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Abstract 

Numerous routing protocols have recently been developed for ad hoc mobile 

networks. Routing protocols to date can be categorized as either ‘table-driven’ or 

‘on-demand’. Many of the proposed routing protocols take the on-demand approach 

because this does not require keeping lots of routing information. However, these kinds 

of protocols are not able to react fast enough to maintain routing. In this paper, we 

propose a new protocol to improve existing on-demand routing protocols by constructing 

multiple backup routes; when the network topology changed, the proposed protocol could 

transmit data packets dynamically through backup routes. We then developed an analytic 

model to estimate the reconnection probability of the proposed algorithm. We also 

examined the performance by simulating the protocol using NS2. The experimental 

results showed that the protocol had fewer control packages, lower routing packet 

overhead, and a higher receiving ratio than others. 
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1. Introduction 

A “mobile ad hoc network” (MANET) is an autonomous system of mobile routers 

connected by wireless links. Researchers have proposed many applications of ad hoc 

networks, such as emergency search-and-rescue operations, meetings or conventions in 

which people wish to share information quickly, and even automated battlefields. A 

comprehensive review of the MANET approach can be found in [25]. Because of node 

mobility, low bandwidth, and power limitations, the character of this approach is quite 

different from that of traditional workstations. Also, its network topology changes 

frequently and unpredictably. Thus, a routing protocol is needed to discover and maintain 

routes to other nodes in the network. 

Numerous routing protocols have recently been developed for ad hoc mobile 

networks including the destination-sequenced distance-vector routing (DSDV) protocol 

[23], clusterhead gateway switch routing (CGSR) protocol [4], wireless routing protocol 

(WRP) [18], core-extraction distributed ad hoc routing algorithm (CEDAR) [26], ad hoc 

on-demand distance vector (AODV) [22, 24], dynamic source routing (DSR) [3], 

temporally ordered routing algorithm (TORA) [7, 8], associativity-based routing (ABR) 

[27], and zone routing protocol (ZRP) [13]. 

In general, existing routing protocols may be categorized as either table-driven or 

source-initiated on-demand [25]. Table-driven protocols try to 

disseminate/distribute/broadcast routing information from each node to every other node 

in the network. As network topology changes, these protocols propagate updates 

throughout the network in order to maintain a consistent global network view. A large 



  

portion of network capacity is used to keep the routing information up-to-date, even 

though most of the routing information is never used. Another approach is the 

source-initiated on-demand protocol, which creates routes only when desired. Once a 

route has been established, it is maintained by a route-maintenance procedure until either 

the link fails or the transmission is complete. Because routing information may not be 

available when a route request is received, the delay in determining a route can be quite 

significant. 

Since the rate of topological changes in the network is high, most of the above 

protocols may not be able to react fast enough to maintain routing; flooding will be the 

only recourse [6]. Such unlimited flooding will result in serious redundancy, contention, 

and collision [20]. Also, unexpected delays due to route failures might increase the 

data-delivery time and its variance, and thus increase the likelihood of QoS (quality of 

service) violation. TORA is designed to discover routes on demand, provide multiple 

routes to destination, and establish routes quickly when links fail [7, 8]. TORA, however, 

has high routing packet overhead [16], and its selected routes are sub-optimal. In this 

paper, a new ad hoc routing protocol is proposed that quickly recovers from link or node 

failures. Data packets are sent along the main route from the source to the destination in 

the protocol. In addition, backup routes are constructed to surround the main route. When 

links or nodes on the main route fail, the protocol quickly replaces these failed links or 

nodes with a nearby backup route. Note that only part of the main route is replaced with 

the selected backup route. After reconstructing the main route, data transmission is 

resumed immediately. The main route and the backup routes used in the protocol are 

simultaneously constructed and updated to the present network topology. By using 



  

limited flooding and by restricting the maintenance area to a properly small (small 

enough) range, the present protocol has lower overhead than TORA. 

