��"ก6:��%
&���0�
"5�ก"&
08��#"�6���"�'"���#*P0ก�86O/��&�� NOP��"��"9��0# ��  License plate survey, �&̀�5(:ก
:�� CCTV 0'`P�0กT$
6:��%
2t"�#�0$*���"�'"���&����"��)8 2 �)858R5�0�:�#"� ��W*8��ก
�"� �"��:��0�*� �"5(:��"� ���6:"��"ก5�
ก"&0กT$6:��%
5�3" ��"� 8����/� 5�ก"&9Oกh"�&̀��"������	8�#�P�42���"9��ก"&�)��������"� $"�(���0�
" 5�$"�
0�:�#"� (Select paths, Corridor �&̀�5�$"� Area) NOP�5��
"�R &�/��"�4���"�"&7�V"�"02F�����#�  �" �"�7%ก
�:��#*P &�$ 
)�'`/�#*P	 &�6�"�7��48:#�/���8 NOP����Q
��� �"�0(`P���P�6��Q%:5(:6:��%
	8��&� 

 5��"�������*/ 0&"2&��)ก��5(:6:��%
 RFID probe 0'`P�5(:5�ก"&2&�0��� �" �"�7%ก�:��6��6:��%
�&"�& 	8�
5(:ก
)��������"��V"��� 5 0�:�#"� 3"�5�	 &�6�"�7��5�ก&)�0#'j	8����	����� 0�̀P���"ก6:��%
 ID 6��
�"�'"���#*P��P�Q�"� RFID station (�V"�����#*P��8��/�0 &̀P����"��)2ก&!� RFID) �*
�กh!�08*��ก�$ก"&#V" License 
plate matching ��P� ̀� &���0�
"5�ก"&08��#"�6���"�'"���#*P0ก�86O/��&��5�0�:�#"� ���"�4&กT�"� 6:��%

&���0�
"5�ก"&08��#"��&��#*P48:�"ก RFID probe #*P���V"�"02&*�$0#*�$��/� ���:���V"�"Q�"�6�/���� Filter ก��� 
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�ก������"�0(�� �V"�&�$ Link i  กV"��85�: RFID vehicle (�"�'"���#*P��8��/� RFID tag) #*P5(:&���0�
"08��#"�
�:��#*P�)8 �
��:��ก��" RFID bus 5�(���0�
"08*��ก�� 02F� Probe validator 02F��:� 

 &%2#*P 7 ��8� Profile of vehicle speed 6��7��&"� V"��� 5�(��� ��ก&"� V"���-��"�ก*�"�����"ก 
���9)ก&�#*P 23 0�h"�� 2553 ��/����0�
" 04:00 � 23:00 NOP��*�V"��� Probe #*P��"� �"48: 811  &�/� 
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Fig. 7 Profile of vehicle speed Z!ก#(8[\(Z3%-7-(8ก$2(3��38(ก 

Friday 23 April 2010 
 

 �"ก&%2��0�T�
�กh!�ก"&ก&��"����6�� �"�0&T��"�'"���5����
�(���0�
" 	8�6:��%
�*
�กh!�0ก"�
ก
)��ก�� 6:��%
#*P��%���กก
)�� 02F�6:��%
�"�'"���#*P�*���	�:�#*P�* �"�0&T��"กก��" �"0X
*P�6��ก
)�� NOP���7%ก��8
��ก5�6�/���� Offline filtering �
�#V"5�:6:��%
 Offline data 06:"5ก
:6*8�V"ก�8
�"� (Lower bound) 

 Q
�"ก6�/���� Online estimation ��48: �" *
iV NOP��"�"&7�V"0���5�&%2�$$��"�R (BAL-Labs, 2010; 

http://bal.buu.ac.th/bal2010/?q=siamtraffic1.0 ) �"#�0(�� Traffic map, Traffic message channel (TMC) �
� 
Hourly speed profile 02F��:� 

 5��"�������*/ 0&"5(: �" Mean Absolute Error (MAE) �
� �" Mean Absolute Percentage Error (MAPE) 
5�ก"&2&�0��� �" �"�7%ก�:��6�� *

iV  &%2#*P 9 ��8� �"����'��W�&����"� Estimated travel times �
� RFID 
probe validators 6�������)��ก&-'�
	�W�� 24 &���#"� 2.05 ก�. Q�"� 1 #"���ก 5�(��� Day off-peak 09:30 
� 16:00 �. (#Probe validators = 77) 
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Fig. 9 The accuracy of estimated travel times 7�-<_1<�ก#-039;!>&- 24 
 
  &%2#*P 9 ��8� �"����'��W�&����"� Estimated, *

iV  �
� Observed travel time ก
�"� ̀� 02F� �"����'��W�
02&*�$0#*�$&����"� Estimated travel time �
� Actual travel time (Observed RFID Prove) NOP�ก&"l�*
 �"����'��W�06:"5ก
: 1 ��"�7O�ก"&2&��"! �" �"�0&T�ก&����&"�&�* �"�7%ก�:���"ก 	8�6:��%
#*P�V"�"
02&*�$0#*�$��/���0ก�86O/�5�(���0�
" (5-min interval) 08*��ก�� ����"���0ก�86O/�5�(����
"�R��28"��#*PQ�"��" 
�"กก&"l��8�5�:0�T���" *

iV  �* �"����'��W�ก�����"��"กก�$&���0�
"5�ก"&08��#"�#*P5(:�&�� (Observed time)  
 �"&"�#*P 1 ��8� �" MAE �
� MAPE 	8�2&�0��� �"�7%ก�:��5������0�
"#*P5(:5�ก"&08��#"� (�"#*) 

