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Abstract

Vehicular ad hoc networks (VANETS) have received considerable attentions
both from academics and industries. VANETSs are promising for multi-hop
data delivery between a source and a destination vehicle (or a node) because of
their specific characteristics such as high level of mobility in constrained and pre-
dictable city /highway road networks. Multi-hop data delivery is useful for many
real-life applications, such as a driver or a passenger in the moving vehicle may
be interested to query for a sale in the shopping mall through fixed location-
based service provider, or to know about available parking spaces or current
traffic conditions of a region. In each cases, there is a need to handle real-time
traffic information to accurately transfer data between a source and a destina-
tion node. Although, multi-hop data delivery is an well studied area, its existing
methodologies mainly focus on predicted /approximate traffic and cannot adopt
to dynamically changes of traffic condition. In this thesis, we address the prob-
lem of handling real-time traffic information. To efficiently deliver the data
from a source to a destination we develop a novel methodology, Mobility Aware
Data Delivery (MADD) that considers global (predicted/approximate) and lo-
cal (real-time) traffic conditions. We develop three approaches: global window
based approach (MADD-G), local window based approach (MADD-L) and hybrid
approach (MADD-H). We carried out extensive experiment to demonstrate the
effectiveness and efficiency of MADD-H and MADD-L with baseline approach
MADD-G and other techniques GPSR, GPCR and RBVT-R. Simulation results

X1



show that the MADD-H outperforms other approaches in terms of number of

hops, average delivery time and average delay.
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Chapter 1

Introduction

1.1 Vehicular ad hoc networks (VANETS)

Vehicular ad hoc networks (VANETS) [15] have received considerable attention
both from academics (e.g., Network on Wheels [21], Sevecom [26], VIC’s [30])
and industries (e.g., Car-to-Car [3], eSafety [6]) in recent years. VANETS are en-
visioned as next generation intelligent vehicular networking technologies where
moving cars are treated as nodes. VANETSs that work on short range wireless
communications, are capable of working in two environments: vehicle talking
to vehicle (V2V) or vehicle talking to roadside infrastructure (V2I) [5]. They
are also seen favourable for future data delivery networks for many applications
(e.g., traffic safety, traffic jams, location-based services) as future smart cars are
equipped with GPS, sensors, computing and communication devices in order to
harness the power of technologies.

VANETSs are promising for multi-hop data delivery because of their spe-
cific characteristics such as high level of mobility in constrained and predictable
city /highway road networks. It makes end-to-end connection possible between
a source and a destination which is otherwise impossible to achieve in a sparse

network. Multi-hop data delivery is useful for many applications where a mov-



ing vehicle may want to query a fixed location-based service provider, or a
region several miles away from the vehicle’s current position. In the first case,
the vehicle may be interested for a sale in a shopping mall or for the price of
fuels of a gas station. Whereas in the second case there is no fixed location-
based server, and the vehicle may be interested to know the available parking
spaces or current traffic conditions in a region. In this scenario, the query is first
forwarded to a vehicle in the region and then broadcasted to all participants.
In both cases, there is a need of addressing the data delivery challenges such
as collecting real-time traffic information and adopting dynamically changes of
traffic condition for timely disseminating data to the recipients.

The rest of this chapter is organized as follows. Section 1.2 gives a short
glimpse over data delivery challenges. Section 1.3 depicts an example of dynamic
traffic condition in a city road environment. Section 1.4 presents the motivations
of this work. Section 1.5 highlights the contribution of our work. Finally, in

Section 1.6 the organization of the entire thesis paper is outlined.

1.2 Data Delivery Challenges in VANETSs

Efficient routing in VANETS is essential to deliver the data to a destination with
minimum delay. The traditional routing protocols for mobile ad hoc networks
(MANETS) are not suitable for VANETSs due to their typical characteristics
like fast movement of vehicles and frequent network partitions. To address this
issues, number of geographical protocols, e.g., greedy-face-greedy (GFG) [2],
greedy other adaptive face routing (GOAFR) [14], and greedy perimeter state-
less routing (GPSR) [12] have been developed in VANETS. Despite better path
stability geographical forwarding does not perform well in a city-based environ-
ment as it considers nodes in Euclidean space, which is not suitable for data

delivery in a constrained network space, e.g., a road network. With this motiva-



tion, a number of road-based routing protocols such as MDDV [29], Gytar [10],
CAR [20], and VADD [31] have been designed for city-based environment. The
major limitations of these approaches is that they are based on historical data
and thus assume static traffic pattern.

