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ABSTRACT 
 

This research presents Redundant Path Routing Protocol which can be used to 
increase reliability in communicating information in wireless sensor networks. Most Energy 
Aware Routing Protocols available for wireless sensor networks recently depend on one working 
route, resulting in long waiting time to reconstruct the route when the first try fails. This also 
presents the problem of information discontinuity. This research proposes Redundant Path 
Routing Protocol as a solution to those problems. This protocol is presented with algorithm for 
redundant path and the pre-set minimum energy for connection. In the case that the main path of 
connection fails, the connection can work instantly on the provided redundant path of connection, 
without making request for route reconstruction. The connection of source node and destination 
node can be designed for less energy-consumed route. The NS-2 network simulation shows that 
the provision of redundant path can increase reliability in connection for wireless sensor 
networks. 
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�����6�
����������������
����� $��,
���.�$�-&���,��j$	6:��6�$������,	6:
��%��=��:����?����
����,
 ��%� 	6:� 4!
$� ���$�����������4���7�	6:	6:��4� ?� ��%��=
�",�����:������8��
�������?����
����,
 �9���%� 4������ �.$�&����,
�� ��	"�!��  $���������
�i��?�,�
�%?� ?����	6:��+�  $��
��
.%�����  ���.$��-&5.$�5"�  ?� $��,+?��.�i�� [1, 2]  

 ���,���������
���4!
���������$?������6: 	��4�
�$",�
����$�,�97�%�$%��?� ��8�
�0/���"���	��,
���	
�����6�
����������������
��� ?���0/�����$���,$��4!
�������4�
���,����%�%6�")6$��?$
�0/��	6:,6	6:�., ,����7�*+
��$?�� ?� ��n��� �
��
���9�=9����:�����$��4!

�������4�	.$� ,��!�7����� �� �!�� ��
�$���� ���,�������4�$��	���������%�
�
�� 
�	������&	6:%6��%, Sleep ���� idle ��
4!
4�!���	6:����%�%6$���� %��*� ����$����:���%,$��	�� 
��� Sleep ���� idle 4�i�
�������"	�.���:��� ���,�������4��������$���������
�%+���8��
�   

$������
�%+��,�	�:���?��� ���,� ����
�%+�$���������=��6?%�	�7���8�?�� 
Single-hop ���� Multi-hop >9:�� 	��4�
���,	6:��+���"��-4$�
$���=��6?%��%,�������$��� ,����7� 
����
��"���	6:�����4�
�� $����,���.$��4!
�������
������� ��$��$�67�
����������������
���	6:
�
��$����
�	�����������:���":%
��%����!�:�=��4�
$���
������� ?��$j� ��$� 	����$��4!
�������
������, >9:�
��%����!�:�=��4�$����:�����
�%+�4��
����������������
������%6�
�� �%�:��	6��$��
�
��������� �i	��:�h ,����7�$��%6��
�	���������9������8�	6:� �
��%64��
����������������
��� 

����	
��$������
�	��	6:�� ���,�����������4�/�� ��
����
�	���,6��4�$��
��:�������:���8�$���� ���,������� ?��� �$",�0/���%�:���
�	����7��
%�������� � �
����
��
��
�	��4�%� 	��4�
��,
��%����!�:�=��4�$����:�����
�%+� ,����7�����
��"���4��"	���"��)&�9�
�
��$����
�$����
����
�	����������8����$ 
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1. A Survey on Routing Protocols for Wireless Sensor Networks [3]  
4��	
��%�67?����� �i	�������	
��4��
����������������
�����$��8� 3 

�� �i	 
�� Data-centric, Hierarchical ?�  Location-based ����	
��4��� �i	 Data-centric 
�!�� Directed Diffusion [4], Sensor Protocols for Information via Negotiation: (SPIN) [5] ��8��
� 
����	
��4��� �i	 Hierarchical �������� �!�� Low-Energy Adaptive Clustering Hierarchy 
(LEACH) [6], Threshold sensitive Energy Efficient sensor Network protocol (TEEN) [7] ?� 
����	
���� �i	 Location-based �!�� Minimum Energy Communication Network (MECN) [8] 
?�  Geographic Adaptive Fidelity (GAF) [9]  

2. Energy Aware Routing for Wireless Sensor Networks [10] 
�	
��%�67�,
��������	
��	6:
���9�=9���������,�%6��6����
�	���,6����$�
�	��

=9�����	�����:��� ���,������� �,�����$���,	6:%6���������+� ?� %6� ,����//�-	6:,64�$��
�!�:�%������������	�� �� $��,
����%$��$
�� Route Discovery, Route Reply ?�  Reliable 
Transmission >9:��,
�)"�����
4��		6: 2 

3. A New Energy-Aware Routing Protocol for Wireless Sensor Networks [11] 
�	
��%�67�,
����������$��$	��������$
�� Route Maintenance Based on Energy 

Threshold (RMET) �,���������")6$��	6:	��4�
�������?������6	6:%64����,4!
4�
���	6:�.,���:� 
	6:� �� �.$�&4!
4�$���� %��*� Route Maintenance ��� Dynamic Source Routing (DSR) ����
$��$	6:���
�� Route Request Delay Transmit (RRDT) 
�����,� �����$���	6:%6� ,���������
�+�$���� ,�����������7��:�� � ��!�������	6:
�	6:4�$������
�
��% Route Request (ROUTE_REQ) 

4. Energy Aware Routing Protocol (EARP) for Ad-Hoc Wireless Sensor Networks [12]  
�	
��%�67�,
��������	
��	6:
���9����������������
����������������
��� ?� 

�%$���� %�-
���������	6:4!
4�$��

�����
�	�� �,��%$��� ?�����8��������
�� �%$��
�� %�-
���������4�$��$� ����
�
��%�
������
�	�� ?� �%$���� %�-
���������4�$��
����
�
��%���$�����
�	�� >9:�4���������%$���� %�-
���������4�$��

�����
�	��� �,

�)"�����
4��		6: 2 
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5. Energy Aware Routing for Low Energy Ad Hoc Sensor Networks [13] 
�	
��%�67�,
����4�
4!
$�.�%�����
�	��	6:,6	6:�.,��%��$��	6:%6 ���:���":%!�������

$��4!
�
������� �,�4!
u0�$&!��
��%��8����,
4�$������$��
�	�� >9:��97���+�$��$��4!
����������
?��� ��
�	�� %6��6����9:�4�������
�	��	6:�,
��$
��%���� ��8�	6:� ��":%!�������$��4!
�
������� 
4�����	
���� $��,
�� 3 ����
�� $���",��7���
�	�� $���",�����:���� $������.���$2���
�	��  

6. Delay-Minimum Energy-Aware Routing Protocol (DERP) for Wireless Sensor    
Networks  [14] 

����	
��

�����
�	���67�� $��,
����%���� 
�� Delay-Minimum Route Tree, 
Data Delivery ?�  Route Update ����?�$��� DERP 
�� Delay-Minimum Route Tree >9:�%6
�� �"	)"i���+� 4������67� �����%����
�	��	6:,6	6:�.,��$���,�
�	����������,����	�� 
�,�4!
��
�	��	6:%6
����������� (Delay) �
���.,��������,����	�� ���� Data Delivery ��8�$��
����
�%+���$���,�
�	��*���	�� Delay-Minimum Route ���:���������,����	�� ?�  Route 
Update � ��8�$��������.���
�	���%�:�� ,���������������,4���
�	���:��$����������	6:
$����, 

7. An Energy Aware Routing Algorithm For Ad hoc And Sensor Networks [15]  
 �	
��%�67�,
����$���"�
�� �&�")6$������$����
�	����$$��?����>�	6:
���9�=9�

$��4!
������� ���:�4!
4��
����������������
��� ��8����$��"	9%	6:��,$���� �"	)"i��	�����$�
4�$����� ?� ����
�
��%4��
�������� �����	6:���,$�����

�����
�	�� �,�� ������.������
$��4!
��������,��5�6:�4�
,6�97� 

 
1.3 ���de1�2���7 
 

1. ���:���":%
��%����!�:�=��4�$����:�����
�%+�4��
����������������
��� 
2. ���:������������	
��

�����
�	����������������
����������������
���  
3. ���:������������	
��	6:���,�
�	����%��=����$4!
��
�	��	6:%6$��4!
��������:���,
 
4. ���:������������	
��	6:��%��=��":%
�� Throughput �,
��$	6:%6��
�	�������� 
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1.4 ���
�����=���5��� 
 

1. ��$?��?� ��n���")6$������
�	���������������	
�� ?� $��������
�	��
� �������
�	�����$ ?� ��
�	�������� 

2. 	,���?� �"�
�� �&*�$��	������������	
��4����?$�%�������
�������       
Network Simulator 2 (NS-2) 

3. �"�
�� �&?� ���6���	6���� �"	)"i���������	
��	6:������� 

 
1.5 ��9
��
a�2�568=���5��� 
 

1. #9$2�����	
��

�����
�	��4��
����������������
���  
2. #9$2����?$�%�������
������� NS-2 ����	
�� Ad-hoc On-Demand Distance Vector 

(AODV) ?� ����	
�� DSR 
3. ��n������	
��4����?$�%�������
������� NS-2 ����7�t���������	
�� DSR  
4. 	,��� ?� ?$
�����:�4�
��%��=	������,
=+$�
�� 
5. 	��$��	,������:��"�
�� �& ?� �$j�*� 
6. 	��$�����6���	6���� �"	)"i��$������	
�� AODV, Redundant Path Routing 

Protocol (RPRP) Single Path ?�  DSR 
7. ��,	���"	���"��)& 
 

1.6 1�2��3
7�8<��X����2�X	��� 
 

1. �,
����	
��	6:%6
��%����!�:�=��4�$����:�����
�%+�4��
����������������
��� 
2. �,
����	
��	6:��%��=������� �.$�&4!
4�$������������.$��-&	6:�
��$��
��%   

����!�:�=��4�$����:�����
�%+��+� 
3. �,
����	
��	6:%6
�� Throughput �+��97���������
����������, 100 ���, 
4. �,
����	
��	6:��%��=����$4!
��
�	��	6:%6$��4!
��������:�����������	���,
��$$��

%6��
�	�������� 
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1.7 ������=��8<i3	i
�2�� 
 

4�$���"����674!
���?$�%�������
������� NS-2 %�4!
4�$��	,���$��	������������	

�� >9:�%6	�����$�	6:4!
4�$����$?��?� 	,���,���67 

1. 
�%�"�����&?���$�� %6������� %��$��� Intel Core 2 Duo T5200 �������j� 1.6 
GHz ?� �����
��%��� RAM ���, 1 GB   

2. ���?$�% NS-2 �.�� 2.33 ��8����?$�% Open-Source 	6:4!
4�$��������$��	��������
�
�������4�?�� Discrete Event Simulator >9:�������$���������
����������������
��� 

3.  ���?$�% VMware Workstation �.�� 6.0 ��8����?$�%	6:4!
�������
��:��
�%�"�����& 
��8����?$�%	��$��

� 

4. ���?$�% Perl �.�� 5.0 ��8����?$�%	6:4!
4�$��$����u�&�
�%+�  
 
1.8  `����@�����9
��
=�������
a�2��k
��������� 

 
�,���":%��$$��#9$2�����	
��4��
����������������
��� ���:����0/��������

�	
�� ��$��7�$j#9$2��
��:��%��	6:4!
4�$��	,���
�����?$�% NS-2 #9$2�����	
�� DSR ���:� 
4�
��8�����	
����7�t��4�$����n����� ?� #9$2�����	
�� AODV ���:�	6:� ��%��=���%�
���6���	6���� �"	)"i��?� �"�
�� �&*�$��	,��� >9:��%�:��,
�� �,j��0/���$6:��$��$����,��� 
�!�:�=��4�$����:�����
�%+�4��
����������������
���  �9��,
��$?�����$��"	9%4�$��

�����
� 
	���������������	
�� RPRP ?� ��
���%$���� %�-
���������	6:4!
4�$��

�����
�	��
�������	
�� =�,��$��7�	��$����n������	
�� DSR 4�
��8�����	
�� RPRP ,
��$����6��
�

,i�2�>6��":%��"%������.�4�
�,
��%	6:��$?����
 ?�
���6�� TCL Script ���:�$����,�i��?�, 
�
�%4�$������������h ��$��7�	��$��	,��� >9:�*�	6:�,
��$$��	,���
�� NS Trace File ?�  
NAM Trace File >9:�� ������"�
�� �&*�$��	,����,�$����6�� Perl Script ?�  Shell Script ���:�
$����
�%+�	6:�
��$�� ?� ���%����6���	6��$������	
�� RPRP (Single Path), AODV ?�  DSR 
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i���� $�� 1-1 ��7����$��	�����?� ��n������	
�� 

 
 

