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Abstract 
 

Information theory progression along with the advancements being made in the field of 
Vehicular Ad hoc NETworks (VANETs) supports the use of coding-aware opportunistic 
routing for efficient data forwarding. In this work, we propose and investigate an adaptive 
coding-aware routing scheme in a specific VANET scenario known as a vehicular platoon. 
Availability of coding opportunities may vary with time and therefore, the accurate 
identification of available coding opportunities at a specific time is a quite challenging task in 
the highly dynamic scenario of VANETs. In the proposed approach, while estimating the 
topology of the network at any time instance, a forwarding vehicle contemplates the 
composition of multiple unicast data flows to encode the correct data packets that can be 
decoded successfully at destinations. The results obtained by using OMNeT++ simulator 
reveal that higher throughput can be achieved with minimum possible packet transmissions 
through the proposed adaptive coding-aware routing approach. In addition, the proposed 
adaptive scheme outperforms static transmissions of the encoded packets in terms of coding 
gain, transmission percentage, and encoded packet transmission. To the best of our knowledge, 
the use of coding-aware opportunistic routing has not been exploited extensively in available 
literature with reference to its implications in VANETs. 
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1. Introduction 

Immense technological progress in the field of networks and communications has made 
possible the Inter-Vehicle Communication (IVC) on roads and named as Vehicular Ad hoc 
NETworks (VANETs). The VANET is a special subset of Mobile Ad hoc NETworks 
(MANETs) in which vehicles equipped with wireless interfaces  communicate to each other 
(known as Vehicle-to-Vehicle (V2V) or Car-to-Car (C2C) communication) as well as with 
fixed roadside equipment (known as Vehicle-to-Infrastructure (V2I), Car-to-Infrastructure 
(C2I) or Vehicle-to-Road (V2R) communications) on highways and city roads [1] [2] [3]. 
Over the years, the VANET has attracted both the automotive industry as well as the research 
community with an objective of Telematics promotion towards the establishment of the 
Intelligent Transportation System (ITS) for the provisioning of a range of 
applications/services to both on-road drivers and passengers. Moreover, in recent years, it has 
been observed that in order to deal with specific issues of traffic congestion, highway capacity, 
CO2 emission etc., platoon-based driving pattern (vehicular platoon) has been encouraged in 
comparison to individual driving [4] [5] [6]. The platoon-based driving pattern is a 
co-operative way of driving pattern in which a group of vehicles with common interests 
communicate with each other. The applications of vehicular platoon systems are beneficiary in 
various aspects such as 1) traffic flow optimization to reduced congestion 2) promotion of 
green traffic concept to decrease fuel consumption and 3) provisioning of infotainment 
services with efficient data delivery among vehicles within a platoon  [7] (as shown in Fig. 1 
(a)).      

 
Fig. 1. (a) Types (b) Challenges of vehicular platoon systems  

 
Efficient data dissemination in vehicular platoon demands resolution of arduous challenges 
such as technical (MAC, Routing), social (impact on human behavior), data heterogeneity, 
security/privacy etc. [8] [9] as summarized in Fig. 1 (b)). In this article, we have proposed an 
adaptive hop-by-hop coding-aware opportunistic routing scheme that performs inter-flow 
coding of data packets relying on the available information of the current network topology 
and the existing composition of multiple bidirectional unicast data flows at any instance of 
time. The proposed routing operation is validated through the simulations using OMNeT++ 
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[10] [11]. The simulation-based analysis of the proposed approach demonstrates that 
appropriate encoding of data packets (belonging to different flows) eventually reduces the 
number of transmissions. 

The rest of this paper is organized as follows: Section 2 provides detail about fundamental 
differences between coding-aware and coding-based routing protocols and associated 
challenges. Section 3 presents the proposed coding-aware routing scheme, which reduces the 
number of transmissions required for efficient data dissemination. Section 4 provides a 
mathematical model of the modified mobility model. The simulation modeling and analysis 
details for evaluation of the proposed approach are discussed in Section 5. Finally, we 
conclude this paper in Section 6. 