Later, Nzouonta et al. in [22] has demonstrated two road-based vehicular
traffic (RBVT) routing schemes: RBVT-R and RBVT-P on a city-based road
network. The major limitations of these two approaches are: (i) route discovery
process works only on approximate the traffic information and does not contem-
plate the dynamically changing traffic pattern while delivering the data from a
source to a destination, and (ii) flooding in the network is relatively higher. We
argue that the traffic in roads is more dynamic and therefore, there is always
a need of real-time i.e. local information to accurately transfer data between
a source to a destination. Thus the success rate and the time of routing in

VANETSs mainly depend upon the real-time traffic density.
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Figure 1.1: (a) Traffic scenario of a city environment where a source vehicle S
is forwarding a packet to a destination D at time stamp ¢; (b) Traffic scenario
changes when the forwarded packet reaches to intersection point I at time

stamp to.



1.3 An Example of Traffic Conditions

In this section, an example is depicted in Figure 1.1 to illustrate how to find
a suitable path and adopt in dynamic change of traffic pattern environment.
Figure 1.1 (a) shows from a source S, we like to deliver a packet towards a
destination D through number of road segments. Source S can forward the
packet through different paths like Iy — Iy — I; — I, [y — I, — I5 — g,
I — Iy — I5 — Ig, etc. Apparently, it seems that among these path, I; — I, —
I5 — I3 is the shortest path basing on traffic density. But within a short time
the traffic condition in the forwarding direction path may change. Therefore, we
cannot progress towards a destination point with predicted/approximate traffic
information only. In the next example we find the changing traffic condition
in different time stamp. In this case, source S calculates optimal route path
I, —» Iy — I; — Ig at time stamp ¢;. In Figure 1.1 (b) shows that when the
packet reaches at intersection I at time stamp t5, the forwarding packet find
the path I — I; — Ig has high traffic density. In this case, the alternative
path in this changing scenario can be Iy — I5 — I3. After comprehending this
scenario, we can firmly stand into our arguments that the traffic conditions in

the road are continuously changing. We term this as dynamic traffic condition.

1.4 Motivations

In this thesis, we address the dynamic changing of traffic pattern by handling
efficient data delivery in real-time traffic environment. We develop a novel
mobility aware data delivery (MADD) for VANETSs and also a new concept
to work on global window (approximate/predicted information) and local win-
dow (real-time information) to handle dynamic change of traffic in city-based
road network. In our approach, traffic light posts are positioned in the road

intersection point and assumed to have similar processing and communication



capabilities as vehicles. Traffic posts use periodic beacon messages to update
the traffic conditions of their surrounding roads. Each traffic post stores real-
time traffic information obtained from the received beacon messages that are
sent from different neighboring traffic posts. In addition, we introduce a new
concept of handling stalemate situation due to unavailability of traffic by hold-
ing data in static traffic light post positioned in the road intersection point when
the moving carrier vehicle have no nearby vehicle within its vicinity.

We adopt carry and forward approach [31] that ensures the packet delivery
in a sparse network, where a vehicle carries the packet until it encounters a
new suitable vehicle in its communication range and forwards the packet to
the new vehicle. In this paper, we develop three approaches: global window
based approach (MADD-L), local window based approach (MADD-L) and hybrid
approach (MADD-H). First, we trigger our methodology with global window
approach (MADD-G) that gives intuitive idea to predict/approximate the traffic
scenario by limiting a boundary global window from a source to a destination.
In the second approach, we utilize this intuition and progress on the real-time
traffic by defining local window in local window based approach (MADD-L).
The key idea of this approach is to limit the boundary space within immediate
neighbours. Lastly, we blend the two concept of global (predict/approximate)
and local (real-time traffic) information to find a best possible solution to reach

towards destination in hybrid approach (MADD-H).