 
 

��":%�
� 

#9$2�����	
��4��
����������������
���  

#9$2����?$�% NS-2 ,����	
�� DSR ?�  AODV 

	��$��	,���4����?$�% NS-2 

�"�
�� �&*����)& 
Nam, Trace file 

��$��	����� 

NO 

YES 

��$?�����$��"	9%����	
�� RPRP 

������.� DSR 4����?$�% NS-2 4�
��8�����	
�� RPRP 

���6���	6���� �"	)"i���������	
�� 

��6�� Tcl Script $����,�":�?�,�
�%$��	,��� 
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���8< 2 
 

�l?m8a�2���==�� 
 
2.1 ���@�A	
��9���	

=8<��=��
�����������������	��� 

 
�
����������������
��� ��8��	
�����6	6:$� ��� �����������������������>9:�

��%��=4!
4�$������������$p$��-&	��$��i�� ?� ��%��=	6:� $� ����,
���� ��$��$�67
�����%��=�� �.$�&4!
4������:��,
���$����    

 
 

i���� $�� 2-1 $��	���������
����������������
��� 
 

��%i���� $�� 2-1 �
����������������
���� �� $��,
�� [16] ���,������� 
(Sensor Node) >9:�	����
�	6:�������?� ����
�%+������8�!���h ��������,�����%�
�%+� (Sink 
Node) ���:�������� %��*������ >9:����,�������� ��+�4���7�	6:������� (Sensor Fieid)  

>9:���%?��
��%
",����
����������������
��� � %6���,4�� ����8�������%�$ 
	��4�
$�����6:��?������6:	���,
��$ ,����7�$���� ���,��������9������8��":�	6:���
�/�������� ��
�67 
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2.1.1 ����������������1�2���X������
i

�����������������	��� 
 

 ����	
���+�?���67%6�.,%.���%��	6:� �� ���,�������	6:%64����,�������4�

�,
%�$	6:�., ���:���":%����4�$��4!
�
��������������4�
���	6:�., �9���$?��4�
%6$������
�	��
�,6�����������	�� >9:�������$����	
���$�"	6:� $� ���$������
�	�� >9:���%��=%6����
��
�	�����������	�� ������������	
���+�?���67 �!�� Energy Aware Routing for Wireless 
Sensor Networks [10] 

 >9:�����	
���67�� $��,
�����$��"	9%��%����
�� Route Discovery, Route Reply 
?�  Reliable Transmission �,�4!
����
�
��%
�� �
�
��%�
������
�	�� ?�  �
�
��%������
��
�	�� Route Discovery ��8�$� ���$��

�����
�	�� �,����,�
�	��� $� ����
�
��%
�
������
�	���,����,� �����$���� �
��%6������� ?� 
.-i��$���!�:�%����+�$���
��	6:$�� 
��,��
 �9�� %6�"	)"�,
����!�:�%��� ��$�
��$���$j�
��	"7��
�
��%�
������
�	���� >9:����,	6:%6
��������+��., � �,
���$��
�,����$4�
$� ����
�
��%�
������
�	������� ��$%6� ,���������
�	��$��$j� 4!
$� ���$�����=������ >9:�� $� 	����%$� ����67��$�����=9�����	�� ���� 
Route Reply ��8�$�����$�����
�	��,
���
�
��%��������
�	�� �%�:�

���������,����	�� 
?�  Reliable Transmission ��8�$��$4�$����":%
��%����!�:�=������
�%+�%�$�97� �,��
�%+�� ��+�
4� Cache ������,	6:��� ��$� 	�:��,
�
�
��%��������$���,	6:����
�%+� ��$�%��,
�
�
��%
�������
�%+�i��4�����	6:$����, $j� %6�
�
��%������
��%*",���,$�����������,�
�	��
����
�%+����:�4�
���,�
�	������
�%+�4�%��6$
��7� 

 

 
 

i���� $�� 2-2 ?�,�$������
�	��4� Energy Aware Routing 
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 ��%i���� $�� 2-2 ��":%�
����,�
�	��
�����, S $� ����
�
��%�
������
� 
	����$�� ���, A, E ?�  G �,
����
�
��% �%%.�"4�
���, G %6�������%�$$������, E ?�  
A ���, G $j� �,
���$���!�:�%���4�
����
�
��%�
������
�	������� ��$��7����, G $j$� ���
�
�
��%�
������
�	����$�� ���, E �,
����
�
��% ���, E %6� ,����������+�$����������
��7��:��$j�,
���$��
�,����$ ���, E ����
�
��%�
������
�	����$�� ���,	6:�,
����
�
��%
�� B, 
F ?�  H ���, B ?�  ���, F %6� ,��������� ?� 
.-i��$���!�:�%����	��$�� $j� 4!
$� ��� 
$�����=������ �,�$���.�%���������:����=������ >9:����, F �,
���=���������j�$��� $j� ��8�
���,	6:�,
���
�,����$ ��$��7����, F $j$� ����
�
��%�
������
�	����$�� >9:����,����
��
���, D �,
����
�
��%�
������
�	��$j� ���$�����
�	�� �,�4!
�
�
��%���$�����
�	�� ��
��%��
�	���,"% 
 
2.2 �1�a=�@������
��������  

NS-2 [17] ��8����?$�% Open-Source 	6:��%��=	������,
	�7��� Linux, FreeBSD, 
SunOS, Solaris ?�  Window =+$��n���97��,� Information Sciences Institute (ISI) NS-2 ��8�
���?$�%	6:4!
4�$��������$��	���������
�������4�?��	6:��8� Discrete Event Simulator >9:�
������.�$���������
����������������
��� $��������$������$��
�	��4�$�����?�j$�$j�, 
������$��	������������	
��?�� Multicast ?� ����	
�� IP �!�� User Datagram Protocol 
(UDP), Transmission Control Protocol (TCP) ?� Real-time Transport Protocol (RTP) 	6:��+���
�
��������� �i		6:%6��� ?� �
��������%�%6��� >9:� NS-2 ��8�>�u�&?��&	6:%6�� ��!�&%�$ ?� ���%6

��%��%��=4�$��?�,����� ��6�,��� Network Traffic ��$%�4��+�?�����$��uu�$ ��%	�7�
���������.����$��"	9%4�$��

�����
�	�� ?� 
"� �!�� FIFO ?�  Round-Robin ��8��
�  

 

 
 

i���� $�� 2-3 �
����
����7�t���,���%��� NS-2 
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��%i���� $�� 2-3 *+
4!
� �
����6�� OTcl Script >9:���8�$��$����,
����":%�
����
�i��?�,�
�%4�$�������� ?� �",��7��
����������
�������4�
 Network Object 4!
��� �%�:���� 
?$�%	����� OTcl Interpreter � ��� OTcl Script ?� � 	��$����7�
������%"����&�i��?�,�
�%
��% Script 	6:���%� �%�:�	��$������������?�
� *����)&��$$��������� %6��9:��u�& ����%�$$���
>9:���8�?�� Text-Base ?� � �� $��,
������ ��6�,����
�%+�$��������
�� NS Trace File >9:�
� �
����6�� Script ���:�$����
�%+�4�
�,
��%	6:�
��$�� ������8��u�&$��uu�$	6:��6�$��� Network 
Animator (NAM) >9:�?�,�4�i���� $�� 2-4  

 

 
 

i���� $�� 2-4 ����������� NAM 4� NS-2 
 

2.3 �������� DSR  
 

��8�����	
����7�t��	6:���� ?� %6�� �"	)"i���+� �,���$?��4�
4!
����5�� 
$����:����?������h !��� 4��
���������
��� %6$��$$��	�����	6:�����,��� $��,
�����$��$
���$
�� $��$$��

�����
�	�� ?� $��$$������.���$2���
�	�� %6$����4� The Dynamic Source 
Routing Protocol for Multi-Hop Wireless Ad Hoc Networks [18] 
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2.3.1 =���	
��
�	
�������������� DSR  
 

 
 

i���� $�� 2-5 $��

�����
�	��4� DSR 
  

4�i���� $�� 2-5  ��8�$��

�����
�	�� >9:��%�:����, A �
��$��

�����
�	��
��������, E �,�4��- ��":%�
����$��

�����
�	�� ���, A � ����
�
��%�
������
�	��4�
��$2- $��$� ���?�j$�$j���$�� >9:����,	6:��+�i��4���#%6$�����������, A � �,
���?�j
�$j� 
?��� �
�
��%�
������
�	��� � �. ���,�
�	��, ���,����	�����$��

��� ?� �%�����
���$���
������
�	��>9:�� �%�>7��$�� ?��� �
�
��%�
������
�	��� �� $��,
�����!�:����,
� �����	��	6:*���%� >9:�4�	���p"���"���,� 
�,��$�
�
��%�
������
�	��?�
������� �%�:���=9�
���,����	��$j� ����
�
��%��������
�	������%��
�	���,"% �,���
�	��� =+$�$j���
��+�4� 
Route Cache 4�$�-6	6:���,	6:�,
����
�
��%�
������
�	�� ?�
������%6�%��������,����� 
�����+�$j� 	��$��	"7��
�
��%�67  ?����$�%������%6�%��������,����������+�$j� 	��$����":%
�%�������������4����!�:���
�	��?� $� ����
�
��%$���
�����67��$��  

$�����$�������
�
��%���$�����
�	��$�����������,�
�	�����$��

�����
� 
	�� �!�� ���, E ����
�
��%��������
�	��$�����������, A ���, E $j� ������� Route 
Cache ������������:�����
�	��$�����������, A ?� =
���$j� 4!
��8���
�	�����?�j$�$j��
� 

��%��������
�	��$����� 

2.3.1.1 =�����=����	����@�	����
�	
����X�i3	
�	
���i
 Cache 

 
���,	6:����
�
��%�
������
�	�� =
�������,�%�4!����,����	�� $j� 

���

��
�	��4� Cache ��������� ���:�����
�	�����������	�� ��$����
�	�� ���,$j� ����
�
��%
��������
�	��$�����������,�
�	���,
�!��$�� 
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i���� $�� 2-6 $�����$����
�
��%�
������
�	���,�4!
��
�	��4� Cache  
 
��%i���� $�� 2-6 ���, F �,
����
�
��%�
������
�	��>9:������%�����$��

� 

����
�	��
�� ���, E >9:����, F %6��
�	����������, E 4� Cache ��������� ���, E $j� 	��
$�������
�	����$�
�
��%�
������
�	��$����
�	��4� Cache ��������� ?� � 4�����!�:����, 
��$���, C ��������, E ?�
����$�����������, C >9:�4�$�����$�����
�	�����, F $j� �%�
��+�4���
�	��$��� 

2.3.1.2 =��1n��=�
�	����@���=���
�	
���3
=�
 

 

��%��%��=������,4�$�����$����
�
��%�
������
�	�� �97�$���
�%+���
� 

	��4� Cache $���$",$�-6�
�
��%���$�����
�	��!�$���$",�97�4����$�-6 >9:�4�	���p"���"=
�
���, $� ����
�
��%�
������
�	�����:������,����	�� ���,�
���
6�����,����	��	6:%6
��
�	����������,����	����+�4� Cache ��������� ?��� ���,	6:��8����,�
���
6��$j���� ���
�
�
��%���$�����
�	�� >9:�$j��8����,
	6:� �$",$��!�$���$",�97�����
�
��%4���7�	6:��7� 
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i���� $�� 2-7 �
�
��%���$�����
�	��	��%	
� 
 
��%i���� $�� 2-7 ���, B, C, D, E ?�  F �,
����
�
��%�
������
�	����$

���, A >9:����,����	��
�� ���, G ?��� ���,	6:�,
����
�
��%����$j%6��
�	����������,
����	��4� Cache ��������� �$�"���,	�7��%,$j� ����
�
��%��������
�	��$�����������, 
A ��
�%$�� ���:����$�,
����
�
��%�
����
�	����$���, A ��
�%$�� 	��4�
�$",$��!�$������
� 

��%��������
�	�� �=��$��-&�!���67����$",�97�����4�$�-6%6
��%?�$�������
��%������
��
�	������
�
��%���$�����
�	�� ,��?�,�4�i���� $�� 2-7 
 

)1( rhHd +−=     (2-1) 
 

h  
�� ������!��������
�	��4��
�
��%���$�����
�	�� 
r  
�� ���	6:�.�% %6
�� 0, 1 
H  
�� 
��
�	6:4�$������� (������
������	����� Wireless Link Propagation Delay) 

 
=
����,�,
���?�j
�$j�	6:%�$4�� � ������7�h ���,� ���������$������
�
��%

��������
�	����������� �,�$���.�%� � ����$�����4�%���%�%$�� (2-1) [18] 
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2.3.1.3 ���
�
3����8<���=�X����	����@�	����
�	
��� 

