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7DEOH�RI�&RQWHQWV��
 
 
,QWHUQVKLS BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB� 

$FNQRZOHGJPHQWV� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB� 

�� )UDQFH�7HOHFRP�5	'� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB� 

����$ERXW�)UDQFH�7HOHFRP�5	'� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB � 

����7KH�5'&�³+HDUW�RI�1HWZRUN´� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB � 

�� ,QWURGXFWLRQ�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB� 

����*HQHUDO�SUHVHQWDWLRQ�DERXW�63217(;�3URMHFW�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB � 

7KLV�FRXOG�EH�IRXQG�LQ�6LGL�0R
V�SUHVHQWDWLRQBBBBBBBBBBBBBBBBBBBBBBBBBBB Erreur ! Signet non défini. 

����5ROH�RI�WKH�9$1(7�LQ�63217(;�SURMHFW BBBBBBBBBBBBBBBBBBBBBBBBBBB Erreur ! Signet non défini. 

����7DVN� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Erreur ! Signet non défini. 

�� ,QWURGXFWLRQ�WR�9HKLFXODU�$G�+RF�1HWZRUNV��9$1(7�� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 

����,QWURGXFWLRQ�WR�0RELOH�$G�+RF�1HWZRUNV�0$1(7��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB � 

����,QWURGXFWLRQ�WR�9HKFXODU�$G�+RF�1HWZRUNV��9$1(7��BBBBBBBBBBBBBBBB Erreur ! Signet non défini. 

����9$1(7�GLIIHUHQW�SURMHFWV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����VXPPDU\�&KDUDFWHUL]DWLRQ�DQG�FKDOOHQJDHV�LQ�9$1(7BBBBBBBBBBBBBBBB Erreur ! Signet non défini. 

�� &KDUDFWHUL]DWLRQ�DQG�FKDOOHQJDHV�LQ�9$1(7� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 

����0RELOLW\�DQG�1HWZRUN�&KDUDFWHUVWLFV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����(QDEHOLQJ�7HFKQRORJLHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����2SHUDWLQJ�(QYLURQPHQW� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����$SSOLFDWLRQ�5HTXLUHPHQW� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����6\VWHP�5HOLDELOLW\ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Erreur ! Signet non défini. 

����,QWHUQHW�&RQQHFWLYLW\ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Erreur ! Signet non défini. 

����6HFXULW\�DQG�3ULYDF\ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����3K\VLFDO�/D\HU�9$1(7 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����0$&�/D\HU�9$1(7 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

�����5RXWLQJ�LQ�9$1(7BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

�� 9$1(7�([SHULPHQWV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 

����9$1(7�7HVWEHG BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����([SHULPHQW�VHWXS BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

����7HVW�(QYLUHQPHQW�DQG�7HVWLQJ�6FHQDULRVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 
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����5HVXOWV�DQG�$QDO\VLVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �� 

�� 7HUPLQRORJ\ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 

�� 5HIHUHQFHVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 

�� $SSHQGLFHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 

�� 7HUPLQRORJ\� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 

���  5HIHUHQFHV� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 

���  $SSHQGLFHV� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�� 
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�
1. France Telecom R&D: 

France Telecom, listed on the stock markets in Paris and New York, serves ���� PLOOLRQ�
FXVWRPHUV�on five continents in 220 countries. 

In 2004, the Group recorded an increase of 7.7 million mobile subscribers (+13.9%) and 469,000 

fixed telephony subscribers, mainly in Spain and Poland. Broadband access, as a percentage of total 

Internet access provided, is growing strongly, at 45.9% for Europe on 31 December 2004 compared 

with 25.2% a year earlier. France Telecom Group’s consolidated turnover was �����ELOOLRQ�HXURV�on 

31 December 2004, i.e., growth of 4.1% on the basis of pro forma data (2.2% on the basis of historical 

data). The trend in terms of historical data is affected by the negative impact of exchange rates and 

variations in scope, particularly due to the sale of CTE Salvador in October 2003 and Orange 

Denmark in October 2004. 

1.1 About France Telecom R&D: 

France Telecom has placed innovation at the core of the Group's strategy in order to speed up 

its growth and positioning as an integrated operator. 

   The contribution of the R&D Division to the development of the Group's commercial offerings 

takes multiple forms in order to enable the Group to remain the leader on its markets:  

�  improvement of existing offerings  

�  development of innovative technology and services  

�  integration of network architectures and infrastructures  

�  optimisation of take-to-market processes  

�  industrial dynamics  

�  expertise for its foreign subsidiaries  

�  close co-operation with major industrial groups and the scientific community worldwide  

�����������
	���
 � ��� ���������
Regard

ing to the stock market records in 
Paris and New York ,France 
Telecom is considered as on of the 
Giant Operator with over than 125 
million subscriber over all the five 
continents in 220 different 
countries.  
�����������
	���
 � ��� ���������

raise 
�����������
	���
 � ��� ���������

fixed 
line phone 
�����������
	���
 � ��� ���������

no 
need for that 
�����������
	���
 � ��� ���� ����

You 
can say higher gross rate than 
before  
�����������
	���
 � ��� ����!����

What 
is this ?? 

�����������
	���
 � ��� ����"����
Push 

forward 
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As a result, this contribution provides an ideal boost for co-operation to produce integrated, 

high added-value convergence services. France Telecom is the only French telecom operator with an 

integrated R&D. 

Some Key figures about France Telecom R&D: 

x ���� of the annual sales of the Group (+19.9% compared to 2004).  

x �� sites, including 9 established abroad: Boston, London, Beijing, San Francisco, Tokyo, 

Warsaw, New Delhi, Seoul, Guangzhou (Canton).  

x ����� engineers, scientists and researchers in the Research and Development division.  

x More than ��� PhD and post-doctoral students.  

x A portfolio of nearly ������patents at the end of 2005. 

x ��� new patents and ��� software applications filed during the year.  

The France Telecom R&D Division is present in the world’s major areas of innovation. With 16 

sites, including 8 abroad, it assists the Group’s international development by making its expertise 

available to foreign subsidiaries, Equant, Orange and Wanadoo in particular. 

1.2 The RDC “Heart of Network”: 

The RDC “Heart of Network” of Division Research & Development, under the responsibility of 

Roberto Kung, joins together more than 500 people out of 3 different sites and is composed of:   

 • 6 laboratories of R & D structured and turned mainly towards the supply of architectures network 

and the associated equipment for the integrated operator,   

 • 4 functions fields for the Business projects management  

 • 3 poles of research,   

 • 3 functions of piloting on the strategy, the operations and the international one,  

 • The technical responsibility for 2 Transverse Initiatives of Development (TID) and 2 building sites. 

The figure below summarizes the general organization of RDC .. 
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The figure below summarizes the general organization of RDC  “Heart of Network”. 

 

 

                                               Figure(1) – CRD heart network 

I took my internship in M2I (0XOWLPHGLD� QHWZRUNV� IRU� QRQ�FRQYHUVDWLRQDO� IL[HG�PRELOH�
VHUYLFHV: Image, Internet») laboratory directed by Xavier Hatrisse. This laboratory is in charge of 

studying the engineering of the non conversational services for both fixed and mobile networks: 

access to Internet and multimedia diffusion services. Like defining, selecting, evaluating, validating 

and participating in the integration of the equipment networks necessary for those services. The 

laboratory implements competences on the equipment and network architectures of fixed and mobile 

collection (LOW, NAS, SGSN, GGSN, node of video service, ad hoc networks), and of authentification 

and counting (chain RADIUS and its extensions, treatment of the nomadism in the network). It brings 

an expertise to the entities of the France Telecom Group in order to enable them to carry out the 

�����������
	���
 � ��� ���$#%���
The 

figure below summarizes the 
general organization of RDC .. 

�����������
	���
 � ��� ���$&%���
Taking 

within the M2I 
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evolutions of the networks and services of collection in a preoccupation with a quality, safety and of 

optimization of the investments, loads and sales turnover.  

����7KH�353�63217(;�3URMHFW�
,Q�P\� LQWHUQVKLS�� ,� SDUWLFLSDWHG� LQ� D�0�,� SURMHFW�� 353� 63217(;� �3OXUL�GLVFLSOLQDU\�
5HVHDUFK� 3URMHFW� GHDOLQJ� ZLWK� 6SRQWDQHRXV� 1HWZRUNV��� 6SRQWDQHRXV� QHWZRUNV� DUH�
QHWZRUNV� RI�ZKLFK� JURZWK�� EHKDYLRXU� DQG� VWUXFWXUH� UHVXOW� IURP� WKH� LQGLYLGXDO� DQG� FR�
RSHUDWLYH�EHKDYLRXUV�RI�WKH�HOHPHQWV��QRGHV��FRQVWLWXWLQJ�WKHP��7KH\�DUH�LQGHSHQGHQW�RI�
LQIUDVWUXFWXUH� DQG�PRUH� FORVHO\� IROORZ� WKH� KXPDQ� SHHU� WR� SHHU� FRPPXQLFDWLRQ�PRGHO��
7KH\�HQDEOH�D�PRUH�QDWXUDO�IRUP�RI�ZLUHOHVV�FRPSXWLQJ�ZKHQ�SHRSOH�SK\VLFDOO\�PHHW�LQ�
WKH� UHDO�ZRUOG�� � 7KH� LQGHSHQGHQFH� IURP� LQIUDVWUXFWXUH�PDNHV� VSRQWDQHRXV� QHWZRUNLQJ�
SRVVLEOH�DQ\ZKHUH�DQG�DQ\WLPH�DQG�ZLWKRXW�EHLQJ�GHSHQGHQW�RQ�DQ\�WKLUG�SDUW\���

7KH�REMHFWLYH�RI� WKH�353�63217(;� LV� VWXG\� WKH� IROORZLQJ� ILHOGV�ZKLFK�ZLOO� HQULFK� WKH�
FRQFHSW� RI� VSRQWDQHRXV� QHWZRUNV�� DG� KRF� QHWZRUNV�� YHKLFXODU� DG� KRF� QHWZRUNV�� VHQVRU�
QHWZRUNV�� S�S� QHWZRUNV�� VRFLDO� QHWZRUNV�� HWF�� ,W� LV� D� �� \HDUV� )UDQFH� 7HOHFRP� LQWHUQDO�
SURMHFW� ������������������� 7KHUH� DUH� DOVR� D� VHW� RI� DFDGHPLF� FROODERUDWLRQV� �6WDQIRUG�
XQLYHUVLW\��*(7��,15,$��7HFKQLRQ�,VUDHO��HWF����

9HKLFXODU� $G� KRF� 1HWZRUNV� DUH� VSRQWDQHRXV� QHWZRUNV� VLQFH� WKH\� KDYH� QR� IL[HG�
LQIUDVWUXFWXUH� DQG� LQVWHDG� UHO\� RQ� RUGLQDU\� QRGHV� WR� SHUIRUP� URXWLQJ�EURDGFDVWLQJ� RI�
PHVVDJHV�DQG�QHWZRUN�PDQDJHPHQW�IXQFWLRQV��+RZHYHU��WKH\�KDYH�XQLTXH�FKDUDFWHULVWLFV�
ZKLFK� KDYH� LPSRUWDQW� LPSOLFDWLRQV� IRU� GHVLJQLQJ� GHFLVLRQV� LQ� WKHVH� QHWZRUNV�� 7KXV��
QXPHURXV�UHVHDUFK�FKDOOHQJHV�QHHG�WR�EH�DGGUHVVHG�IRU�LQWHU�YHKLFXODU�FRPPXQLFDWLRQV�
WR� EH�ZLGHO\� GHSOR\HG�� ,Q� WKH�353�63217(;��ZH� LQWHQG� WR� VWXG\� VRPH� LVVXHV� RI� WKHVH�
QHWZRUNV��URXWLQJ��EURDGFDVWLQJ��VHFXULW\��PRELOLW\�PRGHO��WHVWEHG��HWF�� 
��� ,QWURGXFWLRQ��
""""""""""�ZKDW�LV�WKH�FRQWHQW�RI�WKLV�VHFWLRQ"""""""�
$�UHDO�LQWURGXFWLRQ�LV�QHHGHG�KHUH��OLNH�LQ�WKH�SDSHU��«�7KH�UHVW�RI�WKH�GRFXPHQW�
LV�RUJDQL]HG�DV�IROORZV��""""�
�
��� ,QWURGXFWLRQ�WR�0RELOH�$G�+RF�1HWZRUNV��0$1(7��
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'DWD�BSS 

������,QWHUQHW�

�
����7KH�DFURQ\P�0$1(7�VWDQGV�IRU��0RELOH�$G�KRF�1HWZRUN���ZKLFK�FRXOG�EH�GHILQHG�
DV�D�VHW�RI�GHYLFHV�FRQQHFWHG�WR�HDFK�RWKHU�YLD�ZLUHOHVV�WHFKQRORJ\�FRXOG�EH��%OXHWRRWK��
������� D�E�J�� 8:%�� HWF���� DQG� QRW� UHVWULFWHG� WR� D� FHUWDLQ� DUFKLWHFWXUH� ZKLFK� JLYHV� WKH�
XVHUV�WKH�DELOLW\�WR�PRYH�IUHHO\�ZLWK�QR�FRQVWUDLQV�ZLWK�DQ�HPEHGGHG�URXWLQJ�RSHUDWLRQV�
EHWZHHQ� WKH�GHYLFHV�ZLWK�QR�QHHG� IRU�DQ\� H[WHUQDO� GHYLFHV�� �7KLV� WHFKQRORJ\�JLYHV� WKH�
RSSRUWXQLW\�IRU�WKH�GHYLFHV�WR�NHHS�FRQQHFWHG�WR�HDFK�RWKHU�DQG�H[FKDQJH�DOO�NLQG�RI�
GDWD�ZKLOH�PRYLQJ�UDQGRPO\�ZLWK�QR�FRQVWUDLQV��7KH�PRVW� LQWHUHVWLQJ�IHDWXUH�DERXW�
0$1(7� WKDW� LW� FRXOG� EH� HDVLO\� GHSOR\HG� ZLWK� QR� DQ\� QHHGV� IRU� SULRU� SODQQLQJ� RU�
DUFKLWHFWXUH��LW
V�D�SOXJ�DQG�SOD\�QHWZRUN��
���
,Q�0$1(7��GHYLFHV�FDQ�FRQQHFW�GLUHFWO\�WR�DQ\�RWKHU�ZKLFK�DSSHDUV�ZLWKLQ�WKH�UDGLR�
UDQJH�RI�WKLV�GHYLFH��DOVR�NQRZQ�DV�,%66��,QGHSHQGHQW�%DVLF�6HUYLFH�6HW��DV�LQ�ILJXUH�
��� LQGHSHQGHQWO\�ZLWKRXW�KDYLQJ� WKH�QHHG� WR�XVH�D�&HQWUDO�&RQQHFWLQJ�SRLQW� �$3�RU�
%76��DV�WKH�FDVH�LQ�ILJXUH����RU��WR�VRPH�RWKHU�GHYLFHV�ZKLFK�DUH�RXW�RI�WKH�UDGLR�UDQJH�
WKURXJK� DQ� LQWHUPHGLDWH� QRGH� RU� D� VHW� RI� LQWHUPHGLDWH� QRGHV�� VLQFH� WKH� URXWLQJ�
RSHUDWLRQ� LV� EHLQJ� GRQH�ZLWKLQ� WKH�GHYLFHV� WKHPVHOYHV� �HPEHGGHG��ZLWK� QR� QHHG� IRU�
DQ\�VSHFLDO�URXWHU�WR�GR�WKLV�SURFHVV��

�������
-XVW� OLNH� DQ\� RWKHU� FRPPXQLFDWLRQ� V\VWHP� 0$1(7� KDV� LW
V� GUDZ� EDFNV�� WKLV� IUHH�
PRELOLW\�DQG� LQGHSHQGHQF\�RI�FHUWDLQ�DUFKLWHFWXUH� LV�QRW� IRU�IUHH�� WKHUH� LV�D�SULFH� WR�
SD\�DV�FRQVWUDLQV�LQ�RWKHU�UHVRXUFHV�OLNH�OLPLWHG�FRYHUDJH�DUHD�IRU�HDFK�GHYLFH��OLPLWHG�
EDWWHU\� OLIH� �HQHUJ\� VRXUFH��� OLPLWHG� QXPEHU� RI� SK\VLFDO� FKDQQHOV� �IUHTXHQF\�� WR� EH�
WUDQVPLWWHG�RQ�ZKLFK�OHDGV�WR�KLJKHU�FRQWHQWLRQ�RQ�UHVRXUFHV�LQ��0$&�OD\HU����UDQGRP�
PRELOLW\�RI�WKH�XVHUV�ZKLFK�OHDGV�WR�FRPSOH[LW\�LQ�URXWLQJ�DQG�ZDVWH�RI�UHVRXUFHV��
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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'DWD�

1R�$3�
1R�5RXWHU�

IBSS 

�
�
�
�
�
�
�������������������������������������������)LJXUH����6\VWHP�ZLWK�LQIUD�VWUXFWXUH��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
����������������������������������������������)LJXUH����$G�+RF�6\VWHP��

�
7KH�PDLQ�UHDVRQ�EHKLQG�SXVKLQJ�WKH�0$1(7�WR�WKH�0DUNHW�LV�WKH�YDVW�DSSOLFDWLRQ�
WKDW�FRXOG�EH�GRQH�E\�DSSO\LQJ�WKLV�WHFKQRORJ\�LQ�GLIIHUHQW�FRPPHUFLDO�DQG�PLOLWDU\�
ILHOGV�OLNH��

x 6HQVRU�1HWZRUN�>�@�
x 3DWLHQW�1HWZRUN�>�@�
x 9HKLFXODU�$G�+RF�1HWZRUN�>�@�
x +RPH�1HWZRUN�>�@�

���������,Q� WKLV� UHSRUW� ,� ZLOO� VKRZ� GLIIHUHQW� GHWDLOV� DERXW� 9HKLFXODU� $G� +RF� 1HWZRUNV�
HVSHFLDOO\� SHUIRUPDQFH� PHDVXUHPHQWV�� $OVR� VR� PDQ\� GHWDLOV� DQG� VR� DERXW� WKLV�
DSSOLFDWLRQ�DQG�WKH�RWKHU�DSSOLFDWLRQV�FRXOG�EH�IRXQG�RQ�WKH�LQWHUQHW���
�
�

��� ,QWURGXFWLRQ�WR�9HKLFXODU�$G�+RF�1HWZRUNV��9$1(7��
�

����,QWHU�YHKLFOH�FRPPXQLFDWLRQ��,9&�� LV�DQ�LPSRUWDQW�FRPSRQHQW�RI� WKH�,QWHOOLJHQW�
7UDQVSRUWDWLRQ� 6\VWHP� �,76�� DUFKLWHFWXUH�� 7KH� WUDGLWLRQDO� ,76� WUDIILF�PRQLWRULQJ�
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V\VWHPV�DUH�EDVHG�RQ�D�FHQWUDOL]HG�VWUXFWXUH�LQ�ZKLFK�VHQVRUV�DQG�FDPHUDV�DORQJ�WKH�
URDGVLGH�PRQLWRU�WUDIILF�GHQVLW\�DQG�WUDQVPLW�WKH�UHVXOW�WR�D�FHQWUDO�XQLW�IRU�IXUWKHU�
SURFHVVLQJ��6XFK�V\VWHPV�DUH�FKDUDFWHUL]HG�E\�D�ORQJ�UHDFWLRQ�WLPH�DQG�DQ�H[SHQVLYH�
FRVW�IRU�WKH�GHSOR\PHQW�DQG�WKH�SHULRGLF�PDLQWHQDQFH�RI�WKH�UHTXLUHG�LQIUDVWUXFWXUH�
LQ�WHUPV�RI�VHQVRUV�DQG�FRPPXQLFDWLRQ�V\VWHPV��$Q�HIILFLHQW�DOWHUQDWLYH�LV�WKH�XVH�RI�
YHKLFOH�WR�YHKLFOH�FRPPXQLFDWLRQV��,9&�UHSUHVHQWV�D�GLVWULEXWHG�DQG�IOH[LEOH�V\VWHP�
FRPSRVHG� RI� YHKLFOHV�� HTXLSSHG� ZLWK� VKRUW� UDQJH� ZLUHOHVV� FRPPXQLFDWLRQ�
WHFKQRORJ\��WKDW�FROODERUDWH�WR�IRUP�D�WHPSRUDU\�QHWZRUN�EHWZHHQ�WKHP��,W�HQDEOHV�
D�YHKLFOH�WR�FRPPXQLFDWH�ZLWK�RWKHU�YHKLFOHV�WKDW�ORFDWH�RXW�RI�WKH�UDQJH�RI�OLQH�RI�
VLJKW��RU�HYHQ�RXW�RI�WKH�UDGLR�UDQJH�LI�D�PXOWL�KRS�QHWZRUN�LV�EXLOW�DPRQJ�VHYHUDO�
YHKLFOHV���$V� D� UHVXOW�� LQIRUPDWLRQ� JDWKHUHG� WKURXJK� ,9&� FDQ�KHOS� WR� LPSURYH� WKH�
URDG�WUDIILF�VDIHW\�DQG�HIILFLHQF\���
0RYLQJ�YHKLFOHV�HTXLSSHG�ZLWK�FRPPXQLFDWLRQ�GHYLFHV�UHSUHVHQW�H[DFWO\�D� VSHFLILF�
DQG�GLUHFW�DSSOLFDWLRQ�RI�FRQYHQWLRQDO�PRELOH�DG�KRF�QHWZRUNV��0$1(7V���9$1(7�
VKDUHV� QXPHURXV� 0$1(7� SURSULHWLHV�� ZKHUH� FRPPXQLFDWLRQ� LV� SRVVLEOH� EHWZHHQ�
YHKLFOHV� WKHPVHOYHV� ZLWKLQ� WKH� VDPH� UDGLR� UDQJH� ZLWKRXW� WKH� QHHG� RI� D� FHQWUDO�
LQIUDVWUXFWXUH�� +RZHYHU�� WKHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV� UHODWHG� WR� WKH� VSHFLILF�
YHKLFXODU� FRQWH[W�� 7KXV�� WKH� H[LVWLQJ� VROXWLRQV� GHVLJQHG� IRU� 0$1(7� �URXWLQJ��
VHFXULW\�DQG�4R6�IRU�H[DPSOH��FDQ�QRW�EH�GLUHFWO\�DSSOLHG�DQG�PXVW�EH�DGDSWHG��7KH�
VSHFLILF�SURSHUWLHV�RI�9$1(7�DUH��

- &RPPXQLFDWLRQ��HQHUJ\�DQG�SURFHVVLQJ�FDSDELOLW\��
- 'LVSODFHPHQW�HQYLURQPHQW�DQG�PRELOLW\�PRGHO��
- 7\SH�RI�WUDQVSRUWHG�LQIRUPDWLRQ�DQG�GLIIXVLRQ��
- 1HWZRUN�WRSRORJ\�DQG�FRQQHFWLYLW\��

7KH� YHKLFXODU� DG� KRF� QHWZRUN� �9$1(7�� WRSRORJ\� FDQ� EH� VWDQGDORQH� RU�
LQWHUFRQQHFWHG� WR�D� IL[HG� URDG� LQIUDVWUXFWXUH��%HQHILWLQJ� IURP� WKH� ODUJH� FDSDFLWLHV�
�LQ�WHUPV�RI�ERWK�VSDFH�DQG�SRZHU��RI�YHKLFOHV��WKH�QRGHV�RI�WKHVH�QHWZRUNV�FDQ�KDYH�
ORQJ� WUDQVPLVVLRQ� UDQJHV� DQG� YLUWXDOO\� XQOLPLWHG� OLIHWLPH�� &XUUHQW� DGYDQFHV� LQ�
0$1(7V�VKRZ�WKDW�YHKLFXODU�DG�KRF�QHWZRUNV�DUH�D�IHDVLEOH�DSSURDFK�ZLWK�UHVSHFW�
WR�VHYHUDO�DVSHFWV�� ORZ�GDWD�WUDQVSRUW�WLPHV��UREXVWQHVV�GXH�WR�WKH�QHWZRUN¶V�PHVK�
VWUXFWXUH��DQG�ORZ�FRVWV�IRU�XVDJH��
7KHUH� DUH� QXPHURXV� HPHUJLQJ� DSSOLFDWLRQV� WKDW� DUH� XQLTXHO\� DWWDFKHG� WR� WKH�
YHKLFXODU� VHWWLQJ�� )RU� H[DPSOH�� VDIHW\� DSSOLFDWLRQV� ZRXOG� JUDQW� XV� PRUH� VDIHO\�
GULYLQJ��GULYHU�LQIRUPDWLRQ�VHUYLFHV�FRXOG�LQWHOOLJHQWO\�LQIRUP�GULYHUV�DERXW�WUDIILF�
FRQJHVWLRQ��EXVLQHVVHV�DQG�VHUYLFHV� LQ� WKH�YLFLQLW\�RI� WKH�YHKLFOH��0RELOH�FRPPHUFH�
FRXOG� H[WHQG� WR� WKH� UHDOP� RI� YHKLFOHV�� ([LVWLQJ� IRUPV� RI� HQWHUWDLQPHQW� PD\�
SHQHWUDWH� WKH� YHKLFXODU�GRPDLQ�� DQG�QHZ� IRUPV� RI� HQWHUWDLQPHQW�PD\� HPHUJH�� DOO�
VXSSRUWHG� E\� WKH� LQWHU�YHKLFXODU� FRPPXQLFDWLRQV� FDSDELOLWLHV�� 7KHVH� HPHUJLQJ�
VHUYLFHV�DUH�FXUUHQWO\�QRW�VXSSRUWHG��

�����������
	���
 � ��� �����('��)�
Coul

d be limited ? 
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9$1(7�LV�RQH�GLUHFW�DSSOLFDWLRQ�RI�0$1(7��EXW��ZLWK�D�IHZ�GLIIHUHQFHV�LQ�WHUPV�RI�
PRELOLW\�GXH�WR�WKH�KLJKHU�VSHHG�RI�WKH�YHKLFOHV�FRPSDULQJ�WR�WKH�SHGHVWULDQ�VSHHG��
7KRXJK��WKDW�FUHDWHV�QHZ�FKDOOHQJHV�LQ�WKLV�ILOHG��%XW��QRW�RQO\�QHZ�FKDOOHQJHV�ZLOO�
EH� FUHDWHG�� EXW� DOVR� �� LW� KDV� VRPH� DGYDQWDJHV� RYHU� WKH� RUGLQDU\� 0$1(7� VLQFH�
%DWWHU\� OLIH� LV� QRW� D� SUREOHP� DQ\� PRUH� VLQFH� ZH� KDYH� HQHUJ\� ORQJ� WHUP� HQHUJ\�
UHVRXUFHV� GXH� WR� WKH� IDFW� RI� EHLQJ� VXSSOLHG� E\� WKH� FDU� EDWWHU\�� ([WUD� URRP� LV�
DYDLODEOH� IRU�EXLOGLQJ�PRUH� FRPSOH[�GHYLFHV�ZLWK�KLJK� UHFHLYLQJ� DQG� WUDQVPLVVLRQ�
FDSDELOLWLHV��DELOLW\�WR�UHDFK�KLJKHU�UDQJHV�E\�XVLQJ��PRUH�WUDQVPLVVLRQ�SRZHU��2Q�
WKH� RWKHU� KDQG�� D� URXWLQJ� SUREOHP� FRXOG� DSSHDU� GXH� WR� WKH� DJJUHVVLYH� PRELOLW\�
ZKLFK�LV�UHODWHG�WR�WKH�KLJK�VSHHGV�VLQFH�MRLQLQJ�DQG�OHDYLQJ�WKH�QHWZRUN�ZLOO�EH�YHU\�
IDVW�� DQG� WKRXJK�� D� QHHG� IRU� QHZ� URXWLQJ� SURWRFROV� ZLOO� FRPH� WR� DGDSW� ZLWK� WKLV�
VLWXDWLRQ��VLQFH�LI�WKH�URXWLQJ�SURWRFRO�DUH�QRW�UHOLDEOH�HQRXJK�WR�GHDO�ZLWK�WKDW�NLQG�
RI�PRELOLW\��WKHQ�PRUH�ORVVHV�ZLOO�EH�H[SHULHQFHG�DQG�PRUH�ZDVWLQJ�RI�UHVRXUFHV����
����

�
������������������������������������������������������������������������������)LJXUH����9HKLFXODU�DG�KRF�1HWZRUN��

�
�
'XULQJ�WKHVH�\HDUV��D�ELJ�LQWHUHVW�RQ�DSSOLFDWLRQV�IRU�LQWHU�YHKLFOH�FRPPXQLFDWLRQV�

LQFUHDVHG� LQ� WKH� (8�� WKH�86� DQG� -DSDQ�� UHVXOWLQJ� LQ�PDQ\� YHKLFOH� VDIHW\� SURMHFWV� DQG�
FRPPXQLFDWLRQ�FRQVRUWLXPV�VXFK�DV�&DU�&DU�>��@�LQ�WKH�(8�DQG�96&&��9HKLFOH�6DIHW\�
&RPPXQLFDWLRQ� &RQVRUWLXP�� LQ� WKH� 86�� ,Q� WKH� 86�� WKH� GHGLFDWHG� VKRUW�UDQJH�
FRPPXQLFDWLRQ� �'65&�� >��@� WHFKQRORJ\� RSHUDWLQJ� RQ� WKH� ���� *+]� EDQG� ZDV� UHFHQWO\�
JUDQWHG� E\� WKH� )&&� �)HGHUDO� &RPPXQLFDWLRQV� &RPPLVVLRQ�� IRU� URDGVLGH� VDIHW\�
DSSOLFDWLRQV� LQFOXGLQJ� YHKLFOH�YHKLFOH� DQG� YHKLFOH�URDGVLGH� ZLUHOHVV� FRPPXQLFDWLRQ��
0RUHRYHU�� WKH� ,(((� ���� FRPPLWWHH� >��@� VWDUWHG� UHFHQWO\� WKH� GHYHORSPHQW� RI� D� QHZ�
VWDQGDUG�� WKH� ,(((� ������S�� WDUJHWLQJ� ZLUHOHVV� FRPPXQLFDWLRQV� LQ� WKH� YHKLFXODU�
HQYLURQPHQW��

�
>��@� &DU�&DU�&RPPXQLFDWLRQ�&RQVRUWLXP��ZZZ�FDU�WR�FDU�RUJ�
>��@� ,(((� ������� :LUHOHVV� /RFDO� $UHD� 1HWZRUNV��

JURXSHU�LHHH�RUJ�JURXSV����������

IBSS 

'DWD�

$XGLR

9LGHR�



Internship Report: Performance Measurements in VANET 
 

                    
 
                           Mahmoud ALHAJ  

14

>��@� 6WDQGDUG�6SHFLILFDWLRQ�IRU�7HOHFRPPXQLFDWLRQV�DQG�,QIRUPDWLRQ�([FKDQJH�
%HWZHHQ� 5RDGVLGH� DQG� 9HKLFOH� 6\VWHPV� �� �*+]� %DQG� 'HGLFDWHG� 6KRUW� 5DQJH�
&RPPXQLFDWLRQV� �'65&�� 0HGLXP� $FFHVV� &RQWURO� �0$&�� DQG� 3K\VLFDO� /D\HU� �3+<��
6SHFLILFDWLRQV��$670�(���������6HSWHPEHU�������

�
��� &KDUDFWHUL]DWLRQ�DQG�FKDOOHQJHV�LQ�9$1(7�
""""""""""�ZKDW�LV�WKH�FRQWHQW�RI�WKLV�VHFWLRQ"""""""�

����0RELOLW\�DQG�1HWZRUN�&KDUDFWHULVWLFV��
�������������

,Q�WKLV�VHFWLRQ�ZH�ZLOO�GLVFXVV�WKH�PRELOLW\�DQG�QHWZRUN�FKDUDFWHULVWLFV�VXFK�DV�WKH�
VSHHG�� WKH�FRQQHFWLRQ� OLIH� WLPH��DQG�PXOWL�KRS�RUJDQL]DWLRQ�RI�9$1(7��1RUPDOO\�
VXFK� NLQG� RI� FKDUDFWHUL]DWLRQ� VWXGLHV� FRXOG� EH� FDUULHG� RXW� HLWKHU� E\� XVLQJ�
VLPXODWLRQ�PRGHO�RU�E\�ILHOG�PHDVXUHPHQWV�DQG�H[SHULPHQWV��:LWK�QR�FRQWUDVW��WKH�
VLPXODWLRQ�KDV�PDQ\�DGYDQWDJHV�RYHU�WKH�ILHOG�H[SHULPHQWV�LQ�WHUPV�RI�WKH�DELOLW\�
WR�WHVW�WKH�EHKDYLRU�RI�ODUJH�VFDOH�QHWZRUNV�DQG�REVHUYH�WKH�FRQWLQXRXV�FKDQJHV�LQ�
WRSRORJ\�� 2Q� WKH� RWKHU� KDQG�� VLPXODWLRQV� DUH� QRW� VXIILFLHQW� WR� JLYH� WKH� UHDO�
EHKDYLRU� RI� WKH� V\VWHP��ZKHUH�� ILHOG� H[SHULPHQWV� DUH� OLPLWHG� WR� VRPH� QRGHV� DQG�
FRXOG�QRW�EH�H[WHQGHG�WR�EH�D�ODUJHU�VFDOH��
�
,Q�WKLV�UHSRUW�ZH�KDYH�GRQH�RXU�H[SHULPHQWV�LQ�WKH�VWUHHWV�DQG�WRRN�PHDVXUHPHQWV�
IURP� D� UHDO� V\VWHP� WR� KDYH� DQ� XQGHUVWDQGLQJ� RI� WKH� 9$1(7� V\VWHP� EHKDYLRU�
ZKLFK� FRXOG� EH� IRXQG� LQ� FKDSWHU� �� RI� WKLV� UHSRUW�� $V�ZH�PHQWLRQHG� EHIRUH�� UHDO�
H[SHULPHQWV� FRXOG�QRW�EH�PDGH� LQ� ODUJH� VFDOHV�� DQG� WKRXJK��RXU� H[SHULPHQWV�DUH�
OLPLWHG�WR�D�IHZ�QXPEHU�RI�QRGHV������DQG���DW�PRVW�DV�ZHOO�DV�VPDOO�VFDOH�URXWHV�
DQG�QHHG�WR�EH�FRRUGLQDWHG��:H�VKRXOG�GHQRWH�WKDW�WKH�UHVXOWV�RI�WKH�UHDO�HIIHFW�RI�
WRSRORJ\� FKDQJLQJ� GXH� WR� WKH� OLPLWHG� VL]H� QHWZRUN�� +RZHYHU�� RXU� H[SHULPHQWV�
FRXOG�SURYLGH�GDWD�RQ�VLJQDO�WR�QRLVH�UDWLR��VSHHG��GLVWDQFH�DQG�ORVVHV��

�������������
����(QDEOLQJ�7HFKQRORJLHV��
�

7KH�SHUYLRXV�VHFWLRQ�GLVFXVVLRQ�ZDV�DERXW�WKH�FKDUDFWHULVWLF�RI�9$1(7�DQG�
KDG� FRPSDULVRQ� EHWZHHQ� VRPH� UHVHDUFKHG� WKDW� KDV� EHHQ� GRQH� LQ� WKLV� ILHOG�� 7KLV�
VHFWLRQ� LQWURGXFHV� WKH� DYDLODEOH� WHFKQRORJLHV� WKDW� DUH� XVHG� LQ�9$1(7�� WKH�PDLQ�
DGYDQWDJHV� RI� 9$1(7� DQG� KRZ� LW� GLIIHUV� IURP� 0$1(7�� 3RZHU� UHVRXUFHV� DUH�
VFDUFH� LQ�0$1(7� WKDQ� LQ� 9$1(7� GXH� WR� WKH� W\SH� RI� UHVRXUFH� ZH� XVH�� DOVR� LQ�
0$1(7� ZH� KDYH� D� ODFN� RI� YLVXDOL]DWLRQ� RI� WKH� QRGHV� VLQFH� WKH� GHYLFHV� DUH� QRW�
HTXLSSHG�ZLWK�QDYLJDWLRQ� HTXLSPHQWV�� ,Q�9$1(7�� DV� LQ� ILJXUH� ���� FDUV�DQG� YDQV�
DUH�HTXLSSHG�ZLWK�RQERDUG�*36�UHFHLYHU��$OVR�SDVVHQJHUV�DUH�HTXLSSHG�ZLWK�RWKHU�
GHYLFHV�RI�GLIIHUHQW�WHFKQRORJLHV�OLNH�ODSWRSV��KDQGKHOG�DQG�FHOOXODU�SKRQHV��0RVW�
RI�WKH�UHVHDUFKHV�DVVXPH�WKDW�ZH�FRXOG�WDNH�DQ�DGYDQWDJH�RI�XVLQJ�*36�IRU�URXWLQJ�
LVVXHV��'HVSLWH�RI�WKH�IDFW�WKDW�QRW�DOO�YHKLFOHV�DUH�HTXLSSHG�ZLWK�*36�UHFHLYHUV��WKH�
DVVXPSWLRQ�LV�VWLOO�DFFHSWDEOH�GXH�WKH�DELOLW\�DQG�SRVVLELOLW\�RI�EHLQJ�DSSOLHG��2QH�
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H[DPSOH� RI� PDNLQJ� XVH� RI� WKH� DYDLODEOH� YHKLFOH� WHFKQRORJ\� LV� WKH� FRQFHSW� RI�
LQWHJUDWLQJ�WHFKQRORJLHV�WRJHWKHU�IRU�UHVRXUFH�VKDULQJ��,Q�>��@��WKH�DXWKRU�H[SORUH�
WKH� IHDVLELOLW\� LI� D� VFHQDULR�� LQ� ZKLFK� YHKLFOHV�ZLWK�:/$1� � FDUGV� FDQ� XVH� RWKHU�
YHKLFOHV� ZLWK� :/$1� FDUGV� DQG� FHOOXODU� QHWZRUN� DV� D� PRELOH� JDWHZD\� WR� WKH�
LQWHUQHW��7KH�VWXG\�KDV�VKRZQ�WKDW�WKH�PDMRULW\�RI�YHKLFOHV�FDQ�FRQQHFW�WR�DW�OHDVW�
RQH�JDWHZD\�ORQJ�HQRXJK�IRU�D�WUDGLWLRQDO�DSSOLFDWLRQ�OLNH�)73�RU�+773��
�
�
�
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��������������������������������������Figure 4 – Vehicle equipped to be a VANET node 
�
7KH�ELJJHVW�FDQGLGDWH� WR�EH�XVHG� LQ�9$1(7�LV��������:L)L� WHFKQRORJ\��VLQFH� WKH�
%OXHWRRWK� LV� OLPLWHG� LQ� WHUPV� RI� SRZHU� DQG� QXPEHU� RI� FOLHQW� WKDW� FRXOG� EH�
FRQQHFWHG�WR�RQH�QRGH�VLQFH�LQ�%OXHWRRWK�RQH�GHYLFH�FDQW�KDYH�PRUH�WKDQ���FOLHQWV�
DW�D�WLPH��DOVR�XVLQJ�*60���*356���8076�LV�QRW�SRVVLEOH�VLQFH�E\�WKHQ�WKH�VHUYLFH�
ZRQ
W�EH�IUHH�RI�FKDUJH�LQ�DGGLWLRQ�WR�VRPH�RWKHU�SUREOHPV�OLNH�FDSDFLW\�LVVXH��
�
����2SHUDWLQJ�(QYLURQPHQW��

�
6LQFH� WKH� YHKLFOHV� PRYH� RQ� WKH� URDG� DQG� SDVV� WKURXJK� GLIIHUHQW�

HQYLURQPHQWV� FLW\�� GHVHUWV�� ZHDWKHU� FRQGLWLRQV� DQG� SODQWHG� URDGV���HWF�� ,W� FRXOG�
LQWHUIHUH�ZLWK�RWKHU�FRPPXQLFDWLRQ�V\VWHPV��IRU�H[DPSOH�LQ�WKH�FLW\�LQGRRU�:/$1�
LQ� GLIIHUHQW� EXLOGLQJ�� DOVR� LW� FDQ� LQWHUIHUH� ZLWK� DQRWKHU� DG� KRF� V\VWHPV�� )RU�
H[DPSOH�� FLW\� HQYLURQPHQW� KDV� FHUWDLQ� DQG� XQLTXH� FKDUDFWHULVWLF� GXH� WR� WKH�
IROORZLQJ�UHDVRQV�������%XLOGLQJ�DQG�RWKHU�REMHFWV�REVWUXFWLQJ�DQG�SRVVLEO\�FRQWDLQ�
RWKHU� FRPPXQLFDWLRQ� V\VWHPV� WKDW� LQWHUIHUH� ZLWK� WKH� WUDQVPLVVLRQ� VLJQDO� ����
9HKLFOHV� DUH� FORVHU� WRJHWKHU� WKDQ� LQ� KLJKZD\� VFHQDULRV�� WKRXJK�� WKH\� FRXOG�
LQWHUIHUH�ZLWK�HDFK�RWKHU�LI�WKH�WUDQVPLVVLRQ�UDQJH�LV�ODUJH�����7RSRORJ\�LV�XVXDOO\�
WZR�GLPHQVLRQDO���
�
����$SSOLFDWLRQ�5HTXLUHPHQW���
�

2QH�RI� WKH� WKH\�SRLQW� WR�GHVLJQ�UHOLDEOH�DQG�HIILFLHQW�9$1(7�DQG� ILQG�RXW�
WKH� PRVW� VXLWDEOH� WHFKQRORJLHV� DQG� WHFKQLTXHV� LQ� DOO� OD\HUV� �OLNH� WKH� PRGXODWLRQ�
WHFKQLTXHV�LQ����3K\VLFDO�OD\HU��2)'0��436.��4$0��HWF��ELW�UDWH���%(5���FRGLQJ�
WHFKQLTXHV�HWF��������0$&�WUDQVPLVVLRQ�SURWRFRO�DQG�HUURU�FRUUHFWLRQ�SURWRFROV���JR�
EDFN�Q���$/2+$���&60$�&'���0$&$���0$&$:���«HWF�������5RXWLQJ�SURWRFROV�
OLNH��$2'9���2/65���'65&������6HFXULW\�SROLFLHV��LV�WR�KDYH�DQ�RYHUYLHZ�DERXW�WKH�
W\SH�RI�DSSOLFDWLRQV� WKDW�FRXOG�EH�XVHG� LQ�9$1(7��,Q�IDFW��PDQ\�SURSRVDOV�ZHUH�
PDGH� IRU� GLIIHUHQW� DSSOLFDWLRQV� ZHUH� PDGH� UDQJLQJ� IURP� VDIHW\� DSSOLFDWLRQV� WR�
,QWHUQHW� H�FRPPHUFH� VHUYLFHV�� 9$1(7� DSSOLFDWLRQV� FDQ� EH� FDWHJRUL]HG� LQWR� WZR�
JURXSV�������0HVVDJH�DQG�ILOH�'HOLYHU\�����,QWHUQHW�&RQQHFWLYLW\��

�
������0HVVDJH�'HOLYHU\�
��

0DQ\�UHVHDUFKHV�IRFXVHG�RQ�HQDEOLQJ�WKH�GHOLYHU\�RI�WKH�PHVVDJHV�DQG�ILOH�LQ�
D�YHKLFXODU�QHWZRUN� WR� WKH� WDUJHW� UHFHLYHU�ZLWK�DFFHSWDEOH�SHUIRUPDQFH��$� VHW�RI�
DSSOLFDWLRQV� VXFK� DV� HPHUJHQF\� DQG� DOHUW� DQG� ZDUQLQJ� DSSOLFDWLRQV�� UHTXLUHV� D�
FHUWDLQ�W\SH�RI�SURWRFROV� WKDW�GHDOV�ZLWK�IRUZDUGLQJ�PHVVDJHV�IRUP�WKH�VHQGHU� WR�
WKH�UHFHLYHU�RQO\�EDVHG�RQ�ORFDWLRQ�DQG�GLUHFWLRQ��$OVR�VDIHW\�DSSOLFDWLRQV�KDYH�D�
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YHU\�VSHFLDO�LPSRUWDQFH�GXH�WR�WKHLU�VHQVLWLYLW\�WR�WLPH��WKXV��WKH\�VKRXOG�EH�JLYHQ�D�
SULRULW\�RYHU�WKH�QRQ�VDIHW\�RQHV��

�
)RU�H[DPSOH��LQ�>��@�WKH�DXWKRUV�VWXGLHG�WKH�IHDVLELOLW\�LI�GHOD\�FULWLFDO�VDIHW\�

DSSOLFDWLRQ� RYHU� 9$1(7� EDVHG� RQ� HPHUJLQJ� GHGLFDWHG� VKRUW� UDQJH�
FRPPXQLFDWLRQV� �'65&�� VWDQGDUG�� 7KH\� TXDQWLILHG� WKH� %(5�� WKURXJKSXW�� DQG�
ODWHQF\�DVVRFLDWHG�ZLWK� WKH�YHKLFOH�FROOLVLRQ�DYRLGDQFH�DSSOLFDWLRQV�HPSOR\LQJ� WKH�
SK\VLFDO� DQG� 0$&� OD\HUV� LI� '65&�� 7KH\� KDYH� VLPXODWHG� D� URDG� WRSRORJ\� ZLWK�
&256,0�DQG�PRELOLW\�PRGHO�ZLWK�D�PD[LPXP�VSHHG�RI����PLOHV�KRXU�ZLWK�RPQL�
GLUHFWLRQDO� DQWHQQD�� 7KH\� IRXQG� LPPXQLW\� LQ�3+<� OD\HU� IRU� ODUJH� GHOD\� VSUHDG��
DQG� VLJQLILFDQW� GHJUDGDWLRQ� LQ� SHUIRUPDQFH� XQGHU� KLJK� PRELOLW\� VFHQDULRV� DQG�
FRQFOXGHG� WKDW� WKH� WKURXJKSXW� QHHGV� WR� EH� LPSURYHG� VLQFH� OHVV� WKDQ� ���� RI� WKH�
YHKLFOHV�XVHIXOO\�UHFHLYHV�WKH�PHVVDJH�VXFFHVVIXOO\��7KH\�IRXQG�RXW�WKDW�WKH�'65&�
DFKLHYHV� D� IDYRUDEOH� ODWHQF\� SHUIRUPDQFH� FRPSDUHG� WR� WKH� DSSOLFDWLRQ�
UHTXLUHPHQW�� � $OVR� LQ� >��@� WKH� DXWKRUV� WKH� DXWKRU� VXJJHVWHG� WKDW� WKH� SURWRFRO�
GHWHUPLQHV�WKH�GHVWLQDWLRQ�RI�WKH�PHVVDJH�EDVHG�RQ�WKH�VHQGLQJ�YHKLFOH
V�ORFDWLRQ��
VSHHG��GULYLQJ�GLUHFWLRQ��DQG�WLPH�LQVWHDG�RI�EURDGFDVWLQJ�D�PHVVDJH�WR�WKH�YHKLFOHV�
LQ�DOO�GLUHFWLRQ��,Q�>RSWLPL]HG�GLVVHPLQDWLRQ�RI�DODUP�PHVVDJH�LQ�YDQHW@�WKH�DXWKRUV�
SUHVHQW� 2'$0� VFKHPH� WR� SHUIRUP� DQG� RSWLPL]HG� GLVVHPLQDWLRQ� RI� DODUP�
PHVVDJHV��WKLV�VFKHPH�LV�EDVHG�RQ�*36�JHRJUDSKLFDO�ORFDWLRQ��QRGH�,'�DQG�PHVVDJH�
,'�� ,Q� WKLV� VFKHPH� WKH\� DEXQGDQW� WKH� XVDJH� RI� GHVWLQDWLRQ� DGGUHVV� WR� DOORZ�
UHGXFLQJ�WKH�RYHUKHDG�LQWURGXFHG�E\�WKH�SDFNHW�KHDGHU��,Q�WKLV�SURWRFRO��LQ�FDVH�RI�
D� FUDVK� RFFXUUHG�� WKH� GDPDJHG� YHKLFOH� RU� DQ\� RWKHU� YHKLFOH� ZKLFK� GHWHFWV� WKH�
SUREOHPV� EURDGFDVW� DQ� DODUP�PHVVDJH� WR� LQIRUP� DOO� WKH� RWKHU� YHKLFOHV� DERXW� LW�
DIWHU�GHWHUPLQLQJ�LW
V�ORFDWLRQ�ZLWK�*36�LQ�UHSRUW�ZLWK�WKH�FUDVKHG�YHKLFOH��9HKLFOH�
LQ� WKH� ULVN� ]RQH� FRQVWLWXWHV� D� G\QDPLF�PXOWLFDVW� JURXS�� 2QH� YHKLFOH�ZLWKLQ� WKDW�
]RQH�� VHOHFWHG� LQ� D� GLVWULEXWHG� ZD\�� EHKDYHV� DV� D� UHOD\� LQ� RUGHU� WR� DVVXUH� WKH�
UHEURDGFDVW�RI�WKH�PHVVDJH��7KLV�SURWRFRO�KDV�D�GRXEOH�DGYDQWDJH��)LUVW��LW�HQDEOHV�
XV� WR� DYRLG� RSHUDWLRQV� RI� WKH� PDLQWHQDQFH� RI� WKH� PXOWLFDVW� WUHH� �URXWLQJ� DQG�
FDOFXODWLQJ� QHLJKERUV�� VLQFH� WKHVH� RSHUDWLRQV� GHJUDGHV� WKH� SHUIRUPDQFH� DQG� DUH�
YHU\�H[SHQVLYH�LQ�D�VWURQJO\�PRELOH�HQYLURQPHQW�OLNH�WKH�URDG�WUDQVSRUW��6HFRQG��LW�
DOORZV�SURYLGLQJ�LQIRUPDWLRQ�RQ�WKH�JHRJUDSKLFDO� ORFDWLRQ�WKDW� LV�YHU\�VLJQLILFDQW�
LQ� LQWHOOLJHQW� WUDQVSRUW� V\VWHPV�� )LJXUH� ���� DQG� ILJXUH� ��� VKRZ� WKH� GLIIHUHQFH�
EHWZHHQ�XVLQJ�DQG�QRW�XVLQJ�D�UHOD\�DJHQW�IRU�PHVVDJH�GHYLOU\��
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Figure 5 – ALARM Message Diffusion  

using relay agents 
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Figure 6 – ALARM Message Diffusion without  

using relay agents  
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������,QWHUQHW�Direct connation, to the Gateway 

Connection 
through 
intermediat
e nodes 

Internet Gateway Internet Gateway 

������,QWHUQHW�&RQQHFWLYLW\��
�
$QRWKHU�W\SH�RI�DSSOLFDWLRQ�LV�FRQFHUQHG�ZLWK�FRQQHFWLQJ�WKH�YHKLFOHV�WR�WKH�

LQWHUQHW� XVLQJ� D� URDG� VLGH� EHDFRQV� DQG� LQWHU�YHKLFOH� FRPPXQLFDWLRQV�� ,Q� >@� WKH�
DXWKRU� HQYLVLRQ� D� IXWXUH� YHKLFXODU� FRPPXQLFDWLRQ�� LQ� ZKLFK� WKH� YHKLFOHV� FDQ�
FRPPXQLFDWH�WR�URDGVLGH�,QWHUQHW�JDWHZD\�YLD�WKH�DG�KRF�QHWZRUNV�DV�VKRZQ�LQ�WKH�
ILJXUH�EHORZ���7KH�DXWKRU�PHQWLRQHG�VRPH�GLIILFXOWLHV�VXFK�DV�WKH�LQWHU�SUREDELOLW\�
RI� FRPPXQLFDWLRQ� SURWRFROV�� PRELOLW\� VXSSRUW�� FRPPXQLFDWLRQ� HIILFLHQF\� �� WKH�
GLVFRYHU\�RI� WKH�,QWHUQHW�*DWHZD\��DQG� WKH�KDQGRYHU�SI� WKH�FRQQHFWLRQ�IURP�RQH�
JDWHZD\� WR� WKH� QH[W� QHHGHG� WR� EH� DGGUHVVHG� IRU� VXFK� D� VFHQDULR�� ,W� IRFXVHV� RQ�
SURYLGLQJ� D� IUDPHZRUN� IRU� GLVFRYHULQJ� WKH� URDGVLGH� ,QWHUQHW� JDWHZD\� DQG�
DSSO\LQJ� 4R6� SULQFLSOHV� LQ� VHOHFWLQJ� WKH� EHVW� JDWHZD\� IRU� WKH� XQGHUO\LQJ�
DSSOLFDWLRQV��
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Figure 7 – internet connectivity in VANET 
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�
����6HFXULW\�DQG�3ULYDF\�
�

6HFXULW\� DQG� SULYDF\� LV� PDLQ� LVVXH� LQ� 9$1(7� EHFDXVH� WKH� QHWZRUNV� DUH�
SXEOLFO\� DYDLODEOH� LQ� DQ\� URDGV� DW� DQ\WLPH��2Q� JRRG� GHWDLOHG� VWXG\�ZDV� GRQH�E\�
>��@��+H�SURYLGHG�D�GHWDLOHG�VXUYH\�SRWHQWLDO�VHFXULW\�LVVXHV�LQ�ZLUHOHVV�DQG�DG�KRF�
URXWLQJ�� 3ULYDF\� LV� DOVR� DQ� LVVXH�� )RU� H[DPSOH�� LQ� PDQ\� SRVLWLRQV�EDVHG� URXWLQJ�
SURWRFROV��WKH�ORFDWLRQ�DQG�SHUVLVWHQW�,'�RI�D�YHKLFOH�DUH�FRQVWDQWO\�EURDGFDVWHG�WR�
QHLJKERULQJ�YHKLFOHV�>��@���

�
����������$QRWKHU�H[DPSOH�RI� WKH�PRVW�SURSRVHG�DG�KRF�URXWLQJ�SURWRFROV�DVVXPH�DQ��
LPSOLFLW� >��@� WUXVW�\RXU�QHLJKERU� UHODWLRQVKLS� LQ�ZKLFK� DOO� WKH� QHLJKERULQJ�QRGHV�������������������
EHKDYHV�SURSHUO\��7KH�SURSRVH�D�ORFDWLRQ�VHUYLFH�IRU�SRVLWLRQ�EDVHG�DG�KRF�URXWLQJ�
WR�SUHYHQW�PHVVDJH�WDPSHULQJ��GURSSLQJ��DQG�ORFDWLRQ�WDEOH�WHPSHULQJ�DWWDFNV�E\�
PDOLFLRXV�RU�FRPSURPLVHG�XVHUV��

�
����3K\VLFDO�/D\HU�9$1(7�
�

7KLV� VHFWLRQ� VKRUWO\� GLVFXVVHV� IURP� D� SUDFWLFDO� SRLQW� RI� YLHZ� WKH� PDMRU�
PRGXODWLRQ� WHFKQLTXHV� �'666��2)'0��ZKLFK� DUH�PRVWO\� XVHG� LQ� SUDFWLFH� LQ� WKH�
SK\VLFDO�OD\HU�LQ�9$1(7�XVLQJ�:L)L�WHFKQRORJ\��WKH�FKDOOHQJHV�DQG�SUREOHPV�WKDW�
DIIHFW�WKH�SHUIRUPDQFH�RI�WKH�SK\VLFDO�OD\HU�GXH�WR�WKH�RSHUDWLQJ�HQYLURQPHQW�DQG�
VRPH�KLQWV�DERXW�KRZ�WR�FDOFXODWH�FHUWDLQ�PDMRU�SDUDPHWHUV�LQ�WKH�V\VWHP���%XW�IRU�
PRUH�GHWDLOV�DERXW�WKH�3K\VLFDO�OD\HU�,�VWURQJO\�UHFRPPHQG�WR�UHIHU�WR�>>��@�

�
������0RGXODWLRQ�7HFKQLTXHV�
�
7KH� PRVW� IDPRXV� PRGXODWLRQ� WHFKQLTXHV� WKDW� DUH� XVHG� LQ� :L)L� WHFKQRORJ\� DUH�
2)'0� �2UWKRJRQDO� )UHTXHQF\� 'LYLVLRQ� 0XOWLSOH�� DQG� '666� �'LUHFW� 6HTXHQFH�
6SUHDG�6SHFWUXP��ZKLFK�LV�LPSOHPHQWHG�LQ�25,12&2�3&0&,$�:LUHOHVV�&$5'�
WKDW�ZH�XVHG�LQ�RXU�H[SHULPHQWV��
�
��������'666��'LUHFW�6HTXHQFH�6SUHDG�6SHFWUXP��
�
7KLV� WHFKQLTXH� LV� XVHG� DQG� VWDQGDUGL]HG� LQ� ������� D�E� :/$1� WHFKQRORJ\� DQG�
LPSOHPHQWHG� LQ� :/$1� FDUG� WKDW� RI� WKLV� YHUVLRQ�� ,Q� VLPSOH� ZRUGV� DSDUW� IURP�
FRPSOH[LW\�� WKH� FRQFHSW� RI�'666� LV� WR� XVH� D� FHUWDLQ� FKLSSLQJ� FRGH� FDOOHG�%DUNHU�
&RGH� WR� VSUHDG� WKH� WUDQVPLWWHG� VLJQDO� RQ� D� ZLGHU� EDQGZLGWK� DQG� ORZHU� SRZHU�
�ZKLFK�KHOSV�WR�ORZHU�GRZQ�WKH�LQWHUIHUHQFH�HIIHFW���,Q�RWKHU�ZRUGV�HDFK�ELW�LQ�WKH�
RULJLQDO�VLJQDO�LV�UHSUHVHQWHG�E\�PXOWLSOH�ELWV�LQ�WKH�WUDQVPLWWHG�VLJQDO�E\�XVLQJ�WKH�
VSUHDGLQJ�FRGH�DV�VKRZQ�LQ�ILJXUH���������
�
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Figure 8 – Spreading Technique 
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Figure 9 – Spreading Technique with BPSK 
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Figure 10– Spreading Technique 
and recovering data 
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�
7KH� VSUHDGLQJ� RSHUDWLRQ� LV� GRQH� E\� SHUIRUPLQJ� ;25� RI� WKH� VLJQDO� WR� EH�
WUDQVPLWWHG� ZLWK� WKH� VSUHDGLQJ� FRGH� �%DUNHU� &RGH�� RQ� WUDQVPLWWHU� VLGH� DQG�
GHFRGLQJ�RQ� WKH� UHFHLYHU� VLGH�E\�SHUIRUPLQJ� WKH� UHFHLYHG� VLJQDO�ZLWK� WKH�%DUNHU�
&RGH��6SUHDGLQJ�FRGH���DJDLQ��
�
'666�$GYDQWDJHV��
�
'666�KDV�WZR�PDLQ�DGYDQWDJHV�����,W�SURYLGHV�VSUHDGLQJ�JDLQ�DJDLQVW�QDUURZ�EDQG�
LQWHUIHUHQFH�DQG� VLJQDOV� ���� ,W� VSUHDGV� WKH� WUDQVPLWWHG� VLJQDOV� LQWR�D�ZLGH� UDQJH��
WKRXJK�LW�DSSHDUV�OLNH�QRLVH�WR�WKH�QDUURZ�EDQG�UHFHLYHUV��
�

�
���������2)'0��2UWKRJRQDO�)UHTXHQF\�'LYLVLRQ�0XOWLSOH[LQJ��
�
2)'0� LV� DQ� HPHUJLQJ� WHFKQRORJ\� IRU� KLJKW� GDWD� UDWHV�� WKLV� WHFKQLTXH
V� EHHQ�
VWDQGDUGL]HG� IRU� WKH� �*+]�:/$1� V\VWHPV� WKH� ������� J� ZLWK� D� GDWD� UDWH� RI� ���
0ELW�V�� >0pUDXQH� GHEEDK@�2)'0� LV� D�PXOWL� FDUULHU� WUDQVPLVVLRQ� DQG� VXLWHG� IRU�
IUHTXHQF\� VHOHFWLYH� FKDQQHOV� DQG� KLJK� GDWD� UDWHV�� 7KLV� WHFKQLTXH� WUDQVIRUPV� D�
IUHTXHQF\�VHOHFWLYH�ZLGH�EDQG�FKDQQHOV�LQWR�D�JURXS�RI�QRQ�VHOHFWLYH�QDUURZ�EDQG�
FKDQQHOV�� ZKLFK� PDNHV� LW� UREXVW� DJDLQVW� ODUJHU� GHOD\� VSUHDGV� E\� SUHVHUYLQJ�
RUWKRJRQDOLW\� LQ� WKH� IUHTXHQF\� GRPDLQ�� ,W� XVHV� ,))7� �,QYHUVH� )DVW� )RXULHU�
7UDQVIRUP��RQ�WKH�7[�VLGH�DQG�))7��)DVW�)RXULHU�7UDQVIRUP��RQ�WKH�5[�VLGH��
�
,QSXW� GDWD� ELWV� DUH� VSOLW� LQWR� 1� V\PEROV� RI� GXUDWLRQ� 7V�� DQG� WUDQVPLWWHG� RQ� DOO�
VXEFDUULHV�ZKLFK�LPSOLHV�WR�D�IODW�IDGLQJ��7KH�PDLQ�JRDO�LV�QRW�WR�KDYH�,6,��7KH�VXE�
FDUULHV�DUH�VSDFHG�E\���7V���
�
7V� �1�'�7E�ZKHUH�1�LV�WKH�QXPEHU�RI�VXE�FDUULHV���'�LV�WKH�QXPEHU�RI�ELWV�FDUULHG�
RYHU�HDFK�1�VXEFDUULHU�DQG�7E�LV�WKH�ELW�GXUDWLRQ��$�F\FOLF�SUHIL[�LV�DGGHG�EHIRUH�
HDFK�2)'0�V\PERO�DV�D�JXDUG�SHULRG��
�
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������3K\VLFDO�/D\HU�3HUIRUPDQFH�&DOFXODWLRQV�LQ�9$1(7�
�

*HQHUDOO\��LQ�DQ\�FRPPXQLFDWLRQ�V\VWHP�SDWK�ORVV�LV�RQH�RI�WKH�PDLQ�IDFWRUV�
WR�LQGLFDWH�WKH�PDJQLWXGH�RI�ORVV�LQ�WKH�RXU�VLJQDOV��WKH�SDWK�ORVV�FDQ�EH�H[SUHVVHG�
IURP�E\�WKH�IRUPXOD�EHORZ�

�

���������������������������������� 24

2

F

7[5[

7

5
IU
KK.3

3/RVV3DWK   ��
,Q�IDFW�LW
V�WKH�UDWLR�EHWZHHQ�WKH�UHFHLYHG�VLJQDO�SRZHU�RQ�WKH�UHFHLYHU�VLGH�DQG�WKH�
WUDQVPLWWHG�3 E �VLJQDO�SRZHU�3 F WKDW
V�EHHQ�LQLWLDWHG�IURP�WKH�WUDQVPLWWHU
V�VLGH��U�
LV� WKH� 'LVWDQFH� EHWZHHQ� WKH� 7[� DQG� 5[� � fC LV� WKH� FDUULHU� IUHTXHQF\� �� .� LV� D�
FRQWHVWDQW� RI� SURSRUWLRQDOLW\�� 7KH� SDWK� ORVV�PDLQO\�GHSHQGV� RQ� WKH� HQYLURQPHQW�
�XUEDQ��UXUDO��HWF���DW�KLJKHU�IUHTXHQFLHV�WKH�UDQJH�IRU�D�JLYHQ�SDWK�ORVV�LV�UHGXFHG��
�
7KH�UHFHLYHG�VLJQDO�OHYHO�LV�VWURQJO\�MRLQHG�WR�WKH�HQYLURQPHQW��GXH�WR�WKH�GLIIHUHQW�
HIIHFWV� RI� UHIOHFWLRQ�� VFDWWHULQJ�� DWWHQXDWLRQ�� GLIIUDFWLRQ� «HWF�� $OO� WKHVH� HIIHFWV�
GLIIHU�ZLWK�WKH�GLIIHUHQW�HQYLURQPHQW� IRU�H[DPSOH�� LQ�DQ� LQGRRU�HQYLURQPHQW��ZH�
FDQ�KDYH�OHVV�SDWK�ORVV�DQG�PRUH�UHIOHFWLRQV�DQG�ULFK�VFDWWHULQJ��WKXV���LQ�DQ�LQGRRU�
\RX�LW�D�JRRG�VLJQDO�OHYHO�FRXOG�EH�REWDLQHG�EXW�ZLWK�KLJK�ORVVHV��8QOLNH�RXW�GRRU��
DOVR� LQ�DQ� RXWGRRU� HQYLURQPHQW� WKH� VDPH�HIIHFW� FRXOG�EH� IRXQG�� EXW� LW� KDSSHQHG�
OHVV�OLNHO\�WKDQ�LQ�DQ�LQGRRU�RQH��6R�WKH�VLJQDO�ZLOO�EH�UHFHLYHG�ZLWK�UHSOLFDV�RI�WKH�
VDPH�VLJQDO��WKXV��WKH�VXPPDWLRQ�RI�WKH�VLJQDO�FRXOG�EH�FRQVWUXFWLYH�RU�GHVWUXFWLYH��
�
�
,Q�IDFW� WKH�SDWK��PDQ\�SDWK�ORVV�PRGHOV�FRXOG�EH�IRXQG�LQ�WKH�OLWHUDWXUH�DQG�>��@�
KDV�SURYLGHG�PDQ\�RI� WKHP��EXW� WKH�PRVW�XVHG�PRGHOV� DUH�2NXUDPD�0RGHO� DQG�
+DWD�0RGHO��HWF����
�
• 2NXPXUD�0RGHO��,W�LV�RQH�RI�WKH�PRVW�ZLGHO\�XVHG�PRGHOV�IRU�VLJQDO�SUHGLFWLRQ�

LQ�XUEDQ�DUHDV�,W� LV�DQ�HPSLULFDO�PRGHO�LQ�WKH�IUHTXHQF\�UDQJH�RI�����0+]�WR�
�����0+]�	�GLVWDQFHV�IURP���WR�����.P��,W�FDQ�EH�H[WUDSRODWHG�XS�WR���*+]��

• +DWD�0RGHO�� ,W� LV� DQ� HPSLULFDO� IRUPXODWLRQ�RI� WKH�SDWK� ORVV�GDWD�SURYLGHG�E\�
2NXPXUD��	�LV�YDOLG�IURP�����0K]�WR������0+]�IRU�XUEDQ�DUHD��

• 3&6�([WHQVLRQ�WR�+DWD�0RGHO��7KLV�LV�DQ�H[WHQVLRQ�RI�+DWD�PRGHO�XS�WR���*+]�
IRU�3HUVRQDO�&RPPXQLFDWLRQ�6\VWHPV�ZKLFK�KDYH�FHOOV�RI�WKH�RUGHU�RI���.P�WR�
���.P�UDGLXV��
� �

)RU�PRUH�DFFXUDF\��ZH�ZLOO�XVH�2NXPXUD�0RGHO�IRU�8UEDQ�DQG�6XEXUEDQ�DUHDV��
�
�
�
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Figure 11 – path loss and fading effect 
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7KH�'RSSOHU�(IIHFW�
�
'RSSOHU� (IIHFW� LV� D� VKLIW� LQ� IF (FHQWHU� IUHTXHQF\��� RQ� WKH� UHFHLYHU� VLGH�� RQ� ZKLFK� WKH�
WUDQVPLWWHG� VLJQDO� ZHUH� PHDQW� WR� EH� VHQW� DW� GXH� WR� WKH� YHORFLW\� �VSHHG�� RI� WKH� PRELOH�
UHFHLYHU��7KH�'RSSOHU�(IIHFW�ZDV�QDPHG�DIWHU�&KULVWLDQ�'RSSOHU��ZKR�ILUVW�FDPH�XS�ZLWK�
WKH�LGHD�LQ������>��@����
�
6LQFH� 9$1(7� LV� D� V\VWHP� ZLWK� DQ� DJJUHVVLYH� PRELOLW\� ZLWK� KLJK� VSHHGV�� WKHQ� DV� D�
FRQVHTXHQFH�WKH�'RSSOHU�(IIHFW�ZLOO�KDYH�DQ�LPSRUWDQW�UROH�WR�SOD\�GXH�WR�WKH�PRELOLW\�RI�
ERWK� WKH� WUDQVPLWWHU� DQG� UHFHLYHU� VLQFH� WKDW� FKDQJH� RI� WKH� DSSDUHQW� IUHTXHQF\�ZLOO� EH�
REVHUYHG� E\� WKH� UHFHLYHU� ZKLFK� PDNHV� LW� QRQ� WULYLDO� HIIHFW�� ,I� WKH� PRELOH� LV� PRYLQJ�
WRZDUGV� WKH�VRXUFH�RI� WKH�ZDYH�� WKHQ�WKH�DSSDUHQW�IUHTXHQF\�ZLOO�EH� LQFUHDVHG��PRYLQJ�

7[�

5[�
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DZD\�IURP�WKH�VRXUFH�FDXVHV�D�GHFUHPHQW�LQ�WKH�DSSDUHQW�IUHTXHQF\��7KLV�RFFXUV�EHFDXVH�
WKH�PRELOH�FURVVHV�WKH�ZDYH�IURQW�RI�WKH�LQFRPLQJ�ZDYH�DW�D�GLIIHUHQW�UDWH�IURP�ZKHQ�LW�LV�
VWDWLRQDU\��0RUH� SUHFLVHO\�� WKH� DSSDUHQW� FKDQJH� LQ� IUHTXHQF\�� WKH�'RSSOHU� 6KLIW IG�� LV�
JLYHQ�E\�WKH�UDWH�DW�ZKLFK�WKH�PRELOH�FURVVHV�WKH�ZDYH�IURQW�RI�WKH�DUULYLQJ�VLJQDO�>��@�
�

���I���o
Y���I�I PFG coscos   �

o
YII

Io
YIYI

FP

PFG

 

   DDD
O

coscoscos

�

�
:KHUH�IP�LV�WKH�PD[LPXP�'RSSOHU�6KLIW�ZKLFK�RFFXUV�DW�DOID� ����7KXV�WKH�'RSSOHU�VKLIW�
FDQ�KDYH�DQ\�DSSDUHQW�IUHTXHQF\�ZLWKLQ�WKH�UDQJH��IF�±�IP���� �I�� ��IF ��IP��
�
�
�
������������� � � � � � � $UULYLQJ�:DYH�
������������������������������������������������������������������ �
���������������������������������������������������������������������������������������'LUHFWLRQ�RI�PRWLRQ�
�
�
�
����7UDQVPLWWHG�6SHFWUXP������������������������������������������������������������������5HFLYHG�6SHFWUXP��
�
�
�
�
����������IF�������������������������������������������������������������������������������������������������IF�IP�������IF���������IF�IP��
�
�

,Q�FDVH�RI�KDYLQJ�ERWK�WKH�WUDQVPLWWHU�DQG�UHFHLYHU�DUH�PRELOH�WKHQ�WKH�PD[LPXP�
'RSSOHU�IUHTXHQF\�PD\�EH�HYHQ�JUHDWHU�LI�ERWK�DUH�PRYLQJ�LQ�WKH�VDPH�GLUHFWLRQ����

�
�
�

�
�0XOWLSDWK����
�&KDQQHO�
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�
,QWHUIHUHQFH�(IIHFW��
�

$V�LQ�DOO�ZLUHOHVV�V\VWHPV�� LQWHUIHUHQFH�SOD\V�DQ�LPSRUWDQW�UROH�LQ�9$1(7��
VLQFH� DQ� LQWHUIHULQJ� PRELOH� DIIHFWV� WKH� VLJQDO� RI� D� GHVLUHG� PRELOH� GXH� WR� D�
VLPXOWDQHRXV�WUDQVPLVVLRQ�RQ�FR�FKDQQHO�VLJQDOV��7KH�LQWHUIHUHU�FRXOG�EH�IDU�DSDUW�
IURP�WKH�WUDQVPLWWHU�QRW�QHFHVVDULO\�WR�EH�LQ�WKH�VDPH�VSRW���7KH�IROORZLQJ�H[DPSOH�
ZLOO�H[SODLQ�KRZ�WKH�LQWHUIHUHQFH�KDSSHQV��7KH�DWWHQXDWLRQ�IDFWRU�ZKLFK�UHSUHVHQWV�
DOO�WKH�GLIIHUHQW�HIIHFWV�LQFOXGLQJ�IDGLQJ��SDWK�ORVV�DQG�VKDGRZLQJ�LV�UHSUHVHQWHG�E\  

ij��$QG�WKHQ�DW�WKH�UHFHLYHU�VLGH�WKH�VLJQDO�ZLOO�EH�PXOWLSOLHG�E\�FRPSOH[�ZHLJKWV�
DQG�VXPPHG�\LHOGLQJ�WKH�RXWSXW�\�ZKLFK�UHSUHVHQWV�WKH�UHFHLYHG�VLJQDO��

�
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7KDW� ZDV� D� VPDOO� H[DPSOH� DERXW� KRZ� LQWHUIHUHQFH� DQG� LQWHUIHUHQFH�

UHGXFWLRQ�LQ�RUGHU�WR�FUHDWH�D�UREXVWQHVV�LQ�9$1(7�V\VWHP�DJDLQVW�LQWHUIHUHQFH��
�

�
����0$&�/D\HU�9$1(7�
�

7KH�PDLQ� SXUSRVH� RI� GHYHORSLQJ� DQG� GHVLJQLQJ� WKH� ,9&� LV� WR� HQKDQFH� WKH�
VDIH�GULYLQJ�RQ�WKH�URDG��PLQLPL]LQJ�WKH�URDG�DFFLGHQWV��GHFUHDVLQJ�WKH�WUDIILF�MDPV�
DV�ZHOO�DV�JUDQWLQJ�WKH�GULYHU�WR�UHDFK�LWV�GHVWLQDWLRQ�FRPIRUWDEO\�DQG�HDVLO\�ZLWK�
WKH� VKRUWHVW� WLPH�� $QG� GXH� WR� WKH� VSHFLDO� IHDWXUH� DQG� FKDUDFWHULVWLFV� RI� 9$1(7�
RYHU� WKH�RWKHU�NLQG�RI�QHWZRUNV� LQ� WHUPV�RI� WKH�FRQWLQXRXV�G\QDPLF�FKDQJLQJ� LQ�
WKH�QHWZRUN�WRSRORJ\��VKRUW�WHUPV�FRQQHFWLRQ�OLIH�DQG�FKDQJLQJ� LQ�WKH�QXPEHU�RI�
WHUPLQDOV��'XH� WR�DOO� WKDW�� WKH�H[LVWLQJ�:/$1�0$&�SURWRFROV�GR�QRW� VHHP�WR�EH�
VXLW� WKHVH� QHZ� FKDOOHQJHV�� GXH� WR� WKH�3K\VLFDO� DQG�0$&� OD\HU� OLPLWDWLRQV�� 7KXV��
PDQ\�UHVHDUFKHV�DUH�GRQH� LQ� WKLV� ILHOG� LQ�RUGHU� WR� LPSURYH� WKH�0$&�OD\HU� WR�EH�
ZHOO�VXLWHG�ZLWK�WKH�QHZ�FKDOOHQJHV���

�
0DQ\�SURWRFRO�ZHUH�VXJJHVWHG�IRU�0$&�OD\HU�>��@�OLNH�5HVHUYDWLRQ�$/2+$�

�5�$/2+$�� IRU� GLVWULEXWHG� FKDQQHO� DVVLJQPHQW�� 5�$/2+$� >��@� KDV� KLJKHU�
WKURXJKSXW� WKDQ� VORWWHG�$/2+$�� VLQFH�D�QRGH�ZKLFK� FDWFKHV�D� VORW� FDQ�XVH� LW� LQ�
VXEVHTXHQW�IUDPHV�DV�ORQJ�DV�LW�KDV�SDFNHWV�WR�VHQG��$V�LQ�DOO�SURWRFROV�5�$/2+$�
KDV�LWV�GUDZEDFNV�DQG�WKRXJK�>��@�KDV�VXJJHVWHG�LPSURYHPHQWV�WR�WKH�SURWRFRO�DV�
ZHOO� DV� >��@� KDYH� DOVR� VWXGLHG� WKDW� XQGHU� QRGH� KLJK� PRELOLW\�� 55�$/2+$� >��@�
�5HOLDEOH� 5HVHUYDWLRQ� $/2+$�� LV� VWXG\LQJ� WKLV� SURWRFRO� LQ� RUGHU� WR� VROYH� WKH�
KLGGHQ� WHUPLQDO� DQG� GHVWUXFWLYH� LQWHUIHUHQFH� WKDW� FDXVHV� ORVVHV� LQ� WKH� VLJQDOLQJ�
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WUDQVPLVVLRQ�RXWFRPH�SUREOHPV��$OVR�>��@�>��@�KDV�SURSRVHG�$'+2&�0$&�ZKLFK�
XVHV�'\QDPLF�7'0$�DV� DQ� DFFHVV�PHFKDQLVP� DQG�PXOWLKRS� EURDGFDVW� RYHU� WKH�
ZKROH�QHWZRUN�XVLQJ�WKH�UHVHUYDWLRQ�PHFKDQLVP�LQ�55�$/+$��WKLV�SURWRFRO�RIIHUV�
KLJK�SHUIRUPDQFH� DFFHVV� VFKHPH�DQG� VLPSOLFLW\� LQ� LPSOHPHQWLQJ�0$&�PXOWLKRS�
EURDGFDVWLQJ� VHUYLFH� DV� VKRZQ� LQ� >��@� ZKLFK� GHDOV� LQ� SHUIRUPDQFH� DQDO\VLV� DQG�
IHDVLELOLW\� RI� WKLV� SURWRFRO�� 6RPH� RWKHU� VWXGLHV� FRPELQHG� &'0$� ZLWK� UDQGRP�
FKDQQHO�DFFHVV�DV�LQ�>��@�WKDW�VWDUW�WKHLU�WUDQVPLVVLRQ�LPPHGLDWH�UHJDUGOHVV�RI�WKH�
FKDQQHO
V� VWDWH� E\� XVLQJ� FRGH� DVVLJQPHQW� DQG� VSUHDGLQJ� FRGH� VFKHPHV�� ZLWK� DQ�
DSSURSULDWH�FRGH�DVVLJQPHQW�FROOLVLRQV��ZKLFK�KDSSHQV�ZKHQ���QRGHV�ZLWK�KDYH�WKH�
VDPH�FRGH�WU\� WR�DFFHVV� WKH�FKDQQHO�DW� WKH�VDPH�WLPH�� �FDQ�EH�DYRLGHG��7KLV� LGHD�
ZDV�DGDSWHG�E\�5$�&$0$��5DQGRP�$FFHVV�&'0$��>��@�ZKLFK�VXIIHUV�IRUP�0$,�
�0XOWL� $FFHVV� ,QWHUIHUHQFH�� UHVXOWLQJ� VHFRQGDU\� FROOLVLRQ� DQG� QHDU�� IDU� HIIHFW�
SUREOHPV� DW� WKH� UHFHLYHU� VLGH�� &$�&'0$� >��@�ZKLFK� XVHV�576�&76� UHVHUYDWLRQ�
PHFKDQLVP�>@�ZKLFK�DOOHYLDWHV�WKH�QHDU�±�IDU�SUREOHP����

���
����5RXWLQJ�LQ�9$1(7�
�
$V�ZH�PHQWLRQHG�EHIRUH�,9&�QHWZRUNV�DUH�DQ�LQVWDQWLDWLRQ�RI�D�PRELOH�DG�KRF�

QHWZRUN� �0$1(7���0$1(7V�KDYH�QR� IL[HG� LQIUDVWUXFWXUH�DQG� LQVWHDG� WKH\� UHO\�
RQ� RUGLQDU\� QRGHV� WR� SHUIRUP� URXWLQJ� RI� PHVVDJHV� DQG� QHWZRUN� PDQDJHPHQW�
IXQFWLRQV�� +RZHYHU�� YHKLFXODU� DG� KRF� QHWZRUNV� EHKDYH� LQ� GLIIHUHQW� ZD\V� WKDQ�
0$1(7�UHVHDUFK�PRGHOV��'ULYHU�EHKDYLRU��PRELOLW\�FRQVWUDLQWV��DQG�KLJK�VSHHGV�
FUHDWH� XQLTXH� FKDUDFWHULVWLFV� LQ� ,9&� QHWZRUNV�� 7KHVH� FKDUDFWHULVWLFV� KDYH�
LPSRUWDQW� LPSOLFDWLRQV� IRU� GHVLJQ� GHFLVLRQV� LQ� WKHVH� QHWZRUNV�� 7KXV�� QXPHURXV�
UHVHDUFK� FKDOOHQJHV� VKRXOG� EH� GLUHFWHG� WRZDUGV� LQWHU�YHKLFXODU� FRPPXQLFDWLRQV�
EHIRUH� LW� EHFRPHV� SRVVLEOH� WR� EH� ZLGHO\� GHSOR\HG�� )RU� H[DPSOH�� URXWLQJ� LQ�
FRQYHQWLRQDO�PRELOH�DG�KRF�QHWZRUNV�LV�D�FKDOOHQJLQJ�WDVN�EHFDXVH�RI�WKH�QHWZRUN
V�
G\QDPLF� WRSRORJ\� FKDQJHV��1XPHURXV� VWXGLHV�DQG�SURSRVDOV� RI� URXWLQJ�SURWRFROV�
KDYH�EHHQ�FRQGXFWHG�WR�UHOD\�GDWD�LQ�VXFK�D�FRQWH[W��KRZHYHU�WKHVH�VROXWLRQV�FDQ�
QRW�EH�DSSOLHG�WR�WKH�YHKLFXODU�HQYLURQPHQW�GXH�WR�WKH�VSHFLILF�9$1(7�FRQVWUDLQWV�
DQG� FKDUDFWHULVWLFV�� 5HFHQWO\�� VRPH� URXWLQJ� SURWRFROV� VSHFLDOO\� RULHQWHG� WR�
YHKLFXODU�QHWZRUNV�KDYH�EHHQ�SURSRVHG�EHFDXVH�DV�VKRZQ�LQ�WKH�FXUYHV�EHORZ�WKH�
RUGLQDU\� DG�KRF�SURWRFROV�$2'9� ��'65� ��2/65�DUH�QRW� VR� HIILFLHQW� LQ�9$1(7��
WKXV��ZH�QHHG�PRUH�HIIHFWLYH�DQG�UHOLDEOH�URXWLQJ�SURWRFROV�WKDW�LV�DEOH�WR�GHDO�ZLWK�
WKH�DJJUHVVLYH�PRELOLW\�LQ�9$1(7���

�
x '65��'\QDPLF�6RXUFH�5RXWLQJ�3URWRFRO��

o 5HIHUHQFH�,(7)�'UDIW���GUDIW�LHWI�PDQHW�GVU����W[W��
o '65�WXWRULDO���>��@�

x $2'9��2Q�±�'HPDQG�'LVWDQFH�9LFWRU��
o $2'9��,(7)�([SHULPHQWDO�5)&�1XPEHU�������-XO\������
o $2'9�WXWRULDO�>��@�
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x 2/65��2SWLPL]HG�/LQN�6WDWH�5RXWLQJ��
o 5HIHUHQFH�,(7)�([SHULPHQWDO�5)&������2FWREHU������
o 2/65�WXWRULDO�>��@�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
Figure 12- comparison between the performances of 

 Mobile ad hoc routing protocol [29] 
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�
�
�
�6RPH�9$1(7�SURWRFROV�

�
*3&5�>��@��*UHHG\�3HULPHWHU�&RRUGLQDWRU�5RXWLQJ��LV�RQH�RI�WKHP�VLQFH�LW�LV�DEOH�WR�

GHDO� ZLWK� WKH� FKDOOHQJHV� RI� FLW\� VFHQDULRV�� ,W� GRHV� QRW� UHTXLUH� DQ\� JOREDO� RU� H[WHUQDO�
LQIRUPDWLRQ�VXFK�DV�D�VWDWLF�VWUHHW�PDS�WKH�PDLQ�LGHD�RI�*3&5�LV�WR�IRUZDUG�GDWD�SDFNHWV�
XVLQJ� D� UHVWULFWHG� JUHHG\� IRUZDUGLQJ� SURFHGXUH�� 7KDW� PHDQV� ZKHQ� FKRRVLQJ� WKH� QH[W�
KRSH�� FRRUGLQDWRU�QRGH� �D� QRGH� RQ� D� MXQFWLRQ�� LV� SUHIHUUHG� WR� D� QRQ�FRRUGLQDWRU� QRGH��
HYHQ�LI�LW�LV�QRW�WKH�FORVHVW�QRGH�WR�GHVWLQDWLRQ��


*65
>��@� �*HRJUDSKLF� 6RXUFH�5RXWLQJ�� KDV� EHHQ� UHFHQWO\� SURSRVHG� DV� D� SURPLVLQJ�
URXWLQJ� VWUDWHJ\� IRU� YHKLFXODU� DG� KRF� QHWZRUNV� LQ� FLW\� HQYLURQPHQWV�� ,W� FRPELQHV�
SRVLWLRQ�EDVHG�URXWLQJ�ZLWK�WRSRORJLFDO�NQRZOHGJH��7KH�VLPXODWLRQ�UHVXOWV��ZLWK�WKH�XVH�RI�
UHDOLVWLF� YHKLFXODU� WUDIILF� LQ� D� FLW\� HQYLURQPHQW�� VKRZ� WKDW�*65�RXWSHUIRUPV� WRSRORJ\�
EDVHG�DSSURDFKHV��'65�DQG�$2'9��ZLWK�UHVSHFW�WR�GHOLYHU\�UDWH�DQG�ODWHQF\��,Q�DQRWKHU�
VWXG\Erreur ! Source du renvoi introuvable.�� WKH� VDPH� DXWKRUV� KDYH� VKRZQ�� IRU� KLJKZD\�
VFHQDULRV�� WKDW� URXWLQJ� DSSURDFKHV� XVLQJ� SRVLWLRQ� LQIRUPDWLRQ�� H�J��� REWDLQHG� IURP� RQ�
ERDUG�*36�UHFHLYHUV��FDQ�YHU\�ZHOO�GHDO�ZLWK�WKH�PRELOLW\�RI�WKH�YHKLFOHV��


$�67$5
>��@� �$QFKRU�EDVHG� 6WUHHW� DQG� 7UDIILF� $ZDUH� 5RXWLQJ�� LV� D� QHZ� SRVLWLRQ�
EDVHG�URXWLQJ�VFKHPH�GHVLJQHG�VSHFLILFDOO\�IRU�,9&�LQ�D�FLW\�HQYLURQPHQW��,W�IHDWXUHV�WKH�
QRYHO�XVH�RI�FLW\�EXV�URXWH�LQIRUPDWLRQ�WR�LGHQWLI\�DQFKRU�SDWKV�RI�KLJKHU�FRQQHFWLYLW\�VR�
WKDW� PRUH� SDFNHWV� FDQ� EH� GHOLYHUHG� WR� WKHLU� GHVWLQDWLRQV� VXFFHVVIXOO\�� $� QHZ� UHFRYHU\�
VWUDWHJ\� IRU� SDFNHWV� URXWHG� WR� D� ORFDO�PD[LPXP��ZDV� DOVR� SURSRVHG�� FRQVLVWLQJ� RQ� WKH�
FRPSXWDWLRQ� RI� D� QHZ� DQFKRU� SDWK� IURP� WKH� ORFDO� PD[LPXP� WR� ZKLFK� WKH� SDFNHW� LV�
URXWHG��

*<7$5�>��@�LV�D�QRYHO�URXWLQJ�SURWRFRO�IRU�YHKLFXODU�QHWZRUNV�LQ�XUEDQ�HQYLURQPHQW�
FDOOHG� *<7$5�� LPSURYHG� *UHHG<� 7UDIILF� $ZDUH� 5RXWLQJ� SURWRFRO�� %DVHG� RQ� D�
ORFDOL]DWLRQ�V\VWHP�OLNH�*36��*OREDO�3RVLWLRQLQJ�6\VWHP���WKLV�VROXWLRQ�DLPV�WR�HIILFLHQWO\�
UHOD\�GDWD� LQ� WKH�QHWZRUN�XVLQJ� FLW\�PDSV�� ,W� DOVR� FRQVLGHUV� LQIRUPDWLRQ�DERXW�YHKLFOHV�
VSHHG�DQG�GLUHFWLRQ�VLQFH�ZH�VXSSRVH�UHDO�FLW\�FRQILJXUDWLRQ�ZLWK�PXOWL�ODQHV�DQG�GRXEOH�
GLUHFWLRQ� URDGV�� *<7$5� DLPV� WR� �L�� HIILFLHQWO\� XVH� WKH� QHWZRUN� UHVRXUFHV� �ZLUHOHVV�
EDQGZLGWK��E\�OLPLWLQJ�WKH�FRQWURO�PHVVDJH�RYHUKHDG���LL��DQG�WR�URXWH�GDWD�SDFNHWV�IURP�
VRXUFHV�WR�GHVWLQDWLRQV�LQ�WKH�YHKLFXODU�QHWZRUN�ZLWK�D�UHGXFHG�HQG�WR�HQG�GHOD\�DQG�ORZ�
SDFNHW� ORVV�� 7KLV� VROXWLRQ� LV� FRQFHLYHG� IRU� ERWK� XVHU� LQIRUPDWLRQ� DQG� URDG� VDIHW\�
DSSOLFDWLRQ��7KLV�SURWRFRO� LV� D� JHRJUDSKLF� URXWLQJ�XVLQJ� WKH�PDS� WRSRORJ\� WR� HIILFLHQWO\�
VHOHFW� WKH� DGHTXDWH� MXQFWLRQV� WKDW� GDWD� SDFNHWV� DFURVV� WR� UHDFK� WKH� GHVWLQDWLRQ�� ,Q�
DGGLWLRQ�� DQ� LQWHOOLJHQW� JUHHG\� IRUZDUGLQJ� VWUDWHJ\� ZDV� XVHG� EHWZHHQ� WZR� VXFFHVVLYH�
MXQFWLRQV��

�

                                                 
1 Situation where there is no neighbour of sending node s, which is closer to destination than s itself. 

O�P�Q�Q�R�S
T�U�V W R�XZY�[<\�\�]�^
C’est 

ce qu'on veut réaliser avec (notre 
objectif), mais vu qu'il y a pas de 
résultats pour l'instant on se 
contente de mentionner ce que 
notre proposition voudrait réaliser 
O�P�Q�Q�R�S
T�U�V W R�X�_�_�\�`�]a^

A 
refaire à la fin… 
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7KH� DERYH� PHQWLRQHG� SURWRFRO� LV� VLPXODWLRQ� EDVHG� ZLWK� QR� DQ\� H[LVWLQJ�
LPSOHPHQWDWLRQV�� EXW�� VRPH� LQVWDEOH� LPSOHPHQWDWLRQV� FRXOG� EH� IRXQG� IRU�$2'9�DQG�
2/65��$QG�VR��ZH�XVHG�WULHG�WR�XVH�WKRVH�LPSOHPHQWDWLRQV�LQ�RXU�H[SHULPHQWV����

�
�

��� 9$1(7�([SHULPHQWV�
���������
����5HODWHG�ZRUN��
�
,Q� >��@� WKH\� GLVFXVVHG� VRPH� H[SHULPHQWDO� UHVXOWV� XVLQJ� PXOWLPHGLD� DSSOLFDWLRQ� �YLGHR�
VWUHDPLQJ�� LQ� LQWHU�YHKLFXODU� DG� KRF� QHWZRUN� XVLQJ� WZR� YHKLFOHV� HTXLSSHG� ZLWK� ,(((�
������E� GHYLFHV� LQ� 
RQO\
� WZR� W\SLFDO� GULYLQJ� VFHQDULRV� LQ� XUEDQ� DUHDV� DQG� KLJKZD\���
9DULRXV�YLGHR�ELWUDWHV�DQG�SDFNHWL]DWLRQ�SROLFLHV�KDYH�EHHQ� WHVWHG�� LQ�RWKHU�ZRUGV� WKH\�
FKDQJHG�WKH� WUDQVPLVVLRQ�UDWH�DQG�WKH�SDFNHW� VL]H�ZKLOH�PHDVXULQJ�WKH� OLQN�DYDLODELOLW\�
�QXPEHU� RI� UHFHLYHG�EHDFRQV� RYHU� WKH� QXPEHU� RI� WUDQVPLWWHG� EHDFRQV�ZLWKLQ� D� FHUWDLQ�
WHPSRUDO�ZLQGRZ���615��3DFNHW�ORVV�UDWH��*RRGSXW�DQG�3615��7KH�UHVXOWV�VKRZ�WKDW�WKH�
WZR� VFHQDULRV�GLIIHU� LQ� WHUPV�RI� OLQN�DYDLODELOLW\�DQG�615��0RUHRYHU�� WKH�YLGHR�TXDOLW\�
PHDVXUHG�DW�WKH�UHFHLYHU�E\�PHDQV�RI�WKH�3615�YDOXH�VKRZV�WKDW�WKH�EHVW�SDFNHWL]DWLRQ�
SROLF\�GHSHQGV�RQ�WKH�VFHQDULR��7KH�DXWKRUV�FDPH�RXW�ZLWK�WKH�IROORZLQJ�UHVXOWV���

�L�� 7KH� OLQN� LV�PRUH� DYDLODEOH� LQ� D� 8UEDQ� WKDQ� LQ� D� +LJKZD\�ZKLOH� WKH� 615� LQ�
KLJKZD\� LV� KLJKHU� WKDQ� 8UEDQ� DUHD� �� KH� UHIHUHHG� WKDW� WR� WKH� KLJKHU� DYHUDJH�
GLVWDQFH� LQ�KLJKZD\� WKDQ� LQ�XUEDQ�DUHDV��ZKLOH�615� LV�KLJKHU�GXH� WR� WKH� OHVV�
VHSDUDWLRQ� EHWZHHQ� WKH� YHKLFOHV� DQG� OHVV� OLNHO\� DYDLODELOLW\� RI� LQWHUIHULQJ�
GHYLFHV��

�LL�� 'HVSLWH�WKH�IDFW�RI�ORZ�OLQN�DYDLODELOLW\�LQ�KLJKZD\��WKH�WKURXJK�SXW�LV�KLJK�DQG�
WUDQVPLVVLRQ�LV�HUURU�IUHH�GXH�WR�WKH�KLJK�615�YDOXH��WKXV��WKH�FKDQQHO�VKRXOG�
EH�H[SORLWHG�ZKLOH�WKH�OLQN�LV�DYDLODEOH��6LQFH�ORZ�OLQN�DYDLODELOLW\�FDXVHV�SDFNHW�
GURSSLQJ�GXH�WR�WKH�0$&��/HYHO�WLPHRXW�H[SLUDWLRQ���

�LLL�� 7KH� RSWLPDO� WUDQVPLVVLRQ� SROLF\� YDULHV� GHSHQGLQJ� RQ� WKH� VFHQDULR�� VLQFH� LW� LV�
EHWWHU� WR�XVH� ODUJH�SDFNHWV�ZLWK�D� ORZ�ELW� UDWH� LQ�KLJKZD\V�UDWKHU�WKDQ�XUEDQ�
DUHDV��DQG�WR�XVH�VPDOO�SDFNHWV�ZLWK�D�KLJK�ELW�UDWH�LQ�XUEDQ�DUHDV���

�
6FHQDULR� /LQN�DYDLODELOLW\� $YHUDJH�615�ZKLOH��WKH�OLQN�LV�

DYDLODEOH�
+LJKZD\� ������� ������G%�
8UEDQ� ������� ������G%�

�
�
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�
�
��2SWLPDO�7UDQVPLVVLRQ�SROLF\��
�
�
�
�
�
7KH�UHVXOWV�ZHUH�REWDLQHG�LQ�>��@�UHJDUGLQJ�WR�WKH�615�DQG�QRLVH�OHYHO�GLIIHUV�IURP�WKRVH�
ZKRP� ZHUH� REWDLQHG� LQ� >��@�7KH� UHVXOWV� LQ� >��@� KDV� VKRZQ� WKDW� WKH� RYHUDOO� 615� LQ�
VXEXUEDQ� DUHDV� LV� VOLJKWO\� KLJKHU� WKDQ� LQ� KLJKZD\� DQG� WKH� VDPH� QRLVH� OHYHO� LQ� ERWK�
HQYLURQPHQWV�� 0RUHRYHU�� WKH� DXWKRUV� JLYH� VRPH� RWKHU� UHVXOWV� UHODWHG� WR� 577� �5RXQG�
7ULS�7LPH���7&3�WKURXJKSXW��8'3�WKURXJKSXW��MLWWHU��DQG�SHUFHQWDJH�RI�GDWDJUDP�ORVVHV�
LQ�FDVH�RI�8'3�FRQQHFWLRQ� LQ� WZR�VFHQDULRV�� VXEXUEDQ�DQG�KLJKZD\��7KH�DXWKRUV�FRPH�
RXW�ZLWK�WKH�IROORZLQJ�UHVXOWV���

�L�� 7KH� DYHUDJH� 577� LV� KLJKHU� LQ� KLJKZD\� WKDQ� VXEXUEDQ� DUHDV� LQ� FDVH� RI� WZR�
YHKLFOHV�� %XW�� ORZHU� LQ� FDVH� RI� XVLQJ� WKUHH� YHKLFOHV� WKDQ� WKDW�ZKHQ� XVLQJ� WZR�
YHKLFOHV��

�LL�� �7KH�DYHUDJH�7&3�DQG�8'3�WKURXJKSXW�LV�KLJKHU�LQ�VXEXUEDQ�WKDQ�LQ�KLJKZD\��
DQG�LQ�FDVH�RI���YHKLFOHV�LV�WKH�KLJKHVW�EXW�WKH�ILJXUHV�DUH�DPELJXRXV�DQG�VKRZ�
FRQWLQXRXV�GLVFRQQHFWLRQ�LQ�WKH�OLQN��%XW��LQ�7&3�FDVH�WKH�RYHUDOO�WKURXJKSXW�LV�
KLJKHU�LQ�7&3�FDVH�WKDQ�LQ�8'3�LQ�FDVH�RI�WZR�YHKLFOHV��EXW�LQ�FDVH�RI���YHKLFOHV�
LW
V�VKRZQ�EHWWHU�YDOXH��

�LLL�� 7KH�DYHUDJH�MLWWHU�LV�KLJKHU�LQ�VXEXUEDQ�WKDQ�LQ�KLJKZD\�EXW�KLJKHU�LQ�FDVH�RI���
YHKLFOHV�WKDQ�WKH�FDVH�RI�WZR�YHKLFOHV��

�LY�� 7KH� DYHUDJH� GDWDJUDP� ORVV� LV� KLJKHU� LQ� VXEXUEDQ� WKDQ� LQ� KLJKZD\�� 7KLV� LV�
EHFDXVH�RI�WKH�IUHTXHQW�ORVV�RI�OLQH�RI�VLJKW�DQG�GLVWDQFH�FKDQJHV�DW�VWRS�VLJQV��
,Q�FDVH�RI�XVLQJ���YHKLFOHV�DQG�VWDWLF�URXWLQJ�ORVVHV�ZHUH�����

7KH�GLVFRQWLQXLW\�LQ�KLJKZD\�JUDSKV�VKRZV�GLVFRQQHFWLRQ�LQ�WKH�OLQN�LQ�KLJKZD\�VFHQDULR�
ZKLFK� SURYHV� WKH� YDOLGLW\� RI� ZKDW� ZDV� PHQWLRQ� LQ� >�@� IURP� WKHLU� SRLQW� RI� YLHZ�� WKH�
GHSOR\PHQW�RI�PXOWL�PHGLD�DSSOLFDWLRQV�LV�GLIILFXOW��7KH\�IRXQG�RXW�WKDW�WKH�VLJQDO�TXDOLW\�
DQG� WKH� QHWZRUN� SHUIRUPDQFH� JUHDWO\� GHSHQG� RQ� ERWK� WKH� GLVWDQFH� DQG� OLQH� RI� VLJKW�
FRPPXQLFDWLRQ��
�
�
�

6FHQDULR� 3DFNHW�VL]H� 5DWH�
+LJKZD\� /DUJH� /RZ�
8UEDQ� VPDOO� +LJK�

O�P�Q�Q�R�S
T�U�V W R�X�_�_�\Db�]a^
g 

rajouté ça ... 
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�
6FHQDULR� 577� 7KURXJKSXW� -LWWHU� /RVV�� 615�

7&3� /RZHU� �� �� ��+LJKZD\�
8'3�

+LJKHU�
+LJKHU� /RZHU� /RZHU� +LJKHU�

� � � � � � �
7&3� /RZHU� �� �� ��6XEXUEDQ�
8'3�

/RZHU�
+LJKHU� +LJKHU� KLJKHU� ORZHU�

�
1RWH� WKDW� WKHLU� JUDSKV� ZHUH� QRW� WKDW� REYLRXV� WR� EH� DEOH� WR� FRPH� RXW� ZLWK� FOHDU�
FRQFOXVLRQV��VLQFH�WKHUH�ZDV�D�FRQWLQXRXV�FXWWLQJ�LQ�WKH�FRQQHFWLRQ��
>��@�$JUHHG�ZLWK�ZKDW� FDPH� LQ� >��@� FRQFHUQLQJ� WKH� LPSDFW�RI� FKDQJLQJ� WKH�SDFNHW� VL]H�
DFFRUGLQJ�WR�WKH�HQYLURQPHQW��7KH�VWXG\�KDV�WKH�OLQN�TXDOLW\��615���WKURXJKSXW��QXPEHU�
RI�SDFNHW�ORVVHV��HWF«�LQ�UHODWLYH�WR�GLVWDQFH�DQG�YHORFLW\�LQ�GLIIHUHQW�HQYLURQPHQW�XUEDQ��
VXEXUEDQ��IUHHZD\��7KH�VWXG\�SURYLGHG�WKH�IROORZLQJ�UHVXOWV��

�L�� 'HJUDGDWLRQ�LQ�WKH�OLQN�TXDOLW\�DV�LW� LQWXLWLYHO\�VKRXOG�LQ�VXEXUEDQ�DQG�XUEDQ�
DUHDV�ZKLOH� LQ� IUHHZD\� WKH� OLQN�TXDOLW\� OLHV�EHWZHHQ�VXEXUEDQ�DQG�XUEDQ� OLQN�
TXDOLW\��

�LL�� /LQN�TXDOLW\�LV�LQGHSHQGHQW�RI�WKH�SDFNHW�VL]H�IRU�D�JLYHQ�VFHQDULR��
�LLL�� 6XEXUEDQ�HQYLURQPHQWV�DUH�WKH�PRVW�IDYRUDEOH�DQG�XUEDQ�GULYLQJ�LV�WKH�PRVW�

KRVWLOH�IRU�,9&��
�LY�� 7KURXJKSXW�GHFUHDVHV�ZLWK�LQFUHDVLQJ�WKH�GLVWDQFH��,Q�IUHHZD\�WKH�WKURXJKSXW�

LQFUHDVHV�ZLWK�WKH�GLVWDQFH�LQLWLDOO\��DQG�WKHQ�VWDUWV�IDOOLQJ�ZLWK�LQFUHDVLQJ�WKH�
GLVWDQFH��

�Y�� ,QFUHDVLQJ�WKH�SDFNHW�VL]H�LQFUHDVHV�WKH�WKURXJKSXW�LQ�XUEDQ�DUHD�DV�ZHOO�DV�LQ�D�
IUHHZD\�FURVVLQJ�EXW�DW�VPDOOHU�GLVWDQFH�EHWZHHQ�WKH�FRPPXQLFDWLQJ�WHUPLQDOV��
:KHUH�ODUJH�SDFNHWV�GHJUDGH�WKH�WKURXJKSXW�DW�ODUJH�GLVWDQFH��VR�LW�LV�IDYRUDEOH�
WR�DGDSW�WKH�SDFNHW�VL]H�DFFRUGLQJ�WR�WKH�VHSDUDWLRQ�EHWZHHQ�WKH�YHKLFOHV��

�YL�� )UHHZD\�DQG� VXEXUEDQ� VFHQDULRV� WKH� FRQQHFWLYLW\� HQKDQFHV�E\�GHFUHDVLQJ� WKH�
SDFNHW�VL]H��

7KH� UHVXOWV� REWDLQHG� E\� >��@� UHFRPPHQGHG� ODUJH� SDFNHWV� KLJKZD\�ZH� VKRXOG� XVH� ODUJH�
SDFNHWV�ZKLOH� LQ� >��@� WKH\� UHFRPPHQGHG�D� VPDOO�RQHV��$V�ZHOO�DV� LQ�XUEDQ�VFHQDULRV�� LW�
VKRZV�WKH�RSSRVLWH��
�
�
�



Internship Report: Performance Measurements in VANET 
 

                    
 
                           Mahmoud ALHAJ  

38

��,� >��@� WKH� VWXG\�ZDV� YHU\� JRRG� EXW�ZLWK� VRPH� JDSV�ZKLFK�PDNH� WKH� REWDLQHG� UHVXOWV�
FRXOG�EH�WULFN\�DQG�QRW�JLYLQJ�WKH�ULJKW�LQGLFDWLRQ��

x 7KH�VFHQDULRV�ZKHUH�WRWDOO\�DUELWUDU\�GULYLQJ�LQ�DQ�XUEDQ�DUHD�DQG�KLJKZD\�QRW�D�
SUHGHILQHG�VFHQDULRV��FHUWDLQ�VSHHG�DQG�GLVWDQFH���ZKLFK�GHILQLWHO\�KDG�DQ�LPSDFW�
RQ�WKH�EHKDYLRU�RI�WKH�V\VWHP��

x 7KH�DYHUDJH�OLQN�DYDLODELOLW\�DQG�OLQN�TXDOLW\�ZDV�PHDVXUHG�LQ�WKH�VDPH�ZD\��
x 7KH�ODVW�IORZV�XVLQJ�3DULV�&,)�IRUPDW�GLIIHUHQW�LQ�ERWK�SDFNHW�VL]H�DQG�UDWH�WKDQ�

WKH�RWKHU�IRUPDWV��7KLV�PDNHV�LW�QRW�VR�ULJKW�WR�EH�FRPSDUHG�WR�WKH�RWKHU�IORZV��
7KH�VDPH�WKLQJ�LQ�>��@���WKH�ZHUH�QR�SUHGHILQHG�VFHQDULRV��WKH�VSHHG�ZDV�QRW�IL[HG��DQG�LQ�
FDVH� RI� �� YHKLFOHV� HYHQ� WKH� GLVWDQFH� ZDV� QRW� PHDVXUHG� VR� WKH� LPSDFW� RI� KRSV� DQG�
LQWHUPHGLDWH�QRGHV�FDQ
W�EH�FRPSDUHG�WR�WKH�WZR�YHKLFOHV�XQGHU�WKH�VDPH�FRQGLWLRQ�HYHQ�
WKRXJK�LW�KDV�VKRZQ�VRPH�LPSURYHPHQW�LQ�WHUPV�RI��ORVVHV����
,Q�>@�WKH�VWXG\�KDV�QRW�VKRZQ�JUDSKLFDOO\�WKH�HIIHFW�RI�FKDQJLQJ�WKH�SDFNHW�VL]H�LQ�IUHHZD\�
VFHQDULR�� $OVR� KH� ZDQWHG� WR� VWXG\� WKH� LQIOXHQFH� RI� WKH� HQYLURQPHQW� RQ� WKH� V\VWHP�
EHKDYLRU�� EXW� XQIRUWXQDWHO\�� KH� VKRXOG� KDYH� IL[HG� WKH� VSHHG� ZKLOH� FRQGXFWLQJ� KLV�
H[SHULPHQWV��VHH�WKH�UHDO�LPSDFW�RI�WKH�HQYLURQPHQW���VLQFH�KH�XVHG�GLIIHUHQW�VSHHG���DQG�
GLIIHUHQW�WHVWLQJ�GXUDWLRQV��
�����������
����9$1(7�7HVWHG�
�
�
9$1(7� 7HVWHG� LV� D� WRRO� WKDW� LV� XVHG� WR� SHUIRUP� ILOHG� H[SHULPHQWV� DQG� UHDO�WLPH�
PHDVXUHPHQWV�� WKH� WHVWHG� FRQVLVW� RI� 3&
V� ZLWK� 3&0&,$� :/$1� FDUG� FRQQHFWHG� WR�
H[WHUQDO�DQWHQQDV�DQG�UXQQLQJ�WUDIILF�JHQHUDWRU�WR�H[FKDQJH�GDWD�DQG�ORJV�DOO�WKH�GHWDLOV�
RI�WKH�FRPPXQLFDWLRQ�SURFHVV�ZLWK�DOO�SDUDPHWHUV�LQ�RUGHU�WR�EH�SHUIRUP�D�SRVW�DQDO\VLV�
IRU� WKH� VDYHG� ORQJ� WR� KDYH� DQ� XQGHUVWDQGLQJ� RI� � WKH� V\VWHP� EHKDYLRU� DQG� XVH� WKLV�
XQGHUVWDQGLQJ�WR�RSWLPL]H�WKH�V\VWHP�HIILFLHQF\���
�
'LIIHUHQW� 9$1(7� WHVWEHG� KDV� EHHQ� XVHG� ZH� FDQ� VHH� D� QXPEHU� RI� WHVWEHGV�ZKLFK� KDYH�
EHHQ�FUHDWHG�LQ�>��@>��@>��@��DV�ZHOO�DV�GLIIHUHQW�VXUYH\V�DQG�SURSRVDOV�FRXOG�EH�IRXQG�LQ�
FRQFHUQLQJ�WKLV�WRSLF�LQ�>��@>��@>��@>��@���
�
,Q�RUGHU�WR�SHUIRUP�RXU�H[SHULPHQWV�ZH�KDYH�FUHDWHG�RXU�RZQ�WHVWEHG�LQ�RUGHU�WR�FROOHFW�
WKH�GDWD�ZH�QHHG�IURP�ERWK�WKH�:/$1�FDUG��615��1XPEHU�RI�3DFNHWV��/RVVHV��HWF��DQG�
WKH�ORFDWLRQ�DQG�VSHHG�IURP�WKH�*36�DQG�VDYH�WKHP�WR�ORJV��
�
�
�
�
�
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�

�
�
����([SHULPHQW�VHWXS�

�
7KLV� VHFWLRQ� SUHVHQWV� RXU� WHVWEHG� DQG� WKH� H[SHULPHQW� VHWXS� SURFHVV�� 7R� VHWXS� RXU�
H[SHULPHQWV�ZH�XVH�ODSWRSV�UXQQLQJ�/LQX[�RSHUDWLQJ�V\VWHP��5HGKDW��DQG�HTXLSSHG�ZLWK�
DQ�$WKHURV�3&0&,$�������E�J�2ULQRFR�FDUGV�ZLWK�H[WHUQDO�DQWHQQD��/XFHQW�7HFKQRORJ\�
$QWHQQD�� ���G%� JDLQ���� DQG� +ROX[� *36OLP���� %OXHWRRWK� EDVHG��� :H� XVH� D� PRGLILHG�
YHUVLRQ�RI�0XOWL�EDQG�$WKHURV�'ULYHU�IRU�:L)L��DOVR�NQRZQ�DV�0$':,),�>�@�ZKLFK�JLYHV�
WKH�DELOLW\�WR�PRQLWRU�WKH�HQWLUH�WUDQVPLWWHG�DQG�UHFHLYHG�SDFNHWV�WKDW�UHDFK�WKH�QHWZRUN�
FDUG���7KH�PRGLILHG�WRRO�LV�GHYHORSHG�DW�WKH�8QLYHUVLW\�RI�6WDQIRUG��:H�XVH�DOVR�,SHUI�>�@�
DV�D�WUDIILF�JHQHUDWRU��
:H� SHUIRUPHG� H[SHULPHQWV� EHWZHHQ� WZR� YHKLFOHV� LQ� GLIIHUHQW� HQYLURQPHQWV�� DW� YDULRXV�
VSHHGV�DQG�LQWHUYHKLFOH�GLVWDQFHV��)LJXUH���VKRZV�RXU�H[SHULPHQWDO�WHVWEHG��7KH�ILUVW�FDU�
DFWV� DV� WKH� WUDIILF� UHFHLYHU� ZKLOH� WKH� VHFRQG� LV� WKH� WUDIILF� WUDQVPLWWHU�� %RWK� YHKLFOHV�
RSHUDWH� XVLQJ� WKH� ������� DG� KRF�PRGHV�� L�H��ZLWKRXW� UHOD\LQJ� RQ� DQ\� DFFHVV� SRLQW�� 7KH�
PRQLWRULQJ�WRRO��0$':,),��LV�LQVWDOOHG�RQ�WKH�WZR�FDUV��
:H�KDYH�GHYHORSHG�D�GDWD�DQDO\VLV� WRRONLW� WR�DQDO\]H�FRQQHFWLYLW\�� VLJQDO�WR�QRLVH�UDWLR��
HUURU�UDWHV��DQG�GDWD�UDWHV�RYHU�GLIIHUHQW�GLVWDQFHV��DQG�VSHHGV��,SHUI�DQG�0$':,),�ORJ�
                                                 
2 Section 4.6 deals with the effect of external antenna in our experiments. 
3 We use the features of a localization system like GPS in order to measure both speed and position of vehicles. 

SNR, Packet 
loss, speed, 
location 

SNR, 
Packet loss, 
speed, 
location 
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ILOHV� FRPELQHG�ZLWK� WKH�*36� >��@� GDWD� DOORZ� D� GHWDLOHG� VWDWLVWLFDO� DQDO\VLV�� ,Q� RUGHU� WR�
PHDVXUH�WKH�GLVWDQFH�EHWZHHQ�WKH�WZR�YHKLFOHV��9��DQG�9���EDVHG�RQ�WKH�YHKLFOHV�SRVLWLRQ�
ZH�XVH�WKH�IROORZLQJ�IRUPXOD�>��@��
'LVW��9���9��� �UîDFRV�VLQ�ODW��îVLQ�ODW����FRV�ODW��îFRV�ODW��îFRV�ORQ����ORQ���� ����
:KHUH�U�LV�WKH�HDUWK�UDGLXV���������.P���

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
2XU�WHVWEHG�LV�XVHU�IULHQGO\�WRRO�DQG�HDV\�WR�EH�XVHG���LW
V�DXWRPDWLF���HIILFLHQW�DQG�

UHOLDEOH��DOO�ZKDW�RQH�VKRXOG�GR�LV�WR�GHILQH�WKH�H[SHULPHQWV�KH�QHHGV�WR�GR���DGG�WKHP�WR�
WKH�H[SHULPHQWV�ILOH��WKHQ�UXQ�WKH�WHVWEHG��JLYLQJ�WKH�WHVW�EHG��WKH�H[SHULPHQW�QXPEHU�DQG�
WKH�GXUDWLRQ�RI�WKH�H[SHULPHQW�WKHQ�VWDUW�GULYLQJ�ZKLOH�DOO�WKH�GDWD�LV�DXWRPDWLFDOO\�VDYHG�
WR�WKH�ORJ�ILOHV��7KH�WRRO�DOVR�ZLOO�SHUIRUP�DQG�DXWRPDWLF�FKHFNLQJ�WR�WKH�FRQQHFWLYLW\�RI�
WKH�V\VWHP�EHIRUH�LW�VWDUWV�UXQQLQJ�DV�ZHOO�DV�LQIRUPLQJ�WKH�XVHU�LI�DQ�HUURU�RFFXUUHG�LQ�
WKH�V\VWHP��

�
�
�
�

GPS IEEE 802.11b/g card  
Externa
l 

Antenna 

Linux 
       
 
 
 
 

Iper
f 

Source 
MadWif
i 

Vide
o Transmission 

Linux Lapto
p GPS data 

Iper
f 

Destinatio
n MadWif

i 
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�
�
&RPPDQG��UXQB9$1(7�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
&RPPDQG��SURFHVVBDOO�
�
�
�
��
�������������������������&RPPDQG��SORWBDOO�
�
$IWHU�UXQQLQJ�WKH�UXQB9$1(7�FRPPDQG��DOO�WKH�GDWD�ZLOO�EH�VDYHG�WR�WKH�ORJV�DV�VKRZQ�
EHORZ�

/RJV��
x *36�ORJV��

o VBJVS�W[W���FBJSV�W[W�
x ,SHUI�ORJV�

o VHUYHU�W[W���FOLHQW�W[W�
x 0$':,),�ORJV�

o FBW[�W[W���FBU[�W[W���VBW[�W[W���VBU[�W[W�
�
�

Serve
r 

Client 

      ��,QSXWV�        �,QSXWV�

Experiment 
    (File) 
Du ration 
    (user) 

Serve
r 

Client 

client.txt 
c_gps.txt 
c_tx.txt 
c_rx.txt 
 

server.txt 
s_gps.txt 
s_tx.txt 
s_rx.txt 
 

Experiment 
    (File) 
Du ration 
    (user) 

