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Abstract—High mobility of nodes in MANETs cause large 

routing overhead in route discovery. A Delay–Tolerant 

Probabilistic Rebroadcast has been proposed for reducing the 

routing overhead in MANETs. The DTPR mechanism 

calculates the rebroadcast delay which is used to determine the 

forwarding order and the rebroadcast probability can be used 

to determine the probable location of the nodes. But   reliable 

data delivery in MANETs with high mobility of nodes remains 

an issue. If the data packet sent out is not relayed by the best 

forwarder within a certain period of time, then the neighbour 

nodes that have overheard the transmission will serve as 

forwarding candidates. This paper proposes such a type of in-

the-air backup through which the communication is 

maintained without any interruption. Additional latency 

incurred by local route recovery can be greatly reduced and 

the duplicate relaying caused by packet reroute is also 

decreased.  

Keywords_-MANET; reliability of data ; routing overhead;  

latency; 

     

I. INTRODUCTION 

 

A mobile ad hoc network (MANET) is a self configuring 

infrastructure less network of mobile devices connected by 

wireless. Each node in a MANET is free to move 

independently in any direction, and will therefore change its 

location within network. As a result some stale routes are 

generated in the routing table which leads to unnecessary 

routing overhead. Topology–based traditional routing 

protocols in MANET are susceptible to node mobility.  

Quality of Service (QoS) routing in such networks is usually 

limited by the network breakage due to either node mobility 

or energy depletion of the mobile nodes. Routing overhead 

is the another  issue that  affects the QoS routing. 

 

A delay-tolerant probabilistic rebroadcast is proposed to 

reduce the routing overhead in MANETs. The DTPR 

mechanism effectively exploit the neighbour coverage 

knowledge The upstream coverage ratio of an RREQ packet 

received from the previous node is used to calculate the 

rebroadcast delay The node which has more common 

neighbors with the previous node has the lower delay. The 

additional coverage ratio which is the ratio of the number of 

nodes that should be covered by a single broadcast to the 

total number of neighbours and the connectivity factor 

which reflects the relationship of network connectivity and 

the number of neighbours of a given node is used to 

calculate the rebroadcast probability in the DTPR protocol. 

The rebroadcast probability is used to reduce the number of 

rebroadcasts of the RREQ packet thus improving the routing 

performance. 

 
Although the DTPR reduces much of the routing overhead    

in the dense network  ,it does not consider about the 

reliability of data packets. Due to the error prone wireless 

channel and the dynamic network topology, reliable data 

delivery in MANETs remains an issue. Existing topology-

based MANET routing protocols are susceptible to node 

mobility. Traditional topology-based MANET routing 

protocols are quite susceptible to node mobility. The 

predetermination of an end-to-end route before data 

transmission is one of the main reason. It is very difficult to 

maintain a deterministic route due to the constantly and 

even fast changing network topology. The discovery and 

recovery procedures are also time and energy consuming. 

When the path breaks, data packets will  be delayed for a 

long time or get lost until the route is reconstructed again, 

causing transmission interruption. In fact, due to the 

broadcast nature of the wireless medium,  multiple reception  

occur as a result of a single packet transmission. The 

robustness of the routing protocol can be significantly 

enhanced by using such transmission as a backup.  

 

In this paper, a novel Position-based Reliable Routing  of 

the DTPR protocol is proposed. In this scheme the packet 

that has been received using MAC interception is cached by 

several forwarding candidates. In certain time slots if the 

best forwarder does not forward the packet, suboptimal 

candidates will take turn to forward the packet according to 

a locally formed order. In this way, the data transmission 

will not be interrupted, as long as one of the candidates 

succeeds in receiving and forwarding the packet. 

 

The rest of this paper is organized as follows: Section 2 

reviews the related work .Section 3 present the overview of 

the DTPR protocol. Section 4 discusses about the reliable 

routing mechanism incorporated into the DTPR protocol. 

Section 5 illustrates the performance of the proposed 

scheme by simulation and conclusion is given in section 6. 