1.5 Contributions

In summary, the contribution of this thesis are as follows:

e We address the problem of handling dynamic change of traffic pattern by

defining local window and collecting real-time traffic information.

e We formulate a new concept for multi hop data delivery: global window



(predict /approximate) and local window (real-time) traffic information.

e We propose three approaches: global window based approach (MADD-G),
local window based approach (MADD-L) and hybrid approach (MADD-H).

e We conduct extensive set of experiments to demonstrate the effectiveness

and efficiency of our proposed approaches in different scenarios.

1.6 Thesis Organization

The remaining part of thesis is organized as follows. In Chapter 2, we give a
brief summary of all related work including their strengths and weaknesses. In
Chapter 3, we formulate our problem definition and define key terms used in
this thesis to articulate our approaches. In Chapter 4, we present our MADD
methodology that includes three approaches. Chapter 5 gives the performance
evaluation and comparison of our approaches. Lastly, Chapter 6 concludes

overall thesis work.



Chapter 2

Related Work

Data delivery through efficient routing has been a major research topic in
VANETSs. In the early stage of development in VANETS, routing protocols
(e.g., AODV [24], DSDV [23], DSR [11] and OLSR [27]) for MANETSs was
used. But these traditional routing protocols of MANETS could not satisfy
the requirement of VANETSs [15] [20] due to its typical characteristics like fast
movement of vehicles, frequent network partitions. As a result, researchers have
designed many routing protocols to have smooth data delivery technique. These
protocols can be categorized on topology based, position based, geo-cast based,
cluster based, broadcast based and infrastructure based. In this chapter, we
mainly touch upon the existing routing protocols including its strength and
weaknesses that relates to multi-hop data delivery technique in VANETSs.

The rest of the chapter is organized as follows. Section 2.1 presents the few
position based routing. While Section 2.2 explains the contemporary works on
road based routing protocols where we are more focused. Section 2.3 gives a
brief idea about the cluster based routing. Lastly, in Section 2.4 we discuss a

recent work on geographical forwarding.



2.1 Position Based Routing

Karp and Kung [12] introduced Greedy Perimeter Stateless Routing (GPSR) for
wireless network. Lochert et al. identified several limitations of GPSR to im-
plement in VANET especially in city environment and proposed GSR [15] that
combines position based routing with topological knowledge. But in low traf-
fic density, it makes difficult to find end-to-end connection in preselected path.
Thus, Lochert et al. identified a new methodology of data delivery technique,
Greedy Perimeter Coordinator Routing (GPCR) [16] which works without hav-
ing access to road maps and became more realistic in city environment.
Position-based routing for Inter Vehicle Communication System (IVCS) in
a built-up city environment faces greater challenges because of potentially more
uneven distribution of vehicular nodes, constrained mobility, and difficult sig-
nal reception due to radio obstacles such as high-rise buildings. Seet et al. [25]
proposes a new position-based routing scheme called Anchor-based Street and
Traffic Aware Routing (A-STAR), designed specifically for IVCS in a city envi-
ronment. Though A-STAR achieves obvious network performance improvement
compared with GSR and GPSR, but routing path may not be optimal because

it is along the anchor path following the city streets.

2.2 Road Based Routing

Wu et al. [29] proposed MDDV, a mobility-centric approach for data dissemi-
nation in vehicular networks designed to operate efficiently and reliably despite
the highly mobile, partitioned nature of these networks. MDDV is designed to
exploit vehicle mobility for data dissemination, and combines the idea of op-
portunistic forwarding [5][6], trajectory based forwarding [8] and geographical
forwarding [14]. MDDV uses road map and traffic density into considerations,

that is how the source node extends its trajectory to the destination. The node



carrying the message which is closer to the destination is called the message
head. The message head is responsible to forward the message to destination.
Here the dissemination process consists of two phases: forwarding and propaga-
tion phase. Initially, message is forwarded along a trajectory to the destination
region. Once the message reach to destination region, the propagation phase
starts. The role of message head might change if the message do not find its
neighbor within the communication range and ultimately message can be lost.
MDDV has limitation of using static traffic density and road map network.