ORJV� ORJV�
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5XQQLQJ� WKH� SURFHVVBDOO� FRPPDQG� DIWHUZDUGV� ZLOO� SURFHVV� DQG� VDYH� WKH� GDWD� WR�
DQRWKHU�VHW�RI�ILOHV�WR�EH�UHDG\�IRU�SORWWLQJ��)LQDOO\��SORWBDOO�FRPPDQG�ZLOO�SORW�WKH�
JUDSKV�RI�WKH�GLIIHUHQW�SDUDPHWHUV���
�
7KH� WHVWEHG� ZDV� LPSOHPHQWHG� XVLQJ� 6+(//� 6&5,376�� &� SURJUDPPLQJ�� *183/27��
$:.��6('��7KH�WHVWEHG�FRQVLVWV�RI�PRGXOHV�ZKLFK�DUH�ODXQFKHG�LQ�VHTXHQFH�DV�IROORZV��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
UXQB9$1(7� LV� WKH� PRGXOH� WKDW� UXQV� WKH� ZKROH� V\VWHP� �DOO� RWKHU�PRGXOHV��� DIWHU� WKLV�
FRPPDQG� LV�EHLQJ� ODXQFKHG�� LW�ZLOO�SHUIRUP�DQ� DXWRPDWLFDOO\� FKHFN�ZLWKHU� WKH�QRGH� LV�
FRQQHFWHG�WR�WKH�QHWZRUN�RU�QRW�WKHQ�DOHUW�WKH�XVHU�LI�QRW�DQG�PRYH�IRUZDUG�WR�WKH�UXQ�
WKH� RWKHU� PRGXOHV� �UXQBEOXHWRRWK�� UXQBPDGZLIL� �� UXQBFOLHQW� 	�
UXQBVHUYHU���
�
UXQBEOXHWRRWK�LV�D�PRGXOH�ZKLFK�FRQQHFWV�WKRXJK�WKH�%OXHWRRWK��WR�WKH�*36�UHFHLYHU�
WR�REWDLQ�WKH�ORFDWLRQ�RQ�WKH�HDUWK�DQG�VDYH�WKHP�LQ�ORJV�LQ�RUGHU�WR�FDOFXODWH�WKH�GLVWDQFH�
EHWZHHQ�WKH�QRGHV�DW�D�ODWHU�VWDJH����
�

c�d)e�f$g�h�ikj�eal
c�d)e�f�m�jac%naj)c
o ckd�eqp(fsrDtuj)c�vuw  

��c�d)e�f)x�y)z){u|  

��
U d)e�fu}a~��<�ui�v�io c�d)eup�}u~<���ai�v�i
�ac�i�n)jacuw  

��ckd�e%f)�adah<jal<���al%�
o c�d)eup�~��$l
�q~ap�j����)��muw  

([SHULPHQWV��ILOH��
'XUDWLRQ��XVHU��

Save to logs  
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UXQBPDGZLIL� LV� D�PRGXOH�ZKLFK� UXQV� WKH� FDSWXUH�SURFHVV� �� LW� FDSWXUHV� WKH� LQFRPLQJ�
DQG�RXWJRLQJ�SDFNHWV�GLUHFWO\�IURP�WKH�3&0&,$�FDUG�LQ�DGGLWLRQ�WR�WKH�VLJQDO�DQG�QRLVH�
OHYHOV�DQG�VDYH�WKHP�WR�ORJV���
�
�UXQBFOLHQW�� UXQBVHUYHU� LV� D� PRGXOH� ZKLFK� UXQV� WKH� WUDIILF� JHQHUDWRU� ,3(5)�
FOLHQW�DQG�VHUYHU�WKHQ�VDYH�WKH�UHVXOWV�WR�ORJV�����
�
�
6HWWLQJ�XS�D�9$1(7�H[SHULPHQW�LV�QRW�DV�HDV\�DV�LW�ORRNV���VLQFH�ZKLOH�RQH�LV�GULYLQJ�RQ�
WKH�URDG�KH�VKRXOG�SD\�DWWHQWLRQ�WR�WKH�URDG�DQG�QRW�SHUIRUP�DQ\�NLQG�RI�RSHUDWLQJ�WKH�
V\VWHP���VR�WKH�V\VWHP�VKRXOG�EH�IXOO\�DXWRPDWHG�DV�ZHOO�DV�VRPH�SRLQWV�VKRXOG�EH�WDNHQ�
LQWR�DFFRXQW�EHIRUH�SHUIXPLQJ�WKH��H[SHULPHQWV���
�

x 7KH�PDFKLQHV�WLPLQJ�VKRXOG�EH�V\QFKURQL]HG�DQG�VHW�WKH�KDUGZDUH�FORFN�WR�87&�
RQ�ERWK�PDFKLQHV�LQ�RUGHU�WR�PDWFK�WKH�*36�WLPLQJ�DQG�DYRLG�DQ\�PLVWDNHV�LQ�WKH�
SURFHVVLQJ�WKH�ILOHV�QRW�WR�ORRVH�DQ\�GDWD��

x 6RPH�VFHQDULRV�DUH�YHU\�VKRUW�WHUPV�RQHV�OLNH�FURVVLQJ�DQG�SDVVLQJ���VR�LQ�VXFK�D�
W\SH� RI� VFHQDULRV� ZH� VKRXOG� QRW� VWDUW� WKH� V\VWHP� D� IHZ� VHFRQGV� � ��� VHFRQG� IRU�
H[DPSOH��EHIRUH�WKHQ�VWDUW�PRYLQJ����DQG�IRU�VXUH�FXW�RXW�WKRVH�ILYH�VHFRQGV�ZKLOH�
SURFHVVLQJ�WKH�ILOHV��

x *36�DFFXUDF\��HUURUV�EHWZHHQ���XS�WR����PHWHU�FRXOG�DSSHDU�LQ�WKH�*36�UHDGLQJV�
DQG�GLVWDQFH�FDOFXODWLRQV��

x *RRG�WHVWLQJ�VFHQDULRV�VKRXOG�EH�GHILQHG�LQ�RUGHU�WR�VWXG\�WKH�HIIHFW�RI�WKH�GHIHUHQW�
SDUDPHWHUV�RQ�WKH�V\VWHP���

x 9$1(7� LV�XQOLNH� WKH�RWKHU�PRELOH�QHWZRUNV��GXH� WR� WKH�GLIIHUHQFH� LQ�SRZHU�DQG�
RWKHU�SDUDPHWHUV��WKH�KHLJKWV�RI�WKH�DQWHQQDV��HYHQ�WKH�UHIOHFWLRQ�DQG�RWKHU�HIIHFWV��

�
�
����7HVW�(QYLURQPHQW�DQG�7HVWLQJ�6FHQDULRV�
�
,Q�RXU�ZRUN�ZH�KDYH�WULHG�WR�DSSO\�PDQ\�UHDO�VFHQDULRV�OLNH�WKRVH�ZKLFK�ZH�IDFH�LQ�RXU�
GDLO\�OLYHV�ZKLOH�ZH�DUH�GULYLQJ�RQ�WKH�URDG��
6FHQDULR����$�YHKLFOH�SDVVHV�EHVLGH�DQRWKHU�VWDWLF�YHKLFOH�UDSLGO\�DQG�H[FKDQJH�GDWD�ZLWK�
WKDW�YHKLFOH��FI��)LJXUH����D����
6FHQDULR����7ZR�YHKLFOHV�DUH�FURVVLQJ�HDFK�RWKHU�RQ�GLIIHUHQW�VLGH�RI�WKH�URDG��OLNH�WZR�
ZD\�URDG��FI��)LJXUH����E����
6FHQDULR����5RXQG�$ERXW����FI��)LJXUH����F����
6FHQDULR����9HKLFOHV�LQ�FLW\�H[FKDQJLQJ�GDWD���FI��)LJXUH����G����
6FHQDULR����9HKLFOHV�LQ�KLJKZD\�H[FKDQJLQJ�GDWD��
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6FHQDULR����([WHUQDO�DQWHQQD�LPSDFW��
�
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�u� �������$���
 The experimental scenarios.     

��

6FHQDULR����9HKLFOH�SDVVHV�EHVLGH�D�VWDWLF�YHKLFOH�
�
7KLV�VFHQDULR�FRUUHVSRQGV�WR�)LJXUH����D���,W
V�D�VFHQDULR�WKDW�GHVFULEHV�WZR�YHKLFOHV��RQH�
RI�WKHP�LV�IL[HG�DQG�WKH�RWKHU�SDVVHV�EHVLGH�LW��:H�KDYH�WDNHQ�RXU�PHDVXUHPHQW�IRU�WZR�
GLIIHUHQW�VSHHGV����.P�K�DQG����.PV�K��
5HVXOWV�RI�WKLV�VFHQDULR�DUH�SUHVHQWHG�LQ�)LJXUH����:H�QRWH�WKDW�WKRVH�ILJXUHV�FRUUHVSRQG�
WR�WKH�LQWHUYDO�ZKHQ�WKH�PRYLQJ�YHKLFOH�KDV�DSSUR[LPDWHO\�VWDEOH�VSHHG��DURXQG���.P�K�
DQG�DURXQG���.P�K���

6FHQDULR����&URVVLQJ���
�
7KLV�VFHQDULR�FRUUHVSRQGV�WR�)LJXUH����E��ZKHUH�WZR�YHKLFOHV�RQ�D�WZR�ZD\�URDG�
DSSURDFK�HDFK�RWKHU�XQWLO�WKH\�FURVV��:H�WRRN�RXU�PHDVXUHPHQWV�DW�WZR�GLIIHUHQW�VSHHGV�
����.P�K�DQG����.PV�K���
5HVXOWV�RI�WKLV�VFHQDULR�DUH�SUHVHQWHG�LQ�)LJXUH����:H�QRWH�WKDW�WKRVH�ILJXUHV�FRUUHVSRQG�
WR�WKH�LQWHUYDO�ZKHQ�WKH�WZR�PRYLQJ�YHKLFOHV�KDYH�DSSUR[LPDWHO\�D�VWDEOH�DQG�VDPH�VSHHG�
�DURXQG���.P�K�DQG�DURXQG���.P�K���

6FHQDULR����5RXQG�DERXW���
�
7KLV�VFHQDULR�FRUUHVSRQGV�WR�)LJXUH����F���+HUH��ZH�KDYH�D�PRYLQJ�YHKLFOH�WXUQLQJ�DURXQG�
D�VWDWLF�RQH��:H�YDU\��WKH�GLVWDQFH�EHWZHHQ�WKH�WZR�YHKLFOHV���P��DQG��P��DQG�WKH�PHDQ�
VSHHG�RI�WKH�PRYLQJ�YHKLFOH���.P�K��DQG��.P�K���DOVR�WKH�VDPH�VFHQDULRV�ZHUH�SHUIRUPHG�
ZLWK�D�SHUVRQ�ZDONLQJ�DURXQG�WKH�URXQG�DERXW�LQVWHDG�RI�D�YHKLFOHV�WR�VHH�WKH�LPSDFW�RI�
WKH�VSHHG�GXH�WR�WKH�ELJ�GLIIHUHQFH�EHWZHHQ�D�SHGHVWULDQ�VSHHG�DQG�D�YHKLFOHV�VSHHG��$OVR�
WKH�VDPH�H[SHULPHQW�ZDV�SHUIRUPHG�ZLWK�D�YDULDEOH�VSHHG�LQVWHDG�RI�D�FRQVWDQW�VSHHG��

6FHQDULR����&LW\�
�
7KLV�VFHQDULR�FRUUHVSRQGV�WR�)LJXUH����H���RQH�YHKLFOH�WUDFNV�WKH�RWKHU�GXULQJ����PLQXWHV��
'HSHQGLQJ� RQ� WKH� URDG� FRQGLWLRQV�� RWKHU� YHKLFOHV� FRXOG� DSSHDU� EHWZHHQ� WKH� WZR� FDUV�
RFFDVLRQDOO\� DQG� ZH� ZRXOG� ORVH� OLQH�RI�VLJKW� FRPPXQLFDWLRQ�� ,Q� WKH� FLW\� VFHQDULR� WKH�
DYHUDJH� VSHHG� LV� ORZ�� OHVV� WKDQ� ��� NP�K�� 2FFDVLRQDO� VWRSV� DUH� FDXVHG� E\� WUDIILF� MDPV��
WUDIILF� OLJKWV� DQG� URXQGDERXWV�� ZKLOH� WKH� GLVWDQFH� EHWZHHQ� WKH� WZR� FDUV� LV� RQ� DYHUDJH�
VPDOOHU� WKDQ�LQ�D�KLJKZD\�� ,Q� WKLV�SDUW�RI�WKH�H[SHULPHQW�ZH�GURYH�GRZQWRZQ�/DQQLRQ�
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FLW\�� &LW\� HQYLURQPHQWV� KDYH� DOVR� FHUWDLQ� XQLTXH� FKDUDFWHULVWLFV� OLNH� EXLOGLQJV� DQG�
REMHFWV�REVWUXFWLQJ�WKH�WUDQVPLVVLRQ�VLJQDOV��

�

6FHQDULR����+LJKZD\�
�
,Q� WKH� KLJKZD\� VFHQDULR�� WKH� VSHHG� LV� JUHDWHU� WKDQ� WKH� FLW\� VFHQDULR� DQG� OLPLWHG� WR�
��NP�K��7KHUH�DUH�QR�VWRSV��QR�WUDIILF�OLJKWV�DQG�QR�URXQGDERXWV��'XULQJ�WKLV�SDUW�RI�WKH�
H[SHULPHQW��ZH�GURYH�RXW�RI�/DQQLRQ�FLW\��KHDGLQJ�WR�*XLQJDPS��2QH�YHKLFOH�WUDFNV�WKH�
RWKHU�DOVR�GXULQJ����PLQXWHV���5HVXOWV�RI�WKLV�VFHQDULR�DUH�SUHVHQWHG�LQ�)LJXUH����

�����6FHQDULR����([WHUQDO�DQWHQQD�LPSDFW�
�
7KH�JRDO�RI�WKLV�H[SHULPHQW�LV�WR�VHH�WKH�DGGHG�YDOXH�RI�H[WHUQDO�DQWHQQDV�RQ�YHKLFOH�WR�
YHKLFOH� FRPPXQLFDWLRQV�� 7KHUHIRUH�� ZH� GR� WKH� VDPH� H[SHULPHQW� ZLWK� �� VWDWLF� YHKLFOHV�
RQFH�ZLWK�H[WHUQDO�DQWHQQD�DQG�DQRWKHU�RQH�ZLWKRXW��GLVWDQFH����PHWHUV���5HVXOWV�RI�WKLV�
VFHQDULR�DUH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�WDEOH��
�

 3DFNHW�/RVV����� -LWWHU�'HOD\��PV��

:LWK�DQWHQQD�   

:LWKRXW�DQWHQQD�   

�
������� ���D�

 External antenna impact.  

�
([WHUQDO�DQWHQQD
V�DGYDQWDJHV��DGGLQJ�DQ�H[WHUQDO�DQWHQQD�LV�SURILWDEOH�IRU�9$1(7�
VLQFH�LW�KHOSV�WR�H[WHQG�WKH�UDQJH�E\�DPSOLI\LQJ�WKH�VLJQDO�DQG�DGGLQJ�PRUH�SRZHU��
&RQVHTXHQWO\��LW�GHFUHDVHV�SDFNHW�ORVV�DQG�WKH�MLWWHU�GHOD\��
([WHUQDO�DQWHQQD
V�GLVDGYDQWDJHV��DGGLQJ�DQ�H[WHUQDO�DQWHQQD�KDV�VRPH�GUDZEDFNV�OLNH��
�L��H[WHQGLQJ�WKH�UDQJH�OHDGV�WR�PRUH�LQWHUIHUHQFH�ZLWK�RWKHU�QRGHV��LL��DGGLQJ�H[WUD�
GHOD\V�UHODWHG�WR�WKH�FRQWHQWLRQ��
�
����5HVXOWV�DQG�$QDO\VLV�

�
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�
��� 7HUPLQRORJ\�
��� 5HIHUHQFHV�
��� $SSHQGLFHV�

����5HODWHG�ZRUN�DQG�6WXGLHV�RQ�9$1(7�FKDUDFWHULVWLFV�
�
��$V�ZH�PHQWLRQHG�EHIRUH�PDQ\�GLIIHUHQW�VLPXODWLRQ�DQG�FKDUDFWHULVWLFV�RI�9$1(7�
H[LVW�� 7KH� VLPXODWLRQV� DUH� EDVHG� RQ� HVWDEOLVKLQJ� D� FHUWDLQ� PRELOLW\� PRGHO� WR�
VLPXODWH� WKH�QRGH�PRYHPHQW�ZLWKLQ�WKH�QHWZRUN�DQG�DQRWKHU�PRGHO� WR�UHSUHVHQW�
WKH� GLIIHUHQW� OD\HUV� RI� WKH� QHWZRUN� �3K\VLFDO� PRGHO� UHODWHG� WR� WKH� HQYLURQPHQW��
0$&� SURWRFROV� DQG� URXWLQJ� SURWRFROV��� 9DVW�PRELOLW\�PRGHOV� FRXOG� EH� IRXQG� LQ�
OLWHUDWXUHV�� +RZHYHU�� D� ZDYH� RI� QHZ� UHVHDUFKHV� LQ� 9$1(7� PRELOLW\� DSSHDUV�
UHFHQWO\�IRU�����WKH�0RYHPHQW�WKH�9$1(7�LV�QRW�FRPSOHWHO\�UDQGRP�DV�LQ�0$1(7�
VLQFH�VSHHG�DQG�G\QDPLFV�DUH�FRQVWUDLQHG�WR�WKH�URDG�UXOHV�����7KH�DYDLODELOLW\�RI�
WUDIILF�PDSV�KHOSV�WR�VWXG\�WKH�PRGHO�LQ�D�PRUH�UHDOLVWLF�ZD\��+HUH�ZH�DUH�DERXW�WR�
GLVFXVV� WKH� UHFHQW� VWXGLHV� WKDW� IRFXV� RQ� WKH�QHWZRUN�PRELOLW\� FKDUDFWHUL]DWLRQ� RI�
YHKLFXODU�DG�KRF�QHWZRUN���
�
0RVW� RI� WKH� VLPXODWLRQV� EDVHG� VWXGLHV� DUH�PLFURVFRSLF�PRGHOV� WKDW� VLPXODWHV� WKH�
PRYHPHQW� RI� DQ� LQGLYLGXDO� QRGH� QR� WKH� EHKDYLRU� RI� WKH� WUDIILF� IORZ� DV� D�ZKROH��
%HORZ�LV�D�FRPSDULVRQ�EHWZHHQ�WKH�GLIIHUHQW�H[LVWLQJ�PRGHOV��
�
$UWLP\� HW� $O� VWXG\� >�@� WKH� DXWKRUV� KDYH� GHYHORSHG� PLFURVFRSLF� VLPXODWRU� WR�
LQYHVWLJDWH�WKH�HIIHFWV�RI�WKH�IUHH�IORZ�WUDIILF�RQ�FRQQHFWLYLW\�LQ�D�9$1(7���7KHUH�
PRGHO� KDV� VRPHKRZ� D� ODFN� RI� UHDOLW\� VLQFH� EHFDXVH� RI� WKH� LPDJLQDU\� URDGV� WKH\�
KDYH� DVVXPHG� E\� GLYLGLQJ� WKH� URDG� LQWR� D� IL[HG� OHQJWK� VHJPHQWV�� (LWKHU� QRQH� RU�
RQO\�RQH�YHKLFOH� LQ� HDFK� VHJPHQW� LV� WUDYHOLQJ�DW� FHUWDLQ� VSHHG��$OO� YHKLFOHV� WUDYHO�
ZLWK� DW� WKH� VDPH� VSHHG��$W� HDFK� VLPXODWLRQ� VWHS�� WKH� RXWSXW� LV� XVHG� WR� GUDZ� WKH�
FRQQHFWLYLW\�JUDSK�EHWZHHQ�WKH�QRGHV�ZKLFK�UHSUHVHQW�WKH�FDUV�DQG�WKH�SDWKV�WKDW�
UHSUHVHQW�WKH�FRPPXQLFDWLRQ�OLQN�EHWZHHQ�WKHP���
�
7KH�PDLQ�IDFWRUV�LQ� WKLV�PRGHO� WKDW� LQIOXHQFH�WKH�FRQQHFWLYLW\�DUH� WKH�QXPEHU�RI�
YHKLFOHV� LQ� WKH� V\VWHP� ZKLFK� LV� H[SUHVVHG� DV� WKH� YHKLFOHV� GHQVLW\�� WKH� UHODWLYH�
YHORFLW\��DQG�WKH�QXPEHU�RI�ODQHV��
�
6DKD�DQG�-RKQVRQ�VWXG\�>�@�ZDV�FRQFHUQHG�RI�FUHDWLQJ�UHDOLVWLF�PRGHOV�DQG�DYRLG�
LPDJLQDU\� PRGHOV� LQ� RUGHU� WR� EH� DEOH� WR� FRUUHODWH� WKHLU� PRGHOV� ZLWK� WKH�
SHUIRUPDQFH� LQ� D� UHDO� GHYHORSPHQW�� 7KHLU�PRGHO� LV� EDVHG� RQ� XVLQJ� GDWD� RI� UHDO�
VWUHHW� PDSV� ZKHUH� WKH� QRGHV� PRYH� WR� VLPXODWH� '\QDPLF� 6RXUFH� 5RXWLQJ� DQG�
FRPSDWLEOH�ZLWK�QV���QHWZRUN�VLPXODWRU� 7KH\�XVHG�WKH�SXEOLFO\�DYDLODEOH�7,*(5�
�7RSRORJLFDOO\� ,QWHJUDWHG�*HRJUDSKLF�(QFRGLQJ� DQG�5HIHUHQFLQJ�� GDWDEDVH� IURP�
WKH�8�6�� &HQVXV� %XUHDX�� 7KHLU�PRELOH� QRGHV� DUH� LQMHFWHG� LQ� WKH� V\VWHP� WR�PRYH�
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DORQJ� WKH� SDWKV� RQ� WKH� JUDSK�� 9HKLFOHV� VWDUW� DQG� HQG� DW� UDQGRP� SRLQWV� RQ� WKH�
7,*(5�URDG�PDS��7KH\�FRQYHUWHG�FRQYHUW�WKH�VWDUWLQJ�DQG�HQGLQJ�FRRUGLQDWHV�WR�
[�\�FRRUGLQDWHV�XVLQJ�D�VWDQGDUG�0HUFDWRU�SURMHFWLRQ��$OVR�WKH\�DVVXPHG�WKDW�WKH�
GULYHUV�PRYH� WKURXJK� VKRUWHVW�SDWK� WR� WKH�GHVWLQDWLRQ��7KHLU� VWXG\�KDV� VKRZQ� LQ�
PDQ\�ZD\V� WKDW� WKH�5DQGRP�:D\SRLQW�PRELOLW\�PRGHO� LV� D� JRRG� DSSUR[LPDWLRQ�
IRU�VLPXODWLQJ�WKH�PRWLRQ�RI�YHKLFOHV�RQ�D�URDG��EXW�WKHUH�DUH�VLWXDWLRQV� LQ�ZKLFK�
WKHLU�QHZ�PRGHO� LV�EHWWHU�VXLWHG��7KH\�KDYH�VKRZQ�WKDW�D� WUDQVPLVVLRQ�UDQJH� OHVV�
WKDQ�����PHWHUV�SURGXFHV�VHUYHU�QHWZRUN�IUDJPHQWDWLRQ��$V�LQ�>@�WKH\�KDYH�VKRZ�
WKDW�WKH�YHKLFOH�GHQVLW\�LPSURYHV�WKH�FRQQHFWLYLW\��'65�GHOLYHUV�DERXW�����RI�WKH�
SDFNHWV�ZLWK�DFFHSWDEOH�ODWHQF\�LQ�QHWZRUN�RI�����QRGHV�ZLWK�ZLUHOHVV�UDQJH�RQ�����
PHWHU���
�
$QRWKHU�PLFURVFRSLF�VWXG\� LV�:DQJ
V� VWXG\�>�@��KH�KDV�XVHG�D�FRPPHUFLDO� WUDIILF�
VLPXODWRU�9,66,0�� WR� VLPXODWH� WKH�QRGH�PRYHPHQW�� D�QRUPDO�RUGLQDU\� URDG�KDV�
EHHQ�XVHG�LQ�WKLV�SDSHU�ZKLFK�LV�D���ODQH�KLJKZD\�RI����.P�ZLWK�QR�HQWU\�DQG�H[LVW�
WR�VLPXODWH�WKH�FDU�ZKLOH�PRYLQJ�RUGLQDULO\�RQ�WKH�URDG��7KH�DXWKRUV�FODLPV�WKDW�D�
UHDO� EHKDYLRU� FDQ� EH� VLPXODWHG� OLNH� DFFHOHUDWLRQ�� GHFHOHUDWLRQ�� FDU� FKDVLQJ� DQG�
VRPH� RWKHU� EHKDYLRUV� XVLQJ� ZHOO� GHYHORSHG� PRGHOV� IUR� OLWHUDWXUHV� RQ�
WUDQVSRUWDWLRQ�� 7KH� PHWULFV� RQ� FRQQHFWLRQ� OLIHWLPH� DUH� FROOHFWHG� IRU� YHKLFOHV�
FRPPXQLFDWLQJ� ZLWK� YHKLFOHV� PRYLQJ� RQ� WKH� UHYHUVH� GLUHFWLRQ� RQO\�� WKH� VDPH�
GLUHFWLRQ�RQO\��DQG�ERWK�GLUHFWLRQV��7KH�UHVXOWV�KDYH�VKRZQ�WKDW�WKH�XQLFDVW�SDWKV�
KDYH�D�OLIHWLPH�OHVV�WKDQ����VHFRQGV��
�
%OXP�>�@�KDV�DOVR�XVHG�D�FRPPHUFLDO�PLFURVFRSLF�VLPXODWRU��&256,0��WR�VLPXODWH�
WKH� LQWHU�YHKLFXODU� FRPPXQLFDWLRQ� QHWZRUN�� 7KH� DXWKRU� VLPXODWHV� D� ���� PLOHV�
KLJKZD\�ZLWK����H[LWV�DQG����LQ�UDPSV��7KH\�XVHG�D�GLIIHUHQW�DVVXPSWLRQ�ZKLFK�LV�
QRW�DOO�WKH�YHKLFOHV�RQ�WKH�URDG�KDYH�WKH�DELOLW\�WR�WUDQVPLW�DQG�UHFHLYH�GDWD�RQO\�
����RI� WKHP�DUH�HTXLSSHG�ZLWK�ZLUHOHVV�HTXLSPHQWV��DQG�WKH�QHWZRUN�PRGHO�KDV�
EHHQ�VLPXODWHG�XVLQJ�16��VLPXODWRU��
�
7KHLU�UHVXOW� OHG�WKHP�WR�FRQFOXGH�WKDW� WKH�QHWZRUN� OD\HUV�QHHG� WR�XVH�WKH�OLPLWHG�
EDQGZLGWK�HIIHFWLYHO\��DQG�WR�IXQFWLRQ�HIILFLHQWO\�LQ�WKH�UDELGO\�FKDQJLQJ�WRSRORJ\��
(YHQ�IRU�YHKLFOHV�WUDYHOLQJ�WKH�VDPH�GLUHFWLRQ�ZLWK�ORQJ�WUDQVPLVVLRQ�UDQJH��OLQNV�
DUH� VWLOO� YHU\� VKRUW� WHUP� �DERXW� �� PLQXWH� RQ� DYHUDJH��� $OVR�� VHQGLQJ� HYHQ� D�
UHODWLYHO\�VPDOO�PHVVDJH�RYHU���RU���KRSV�LV�OLNHO\�WR�VXIIHU�D�URXWH�HUURU��$W�DERXW�
��KRSV��WKH�SDWK�GLVDSSHDUV�EHIRUH�WKH�ILUVW�SDFNHW�FDQ�EH�DFNQRZOHGJHG��
�
7UDIILF� GHQVLW\� FDQ� DIIHFW� WKH�GHOD\V� H[SHULHQFHG� LQ�9$1(7�DV� FDPH� LQ� >�@�� WKH\�
KDYH�XVHG� WKH� VDPH�VLPXODWRU�&256,0�WKDW�ZDV�XVHG�E\�%OXP�>�@��7KH\�DLP�WR�
FRPSDUH�WKH�GHOD\V�H[SHULHQFHG�E\�GLIIHUHQW�URXWLQJ�DOJRULWKP�WKH�RSWLPLVWLF�DQG�
SHVVLPLVWLF� RQHV�� GLIIHUHQW� KLJKZD\� GLUHFWLRQV� RQH� ZD\� DQG� WZR� ZD\V� RQHV� ZLWK�
YDULDEOH�QXPEHU�RI�ODQHV�IURP���±���WDNLQJ�LQWR�DFFRXQW�WKH�MRLQLQJ�DQG�GLVMRLQLQJ�
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YHKLFOHV��,Q�SHVVLPLVWLF�IRUZDUGLQJ��WKH�PHVVDJH�LV�GURSSHG�ZKHQ�WKH�QH[W�KRS�GRHV�
QRW� H[LVW��:KLOH� LQ� RSWLPLVWLF� IRUZDUGLQJ�PHVVDJHV� DUH� NHSW� E\� WKH� LQWHUPHGLDWH�
QRGHV�LQ�FDVH�RI�WKH�LQH[LVWHQFH�RI�WKH�QH[W�KRS��7KH\�IRXQG�RXW�WKDW�LQ�RSWLPLVWLF�
IRUZDUGLQJ� WKDW� ODWHQF\� GHFUHDVHV� LQ� WKLV� FDVH�� 7KH� DXWKRUV� UHFRPPHQGHG� WKDW�
DSSOLFDWLRQ� FDQ� LQFUHDVH� UREXVWQHVV� LQ� D� OHVV� GHQVH� QHWZRUN� E\� LQFUHDVLQJ� WKHLU�
WROHUDQFH�RI� WKH�GHOD\� WR�DW� OHDVW����� VHFRQGV�DQG�XVH�RSWLPLVWLF� IRUZDUGLQJ��7KH�
VWXG\�DOVR�ILQGV�WKDW�WKUHH�RU�PRUH�ODQHV�GHFUHDVHV�GHOD\V�LQGLFDWLQJ�WKH�OLEHUW\�LQ�
PRYHPHQW� LV� HVVHQWLDO� WR� SUHYHQW� YHKLFOH� FOXVWHULQJ� GXH� WR� D� IHZ� VORZ� PRYLQJ�
YHKLFOHV��
�
)RU�PRUH�UHDOLVWLF�PRYHPHQW�WKH�DXWKRUV�LQ�-HWFKHYD�>�@�KDYH�FKRVHQ�WKHLU�GDWD�WR�
EH�VHYHUDO�ZHHN�ORQJ�WUDFHV�RI� WKH�PRYHPHQW�RI�:DVKLQJWRQ�FLW\�EXVHV�LQ�6HDWWOH��
7KLV� WUDQVSRUW� QHWZRUNV� LV� FRPSRVHG� RI� RYHU� ����� YHKLFOHV� FRYHULQJ� ����ð� .P�
DUHD��7KH�FLW\�KDV�D�ORFDWLRQ�V\VWHP�IRU�WUDFNLQJ�HDFK�EXV�XVLQJ�D�FRPELQDWLRQ�RI�
RGRPHWHU�DQG�VLJQSRVW�WUDQVPLWWHUV���7KH�DXWKRUV�KDYH�IHG�WKLV�GDWD�LQWR�DQ�16���
QHWZRUN� VLPXODWRU�� 7KH\� KDYH� DVVLJQHG� WKH� EXVVHV� GLIIHUHQW� WUDQVPLVVLRQ� UDQJHV�
IURP�����.P��EDVHG�RQ�WKH�WUDYHOHG�GLVWDQFH��DQG�WKH�EXVVHV�VSHHGV�YDU\�EHWZHHQ�
���PLOHV�KRXU� IRU� ���� RI� WKH� EXVVHV� DQG� �����ZHUH� OHVV� WKDQ� ���PLOH�KRXU�� $W�
UDQJH�RI���NP��WKH�PHGLDQ�QRGH�GHJUHH��ZKLFK�LQGLFDWHV�WKH�QXPEHU�LI�RWKHU�QRGHV�
WKDW�WKLV�QRGH�LV�FRQQHFWHG�WR��LV�����7KH\�IRXQG�RXW�WKDW�ZLWK�D�����.P�UDQJH��WKH�
PD[LPXP�ZLUHOHVV�SDWK� OHQJWK� LV� ���ZLUHOHVV�KRSV��7KLV�QXPEHU� LV�TXLWH� ODUJH� WR�
H[SHFW� WKDW� WZR�QRGHV� FDQ� FRPPXQLFDWH�ZLWK� HDFK� RWKHU�ZLWKRXW�DQ� DFFHVV� SRLQW�
VLQFH�LQ�>@�WKH�DXWKRU��KDV�VKRZQ�WKDW�WKH�OLQN�H[SLUHV�HYHQ�ZLWK�RQO\���KRSV�EHIRUH�
WKH�� � � �SDFNHW� LV�DFNQRZOHGJHG� �� WKXV� ��ZH�H[SHFW� WKDW�ZH�QHHG�DQ�DFFHVV�SRLQW� WR�
FRPPXQLFDWH�WZR�IDU�DSDUW�SRLQWV��
�
������&RPSDULVRQ�DQG�DQDO\VLV�
�
$OO�RI� WKH�VL[�VWXGLHV�DERYH�XVHG�PLFURVFRSLF�VLPXODWRU� WR�VLPXODWH� WKH�PRWLRQ�RI�
HDFK� YHKLFOHV� LQ� D� YHKLFXODU� DG� KRF� QHWZRUN�� 7KH� HQWLUH� GR� QRW� KDYH� D� GHWDLOHG�
QHWZRUN�PRGHO�WKDW�DFFRXQWV�IRU�QHWZRUN�FRQWHQWLRQ�RU�WUDQVPLVVLRQ�HUURUV��
�
6WXG\�� 0RELOLW\�0RGHO�� 7RSRORJ\� 6SHHG�

OLPLWV�
1HWZRUN�WUDQVPLVVLRQ�
5DQJH�

>�@� 0LFURVFRSLF�
VLPXODWRU��
�

0XOWLODQH�KLJKZD\�
XQLGLUHFWLRQDO�DQG�
FORVH�
�

����.P�K�
VSHHG�
�

&RQQHFWLYLW\� JUDSK� QR�
GHOD\V� RU� HUURUV� �� ����
PHWHU�
�

>�@� 0LFURVFRSLF��
VLPXODWRU��

�

5HDO�PDS�WUDFLQJ�
LQFOXGLQJ�KLJKZD\�
DQG�QRUPDO�VWUHHWV��
�

���� ��� PLOH� ��
KRXU�
�

16���VLPXODWRU�ZLWK�'65�
URXWLQJ�������PHWHUV��

>�@� 0LFURVFRSLF� 0XOWL�ODQH�KLJKZD\�� ���±����� &RQQHFWLYLW\� JUDSK� ZLWK�
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VLPXODWRU���
��

ELGLUHFWLRQDO���FORVHG�
��FRQVWDQW�YHKLFOH���
GHQVLW\�������
YHKLFOH��

NP�KRXU�� QR� SURWRFRO� OD\HUV� �� �����
PHWHUV�

>�@� 0LFURVFRSLF�
WUDFH�EDVHG��

�
7UDFHV�RQ�D�SRUWLRQ�
RI�D�KLJKZD\��
ELGLUHFWLRQDO��

�

� 16���VLPXODWRU������±�����
IHHW�
�

>�@� 0LFURVFRSLF�� 7RSRORJ\�PXOWLODQH�
KLJKZD\��
ELGLUHFWLRQDO�

��� 03+�
VSHHG�

6LPXODWLRQ�ZLWK�
SHVVLPLVWLF�DQG�RSWLPLVWLF�
IRUZDUGLQJ�������PHWHUV�

>�@� 0LFURVFRSLF�
WUDFH�EDVHG����

�
7RSRORJ\��%DVHG�RQ�
FLW\�PDS��

�����YHKLFOH���
FRYHULQJ�
�����VTXDUH�
.P�DUHD�����
PLOHV�KRXU�

16���VLPXODWRU�������.P�

�
�
��
,Q� WKLV� WDEOH� VXPPDUL]HV� WKH� PLFURVFRSLF� PRGHOV� DQG� WUDIILF� W\SH� DQG� QHWZRUN�
PRGHOV�WKDW�ZHUH�XVHG�LQ�WKHVH�UHVHDUFKHV��,Q�>�@�WKH�DXWKRU�KDV�XVHG������DVVXPHG�
�����YHKLFOHV�RQ�WKH�URDG�ZKLFK�LV�IDU�IURP�EHLQJ�UHDO��VLQFH�QR�VXFK�D�QXPEHU�RI�
FDUV� RQ� D� KLJKZD\�� ,Q� ERWK� >�@� DQG� >�@� WKH� URDGV�ZHUH� FORVHG�ZKHUH� QR� H[LVW� RU�
HQWUDQFH��6R�LW�VLPXODWHV�WKH�SDUWLDO�RI�WKH�QHWZRUN��VLQFH�WKH�QXPEHU�RI�QRGHV�DQG�
QHWZRUN�WRSRORJ\�DUH�QRW�DIIHFWHG�E\�WKH�HQWHULQJ�DQG�H[LVWLQJ�YHKLFOHV��-HWFKHYD
V�
VWXG\�>�@� LV� WKH�RQO\�RQH�WKDW�KDYH�XVHG�D�UHDO�WUDIILF�WUDFH��%XW�� LQ�WKLV�VWXG\�WKH�
VSHHG� ZDV� OHVV� WKDQ� ��� PLOHV�KRXUV�� VR� PRVWO\� D� ORZ� VSHHG�� ZLWK� D� YHU\� ODUJH�
WUDQVPLVVLRQ�UDQJH�ZKLFK�DUH�FRQVLGHUHG�DV�GHIHFWV�LQ�WKLV�VWXG\��
�
7KH� DXWKRU� LQ� >�@� XVHG� D� GLIIHUHQW� URDG� W\SHV�YDU\LQJ�EHWZHHQ�KLJKZD\� DQG� FLW\�
URDGV� ZKLOH� WKH� VWXG\� LQ� >�@� IRFXVHV� RQ� KLJKZD\� WUDIILF�� WKH� VWXG\� LQ� >�@� FROOHFWV�
WUDFHV�LQ�WKH�FLW\�URDGV�RQO\��1RUPDOO\��DOO�VWXGLHV�KDYH�FKRVHQ�D�UDQGRP�VWDUWLQJ�
DQG�HQGLQJ�SRLQWV� WR� WKHLU�YHKLFOHV��ZKHUH�>�@�KDV�FKRVHQ� WKH� VKRUWHVW�SDWK� WR� WKH�
GHVWLQDWLRQ��
�
,Q�WKH�WDEOH�EHORZ�ZH�ZLOO�FRQWLQXH�WKH�FRPSUHVVLRQ�RI�WKH�PLFURVFRSLF�VLPXODWLRQ�
EDVHG� VWXGLHV�� LQ� 7DEOH� WZR� WKH� FRPSDULVRQ� ZLOO� EH� DFFRUGLQJ� WR� WKH� SK\VLFDO�
FKDUDFWHULVWLFV�RI�WKH�WUDIILF�SDWWHUQ�DQG�WUDQVPLVVLRQ�DUHD��

������������
������������

6WXG\�� 9HKLFOH�'HQVLW\�� 1XPEHU�RI�
/DQHV��

5DQJH�

>�@� &RQQHFWLYLW\�LQFUHDVHV�DV�GHQVLW\�
LQFUHDVHV�EXW�GHFUHDVHV�DIWHU�
UHDFKLQJ�D�FULWLFDO�GHQVLW\�OHYHO�DV�

0XOWLODQH�KDV�
JUHDWHU�
FRQQHFWLYLW\�DQG�

&RQQHFWLYLW\�GURSV�UDSLGO\�
EH\RQG�WUDQVPLVVLRQ�UDQJH��
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LQ�WUDIILF�MDP�� EHWWHU�WKDQ���
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Internship/Employment Report (continued) 
 
INTRODUCTION 
 
Describe the company with whom your internship/employment was carried out and the background to 
your involvement with this company, including the location of the facility at which the work was done.  
Describe your position and the basic engineering areas in which you worked for your internship.   
 
PROJECT DESCRIPTION 
 
Describe in detail the nature of the work or the nature of the project or projects, which you carried out, 
stressing as much as possible the engineering aspects of your work.  Describe the goals for the project, 
the methods used to approach the project, and the accomplishments.  Do not disclose any proprietary 
information.  If you are or have been a full time employee, you need only describe your work of the 
last 3 months. 
 
ANALYSIS 
 
Describe the usefulness of your internship/employment work in advancing your understanding of the 
engineering profession. What did you learn from this experience?  Include both the technical and non-
technical learnings (for example, you might describe such things as how your organization was 
structured, how individuals worked together in your company, how technical employees interacted 
with customers, what company initiatives you observed, etc.) 
 
Analyze your performance during the internship.  What are your three primary strengths?  Give 
examples of what you did well.  What are three areas that you would like to improve?  Give examples 
of what you would do differently.  Ask your supervisor for input on this aspect of the report. 
 
CONCLUSION 
 
Summarize the usefulness of your internship/employment work in advancing your understanding of 
the engineering profession, both technically and organizationally.  Summarize what you learned from 
the experience.   