 

 
II. RELATED WORK 

 

 The most straightforward method is to provide some degree 

of redundancy to enhance a system’s robustness. Existing 
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robust routing protocols for MANETs can be classified into 

two categories according to the degree of redundancy,; one 

which uses  the end-to-end redundancy for e.g., multipath 

routing, while the other uses  the hop-by-hop redundancy 

which takes  advantage of the broadcast nature of wireless 

medium and transmits the packets in an opportunistic or 

cooperative way. The PRR mechanism falls  into the second 

category. Multipath routing, which is typically proposed to 

increase the reliability of data transmission [12] in wireless 
ad hoc networks, leads to the formation of multiple paths 
between the source and the destination. Existing multipath 
routing protocols are broadly classified into the following three 

types: 1) using alternate paths as backup (e.g., [10], [13], [14]); 

2) packet replication along multiple paths (e.g., [13], [15]); and 

3) split,  reconstruction using some coding techniques [16] and 

multipath delivery. However, as discussed in [9], it may be 

difficult to find suitable number of independent paths. More 

importantly, due to constantly changing topology all paths may 

be broken with considerably high probability, making 

multipath routing still incapable of providing satisfactory 

performance, when the end-to-end  path  length is long,. 

 

In recent years, wireless broadcast is widely exploited to 

improve the performance of wireless communication.  By 

using opportunistic overhearing, the connectivity between 

the mobile node and base station (BS) can be significantly 

improved in the context of infrastructure networks. The 

node that has higher packet delivery ratio to the destination 

will be preferred in relaying by assigning the higher priority 

relay a smaller contention window size.  

 

III. DELAY TOLERANT PROBABILISTIC 

REBROADCAST PROTOCOL FOR MANETs 

The rebroadcast delay is calculated by using the upstream 

coverage ratio of an RREQ packet received from the 

previous node. The rebroadcast probability in the DTPR 

protocol can be calculated by combining the additional 

coverage ratio of the RREQ packet and the connectivity 

factor. 

 

A.  REBROADCAST DELAY AND UNCOVERED 

NEIGHBOURS SET 

 

When node 𝑛𝑖  receives an RREQ packet from its previous 

node s, it can use the neighbour list in the RREQ packet to 

estimate how many of its neighbours have not been covered 

by the RREQ packet from s. If node 𝑛𝑖  has more neighbours 

uncovered by the RREQ packet from s, it can reach more 

additional neighbour nodes. To quantify this, the Uncovered 

Neighbours set 𝑈 𝑛𝑖  of node 𝑛𝑖  can be defined as follows: 

U ni =N(𝑛𝑖) −  N ni ∩ N s  −  s                        (3.1)  

Where N(𝑛𝑖) and N s  are the neighbours sets of node 𝑛𝑖  

and s respectively. The node s sends an RREQ packet to 

node. 

 

According to (3.1), initial UCN set can be obtained. Due to 

the broadcast characteristics of an RREQ packet, node 

𝑛𝑖  can receive the duplicate RREQ packets from its 

neighbours. Node 𝑛𝑖  could further adjust the  U ni   with the 

neighbour knowledge. Each node should set a rebroadcast 

delay in order to sufficiently exploit the neighbour 

knowledge and avoid channel collisions. The key to success 

for the proposed protocol is the choice of a proper delay 

because the scheme determines the delay time affects the 

dissemination of neighbour coverage knowledge. It could 

calculate the rebroadcast delay according to the neighbour 

list in the RREQ packet when a neighbour receives an 

RREQ packet and its own neighbour list. The rebroadcast 

delay Trd  ni   of node ni   is defined as follows: 

Tp ni = 1 −
|N s  ∩ N ni |

|N s |
 

                                                                                       

                                                                                            

(3.2)                                                                                  

                              Trd  ni   =Max Delay × Tp ni  ,    

Where Tp ni   is the delay ratio of node ni, and Max Delay 

is a small constant delay. |.| is the number of elements in a 

set.  

