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Abstract. One of the concerns in the development routing protocol in Mobile Ad Hoc Network is energy 

consumption which is very influential on package delivery. Energy Delay Aware Ad hoc Demand on 

Distance Vector (EA-AODV) is one of the routing protocols for the development of Ad hoc Demand on 

Vector (AODV) that considers energy when receiving packets stored in the routing table. The routing 

protocol applies the Dijkstra algorithm to determine the shortest route by considering the sequence number 

and hop count. In the development carried out on EA-AODV is a modification of the Dijkstra algorithm 

by adding a gaussian prediction method in consideration of the energy level that is expected to be more 

efficient in terms of energy consumption. Gaussian prediction method was executed in receive request 

(RREQ) when the packet saved in the routing table. The Application of the network protocol was 

conducted by comparing the performance of AODV with EA-AODV. The consumption energy of EA-

AODV is more efficient at 12.07% compared to AODV. 
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1 Introduction 

MANET (Mobile Ad Hoc Network) is a wireless ad hoc 

network that is created by nodes connected via wireless 

networks. It consists of two groups based on 

performance, namely the reactive routing protocol and 

proactive routing protocol. The  reactive protocol is a 

part of the routing protocol that does not need periodic 

routing table updates that are applied to the Ad hoc On-

Demand Vector routing protocol and Dynamic Source 

Routing [1– 3] 

 AODV is a routing protocol to select the shortest 

path to reach the destination node based on hop count 

and sequence when the node sends the packet to 

destination node called Dijkstra method [4, 5]. In the 

AODV routing protocol, the packet sending process 

from source node will initialize the route discovery 

process that begins by broadcasting route requests 

(RREQ) to neighbor nodes until the packet is received to 

the destination node. The node will send route reply 

(RREP) if the route that is passed has the lowest hop 

while the other node with more hops will be discarded 

[6]. If the node cannot forward the packet because the 

node is broken, then the node will send route error 

(RRER) [7]. The process is to improve routing protocol 

performance based on throughput efficiency [8–11]. 

Energy is a concern in the developt of routing 

protocol, these articles [12–15] that consider this in their 

proposed method consider to maximize energy 

efficiency and increase throughput. In [16], energy 

efficiency was carried out with various methods, one of 

which was to set threshold value as a consideration of 

energy residues. So that research is done by changing 

route discovery to consider energy efficient consumption 

on the process of receiving RREQ packets on the AODV 

protocol to improve energy efficiency. 

The Gaussian probability distribution is a method to 

predict the value of two class hypothesis testing problem 

[17, 18]. This method is used to consider the threshold of 

energy residue. It could process in RREQ when node 

considers the shortest path. 

2 Literature review 

Energy consumption is required in the packet sender 

from the source node to the destination node that is 

applied in the study [12] to analyze the performance of 

AODV based on the mobility model consisting of the 

Random Way Point Model, Gauss Markov Model, and 

Manhattan Mobility Model. 

In [19] Mohammed Aashkar proposed the Energy 

Efficient AODV method which is the development of 

AODV by implementing the Euclidean equation. The 

method is done by determining the value associated with 

the time to send a packet from the original node to the 

destination node. The proposed method is applied to the 

routing protocol with an area of 1000m × 1000m using 

CBR traffic on node 30 with type MAC802.11 which is 

simulated by using network simulator software 2.35. 

In [20] N. Ket proposed AODVM (AODV 

MODIFIED) is a development of AODV Energy Aware 
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(AODVEA), the selection of nodes based on the 

threshold. The process was carried out when the node 

sends RREQ to an adjacent node by initializing 

remaining energy. If the node has less remaining energy, 

then the value was divided by hop count to obtain α. If 

the value of α was maximum, then the node will send 

RREP. The AODVM method was carried out on CBR 

traffic with an area of 700 m × 700m and the number of 

nodes 50, where the receiving power and transmission 

power of nodes were 300mW and 600mW. 

In [21] and  [22]  H. Y. Swe proposed a method by 

modifying the AODV routing protocol based on energy 

by adding new parameters to the routing table, namely 

energy factor and node lifetime. These parameters were 

used when nodes send RREQ to adjacent nodes, the 

origin node will calculate the energy factor and network 

lifetime, after that process the node broadcast message. 

The energy factor value obtained from residual energy 

was divided by initial energy from the node, while 

network lifetime is obtained from the remaining energy 

received by the node when sending RREQ or RREP 

minus the remaining energy when receiving RREQ and 

RREP. The node will send RREP if the node has a 

higher EF and NLT value. In addition to the EF and NLT 

values, the node selects a route based on hop count. The 

method is applied to an area of 670 × 760 with a number 

of varied nodes, namely 100, 150, 200, 250 with MAC 

802.11 and 300 types with 30 TCP traffic numbers. 

In [16] by K.Mariappan, Dr has proposed the method 

of NRE-AODV (Residual Energy - AODV Node) by 

modifying RREQ for the discovery route process by 

adding Minimum Residual Energy (MRE) and Sum of 

Residual Energy (SRE). Where the average SRE was 

calculated from the sum of energy residues divided by 

the number of hops while MRE was calculated from the 

minimum average of the energy residue of the node 

divided by the number of hops. The MRE and SRE 

process was carried out if the packet RREQ has a larger 

sequence number otherwise, the packet will not be 

forwarded. In the RREQ receiver process, the routing 

packet calculates the energy difference obtained by 

comparing the MRE value to the threshold, if MRE was 

greater than the threshold then SRE divided by hop 

count was reduced by the threshold otherwise MRE 

divided by hop count reduced by the threshold. Energy 

difference values are used to select routes based on the 

routing table. This research was conducted in an area of 

 with a number of nodes 100 and 

moving based on a random waypoint model with a node 

speed of 20 m⁄s by sending a packet of 512 with the type 

of CBR traffic and energy initialization nodes of 60 and 

200 Joules. 

Based on the research, an energy efficient process is 

carried out at the RREQ AODV. From this process, we 

propose the Bayesian method to determine the threshold 

value of energy. This method is carried out on packet 

reception when choosing a route based on the routing 

table. 

