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Abstract 

Route maintenance and repair process plays an important role in mobile self-

organizing network. On the basis of considering route stability and energy aware routing 

protocol, a new scheme is proposed in this paper. Firstly, signal strength, rest energy and 

port queue length are periodically and alternately detected; secondly, cross-layer method 

is adopted for route maintenance, and the alternate route is actively established for data 

transmission according to the routing repair mechanism “Make-before-Break”; finally, 

relevant experiment is carried out in NS2 to simulate and compare the proposed protocol 

and other similar routing protocols such as RSEA and LAER. The experiment result 

shows that the new scheme has good performance in the aspects of data packet delivery 

ratio, overhead control and end-to-end delay. 
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1. Introduction 

As a set composed of some wireless mobile devices (also known as nodes) within 

a certain range, the mobile self-organizing network can realize mutual 

communication, self-configuration and maintenance, without the assistance of any 

other fixed infrastructure for supporting and management. Due to the features of 

dynamic topology, limited bandwidth, battery and CPU resources, multi -hop 

communication, etc., such network also brings special challenges to routing protocol 

design [1]. 

Predecessors have proposed several routing protocols for MANNET, and these 

routing protocols are divided into proactive routing protocols and reactive routing 

protocols according to the route discovery principle. Specifically, the reactive on -

demand routing protocol employs PREQ-RREP process to determine the route only 

when needing to transmit a certain data packet. Most routing protocols employ 

minimum hop count as the routing measurement. Predecessors found that the 

shortest path, especially the shortest path in high-density self-organizing network, 

had short life, even though low mobility was caused by edge effect [2]. However, 

these routing protocols all fail to solve the problem about how to reduce the link 

interruption during data transmission process. In most on-demand routing 

algorithms, certain time shall be taken to detect link faults and then the routing 

recovery process shall be started [3, 4]. In this way, many resources, such as 

bandwidth and energy, will be consumed and additional time delay will be also 

introduced. Meanwhile, the network efficiency will be significantly reduced due to 

new route discovery. Specifically, in literature [5], link stabili ty is defined as the 

measurement for link stability degree and communication duration, and signal 

strength is a parameter used for evaluating link stability. In literature [6], cross -

layer method and node mobility prediction are proposed therein to improve the 

routing protocol so as to realize the stable routing based on cross -layer coordination 
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and node position prediction. In literature [7], the graph theory method is proposed 

to realize network reconnection and further realize stable routing. Although these 

protocols can inordinately realize stable routing, yet they have their own applicable 

scopes. In literature [8], link stability and route stability are calculated by N.Sharma 

according to the received signal strength so as to propose RSQR, and the links are 

divided into stable links and instable links according to the threshold value. EBL is 

proposed in literature [9], and the author regards link stability and remaining battery 

capacity as the very important parts, wherein EBL can not only improve energy 

utilization, but also reduce network division. LAER is proposed in literature [10] to 

consider link stability and energy wastage rate jointly for the route discovery, thus 

to reduce control overhead and balance traffic load. PERRA as a reactive routing 

protocol is proposed in literature [11] to consider link stability and energy 

efficiency at the same time. Due to the constraint to the maintenance of congestion 

and alternate routes, the control overhead is significantly reduced. Meanwhile, the 

expected route life is roughly predicted according to the parameters of node battery 

capacity and link stability, thus indicating that it is more suitable to select stable 

links. 

A novel “Make-before-Break” mechanism is proposed in this paper to strengthen 

the route maintenance in RSEA- AODV. In case of the existence of any link 

interruption cause such as mobility, energy consumption and congestion, the cross -

layer method can be adopted to find an alternate route for data transmission. The 

simulation result shows that in high-load and high-dynamic environment, the 

performance of the proposed method is superior to those of RSEA protocol and 

LAER protocol. By virtue of backup routing, in case of unpredictable link 

interruption, AODV-BR [12] can realize rapid routing recovery, and the routing can 

be updated especially through data packet and RREP packet monitoring. However, 

high control information overhead and collision will be caused in high-density 

network. 

 

2. Problem description 

The topological structure of MANET can be expressed as undirected 

graph ),( EVG  , whereinV is the node set and E is the node connection edge set. 

For },...,,,{),( 210 nPPPPvuP  , each iP is a feasible route between u and v. In 

consideration of route stability and rest energy, the problem regarding the optimal 

route from the source to the destination can be described as follows:  
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Meanwhile, 1EThrRi  and QThreshqi  are true. 

In the above formula, iR and iF respectively refer to the rest energy and the total 

energy of the node. 

Importance factors 1w and 2w are provided to each index of the target, and the 

above optimization problem can be converted into a single target problem, as shown 

in the following formula: 
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In the above formula, 121  pp is true. 

The sum of the maximum target is expressed as follows: 

 )}(),...,(),(max{)( 21 ni PRFactPRFactPRFactPRFact   (5) 

  

3. The Proposed Improved Routing Protocol 

The specific steps of RSEA-RM (Route Stability and Energy Aware Routing with 

Route Maintenance) routing protocol are mainly discussed in this section, and 

mainly include route discovery, routing and route maintenance. 