The above rebroadcast delay is defined with the following 

reasons. The node transmission order can be determined by 

the delay time. When the node s sends an RREQ packet, all 

of its neighbours  ni  , i =1,2,3...,|N(s)| receive and process 

the RREQ packet. Assumed that node nk  has the largest 

number of common neighbours with node s, according to 

(3.2), node nk  has the lowest delay. Once this node 

rebroadcasts the RREQ packet, then more nodes can receive 

it, because node nk  has the largest number of common 

neighbours. Then, more number of nodes can exploit the 

neighbour knowledge to adjust their UCN sets. Of course, 

whether node nk  rebroadcasts the RREQ packet depends on 

its rebroadcast probability. The main objective of this 

rebroadcast delay is to disseminate the neighbour coverage 

knowledge more quickly. The node can set its own timer 

after determining the rebroadcast delay. 

B.  REBROADCAST PROBABILITY 

The node which has a larger rebroadcast delay may listen to 

RREQ packets from the nodes which have lower delay. For 

example, if node receives a duplicate RREQ packet from its 

neighbour nj , it knows that how many its neighbours have 

been covered by the RREQ packet from nj . Thus, node ni  

could further adjust its UCN set according to the neighbour 

list in the RREQ packet from nj . Then, the U ni   can be 

adjusted as follows: 

U ni = U ni −  U ni  ∩ N nj                                    (3.3)   

After adjusting the U ni , the RREQ packet received from 

nj  is discarded. The rebroadcast delay needs to be adjusted 

because the rebroadcast delay is used to determine the order 

of disseminating neighbour coverage knowledge to the 

nodes which receive the same RREQ packet from the 

upstream node. The node obtains the final UCN set after 

expiring the timer of rebroadcast delay of node ni .The final 

UCN set contains the nodes that need to receive and process 

the RREQ packet. If a node does not sense any duplicate 

RREQ packets from its neighbourhood, its UCN set is not 

changed, which is the initial UCN set. 
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The final UCN set can be used to set the rebroadcast 

probability.  The additional coverage ratio (Rac (ni)) of node 

ni  can be calculated as follows:  

 Rac  ni =
  |U ni  |

    |N ni |
  ,                                                                (3.4)  

This metric indicates the ratio of the number of nodes that 

are additionally covered by this rebroadcast to the total 

number of neighbours of node ni  . The nodes that are 

additionally covered need to receive and process the RREQ 

packet. As Rac becomes bigger, more nodes will be covered 

by the rebroadcast, and more nodes need to receive and 

process the RREQ packet. So the rebroadcast probability 

should be set to be higher. 

 If each node connects to more than 5.1774 log n of its 

nearest neighbours, then the probability of the network 

being connected is approaching 1 as the number of nodes in 

the network n increases. Then, 5.1774 log n can be used as 

the connectivity metric of the network. The ratio of the 

number of nodes that need to receive the RREQ packet to 

the total number of neighbours of node ni  is 

the connectivity factor  Fcf (ni) . In order to keep the 

probability of network connectivity approaching 1, have a 

heuristic formula 

|N (ni)|. Fcf (ni) ≥  5.1774 log n. 

 

The minimum Fcf (ni)  can be defined as the connectivity 

factor, which can be find as follows: 

              Fcf (ni  )  

=  
Ncv

 N ni   
 ,                                                       (3.5) 

where  Ncv = 5.1774 log n, and n is the number of nodes in 

the network. From (3.5), observed that when  N ni   is 

greater than Ncv ,  Fcf (ni) is less than 1. That means node ni  

is in the dense area of the network, then only part of 

neighbours of node ni  forwarded the RREQ packet could 

keep the network connectivity. And when |N (ni)| is less 

than  Ncv  , Fcf (ni) is greater than 1. That means node ni   is 

in the sparse area of the network, then node  ni  should 

forward the RREQ packet in order to approach network 

connectivity. The additional coverage ratio and connectivity 

factor can be combined to calculate the rebroadcast 

probability Pre (ni)  of node ni which can be defined as 

follows: 

             

Pre  ni = Fcf ni . Ra ni ,                                                     (3.6) 

where, if the  Pre  ni  is greater than 1, then set the Pre  ni  to 

1. 