2. Opportunistic and Coding-Aware Routing 
In opportunistic routing, multiple neighbors can overhear a transmitting node and upon 
receiving a data packet, selected set of a sender’s neighbor can continue the packet forwarding 
towards the destination while meeting the certain conditions [12] [13]. The contemporary 
opportunistic routing schemes can be categorized in various ways in terms of forwarder set 
selection and prioritization metric [14]. Regarding prioritization metric, Network Coding 
Based (NC-Based also known as Intra-flow) and Network Coding-Aware (NC-Aware also 
known as Inter-flow) approaches make forwarding decisions based on the available coding 
opportunities across several directions towards the destination node(s) within ad hoc networks 
[15]. To provide a better overview, the difference between NC-Based and NC-Aware routing 
(by depicting the phenomenon of mixing data packets) is elaborated in Fig. 2(a) and Fig. 2(b).   
 

 
Fig. 2. (a) NC-Aware routing (b) NC-Based routing in wireless ad hoc networks 

 
Fig. 2 (a) illustrates NC-Aware routing, where two vehicles V1 and V2 have packets for 
downstream vehicle VC. Upon receiving the packets, the vehicle VC combines packets received 
from V1 and V2 and then forwards the combined packet to other downstream vehicle(s) that are 
able to decode and recover required data packet. Fig. 2 (b) illustrates the NC-based 
phenomenon, wherein the source vehicle V broadcasts the linearly combined coded packets 
that belong to certain batches. Upon receiving, vehicle VC stores these innovative (linearly 
independent) encoded packets into its buffer and re-encodes (buffered packets of the same 
batch) before forwarding towards the destination vehicle. 

The implication of coding-based data dissemination in VANETs has been extensively 
analyzed in the literature [16] [17] [18] [19] [20]. In coding-based techniques, relayed data 
from a single source is actualized as a combination of random linear network codes. To the 
best of our knowledge, the existing NC-Aware routing schemes have not been exploited in an 
extensive manner with reference to its implementation in VANETs. However, the existence of 
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collaborative communication among vehicles within a specific stable platoon can take 
advantage of coding-aware opportunities. In this way, high throughput can be achieved with a 
reduced number of transmissions. In this research work, we have investigated the 
implementation challenges and associated advantages of the coding-aware routing for 
efficient data dissemination in the form of encoded data packets within a vehicular platoon. 

2.1 NC-Aware Routing Challenges in VANETs 
The implementation of NC-Aware routing in static wireless scenarios [21] [22] [23] [24] 

[25] [26] provides a fundamental basis to understand the usage of these routing schemes in 
dynamic ad hoc scenario. Following are the potential challenges of NC-Aware routing in 
dynamic VANETs:  
• The accurate discovery of the available coding opportunities is dependent on the 

collection of reception reports that each vehicle receives from its neighboring vehicles; 
• Availability of the coding opportunities depends on both the topology of the network and 

the composition of multiple bidirectional unicast data flows within the network. Therefore, 
knowledge of correct nodes for partial or full availability of encoding is required to be 
accurately known at each instance of time; 

• The cost of NC-Aware due to the XOR operation at coding points is usually low. However, 
the waiting time for the arrival of data packets from different flows is also required to be 
low;  

• The higher number of flows within a network can ultimately increase coding gain. 
However, in VANETs, NC-Aware may yield poor performance gain if waiting time of the 
buffered packet(s) is not adjusted appropriately. In other words, suitably fast encoding of 
the data packets is required at coding points in highly dynamic VANETs; 

• VANETs may be metropolitan-scale networks; therefore, NC-Aware routing protocols 
should consider the appropriate level of scalability. 

 
In addition to the above-mentioned challenges, we have considered general design goals 

(i.e., future event prediction, neighborhood discovery, multihop routing capability, and 
localized operations etc.) of VANET routing protocols. Fig. 3 illustrates encompassing 
general design goals that had been taken into account for the development of the various 
VANETs routing protocols. 

 
Fig. 3. VANETs routing protocols and associated general design goals 
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2.2 Limitations of the Existing NC-Aware Schemes in VANET 
In [14], the authors have recommended the taxonomy of NC-Aware routing approaches for 

ad hoc networks as shown in Fig. 4.  