 

3.1. Route Discovery 

When needing to send data packet to a certain destination node, the node 

concerned will search the routes in the route cache. If the route leading to the 

destination node D is unavailable, then the source node S will send the routing 

request RREQ to the neighbor node. After receiving RREQ data packet, the 

intermediate node will detect the strength thereof, thus to receive the data packet 

and the rest energy of the node. If the signal strength and the rest energy exceed the 

corresponding threshold values, the node will check the load index thereof; or else, 

it will abandon the routing request. If the queue length exceeds QThresh value, then 

the routing request data packet will be lost in order to avoid the subsequent data 

transmission congestion. If the signal strength exceeds SThrl, then LS shall be set as 

1. If the signal strength is between SThr1 and SThr2, then LS shall be calculated 

and obtained according to DSS (Differentiated Signal Strength).  

Before the calculated values are sent to the neighbor node, APST (Accumulated 

Path Stability) and AE (Accumulated Energy) calculation function is adopted to 

update the head segment of RREQ data packet. The calculated stability value will be 

also updated in the neighbor information sheet. Afterwards, the routing request will 

carry updated APST and AE values and forward them to the neighbor node thereof.  

 

3.2. Routing 

When receiving the first RREQ, the destination node will enable the timer t for t 

seconds. According to Objective Function (5), received APST and AEC values in 

the routing request will be adopted to calculate route reliability. The destination 

node has stored all RREQs of the reliability values in the routing cache. After timer 

expires, the destination node will find the route with minimum target value and then 

send RREP thereto. After timer t expires, the arriving routing request will be 

abandoned. 

Algorithm 1. Target Node Execution 

Input: Data packet of neighbor node 

if ( P is a RREQ packet) then  

if (SS 1 < SThr2) then  

Abandon data packet P 

return  

end if  

if (SS 1 > SThrl ) then LS = 1  
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   DSS = SS2 -SSI 

if (SS1< SThrl ) and (SS 1 > SThr2 ) then  

if (DSS < ul) then  

LS=l  

else  

LS = (u2 -DSS)/ (u2 -ul)  

end if  

end if  

APST = APST * LS  

RF ACT: = PI * APST + P2 * AEC  

Make Entry in Route Cache  

if(N=1) then  

Send a RREP data packet to the source node 

else  

Select the route with maximum RFACT value 

Send RREP data packet to the source node 

end if  

end if  

 

3.3. Route Maintenance 

“Make-before-Break” mechanism as shown in Algorithm 2 can rapidly adapt to 

the link interruption caused by mobility, energy loss and congestion. This 

mechanism is executed every t1 seconds in order to monitor the route setup sate, 

wherein t1 value is set according to the node mobility. 

If the intermediate node is under serious low battery state or the received signal is 

very weak, then the intermediate node will establish a HLP group with TTL setting 

as 1 and then send it to the neighbor node thereof. After receiving HLP data packet, 

the neighbor node will check the route availability in the routing list of the 

destination node thereof according to HLP data packet description. If the route is 

available, then the neighbor node will return the routing information to the 

downstream node in HLP data packet sent by the above intermediate node. After 

receiving the routing information, the downstream node will update the routing list. 

The data packet will be transmitted in the new route in order to avoid the data 

packet loss caused by link interruption. 

If the node under low battery state is the destination node, then the node will send 

the instruction for transmission suspension to the source node in order to avoid 

possible data packet loss and resource wastage. Meanwhile, it is necessary to check 

whether the port queue length exceeds QThresh in order to avoid congestion.  

If the alternate single-hop node route has not yet been found after the timer 

expires, namely timeout, then the node concerned will send RCR (Route Change 

Request) to the source node. After receiving RCR, the source node will execute the 

route discovery process for the destination node in order to find an alternate route 

before the link interruption of current route. Meanwhile, the routing list of the 

neighbor node will be updated along with the route change. If the node of which the 

total energy will be lost is the source node, then the node will continue the data 

transmission till the total energy loss process is ended. 

If there is an alternate route leading to the destination node during the local route 

repair process, this mechanism will rapidly adapt to network change, thus to not 

only improve the data packet delivery ratio, but also reduce the quantity of packet 

losses and the occurrence of time delay. Furthermore, the data packet will not be 

transmitted to any unavailable intermediate node, thus to reduce resource wastage. 
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Algorithm 2. Route Maintenance 

Input: Data packet of neighbor node 

Alternate execution //after timer t expires  

if (SS1 < SThr2) or (Node energy < Ethr2) then  

if (Intermediate node)  

then  

Send HLP data packet to all single-hop neighbor nodes of the 

alternate route 

Else//if Destination node 

    Send instruction for transmission suspension to the source node 

end if  

end if  

if ( intermediate node and Qlen > QThr) then  

Send HLP data packet to all single-hop neighbor nodes of the 

alternate route 

end if  

if (Timeout) // Fail to find alternate route 

Send RCR to the source node 

end if 

 

 
4. Experiment Result and Analysis 

 

4.1. Performance Index 

NCO (Normalized Control Overhead) refers to the specific value of the control 

packet transmitted thereby and the control packet received by the destination node.  