 

The above rebroadcast probability is defined with the 

following reason. The parameter  Ra  does not consider the 

relationship of the local node density and the overall 

network connectivity. The parameter Fcf  is inversely 

proportional to the local node density. That means if the 

local node density is low, the parameter Fcf   increases the 

rebroadcast probability which in turn increases the 

reliability of the DTPR in the sparse area. Thus, the 

parameter Fcf  adds density adaptation to the rebroadcast 

probability. 

 

Note that the calculated rebroadcast probability Pre ni may 

be greater than 1. It just shows that the node must forward 

the RREQ packet when the local density of the node is so 

low. Then, node ni  need to rebroadcast the RREQ packet 

received from s with probability Pre  ni . 

 

C. ALGORITHM DESCRIPTION 

The formal description of the Neighbour Coverage Based 

Probabilistic     Rebroadcast for reducing routing overhead 

in route discovery is shown below. 

Algorithm 1. DTPR 

Definitions: 

RREQq: RREQ packet received from node q. 

Rq .id: the unique identifier (id) of RREQq. 

N(p) : Neighbour set of node p. 

U (p, x): Uncovered neighbours set of node p for RREQ 

whose id is x. 

Timer (p, x): Timer of node p for RREQ packet whose id is 

x. 

1: if ni  receives a new RREQs from s then 

2: {Compute initial uncovered neighbours set U    (ni,Rs . id) 

for RREQs} 

3: U (ni,Rs . id) = N(ni) −  N ni ∩ N s  −  s  
4: {compute the rebroadcast delay Trd  ni  } 

5: Tp ni = 1 −
|N s  ∩N ni |

|N s |
 

6: Trd  ni   =Max Delay × Tp ni  

7: Set a Timer (ni,Rs . id) according to Trd  ni    

 8: end if 

 9: while ni  receives a duplicate RREQj from nj before 

Timer (ni,Rs . id)expires do 

10: {Adjust U (ni,Rs . id)} 

11: U (ni,Rs . id)= U (ni,Rs . id) − [U (ni,Rs . id) ∩ N(nj)] 

12: discard (RREQj) 

13: end while 

14: if Timer (ni,Rs . id) expires then 

15: {Compute the rebroadcast probability Pre (ni)} 

16: Rac  ni =
  |U ni ,Rs  .id |

    |N ni |
 

17: Fcf (ni)= 
Ncv

 N ni  
 

18: Pre  ni = Fcf (ni).  Rac  ni  

19:  if Random (0, 1)  ≤   Pre  ni  then 

20:     broadcast (RREQs) 

21:  else 

22:     discard (RREQs) 

23:   end if 

24: end if 

 

 
IV. PROPOSED WORK 

 

A. CONCEPT OF RELIABLE ROUTING 

 
The design of Reliable Routing is based on reliable 

forwarding and neighbour coverage.  In this scheme it is 

assumed that the nodes are aware of the positions of their 

own and their direct neighbours. The information of the 
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location of neighbourhood can be exchanged using one-hop 

beacon in the header of the data packet. Also assume that a 

location registration and a lookup service which maps the 

addresses of node to the corresponding location is available 

for the position of the destination as in [5]. To transmit a 

packet, a source node gets the location of the destination 

first and attaches it to the header of packet. The multihop 

path may diverge from the true location of the final 

destination and a packet would be dropped even if it has 

already been delivered into the neighbourhood of the 

destination due to the destination node’s movement. 