NC Aware Routing Protocols

Passive

Centralized Distributed

Source 
Routing

Hop-by-hop
Routing

Active

 

Fig. 4. Taxonomy of NC-Aware routing protocols for ad hoc networks [14] 

Merits and demerits of the existing NC-Aware routing techniques with reference to their 
implications in VANETs are discussed below:  
• In Active NC-Aware routing schemes, each node actively optimizes the routing of data 

packets along with the selected paths to exploit the highly available coding opportunities 
to reduce the number of transmissions. However, the initial steps related to the 
identification of routes from the source node(s) to the destination node(s) are same as 
source routing steps that ultimately limits the scope of active NC-Aware routing within 
VANETs. 

• Centralized NC-Aware routing techniques are not suitable for VANETs because of sudden 
topology changes that may occur before the resolution of a central controller. Therefore, at 
any instance of time, it is difficult to find out the exact number of packets (to be coded) 
that could be decoded at destination nodes through centralized programming formulation 
schemes in dynamic scenarios. 

• The nature of VANETs fundamentally supports the use of Distributed NC-Aware routing 
approaches, where each node is responsible to take routing decision locally. In vehicular 
scenarios, protocols that make routing decisions based on the current network state are 
more suitable than those protocols where routing decisions are based on already 
established network state. Therefore, in highly dynamic scenarios of VANETs, 
hop-by-hop NC-Aware routing schemes are more suitable than the source NC-Aware 
routing approaches. (In this work, the simulations are performed in OMNeT++ to compare 
and prove the effectiveness of hop-by-hop NC-Aware routing over source NC-Aware 
routing schemes).  

2.3 Source vs Hop-by-hop Coding-Aware Routing in VANETs 
Using OMNeT++, three simple scenarios are implemented. Following Freeway Mobility 

Model (FMM) [27], simulations are carried out for a 3-lane highway (depicting one side of a 
highway) with a length of 5 km and a width of 10 m per lane. In all simulations, having a 
transmission range of 250 m, each mobile node is assigned a speed of 110 km/h. Each 
communication scenario comprises of five mobile nodes (indexed as 0, 1, 2, 3, and 4). Here, 
host0 and host3 are within the communication range of each other as well as in the range of 
host1. Similarly, host2 and host4 are within the communication range of each other as well as of 
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host1, as shown in Fig. 5.  
 

 
Fig. 5. VANET simulation layout in OMNeT++ 

It is assumed that each node has knowledge of its own location as well as of its one-hop 
neighboring nodes. Each packet contains 1500 bytes of data and duplicate packet transmission 
is assumed due to the packet drop in all scenarios.  

In the first scenario, host0 and host2 transmit data packets to each other without coding at 
mobile relay node host1. In the second scenario, results are obtained while host0 and host2 are 
involved in transmitting data packets to each other with coding that takes place at host1 and 
decoded at host0 and host2. The third scenario depicts a situation, where before the 
transmission of actual data packets, host0 and host2 send RREQ and RREP packets to find 
routes to each other. Host1 encompassing other mobile nodes within its transmission range is 
responsible to perform the encoding of data packets (by using the XOR operation) in the 
second and the third scenarios, which depict hop-by-hop and source NC-Aware routing of data 
packets, respectively. Decoding of data packets takes place at respective destinations based on 
the XOR operation.  

Different metrics (i.e., coding gain, and percentage of encoded transmissions) are used to 
analyze the performance of generalized source and hop-by-hop NC-Aware routing. Coding 
gain represents the ratio of the number of transmissions used by the non-coding approach to 
the number of transmissions used by the coding approach for the delivery of the same number 
of native (original) data packets. On the other hand, the percentage of the encoded 
transmissions can be defined as the total number of the encoded transmissions to total 
transmissions used to transfer a certain number of data packets within a wireless ad hoc 
networks. Simulations are performed by using linear mobility patterns of the INET framework 
[28] with uniformly distributed packet generation rates. By using different seed values, each 
scenario is executed ten times and the mean value is shown in Fig. 6 and Fig. 7.  