 
?��� �
�
��%�
������
�	���� $��,
�� ������!���	6:���$�, >9:�� 4!
4�$�����$�,

���������,� �����$���4�$�������� >9:�?�j$�$j��
������
�	��� =+$	"7���$������!��������
#+��&$�����=9�����	�� �0��.���4!
$��$�674�$������
�
��%�
������
�	��	6:�%��
��$��$� ��� 
��8�$��$	6:�%��
����	.�%�$��$ 
��=
������%����8����,�
���
6�� ����=
����,�
���
6��%6��
� 
	����+�4� Cache =
��%��,
����
�
��%���$�����
�	��4�����	6:$����,$j� 4!
$��$�67 ����
�
��%
�
����
�	��?�����$�,���������,� �����$����6$
��7� 

 
2.3.2 =������e���=?�
�	
�������������� DSR  

 

 
 

i���� $�� 2-8 ��������$������.���$2���
�	�� 
 
�%�:����,��7��
� �������,	6:$�����������?�j
�$j�4���
�	�� 4��- 	6:���?�j$�$j�

�
�%+�$j�
�����
�
��%������$���,
����
�%+�$��� ?�
��9�����
�%+�������,
 ��$�%��,
���?�j$�$j�
������4�����	6:$����, ���,$j� ����
�
��%��
�	���
%����$�����������,�
�	�����:���
��
�	��4�%�4� Cache ������":%$� ���$��

�����
�	��4�%��6$
��7�  

4�i���� $�� 2-8 ���, A ��8����,�
�	��4�$�����?�j
�$j���������, E �,�
4!
��
�	��*������,� �����$���
�� B, C, D 4�$�-6�67���, A � �,
���?�j
�$j�������$���,
���
�
�%+�	6:���, B, ���, B � �,
���?�j
�$j�������$���,
����
�%+�	6:���, C, ���, C � $j�,
��� 
?�j
�$j�������$���,
����
�%+�	6:���, D, ���, D �,
���?�j
�$j�������$���,
����
�%+�	6:���, E 

 ��$4����!���%6$�����?�j$�$j�>7����������, D %�$�+��.,4���9:���������� ?� 
�%��,
���?�j$�$j������� ���, C $j� ����
�
��%��
�	���
%���������*+
	6:���?�j$�$j���":%�
�
��
���, A �,����, A $j� ����
�	��	6:��,�67��$��$ Cache ������, =
����, A %6��
�	����:�
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4� Cache ��������, E $j��%��=4!
��
�	��4�%��,
	��	6 ��$�%�%6$j	��$��

�����
�	��4�%��,

�!��$�� 

2.3.2.1 =�����op��	�@A�
�	
���
��<�1���1�e��	�@A�
�	
���i
 Cache 

 
���,	6:$��������?�j$�$j���� �������,	6:$����������?�j$�$j�����h ��%��=��":%�
�%+�

��
�	����$?�j$�$j�	6:�,
����
�%+�%���
���4� Cache ����������,
  
 

 
 

i���� $�� 2-9 $�����u0��
�%+���
�	�����:��$j���
4� Cache 
 
i���� $�� 2-9  ���, A $�����4!
��
�	���",���$�����, E �- 	6:���, C $�����

���?�j$�$j��
�%+���7� ���, C ��%��=��":%��
�	���,
��$$����6���+
?�j$�$j�	6:������ �!�� $����� 
?�j$�$j��
�%+�$���������
�%+���$���, X 4��- 	6:���, X ���?�j$�$j���������,����	��
���, C $j� ��6���+
��
�	����":%��"%
�� ���, V �",���$�����, W ���, W �",���$�����, X $j
��%��=��":%��
���4� Cache ����������,
 ?� ��%��=��6���+
�,
�6$�%�:����, X ���?�j$�$j�$��� 
%���$���, Z $j� �+
��� ���, X �",���$�����, Y  ?� ���, Y $j�",���$�����, Z 

5 ��7���%��=��.��,
��� ���,��%��=��6���+
��$$������
�%+���� ?� ��$$��u0�
�
�
��%�
������
�	�� ?� �
�
��%��������
�	���,
 

 

2.3.2.2 =�����i�	
�	
�����9
�X�����
@��5 

 
$��	��4�
��
�	����7��,������%��"��7� � ��8�$��������,� �����$���	6:�%������8�

��$�� ���,� �����$���� u0�?�j$�$j��
�%+�>9:���
�	����+�4�������?�j$�$j� �,����,� 
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����������������
�	��	6:�%������8� ��$�����,,��$����$j� ����
�
��% Route Reply $��� 
��������,�
�	����
�%$����
�	��4�%�	6:������.�?�
� �,�� $����,���,	6:�%������8���$�� 

 

 
 

i���� $�� 2-10 ��������$��������.�	��4�
��7��97� 
 
��%i���� $�� 2-10 ���, C u0�?�j$�
�%+�	6:�����$ A �� B ?�
�������%���� C >9:� 

C �+
��� B �%������8�4���
�	�� ���� �%��
��*��� B $j��=9�����	���,
 ���, C �9��,
����
�
��% 
Route Reply $�����������,�
�	��
�� A >9:�4��
�
��%$j� %6��
�	��4�%�	6:���, C �,
�����
� 
	��4�
?�
��,�$����,���, B 	"7���$j� ��8� A-C-D 

2.3.2.3 =��
�5<@=��=�2����	����@ Route Error  
 

�%�:����,�
�	������
�
��% Route Error ��$���,�
�	���%�%6��
�	����:�	6:�����
����	�� $j� 	��$��

�����
�	��4�%� >9:�4�$��

�����
�	��4�%��67� ��������
�	6:��, $� ���
��$���
�
��%�
������
�	�����:�4�
���,��:�h �,
	��������
�	���67��,?�
� ?� �":�%�$��$���
��7��
�
��%���$�����
�	��	6:%�������,�
�	�� =
�%6��
�	��	6:��,�67%�,
��$j� �%�����!��$�� 

���������������4�i���� $�� 2-8 ���, A ��6���+
��$�
�
��% Route Error 	6:%�
��$���, C $j� 	��������
�	����$���, C �� D ��7���,?�
� ���, A $j�����
�	��,��$����
��$��$ Route Cache ��������� ?�
�� $� 	��$��

�����
�	��4�%� ?� � �����
�	��	6:��,�67
$� �����$��$��

�����
�	��4�%�,
�� ?� � �%�����
�
��%��������
�	��	6:%6���, D �",%�
,
�� 
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2.3.2.4 =��=A	a�q�
=q��	�@A�i
�C2
�	
�����X 

 
�%�:���
�	����,4��- 	6:���,� ����
�
��% Route Error $j� ����
�	����:�h 4� 

Cache ���������	6:� ��%��=���������	���,
 $���	6:� 	"7��
�%+���7� ��$%6��
�	����������,
����	���,
$j� $+
�
�%+�,��$���� �,�$������
�%+����������	����
�%	�7������
�	���,"%	6:��,
$�����������,�
�	�� ���:�4�
	��������
�	���67��,	6:4, ,����������4�i���� $�� 2-8 ��$
���, C %6��
�	����:���������, E ���, C $j��%��=$+
�
�%+�,��$�����,�$������������
�	��
4�%��,
 

 
2.4 �������� AODV 

 
��8������
��?�� Source Initiated On-Demand Driven/Reactive 
��� 	��$����

��
�	��$j����%�:��.,��":%�
��
��$������
�	��  >9:�� ��8�$������
�	����%��
�	��	6:��8����,

��=9�����	�� ����	
�� AODV [19] �,
������.�%���$����	
�� DSDV ���:����$%6
��%

�
��
�9�$��%�$ ?�� AODV � �,������
��7�4�$��	6:� 

�����
�	���� �,�� 	��$��

���
��
�	�� �%�:�%6���,�
��$��	6:� ����
�%+� ����%6$���
��:��	6:������,�	����7� 	��4�
�%��"7������� 
Bandwidth 4�!�����//�- ?��� �
����6�����4�$��	6:����
�	��4�%��%�:��
��$��	6:� ����
�%+�  

 
2.4.1 =���	
��
�	
��� 

 
��$i���� $�� 2-11 ���,�
�	��
�� ���, S ?� ���,����	��
�� ���, D 

�%�:����,�
�	���
��$��� ����
�%+� ���,� ����4��������
�	�� ��$�����
�	��$j� 	��$��
����
�%+���7���� ?����$�%������
�	����������,����	��$j� ��":%$� ���$��

�����
�	�� 
�,�� 	��$����
��?�j$�$j��
������
�	���,�� �� $��,
�� Source IP, Current Sequence 
Number, Destination IP, Last Know Sequence Number ?�  Broadcast ID ������$��7����,�
�
	���  $� ����
�
��%�
������
�	����$���,�� ��7�������
�������$�����$�����
�	�� 

�%�:����,� �����$����,
����
�
��%�
������
�	�� ���,$j� �����������
�
�,
����
�
��%�
������
�	��	6:%6 Source IP, Broadcast ID 
+��67�����%� =
��%� $j� �$j��
�%+���
��%
� � ����	6:$����, ?��=
��
��,
���?�
�$j� �%���4� 
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i���� $�� 2-11 $��

�����
�	���������	
�� AODV 
 
���%����,� 	��$����
�� Reverse Route >9:��� $��,
�� Source IP, Sequence 

Number, Hop Count, IP Neighbor ��$���,	6:�,
����
�
��%�
������
�	�� �,��")6�67� 	��4�

���,�+
���� �������
�
��%���$�����
�	����������,�
�	���,
 �%�:��
�
��%�
����
�	��%�=9�
���,����	�� ��$��7����,����	��� ����
�
��%���$�����
�	��*���	�� Reverse Route 

 ��$����
�
��%�
������
�	��?�
� �
�
��%��������
�	��	6:���$���%��%����
���,����	�� �����
�
��%���$�����
�	��%��%�=9�4�����	6:$����,  ���,�
�	��� 	��$��
$� ����
�
��%�
������
�	��4�%�  >9:�� ��":%
��4�
?$� Route Retrie >9:��$j�������
��7�4�$�����
>7������
�
��%�
������
�	�� 

 

2.4.1.1 =���	

�	
����8<
�5<@���
��� Ring Search 

 
	.$
��7�	6:���,�
�	������
�	�� ���,� 	��$��$� ����
�
��%�
����
�	����	�7�

� ���
������� ��������
����������,��j$$��!�$�����?�j$�$j�� %6�
�� ?����$��8��
�������
���,4�/�?�
�$��!�$��$j� ��":%%�$�97� ���:�	6:� 
��
.%4������67�9��
����":%
.-�%���"��� Ring 
Search  

���$$����� Ring Search 
�����,�
�	��� ��7�
�� Time To Live (TTL) ��
4��
� 

��%�
������
�	����6�$��� TTL Start ��$�%�%6$�����$�����
�	��%�4�����	6:$����, ���,
�
�	��$j� ��":%
�� TTL ?�
�	��$��$� ����
�
��%�
������
�	��4�%� ��$���� �������	��	6:


��� 4�$��$� ����
�
��%�
������
�	��4�%�4�?��� 
��7�� 	��4�

�� Route Retrie ��":%�97�
,
�� 
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�%�:���
�	��4�%��,
=+$��
���97� ��
�	��4�%�� =+$���	9$��
4��������
�	�� ?��=
�%6
��
�	��	6:�,


����97�%�4�%�	6:%6���,����	���,6��$�� ?��������!��������
�	��4�%�%�$$���
��
�	���$��  
�� TTL �������$������
�
��%�
������
�	��
��7�4�%� � ��7��,����� � 	����$,
��

�� TTL 	6:��":%�97� �")6�67	�����,�
�	����%��=�+
�����7�	6:
��7��.,	
��	6:������,����	�� �����+
���
���,���� �
��:��	6:����"��-4, 

 
2.4.2 =������e���=?�
�	
��� 

 
�,�4� AODV ���,� %6!�������4�$������
�
��% Hello ���:�� ������.��
�%+�4�

�������
�	��������,��� �%�:����,�
�	���,
��
�	����=9����,����	��?�
� ���,� ��$2�
��
�	����
����	��	6:���,�
�	���
��$�� $���
��:��	6:������,� %6*������
�	��	6:%64����, 
��6�$��
�	��	6:%6���,�
��:��	6:�67��� Active Path =
�%6$���
��:��	6:������,4,���,��9:� �,�$��
	6:���,	6:��+�4���
�	��$���	6:� =9����,	6:�
��:��	6:� ����
�
��% Route Error (RERR) $���%����
���,�
�	�� �,�*���	�� Precursor List ������,��� �%�:����,�
���
6���+
������,4,�,
%6$��
�
��:��	6: ?�
����,� �+
����%���%��=	6:� 4!
������,,��$�����,
 �,�� ��7�
��� � 	��=9����,
����	��%6
���	��$�������& ?� $j� ����
�
��% RERR ��������,�
���
6��4���
�	������� �%�:�
���,�
�	���,
����
�
��% RERR ���,$j� $� 	��$��

�����
�	��4�%��6$
��7� =
���$���
�%6

��%�
��$��	6:� 4!
��
�	��4�����
�%+���� 

��$i���� $��	6: 2-12 ��8��������� ���$������.���$2���
�	���,����,�
�	��

�����, S ���,����	��
�� ���, D >9:����, S %6��
�	�����:���������, D 
�� 1-2-3 ���%�
���, 3 �
��:��	6:��$��	��4�
�%���%��=����
�%+��,
 	��4�
���, 2 ����
�
��% RERR $���%����
���, S ��$��7����, S $j

�����
�	��4�%�>9:��,
��
�	����8� 1-2-4 ��������, D 
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i���� $�� 2-12 $������.���$2���
�	�� 
 

2.4.2.1 =����X=�� Local Connectivity 

 
�%�:�4,$j��%	6:���,�,
����
�
��%�
����
�	����$���,�
���
6�� ���,$j� 	��$��

������.�
��4� Lifetime Field =
�%6���,,��$������+�4��������
�	�� ?����$�%�%6���,,��$������+�
4��������
�	�� ���,$j� ��
����
�	��,��$�����97�%�4�%� ?� =
����,�%��,
����
�
��%�
��
��
�	����$���,�
���
6����� 4�!���	6:��8� Hello Interval ���,� $� ����
�
��% Hello �����
���,�
���
6�����:�� 	���������,�
���
6��,��$���������+������%� ��$��$�67���:�����$��$��
$� ����
�
��% Hello ���,$j� %6$��4��
�� TTL �	��$�� 1 �,�=
�%6$�����6:��?������,$j� %�
������.�
��4��������
�	�� 

 
2.5 =��1�2@�C���������
i
=���	
��
�	
��� 

 
EARP [12] ��8�����	
����������� %�-
���������4�$��

�����
�	�� ��":%��$

�������4�$��$� ����
�
��%�
������
�	�� (Route Request (ROUTE_REQ)) ?� �������	6:4!

4�$������
�
��%���$�����
�	�� (Route Reply (ROUTE_REP))  

�,��������4�$�����$� ����
�
��% ( 1P ) 
 

BtdP tt ][ 4

211 αα +=                         (2-2)      
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�������	6:4!
����
�
��% ( 2P ) 
 

cr BtP α=2                                             (2-3) 
                                                      
�������4�$������
�
��%��%��
�	��4���$2- 	6:�%�$� ��� ( 3P ) 
 

ctt BtdP ][ 4

213 αα +=                         (2-4) 
 
�,�	6:  

21, tt αα   ��8�
��
�	6:4�$����:���� 
4

d  
���5�6:�� ��������,�
���
6�� 2 ���, 
B ��8����,!���	��$���!�:�%����,���%%6�������8�$"���"�����"��	6 
t ��8����,����u�%�,���%4�?��� �"��	6 

rα  ��8�
��
�	6:�	��$�� 135 �����+�����"� 
ct  ��8����������9:� Time Slot 4�?��� �"��	6 

 
2.5.1 ������
�8<i3	i
=��=�2����	����@�	����
�	
��� 

 

 
 
i���� $�� 2-13 $��4!
�������4�$��$� ����
�
��% ROUTE_REQ 
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���,�
�	�������%����
�	����������,����	���,�$��$� ����
�
��%�
��
����
�	����	�:�	�7��
�������  

 
�������	6:���,�
�	�� 4!
��� ROUTE_REQ ( 1E )   
 

BtdE tt ][ 4

211 αα +=                                                                (2-5) 
 
�������	6:���,� �����$���4!
��� ROUTE_REQ ( 2E ) 
 

cr BtE α=2                                              (2-6)
    

�������	6:���,� �����$���4!
��� ROUTE_REQ ( 3E ) 
 

13 EE =                          (2-7) 
 

     
�������	6:���,����	�� 4!
��� ROUTE_REQ ( 4E ) 
 

24 EE =                         (2-8)
    
�������	�7��%,	6:4!
4�$����� ROUTE_REQ ��%i���� $�� 2-13 ��$���,�
�

	����������,����	�� ( qE ) ���,
��$�������	6:4!
��� ROUTE_REQ ������,�
�	����%
$���������	6:4!
��� ?� ��� ROUTE_REQ ������,� �����$��� 
+-$�� N-2 
�����,� �����
$���	6:%6	�7��%, �,�	6: N � ��8����������,	�7��%,4��
������� ?� ��,
�����
�����,�
�
	��?� ���,����	�� �.,	
����% $���������	6:���,����	��4!
��� ROUTE_REQ ��%�% 
$�� 2-9  
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)1()(

)2()(

)2()(

21

2121

4321

−∗+=

+−∗++=

+−∗++=

NPP

PNPPP

ENEEEEq

                                                    (2-9)

    

2.5.2 ������
�8<i3	i
=������	����@������
�	
��� 
 

 
 

i���� $�� 2-14 $��4!
�������4�$����� ROUTE_REP 
 
�������	�7��%,	6:���,����	��4!
��� ROUTE_REP ( 5E ) 
 

ctt tBdE **][ 4

5 21
αα +=                      (2-10)

    
�������	6:���,� �����$���4!
��� ROUTE_REP ( 6E ) 
 

cr BtE α=6                       (2-11)
    

�������	6:���,� �����$���4!
��� ROUTE_REP ( 7E ) 
 

57 EE =                        (2-12)
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�������	6:���,�
�	��4!
��� ROUTE_REP ( 8E ) 
 

68 EE =                        (2-13)
    

�������	�7��%,	6:4!
4�$����� ROUTE_REP ��$���,����	����������,�
�	�� 
( pE ) ��%i���� $�� 2-14 �,����,
��$�������	6:���,����	��4!
��� ROUTE_REP ��%$��
�������	6:4!
��� ?� ����
�
��% ROUTE_REP ������,� �����$��� 
+-$�� h >9:���8�������
���,� �����$���	6:��+�4���
�	�� >9:��%�4!����,� �����	�7��%,4��
���������%$���������	6:4!

��� ROUTE_REP ������,�
�	����%�%$�� 2-14 

 

           
)1()(

)(

)()(

32

2323

8765

+∗+=

+∗++=

+∗++=

hPP

PhPPP

EhEEEE p

                            (2-14)

    
�������	�7��%,	6:4!
4�$��

�����
�	�����,
��$����%$�� 2-9 ��%�%$�� 2-14 

� �,
��%�%$�� 2-15  
 

                    
321

3221

)1()()1(

)1()()1()(

PhPhNPN

hPPNPP

EE pq

++++−=

+∗++−∗+=

+=

                   (2-15) 

 

4��	�67�,
$����=9� 
��%�+
���7���
��$6:��$��
��%�+
���7���
�4��
����������������
��� 
����	
��	6:�� ���,�������4��
����������������
��� ���?$�%�������
������� ����	
�� 
DSR ?�  AODV �.,	
����8��%$���� %�-
���������4�$��

�����
�	�� �������	
��	6:%6
��$2- $� ����
�
��%�
������
�	����	�:�	�7��
������� >9:�
��%�+
������67�����4!
4�$��
��$?������$��"	9% ?� 	��$��	,�������� 
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���8< 3 
 

=����=a���2�� 
 

����"����67%6�.,�� ��
&���:�����������$��"	9%

�����
�	��	6:%6��
�	�������� 4��	
�67� $����=9��������$����$?��?� ��n��� �� �+�?���")6$��	,��� �i��?�,�
�%$��
	,��� ?� �%$���� %�-
���������4�$��

�����
�	���������	
�� 

 
3.1 ��9
��
i
=����=a���2�� 
 

����	
��

�����
�	����������������
�����������������
�����7� %6$����$?��
4�
%6
��%����!�:�=��4�$����:�����
�%+���":%�97� �,�$����":%��
�	���������6$��9:���
�	�����:�4!

4�$�-6��
�	�����$�
%���� �,����,�
�	����%��=����$4!
��
�	��	6:%6$��4!
��������:�������
����	���,
���:����$%6��
�	��4�
����$ >9:�	�7������
�	��� 4!
���,	6:�%�>7��$�����:�� 4�
	�7����
��
�	��%6
��%��=6��i���+� ���:����$��$%6���,	6:>7��$��4�	�7������
�	�� ��$���,	6:>7��$��
��7��
%������7�$j�%��=9� 	�7������
�	���
%����,
�� 
 

3.1.1 =����k
����=��5�;@=���	
��
�	
��� a�2=����=?�
�	
��� 
 

��%	6:�,
$�����
���
� $��	6:	�7������
�	��%6���,�%�>7��$��$j�
��%6$��4!
�=�� 
���,��%�
�������67 

 
�=�� ���, 
��%�%�� 

F ���� 
W 	����� 
C �!�:�%��� 

 
����� 3-1 �=�� ���, 
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��%����� 3-1 4��- ��":%�
����,4��
�������� %6�=��  F �$��
����,�
�	��	6:
�
��$���",��� $�����,����	�� $j� %6�=��  C >9:����,�
�	��� ��8����,4��
�������	6:�
�� 
$������
�%+�������� �������,����	��$j� ��8����,�%����� 0 �������,	6:�����%�
�%+� 
�%�:����,�
�	��$� ����
�
��%�
������
�	�����,	6:�,
����
�
��%�
������
�	��� ���6:��
�=�� ��8� W ��$���� �,
����
�
��%?�
�*�$��
�,����$���, ��$�,
���$��
�,����$$j� ���6:��
�=�� ��8� C ?����$�%��,
���$��
�,����$$j� ���6:���=�� $�����8� F �!���,"% ���,	6:%6�=��  
W ?�  C � �%���
����%$��
�,����$���, 

�
�$����,�������	
��	6:��n�� 
• ���,� �
�������6��$����%���, ID ������8�$�.�%	6:��6��$�� 
• ���������7��:�� ET (Energy Threshold) ��8�
��
�	6: %6
����8� 0.3 �+� 
• �
�
��%�
������
�	�� (ROUTE_REQ) 
• �
�
��%������$������
�	�� (ROUTE_REP) 
• �
�
��%�
����$��
�,����$$���!�:�%��� (RESULT_REQ (Result Request)) 
• �
�
��%?�
�*�$��
�,����$$���!�:�%��� (RESULT_REP (Result Reply)) 
• �
�
��%?�
����,�
%���� (ROUTE_FAIL (Route Fail))   

��%����� 3-2 ��8����$��"	9%$��

�����
�	�� �,���":%�
��=�� ���,� ��8� F 
��$��$���,�
�	�� >9:���8����,	6:�
��$������
�%+�%6�=�� ���,��8� C �������,����	��
��8����,	6:�����%�
�%+� ���,�
�	��� $� ����
�
��% ROUTE_REQ ��$�����,� �����
$���	6:�,
����
�
��%� �������� ,������������������ $�����������7��:�� ��$%6
����������:��
$������������7��:�� $j� 	"7��
�
��% ROUTE_REQ ?����$%6
����������+�$������������7��:��$j� 
���6:���=�� ����8� W ?� � ����
�
��% RESULT_REQ ���:���
����%$��
�,����$���, ��$��7�
���,�
�	��� ��
��+�$� ���$��
�,����$���, �,�4!
�")6$��
����-*������ ��������, ID 
������,����	�� ?�  ID ������,	6:����
�
��% RESULT_REQ ��
�%� �����.	6:�
��4!
�")6$��
�67���:����$����	
�� RPRP ��7�� 

���
�	���,��%�$� ����
�
��% ROUTE_REQ ��	�7��
��� 
���� ?��� 	��$��
�,����$���,���:�$� ����
�
��%?	� 	��4�
��$�%�4!
�")6�67$j� 	��4�
$��

���
��
�	����7� 4!
�������4�$��

��� ���� �%�%6	"#	��4�$��

���	��4�
�"7��������������	�7�
�
������� ?����$4!
�")6$��
����-*����� ID ������,>9:� ���,�%��
��:��	6:?� ��6����% ID ���
���,��+�?�
�	��4�
$��

�����7���j��97� ?� �%��"7�����������������%�$�$"���  
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���, ��7����$��	����� 
���,�
�

	�� 
• $� ����
�
��% ROUTE_REQ ?� %6�=�� ��8� C 
• 
����-*������ ��������, ID ������,����	�� ?� ���,	6:� ����
�
��% 

RESULT_REQ 
• ����$���,�!�:�%�����9:����,�,�����$���,	6:%6*������
��	6:�., 
• �%�:��,
����
�
��% ROUTE_REP ?�$ $j� 	��$��$� ����
�
��% ROUTE_REQ 