Moreover, the protocol always selects a shorter new route (if there is one). 

Therefore, when links or nodes fail, this protocol quickly reconstructs the damaged main 

route for new data transmission. In order to show that this routing protocol will result in a 

high reconstruction probability, the ratio of successful recovery from link failure was also 

analyzed by deriving some formulas according to the procedures used for the proposed 

protocol. Simulation experiments demonstrated that this routing protocol not only made a 

quick recovery from failures but also had low overhead. 

The next section of this paper supplies some necessary background and an 

overview of the protocol. The details of the protocol are shown in Section 3. Section 4 

presents a theoretical analytic model to determine the probability of successful recovery 

from link failure. The experimental results are shown in Section 5. The final section, 

Section 6, concludes the paper. 

2. Background 

Mobile hosts cause broken links as they move from place to place. In this section, 

several protocols are surveyed with the emphasis on their response to link failure. When a 

link is directed from host P to host Q, P is called the upstream of Q and Q the 

downstream of P. 

DSDV [23] is a hop-by-hop distance vector routing protocol requiring each node to 

periodically broadcast routing updates. When a node S decides that its route to a 

destination D has been broken, it advertises the route to D with an infinite metric and a 



  

sequence number that is one bigger than the sequence number for the route that has been 

broken. This causes any node A routing packets through S to incorporate the 

infinite-metric route into its routing table until node A finds a route to D with a higher 

sequence number. 

DSR [3] uses source routing, with each packet to be routed carrying in its header 

the complete, ordered list of nodes through which the packet must pass. If a link fails, the 

upstream of this failed link sends a route error packet to the source node. When a route 

error is received, the hop in the error is removed from this host’s route cache, and all 

routes that contain this hop must be truncated at that point. Then a new route discovery 

process must be initiated by the source. 

Upon receiving notification of a broken link, source nodes in AODV [22, 24] can 

restart the discovery process. But, before sending the link failure notification to the 

source, AODV allows the upstream node of the break to try to repair a recently used route 

by sending an RREQ message [24]. 

Not one of the three protocols described above, however, responds quickly enough 

to link failure. And the possibility is always there that the whole network be flooded for 

new route discovery. Researchers have proposed several routing algorithms using backup 

routes [4, 10, 12, 14, 17, 19]. Nasipuri et al., [19] presented a multipath extension 

algorithm for DSR. They provided multiple alternate disjointed routes for a pair of source 

and destination nodes (model 1) as well as backup routes for intermediate nodes to the 

destination node (model 2). By using disjointed routes, they try to reduce the number of 

routes discovered in the data-transmission period. Lee et al., [17] presented a backup 

routing algorithm by creating a mesh and providing multiple alternate routes. Although 



  

the scheme proposed by Lee et al. has a higher packet delivery ratio and number of data 

transmitted/received ratio than AODV, the delay time is quite long. 

 

3. Proposed Protocol 

Since the on-demand base routing protocols have slow response times as well as 

high flooding-overhead problems, a new on-demand based ad hoc routing protocol with 

multiple backup routes (ARMBR, for short) is presented to resolve these problems. This 

protocol is both fully distributed and on-demand. Before focusing on the details of 

ARMBR, the intuitive ideas are presented in the following. ARMBR begins by finding a 

route from source S to destination D, called the main route, along which all data packets 

are sent to the destination. Thereafter, multiple backup routes are constructed to surround 

the main route. Both the main route and the backup paths are maintained simultaneously 

by ARMBR. When links or nodes on the main route fail, one nearby backup route (if it 

exists) is selected immediately to replace the failed links/nodes. A new main route is then 

constructed, and the interrupted data transmission can be resumed immediately. 

ARMBR’s backup-route scheme in ARMBR is similar to that in [17]. However, there are 

some differences. The backup-route’s information in ARMBR is kept in the nodes of the 

main route instead of in its neighbor [17]. Moreover, every node on the main route in 

ARMBR stores more than one backup-route’s information instead of only one as in [17]. 