Fig. 6 presents a comparison of source and hop-by-hop NC-Aware routing with a different 
number of the native data packets transmitted from both the sources host0 and host2 in terms of 
coding gain. Simulation results reveal that the overall coding gain with hop-by-hop NC-Aware 
routing approach remains higher than that of the source NC-Aware routing approach. 
Although, the coding gain for hop-by-hop approach remains higher than the source NC-Aware 
routing; however, the coding gain differential of these schemes varies with a packet drop rate. 
The packet drop ultimately results in an increased number of transmissions in the source 
routing due to the higher transmissions of control packets. 
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Fig. 6. Coding gain (source vs. hop-by-hop inter-flow coding approach) 

Fig. 7 shows the percentage of the encoded transmissions over the total number of 
transmissions with source and hop-by-hop NC-Aware routing approach. Fig. 7 presents an 
evidence that the hop-by-hop NC-Aware routing approach is able to generate more coded 
transmissions. Therefore, the hop-by-hop technique outperforms source NC-Aware routing 
technique in terms of high data transfer towards the respective destinations. 
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Fig. 7. Encoded packets percentage (source vs hop-by-hop NC-aware approach) 

3. Proposed Adaptive NC-Aware Routing Approach 
This section presents our proposed approach of adaptive coding-aware routing for data 

dissemination in a vehicular platoon. The proposed approach performs hop-by-hop inter-flow 
coding before forwarding packets towards destination vehicles while utilizing the fully 
broadcast nature of the wireless channel. Formal description of the implied notations and 
coding rules for the proposed adaptive NC-Aware routing scheme are illustrated below. 

Concerning notations, graph G = (V, E) represents VANET topology comprises of a set of 
vehicles V and directed edges E representing direct communication flows of vehicles within 
defined communication range. For a vehicle v ∈ V, subsets of data flow set F denoted as F-(v) 
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and F+(v) represents incoming and outgoing data flows, respectively. Up(v, F) and Dn(v, F) 
denote the set of all upstream and downstream vehicles of vehicle v on data flow path F, 
respectively. In addition, for coding rule descriptions, let N(v) denotes the set of one-hop 
neighbors of v. At any instant of time, there may exist multiple data flows from vehicle vi to vj 
(i.e., F-(vi, vj)) and vice verse (i.e., F+(vi, vj)). Upon receiving multiple packets (i.e. pi, pi

-, pj, pj
-) 

belonging to opposite direction data flows (i.e. F-(vi), F+(vi), F-(vj), F+(vj)), respectively, the 
relay vehicle vr is able to encode all the received packets (i.e. p = pi ⊗ pi

-⊗ pj ⊗ pj
-) if  

 
• vr ∈ Forwarder Selected Set of data flows of vehicles vi and vj and 

• N(vr) = Up(vi, F-) ∪ Dn(vi, F+)  and  Up(vj, F-) ∪ Dn(vj, F+) and 

• E(vr) = E(vi) ∪ E(vj)  
 

Considering the above coding rules, the design of the proposed adaptive coding-aware routing 
approach consists of the following components: 
 
• Forwarder node selection  
• Network topology estimation and orientation of multiple bidirectional data flows  
• Encoding of packets in terms of availability of partial and impartial coding 

opportunities  
• Forwarding of coded packets  

 
For forwarder node selection, it is assumed that each node knows its own position through 