���:�����
�	��	6:����,����,	6:%6�=��  C � �%���
����%
�,����$���, >9:�	��
4�
��
�	��?�$?� ��
�	��	6:����%�%6���,	6:>7��$�� 

• ����
�
��% RESULT REP ?�
�*�$��
�,����$���, 
• �%�:��,
����
�
��% ROUTE_FAIL 4�
����$4!
��
�	��������	��	6 
• �%�:��,
	�7������
�	��?�
�$j4�
����$��
�	�����$  �,�����$��$������!���	6:�
��

	6:�., (Hop Count) ���������	�� ��$�	��$��$j4�
����$��
�	��	6: 2 ���:����$
��8���
�	��	6:4�%�$��� 

���,
� �����
$��� 

• ���,	6:%6��������
��$��� ET 	"7��
�
��% ROUTE_REQ  
• ���,	6:%6�������%�$$��� ET ���6:���=�� ��8� W ?� ��� RESULT_REQ ��

������,	6:��� ROUTE_REQ  
• ���,	6:�,
���$���!�:�%���	6:4�

����-*������ ��������, ID ������,

����	��?� ���,	6:����
�
��% RESULT REQ  
• ���,	6:�,
���$���!�:�%���4�
����$���,�!�:�%�����9:����,�,�����$���,	6:%6

*������
���., ?� �� $�#*�$��
�,����$*����
�
��% RESULT REP 
• �%�:��,
����
�
��% RESULT_REP ��$�%��,
���$��
�,����$4�
	��$��	"7��
�
��% 

ROUTE_REQ ?� ���6:���=�� ��8� F ���,	6:�,
���$��
�,����$$j� ���6:��
�=�� ��8� C ?� $� ����
�
��% ROUTE_REQ ����� 

���,
����	�� 

• �%�:�����
�
��% ROUTE_REQ �9�����
�
��% ROUTE_REP ��������,�
�	��
��%��
�	���,"% 

 
����� 3-2 ���$��"	9%$������
�	���������	
�� RPRP 
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������$*���$� ���$��
����-*����� ID ������,����	�� ?�  ID ������,
	6: ��
 ����%
�,����$���,?�
� ��$��7����,$j� ?�
�*�$��
�,����$���,*����
�
��% 
RESULT_REP �%�:����,� �����$����,
����
�
��%,��$���� $j� �������*�$��
�,����$���, 
��$�%��,
���$��
�,����$$j� ���6:���=�� ��8� F ?����$�,
���$��
�,����$$j� ���6:���=�� ��8� 
C ?� � $� ����
�
��%�
����
�	������� ?� � $� 	����%��7����$��
�,����$���,�����
��$���� =9����,����	�� �%�:��
�
��% ROUTE_REQ =9����,����	�� ��$��7����,
����	��� ����
�
��% ROUTE_REP $�����������,	6:����
�
��% ROUTE_REQ ?� 
$� ���$��
�,����$���,� �"7��.,�� ������$�,
����
�
��% ROUTE_REP ?� �
�
��%
,��$����$j� ���$����������
�	���,"% ��=9����,�
�	��$j� ��":%����
�%+������ 
 

���, ��7����$��	����� 
���,� �����$��� • �%�:����,����
�
��% ROUTE_FAIL 4�
����������%��
�	�� 

• ��$����
�%+�?�
��%��,
����
�
��%������$���,
����
�%+��$"�����	6:
$����,4�
����
�
��% ROUTE_FAIL $���������
�	�� 

���,�
�	�� • �%�:��,
����
�
��% ROUTE_FAIL $j����$4!
��
�	��������	��	6 
• =
���
�	���������
%�����6$ $j

�����
�	��4�%� ���,�
�	��� �%�

��4����� �%,������������%� 
 

����� 3-3 ���$��"	9%$����$2���
�	�� 
 
��%�����	6: 3-3 ��8���������$��"	9%$����$2���
�	�� �,����,� �����$����%�:�

����
�%+�?�
� ��$����%��,
����
�
��%������$���,
����
�
��%�
�%+���%����	6:$����, $j� ���
�
�
��% ROUTE_FAIL $�������%��
�	����������,�
�	������
�%+� �%�:����,�
�	���,
���
�
�
��% ROUTE_FAIL $j� 	��$��4!
��
�	��������	��	6 
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3.1.2 ��������=���	
��
�	
��� 
 

��$i���� $�� 3-1 ���, 18 >9:���8����,�
�	�� �
��$���",���$�����, 0 	6:
��8����,����	�� ������8����,	6:�����%�
�%+� 4��- ��":%�
����,����h 4��
�������� %6
�=�� ��8� F ��$��$���,�
�	��� %6�=��  C ���, 18 $j� $� ����
�
��% ROUTE_REQ 
��$����%i���� $�� 3-2 �,����,	6:�,
����
�
��% 
�����, 24, 23, 22, 19, 17, 12, 13 ?�  
14  

 

 
 

i���� $�� 3-1 $��

�����
�	��4�����	
�� RPRP 
 

 
 

i���� $�� 3-2 $��$� ����
�
��% ROUTE_REQ 
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i���� $�� 3-3 $������
�
��% RESULT REQ 
 

�����$j� ��
��+�$� ���$��
�,����$���, 	.$���,	6:�,
����
�
��% ROUTE_REQ $j� 
�������� ,������������������ ��$%6��������
��$������������7��:��$j� 	"7��
�
��% ?����$%6
�������%�$$������������7��:�� $j� ��
����%$� ���$��
�,����$���, �,�� ���6:���=�� ��8� 
W ?�
��9�����
�
��% RESULT_REQ ��������, 18 ���:�����
����%$� ���$��
�,����$���, 
��%i���� $�� 3-3 >9:����, 18 $j� 
����-��*�������%����� 3-4 �,�� ���������, ID 
������,	6:����
�
��% RESULT_REQ ��
�%� ��,
�����, ID ������,����	�� >9:����,	6:
�,
���$��
�,����$%6��6�����,�,6�� 	6:%6*������
���.,��%�����	6: 3-4 � ��8����, 12 

 
���,�
�	�� ���,����	�� ���,	6:��� RESULT REQ 
����-*����� 

18 0 24 (24-0) = 24 
  23 (23-0) = 23 
  22 (22-0) = 22 
  19 (19-0) = 19 
  17 (17-0) = 17 
  14 (14-0) = 14 
  13 (13-0) = 13 
  12 (12-0) = 12 

 
                  ����� 3-4 $��
����-*�����4�$��
�,����$���, 
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������$��7����,	6: 18 $j� �� $�#*�$��
�,����$���, �,�	��$������
�
��% 

RESULT_REP ��%i���� $�� 3-4 ���,	6:� �,
���$��
�,����$$j� ���6:���=�� ��8� C ����
���,	6:�%��,
���$��
�,����$ $j� ���6:���=�� ��8� F �!���,"% 

 

 

 
i���� $�� 3-4 $������
�
��% RESULT REP 

 
Route 1 ROUTE_REQ

8

11

6 7

12 13

1816 17

 
 

i���� $�� 3-5 ���,	6:�,
���$��
�,����$4�
�!�:�%��� 
 

��$��7����, 12 �%�:��,
���$��
�,����$ $j���6:���=�� ����8� C ?� � $� ����
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�� DSR 4� NS-2 4�
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�� RPRP ��$��7�	��$�� Make File4�

��8� Object ���:�4�
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Trace File ?�  NS Trace File $���"�
� �&*� NS Trace File � �
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3.3 �A1a��=���X���  

 
$��	,���� $����,�i��?�,�
�%$��	,��� ��%�����	6: 3-5 �,����������,	6:

4!
4�$��	,���
�� 100 ���, �,�$��	,���� 4�
���,����	����8����, 0 >9:����,���� 
	���67 ���6����%������,	6:�����%�
�%+� ?� ����
�%+������i����$ �!�� �
��:��
�%�"�����&	6:
�����%�
�%+�$��������� �������,�
�	��� 	��$���.�%����$�97�%� �,�$��	,���� 4�
���,
���������+�$��	6:�%��,
�
��:����� ?� ������,����$�� 9 �%�� ��8���7�	6:�6:���6:�%���.��� ��#%6
��:� 
�"	�. 20 �%�� ?� 4�$��	,���4!
 Energy Model [20] 	6:%64� NS 2.33 � %6�6������, 3 �6 	6:���
��$=9�� ,���������
��  

 
�6��6��  �%��=9�  �������%6%�$$������������7��:�� 
�6������  �%��=9� ��������
��$������������7��:�� 
�6?,�     �%��=9�   4$�
�%,������� 
 
	.$���,%6���������":%�
�	6: 3 �+� �������������7��:��%6
�� 0.3 �+� � 	��$��	,��� 15 


��7����:����� �"	)"i���,��5�6:��������	
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AODV ?�  RPRP (Single Path) >9:���8�����	
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���$�� �":�	6:4!
 
Simulation Program NS-2 (v2.33) 

Channel Type Wireless Channel 
Network Interface Type Phy/WirelessPhy/802.15.4 
Radio-Propagation Model TwoRayGround 

MAC Type Mac/802.15.4 
Link Layer Type LL 
Antenna Model Omni-directional Antenna 

Interface Queue Type DropTail/PriQueue 
Max Packet in Interface Queue 50 ���&  

Number of Mobile Node 100 ���, 
Routing Protocol DSR, RPRP, RPRP(Single Path), AODV 

Grid Width 90 �%�� 
Grid Height 90 �%�� 

Node Movement �%��
��:��	6: 
Initial Energy 3 �+� 

Transmitting Power 0.3 %"�"����& 
Receiving Power 0.3 %"�"����& 

Traffic Constant Bit Rate (CBR)/UDP 
Packet Size 500 ���& 
Interval Time 0.2 �"��	6 
Source Node �.�% 
Sink Node ���,�%����� 0 

Node Distance 9 �%�� 
Radio Range 20 �%�� 

Simulation Time 1000 �"��	6 
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      tBdE tt **][ 4

211 αα +=                                (3-1)
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      cr tBE **2 α=                                  (3-2) 
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   39 EE =                          (3-9)
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�������	�7��%,	6:4!
4�$����� ROUTE_REQ ��$���,�
�	����������,���� 
	�� ( qE ) ���,
%���$ �������	6:���,�
�	����� ROUTE_REQ ( 1E ) ��%$���������	6:���,
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�	������
�
��% RESULT_REQ ( 2E ) ��%$���������	6:���,�
�	����� RESULT_REP ( 3E ) 
��$��7�$j��%$���������	6:���,� �����$���4!
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��� (M) ��$��7�$j��%$���������	6:���,� �����$���
4!
����
�
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�,����$4!
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ROUTE_REQ ( 7E ) ��%$���������	6:���,� �����$���	6:� �,
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�,����$4!
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RESULT_REQ ( 8E ) ��%$���������	6:���,� �����$���	6:� �,
���$��
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�
��% 
RESULT_REP ( 9E ) ?� �.,	
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�
��% ROUTE_REQ 
( 10E ) ��$��7�$j	��$��?���4�
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��j��,
�����%�� �"	)"1��� 1P 4��%$��	6: (3-13) >9:���8��������	
�� RPRP �
��

$���4��%$��	6: (3-14) ���:����$ h %6
���
��$��� N ���� 2P ��7�4��%$��	6: (3-13) � %6
��%�$$���
�����
��$���4��%$��	6: (3-14) �,
 ���:����$�97���+�$�� M >9:�=
� M %6
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� ��������,�
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����� M, m ��":%�97�%���$$��	6:�
��
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������� ���� NS Trace File � ��8����.$��-&	�7��%,4�$��	,��� >9:� 
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4.1 ��� Throughput �X�
u�8<� ( aT )  

 
���,
��$������?�j$�$j��
�%+�	6:����,����,����	��
+-,
�� 8 (���:�	��4�
��8��"�)

���,
������4�$��	,��� 
 

aT = (������?�j$�$j��
�%+�	6:����,����,����	��*8) / ����4�$��	,��� 
 
  ��%�����	6: 4-1 ?�,�$�����6���	6��
�� Throughput $������	
������h �,��,

�"���-�4�����?�$
�� 
�� Throughput 	6:,6	6:�., (Best Case) ����	
�� AODV %6
�� Throughput 
	6:,6	6:�.,
�� 320 Bit Per Second (bps) ��8�
��	6:�,
��$���,�
�	��	6:��+�4$�
���,����	�� ����
���,����	����8����,�
���
6��������,�
�	�� 	��4�
���,�
�	������
�%+��,
�,���������
���,����	�� 	��4�

�� Throughput %6
���+�	6:�., �����������	
�� DSR %6
�� Throughput 
�� 
345 bps ��8�
��	6:�,
��$$�-6	6:���,�
�	��	6:��+�4$�
$�����,����	���!��$�� ?��%6
��%�$$���
����	
�� AODV ���:����$����	
�� DSR ��7� 4�$��

�����
�	��
��7�?�$� 4�

�� TTL %6



 

     47 

     
 

 


���	��$��#+��& 	��4�
������,����	���,�	6:�%��
��$� ����
�
��%�
������
�	����	�7��
��� 
���� $j� %6����4�$������
�%+��,
%�$�97�
�� Throughput $j� %6
��%�$$�������	
�� AODV ����
����	
�� RPRP ?�  RPRP (Single Path) � 

�����
�	����8�!���h >9:��%�:����,����	��
��8����,�
���
6�� $j� ���4�$��

���
�	�����?�$�9�	��4�

�� Throughput %6
���	��$������	

�� DSR �!��$��  
 �"���-�4�����	6:���
��
�� Throughput 	6:%6
���
��	6:�., (Worst Case) � ��8�
��	6:�,

��$���,�
�	��	6:��+������$���$���,����	�� >9:�� 	��4�
��6�����4�$��

�����
�	��?� 
��6�����4�$������
�%+���":%�97� 	��4�

�� Throughput ���?��� ����	
��%6
���
��  
 

$�����6���	6��
�� Throughput (bps)���,4�$��	,���100 ���, 
����	
�� Best Case (bps) Worst Case (bps) 
���5�6:� (bps) 
AODV 320 269 306 
DSR 345 206 252 

RPRP (Single Path) 345 134 216 
RPRP 345 254 311 

 
����� 4-1 $�����6���	6��
�� Throughput 

 
 �"���-�4��������
�� Throughput �,��5�6:� ��%i���� $��	6: 4-1 ����	
�� 
RPRP %6 Throughput �,��5�6:��+��., ���:����$�%�:�����
�%+���$� 	�:���
�	����, $j� 4!
��
�	��
������	��4�
����
�%+��,
������:�� 	��4�
%6
�� Throughput 	6:�+� ��������	
�� AODV ��7��,
%6 
Throughput 	6:�+���8����,��=�,%� ���:����$��8�����	
��	6:%6$��

�����
�	��	6:
���h ��":%
�� 
TTL 4��
�
��%�
������
�	����$���� �������	�� 	��4�
�%�:���
�	����, $j� 4!
��
�	��	6:%64�
���, ������$

�����
�	��4�%� $j� �+

�� TTL 	6:� ����
�
��%�
������
�	��	��4�
�%���6�����
4�$��

�����
�	��%�$��$ >9:�� 	��4�

�� Throughput %6
��	6:�+� ����4�����	
�� DSR %6
�� 
Throughput �����%���$����	
�� AODV ���:����$����	
�� DSR ��7�$��

�����
�	��� 
$� ����
�
��%�
������
�	����	�7��
������� �%�:���
�	����,���,�
�	��$j� ����
�	����:���
�������	��	6:%64����, ��$�%�%6$j� 

�����
�	��4�%� �,�$��$� ����
�
��%�
����
�	����
	�7��
������� >9:�	��4�
��6�����$�������	
�� AODV 	6:$����, TTL ����
�
��%�
������
�	�� 
�.,	
������	
�� RPRP (Single Path) >9:���8�����	
�� RPRP 	6:%6��6����
�	���,6���	����7�%6
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�� Throughput 	6:�
��	6:�., ���:����$%6��
�	���,6�����������	�� �%�:����,�
%����$j�
��

���
��
�	��4�%� >9:�����4�$��

�����
�	��$j%6
��%�$$�������	
�� AODV ?�  DSR 	��4�
$��
����
�%+��%�������:��
�� Throughput �9�%6
���
��	6:�., 
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i���� $�� 4-1 $�����6���	6��
�� Throughput �,��5�6:� 
 
4.2 ���
u�8<�=��i3	������
�X���@ ( aE )  

 
���,
��$ $�����*���%���
��*�����������������":%�
� ( iE ) ��,
���������

�"7��., ( fE ) ���,
�����������,	6:�+/��6�����������	�7��%, >9:�%6$��$����4� [10] 
 

aE = 
N

EE
nk

k

fkik∑
=

=

−
1

)(

    (4-1) 
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$�����6���	6���������	6:4!
��4�$��	,���100 ���, (�+�) 
����	
�� Best Case (�+�) Worst Case (�+�) 
���5�6:� (�+�) 
AODV 12 117 86 
DSR 11 105 80 

RPRP (Single Path) 11 94 72 
RPRP 11 118 93 

 
����� 4-2 $�����6���	6���������	6:4!
��4�$��	,��� 

 
 ��%�����	6: 4-2 ��8������$�����6���	6���������	6:4!
��4�$��	,��� �,�� 

�"���-�4�����?�$ 
���������	6:4!
���
��	6:�., (Best Case) � �$",4�$�-6������,�
�	��	6:
��+�4$�
���,����	�� � 	��4�
$��

������,����	���,
��j�$������,�
�	��	6:��+�������$
���,����	�� 4������������	
�� AODV � %6�������	6:4!
��%�$$�������	
����:� ���:�� 
��$=9�?%
���,�
�	��� ��+�4$�
���,����	�� ?��$j� �
��$� ����
�
��%�
������
�	����%

�� TTL 	6:$����, ?����$��8�����	
�� DSR 4�
��7�?�$� 4�

�� TTL %6
���	��$��#+��& �9�4!

��������
��$��� ?� 4������������	
�� RPRP ?�  RPRP (Single Path) ,��	6:�,
$������?�
�
4��������
�� Throughput 
��� 

�����
�	����8�!���h 4�$��

���4�!���?�$$j� ������,
����	��	��	6 �,�	6:�%��
��$� ����
�
��%�
����
�	�� 	��4�
4!
��������
���!��$�� 

�"���-�4�����	6:���
�� ������� Worst Case ��8�$�-6	6:4!
�������%�$	6:�.,� �$", 
�97�4�$�-6	6: ���,�
�	����+�������$���,����	�� ���:����$�
����6�����4�$��

�����
� 	�� 
	��4�
���,4��
�������4!
�������%�$ 	��4�
i����%$��4!
�������	�7��
�������%�$,
���!��$�� 
��8�*�4�
?��� ����	
��4!
�������%�$ 

4�����	6:��%
�� �������	6:4!
���,��5�6:���%i���� $��	6: 4-2 ����	
�� RPRP 
4!
�������%�$	6:�., ���:����$4!
�������4�$������
�%+�%�$$�������	
����:� � ��j��,
��$
�� 
Throughput 	6:%6
��%�$	6:�., ?� �������	6:4!
4�$��

�����
�	��$j%6
��%�$ � ��j��,
��$����4�
$��

�����
�	���,��5�6:���$ �����	6: 4-4 ��������	
�� AODV � 4!
��������+������$���
�	
�� RPRP ���:����$4!
�������4�$������
�%+�%�$�!��$�� �,�� ��j��,
��$
�� Throughput 	6:
%6
��%�$��8����,��	6:��� ��������	
�� DSR %6$��4!
�������%�$4����,��=�,%� ���:����$4!

�������4�$������
�%+��
��$�������	
�� RPRP ?�  AODV �����.,	
�� ����	
�� RPRP 
(Single Path) � ��������
��	6:�., ���:����$���.*�?�$
�� 4!
�������4�$������
�%+��
��	6:�.,
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�%�:�,+��$
�� Throughput 	6:%6
���
��	6:�., ?� ���:����$���,�
�	����6��������4�$��

�����
� 
	���+�$�������	
����:�h �%�:�,+�,
��$�%$���� %�-
����������������	
�� RPRP 5 ��7� 
�%�:���
�	����,$j�
��

�����
�	��4�%� 	��4�
���,�
�	����6��������%�$���%,������� ����
$������	
�� RPRP 	6:%6��
�	��������$j�%��
��

�����
�	������h 
��7� ?� 4�	�7������
�	��
$j%6���,	6:�%�>7��$�� 
 

�	������
����������	
�� (100 �
��)

0

20

40

60

80

100

AODV DSR RPRP (Single Path) RPRP

�������	

�
	
���
��

( �
��

)

 
 

i���� $�� 4-2 �������	6:4!
��4�$��	,����,��5�6:� 
 
4.3 ��������

u�8<�=���������	�@A� ( aR )  

 
���,
��$*���%�������
�%+�	6:����,�����	�����,
��*���%�������
�%+�	6:���

�,��
�	�� >9:�%6$����4� [10] 
 

aR = *���%�������
�%+�	6:����,�����	�� / *���%�������
�%+�	6:����,��
�	�� 
 
��%�����	6: 4-3 ���������$���������
�%+���7�%6
��4$�
�
6�� 1.0 ���:����$%6$���!�:�% 

�����6��
+�$����:�����,6��4��
��:����� $j� %6$��	"7��
�%+��
��%�$ �����%�%6$��	"7��
�%+� ��%i�� 
�� $��	6: 4-3 
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$�����6���	6�����������$���������
�%+�4�$��	,���100 ���,  
����	
�� Best Case Worst Case 
���5�6:� 
AODV 1.0 0.99 0.99 
DSR 1.0 0.99 0.99 

RPRP (Single Path) 1.0 0.99 0.99 
RPRP 1.0 0.99 0.99 

 
����� 4-3 $�����6���	6�����������$���������
�%+� 
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i���� $�� 4-3 $�����6���	6�����������$���������
�%+��,��5�6:� 

 
4.4 
���i
=���	
��
�	
���
u�8<� ( aRD )  

 
���,
��$*���%�������	6:�"7��.,$������
�	�� ��,
��*���%�������	6:��":%

���

��
�	�� >9:�����	6:�,
� %6�������8� Millisecond (ms)   
 

aRD = *���%�������	6:�"7��.,$������
�	�� � *���%�������	6:��":%

�����
�	�� 
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$�����6���	6������4�$��

�����
�	��4�$��	,���100 ���, (ms) 
����	
�� Best Case (ms) Worst Case (ms) 
���5�6:� (ms) 
AODV 70 130 110 
DSR 30 190 160 

RPRP (Single Path) 30 420 240 
RPRP 30 140 520 

 
����� 4-4 $�����6���	6������4�$��

�����
�	�� 

 
 ��%����� 4-4 ��8�$��?�,�$�����6���	6������4�$��

�����
�	�� �,��"���-�

4�����?�$
�� $�-6 Best Case ��������4�$��

���	6:,6	6:�., �,�%6��%����	
��	6:4!
����4�
$��

�����
�	��,6	6:�.,
�� ����	�� DSR, RPRP, RPRP (Single Path) 4������������	
�� 
DSR ,��	6:�,
$������?�
� 4�$��

�����
�	��
�� 4�
��7�?�$� $����,
�� TTL 4�
�	��$��#+��&	��
4�
���,����	����+�4$�
$j� ���	��	6 ��������	
�� RPRP ?�  RPRP (Single Path) ,��	6:�,

$������?�
�4�$��

�����
�	��
�� � 

�����
�	����8�!���h �%��,
$� �����	�7��
��������%�:�
���,����	����+�4$�
$j� ���	��	6�!��$�� ��������	
�� AODV =9�?%
���,����	����+�4$�

?��� �
��$� ����
�
��%�
������
�	����%
�� TTL 	6:$����,��
 	��4�
��6�����%�$$�������	

����:�h 
 4�������� Worst Case ��8�$�-6	6:4!
����4�$��

�����
�	��%�$	6:�., $j� �$",4�
����������,�
�	��	6:��+������$���$���,����	�� 	��4�
��6�����4�$��

�����
�	�� 
 ��%i���� $��	6: 4-4 ��8����6���	6������4�$��

�����
�	���,��5�6:�����	

�� RPRP %6����4�$��

�����
�	��%�$	6:�., ���:����$�
��

�����
�	��	6� !��� ?� �
����
��
�	�� 2 ��
�	��,
��$��	��4�
��6�����%�$ ��������	
�� RPRP (Single Path) ��7�4!
����

� 
����
�	���,��5�6:�%�$��8����,��=�,%� ,
�����.*��,6��$����6��?��

�����
�	���,6�� �������
�	
�� DSR 4!
����4�$��

�����
�	��%�$��8����,��	6:��% ���:����$$��

�����
�	��	6:���$�  
����
�
��%�
������
�	����	�:�	�7��
������� ?� %6����

�����
�	��%�$$�������	
�� AODV 
���:����$����	
�� AODV ��7�
���h ��":%
�� TTL 4�$��$� ����
�
��%�
����
�	���%�$� ���
��	�7��
�������4�
��7��,6�� 	��4�
����4�$��

�����
�	��,6	6:�., 
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i���� $�� 4-4 $�����6���	6������4�$��

�����
�	���,��5�6:� 

 
4.5 
���i
=������i3	
�	
���������
u�8<� ( aST )  

 
���,
��$*���%���*������ ���������4��- ��
�	����, ft ��,
������	6:4!