ARMBR might build more than one backup route for each link on the main route, so 

there are more chances of successful recovery from the failures of links or nodes. 

Furthermore, ARMBR consists of two parts: route construction and route maintenance. In 



  

addition, route information is maintained by using a “hello message.” If there is no entry 

in its main- and backup-route tables, then this node does not send the hello message. 

Finally, the link-level network model described here has the following properties: (1) 

transmitted packets are received correctly, (2) each link is assumed to allow two-way 

communication. 

3.1 Routing tables 

Two kinds of routing tables are used throughout this protocol: the main-routing 

table (MRT) and the backup-routing table (BRT). 

An entry in MRT specifies, for a particular destination, where to send the packet 

next when communication messages are flowing along the main route. Similarly, an entry 

in BRT specifies the next hop on one backup route. Each entry in the MRT is also 

associated with a value, namely the number of hops to destination (HTD), which is a 

loose upper bound of the maximal hops to the given destination. Later, it will become 

clear that the field HTD plays an important role in the protocol. An example of MRT is 

shown below. 

 

 

Figure 1. Example of MRT 

 

An entry in BRT has six fields. Field DId indicates which destination this entry is 

for. Field Next_Hop specifies the next-hop host of this backup route, and DestHTD is the 



  

loose upper bound of the hops from that host to DId. An example of BRT is shown below. 

 
Figure 2. Example of BRT 

 

For a specific destination, there is only one entry in MRT; but there may be more 

than one in BRT. 

3.2 Route construction 

In ARMBR, a routing path is constructed only when necessary. Suppose that host S 

wants to send a packet to host D. If there is an entry (corresponding to D) in S’s MRT, the 

packet is sent directly to the next-hop host, as specified in that entry. If no such entry is 

found, a path (later called the main route) from S to D must be built before S can start the 

packet transmission. The process to find such a routing path is the ‘main route 

construction’. 

3.2.1 Main route construction 

At the beginning of route construction, source S sends a main query (MQry) to all 

its neighbors. Every host that receives MQry for the first time then does the same as well. 

Thus, MQry floods all over the network and will arrive at D eventually (if there is a 

routing path between S and D). When D receives MQry for the first time, it sends back a 

main reply (MRpy) with a zero-value HTD to the host (say P1) from which MQry was 

sent previously. When P1 receives MRpy, it first creates an entry for D in MRT, and the 



  

HTD value of that entry is increased. Host P1 then propagates MRpy, with HTD, to the 

host from which P1 receives MQry for the first time. Every other host receiving MRpy 

responds in the same way as P1. 

Eventually, S receives MRpy and updates its MRT accordingly. Finally, a routing 

path from S to D has been constructed, which is the main route, so that host S can then 

issue its packets destined for D. How HTD is updated and used to lighten the 

maintenance overhead of ARMBR is discussed later. 

3.2.2 Backup-route construction 

The backup routes are established during the route data delivery phase, and the 

data-delivery phase is slightly modified. Taking advantage of the broadcast nature of 

wireless communications, a node incidentally “overhears” upon packets that are 

transmitted by their neighboring nodes. In the data delivery phase, a field HTD is inserted 

into the common header of the data packets, so the field then helps to determine the right 

direction for the backup route. From these packets, a node obtains backup-path 

information and becomes part of the mesh as follows: When a node that is not part of the 

main route overhears a data packet transmitted by a neighbor (on the main route) but not 

directed to itself, it records that neighbor as the next hop to the destination in its 

backup-route table, and then sends a simple packet that obtains the DestHTD of this 

backup-route entry. When a node that is part of the main route and its HTD are bigger 

than the packet’s, DestHTD overhears this simple packet not directed to itself transmitted 

by a neighbor (not on the main route), and identifies that neighbor as the next hop to the 

destination in its backup-route table. 