GPS and while taking into account the geo-distance towards the destination node, source 
nodes include the address of the destination node along with its own address and position. 
Therefore, based on this assumption, each broadcasted data packet carries the address as well 
as the location of the source node and the address of the destination node only. The address 
and location of the source node are required for the generation and broadcasting of the 
acknowledgment packet. The second component of the proposed approach deals with the 
estimation of the current flow-oriented topology of the network. After receiving packets from 
various sources, forwarder node can approximate the flow-oriented topology within the 
platoon by monitoring the address of the sender and the destination nodes. Another related 
step at this phase is opportunistic coding calculation that is the application of localized 
encoding of received native data packets from different flows on the basis of gained 
information about the topology and the flow of data packets from the source to the destination 
vehicles. Fundamentally, this step is related to the calculation of available coding 
opportunities and the appropriate encoding of data packets belong to different flows (that 
maximizes the coding gain), at the instance of forwarding time. The last component is the 
forwarding of encoded data packets towards the destination. However, before forwarding, 
coding node extracts and encodes data from selected native packets as well as the source ID of 
each source. The inclusion of the source ID in encoded data packets is required to generate 
acknowledgment against the successful decoding of a required data packet for that particular 
node. This hop-by-hop approach allows the coding nodes to opportunistically encode data 
packets after estimating the topology and flow of the data packets at any instance of time. 
Therefore, with the adaptive forwarding of maximum possible information in a single 
transmission, the proposed approach can significantly improve the network throughput. 
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3.1 Illustration of the Proposed Approach 
Consider a scenario in which FMM consisting of three lanes and five vehicles (A, B, C, D, and 
E) involved in platoon conversation moving in different lanes and there exist four 
communication flows (i.e. f1 (from A to E), f2 (E to A), f3 (B to D), and f4 (from D to B)) passing 
through a relay node C, as shown in Fig. 8. At any instant of time t1, it is considered that 
vehicles A, B, D, and E are within the transmission range of vehicle C. In highway scenario, 
vertically it is obvious that vehicles A,B and D,E are within the communication range of each 
other. In the scenario shown in Fig. 8, vehicle C is able to encode native data packets from 
different flows in various combinations. However, while estimating the topology of the 
network, only encoding combination of the native data packets b1,b4 and b2,b3 can significantly 
improve the performance of the network in this situation.  

On the other hand, considering the same data flows but with the topology of Fig. 9 at any 
other instance of time t2, vehicle C is able to encode all received native data packets within its 
queue and can further improve the performance of the network. The proposed approach 
consists of two major components i.e., detection of topology and communicating flows from 
received native data packets and accordingly do the appropriate encoding of native data 
packets through the calculation of beneficial coding opportunities. Details of the simulation 
modeling and obtained simulation results of the proposed scheme are discussed in section 4 
and section 5, respectively. 

Informal description, upon receiving data packets, vehicle C estimates that Up(C, F-) U 
Dn(C, F+) = {A, B, C, D} and it also fulfills the condition i.e., E(C) = E(A) U E(B) U E(D) U 
E(E). 

B

C

E

DA

b2,b1 

b1,b2 

b1

b2

b4,b3 

b3,b4 

b1,b2,b3,b4 
b3

b4

 

Fig. 8. Encoding of b1,b4, and b2,b3 at Node C is Appropriate 
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b2

b3

b4
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b1,b2,b3
b3,b1,b4

b4,b2,b3

b2,b1,b4  
Fig. 9. Encoding of data packet from all data flows at coding node C 

4. Simulation Modeling 
In VANETs, economic issues, logistic complexities as well as the technological restraints 

have made simulations a prominent choice for the protocol evaluations. However, one of the 
primary challenges in VANET simulations is the realistic description of the vehicular mobility 
[29] [30]. In this work, the evaluation of the proposed adaptive NC-Aware routing protocol is 
performed in OMNeT++ by using modified mobility scenario of FMM, which is a depiction of 
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a real highway scenario. Mathematical details of the modified FMM are discussed in Section 
4.1. 

4.1 Modeling of the Modified FMM 
During the last decade, a number of realistic mobility models have been introduced to 

support the accurate evaluation of routing protocols for the real VANETs [29] [30]. In the 
same context, this work is concerned to evaluate the performance sensitivity of the NC-Aware 
routing in the modified mobility scenario of FMM. To define realistic mobility behavior of 
vehicles within the modified FMM, the notational method as described in [31], [32] is 
followed. For vehicle N, the terms Xn(t), Vn(t) (or Vn), and Θn(t) are used to indicate the 
position, speed, and bumper to bumper distance respectively, at any time instance t, as shown 
in Fig. 10. The index 1±N  refers to the front and back vehicles following the same lane (in 
which N is moving). 