��
�	�������� st ���,
��������
��7�	6:����4!
��
�	�������� (N) 
 

aST = ����4��- ��
�	����, � ����	6:4!
��
�	�������� / ������
��7�	6:����4!

��
�	�������� 

 
����4�$������4!
��
�	��������4�$��	,���100 ���, (ms) 

����	
�� Best Case (ms) Worst Case (ms) 
���5�6:� (ms) 
RPRP 8 190 102 

 
����� 4-5 ����4�$������4!
��
�	�������� 

 
 ��%����� 4-5 ?�,�����4�$������4!
��
�	���������������	
�� RPRP �,�
��8���!�������	6:����4!
��
�	���������,������7�?������	6:��
�	����, ?� ����$���� �,
4!

��
�	�������� $�-6��� Best Case 
������4�$������4!
��
�	��������	6:,6	6:�., � �$",�97�4�$�-6 
	6:��
�	����,��7�4$�
$�����,�
�	��	6:����
�%+� $j� ����4!
��
�	���������,
	��	6 4�$�-6��� 
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Worst Case � �$",�97�4�$�-6������,	6:��+�4���
�	��	6:�
%������+�������$���,�
�	�� 	��4�

� �
����6�����4�$������
�
��% ROUTE_FAIL $�����������,�
�	�� ����
���5�6:�����4�$��
����4!
��
�	�����
�� 102 ms 
 

4��	�67?�,�=9� *�$��	,�������	
�� �,��,
?�,��� �"	)"i���������	

��4�,
������h ,���67
�� ���6���	6��
�� Throughput, $��4!
�������	�7��%,4��
�������, �����
$���������
�%+�, ����4�$��

�����
�	�� ?� ����4�$������4!
��
�	��������  

����	
�� RPRP ��8�����	
��	6:��":%
��%����!�:�=��4�$����:�����
�%+��,���":%
��
�	�������� >9:�*���$	,���
�� Throughput �������	
��%6
��%�$	6:�., ?� ��
�	��������
� ��8���
�	��	6:�%�%6���,	6:>7��$����
�	�����$ ,����7���$��
�	�����$�
%����$j�%�$� 	�$��
��
�	�������� �6$	�7�����	
�������$?��4�
���,�
�	����%��=����$4!
��
�	��	6:%6�
�	.��:��
������������:����$%6�����
�	��4�
����$  
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���8< 5 
 

����e1a�2�	�
�
�a
2 
 

4��	�67� $������.�*�$���"���	6:�,
,����"�$����������"	���"��)&�67  ��%	�7�
�
�����?� ����h 	6:� ��8��� ��!�&���$��	���"���,
������	
��4��
����������������
���
����� 

 
5.1 ����e1 
 

�"	���"��)&5����67�,
�����������	
��

�����
�	����������������
�������
���������
��� >9:��,
�������$��"	9%4�$������
�	�������� ���:���":%
��%����!�:�=��4�$��
��:�����
�%+�4��
����������������
��� �6$	�7����,�
�	����%��=����$4!
��
�	��	6:%6�
�	.��:��
���������	���,
��$$��%6��
�	�������� 

�,���":%��$$����$?�����$��"	9%4�$������
�	�������� ��$��7�#9$2�����	

�� DSR ���:���8��
�%+�4�$����n���+�����	
������
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Abstract 

It�s a significant idea to use less energy in Wireless 
Sensor Networks (WSNs). Most of energy aware routing 

protocols are used with limitations using lesser energy 

directly increases working time and those route 

protocols are often working with a single main route 

without the minor route. In the second case, when the 

failure occurs the protocols start the whole process 

again. This causes wasted time and inconsistency of 

information transfer. This paper presents an option of 

redundant path energy aware routing protocol (RERP)  

for WSNs with the availability of minor route.  The 

algorithm process of minor route creation is based on 

the available energy. With the preset minimum required 

energy and quality of connection, the protocol is able to 

continue with the minor route when the main route 

starts to fail.   The simulation is made with network 

simulation 2. Compared against DSR protocol, the 

protocol uses less energy and this can lead to longer 

the lifetime of network. 

Keywords:  Less energy, Lifetime of network, Minor 
route 
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Abstract-Wireless networks are not as 

reliable in communicating information compared 
to other types of networks. Consumed energy is 
considered very important in the field of wireless 
sensor network. The more energy consumed the 
longer the working time of the network. Most 
energy- aware routing protocols available 
currently depend on one working route, resulting 
in long waiting time to reconstruct the route 
when the first try fails. This also presents the 
problem of information discontinuity. This 
article introduces Energy aware Routing 
Protocol with Redundant path for Wireless 
Sensor Networks. The Algorithm for redundant 
path is presented. The possible minimum energy 
for connection is pre-set. In the case that the 
main path of connection fails, the connection can 
work instantly on the provided redundant path 
of connection. The ns-2 network simulation 
shows that connection reliability can be 
increased by the provision of redundant path.  

I. INTRODUCTION 

A wireless sensor network is a distributed 

sensing technology that can be used to monitor 

physical phenomenon and can be easily 

deployed and it’s useful for many applications. 

A sensor network is made of the distribution of 

lots of sensor nodes which require a hop 

routing paradigm. Sensor networks application 

ranges from important issues such as 

environmental and habitat monitoring, traffic 

control, emergency scenarios, and health care 

[1, 2, 3].   

Sensor nodes are battery-operated. Most of 

sensor network applications need a lot of 

sensor nodes which are distributed over the 

sensor areas. A requirement of lot of sensor 

nodes leads to a difficulty in battery change.  

There is not much reliability in of 

information communication through wireless 

sensor network, compared to other types of 

networks. The energy conservation is also 

important in sensor network, but the main 

problem is fact that there is no perfect solution 

for energy conservation. 

Most of energy aware routing protocols are 

working on a single connective route in order 

to save the energy. But a problem occurs when 

the route fails. Time is needed to reconstruct 

the new connective route. This also presents a 

problem of communicative reliability.  

The remainder of the paper is organized as 

follows. Section II provides an overview of the 

energy aware routing protocol with redundant 

path to increase communicative reliability in 

wireless sensor network. The redundant path 

selecting algorithm is also described in this 

section. Section III explains the selection of 

equation to identify route and the simulation 

results. Section IV provides conclusion of the 

work and discusses the future directions. 

II. RELATED WORK 

A. Dynamic Source Routing Protocol 

DSR is one of routing protocols used 

worldwide for wireless network [4] which 

needs perfect part of source node in the form of 

packet header before starting sending the data. 

DSR protocol work efficiently with 2 main 

mechanisms:  Route discovery and Route 

maintenance. Route Discovery mechanism 

searches for the route connected the 

destination. On the other hand, Route 

Maintenance is for reconstruct the route. 

 

 

 

 

 

 
 

Figure 1 Route Discovery in DSR 

 

 Figure 1 shows the process of 

route discovery in DSR protocol. In the 

diagram, node A, which is required to connect 

to node E, will distribute the route request 
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message with the predetermined target number 

2 throughout the network. Any nodes receiving 

the routing request check whether or not it has 

ever received the message and whether its 

name is included in the message title. If so, it 

will delete the entire message. If the answer is 

no for the request, the node will add its name 

into the message title and send it afterwards 

until the destination. When the message 

reaches the target node, the target will send a 

reply message back to the source node relying 

on the node names attached in the received 

message’s title. 

B. Energy aware routing protocol in wireless 

sensor network 

This kind of protocol is aimed to save as 

much as energy in sensor node for the purpose 

of increase working time. It is designed to 

construct only one path to the destination. It’s 

different from the general protocols which 

distribute their several searching routes to the 

destination. Because of its only one working 

route, DSR protocol uses less energy than 

other types. A sample of this type of protocol 

is Energy Aware Routing for Wireless Sensor 

Networks [5]  

Algorithm consists of 3 main parts; Route 

Discovery, Route Reply, and Reliable 

Transmission. Two types of messages are 

used. They are route-requested message and 

route-responded message. When any nodes 

want to communicate, they will send 

mechanism route discovery message to the 

destination, in which only one route can reach 

the destination. A problem about time used 

occurs with the process. It’s due to the route 

chooses to connect with high energy nodes and 

good quality of connection increases the 

working time, and the reconstruction of route 

is needed when the connection fails. The 

illustration is shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Route discovery in Energy aware routing. 

Figure 2 shows the whole process of route 

discovery. A route-requested message is sent 

out, node A, E and G receive the message. 

Node G is the highest in energy, so it’s chosen 

to be connected. Then, node G distributes the 

message to the nodes nearby. Node E is chosen 

afterwards. It passes out the message to node 

B, F and H. Node H examines the message’s 

order number and leaves the packet because it 

finds that node B and F contain the same level 

of energy and their quality of connection is 

equal. So  
        Both B and F start counting backwards. 

If node F finishes first, it means ACK will be 

sent by node F to node E, which will send 

ACK to node B to inform about the completion 

of node selection. Afterwards, node B ends its 

backward count. When route request message 

reach the destination node, the destination will 

send back reply package on the same route of 

F-E-G. 

C. The estimation of energy used in route 

discovery is given in Energy Aware Routing 

Protocol (EARP) for Ad-Hoc Wireless Sensor 

Networks 

Energy used by each node to distribute route 

request message (RREQ) is described as 

follows [6]. 

 

             (1) 

 

Energy used to receive route request 

message (RREQ) is described as follows. 

 

                                            (2) 

 

Energy used to send route reply message 

(RREP) is as follows. 
 

              (3) 

 

Total energy used in route discovery is from 

the addition of energy used in sending and 

replying the message. 

 

                              (4) 

 

= Constant value in communication 

with       = 45nJ/b,       = 10p J/b                                               

           = the mean of 2 neighbor nodes and               

n is 4 for all calculation  

B       = the size of general connection channel 

measured in Kbps 
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t     = total frame size in each second 

               = constant value at 135n J/b 

               = the duration of a time slot in each 

second 

H   = hop 

N   = Number of all nodes in the network 

III. REDUNDANT PATH ROUTING PROTOCOL 

(RPRP) IN WIRELESS NETWORK 

Redundant Path Routing Protocol for 

wireless network is designed to increase 

communication reliability by providing a 

redundant path. The additional path is useful in 

case the first connection fails. Moreover, the 

source node can choose to connect with the 

route with low energy required. The two routes 

of connection will use the different nodes to 

work on in order to stabilize the connection.  If 

they use the same node, it will lead to the 

failure of the connection. Nodes will show 

their status as follows to avoid the repetition. 

Nodes in the network are Free at the 

beginning, except the source node and 

destination node. They are in connected status. 

The source node distributes the routing request 

and nodes which receive the message will turn 

their status into Working and when it receives 

the result of chosen node, it changes its status 

into C. If not, it stays in the same status, F. 

 

Table 1 Node status 

Node status Meaning 

F Free 

W Working 

C Connected 

    

Define 

• Nodes are placed orderly on their id 

• ET (Energy Threshold) is constant 

• (ROUTE_REQ) is for route request 

message 

• (ROUTE_REP) is for route response 

message  

• (RESULT_REQ) is for result request 

message 

• (RESULT_REP) is for result 

response message 

• (ROUTE_FAIL) is for route failure 

message 

 

 

 

 

Table 2  

Routing Algorithm 

Nodes Procedure 
Source node • Distributes ROUTE_REQ 

message and shows its status as C. 

• The calculation for the distance 

between destination node ID and 

source node ID is made.   

• Choose to connect to a node with 

the minimum distance. 

• When the first ROUTE_REP 

received, it continues to distribute 

ROUTE_REQ for the second route 

with the exception of C nodes, 

resulting in no repetition of the first 

and second route. 

• Send RESULT REP message to 

inform the result of node choosing   

• When the NODE_FAIL message 

is received, it works on redundant 

route instead. 

• The main route with the lowest 

Hop Counts is chosen from two 

routes. If it comes up with the same 

number of Hop Counts, the second is 

chosen because it’s newer. 

Intermediate 

node 

• Nodes with lower energy than ET 

drop out ROUTE_REQ message 

• Nodes with higher level of energy 

than ET change their status into W 

and send out RESULT_REQ 

message to source node which sends 

the c 

• The connected nodes calculate for 

the ID difference between 

destination node and the node 

sending ROUTE_REQ. 

•  The connected node choose to 

connect to a node with the minimum 

difference and inform the result node 

choosing though RESULT REP.  

• When the RESULT REP message 

received, drop out ROUTE_REQ 

message and turns to F status, if the 

node is not chosen. 

•  The connected nodes turn to C 

status and pass on RESULT_REQ 

message.      

Destination 

node 

• When ROUTE_REQ message is 

received, ROUTE_REP message is 

sent out to the source node on using 

the same route.  
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Table 3 

Route Maintenance Algorithm 

Nodes Procedure 
Intermediate 

node 

• When a node receives 

ROUTE_FAIL message, it passes 

the message on the connected route. 