3.3 Route maintenance 



  

In this section, two kinds of route maintenance are considered: repairing the main 

route and erasing invalid backup routes. 

3.3.1 Repairing the main route 

When a link on the main route is broken, the upstream node N of this link will 

discover it. At first, N checks if there is an entry in its BRT and whether the DestHTD of 

this entry is smaller than the HTD of node N. If yes, then N initiates a main failure query 

(MFQ) to the host as specified in the Next Hop of the backup entry. When there is more 

than one entry in the BRT, an entry is picked that has the minimal value of the DestHTD. 

Since the value is a loose upper bound of the number of hops from host P to destined host 

DId, there is a better chance of selecting a shorter route to repair the failed link. The other 

host receiving MFQ does the same as N, unless that host is on the main route. 

Suppose P is on the main route and receives MFQ from host M. At first, P sends 

message Update (Upd) along the main route to the next hop of N. Every host receiving 

Upd updates its HTD to infinite, which implies that this host is no longer on the main 

route. Secondly, P propagates MRpy to the MFQ initiator N along the backup route 

previously established. Every host receiving MRpy propagates MRpy to the next hop on 

the backup route and sets its HTD appropriately. Therefore, a new main route is 

constructed and continues to transmit data packets in queue; backup routes are 

subsequently constructed by data delivery. If there is no entry in its BRT, then node N 

broadcasts a backup query (BQry) to find the destination and erases the entry within the 

route, which has a smaller HTD than node N. When the destination receives BQry for the 

first time, it sends back a backup reply (BRpy) with a zero-value HTD to the host (say, P1) 

from which BQry was sent previously. When P1 receives BRpy, it first creates an entry 



  

for the destination in the MRT. The HTD value of that entry is increased. Host P1 then 

propagates BRpy, with HTD, to the host from which P1 receives BQry for the first time. 

Every other host receiving BRpy does the same as P1. Eventually, N receives BRpy and 

updates its main route accordingly. 

3.3.2. Erasing invalid backup routes 

If one link on a backup route is broken, then this backup-route path is erased. 

Figure 3 is an example showing how the mesh and backup routes are constructed and 

used in data delivery. When source S sends a data packet to A, nodes W and X, which are 

within the propagation range of D, overhear the packet; since the packet is sent by source 

S, they don’t need to insert a backup route as the next hop is node S. This process is 

shown in figure 3(a). After receiving this data packet, only node A relays the packet to 

node B, since it is part of the main route. Again, one-hop neighboring nodes can overhear 

the packet. Nodes W, X, Y, and Z record node A as the next hop to destination D in their 

backup-route table, and nodes X, Y, and Z, like node W, send a simple packet to node A. 

Nodes Y and S similarly overhear the packet. Node S records node W as the next hop to 

destination D in its backup-route table because node S is part of the main route and its 

HTD is bigger than the HTD of this packet. Node Y, on the other hand, does not insert a 

backup route into its backup-route table because it is not part of the main route. Then 

node B continues to forward this data packet. This process is shown in figures 2b, 2c, and 

2d. Node B forwards the data packet; its neighbors overhear this data packet and insert 

the backup route in their backup-route table if necessary. Figure 3(e) shows the state 

when the data packet reaches the destination node D and builds multiple backup routes. 

Figure 3(f) illustrates the usage of a backup path when the main route becomes 



  

disconnected. Node B moves out of the radio range of its previous hop node A. After 

receiving the data packet from node S, node A forwards it to node B. The packet will fail 

to be delivered because node B is not reachable. Node A checks if there is an entry in its 

BRT. It selects a backup route where DestHTD must be smaller than the HTD of node A 

and the DestHTD of the backup route must be minimal. Suppose node A selects the 

backup route then the next hop is node Y because both DestHTDs of the two backup 

routes have the same value. Then node A sends MFQ to node Y. After node Y receives 

MFQ, node Y picks a backup route whose next hop is node B. (Node Y has two backup 

routes but only one whose DestHTD is smaller than HTD of node A) Node Y continues to 

send MFQ to node B. Because node B is part of the main route, it changes its previous 

hop in the main route table to node Y and propagates MRpy along the backup route to the 

MFQ initiator node A as previously established. Node Y receives MRpy and then inserts a 

main route in its main-route table and propagates MRpy to the next hop on the backup 

route, setting its HTD appropriately. Thus a new main route is constructed. Figure 3(g) 

shows another case of main-route failure. In this case, the node has no backup route. 