 

An additional check for the destination node is introduced to 

deal with such issue. The node that forwards the packet will 

check its neighbour list at each hop to see whether the 

destination is within its transmission range. If it is in the 

range, the packet will be directly forwarded to the 

destination. In conventional opportunistic forwarding, either 

IP broadcast or an integration of routing and MAC protocol 

is adopted , to have a packet received by multiple 

candidates. Because of the lack of collision avoidance 

support for broadcast packet in current 802.11 the former is 

susceptible to MAC collision. The latter one requires 

complex coordination and is not easy to be implemented. In 

PRR, we use similar scheme as the MAC multicast mode 

described in [13]. The packet is transmitted as unicast (the 

best forwarder which makes the largest positive progress 

toward the destination is set as the next hop) in IP layer and 

multiple reception is achieved using MAC interception. All 

the nodes within the transmission range of the sender can 

eavesdrop on the packet successfully with higher probability 

due to medium reservation  and the use of 

RTS/CTS/DATA/ACK significantly reduces the collision. 

 

Each of  the data packets  that are transmitted in a multicast-

like form,  is identified with a unique tuple 

(source_ip,seqn_no) where source_ip is the IP address of 

the source node and seqn_no is the corresponding sequence 

number.  A gradually increasing sequence number is 

maintained by every node, and an ID_Cache to record the 

ID (source_ip, seqn_no) of the packets that have been 

recently received. The packet will be discarded If it is 

received again with the same ID. Otherwise, if the receiver 

is the next hop it will be forwarded at once. if it is received 

by a forwarding candidate, it is cached in a Packet List 

 

When the time slots  exceeded the waiting limit the packet 

in the Packet List will be sent out or discarded if the same 

packet is received again during the waiting period (this 

implicitly means a better forwarder has already carried out 

the task). The  reliable routing scenario can be simply 

illustrated in Fig. 1. With out link break that is the normal 

situation, the packet is forwarded by the next hop node 

(such as nodes E,A) and the forwarding candidates (such as 

nodes C, B; nodes G, F) will be suppressed (i.e., the same 

packet in the Packet List will be dropped) by the 

transmission of  next hop node. In the case of, node A fails 

to deliver the packet (either node A has moved out or it 

cannot receive the packet),  the forwarding candidate with 

the highest priority, the node B, will relay the packet and 

suppress  the forwarding of the lower priority candidate ( 

node C) as well as node S. Node S will remove node A from 

the neighbour list and select a new next hop node for the 

subsequent packets by using the feedback from MAC layer. 

The packets in the interface queue will be given a second 

chance to reroute taking node A as the next hop The packet 

pulled back from the MAC layer will not be rerouted as 

long as node S overhears node B ’s forwarding. 

 
B. SELECTION AND PRIORITIZATION OF 

FORWARDING 

CANDIDATES 
 
The key problem related to this scheme is the selection and 

prioritization of forwarding candidates. The nodes  which 

are located in the forwarding area [14] would be considered 

as  the  backup nodes. The sender and the next hop node 

determines the forwarding area .The node which is  located 

in the forwarding area must  satisfies the two  following 

conditions: 1) it must makes positive progress toward the 

destination; and 2) its distance to the next hop node should 

not exceed half of the transmission range of a wireless node 

(i.e., R=2) so that ideally all the forwarding candidates can 

hear from one another.  

 

 
Fig.1. (a) Normal Operation. (b) Operation of routing when the 

next hop fails to receive the packet. 

 

In Fig. 1, the bold curve which encloses the area is defined 

as the forwarding area. The nodes in this area, besides node 

A (i.e., nodes B, C), are potential candidates The forwarding 

candidates are selected according to the required number of 

backup nodes,. The forwarding candidate’s priority is 

decided by its distance to the destination. The higher 

priority it will get when it is nearer to the destination. The 

node selects the next hop forwarder as well as the 

forwarding candidates among its neighbours when a node 

sends or forwards a packet. The next hop and the candidate 

list comprise the forwarder list. Algorithm 2 shows the 

procedure to select and prioritize the forwarder list.  The 

packet header is attached with the candidate list and updated 

hop by hop. The forwarding candidates are the ones which 

are specified in the candidate list. The node has higher 

priority when the index of the node in the candidate list is 

lower. 
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Algorithm 2. Candidate Selection 

 