• If the result of distribution is not 

shown within the allocated time, 

ROUTE_FAIL message is sent 

back to the Source node. 

Source node • When the main route fails, 

choose to work on the redundant 

route immediately. 

• If the redundant route also fails, 

discover the new route. In this case, 

the source node doesn’t work under 

energy consideration.  

  Route Discovery of RPRP 

Figure 3 shows that node 18, the source 

node, needs to connect to node 0, the 

destination node. It collects data of connective 

nodes. From the beginning, all nodes in the 

network are in F status, except the source node 

whose status is C. Node 18 will distribute 

ROUTE_REQ message as shown in Figure 4a. 

The nodes which receive the message are node 

24, 23, 22, 19, 17, 12, 13 and 14.  
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Figure 3: Route Discovery in RPRP 

 

                   
          a            b             c 
 

Figure 4: Procedure of node selecting for connection 

 

 

The procedure of node selecting is 

presented. Every node receiving ROUTE_REQ 

message will examine their energy. If their 

energy is lower than the required amount, it 

will drop out the message. If they have enough 

energy, they will turn their status into W and 

send RESULT_REQ message to S node to join 

the selecting procedure. The illustration is 

shown in Figure 4b. Node 18 will calculate for 

the difference as in Table 4. ID of nodes 

sending REQUEST_REQ message will be 

minused by ID of the destination node. The 

node with the minimum difference will be 

chosen. As it’s shown in Table below, node 12 

is chosen. 

Table 4 

The calculation for difference for node selection 

Source 

node 
Destination 

node 
Node sending 

RESULT_REQ 

Difference 

calculation 

18 0 24 (24-0) = 24 

  23 (23-0) = 23 

  22 (22-0) = 22 

  19 (19-0) = 19 

  17 (17-0) = 17 

  14 (14-0) = 14 

  13 (13-0) = 13 

  12 (12-0) = 12 

 

After node 18 sends RESULT_REP message 

to show the result of node selection as 

illustrated in Figure 4c, the selected nodes will 

turn to C status. The nodes which are not 

selected will turn back to F status. Node 12 is 

selected. It will turn to C and distribute 

ROUTE_REQ message as in Figure 5a. Then 

the same procedure is made until it connects 

the destination node. 

 

           
                a           b 

 

Figure 5 Route Request and Route Response 

 

The destination node will send 

ROUTE_REP message when it receives 

ROUTE_REQ message. The illustration is 

shown in Figure 5b. Node 6 receives 

ROUTE_REP message,  stops selecting nodes 
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and sends out ROUTE_REP to the source 

node.  

When node 18 receives ROUTE_REP 

message, it will distribute ROUTE_REQ 

message for the second route. Then, the 

selecting of nodes is proceeded.  Nodes which 

are in C status will not be included in this 

procedure. As a result, the 2 routes work on the 

different groups of nodes. 

After that, node 18 will choose the main 

route, based on the number of hop counts in 

each route. The route with fewer hop counts is 

considered the main route. The other route will 

be the redundant route. If the 2 routes have the 

same number of hop counts, the second route 

will be chosen because it’s newer. As in Figure 

3, the main route is on node 18, 12, 6, 0, while 

the redundant route is on node 18, 13, 7, 1,0. 

Then, the communicating of messages is 

started.  

 Sample Use of Redundant Route 

When a node in the main route fails to work, 

node before it will send ROUTE_FAIL 

message on the same route to the source node 

because it doesn’t receive the confirmation of 

message in the given time. The source node 

will notice the route failure and turn to work 

on the redundant route instead.  

 

        
                  a                                                         b 

Figure 6: The Use of redundant Route 

 

Figure 6a shows that the nodes on the main 

route are 18, 12, 6, 0 and the main route fails. 

Node 6 fails to work, and node 12 sends a 

message to node 6. When the confirmation of 

message is not received, node 12 will send 

ROUTE_FAIL message back to node 18. Node 

18 is informed the route failure and turns to 

use the redundant route, after the 

ROUTE_FAIL message is received, as shown 

in Figure 6b. 

 

 

 

IV. RESULTS OF ENERGY EQUATION IN ROUTE 

DISCOVERY AND SIMULATION RESULT 

A. The estimation of energy used in route 

discovery for Redundant Path Routing 

Protocol (RPRP) for Wireless Sensor 

Networks 

Energy is divided into 2 main parts; Energy 

for route request distribution and Energy for 

route request reply.   

Energy used for route request distribution is 

differentiated into 3 different types; source 

node (S), intermediate node (M) and 

destination node (D). 

 

Source node (S) 

 

• Energy used by node S to distribute 

ROUTE_REQ  

       
                                                                          (5) 

                                                                                                   
• Energy used by node S to receive 

RESULT_REQ 

 

                  
                           (6) 

 

• Energy used by node S to send  

RESULT_REP 

 

                         (7) 

 

Intermediate node 

 

• Energy used by intermediate node to 

receive ROUTE_REQ 

 

                                (8) 

 

• Energy used by intermediate node to 

send RESULT_REQ 

   

                                           (9) 

 

• Energy used by intermediate node to 

receive RESULT_REP 

 

                                    (10) 

 

• Energy used by the chosen intermediate 

node to send ROUTE_REQ 

 

                                    (11) 
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• Energy used by the chosen intermediate 

node to receive RESULT_REQ  

 

                         (12) 

 

• Energy used by the chosen intermediate 

node to send RESULT_REP  

 

                                                                  (13) 
 

Destination node  

 

• Energy used by node D to receive 

ROUTE_REQ 

     

                              (14) 

 

Energy used to send RREQ from node S to 

node D is as follows.  
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 To reply to the RREQ, node uses 

the same route. It can be described by equation 

presented in (6).  

 

 

 (16) 

 

 

 

Total energy used to discover route is as 

follows. 
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(17) 
 

M = number of intermediate node with <= N       

depending on how fast it can connect to 

the destination node 

m =  number of chosen intermediate nodes. 

 

 

When route discovery equations are 

compared, the same equation is used in Energy 

Aware Routing Protocol (EARP) for Ad-Hoc 

Wireless Sensor Networks, and general ad-hoc 

routing protocol, including DSR protocol. 

 

      

 

 

 

(18) 

 

It can be seen that coefficient of      in the 

equation 17 is lower than in equation 18. It’s 

because h is lower than N. In contrast,     in 

equation 17 might be lower or higher than in 

equation 18 depending on M. It means longer 

end-to-end time if M is high. It needs a lot of 

intermediate nodes. M can be lower if the 

intermediate nodes are denser.    is higher in 

equation 17 than in equation 18. The increased 

m can be caused by the need to send the result 

of node selection and connection request 

message. 

It can be concluded that how much energy is 

needed by this kind of protocol depends a lot 

on the distance between source node to 

destination node. It uses less energy when the 

distance is short, even with a lot of nodes in 

the network. But it will use more energy than 

the general protocol if the distance is longer, 

even with fewer nodes. 

 Simulation and the Results 

There are 100 nodes in the simulation as 

shown in Figure 7. The given time for the 

simulation is 1,000 seconds. The information 

is sent in the form of CBR in which the 

information of 500 bites is sent every 0.2 

second. The environments of the simulation 

are set as follows. 

 

          Table 5  

Simulation environment 

List Description 

Simulation 

Program 

NS2.23 

Number of nodes 100 Node 

Radio-

propagation model 

TwoRayGround 

Interface queue 

type 

DropTail/PriQueue 

Antenna model OmniAntenna 

28 PE =

19 PE =

210 PE =

)1()(

)(

)()(

32

2323

8765

+∗+=

+∗++=

+∗++=

hPP

PhPPP

EhEEEE p

321

3221

)1()()1(

)1()()1()(

PhPhNPN

hPPNPP

EE pq

++++−=

+∗++−∗+=

+=

1P

2P

3P



 

 

75 

 
 
 

Max packet in 

interface queue 

50 Byte 

Routing protocol AODV, DSR, RPRP,  

RPRP(Single path) 

Traffic Constant Bit Rate (CBR)/UDP 

CBR Interval 

Time 

0.2 Second 

MAC Type Mac/802.15.4 

Node Movement Fix 

Area 90*90 Meter 

Initial Energy 3 Joule 

Packet Size 500 Byte  
Source Node Random 
Destination 

Node 

Node number 0 

Node Distance 9 Meter  
Radio Range 20 Meter 

Simulation Time 1000 Second 
 

        The efficient of the protocol is calculated 

and the comparison to other protocols is made. 

The Average of Throughput (Ta) 

       Ta is calculated from the number of 

information packages received by the 

destination node multiplied by 8 and divided 

by the time of simulation. 

     Ta = (No. of information packages received 

by the destination node x 8 / time of the 

simulation)  

 

 
 

Figure 7 the simulation of 100- node wireless sensor 

network 

The Comparison of Throughput 
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Figure 8 The Comparison of Throughput 

 

Figure 8 shows that the average of 

throughput of RPRP protocol is the highest 

compared to others. It’s because it can operate 

on the redundant route. As a result, it gives 

continuous communication. So it has highest 

throughput. AODV protocol has the next 

highest throughput. It’s a protocol whose TTL 

will gradually increase in sending 

ROUTE_REQ message until it reaches the 

destination node. When the route is 

disconnected, it will make use of nodes in the 

same route, or if it discovers the new route, 

TTL is kept and it doesn’t have to waste time 

sending new ROUTE_REQ message. Its 

throughput is also high.  Throughput of DSR 

comes the third. DSR protocol distributes 

ROUTE_REQ message to the entire network. 

When the connection fails, the source node 

will find the other route on the available nodes 

to the destination node. If there are no nodes 

available, it will distribute the message to the 

network again. This wastes more time than 

AODV protocol. Lastly, RPRP (single path) 

protocol has the lowest throughput because it 

takes longer time to discover new route. The 

discontinuous connection causes the lowest 

score of throughput.  

The Average of Energy Used for the Entire 

Network (Ea) 

Ea is calculated from the sum of difference 

between starting energy ) iE ( and final energy 

( fE ), divided by the number of nodes losing 

their energy in the connection. This is 

mentioned in [6].  

 

aE = 
N

EE
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k
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=

=

−
1

)(

                        (19) 

 
Figure 9 shows the average of used energy. 
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RPRP consumes the highest energy, resulted 

from the fact that it spends lots of energy for 

sending messages. Its throughput is the highest 

and the energy for route discovery is also high. 

It can be proved by the average time used for 

route discovery presented in Figure 10. AODV 

uses the second highest energy. It also needs 

lots of energy for sending messages. It has the 

second highest throughput. DSR consumes the 

third highest energy. It consumes less energy 

for sending message than RPRP and AODV. 

RPRP (single path) consumes the least energy. 

It consumes the least energy to send message, 

as it’s proved by the lowest throughput. When 

its connection fails, all energy may be needed 

to reconstruct the new route,  
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Figure 9 The Average of Energy Consumption  

 

contrasting to RPRP with Redundant path in 

which there is no need to reconstruct the new 

route. 

The Average of Time for Route Discovery 

(RDa) 

       RDa is calculated from the sum of ending 

time of route discovery, minused by the sum of 

starting time. It can be measured in the form of 

Millionsecond (ms).  

      RDa = Sum of ending time of route 

discovery - sum of starting time 
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Figure 10 The Average time for Route Discovery 

 

Figure 10 compares the average time for 

route discovery from different protocols.  

 

RPRP uses the longest time because it needs 

to discover a connective node at a time for the 

route. Besides, it needs to find 2 routes. RPRP 

(single path) uses the second longest time. It 

also loses time for each connective node for 

the route. DSR uses the third longest time. It 

needs to distribute the messages to the entire 

network and use longer time to find route than 

AODV. AODV uses time best. It distributes 

messages one time the entire network.  

The Average Time for Route Swaps (STa)  

 STa is calculated from the sum of difference 

between time of disconnection and time spent 

on the redundant route, divided by the number 

of time switching to redundant route (N). 

 

STa = time of disconnection – time spent on 

redundant route / No. of times witching to 

redundant route. 

 

Time for RPRP to switch to redundant route 

is counted from the moment the route starts to 

disconnect until it works successfully on the 

redundant route. The average switching time is 

102 ms. 

V. CONCLUSION 

This paper presents Redundant Path Routing 

Protocol for wireless networks. The simulation 

shows that the throughput of RPRP is the 

highest. As a result, it can increase the 

reliability of connection. From the energy 

estimation for this protocol, it can help save 

energy if the source node closes to the 

destination node. The source node has choice 

to use the less energy-consumed route. 

However, it still has some limitations. That is, 

nodes on the connective route need to be 

placed according to ID order and it spends 

quite long time for route discovery. 
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