Therefore, the node must send a backup query to repair the main route. Finally, the main 

route is repaired, as shown in figure 3(h). 



  

 
Figure 3. Construction of multiple routes 

4. Analytic Model 

In this section, an analytic model is established to analyze the probability of 

reconnection. Formulas for estimating the probability of link recovery in the protocol are 

also derived. 

A geometric graph G=(V, r) with nodes placed in 2-dimensional space R2 and edge 

set E={(i, j)d(i, j)≤r, where i, j∈V and function d(i, j) denotes the Euclidian distance 



  

between node i and node j}. Let Χn={x1, x2, …xn} be a set of independently and 

uniformly distributed random points. Use Ψ(Χn, r, A) to denote the random geometric 

graph (RGG) of n nodes on Χn with radius r and placed in area A. RGGs consider 

geometric graphs on random point configurations. Applications of RGGs include 

communications networks, classification, spatial statistics, epidemiology, astrophysics, 

and neural networks [21]. 

An RGG Ψ(Χn, r, A) can be used to model an ad hoc network N=(n, r, A) 

consisting of n mobile devices with a transmission radius of r unit length that are 

independently and uniformly distributed at random in an area A. When each vertex in 

Ψ(Χn, r, A) represents a mobile device, each edge connecting two vertices represents a 

communication link because they are within the transmission range of each other. A 

geometric graph and its representing network are shown in figure 4. In the example, area 

A is a rectangle that is used to model the deployed area such as a meeting room. However, 

area A can be a circle, other shapes, or even infinite space. 

 

Figure 4. Random geometric graph G with its representing network Ψ (6, r, A), where A 

is a rectangle. 

One device in figure 4 is deployed near the boundary of rectangle A so that its radio 



  

communication range (often indicated by circle) is not properly contained in A. This is 

called border effects. Border effects complicate the derivation for the closed formulas of 

edge probability; therefore, previous discussions usually ignore the border effects to 

simplify their calculations [1, 15]. In this paper, the torus convention has been adopted to 

deal with border effects [1]. The convention models the network topology in such a way 

that nodes near the border are considered as being close to nodes at the opposite border 

and they are allowed to establish links. 

To simplify the presentation, notations and terminology used in this section are 

defined as follows: 

A graph G=(V, E) consists of a finite nonempty vertex set V and edge set E of 

unordered pairs of distinct vertices of V. A graph H=(VH, EH) is a subgraph of G=(VG, 

EG) if VH⊆VG and EH⊆EG. Suppose that V′ is a nonempty subset of V. The subgraph of 

G=(V, E) whose vertex set is V′ and whose edge set is the set of those edges of G that 

have both ends in V′ is the subgraph of G induced by V′ and is denoted by GV′. 

A walk in G=(V, E) is a finite non-null sequence W=v0e1v1e2…ekvk, where vi∈V 

and ej∈E for 0≤i≤k and 1≤j≤k. The integer k is the length of the walk. When vo, v1, …, 

vk are distinct, W is called a path. A walk is closed if its origin and terminus are the 

same. A closed path is a cycle. We denote an induced subgraph pi, which is a path of 

length i. Similarly, an induced subgraph that is a cycle of length i is denoted by ci. 

Graph terms used in the paper can be found in [2]. 

In [28], Yu et al. have derived a formula for estimating the expected overlap area 

of two circles. 

