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Abstract

今や東南アジア有数の大都市となった
ジャカルタ。その深刻な交通渋滞を解
消するための「スマート・ハイウェイ」
実現に向けた課題を検証する。

Introduction
,Q�������WKHUH�ZHUH�������������UHJLVWHUHG�YHKLFOHV 
LQ�,QGRQHVLD��FRPSDUHG�WR�WKH�\HDU����� when WKHUH�
ZHUH� RQO\� ����������� YHKLFOHV�� D� URXJKO\� �����
LQFUHDVH�LQ�D�VSDQ�RI����\HDUV�>�@��5HIHUULQJ�WR�WKH�
DIRUHVDLG�VWDWLVWLFV�SURYLGHG�E\�6WDWLVWLFV�,QGRQHVLD�
�%36�� >�@, WKH� FXUUHQW� WUDQVSRUWDWLRQ� LQIUDVWUXF-
WXUH� DQG� FDU� WHFKQRORJ\� DUH� GHHPHG� LQVXI¿FLHQW�
LQ�VXVWDLQLQJ�WKH�LQÀX[�RI�YHKLFOHV�WKDW�FDQ�PDNH�

SUREOHPV�VXFK�DV�WUDI¿F�FRQJHVWLRQ�DQG�YHKLFXODU�
DFFLGHQWV��$ERXW���������FDVHV�RI�KLJKZD\�DFFL-
GHQWV�ZHUH�UHSRUWHG�E\�%36�RQ������>�@��9DULRXV�
PHDVXUHV�KDYH�EHHQ�WDNHQ�LQ�WKH�DWWHPSW�WR�RYHU-
FRPH�WKH�WUDI¿F�SUREOHPV��2Q�WKH�RWKHU�VLGH��WUDQV-
SRUW�DFFRXQWV�IRU�����RI�JOREDO�&2��HPLVVLRQV�DQG�
FDU�XVH�LV�RQH�RI�WKH�SULQFLSDO�FRQWULEXWRUV�WR�JUHHQ-
KRXVH�JDV�HPLVVLRQV��7UDI¿F�FRQJHVWLRQ�LV�RQH�RI�
PDQ\�FDXVHV�RI�LQFUHDVHG�HPLVVLRQV�>�@��$OWKRXJK�

$WXW�3LQGDUZDWL�
��6WXGHQW��,QVWLWXWH�RI�6WDWLVWLFV��67,6���,QGRQHVLD�-O��2WWR�,VNDQGDUGLQDWD�
��&�-DNDUWD�7LPXU��,QGRQHVLD

Smart Highway: Near Future System in Jakarta

The growing number of vehicles on the road and the resulting traffic jams are deemed to increase severe 
accidents. This is due to the fact that the current transportation infrastructure and current mass technology 
applied to vehicles are unable to cope with the influx of vehicles on the road. Traffic management poses 

many critical challenges in most modern cities. To alleviate the aforementioned problems, the smart highway car 
control system concept was submitted. With the implementation of the smart highway control concept, traffic jam 
and vehicular accident can be avoided and the car users are more comfortable with a hassle-free autopilot system 
on their vehicles. This system provides both practically important traffic data collection and control information 
and can trace criminal or illegal vehicles such as stolen cars or vehicles that evade toll tax. The basic system 
architecture will be consisted of ACC sensor, RFID reader, and GPS navigation. Based on the latest technology, 
the system collects and calculates average speed and traffic information on every highway in the world. Then, 
it shares and synchronizes live traffic data by upstreaming transmission of messages about the current traffic 
situation and adjusts the speed of a specific car via communication program to the cars around it. Through a flooding 
algorithm, each server in a distinct center exchanges and updates information with all neighboring servers in other 
distinct centers so that the servers in various distinct centers can get all the latest traffic data in a highway. In 
this paper, we analyze and compare the latest developments of several different intelligent transportation systems’ 
fundamental components. We elaborate some proposed suggestions to those components and analyze the potency 
and challenges of its implementation in Jakarta transportation.
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WKH�SUREOHP�FDQ�EH�DGGUHVVHG�YLD�PDQ\�PHWKRGV� 
WKLV�SDSHU�IRFXVHV�RQ�WKH�VPDUW�KLJKZD\�FDU�PDQ-
DJHPHQW�V\VWHP�
� -DNDUWD�&LW\�� DV�RWKHU�PHWURSROLWDQ�FLWLHV� in the 
ZRUOG��IDFHV�SUREOHPV�VXFK�DV�WUDI¿F�MDP��FRPSOL-
FDWHG�XUEDQ�GHYHORSPHQW�LVVXHV��FULPH��HWF��>�@±>�@��
7KLV� VWXG\�ZLOO� H[SODLQ� DQG�HODERUDWH� WKH� FRQFHSW�
RI� LQWHOOLJHQW� WUDQVSRUWDWLRQ�PDQDJHPHQW� WHFKQRO-
RJ\�DQG�DQDO\]H�LWV�IHDVLELOiW\�WR�EH�LPSOHPHQWHG�LQ�
-DNDUWD�&LW\�

Related Works
6RPH�RI�UHFHQW�UHOHYDQW�VWXGLHV�RQ�LQWHOOLJHQW�WUDQV-
SRUWDWLRQ�KDYH�EHHQ�SURSRVHG�LQ�UHODWHG�OLWHUDWXUHV��
7DEOH�� VKRZV�VRPH�RI�WKRVH�UHOHYDQW�UHVHDUFKHV�
� 2XU�UHYLHZ�RI�WKRVH�UHOHYDQW�VWXGLHV�UHYHDOV�RQH�
LPSRUWDQW�JDS� LQ� WKHP�� WKHUH� LV�QR�FRPSUHKHQVLYH�
VWXG\�WKDW�FDQ�H[SODLQ�WKH�IXWXUH�WUDQVSRUWDWLRQ�V\V-
WHP�

Theoretical Background
6PDUW�KLJKZD\�V\VWHP�LV�D�V\VWHP VSHFL¿FDOO\�PDGH�
IRU�FDUV�WKDW�DUH�RQ�D�KLJKZD\�V\VWHP��7KLV�V\VWHP�
KHOSV�PDNH� WKHP�PRUH� VXVWDLQDEOH� WUDQVSRUWDWLRQ�
DQG�KHOSV�DOOHYLDWH�WKH�WUDI¿F�FRQJHVWLRQ�HVSHFLDOO\�
RQ�KLJKZD\V�

� 7KH�VPDUW�KLJKZD\�V\VWHP�FDQ�EH�LPSOHPHQWHG�
RQ�FDUV��HVSHFLDOO\�LQ�,QGRQHVLD�ZKHUH�-DNDUWD�LV�RQH�
RI�WKH�PRVW�MDPPHG�FLWLHV�LQ�WKH�ZRUOG�>�@��:LWK�LWV�
GHSOR\PHQW�LQ�WKH�¿HOG�RI�FDU�WHFKQRORJ\��LW�LV�KRSHG�
WKDW� LW� ZRXOG� VROYH� WKH� DIRUHPHQWLRQHG� SUREOHPV�
IDFHG�E\�WKH�JRYHUQPHQW�ZLWKLQ�WKH�KLJKZD\�

$��7UDQVSRUWDWLRQ�V\VWHP�LQ�-DNDUWD
0HWURSROLWDQ� FLWLHV� OLNH� -DNDUWD� KDYH� SRSXODWLRQ�
PRUH�WKDQ����PLOOLRQ DQG�NHHS�ULVLQJ�RQ��-DNDUWD�LV�
DOVR�NQRZQ�DV�RQH�RI�WKH�PRVW�FURZGHG�FLWLHV�in the 
ZRUOG�>��@��'LVWULFW�GHYHORSPHQWV�LQ�-DNDUWD�DUH�TXLWH�
UDSLG��HVSHFLDOO\�LQ�DUHDV�DURXQG�LWV�FHQWUDO�EXVLQHVV 
GLVWULFW��Golden Triangle, VXFK�DV�-DODQ�6XGLUPDQ��
7KDPULQ� DQG� 6XGLUPDQ� PDLQ� ODQH�� 0DWXUH� DUHDV 
VXFK�DV�&LNLQL��0HQWHQJ��.XQLQJDQ��DQG�.HED\RUDQ�
%DUX� JURZ� ÀRXULVKLQJO\� LQWR� GHYHORSHG� UHVLGHQW�
DUHD��0RVW�RI�WKH�WLPH��GLVWULFW�GHYHORSPHQW�LV�DOVR�
FRUUHODWHG�ZLWK�WKH�GHYHORSPHQW�RI�WUDQVSRUWDWLRQ¶V�
LQIUDVWUXFWXUH�� )RU� H[DPSOH�� WKH� GHYHORSPHQW� RI�
RXWHU�ULQJ�URDGV�DURXQG�-DNDUWD�DQG�QHZ�KLJKZD\V 
WKDW� FRQQHFW� VXEXUEDQ� DUHDV�� %HNDVL�� %RJRU� DQG�
7DQJHUDQJ�� 8QDQLPRXVO\� ZLWK� UHVLGHQW� DQG�PDLQ�
VWUHHW�GHYHORSPHQWV��EXVLQHVV�GLVWULFWV�VXFK�DV�VKRS-
SLQJ�FHQWHU��KRWHO��DQG�RI¿FH�FRPSOH[HV�DOVR�JURZ 
UDSLGO\�>��@�
� 7KRVH� UDSLG� GHYHORSPHQWV� DOVR� KDYH� QHJDWLYH�
HIIHFW�RQ�WUDQVSRUWDWLRQ��VXFK�DV�WUDI¿F�FRQJHVWLRQ��

Table 1.  Related relevant works

$XWKRUV /LWHUDWXUH� 5HVXOW�
Martinez et al., (2010) (PHUJHQF\�VHUYLFHV� LQ�IXWXUH�

LQWHOOLJHQW� WUDQVSRUWDWLRQ�V\VWHPV�
EDVHG�RQ� YHKLFXODU� FRPPXQLFDWLRQ�
QHWZRUNV

%\�FRPELQLQJ�9�9�DQG�9�,�FRPPXQLFDWLRQ��QHZ� LQWHOOLJHQW�
WUDQVSRUWDWLRQ� V\VWHP�ZLOO�LPSURYH�WKH� UHVSRQVH�WLPH�DQG�
HI¿FLHQW� UHVRXUFH�XVDJH�RI�URDGVLGH� HPHUJHQF\�VHUYLFHV�>�@

Taniguchi  & Shimam o t o 
(2004)

,QWHOOLJHQW� WUDQVSRUWDWLRQ�V\VWHP�
EDVHG� G\QDPLF�YHKLFOH�URXWLQJ�DQG�
VFKHGXOLQJ�ZLWK�YDULDEOH�WUDYHO�
WLPHV

'\QDPLF�YHKLFOH�URXWLQJ� DQG�VFKHGXOLQJ�PRGHO� �9537:�'��
VKRZV�WKDW�LW� FDQ�DOOHYLDWH�FRQJHVWLRQ�SUREOHPV�DV�ZHOO�DV�
UHGXFH� WRWDO�FRVWV�>�@�

Zhang et al., (2011) 'DWD�GULYHQ� LQWHOOLJHQW�
WUDQVSRUWDWLRQ�V\VWHPV��$�VXUYH\

'DWD�GULYHQ�LQWHOOLJHQW� WUDQVSRUW�V\VWHPV�LV�D�YHU\� SURPLVLQJ�
¿HOG�WKDW�FDQ�SURYLGH�PRUH�IXQFWLRQV�DQG� VHUYLFHV�WR�IXUWKHU�
LPSURYH� RXU�WUDQVSRUWDWLRQ�V\VWHP� >�@�

Zhao, (2000) 0RELOH�SKRQH� ORFDWLRQ�
GHWHUPLQDWLRQ�DQG� LWV�LPSDFW�LQ�
LQWHOOLJHQW� WUDQVSRUWDWLRQ�V\VWHPV

72$��7'2$��DQG�DVVLVWHG��*36�VROXWLRQV�DUH�WKH� OHDGLQJ�
FRQWHQGHUV�IRU� FXUUHQW�FRPPXQLFDWLRQV� XVHG�LQ�LQWHOOLJHQW�
WUDQVSRUWDWLRQ�V\VWHPV�>��@�
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HVSHFLDOO\�LQ�*ROGHQ�7ULDQJOH�DUHD��7KHVH�SUREOHPV�
OHDG�RQ�RWKHU�SUREOHPV�OLNH�DLU�SROOXWLRQ�DQG�QRLVH�
SROOXWLRQ��6HYHUDO�PDLQ�URDG�SURMHFWV�DUH�H[SHFWHG�WR�
VROYH�WKHVH�SUREOHPV�>��@�
� 8UEDQ�VWUXFWXUH�LQ�-DNDUWD�KDV�WZR�IDFHV��RQH�LV 
ORFDWHG�QHDU�WKH�PDLQ�URDGV�DQG�WKH�RWKHU�LV�ORFDWHG�
EHKLQG� WKH�XUEDQ� VSDFH��7KRVH� WUDQVSRUWDWLRQV� DUH�
EXV�� WUDLQ��angkot/angkutan kota��bajaj, ELNH� WD[L��
DQG�ELF\FOH�ojek >��@�
� 5RDG�GHYHORSPHQW�WR�SURYLGH�HQRXJK�VSDFH�IRU�
SULYDWH�YHKLFOH�PRELOLW\�KDV�WULJJHUHG�KLJK�UDWH�RI�
YHKLFOH� RZQHUVKLS� GUDVWLFDOO\�� PDNLQJ� URDGV� RQ�
-DNDUWD�RIWHQ�KHDYLO\�FRQJHVWHG�DQG�PDNH� LQHI¿-
FLHQF\�RI� WKH�IXHO�FRQVXPSWLRQ��RI�FRXUVH� WKH�DLU�
SROOXWLRQ�LV�KLJK�DQG�URDG�VDIHW\�LV�FRPSURPLVHG��
7R� GHDO�ZLWK� WUDQVSRUWDWLRQ� SUREOHPV� DERYH�� WKH�
JRYHUQPHQW� KDV� PDGH� VRPH� QHZ� LQLWLDWLYH� OLNH�
%XV�5DSLG�7UDQV�6\VWHP�3URMHFW�� DOVR� NQRZQ� DV�
7UDQV�-DNDUWD��DQG�-DNDUWD�0RQRUDLO�3URMHFW�RU�DOVR�
NQRZQ�DV�0RQR�5DLO�7UDLQ��057���EXW�WKLV�0RQR-
UDLO�SURMHFW�LV�VWLOO�XQGHYHORSHG��7UDQV�-DNDUWD�KDV�
EHHQ�IRUPHG�VLQFH������� LW�VHUYHV� WKH��VW�FRUULGRU�
URXWH�UXQQLQJ�IURP�-DNDUWD�.RWD�WR�%ORN�0��7KH��QG�

DQG��UG�URXWHV�KDYH�EHHQ�RSHUDWHG�VLQFH������DQG�
VHUYLQJ�URXWH�IURP�3XORJDGXQJ�WR�.DOLGHUHV��7KH�
PRQRUDLO�WUDLQ�ZDV�SODQQHG�DQG�EHLQJ�EXLOW�LQ�WZR�
OLQHV�� WKH� JUHHQ� OLQH� ZLOO� VHUYH� IURP� 6HPDQJJL��
&DVDEODQFD�.XQLQJDQ�6HPDQJJL��DQG�WKH�EOXH�OLQH�
VHUYH� IURP�.DPSXQJ�0HOD\X�&DVDEODQFD�7DQDK�
$EDQJ�5R[\��%XW�WKLV�SURMHFW�LV�GRJJHG�E\�¿QDQ-
FLDO�SUREOHP�>��@��$QRWKHU�NLQG�RI�WUDLQ�LQ�-DNDUWD�
LV�/LJKW�5DLO�7UDLQ��/57���WKLV�SURMHFW�LV�WKH�VDPH�DV�
WKH�057�RQH��XQGHYHORSHG��/57�KDV�EHHQ�SODQQHG�
EDVHG� RQ� -DNDUWD� �����7UDQVSRUWDWLRQ� 3ODQ�� DQG�
WRWDO�LQYHVWPHQW�RQ�WKLV�SURMHFW�LV�HVWLPDWHG�DW�����
ELOOLRQ�GROODUV��7KH�¿UVW�/57�ZLOO�EH�EXLOW�WR�FRQ-
QHFW�WKH�QHZ�WRZQ�RI�%XPL�6HUSRQJ�'DPDL��%LQ-
WDUR�-D\D��DQG�RWKHU�ODUJH�VFDOH�RI�UHVLGHQWLDO�DUHD�
RI�VRXWKZHVWHUQ�DUHD�RI�-DNDUWD��7KH�/57�ZLOO�EH�
EXLOW�RQ�WKH�VHFRQG�OHYHO�RI�WULSOH�GHFNHU�VWUXFWXUH��
VLQFH�LW�KDV�WROO�URDG�DW�¿UVW�OHYHO�DQG�DUWHULDO�URDG�
XQGHUQHDWK�>��@�

%��$GYDQWDJHV�RI�VPDUW�KLJKZD\�V\VWHP�LPSOH-
PHQWDWLRQ�LQ�-DNDUWD
7KH�VPDUW�KLJKZD\�V\VWHP�LV�FRQVLGHUHG�EHQH¿FLDO�
IRU�FDU�GULYHUV�DQG�KLJKZD\�SROLFH�DV�ZHOO�DV�LQ�HFR-
ORJLFDO�FRQVHUYDWLRQ��)RU�WKH�GULYHUV��WKH�DOO�LQ��RQH�
LQWHJUDWHG�V\VWHP�FRXOG�KHOS�WKHP�IHHO�PRUH�FRP-
IRUWDEOH�ZLWK�DXWRSLORW�V\VWHP�WKDW�FDQ�VLPSO\�GULYH�
WKHP�UHDFK�WKHLU�GHVWLQDWLRQV� $QG�LQIRUPDWLRQ�JDWK-
HUHG�YLD� WKH� LPSOHPHQWDWLRQ�RI� WKH�VPDUW�KLJKZD\�
V\VWHP�FDQ�EH�REWDLQHG�WR�SUHGLFW�WKH�WUDI¿F�SDWWHUQ�
DQG�WKH�WLPH�QHHGHG�WR�UHDFK�D�GHVWLQDWLRQ��7KHVH�DUH�
YHU\�XVHIXO� IRU�GULYHUV� WRR�� ,Q� WHUPV�RI�HFRORJLFDO�
FRQVHUYDWLRQ��WKH�OHYHO�RI�SROOXWLRQ�FDQ�EH�UHGXFHG�
E\�GHFUHDVLQJ�YHKLFOH�HPLVVLRQ��7KH�VPDUW�KLJKZD\�
V\VWHP� XVHV�$GDSWLYH�&UXLVH�&RQWURO� �$&&�� WKDW�
DXWRPDWLFDOO\� DFFHOHUDWHV� RU� GHFHOHUDWHV� D� YHKLFOH�
WR�D�GHVLUHG�YHORFLW\�DQG�SUHYHQWV�FROOLVLRQ�EHWZHHQ�
YHKLFOHV�>��@��7KLV�FDQ�EH�VKRZHG�E\�WKH�IDFW� WKDW�
YHKLFOH�WUDYHO�DQG�WLPH�RQ�URDG�DUH�UHGXFHG��$V�IXHO�
FRQVXPSWLRQ�LV�GLUHFWO\�UHODWHG�WR�YHKLFOH�NLORPHWHUV�
WUDYHOOHG��LW�ZLOO�UHGXFH�DV�ZHOO��:LWK�WKH�LQIRUPDWLRQ�
SURYLGHG�GULYHUV�DUH�DEOH�WR�DYRLG�
� *RYHUQPHQW� LV� DOVR� DEOH� WR� WDNH� EHQH¿W� IURP�
VPDUW�KLJKZD\�V\VWHP�LPSOHPHQWDWLRQ�DV�LW�FDQ�KHOS�
UHGXFH�WUDI¿F�FRQJHVWLRQ�RQ�WKH�KLJKZD\�DQG�H[SORLW�
GULYHUV¶�GDWD��H�J���*OREDO�3RVLWLRQLQJ�6\VWHP��*36���
IXHO�FRQVXPSWLRQ�� WUDYHO�GLVWDQFH��HWF���DV� WKH�FDUV�
DOZD\V�FRQQHFWHG� WR�D�JOREDO�FRQWURO�QHWZRUN�WKDW�
XQLI\�WKH�VPDUW�KLJKZD\�V\VWHP�YLD�:LUHOHVV�/RFDO�
$UHD�1HWZRUN��:/$1��

&��&DWHJRULHV�RI�VPDUW�KLJKZD\�V\VWHP
7KH�VPDUW�KLJKZD\�V\VWHP�FDQ�EH�GLYLGHG�LQWR�WKUHH�
FDWHJRULHV�� VPDUW� WROO� SD\PHQW�� VPDUW� GULYH�� DQG�
VPDUW�JHR��)XUWKHU�GLVFXVVLRQ�RQ�WKH�LPSOHPHQWDWLRQ�
RI�HDFK�FDWHJRU\�ZLWK�H[DPSOHV�RI�LWV�LPSOHPHQWD-
WLRQ�ZLOO�DOVR�EH�SURYLGHG�

6PDUW�GULYH
7KH�VPDUW�GULYH�LV�LPSOHPHQWHG�RQ�FDU�LQ�WKH�HIIRUW�WR�
RYHUFRPH�WKH�WUDI¿F�FRQJHVWLRQ�SUREOHPV�E\�HTXLS-
SLQJ� LQWHUFRQQHFWHG� DXWR� SLORW� V\VWHP��$XWR� SLORW�
V\VWHP� LV�D� V\VWHP� WKDW�GULYH�FDU�DXWRPDWLFDOO\� LQ�
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VHOI��GULYH�PRGH��7KLV�V\VWHP�ZLOO�EH�V\QFKURQL]HG�
ZLWK� HYHU\� FDU� LQ� WKDW� KLJKZD\� V\VWHP� WR� GHFLGH�
URXWH� DQG�FUXLVLQJ� VSHHG�� DVVLVWHG�E\�$&&�VHQVRU�
>��@��:KHQ�D�FDU�SDVVHV� WKURXJK�KLJKZD\�LQJUHVV��
VPDUW�GULYH�ZLOO�VHQG�LQIRUPDWLRQ�WR�WKH�FRQWURO�V\V-
WHP�DQG�WKH�HJUHVV��VR�WKH�V\QFKURQL]DWLRQ�ZLOO�EH�
HVWDEOLVKHG��:KHQ�WKH�FDU�LV�QHDULQJ�WR�WKH�HJUHVV��
WKH�V\VWHP�ZLOO�LQIRUP�WKH�GULYHU�WR�VZLWFK�WR�PDQXDO�
GULYH�PRGH�� ,I� WKH� V\VWHP� LV� XQUHVSRQVLYH�� LW�ZLOO�
VWRS�WKH�FDU�LQ�WKH�URDGVLGH�QHDU�WKH�HJUHVV��%\�XVLQJ�
WKLV�PHWKRG�ZH�FDQ�PLQLPL]H�WUDI¿F�MDP�LQ�KLJKZD\�
WKDW�ZDV�FDXVHG�E\�FRQJHVWLRQ�VKRFN�ZDYH�>�@��,QIRU-
PDWLRQ�H[FKDQJH�LV�DOVR�LPSRUWDQW�LQ�LPSOHPHQWLQJ�
VPDUW�KLJKZD\�V\VWHP� ,n tKRVH�GD\V��GDWD�IXVLRQ�KDV�
EHHQ�DSSOLHG�LQ�GLYHUVH�¿HOGV�LQ�FLYLOLDQ�DQG�PLOLWDU\�
DSSOLFDWLRQV��6HYHUDO�PHWKRGRORJLHV�KDYH�EHHQ�SUR-
SRVHG�LQ�WKH�OLWHUDWXUH�WR�IXQFWLRQ�PXOWL�VHQVRU�IXVLRQ�
DQG�DJJUHJDWLRQ�XQGHU�KHWHURJHQRXV�GDWD�FRQ¿JXUD-
WLRQV��:LWK�WKH�PRGHUQ�GHSOR\PHQW�RI�VPDUW�WUDQV-
SRUWDWLRQ�V\VWHP�DQG�QHHGV�RI�UHDO�WLPH�DQG�DFFXUDWH�
GDWD��VHYHUDO�WHFKQRORJLHV�KDYH�EHHQ�GHYHORSHG�VXFK�
DV�)ORDWLQJ�&DU�'DWD��WKDW�WKLV�GDWD�ZLOO�EH�XSORDGHG�
WR�7UDI¿F�0DQDJHPHQW�&HQWHU� �70&���2QH�RI� WKH�
DGYDQWDJHV�ZH�FRXOG�¿QG�LV�WKLV�VPDUW�JHR�IHDWXUH��
7KLV�WHFKQRORJ\�FDQ�KHOS�WKH�XVHU�WR�¿QG�RXW�WKH�WUDI-
¿F�FRQGLWLRQV�WKDW�SUHYDLO�RQ�XUEDQ�URDG�XVLQJ�QHZ�
PHDVXUHPHQW�GHYLFH�VXFK�DV�FDPHUDV��*36�DQG�FHOO�
SKRQH�WUDFNLQJ�>��@�
� %\�XVLQJ�WKLV�NLQG�RI�ZLUHOHVV�VHQVRU�WKDW�GHSOR\HG�
LQ�WKH�URDGV��ZH�FRXOG�GUDVWLFDOO\�LPSURYH�WKH�FROOHF-
WLRQ�RI�WUDI¿F�LQIRUPDWLRQ�DQG�HQKDQFH�WUDI¿F�FRQ-
WURO��:LWK�WKH�LQFUHDVLQJ�QXPEHU�RI�YHKLFOHV�RQ�WKH�
URDGV��LW�EHFRPHV�LPSRUWDQW�WR�PRQLWRU�DQG�PDQDJH�
WKH�URDGV�IRU�DEQRUPDO�EHKDYLRU�WKDW�FDQ�FDXVH�GHOD\�
RU�FRQJHVWLRQ��7KLV�VHQVRU� LV�DOVR�SRZHU�HI¿FLHQW��
DV�DQ�H[DPSOH��E\�LQWHJUDWLQJ�ORZ�SRZHU�5)�FKLSV��
KLJK�VSHHG�ORZ�SRZHU�GHVLJQ�DQG�XOWUD�ORZ�SRZHU�
ZLUHOHVV VHQVRU�QHWZRUNLQJ�SURWRFROV�LQ�YHKLFOH�FDQ�
EH�LQVWDOOHG�LQ�OHVV�WKDQ����PLQXWHV�DQG�KDYH����\HDU�
EDWWHU\�OLIH�>��@�
� 1RW�RQO\�KHOSLQJ�GULYHU�WR�DYRLG�FRQJHVWLRQ��WKLV�
ZLUHOHVV�QHWZRUN�FDQ�DOVR�EH�XVHG�WR�FRQWURO�WUDI¿F�
OLJKW�HIIHFWLYHO\��5HVHDUFK�FRQGXFWHG�E\�7XEDLVKDW�et 

al. �������VKRZV�WKDW�UHDO�WLPH�DGDSWLYH�VHQVRU�XVHG�
RQ�WUDI¿F�OLJKWV�WKDW�XVH�VLPSOH�DOJRULWKP�DQG�VHQVRU�
FDQ�LQFUHDVH��������LPSURYHPHQW�RQ�DYHUDJH�WULS�
ZDLWLQJ�WLPH�>��@�

6PDUW�WROO�SD\PHQW
7KH�VPDUW� WROO�SD\PHQW� V\VWHP� LV� LPSOHPHQWHG� WR�
RYHUFRPH� WKH� OLPLWDWLRQ� RI� WKH� FRQYHQWLRQDO� WROO�
SD\PHQW�PHWKRG�HOHFWURQLFDOO\��7KLV�LV�EHFDXVH�WKH�
FRQYHQWLRQDO� PHWKRG� FDXVHV� GHOD\� DQG� LQFRQYH-
QLHQFH�IRU�WKH�KLJKZD\�GULYHU�DV�WKH\�KDYH�WR�GHDO�
ZLWK�FDVK��7KH�VPDUW�KLJKZD\�V\VWHP�ZLOO�XVH�5DGLR�
)UHTXHQF\�,GHQWL¿FDWLRQ��5),'���7KLV�WRRO�ZLOO�EH�
SODFHG�RQ�FDU�GRRU��VR�ZKHQ�WKH�FDU�SDVVHG�LQ�IURQW�RI�
WKH�JDWH��LW�ZLOO�DXWRPDWLFDOO\�GHWHFW�DQG�SD\V�WKH�WROO�
WD[��7KH�PDLQ�FRQFHUQ�KLQGHULQJ�WKH�LPSOHPHQWDWLRQ�
LV�WKH�SULYDF\�DQG�VHFXULW\�LVVXHV��7KLV�LV�GXH�WR�IDFW�
WKDW�FRQ¿GHQWLDO�GDWD�RI�WKH�GULYHUV�DUH�EHLQJ�GHDOW�
ZLWK� WKUHDWV� VXFK� DV� VSRR¿QJ�� UHSOD\� DWWDFN�� DQG�
VQLI¿QJ�>��@��7KHUH�LV�DOVR�DQRWKHU�DOWHUQDWLYH�XVLQJ�
WKH�'HGLFDWHG�6KRUW�5DQJH�&RPPXQLFDWLRQ��'65&��
IRXQGHG�E\�%HUD�et al. ��������+H�VDLG�LQ�KLV�SDSHU�
WKDW�WKLV�QHZ�WHFKQRORJ\�FDQ�EH�DSSOLHG�DV�D�PHGLD�
IRU�URDG�WR�FDU�FRPPXQLFDWLRQ��7KLV�WHFKQRORJ\�FDQ�
PDNH�D�FRPPXQLFDWLRQ�XS�WR�����PHWHU�JHRJUDSKL-
FDOO\�EHWZHHQ�D�PRELOH�XVHU�DQG�D�¿[HG�EDVH�VWDWLRQ��
'65&�XVLQJ�ZLUHOHVV�IUHTXHQF\�QHDU����*+]��7KH�
SUREOHPV�RI�WKLV�PHWKRG�LV�WKHUH�ZLOO�EH�DQ�LQWHUIHU-
HQFH�EHWZHHQ�'65&�GHYLFHV��%XW�WKLV�LQWHUIHUHQFH�
RQO\�KDSSHQHG�DW�VRPH�IUHTXHQFLHV��%DVHG�RQ�H[SHU-
LPHQWV�FRQGXFWHG�E\�%HUD�et al.�� WKH�RSWLPXP�IUH-
TXHQF\�WR�RSHUDWH�'65&�LV�EHWZHHQ����������*+]�
>��@�

6PDUW�JHR
7KH�VPDUW�JHR�V\VWHP�LV�LPSOHPHQWHG�WR�RYHUFRPH�
WKH�OLPLWDWLRQ�RI�WKH�GULYHU�QDYLJDWLRQ��,W�FRQQHFWV�WR�
*36�V\VWHP�DURXQG�WKH�ZRUOG�YLD�VDWHOOLWHV��7KLV�V\V-
WHP�FDQ�¿QG�GULYHU¶V�GHVWLQDWLRQ�HDVLO\�DQG�FDQ�WUDFN�
WKH�FDU�ZKHQ�LW¶V�VWROHQ��7KLV�V\VWHP�DOVR�FDQ�KHOS�
WKH�JRYHUQPHQW�DV�DOWHUQDWLYH�WR�LPSURYH�QDYLJDWLRQ�
DQG�PDSV�GHYHORSPHQW�WKDW�XVHV�WKH�GULYHU�RU�FLWL]HQ�
DV�D�YROXQWHHUHG�JHRJUDSK\��6LWHV�VXFK�DV�:LNLPD-
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SLD�DQG�2SHQ6WUHHW0DS�DUH�HPSRZHULQJ�FLWL]HQ�WR�
FUHDWH�D�JOREDO�SDWFKZRUN�RI�JHRJUDSKLF�LQIRUPDWLRQ�
>��@��)HQJ�	�/DZ� ������� VD\V� LQ� WKHLU�SDSHU� WKDW�
SRVLWLRQLQJ�SOD\V�DQ�HVVHQWLDO�UROH�LQ�VPDUW�WUDQVSRU-
WDWLRQ� V\VWHP� >��@��7KH�JOREDO�SRVLWLRQLQJ� V\VWHP�
�*36��LV�UHOLDEOH�WR�EH�XVHG�LQ�GLI¿FXOW�HQYLURQPHQWV�
VXFK�DV�XUEDQ�FDQ\RQV��LQVLGH�EXLOGLQJ��HWF��%XW�*36�
DORQH� FDQ¶W� SURYLGH� HQRXJK� SRVLWLRQLQJ� DFFXUDF\��
8VXDOO\�*36�LV�DVVLVWHG�DORQJVLGH�RWKHU�WHFKQRORJLHV 
OLNH�PRELOH�SKRQH��7KH�DVVLVWHG�*36��$�*36��KDV�D�
ORW�RI�DGYDQWDJHV�LQ�VPDUW�WUDQVSRUWDWLRQ�V\VWHP� ,t 
XVHV�YDULRXV�GHYLFHV�WR�PDNH�D�W\SLFDO�SRVLWLRQLQJ�
V\VWHP�IRU�YHKLFOH��7KHUH�LV�D�GLVWDQFH�VHQVRU��HLWKHU�
DQ�RGRPHWHU� WKDW�SURYLGHV�GLVWDQFH�GLUHFWO\��RU� DQ�
DFFHOHURPHWHU�WKDW�SURYLGHV�GLVWDQFH�LQGLUHFWO\�>��@�
� 7KH� UHDVRQ�ZK\� WKH� W\SLFDO� SRVLWLRQLQJ� V\VWHP�
XVHV�PDQ\�VHQVRUV�LV�WKDW�QR�VLQJOH�VHQVRU�FDQ�SUR-
YLGH� DGHTXDWH� LQIRUPDWLRQ� IRU� QDYLJDWLRQ�� 6R the 
EHVW�VROXWLRQ�LV�WR�FRPELQH�WKHP�DOO��7KH�FRPSDULVRQ�
RI�WKRVH�PHWKRGV�DUH�VKRZQ�LQ�7DEOH���

D. 6PDUWQHVV�WUDQVSRUWDWLRQ�LQGH[�RI�-DNDUWD
7KH�IROORZLQJV�DUH�PRGL¿HG�LQGLFDWRUV�RI�WKH�VPDUW-
QHVV�WUDQVSRUWDWLRQ�OHYHO�LQ�-DNDUWD��7KHUH�DUH�WRWDO�
���LQGLFDWRUV�DQG�WKH�GDWD�VRXUFH�ZDV�WDNHQ�IURP�RXU�
SUHYLRXV�VWXG\��7KH�VPDUWQHVV�LQGH[�LV�DVVHVVHG�E\�

WKH�IROORZLQJ�IRUPXOD��,I�WKH�VPDUWQHVV�FDSDELOLWLHV�
DUH�H[LVWHG��WKHQ�JLYH�D�YDOXH�RI����DQG�LI�WKHUH�DUH�QR�
RU�QRW�\HW�GHYHORSHG�RU�WKHUH�LV�QR�SURRI��WKHQ�JLYH�
D�YDOXH�RI���>��@�
� 7KHUH� DUH� ��PDMRU� FDWHJRU\� RI� WKH� VFRULQJ�� ����
VHQVH������SURFHVV�DQG�FRQWURO������FRPPXQLFDWH������
SUHGLFW������KHDO��DQG�����SUHYHQW��DQG���VXEFDWHJR-
ULHV� IRU�HDFK��SULYDWH��SXEOLF��DQG�FRPPHUFLDO�DQG�
HPHUJHQF\�
� )RU�the VHQVH�FDWHJRU\��in SULYDWH�VHFWLRQ��-DNDUWD�
KDV� �� SRLQW� RQ� HQ-URXWH� GHWHFWLRQ�� GHWHFW� DW� SDUN-
LQJ�IDFLOLWLHV��GHWHFW�DW� LQWHUVHFWLRQV�DQG�GHWHFW�IRU�
HQIRUFHPHQW��,Q�SXEOLF�VHFWLRQ��LW�KDV���SRLQW�HQ�URXWH�
GHWHFWLRQ��GHWHFW�DW�WHUPLQDO�GHSRW��GHWHFW�DW�VWDWLRQV�
VWRSV�� SDVVHQJHU�GHWHFWLRQ� DQG�GHWHFW� IRU� HQIRUFH-
PHQW��,Q�FRPPHUFLDO�DQG�HPHUJHQF\�VHFWLRQ�LW�KDV���
SRLQW�RQ�HQ�URXWH�GHWHFWLRQ��GHWHFW�DW�WHUPLQDO�GHSRW��
GHWHFW�DW�FKHFNSRLQWV��FRQWDLQHU�FDUJR�GHWHFWLRQ�DQG�
GHWHFW�IRU�HQIRUFHPHQW�
� /RRN�LQWR�WKH�SURFHVV�DQG�FRQWURO�FDWHJRU\� ,Q�SUL-
YDWH�VHFWLRQ��LW�KDV���SRLQW�RQ�HDFK��FRQWURO�VLJQDO��
DXWRPDWHG�SDUNLQJ�V\VWHPV��LQ�YHKLFOH�VDIHW\�PDQ-
DJHPHQW��LQIUDVWUXFWXUH�VDIHW\�DQG�VHFXULW\��WROO�SDUN-
LQJ�FKDUJH�SD\PHQW��,Q�SXEOLF�VHFWLRQ��LW�KDV���SRLQW�
RQ�HDFK�� VLJQDO�SULRULW\�GULYHU�OHVV� WUDQVLW�YHKLFOH��
LQIUDVWUXFWXUH� VDIHW\�DQG� VHFXULW\�� LQWHU�PRGDO�DQG�
H�IDUH�SD\PHQW��EXW� LQ�YHKLFOH�VDIHW\�PDQDJHPHQW�
JHWV���SRLQW��,Q�FRPPHUFLDO�DQG�HPHUJHQF\�LW�DOVR�
KDV���SRLQW�RQ�HDFK�RI�VLJQDO�SULRULW\��G\QDPLF�URXWH�
JXLGDQFH��LQ��YHKLFOH�VDIHW\�PDQDJHPHQW��LQIUDVWUXF-
WXUH�VDIHW\�DQG�VHFXULW\��SD\PHQWV�DW�SRUW�LQWHUIDFH�
� ,Q�WKH�FRPPXQLFDWH�FDWHJRU\��LQ�SULYDWH�VHFWLRQ� it 
DOVR�KDV���SRLQW�RQ�YHKLFOH�GULYHU��GULYHU��LQIUDVWUXF-
WXUH��DQG�YHKLFOH�YHKLFOH��EXW�LQIUDVWUXFWXUH��YHKLFOH�
JHWV� �� SRLQW�� ,Q� SXEOLF� VHFWLRQ�� LW� KDV� �� SRLQW� RQ��
RSHUDWRU�XVHU��XVHU�DXWKRULW\��DQG�RSHUDWRU�RSHUDWRU��
EXW� DXWKRULW\�YHKLFOH� JHWV� �� SRLQW�� ,Q� FRPPHUFLDO�
DQG�HPHUJHQF\�VHFWLRQ��LW�KDV���SRLQW�RQ�DXWKRULW\�
RSHUDWRU��RSHUDWRU�GULYHU��EXW�GULYHU�DXWKRULW\��YHKL-
FOH�YHKLFOH�JHWV���SRLQW�
� 7KH� SUHGLFW� FDWHJRU\� DOPRVW� WKH� VDPH�� SULYDWH�
VHFWLRQ�ZLWK�WUDI¿F�ÀRZ�SUHGLFWLRQ��EXW�UHVSRQVLYH�
VXSSO\�DQG�HDUO\�GLVDVWHU�ZDUQLQJ�KDV�QR�SRLQW��3XE-