ListNL : Neighbour List 

ListCL : Candidate List, initialized as an empty list 

DN:  Destination Node 

Breadth: Distance between current node and DN 

if find(List NL,DN) then 

     next_hop ←ND 

     return 

end  if 

for i ← 0 to length(List DN)  do 

     List NL[i].dist← dist(List NL[i] ,DN) 

end for 

List NL.sort(  ) 

next_ℎ𝑜𝑝 ←  List NL[0] 

for i ← 11 to length(List NL) do 

     if dist(List NL[i],DN)≥ breadth (List CL)= N 

      then 

         break 

      else if dist(list NL[i], list N[0] < R/2 then 

         List CL.add(List NL[i]) 

    end if 

end for 

 
A forwarding table is maintained in every node for each 

flow of the packets which has forwarded or sent. A new 

forwarder list is calculated by looking the forwarding table  

to check whether  the valid item for that destination is still 

available or not. During data packet transmissions the 

forwarding table is constructed and its maintenance is very 

easier than a routing table. Forwarding table takes much less 

time to be constructed since its establishment depends on 

local information. Therefore, an expire time can be set on 

the items maintained to keep the table relatively small. In 

other words, only the current active flows are recorded by 

the table .But in conventional protocols, when the time of 

route expires, it would require more resources to rebuild. 

 
V. PERFORMANCE EVALUATION 

 

A. SIMULATION ENVIRONMENT 

 

Using the NS-2 simulator evaluated the performance of the 

proposed Reliable DTPR and compared it with AODV 

AND DTPR. The topology size taken for simulation is 

1000m×1000m, in which 80 mobile nodes move for a 

simulation time of 900 seconds. The transmission range is 

250 meters and the simulated traffic is Constant Bit Rate 

(CBR). 

 

 

 

 

 

 

 

 

 

The parameters of simulation are summarized in table 

                                     

                                 TABLE 1 

 
              

B. PERFORMANCE METRICS 

 

 The performance of routing protocols is evaluated using the 

following performance metrics: 

• Normalized routing overhead: The ratio of the total packet 

size of control packets (include RREQ, RREP, RERR and 

Hello) to the total packet size of data packets delivered to 

the destination 

• Packet delivery ratio: The ratio of the number of data 

packets that are received by the CBR destinations to the 

number of data packets generated by the CBR sources. 

• Average end-to-end delay: the average delay of 

successfully delivered CBR packets from source to 

destination node. 

 

C. RESULTS 

 

In the first experiment we compare the routing overhead 

with varied number of nodes, in which the Reliable DTPR 

yields 74.9% less overhead   than the existing AODV and  

NCPR. 

 

 
 

Fig.2.Comparison of routing overhead with AODV and NCPR 
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Secondly we compare the packet delivery ratio with a varied 

number of nodes which increases the packet delivery ratio 

higher than the AODV and  NCPR protocol. 

 

 
 

Fig.3. Packet Delivery Ratio 

 

The throughput of Reliable DTPR is very much increased 

when compared to the AODV and NCPR approach, which 

is illustrated in the following figure no:4. 

 

 
 

Fig.4.Enhanced throughput compared to AODV and NCPR 

 

VI. CONCLUSION 
 

In this paper, the problem of reliable data delivery in dynamic 

mobile ad hoc networks is addressed. Conventional ad hoc 

routing protocols incapable of providing satisfactory 

performance due to the constantly changing network topology. 

In the case of frequent link break age due to node mobility, 

substantial data packets would either experience long latency 

before restoration of connectivity or get lost. Hence proposed a 

novel reliable routing DTPR mechanism for mobile ad hoc 

networks   which takes advantage of the neighbour coverage 

routing and the  broadcast nature of wireless medium. Several 

forwarding candidates are also explicitly specified in case of 

link break, besides selecting the next hop. Leveraging on such 

natural backup in the air, the route which is broken can be 

recovered in a timely manner. The efficiency of the 

involvement of forwarding candidates against node mobility, as 

well as the overhead of  forwarding is analyzed. The 

effectiveness and efficiency of the Reliable DTPR mechanism 

is confirmed through simulation. High packet delivery ratio is 

achieved while the delay and overhead are lower. 
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