Theorem 1: Given two circles with the same radius r in a Ψ(Χn, r, A), the expected 



  

overlap area of these circles whose centers are within the other is 2

4
33 r







−π [28]. 

By Theorem 1, we can estimate the number of neighboring nodes surrounding a 

communication link in a given ad hoc network. 

Theorem 2: For each communication link (a, b) in a Ψ(Χn, r, A), the expected 

number of common neighboring nodes of both a and b is Nab=(n-k)× 2
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33 r







−π /A, 

where k is the number of links in a given main route and A is the deployed area. 

Suppose each communication link has the same probability of link failure, denoted 

by Pfailure. Also, let Precovery denote the probability that a link does not fail or will recover 

from a link failure in this protocol. The following theorem for estimating the probability 

of link recovery is derived: 

Theorem 3: The probability Precovery of link-failure recovery in the protocol is 

1-(Pfailure× (2-Pfailure))Nab in a Ψ(Χn, r, A), where k is the number of links in a given main 

route and Nab=(n-k)× 2
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−π /A. 

Proof: If a communication link (a, b) on the main route fails in a Ψ(Χn, r, A), the 

common neighboring nodes of both a and b will be used to recover the failed link. In 

other words, the induced subgraph of each of these nodes and nodes a and b form a cycle 

with length 3; these nodes form Nab disjointed paths with length 2 (See figure 5) as 

backup routes. The probability of failure recovery of each path is Pfailure+(1- Pfailure) 

×Pfailure because the breakage of any link of the path results in its failure recovery. Since 

there are Nab disjointed paths, the failure recovery for link (a, b) occurs when all Nab 



  

disjoint paths fail. Therefore, the desired result Precovery=1-(Pfailure+(1- Pfailure)×Pfailure) 

Nab=1-(Pfailure×(2- Pfailure))Nab is obtained. ■ 

 

Figure 5. Link (a, b) with some common neighboring nodes. 

Theorem 3 can be used to estimate the ratio of successful recovery from link failure. 

Suppose that 50 mobile nodes have been deployed on a rectangle region A of 1500 meters 

by 300 meters. The power-coverage range of each node is assumed to be a circular area 

with a diameter of 250 meters. RGG Ψ(Χ50, 125, A) is used to represent the above 

network. 

Suppose that the probability of link failure Pfailure=0.2 is known and the length of 

the main route=6. Then Nab=(50-6)× 2125
4

33








−π /(1500×300)=2.1736. Finally,  

Precovery=1-(0.2+(1- 0.2) ×0.2) 2.1736 =1-(0.36) 2.1736 = 0.89146. 

5. Performance Evaluation 

As each protocol has its own advantages and disadvantages, none of them can be 

claimed as absolutely better than the others. To see how the features of each protocol 



  

affect their performance, the implementations of four protocols were compared with 

Ns2[11] a well-known simulator developed by the University of California at Berkeley. 

Many researchers have used this simulator to compare the performance of existing ad hoc 

routing protocols. 

In the course of the experiments, the following six parameters were considered: 

1. ThroughputPacket delivery ratio – the ratio of the data packets 

delivered to the destination to those generated by the CBR source. 

2. Routing overhead – comparing the number of control packets that is 

generated by the protocols. 

3. Communication latency – this includes all possible delays caused by 

buffering during route discovery latency, queuing at the interface 

queue, retransmission delays at the MAC, and propagation and 

transfer time. 

4. Variance – the variance of communication latency. 

5. Number of successful repairs –the number of successfully repaired 

route failures. 

6. Percentage of successful repair- the percentage of successfully 

repaired route failures. 

A one source-destination pair as well as a multiple source-destination pair were 

considered in the simulation; each data packet had 512 bytes; and only 92 data packets 

were sent. The source node transmitted a data packet every half second. The radio 

coverage region of each node was assumed to be a circular area of 250 meters diameter. 