Table 2.  Comparison of the three methods

Method Advantages Disadvantages

Smart drive

:LWK�WKH�KHOS�RI�
7UDI¿F�0DQDJHPHQW�
&HQWHU��FRXOG�
GUDVWLFDOO\�LPSURYH�
WKH�FROOHFWLRQ�RI�
WUDI¿F�LQIRUPDWLRQ�
DQG�HQKDQFH�WUDI¿F�
FRQWURO�

1HHG�ELJ�UHVRXUFHV�
WKDW�DUH�QRW�FKHDS
'DWD�IXVLRQ�DQG�
70&�VWLOO�QHHG�WR�EH�
WHVWHG

Smart geo

&DQ�KHOS�WR�¿QG�
GULYHU¶V�GHVWLQDWLRQ�
HDVLO\�DQG�FDQ�WUDFN�
WKH�FDU�ZKHQ�LW¶V�
VWROHQ�

6LQJOH�VHQVRU�LV�QRW�
DFFXUDWH�HQRXJK�
WR�GHWHUPLQH�WKH�
SRVLWLRQ�

Smart toll 
payment

0DNHV�WKH�WROO�
SD\PHQW�HDVLHU

7KHUH�PD\�EH�VWLOO�
DQ�LQWHUIHUHQFH�
KDSSHQHG�ZKHQ�
XVLQJ�WKH�'65&�
WHFKQRORJ\�
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OLF�VHFWLRQ�ZLWK�GHPDQG�SUHGLFWLRQ�KDV���SRLQW��EXW�
UHVSRQVLYH VXSSO\�DQG�HDUO\�VHUYLFH�IDLOXUH�ZDUQLQJ�
KDV� QR�SRLQW��&RPPHUFLDO� DQG� HPHUJHQF\� VHFWLRQ�
ZLWK�GHPDQG�SUHGLFWLRQ��UHVSRQVLYH�VXSSO\�DQG�HDUO\�
GLVDVWHU�ZDUQLQJ��DOO�WKDW�WKUHH�LWHPV�JHW���SRLQW�
� ,Q the KHDO�FDWHJRU\��WKH�SULYDWH�VHFWLRQ�FRQVLVWHG�
RI�WXQQHO�UHFRYHU\�DQG�LQFLGHQW�UHFRYHU\��DQG�ERWK�
KDYH���SRLQW�HDFK��,Q�WKH�SXEOLF�VHFWLRQ��WUDFN�VHU-
YLFH� UHFRYHU\�DQG� LQFLGHQW� UHFRYHU\�KDV� WKH� VDPH�
SRLQW��,Q�FRPPHUFLDO�DQG�HPHUJHQF\�VHFWLRQ��LQFL-
GHQW�UHFRYHU\�KDV���SRLQW��EXW�DVVHW�LWHP�JHW���SRLQW�
� /DVWO\��WKH�SUHYHQW�FDWHJRU\��,Q�WKH�SULYDWH�VHFWLRQ��
LQWHJUDWHG�ODQG�XVH�SODQQLQJ�JHWV���SRLQW��3XEOLF�VHF-
WLRQ�FRQVLVWHG�RI�VSHFLDO�HYHQW�SODQQLQJ�DQG�SXEOLF�
WUDQVSRUW�SODQQLQJ�JHW���SRLQW� WRR�� ,Q� FRPPHUFLDO�
DQG�HPHUJHQF\�VHFWLRQ��FRPPHUFLDO�WUDQVSRUW�SODQ-
QLQJ�DQG�VSHFLDO�HYHQW�SODQQLQJ�JHWV���SRLQW�
� 7KH�¿QDO�FDOFXODWLRQ�RI�VPDUWQHVV�LQGH[��,6��IRU�
-DNDUWD�LV��������>��@��2QH�SRLQW�WKDW�-DNDUWD�QHHGHG�
WR�LPSURYH�LWV�VPDUWQHVV�LV�VSHFLDO�HYHQW�SODQQLQJ�RQ�
SXEOLF�SUHYHQWLRQ�

Methodology
,Q�WKLV�UHVHDUFK��ZH�FRQGXFWHG�WKH�IROORZLQJ�SURFH-
GXUH��DV�VKRZQ�LQ�)LJXUH����OLWHUDWXUH�UHYLHZ��UHVXPH�
DQDO\VLV��V\QWKHVLV��SURSRVHG�LGHD��DQG�FRQFOXVLRQ��
,Q� OLWHUDWXUH� UHYLHZ�� VHYHUDO� UHVHDUFKHV� UHODWHG� WR�

WUDQVSRUWDWLRQ�V\VWHP�DQG�YHKLFOH�PDQDJHPHQW�ZHUH�
FROOHFWHG�DQG�UHYLHZHG��7KH�UHVXOW�RI�WKH�UHYLHZ�ZDV�
XVHG�WR�PDNH�UHVXPH�DQDO\VLV�DQG�WR�IRUPXODWH�V\Q-
WKHVLV��$IWHU�V\QWKHVL]LQJ�VXJJHVWLRQV��SURSRVHG�LGHD�
ZDV�SURGXFHG��7KH�¿QDO�VWHS�ZDV�WR�JHQHUDWH�FRQFOX-
VLRQ�RI�WKLV�UHVHDUFK�

A. /LWHUDWXUH�UHYLHZ
2YHU�WKH�QH[W�IHZ�\HDUV��GULYHUV�ZLOO�EHFRPH�PRUH�
LQIRUPHG�ZLWK� WKH� DGYHQW� DQG� GHSOR\PHQW� RI� WKH�
LQWHOOLJHQW� WUDQVSRUWDWLRQ� V\VWHP��7KLV� WHFKQRORJ\�
FDQ�KHOS�WKH�GULYHU�WR�VDYH�WKH�WULS�FRVW�E\�VKRZLQJ�
WKH�PRVW� HI¿FLHQW� SDWK� WR� UHDFK� D� GHVWLQDWLRQ� DQG�
KHOS�WR�SUHYHQW�EHLQJ�FRQJHVWHG�LQ�URDGV��.HQQHG\�
et al. �������VDLG�WKDW�SURFHVV�RI�EHFRPLQJ�VXVWDLQ-
DEOH�WUDQVSRUWDWLRQ�QHHGV�IRXU�HVVHQWLDO�FRPSRQHQWV� 
���� HVWDEOLVKPHQW� RI� HIIHFWLYH� ERGLHV� IRU� ODQG�XVH�
SODQQLQJ������WKH�FUHDWLRQ�RI�IDLU��HI¿FLHQW�DQG�VWDEOH�
IXQGLQJ�PHFKDQLVPV�� ���� VWUDWHJLF� LQYHVWPHQWV� LQ�
PDMRU�LQIUDVWUXFWXUH��DQG�����WKH�VXSSRUW�RI�LQYHVW-
PHQWV�WKURXJK�ORFDO�GHVLJQ��7KH�GHYHORSPHQW�RI�WKH�
VXVWDLQDEOH� WUDQVSRUWDWLRQ� LV�D�FKDOOHQJH� WR�KXPDQ�
WHFKQRORJ\� GHYHORSPHQW� >��@�� %HVLGHV� WKDW�� WKH�
RUJDQL]DWLRQDO� FDSDFLW\� DOVR� KDV� LPSRUWDQW� VLWH� WR�
IRUP�XUEDQ�JRYHUQDQFH�IRU�VXFFHVVIXO�UHJLRQDO�ODQG�
XVH�DQG�WUDQVSRUWDWLRQ�SODQQLQJ�
� $FFRUGLQJ�WR D�UHVHDUFK�FRQGXFWHG�E\�/HYLQVRQ�
�������� XQLQIRUPHG� GULYHU� FDSDFLW\� LV� UHGXFHG� E\�
�������IRU�WKH�SHUFHQWDJH�RI�WLPH�VDYHG�SHDNV�IRU�
LQFLGHQWV�RQ�WKH�URDG�>��@��7KLV�UHVHDUFK�VKRZV�WKDW�
E\�XVLQJ�VPDUW�WUDQVSRUWDWLRQ��ZH�FDQ�VDYH�RXU�WLPH�

Fig 1.  Performance Analysis of Jakarta Transportation [21]

/LWHUDWXUH�UHYLHZ

5HVXPH�DQDO\VLV

6\QWKHVLV

3URSRVHG�LGHD

&RQFOXVLRQ

Fig.2   Procedure of Work
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RQ�WKH�URDG�E\�IROORZLQJ�WKH�VKRUWHVW�SDWK�LQIRUPHG�
E\�VPDUW�KLJKZD\�V\VWHP�WR�UHDFK�RXU�GHVWLQDWLRQ�
>��@�

%��5HVXPH
%DVHG�RQ�RXU�OLWHUDWXUH�UHYLHZ��ZH�IRUPXODWH���FDW-
HJRULHV�RI�,QWHOOLJHQW�7UDQVSRUW�6\VWHP��)LJ�����7KH�
DQDO\VLV�RI�HDFK�FDWHJRU\�LV�GHVFULEHG�LQ�7DEOH���

$GYDQFHG
YHKLFOH� FRQWURO�

V\VWHPV

$GYDQFHG
XUEDQ�

WUDQVSRUWDWLRQ�
V\VWHPV

$GYDQFHG
WUDYHOHU�

LQIRUPDWLRQ�
V\VWHPV

%XVLQHVV
YHKLFOH�

PDQDJHPHQW

$GYDQFHG
WUDQVSRUWDWLRQ�
PDQDJHPHQW�
V\VWHPV

6
components 

of ITS

$GYDQFHG
SXEOLF�

WUDQVSRUWDWLRQ�
V\VWHPV

Fig.3  Mindmap of the six fundamental components of 
Intelligent Transportation Systems [9]

Table 3.  Comparison of Recent Development State of Six Fundamental Components

No Category Paper Advantages Disadvantages

�

$GYDQFHG�
WUDQVSRUWDWLRQ�
PDQDJHPHQW�
V\VWHPV

7RZDUGV�WKH�LQWHOOLJHQW�
WUDQVSRUWDWLRQ�V\VWHPV�
�)LJXHLUHGR�������

:LWK�WKLV�VWLOO�LQ�GHYHORSPHQW� WHFKQRORJ\��
ZH�FDQ�GHFUHDVH� FRQJHVWLRQV�RQ�URDGV�
DQG�KLJKZD\V�DQG� LPSURYH�URDG�V\VWHP�
SURGXFWLYLW\�>��@

5HTXLULQJ�FRPSOH[�WDVN�WKDW�XVHV�KLJK�
HFRQRPLFDO�UHVRXUFHV�DQG�D�ODUJH�
YDULHW\� RI�WHFKQRORJLHV�>��@

�

$GYDQFHG�
YHKLFOH�
FRQWURO�
V\VWHPV

5HYLHZ�RI�WKH�6WDWH�RI�
'HYHORSPHQW�RI�$GYDQFHG�
9HKLFOH�&RQWURO�6\VWHPV�
�$9&6�� �6KODGRYHU�������

$GYDQFHG�YHKLFOH�FRQWURO�V\VWHP� �$9&6��
LQ�WHUPV�RI�RYHUDOO�V\VWHP�FDSDFLW\�
�YHKLFOHV�SHU�KRXU���IDXOW� WROHUDQFH��DQG�
WRWDO�V\VWHP�FRVW� RXWZHLJK�WKDW�FRQFHUQ��
>��@

7KHUH�DUH�VWLOO�OLPLWV�WR�WKH�
SHUIRUPDQFH� WKDW�FDQ�EH�DFKLHYHG�DW�
HDFK�OHYHO�RI� IHHGEDFN�LQIRUPDWLRQ��
DQG�KLJKHU�OHYHOV� RI�SHUIRUPDQFH�
JHQHUDOO\�UHTXLUH�PRUH� LQIRUPDWLRQ�
>��@

�

$GYDQFHG�
XUEDQ�
WUDQVSRUWDWLRQ�
V\VWHPV

8UEDQ�SXEOLF� WUDQVSRUWDWLRQ�
V\VWHPV� �9XFKLF�������

,Q�VPDOO�FLWLHV�WKH�UROH�RI�WUDQVLW�LV�
SUHGRPLQDQWO\�VRFLDO��LQ�PHGLXP�VL]HG�
FLWLHV��WUDQVLW�EHFRPHV�DQ�LPSRUWDQW� IDFWRU�
LQ�SURYLGLQJ�DQ�HI¿FLHQW� DOWHUQDWLYH�WR�
GULYLQJ��,Q�PHJD�FLWLHV�� UHSUHVHQWV�WKH�PRVW�
HI¿FLHQW� WUDQVSRUWDWLRQ�V\VWHP�IRU�ODUJH�
YROXPHV� RI�SDVVHQJHU�WUDYHO�>��@

7UROOH\EXVHV�V\VWHP�UHTXLUH�KLJKHU�
LQYHVWPHQW�LQ�OLQHV�DV�ZHOO�DV�LQ�
YHKLFOHV�� /LQHV�FDQQRW�EH�UHURXWHG�LI�
WKLV�LV�QHHGHG� IRU�WHPSRUDU\�FKDQJHV�
>��@�

�

$GYDQFHG�
SXEOLF�
WUDQVSRUWDWLRQ�
V\VWHPV

5HYLHZ�RI�WKH�$SSOLFDWLRQV�RI�
$JHQW�7HFKQRORJ\�LQ�7UDI¿F�
DQG�7UDQVSRUWDWLRQ�6\VWHPV�
�&KHQ�������

7KH�LQWHJUDWLRQ�RI�QHZ�WHFKQRORJLHV��
VXFK�DV�PRELOH�DJHQW�WHFKQRORJ\��VKRXOG�
HQKDQFH�WKH�ÀH[LELOLW\�RI�V\VWHPV�DQG� WKH�
DELOLW\�WR�GHDO�ZLWK�XQFHUWDLQW\�LQ� G\QDPLF�
HQYLURQPHQWV�>��@

7KH�GHVLJQ�LPSOHPHQWDWLRQ��
DQG� DSSOLFDWLRQ�RI�DJHQW�EDVHG�
DSSURDFKHV�LQ� WKH�DUHD�RI�WUDI¿F�DQG�
WUDQVSRUWDWLRQ�DUH� VWLOO�LPPDWXUH�DQG�
QHHG�WR�EH�IXUWKHU� VWXGLHG�>��@

�
%XVLQHVV�
YHKLFOH�
PDQDJHPHQW

6PDUW�FDUG�GDWD�XVH�LQ� SXEOLF�
WUDQVLW��$�OLWHUDWXUH� UHYLHZ�
�3HOOHWLHU�HW�DO��� �����

6PDUW�FDUG�V\VWHPV�FDQ�EH�XVHIXO�IRU�
SURYLGLQJ�GDWD�WR�ERWK�SODQQHUV�DQG�
UHVHDUFKHUV�VR�WKDW�ZH�FDQ�HQKDQFH�
WKH� VWUDWHJLF��WDFWLFDO��DQG�RSHUDWLRQDO�
SHUIRUPDQFH�RI�WUDQVLW�DXWKRULWLHV�>��@�

7KH�UHVHDUFK�DQG�GHYHORSPHQW�FRVW�
LV� KLJK�
7KH�FRVW�RI�LPSOHPHQWDWLRQ�LV�KLJK��
6RFLDO�DFFHSWDQFH�LV�VORZ�>��@

�

$GYDQFHG�
WUDYHOHU�
LQIRUPDWLRQ�
V\VWHPV

7UDYHO�LQIRUPDWLRQ�DV�DQ�
LQVWUXPHQW�WR�FKDQJH� GULYHUV¶ 
WUDYHO�FKRLFHV�� D�OLWHUDWXUH�
UHYLHZ� �&KRUXV�HW�DO��������

0RGDO�VKLIWV�WRZDUGV�WUDQVLW�DQG�
DGDSWDWLRQV�RI�GHSDUWXUH�WLPH�DQG�URXWH�
FKRLFHV�ZRXOG�UHGXFH�SDVVHQJHU� WUDQVSRUW�
H[WHUQDOLWLHV�VXFK�DV� FRQJHVWLRQ��IRVVLO�IXHO�
H[KDXVWLRQ��QRLVH�� HWF��>��@

7KH�YDULDWLRQ�LQ�EHKDYLRUDO�UHVSRQVH�
WR� LQIRUPDWLRQ��D�VXEVWDQWLDO�SDUW�RI�
WKLV� YDULDWLRQ�ZLOO�DOZD\V�UHPDLQ�
XQH[SODLQHG�� WUDYHOHU�EHKDYLRU��
DQG�SDUWLFXODU�WUDYHOHUV¶� UHVSRQVH�
WR�NQRZOHGJH�OLPLWDWLRQV�DQG�
LQIRUPDWLRQ�SURYLVLRQ�>��@
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C. Synthesis
%DVHG�RQ�WKH�UHVXPH�DQDO\VLV��ZH�V\QWKHVL]H�VXJJHV-
WLRQV�IRU�HDFK�FRPSRQHQW�RI�,QWHOOLJHQW�7UDQVSRUWD-
WLRQ�6\VWHP��7DEOH�����

D. Proposed idea
7KLV�SDSHU�VHW�RXW�WR�SURYLGH�OLWHUDWXUH�UHYLHZ�VKRZ�
WKDW�VPDUW�KLJKZD\�V\VWHP�VKRXOG�JLYH�EHQH¿WV�WR�
XVHUV�DQG�VRFLHW\�RYHUDOO��7KH�DPRXQW�RI�WLPH�VDYHG�
XQGHU� UHFXUULQJ� FRQJHVWLRQ� LQ�PHWURSROLWDQ� FLWLHV��
$IWHU�DQDO\]LQJ� WKH� OLWHUDWXUH�� WKH�FRQFUHWH� LGHD� WR�
PDNH�WKLV�KDSSHQ�LV�GHYHORSLQJ�DQG�LPSOHPHQWLQJ�
WKH�PRVW�QHHGHG�FRPSRQHQWV�DERYH�� WKH�DGYDQFHG�
WUDYHOHU� V\VWHP�� EHFDXVH� LW� LV� WKH�PDLQ� SRLQW� WKDW�
DZDUHQHVV� RI� HDFK� LQGLYLGXDO� FDQ� UHDFK�� /LNH� WKH�
DIRUHPHQWLRQHG� VHQWHQFHV� DERYH�� WKH� XQLQIRUPHG�
URDG�XVHUV�KDYH�WKHLU�FDSDFLW\�UHGXFHG�E\��������
ZLWKRXW� WKH�KHOS�RI� WKDW� WHFKQRORJ\��7KH�GHYHORS-
PHQW�RI�WKH�VPDUW�WUDQVSRUWDWLRQ�V\VWHP�LQYROYHV�D�
ODUJH�QXPEHU�RI�DUHDV�� WKH�¿UVW�RQH�ZH�PD[LPL]H��

UH¿QH��DQG�LPSOHPHQW�LWV�WHFKQRORJ\�DQG�LWV�XVDJH��
WKH�VPDUW�JHR��$IWHU�WKDW��WKH�VHFRQG�GLUHFWLRQ�LV�PDVV�
SURGXFWLRQ� DQG� LPSOHPHQWDWLRQ� RI� VPDUW� KLJKZD\�
V\VWHP�� WKH�DOO�LQ� LQWHJUDWHG�VPDUW�GULYLQJ�V\VWHP��
$QG�WKH�WKLUG�SRVVLELOLW\�FRQVLVWV�RI�GHYHORSPHQW�DQG�
UH¿QHPHQW�RI�PRGHO�RI�URDGV��YHKLFOHV��DQG�KXPDQV��
VR�WKH�ODVW�WKLQJ��ZH�FDQ�SODQ�RXW�WKH�IXWXUH�RI�VPDUW�
KLJKZD\�WUDQVSRUWDWLRQ�V\VWHP��,Q�WKH�IXWXUH��WKHUH�
ZLOO�EH�QR�PRUH�FRQJHVWLRQ��QR�PRUH�LQHI¿FLHQW�IXHO�
FRQVXPSWLRQ��DQG�QR�PRUH�ZDVWHG�WLPH�RQ�URDGV�WR�
UHDFK�D�GHVWLQDWLRQ��$OO�RI� WKHVH� WHFKQRORJLHV�ZLOO�
PDNH�VXVWDLQDELOLW\�LQ�WKH�EULJKW�IXWXUH�

E. Consideration
$PRQJ�WKH�VL[�VXJJHVWLRQV��ZH�FRQVLGHU�WKH�DGYDQFHG�
WUDYHOHU�LQIRUPDWLRQ�V\VWHPV�LV�WKH�IXQGDPHQWDO�RI�
WKH� LQWHOOLJHQW� WUDQVSRUWDWLRQ� V\VWHP�� EHFDXVH� WKH�
LQGLYLGXDO�GULYHU�KDYH�XQLTXH�YDULDWLRQ�LQ�EHKDYLRUDO�
UHVSRQVH� WR� WKH� LQIRUPDWLRQ�� DQG� EHFDXVH� RI� WKH�
OLPLWDWLRQ�RI�WKH�NQRZOHGJH�DPRQJ�WKH�GULYHUV�

Table 4.  Proposed Suggestions for Six Fundamental Components

No Category Paper Suggestion

�
$GYDQFHG�
WUDQVSRUWDWLRQ�
PDQDJHPHQW� V\VWHPV

7RZDUGV�WKH�LQWHOOLJHQW�
WUDQVSRUWDWLRQ�V\VWHPV�
�)LJXHLUHGR�������

&RQWLQXRXV�GHYHORSPHQW�RI�URDG�YHKLFOH�V\VWHP��QDYLJDWLRQ�
V\VWHP��ERDUG� FRPSXWHUV��UHDO�WLPH�WUDI¿F�WUDQVPLVVLRQ��DQG�
SXEOLF�IXOO\�DXWRPDWHG�LQGLYLGXDO� FDUV�IRU�SXEOLF�XVH�>�@

� $GYDQFHG�YHKLFOH�
FRQWURO�V\VWHPV

5HYLHZ�RI�WKH�6WDWH�RI�
'HYHORSPHQW�RI�$GYDQFHG�
9HKLFOH�&RQWURO�6\VWHPV��$9&6��
�6KODGRYHU�������

7KH�KLJKHVW�OD\HU�RI�WKH�IXOO\�DXWRPDWHG�FRQWURO�V\VWHP�LV�WKH�
QHWZRUN�OD\HU�� (DUOLHU�FRPPXQLFDWLRQ�WHFKQRORJ\�FRQVLGHUHG�
REVROHWH�EHFDXVH�RI�WKH�GUDPDWLF� FKDQJH�LQ�FRPSXWHU�KDUGZDUH�
DQG�VRIWZDUH�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV�WKDW� KDYH�RFFXUUHG�
VLQFH�WKHQ�>��@�

�
$GYDQFHG�XUEDQ�
WUDQVSRUWDWLRQ�
V\VWHPV

8UEDQ�SXEOLF�WUDQVSRUWDWLRQ�
V\VWHPV� �9XFKLF�������

7UDQVLW�PXVW�EH�SODQQHG�DW�WKH�VDPH�WLPH�DV�VWUHHWV�DQG�KLJKZD\V��
DQG�JLYHQ�WKH�QHFHVVDU\�SULRULWLHV�WR�DFKLHYH�D�GHVLUDEOH�EDODQFHG�
XVH�RI�WUDQVLW��FDUV��ELF\FOHV�� SHGHVWULDQ�DQG�RWKHU�PRGHV�RI�
WUDQVSRUWDWLRQ�>��@�

�
$GYDQFHG�SXEOLF�
WUDQVSRUWDWLRQ�
V\VWHPV

5HYLHZ�RI�WKH�$SSOLFDWLRQV�RI�
$JHQW�7HFKQRORJ\�LQ�7UDI¿F�DQG�
7UDQVSRUWDWLRQ�6\VWHPV� �&KHQ��
�����

0DNH�DQ�LQWHJUDWHG�FURVV�VHFWRUV��WUDQVSRUWDWLRQ��ODQG�XVH��HQHUJ\��
HWF��DQG�VFDOH� �XUEDQ��UHJLRQDO�DQG�JOREDO�SROLFLHV���0XVW�EH�
DGYDQFHG�WKURXJK�LQWHJUDWHG� VWXGLHV�RI�HQYLURQPHQWDO�FRQGLWLRQV�
ZLWKLQ�WKHVH�FLWLHV�>��@�

� %XVLQHVV�YHKLFOH�
PDQDJHPHQW

6PDUW�FDUG�GDWD�XVH�LQ� SXEOLF�
WUDQVLW��$�OLWHUDWXUH� UHYLHZ�
�3HOOHWLHU�HW�DO��� �����

'HYHORSLQJ�VPDUW�FDUG�GDWD�IRU�VWUDWHJLF��WDFWLFDO��DQG�RSHUDWLRQDO�
SXUSRVHV�ZLOO� KHOS�WR�LPSURYH�WKH�SXEOLF�WUDQVSRUWDWLRQ�V\VWHP�
DQG�LQFUHDVH�LWV�UROH�LQ� VXVWDLQDEOH�WUDQVSRUWDWLRQ�>��@�

� $GYDQFHG�WUDYHOHU�
LQIRUPDWLRQ�V\VWHPV

7UDYHO�LQIRUPDWLRQ�DV�DQ�
LQVWUXPHQW�WR�FKDQJH� FDUGULYHUV¶�
WUDYHO�FKRLFHV�� D�OLWHUDWXUH�UHYLHZ�
�&KRUXV�HW�DO��������

$�XVHIXO�DQG�OHVV�FRVWO\�DOWHUQDWLYH�GDWD�FROOHFWLRQ�PHWKRG�LV�WR�
FRQVWUXFW�D� PXOWLPRGDO�WUDYHO�VLPXODWRU�H[SHULPHQW�
&RQVLGHULQJ�WKH�SURYLVLRQ�RI�WUDYHO�LQIRUPDWLRQ�DV�D�WUDYHO�GHPDQG�
WRRO�DPRQJ� FDU�GULYHUV�>��@�
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Result and Discussion
A. 3RWHQF\�RI�6PDUW�+LJKZD\�V\VWHP�LQ�-DNDUWD
&RQJHVWLRQ� LV� D� FDXVH�RI� LQFUHDVHG� HPLVVLRQV� DQG�
WKHUH� LV�D�VWUDWHJ\�WR� LQFUHDVH�URDG�FDSDFLW\��EXW� LW�
LV�QRW� WKH� DQVZHU��$FWLYH� WUDI¿F�PDQDJHPHQW� V\V-
WHP�FDQ�VLJQL¿FDQWO\�UHGXFH�FRQJHVWLRQ��7KH�VPDUW�
KLJKZD\�FRQFHSW�DSSHDUV�RQ�WKH�UDWLRQDOH�WR�UHVROYH 
WUDI¿F�FRQJHVWLRQ�SUREOHP�LQ�-DNDUWD��7KLV�OLWHUDWXUH�
UHVHDUFK�VKRZV�FOHDUO\�WKH�SRWHQWLDO�RI�XVLQJ�VPDUW�
KLJKZD\�V\VWHP�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�WUDI-
¿F�DQG�WUDQVSRUWDWLRQ�V\VWHP��,Q�JHQHUDO��WKH�GHVLJQ��
LPSOHPHQWDWLRQ�DQG�DSSOLFDWLRQ�RI� VPDUW�KLJKZD\�
V\VWHP�LQ�WKH�DUHD�RI� WUDI¿F�DQG�WUDQVSRUWDWLRQ�DUH�
VWLOO� LPPDWXUH�DQG�QHHG� WR�EH�IXUWKHU�VWXGLHG��7KH�
LQWHJUDWLRQ�ZLWK�RWKHU�WHFKQRORJLHV��VXFK�DV�PRELOH�
DJHQW�WHFKQRORJ\��VKRXOG�EH�FRQVLGHUHG�WR�HQKDQFH�
WKH�ÀH[LELOLW\�DQG�WKH�DELOLW\�WR�GHDO�ZLWK�XQFHUWDLQ�
FRQGLWLRQV�LQ�HQYLURQPHQW��2QH�GD\�WKLV�V\VWHP�PD\�
EHFRPH� WKH� IXWXUH�RI� WUDQVSRUW� V\VWHP�RQ�VXVWDLQ-
DEOH�GHYHORSPHQW�LQ�JHQHUDO��,Q�WKLV�FDVH��D�EURDGHU�
UDQJH� RI� VXVWDLQDELOLW\� LQGLFDWRUV�PD\� EH� FRQVLG-
HUHG��&KDQJHV� LQ� WKH� WUDQVSRUW� VHFWRU�PD\� LQGXFH�
FKDQJHV�LQ�YDULRXV�RWKHU�VHFWRUV��ZKLFK�LQ�WXUQ�PD\�
DIIHFW�VXVWDLQDEOH�GHYHORSPHQW��)RU�H[DPSOH��LW�PD\�
LQGXFH�PDFUR��HFRQRPLF�FKDQJHV��H�J��ORZHU�SURGXF-
WLRQ�FRVWV��DQG�KLJKHU�SURGXFWLRQ�YDOXHV�LQ�WUDGH�DQG�
LQGXVWU\��� UHVXOWLQJ� LQ�FKDQJHV� LQ�*URVV�'RPHVWLF 
3URGXFW��*'3��DQG�HPSOR\PHQW�OHYHOV�

%��&KDOOHQJHV� RI� 6PDUW� +LJKZD\� V\VWHP� LQ�
-DNDUWD
$�QXPEHU�RI�FKDOOHQJHV�FDQ�EH� LGHQWL¿HG��VXFK�DV�
GHPDQG�� FRVWV�� HIIRUW� DQG� FRQWLQXLQJ� UHVHDUFK� IRU�
VPDUW� KLJKZD\� V\VWHP��7KH� ¿UVW� FKDOOHQJH� LV� WKH�
IXQGLQJ�WR�GR�D�UHVHDUFK�WR�PDNH�D�SURWRW\SH�RI�WKLV�
V\VWHP��DQG�WKH�FRQWLQXLQJ�UHVHDUFK�WR�PDNH�EHWWHU�
V\VWHP��&RVWV�ZLOO�QRW�EH�FKHDS��%XW�LI�WKH�GHPDQG�
IRU�WKH�V\VWHP�LV�KLJK��WKH�SURGXFWLRQ�FRVWV�ZLOO�DXWR-
PDWLFDOO\�EH�UHGXFHG��6R��D KHOS�IURP�JRYHUQPHQW�
WR�PDNH�DQ�DGRSWLRQ�RI�WKLV�V\VWHP�WR�HYHU\�FDU�LQ�
-DNDUWD�LV�QHFHVVDU\�
� 7KLV�PHDQV�WKHUH�LV�DQ�RSSRUWXQLW\�WR�FRRSHUDWH�
ZLWK� SROLF\� PDNHUV�� DQG� WKH� LPSOHPHQWDWLRQ� ZLOO�

EHFRPH�LQFUHPHQWDO�DW�EHVW��7KHUH�QHHGV�WR�EH�D�FRO-
OHFWLYH� UHGLVFRYHU\� RI� FRQ¿GHQFH� LQ� VWUDWHJLF� DQG�
ORQJ�WHUP�SODQQLQJ�IRU�WUDI¿F�FRQJHVWLRQ�LQ�-DNDUWD�
DQG�HFRORJLFDO�FRQVHUYDWLRQ��$�FRQVLVWHQW�SURJUHVV 
VKRXOG�EH�PDGH�WRZDUG�WKLV�V\VWHP�DV�RQH�RI�PDQ\�
VROXWLRQV�IRU�DIRUHPHQWLRQHG�SUREOHPV��DQG�RI�FRXUVH�
DQ�LQFUHDVH�LQ�IXQGLQJ�OHYHOV��7KLV�FDQ�EH�EHVW�DWWDLQHG�
E\�WKH�IRUP�RI�VWUDWHJLF�SODQQLQJ�V\VWHP�SURSRVHG�E\�
WKH�JRYHUQPHQW�DW�-DNDUWD�&LW\�DQG�WKHQ�WKLV�V\VWHP�
FDQ�EH�LPSOHPHQWHG�EURDGO\�DW�WKH�QDWLRQDO�OHYHO�
� 7R�UHDFK�D�VXVWDLQDEOH�WUDQVSRUW�V\VWHP��GULYHUV�
PD\�KDYH� WR� GULYH� OHVV� DQG� HQKDQFH� DFFHVVLELOLW\��
+RZHYHU��IURP�DQ�LQGLYLGXDO�SRLQW�RI�YLHZ�LW�PD\�EH�
PRUH�DWWUDFWLYH�WR�FRQWLQXH�GULYLQJ�EHFDXVH�RI�PDQ\�
DGYDQWDJHV�RI� LQGLYLGXDO�FDU�XVH��7KH�FDU� LV�HVSH-
FLDOO\�DWWUDFWLYH�EHFDXVH�RI�LWV�FRQYHQLHQFH��LQGHSHQ-
GHQFH��ÀH[LELOLW\��FRPIRUW��VSHHG��SHUFHLYHG�VDIHW\��
DQG�SULYDF\��7KH�FDU�DOVR�SURYLGHV�PRUH�VWDWXV�DQG�
SOHDVXUH�WKDQ�RWKHU�PRGHV�RI�WUDQVSRUWDWLRQ�

Conclusion and Future Works
,Q� WKLV� VWXG\�� WKH� YDULRXV� W\SHV� RI� VPDUW� KLJKZD\�
V\VWHP� KDYH� EHHQ� SUHVHQWHG�� )URP� WKH� YDULRXV�
H[DPSOHV� RI� WKH� LPSOHPHQWDWLRQ� RI� VXFK� V\VWHPV 
EHLQJ�SUHVHQWHG��ZH�FDQ�VD\�WKDW�LW�LV�HI¿FLHQt�LQ�DOOH-
YLDWLQJ�WKH�WUDI¿F�SUREOHPV�WKDW�DULVH�HVSHFLDOO\�LQ�
MDPPHG�FLWLHV�OLNH�-DNDUWD��7KHUH�PD\�EH�VRPH�GLV-
DGYDQWDJHV�LQ�WKH�LPSOHPHQWDWLRQ�RI�VXFK�V\VWHPV��
EXW�WKH�DGYDQWDJHV�IDU�RXWZHLJK�LWV�GLVDGYDQWDJHV��
:LWKRXW�QHZ� WHFKQRORJLHV�� VXFK� WUDI¿F�FRQJHVWLRQ�
DQG�HPLVVLRQ�UHGXFWLRQ�PD\�EH�FRQVLGHUHG�LPSRV-
VLEOH�WR�PHHW�LI�QRW�DGRSWHG��8QIRUWXQDWHO\��DOWKRXJK�
WHFKQRORJLHV�FRXOG�WKHRUHWLFDOO\�SURYLGH�WKH�WUDI¿F�
FRQJHVWLRQ�VROXWLRQ��EXW�LQ�&2��UHGXFWLRQ�ZRXOG�EH�
GLI¿FXOW��H[SHQVLYH�DQG�ORQJ�WHUP�VROXWLRQV��7KHUH�
DUH�RWKHU�FRPELQHG�PHDVXUHV�ZKLFK�ZRXOG�SURYLGH�D�
TXLFNHU�DQG�HDVLHU�VROXWLRQ�RYHU�D�VKRUWHU�WLPH VSDQ�

 •  Car use and ownership. 2Q�WKH�XUEDQ�FLW\�OLNH�
-DNDUWD��WUDQVSRUW�V\VWHP�KDV�JUHDW�LQHUWLD�DQG�
WDNH� \HDUV� WR� FKDQJH��$V� D� UHVXOW��ZLWKRXW� D�
VWULFW�SROLF\��WKHUH�ZLOO�EH�PDQ\�PRUH�FDUV�LQ�
-DNDUWD��,QVWHDG�RI�SURPRWLQJ�HGXFDWLRQ�WR�SHR-
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SOH�� WKH� JRYHUQPHQW� VKRXOG� RIIHU� VXEVWDQWLDO�
WD[�LQFHQWLYHV�RQ�VPDOOHU�FDUV�WR�OLPLW�WKH�EX\�
RI�QHZ�FDUV�SHU�\HDU��$OWKRXJK�VHHQ�DV�PRUH�
ORQJ�WHUP�VROXWLRQ��ODQG�XVH�SODQQLQJ�FRXOG�EH�
WKH�RQH�VROXWLRQ�LQ�-DNDUWD�

 •  Road freight. 7KHUH� LV� D� QHHG� WR� LQFUHDVH� WKH�
SXEOLF�DZDUHQHVV�RI�XVLQJ�PDVV�WUDQVSRUWDWLRQ��
7KLV�V\VWHP�KDV�EHHQ�DSSOLHG�LQ�-DNDUWD�DV���LQ���
URDG��7KLV�FDQ�HQFRXUDJH�UHJLRQDO�SURGXFWLRQ�LQ�
D�WLPHVFDOHV�DQG�FDQ�UHGXFH�HPSW\�UXQQLQJ�

� :H�KDYH�SHUIRUPHG�WKH�DQDO\VLV�DQG�FRPSDULVRQ�
DPRQJ�WKH�UHFHQW�GHYHORSPHQW�RI�VL[�IXQGDPHQWDO�
FRPSRQHQWV� RI� LQWHOOLJHQW� WUDQVSRUWDWLRQ� V\VWHP��
:H�DOVR�KDYH�HODERUDWHG�VRPH�DOWHUQDWLYHV�WR�WKRVH�
FRPSRQHQWV�DQG�DQDO\]HG�LWV�IHDVLELOLW\�WR�EH�LPSOH-
PHQWHG�LQ�-DNDUWD� WUDQVSRUWDWLRQ�V\VWHP��)URP�WKH�
GLVFXVVLRQ�DERYH��ZH�IRXQG� WKDW� WKH�PRVW� IHDVLEOH�
WHFKQRORJ\�WKDW�FDQ�EH�DSSOLHG�WR�WKH�VPDUW�KLJKZD\�
V\VWHP�LV� WKH�VPDUW�JHR��EHFDXVH� WKH�$�*36�WHFK-
QRORJ\�LV�SURYLGHG�JOREDOO\�YLD�VDWHOOLWHV�DQG�FDQ�EH�
XVHG�LQ�YDULRXV�GLI¿FXOW�HQYLURQPHQWV�VXFK�DV�XUEDQ�
FDQ\RQV��LQVLGH�EXLOGLQJV��HWF�
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