6��ก
)��������"��V"��� 5 0�:�#"� 5� 4 (���0�
" AM Peak (06.30 - 09.30), Day off peak (09.30 � 16.00), 
PM Peak (16.30 � 19.00) �
� Night off peak (19.00 � 22.00) 
 
Table 1 Errors of the travel time estimates 

Traffic Link (O/D) Time Period Speed (kph) Time (min) MAE (min) MAPE (%)
O : หางเซ็นทรลัรามอินทรา Am Peak 38.69 4.17 0.62 13.89
D : หางฟูดแลนดรามอินทรา Day Off Peak 34.82 4.73 0.70 14.67
Distance = 2.64 km PM Peak 33.19 4.98 0.63 12.81

Night off Peak 37.61 4.38 0.59 13.71

O : สนามกีฬาหวัหมาก Am Peak 10.00 18.07 1.98 10.82
D : แยกลาดพราว-ศรีนครินทร Day Off Peak 10.20 17.90 2.10 14.85
Distance = 2.79 km PM Peak 12.50 13.82 1.70 11.90

Night off Peak 18.00 9.44 1.14 11.76

O : พหลโยธิน 24 Am Peak 18.61 6.85 0.99 14.40
D : สวนจตุจักร Day Off Peak 21.15 5.85 0.79 13.50
Distance = 2.05 km PM Peak 21.58 5.73 0.85 14.64

Night off Peak 23.97 5.16 0.70 13.57

O : สวนจตุจกัร Am Peak 18.02 7.15 1.06 14.07
D : พหลโยธนิ 24 Day Off Peak 18.07 7.17 0.98 13.21
Distance = 2.05 km PM Peak 9.86 14.46 2.06 12.14

Night off Peak 15.09 8.99 1.36 14.50

O : พหลโยธิน 24 Am Peak 23.43 5.53 0.76 13.65
D : ม. จันทรเกษม Day Off Peak 24.95 4.99 0.71 14.22
Distance = 1.57 km PM Peak 19.09 6.70 1.09 14.54

Night off Peak 24.27 5.31 0.92 14.41  
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 �"ก�"&"���5�:0�T���" &�$$ Siamtraffic1.0 �"�"&72&��"! �" *
iV 48:�* �"�7%ก�:��4���:��ก��"&:��
� 

85 �
��*���	�:�#*P�* �" �"�7%ก�:���"ก6O/�0
Tก�:��0�`P�&���#"�6�� Link i 0'�P�6O/� 	8��"���02F�Q
0�̀P���"ก
ก"&ก&��"� �" �"�Q�8'
"8 ��ก�"ก�*/ ���0ก�8:����" 0�`P� *

iV �* �"
8
� �&̀�ก
�"��*ก�����OP�5��3"'�&"�&#*P
��86�8�"ก6O/�  �" �"�7%ก�:��6��ก"&2&��"! �"กT�*���	�:�0'�P��"ก6O/�8:�� 0(�� (���0�
" PM Peak 5�
ก&)�0#'j NOP�02F�(���#*P�*�3"'ก"&�&"�&��86�8�"ก#*P�)8&����"�(������ #V"5�: �" �"�0&T�6�� Probe vehicle 5�
�3"'ก"&�&"�&��86�8�* �"��2&2&���:�� 
 
6. Conclusions and future developments 

 $# �"�������*/ �V"0��� Initial effort 5�ก"&'�1�"&�$$2&�0����3"'�&"�& #*P�*(`P���" Siamtraffic1.0 	8�
�"9��6:��%
 Vehicle probe #*P48:�"�"ก&�$$	 &�6�"��"&�0�l4�8* (RFID probe) �
�6:��%
 GPS probe #*P��P���%�
3"�5�	 &�6�"�7��5�ก&)�0#' 
  0&�P�8:��ก"&�&:"��"&"� OD travel time �
�&�$$d"�6:��%
3%��9"��&� #*P0กT$6:��%

�กh!�0X'"�6�����

� Link �
��"�'"������
�2&�03# 5�#)กR(���0�
" 5-min interval 6�����
���� &�$$ Siamtraffic1.0 
2&�ก�$8:�� 2 6�/�����
�ก 48:�ก� Offline filtering �
� Online estimation processes NOP��*��� �85�ก"&
��ก�$$#*P��ก��"�ก�� ก
)��������"��V"��� 5 0�:�#"� 7%ก�V"�"2&�0���2&���#W�3"'6����
ก�&�#O�#*P5(:5�ก"&
2&��"! �" Q
ก"&#8
��(*/5�:0�T���" 6:��%
 �"�0&T�ก&����&"�&#*P48:�"ก&�$$#*P�V"0����* �"�7%ก�:��	8�0X
*P�
�"กก��"&:��
� 85 
  &�$$ Siamtraffic1.0 ��%�&����"�ก"&'�1�"���"����"����0�̀P�� 0'`P�0'�P� �"�7%ก�:���
� �"���"0(`P�7`�
6��6:��%
 �
�0'`P�5�: &�$ 
)�	 &�6�"�7��#�P�ก&)�0#'j #�/��*/ก"&0'�P� �"�7%ก�:���
� �"���"0(`P�7`�6��6:��%
 
�"�"&7#V"48:���"��&�42�&��" ̀�ก"&0'�P��V"��� Vehicle probe 5�0�:�#"� (Link) #*P �"�0&T�ก&����&"�&�*
 �"��2&2&���%� &��#�/� ก"&0'�P�2&���#W�3"'6����
ก�&�#O�5�ก"&2&���
Q
 �"#�0(�� ก"&5(:6:��%
 RFID spot 
speed �
�ก"& Fuse 6:��%
�"ก��
��6:��%
2&�03#�̀P�R �"#�0(�� Infrared sensor, Autoscope �
� Cellphone 
probe 02F��:� 
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