The simulation lasted 50 seconds. 



  

Each data point in the following figures represented an average of at least 100 runs 

with identical experimental modes but with different randomly generated mobility 

scenarios. Other parameters used in this simulation included: 

 Beacon period:  1 second 

 Node pause time:  10 seconds 

 Node buffer length:  50 packets 

 Main query timeout:  5 seconds 

 Transmission time for one hop:  0.002 seconds 

5.1 One Source-Destination Pair 

In the first scenario of one Source-Destination Pair simulation, 50 mobile nodes 

moved around a rectangular region of 1,500 by 300 meters. Initially, each node was 

randomly placed in the region. The pair of source and destination were arbitrarily selected 

from 50 nodes. 

In this experiment, a variable was set in ARMBR, which was the maximum number 

of the backup-route entries (BrNum). BrNum was the maximum number of the 

backup-route entries that each node could store. ARMBR-A and ARMBR-B indicated 

that BrNum was set to 2 and 3, respectively. Figure 6 shows the throughputpacket 

delivery ratio in packet delivery ratio showing that ARMBR had a higher 

throughputpacket delivery ratio value than the others. The reason for this was that 

ARMBR used multiple backup-route paths for data delivery in the presence of route 

breaks. In this scenario, ARMBR was able to deliver more packets to the destination than 

other methods (AODV, DSR, and TORA). In addition, the data-delivery ratio of 

ARMBR-A was greater than that of ARMBR-B. This may have been because the 



  

backup-route entry was newer and more correct. 

The routing overhead is presented in figure 7, showing that the overhead of 

ARMBR-A and ARMBR-B was less than that of TORA. The reason for the low overhead 

was that ARMBR broadcast a backup query to repair the main route path when the main 

route was broken and the node had no backup-route entry. The number of control packets 

produced by ARMBR was bigger than that by AODV or DSR because a large number of 

control packets was sent to maintain backup routes. 



  

Figure 6. Data Packet Delivery Rate in Scenario 1 

 



  

Figure 7. Routing Overhead in Scenario 1 

For communication latency, the average data packet delay per route was measured. 

Figures 8 and 9 illustrate the average delay time and variance of the delay time. It can be 

seen that the average delay time and the variances of ARMBR were shorter and smaller 

than AODV’s, but longer and bigger than DSR’s and TORA’s. This was because ARMBR 

built sufficient backup routes around the main route in advance. Since one link of the 

main route failed, ARMBR immediately selected the shortest backup route to repair the 

broken link. So ARMBR could quickly recover from link failure, and its communication 

latency was quite short. But sometimes some nodes had no backup route, and their links 

failed, requiring them to broadcast a query to discover the destination. Consequently, 

ARMBR had high latency compared with DSR and TORA. In addition, the average delay 

time and variance of ARMBR-A were better than that of ARMBR-B for the same data 



  

packet delivery ratio. 

Figure 8. Communication Latency in Scenario 1 



  

Figure 9. Variance of Communication Latency in Scenario 1 

The number as well as the percentage of successfully repaired main routes were 



  

also measured. There are two kinds of methods to repair the main route in ARMBR. The 

first is to use a backup-route entry to repair the failed link; the second is to send a backup 

query from the node to discover the destination, if the backup-route table is empty. Figure 

10 (Figure 11) presents the number (percentage) of successful repairs for the main route. 

UBR-A denotes the first category and SBQ-A the second category. In the simulation, the 

value of BrNum (UBR-A, SBQ-A) was set to 2 and (UBR-B, SBQ-B) to 3 to produce 

different results. From the figure can be seen that when the mobility was higher, the 

number of successful repairs for the main route was also higher. This was because the 

number of main route failures also increased with higher node speed. 