Greedy Traffic Aware Routing (GYTAR) [10] is an improved routing pro-
tocol for VANETS in City Environments. It contains two modules: Junctions
selection, forwarding data between two junctions. A packet will pass through
junctions to reach its destination. In junction selection process a value is given
to each junction by comparing the traffic density between the current junction
and the next candidate junction and the curvemetric distance to the destina-
tion. The junction with highest value will be chosen for packet forwarding. In
second module each vehicle maintains a table which contains position, velocity
and direction of each neighbor vehicle and the table is updated periodically.
Thus, when a packet is received, the forwarding vehicle computes the new pre-
dicted position of each neighbor using the table and then selects the next hop
neighbor which is closer to the destination junction which may cause packets
in a local optimum. To overcome this problem GYTAR uses store and forward
strategy. In this strategy packet will be stored at the intermediate node until
another vehicle which is closer to the destination junction enters in its trans-
mission range. Due to high mobility in VANET all greedy forwarding protocols
can also cause routing loops problem and some packets may get forwarded to
the wrong direction.

Later, Zhao and Cao addressed the issues to support multi-hop delivery tech-

nique in sparsely connected network by Vehicle Assisted Data Delivery (VADD)



tool in their work [9]. VADD uses the idea of carry and forward, where a mov-
ing vehicle carries a packet until a new vehicle moves into its vicinity and for-
wards the packet. VADD handles important event while forwarding a packet
at an intersection. For this in the intersection mode, the VADD designed the
forwarding protocols: Location First Probe (L-VADD), Direction First Probe
(D-VADD) and Hybrid Probe (H-VADD). The idea of Direction First Probe
(D-VADD) can be extended to MD-VADD, in case when the carrier can deliver
the packet meeting multiple roads connected to an intersection. On the other
hand, H-VADD technique make a trade-off between both location and direction
of a vehicle while selecting a road.VADD has many important strengths; guar-
anteeing an end-end connection in a sparse network, use of carry and forward
approach with predictable mobility. However, it does not sustain long in real
time traffic environment.

Nzouonta et al. in [10] has demonstrated two Road-based vehicular traffic
(RBVT) routing schemes: RBVT-R and RBVT-P on city-based road network.
RBVT-R is a reactive routing protocol which initiates a route discovery packet
and broadcast along roads to the destination and in turn destination unicasts
a route reply packet back to source. While RBVT-P is a pro-active routing
protocol which periodically disseminate all its status and create a route con-
nectivity infortmation. The major limitations of these two approaches are: (i)
route discovery process works only on approximate the traffic information (ii)
thus it does not contemplate the dynamically changing traffic pattern while de-
livering the data from a source to a destination, and (iii) flooding in the network
is relatively higher.

Khokhar et al. in [13] proposes a Fuzzy-assisted social-based routing
(FAST) protocol that bring a new concept of adopting of social behaviour of
humans on the road to make optimal and secure routing decisions. FAST uses

prior global knowledge of real-time vehicular traffic for packet routing from the
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source to the destination. In FAST, fuzzy inference system leverages friendship
mechanism to make critical decisions at intersections which is based on prior
global knowledge of realtime vehicular traffic information. However, it is not
much useful to dynamically assess real time traffic and for fastest multi hop
data delivery application. In contrast to our work, it does not account both

global and local knowledge of traffic to make realistic decision.

2.3 Cluster Based Routing

In Cluster-based routing protocols vehicles near to each other form a cluster.
Each cluster has one cluster-head, which is responsible for intra and inter-cluster
management functions. Intra-cluster nodes communicate each other using direct
links, whereas inter-cluster communication is performed via cluster headers. In
cluster based routing protocols the formation of clusters and the selection of the
cluster-head is an important issue. CBR and CBDR [17], [28] are elementary
kind of cluster based protocol. Furthermore, Madhuja Bhaumik et al. in [1]
proposed affinity based clustering routing protocol for VANET which partioned
the total network in some variable sized clusters, based on the infrastructure
type of traffic and node speed and affinity propagation technique. The main
objective of this new proposed routing protocol is to reduce the routing overhead
and reduce the time delay for appropriate route finding. Cluster based routing
schemes work on surrounding local information ignoring the global accumulated

information.