 

Fig. 10. Illustration of mobility notations 

4.1.1 Proposed Modified FMM 

 FMM (proposed in [27]) is a generated-map-based model that depicts highway traffic. 
However, it is conceived as unrealistic due to its limitation in terms of overtaking and lane 
changing. To evaluate the performance of routing protocols with more realistic mobility 
patterns, FMM with certain modifications [33] has been implemented. While dealing as a 
category of car-following model, main features associated with the modified FMM are 
explained below: 
-  The simulation area comprises a number of freeways and ultimately each side of a freeway 

consists of three lanes i.e. fast, slow, and overtaking lane. 
-  Considering Fig. 10 and microscopic mobility description of [27], at any instance of time t, 

the speed of a vehicle Z is confined to a lane is Vz(t), and at each next time step ∆t, the speed 
of this particular vehicle will be  

)1(...)()()( tatVttV zzz ⋅+=∆+ η  
where az(t) is acceleration of vehicle Z at any instance of time t, and the random variable η is 
used to introduce randomness (in the range [-1,1]) while vehicles are updating their speed. 
For each vehicle, Vz(t) is required to be within the range of maximum and minimum allowed 
speed as [Vmin, Vmax]. ∆Vz indicates a change in the speed of vehicle Z and it must be  

)2(...|)()(| ttVtVV zzz ∆+−=∆  
It indicates that variation in the speed (∆Vz) of a vehicle Z is non-uniformly distributed 
within the interval [amin x ∆t, amax x ∆t]. Here, for vehicle Z at any instance of time, amin and 
amax represent allowed minimum and maximum deceleration/acceleration, respectively.  

- While maintaining a safety distance (Sdist) between subsequent vehicles, any two vehicles 
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   (say Z and Z+1 of Fig. 10) are supposed to remain in a lane. 
 

0)(
)3(...)()(

)(

1

≤

≤
≤Θ∀∀

+

dt
tdV

tVtV
thenStif

z

zz

distztz

 

 Here, Θz(t) is the bumper-to-bumper distance of vehicle Z from its anterior vehicle Z+1 

(shown in Fig. 10),  and the term dt
tdVz )(

 indicates the acceleration (of vehicle Z), at any 
instance of time t. Equation (3) points out the condition that if two vehicles come close to 
each other in a way that the bumper-to-bumper distance between them approaches Sdist from 
each other. For this reason, while considering the vehicles Z and Z+1 of Fig. 10 within the 
safety distance of each other, the condition states that within the Sdist, the speed of the 
succeeding vehicle (Z) must not exceed the speed of the preceding vehicle (Z+1). Therefore, 
to restrict overtaking, succeeding vehicle (Z) is required to move either with constant speed 
or decelerate. 

- Taking into account the Intelligent Driver Model with Lane Changing (IDM-LC) [31] [32], 
overtaking has been allowed in modified mobility models. A vehicle is allowed to overtake 
if the feasibility of overtaking vehicle (in terms of acceleration) is higher than the feasibility 
(in terms of deceleration) of coming vehicle from backside in the new lane (e.g. vehicle Z 
and Y in case of Fig. 10): 

)4(...)
)()(

())()((
//

dt
tdV

dt
tdV

dt
tdV

dt
tdV yyzz −≥−  

Here dt
tdVz )(/

and dt
tdVy )(/

 are used to specify updated acceleration and deceleration of vehicles 
Z and Y respectively, after lane changing. Moreover, it is required that sudden deceleration 

dt
tdVy )(/

 for vehicle Y in the fast lane should be more than the amin (negative sign indicates 
deceleration) and at the same time, the sudden increase in vehicle Z’s acceleration should be 
less than amax as equation (5) points out.  

)5(...
)(

,)(
min

/

max

/

a
dt

tdV
a

dt
tdV yZ −><  

- For returning back to the previous lane, it is required for vehicle Z to consider the 
acceleration as well as the distance of the posterior vehicle Z+1 in the previous lane. 
While entering into the previous lane, vehicle Z considers the returning point distance 
(Rdist) between itself and vehicle Z+1, which should be at least double than the Sdist 
between these two vehicles. Furthermore, the change in acceleration of vehicle Z is 
required to be greater than change of vehicle (Z+1)’s acceleration.  
 