Figure 10. Number of successfully repairs in Scenario 1 



  

Figure 11. Percentage of successfully repairs in Scenario 1   

In the second experimental scenario, the number of mobile nodes was increased to 

100, and the nodes moved around in a rectangular region, which was enlarged to 1,500 by 

1,500 meters. The speed of nodes varied from 5 meters per second to 25 meters per 

second. Initially, each node was randomly placed in the region, and the source and 

destination pair was arbitrarily selected from 100 nodes. Figures 12 through 17 show the 

data packet delivery rate, routing overhead, data packet delivery time, variance of 

delivery time, and number of successful repairs. Compared with other protocols (AODV, 

DSR, TORA), ARMBR similarly had a higher delivery ratio. In terms of routing 

overhead, ARMBR did better than TORA. Finally, we can see that the number of 

successful repairs is greater than the number in Scenario 1, which is because the number 

of main-route failures is higher in the sparse network. 



  

Figure 12. Data Packet Delivery Rate in Scenario 2 



  

Figure 13. Routing Overhead in Scenario 2 

Figure 14. Data Packet Delivery Time in Scenario 2 



  

Figure 15. Variance of Delivery Time in Scenario 2 



  

Figure 16. Number of successful repairs in Scenario 2 

Figure 17. Percentage of successful repairs in Scenario 2 



  

5.2 Multiple Source-Destination Pairs 

      For performance in a more realistic environment, a multiple Source-Destination 

pair simulation was also conducted. The simulation environment and parameters were the 

same as scenario 1 in the One Source-Destination Pair experiments with BrNum was set 

at 3, and 5 and 10 sessions (Source-Destination pair) were performed in the simulation. 

For completeness, the performances of ARMBR, AODV and AODV-BR were also 

compared. Figures 18 through 20 show the data packet delivery ratio, data packet 

delivery time, and variance of delivery time. Figure 18 depicts the data delivery 

ratiopacket delivery ratio, showing that the data delivery ratiopacket delivery ratio of 

ARMBR was greater than AODV and AODV-BR’s for both 5 and 10 sessions, and 

AODV had the lowest delivery ratio in most of cases. Also, the delivery ratio fell a little 

when the mobility was getting higher.  Figure 19 shows that the average delay time in 

packet delivery for ARMBR was smaller than for the others. The reason for this was that 

ARMBR used multiple backup-route paths for data delivery in the presence of main route 

breaks. In addition, AODV-BR (10 sessions) had, more delay time (except for the lowest 

mobility). These results were consistent with the characteristics of AODV-BR as 

mentioned above. In Figure 20, it can be seen that ARMBR had the smallest variance of 

all indicating that ARMBR is more stable than AODV and AODV-BR.  



  

 

Figure 18. Data Packet Delivery Rate 



  

 

Figure 19. Data Packet Delivery Time 



  

 

Figure 20. Variance of Delivery Time 

6. Conclusion 

In this paper, a new on-demand routing protocol with multiple backup routes is 

presented. Compared to three previous on-demand routing protocols — AODV, TORA, 

and DSR — the proposed protocol (ARMBR) had the highest data-delivery ratio 

regarding different mobility or pause time. In addition, the routing overhead for ARMBR 

was less than for TORA. Compared with AODV, ARMBR had a smaller communication 

latency. When node mobility was higher, these differences were more distinct. Moreover, 

the data delivery ratiopacket delivery ratio, delay time and variance of ARMBR, AODV 

and AODV-BR were also examined. ARMBR had the highest data-delivery ratio and the 

lowest delay time in most cases. Also, the variance of ARMBR was the smallest of the 

three. 



  

Furthermore, in the experiments the performance of different BrNum was also 

compared. When BrNum was set at 2, the data-delivery ratio and the communication 

latency were better than at 3; the overhead, however, deteriorated. 

In future studies, the flooding backup queries could be limited in order to reduce the 

control packets. The overhead of the proposed protocol was still high, since it needed to 

flood the message. So if flooding would be limited and maintenance restricted to a 

properly small range by using HTD, the routing overhead could be reduced.
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