2.4 Geographic Forwarding

Dhurandher et al. in his work [4] proposes geographic routing over VANETsS

called GROOV, which takes into account varying topographies and densities

11



of highways as well as cities. To increase reliability, GROOV calculates trans-
mission feasibility for each node, based on link quality (average acceleration),
range weight (weightage to relative positions of nodes) and direction, instead of
traditional greedy forwarding, in the selection of the next relay node. Taking
volatility of critical city intersection scenarios into account, GROOV calculates
new node coordinates of vehicles at intersections to make best route selections
at intersections and thus, routes the data packet through the path directed at
the intended recipient. This prevents the occurrence of a routing loop, thereby;,
decreasing delay and increasing packet delivery ratio. To compare GROOV
with our approach, it is evident that GROOV does not consider a combina-
tion of predicted and real-time traffic information rather it mainly improves on
the traditional geographical forwarding technique by considering intersection of
road and densities. GROOV has a limitation of grouping the vehicles in the
intersection area to make a routing decision which may lead to dead-end due to

the absence of traffic in the intersection area for sometime.

2.5 Summary

In each aforementioned cases, there is a limitation of ignoring combined knowl-
edge of global (predict/approximate) and local (real-time) traffic information for
handling dynamic traffic density. In this thesis, we trade off between predicted
and real-time traffic and develop a state of art: MADD to efficiently handle the
dynamic traffic and assess a suitable path for multi hop data delivery. In the
next chapter we formally introduce MADD to facilitate easy understanding on

the core issues of our methodology subsequently.
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Chapter 3

Problem Formulation

In this chapter, we formulate the Mobility Aware Data Delivery (MADD) by
considering the road network as a graph. Given a road network graph G(V, E),
having a set V' of m vertices {v1,vs,...,v,,} where the vertices represent the
road intersection points, a set £ of q edges {e1, e, ..., ¢e,} if there is any road
segment between two intersection points where the weight of the edges w(u,v)
is the number of carrier vehicle i.e. traffic density from node u to node v, and
a set P of n paths {p1,pa,...,pn}, the MADD finds best suitable path.

Figure 3.1 depicts of road network graph G(V, E') representing the vertices
and edges as desribed above. The weight of the edges represent the traffic
density i.e. number of carrier vehicle plying in a road segment. Now to deliver
the data from a source node S to a destination node D, there are number of
paths like p; = {v1, v, vs,v8}, P2 = {v1, v3, V6, v8}, P3 = {v1, V5, v8} etc. MADD
finds best suitable path considering more traffic density in each road segments.

To formally define the MADD in road network G(V, E) at first we need to

define global window which is discussed as follows.
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Figure 3.1: A weighted directed road network graph G(V, E)

3.1 Global Window

We need to determine a suitable path with good traffic density from a source
S to a destination D. It is not logical to cover all domain space of a city road
network for finding a suitable path from S to D. Therefore, our proposition is
to limit the boundary space and look for the suitable path having good traffic
within our domain space. Based on this perception, we like to define the global
window which can limit our domain space to find a better solution. Global
window includes a boundary space covering non overlapping k-shortest paths
from a source to a destination where source node has different exit paths. We
use the most popular Dijkstra’s shortest path algorithm to find the k-shortest
paths.

In this paper, we refer to k-shortest paths function to identify maximum
extents which is termed as global window covering all k-shortest paths from a

source node S to a destination D.

Definition 3.1 Global Window. Given a set of n paths {p1,p2,...,pn} of road
network graph G(V, E), the global window GW from a source node S to a desti-
nation node D such that (i) GW includes two mazimum extents (min_x, min_y),

(max_x, mazx_y) (ii) two maximum extents cover top upper boundary and lower

14



bottom boundary points (GWrp, GWgrr) (iii) Two extents of GW includes the

k-shortest paths non overlapping.
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Figure 3.2: Grid map have two points, a source node S and destination node
D. Source S identifies non-overlapping k-shortest paths where k is at least 3
and S has 3 different exits (p1, p2 and p3). Then define global window taking

maximum extents (GWrg, GWgr).