)6(...)()()()( /
11

/

dt
tdV

dt
tdV

dt
tdV

dt
tdV zzzz ++ −≥−  

 
The next step deals with the simulation modeling of modified FMM with the initial 

deployment of nodes at random positions in specified lanes of the defined simulation area. 
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4.1.2 Simulation Model for Adaptive NC-Aware Routing 

OMNeT++ with the available support of the INET framework is utilized for the performance 
evaluation of the proposed scheme. Various mobile nodes are deployed as compound modules 
(composed of various sub-modules i.e. mobility, pathfinding, and inter-flow coding 
application module etc.) in the simulation area. The overall simulation consists of various 
components defined within files of different extensions (i.e., .ned for network definitions, .cc 
for implementation definition with C++, and .msg for message definitions). By taking into 
account various parameters (i.e., topology size, mobility directions, number of lanes etc.), 
mobile nodes following linear mobility model of the INET framework are considered for 
the road topography of three lanes with a length of 10 km and a width of 10 m per lane. The 
mobility details (at mobility layer) include the speed, acceleration, as well as coordinate 
positions of a particular node at any instance of time within the defined simulation area. 
The ChannelControl module of the INET framework is helpful in the provisioning of 
information related to the mobility and position of nodes within the defined. Moreover, for a 
particular mobile node, the ChannelControl module is used to discover other mobile nodes 
within its communication range. Another important module is the NotificationBoard that is 
required for the notification of events related to the change in the position of mobile nodes 
during the simulation. Implemented network coding module is responsible for the 
generation, encoding, and decoding of data packets. Moreover, this module is also 
concerned with the maintenance of Fist-In First-Out (FIFO) for virtual queues of a mobile 
node to store information of received packets and its neighboring nodes. For initial 
deployment of nodes, separately generated files containing details of initial coordinates of 
each mobile node is important to be included in the configuration files. Furthermore, for 
the configuration of each scenario, various parameters (i.e., dimensions of simulation area, the 
power to transmit packet/transmission range, and type of mobility with specified mobility 
parameters) are required to be set through specific .ini files. General parameters that have been 
considered for the implementation and evaluation of the NC-Aware routing are summarized in 
Table 1 and a screenshot of the defined simulation topology is shown in Fig. 11. 

 

 

Fig. 11. Simulation screenshot of coding-aware data dissemination in OMNeT++ 

 
The last step is concerned with the definition of data packets. Each data packet contains 

information about the transmission power, channel number, coordinates of sender node, 
source/destination addresses, and the packet payload. 
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Table 1. Simulation parameters 

Parameter Value 

Simulation Tool OMNeT++ 

Simulation Time 300-900 Sec. 
Mobility Model Modified FMM 
Topology Size 10 Km x 60 m 

Number of Lanes 3 

Lane width 10 m 

Node Density 10 

Source nodes (Data Flows) 4 

Node Speed 60 Km/h – 120 Km/h 

Packet Size 1500 bytes 

Transmission Range 250 m 
Signal Attenuation 
Threshold - 110 dBm 

 

5. Performance Evaluation of the Adaptive NC-Aware VANET Routing 
The simulation results of the proposed NC-Aware routing scheme in comparison with 
general hop-by-hop routing algorithm without coding (WNC) as well as with two (NC2) 
and four (NC4) packets coding-aware routing schemes are discussed in terms of average 
throughput, the percentage of encoded transmissions, and transmission percentage.  

Average throughput is the amount of successfully received data by the receiver nodes per 
unit time and is calculated as the total number of bits received at each node divided by the 
simulation time. Percentage of the encoded transmissions shows the efficiency of a system 
and is calculated as the ratio of coded transmissions to the total number of transmissions 
within the network. Moreover, transmission percentage of different encoded packets within 
the proposed scheme is harnessed to describe the adaptability behavior between different 
encoding schemes within a particular scenario. 

Graph curves of Fig. 12 indicate that the proposed adaptive coding scheme can significantly 
improve the network throughput as compared to the WNC scheme wherein the relay nodes 
forward data packets without encoding.  
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Fig. 12. Average throughput (proposed scheme with coding and non-coding approach) 

 
Similarly, it is also noticed that average throughput for NC-Aware routing scenario of NC4 

remains significantly lower in comparison with NC2 and the proposed approach. It is due to 
the reason that relay nodes have to wait a long time for the reception of data packets from four 
different flows to encode them together. Meanwhile, rapid change in topology lowers the 
possibility of encoding. However, the probability of rapid topology change is very low in a 
real vehicular platoon scenario. 