 

 

3 Dijkstra algorithm  

The Dijkstra algorithm is an algorithm to assign the 

shortest path to reach the destination. In the AODV 

routing protocol, the shortest distance determination 

performed when discovery route RREQ was received by 

node [23]. 

4 Algorithm design method  

In the AODV process, a source node broadcast packet 

that contains an IP address, sequence number, and hops 

count through the route that is passed to the destination 

node. The destination node or neighbor will send RREP 

if those node receives the first RREQ packet and has a 

minimum hop count. In addition, to consider the hop 

count for sending RREP, the node also consider the 

sequence number that saved in the routing table. 
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Fig. 1.   Receive request process 

Based on the AODV process, we develop AODV that 

considers energy efficiency and lower delay time. This 

process was carried out when the node initializes the 

reception of RREQ. Where the node compares the 

residual energy from the node obtained when the node 

receives the RREQ and RREP packages indicated by 

equation 1 with generating a random value. If the energy 

residue is less than the generated random value, the 

packet would not be forwarded. Otherwise, the node has 

greater than the generated random value, the node will 

consider hop count and sequence number. In addition to 

considering energy residues, the node chooses a route 

based on the hop count and the seq number stored in the 

routing table. The EA-AODV process is described in Fig 

1. 
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 (1) 

Energy Receive is energy consumption when the node 

receives packets per second [24]. 

The Gaussian prediction method in the routing 

protocol is obtained from by the formula below: 

 (2) 

The value of  is the random value of initial energy 

used from 0 – 50, and  is  

5 Simulation and result 

In this model, we perform simulation in order to show 

our protocol proposes that has good performance. It was 

evaluated by comparing EA-AODV with AODV based 

on the parameters as below on Table 1. 

Table 1. Simulation parameter 

Parameter 

simulation 

value 

Number of node 10, 20, 30, 40, and 50 node 

Size packet 512 Kbps 

Traffic Model CBR 

Initial Energy 50 

Receive Energy 5 

Transmit Energy 10 

Area 1500 x 1500 

Simulations of parameters indicated in Table 1 are 

carried out using NS-2.35 software with a simulation 

time of 1800 seconds. The simulation results are 

processed using awk to calculate delay, throughput, pdr, 

and average residual energy. 

Throughput  

Throughput is data received by nodes that are 

implemented at the start time until the end time. The 

formula to calculate throughput were shown on formula 

3 as follows: 

      (3) 

Packet delivery ratio 

PDR is the success of the packet received by the 

destination node from packets were sent by the source 

node. Formula to calculate PDR were shown in formulas 

4 as follows: 

        (4) 

 

Delay 

Delay is the time difference between the node sending 

the packet and the time the node receives the packet. The 

formula to calculate delay were shown on formula 5 as 

follows: 

   (5) 

Where  packet send is the initial time the packet is 

sent and  packet received is the end of the packet 

received. 

Average residual energy 

Average residual energy is the average energy remaining 

of each node while it receives RREQ. The formula to 

calculate average residual energy was shown on formula 

6 as follows: 

 (6) 

Based on the above formula it is used to calculate the 

results of the trace file simulation that is run. The results 

of the formula calculated based on the average of 

examine 10 literation. 

Fig 2. Result in average residue energy by comparing AODV 

and EA-AODV 

The energy efficiency level of EA-AODV is more 

efficient by increasing the node density than AODV 

which showed in Fig 2. We can take some samples such 

as in the node density were 30, the energy efficiency 

level of EA-AODV was higher by 24.43328 joules than 

AODV by 17.36653 joules. Due to the packet delivery, 

the node considers the energy level to find the shortest 

path until the packet received by the destination node. 

In Fig 3. Shown the successful node in receiving a 

packet of both routing protocol that is increasing in the 

high node density. It’s due to both routing protocols that 

have packet delivery based on finding the shortest path. 

In the node density are 30, the pdr result of EA-AODV is 

higher by 81.97606 percent than AODV by 25.76554 

percent.  This due to EA-AODV considers energy 

consume level to find the shortest path in the packet 

delivery to the destination node. 

Delay in EA-AODV is lower than AODV because 

EA-AODV considers based on a method to find the 

shortest path. This is shown in Fig 4, for the node 

density was 30, EA-AODV has delay is lower by 

0.149454 seconds than AODV by 0.871192 seconds. 
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Fig 3. Result in PDR by comparing AODV and EA-AODV 

Fig 4. Result in delay by comparing AODV and EA-AODV 

6 Conclusion 

EA-AODV is the development of the AODV routing 

protocol that changes the packet reception process which 

taking into account the comparison of randomly generate 

values with energy residues. In this study, the Dijkstra 

algorithm process was added to this process to determine 

the shortest path to the destination node. We obtained 

that the level of efficiency from the EA-AODV routing 

protocol is higher than that of AODV. 
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