PDR (Packet Delivery Ratio) refers to the specific value of the quantity of the 

data packets received by the destination node and the quantity of the da ta packets 

sent by the source node. 

Node rest energy variance: this index is adopted to calculate the node energy use 

distribution. 

End-to-end delay: this index is used to evaluate the mean time for transmitting 

the data packet to the destination. 

 

4.2. Simulation Parameters 

The simulation experiment is carried out in simulation tool NS2 [12], and the 

simulation environment parameters are as shown in Table 1. Specifically, the 

number of nodes is 50, the topological size is1000m×500m, the flow number is 10, 

the transmission range of the node is 250m and the size of each data packet is 512 

bytes. 

Table 1. Simulation Parameters 

Parameter Name Value 

Movement Model Random waypoint 

Delivery Ratio (Packets/second) 10 

Node Speed 0，5，10，15，20 

P1，P2 0.5 
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Delivery Ratio (Packets/second) 10 

SThr1 1.5×RxThr 

SThr2 1.2×RxThr 

Ethr1 10% of battery capacity 

Ethr2 5% of battery capacity 

QThr 80% of port queue length 

 

4.3. Simulation Result Analysis 

In allusion to different movement speeds, namely: 0, 5, 15 and 20, a group of 

wide simulations is carried out. After 10 simulations, the mean values of the 

obtained results are taken as the performance index values. 

Figure 1 shows that NCO caused by link interruption and route repair is increased 

along with the increase of mobility. Under low mobility, NCO values of the 

proposed algorithm, RSEA and LAER are respectively 5.1%, 5.4% and 6.3%. Under 

high mobility, NCO values of the proposed algorithm, RSEA and LAER are 

respectively 22.8%, 26.2% and 31.3%. RSEA shows better performance in high-

speed dynamic environment. Due to the adoption of “Make-before-Break” 

mechanism and the local route repair mechanism, compared with other two routing 

protocols, the proposed routing protocol has less control overhead and can more 

early predict link interruption so as to switch the original route to the alternate route 

for continuous data transmission before link interruption. 
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Figure 1. Relation between Control Overhead and Node Mobility 

According to Figure 2, PDR values of the three protocols are reduced along with 

the increase of speed, and PDR reduction reason lies in frequent link interruptions 

and new routing operations when the speed is increased. Under high mobility, PDR 

values of the proposed method, RSEA protocol and LAER protocol are respectively 

94.7%, 93.8% and 91. 3%. PDR value of the propose method is about 1% higher 

than that of RSEA, because the propose method has “Make-before-Break” route 

maintenance mechanism and can significantly reduce the quantity of data packet 

losses caused by unpredictable link interruption. 
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Figure 2. Relation between PDR and Node Mobility 
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Figure 3. The Relationship between Energy Variance and Node Mobility 

The variance of rest node energy is as shown in Figure 3, and this parameter 

represents the load balancing capability of the routing protocol. According to the 

observation, due to frequent route switching operations, the variance of  the rest 

node energy is gradually reduced along with the increase of the mobility. Under low 

mobility, the energy variance percentages of the proposed method, RSEA and LAER 

are respectively 18.8%, 19.2% and 21.54%. Under high mobility, the energy 

variance percentages of the proposed method, RSEA and LAER are respectively 

7.8%, 8.3% and 11.3%. 

According to Figure 4, the end-to-end delays of the three protocols are increased 

along with the increase of mobility, because of frequent route interruptions. Under 

high mobility, the end-to-end delays of the proposed method, RSEA and LAER are 

respectively 0.18s, 0.21s and 0.32s. Due to the capability of avoiding the link 

interruption caused by node mobility and battery energy loss, the proposed method 

has minimum delay. Additionally, RSEA protocol also has “Make-before-Break” 

route maintenance mechanism and can rapidly adapt to network change. Under high 

mobility, the performance of the proposed method is 14% higher than that of RSEA 

protocol. 
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Figure 4. The Relationship between the End Delay and Node Mobility 

 

5. Conclusion 

The specific steps of RSEA-RM routing protocol are mainly discussed in this 

paper and mainly include route discovery, routing and route maintenance. Relevant 

experiment is carried out in NS2 to compare this protocol with other similar routing 

protocols such as RSEA and LAER, and these routing protocols are repeatedly 

simulated and compared under several conditions. The experiment result shows that 

the proposed scheme can not only significantly improve data packet delivery ratio 

through early warning, but also reduce the control overhead and the delay caused by 

unpredictable link interruption. Compared with LAER, RSEA-RM routing protocol 

can reduce node energy variance and improve network partition time and has 

superior performance in high-speed dynamic network, but the delay of the improved 

method is slightly higher than that of LAER protocol under low mobility. In future, 

the proposed protocol will be researched under different node densities and flow 

rates and in different movement models. 
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