Throughput differential of NC2 and NC4 indicates that encoding of data packets from two 
different flows is much higher in comparison with the encoding of four data packets from 
different flows. However, this throughput differential is highly dependent upon scenario or 
varies from scenario to scenario. The probability of four data packets encoding can be 
comparable to the probability of the encoding of two data packets in a highly congestion 
situation with a higher number of data flows. On the other hand, the proposed scheme also 
shows higher throughput than NC2. The throughput differential of the NC2 and the proposed 
scheme is not very high but the adaptive behavior supports the implication of proposed scheme 
in dynamic ad hoc networks. This is due to the fact that network topology is dynamic and with 
the information of current topology and the composition of multiple unicast data flows, the 
proposed approach is able to encode data packets with the actual coding opportunities 
available at coding nodes at any instance of time.  

Fig. 13 shows that overall percentage of the encoded transmissions remains high for NC2. 
However, the proposed scheme with less percentage of the encoded transmissions is able to 
increase the throughput of the network as shown in Fig. 12. In general, a higher percentage of 
the encoded data packets leads to the higher network throughput; however, the adaptive nature 
of the proposed scheme improves the network throughput by maximizing the number of 
packets to be encoded in a single transmission. Therefore, while estimating the topology 
through the composition of data flows within the ad hoc scenario, proposed scheme connects 
localized encoding of maximum packets with hop-by-hop opportunistic forwarding of the data 
packets. The difference between the percentages of the encoded packet transmissions varies 
from scenario to scenario. It becomes evident from Fig. 13 that the encoded transmission 
differential varies during the simulation evaluation of a particular scenario. It is due to the 
reason that encoding probability of maximum data packets changes at every instance of time in 
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dynamic ad hoc networks. Moreover, it is observed that the percentage of the NC4 coding 
scheme remains lower than that of NC2 and the proposed scheme and is the main cause of low 
network throughput. It is essential to specify that in a particular situation, NC4 scheme with a 
high probability of the encoding of four data packets from different flows can outperform NC2 
at a low percentage of the encoded transmissions. 
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Fig. 13. Encoded transmission percentage (proposed scheme vs NC2 and NC4)   

Fig. 14 indicates the transmission percentage of uncoded, two coded and four coded packets 
during the simulation. The changing trends of curves for two encoded and four encoded packet 
transmissions indicate the adaptability of the proposed scheme in coding packets according to 
the suitable opportunities.  
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Fig. 14. Transmission percentage for un-coded, two- and four- coded packets in the proposed 

scheme 
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Initially, at the start of the simulation, the proposed scheme adopted to encode four data 
packets more than two data packets (as shown in Fig. 13), and this is the main reason for the 
low percentage of the encoded transmissions at the start of simulation (as shown in Fig. 13). 
However, as the simulation proceeds, the proposed approach adopted to encode two packets 
(that is more frequent) and consequently high percentage of encoded transmissions can be 
seen in Fig. 13. 

6. Conclusions and Future Work 
Pertaining to the progress in the field of information theory and its association with VANETs, 
this study provides a fundamental basis for the application of the state-of-the-art NC-Aware 
data dissemination within VANETs in the context of routing. In order to comprehensively 
exploit the use of information related to the topology and the composition of unicast data flows 
within the VANETs, an adaptive topology-based flow-oriented NC-Aware routing scheme is 
proposed, which supports the dynamic encoding of data packets from particular data flows to 
improve the network performance. This work provides significant insights in support of the 
NC-Aware routing protocols in VANET scenario. The possible future research directions 
related to the implications of this area are listed below: 

• Vehicular platoons can be of large-scale and therefore NC-Aware routing protocols 
should consider the appropriate level of scalability related to the encoding and decoding of 
data packets;  
• From  the discussion of NC-Aware routing protocols, it becomes evident that these 
protocols improve  QoS parameters (i.e., throughput, reliability etc.) but there is a need of 
mechanism which is more concerned with the constraints within QoS parameters; 
• The effect of dynamic behavior and design of light-weight NC-Aware routing 
approaches for low processing delays at each node are other future dimensions related to 
their implementation in dynamic ad hoc networks. 
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