To further explain how we obtain the boundary space of global window, let
us consider two points(S, D) in pre-loaded grid map shown in Figure 3.2. The
grid map of city area depicts the road segments and road-intersection points.
From a source S to a destination D, there may be wide range of paths which
can even fall outside the domain space of the grid map. But we need to limit the
boundary to have manageable domain space where we can find better solution.
Therefore, we find possible k-shortest paths {p1,ps,...,px} from S to D where
k is at least 3 (in case of grid map) and non-overlapping. To maximize the
boundary space covering from a source to a destination, we take 3 different
exists (p1, p2 and p3) of road segments from the source node which allow to find

non-overlapping paths. Then, we define the global window taking the maximum
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extents (GWpg, GWgr) of k-shortest paths having a set of m intersection points
{L,1s,...,I,}. This global window will assist us to derive suitable path for
predicted traffic in our solution approach. However, we also need to assess
suitable path for real-time traffic which requires to restrict views in immediate
neighbours. Therefore, we discuss the concept of another term local window in

subsequent section.

3.2 Local Window

The traffic in the road are always dynamic. The predicted traffic assessed by
source might change once the source node S progress towards destination D.
Our main idea is that real-time traffic must fall within the road segments of
immediate neighbours. Therefore, we further limit the boundary space within
immediate neighbours. We call this term local window and formally define as

follows.

Definition 3.2 Local Window. Given a global window domain space of GW in
road network graph G(V, E), the local window LW from a source node S to a des-
tination node D such that (i) it includes mazimum extents of immediate neigh-
bouring intersection points (ii) intersection points must fall within(GW g, GWgr)

(i1i) LW shifts to new leg of travel path till it reaches towards destination D.

Hence, if there are m set of intersection points {Iy, I, ..., I,,} within global
window (GWpg, GWgr), then the source node S finds the boundary of LW
having immediate neighbours of intersection points I'{1}, I, ..., I} } where I' C
I and after traveling first leg of path it shifts the LW having new boundary
with immediate neighbours. Figure 3.3 depicts how a source node S proceeding
towards destination D by selecting its each leg of travel path Pg by defining

local window.
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Figure 3.3: Source S after having global window (GWpg, GWgr) progress to-
wards destination D by selecting its subsequent leg of travel path Pg by defining
local window (LW g, LWgr). The dotted arrow represents the tentative paths
whereas the continuous arrow represents selected path Pk.

Above mentioned definitions global window and local window will lead us to
assess the real-time traffic in city based road network environment. This will
also allow us to find suitable path for multi hop data delivery in VANETSs. In
the next chapter, we structure our methodology in three different approaches:

MADD-G, MADD-L and MADD-H basing on this problem formulation.
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Chapter 4

Mobility Aware Data Delivery

This chapter presents the mobility aware data delivery (MADD) that uses both
global (predicted/approximate) or local (real-time) traffic information for multi-
hop data delivery in a city-based road environment. To deliver data packet from
a source node to a destination node, we propose three approaches. First, the
global window based approach (MADD-G) predict/approximate the traffic sce-
nario by considering global window using pre-loaded grid map from a source to a
destination. Second, we utilize this intuition and progress on the real-time traffic
information by defining local window in local window based approach (MADD-
L). The main idea of MADD-L is to focus within immediate neighbours. Lastly,
blending the two concepts of global (predict/approximate) and local (real-time
traffic) information, we develop third approach i.e. hybrid approach (MADD-H)
to find a best possible solution to reach towards destination.

The rest of the chapter is organized as follows. Section 4.1 describes the
key concepts to develop our methodologies. Section 4.2 presents system model.
Lastly, Section 4.3 gives detail discussions of three approaches including pre-

senting algorithm.
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4.1 Key Concepts

In order to develop methodologies for MADD in VANETS, we structure our
work basing on two concepts: First, a vehicle is exposed to real-time traffic
information to its neighboring road segments than its distant road segments
through the traffic light post; second, as the data packet proceeds more nearer
to the destination vehicle, the carrier becomes more up-to-date about traffic
patterns of the road segments connecting the destination. Initially, the source
vehicle adopts carry and forward approach to deliver the packet to the next
suitable vehicle within its communication range. When the packet completes
its travel path in the first leg of the initial road segment and reaches to the
immediate intersection point, then it requires the routing decision to choose
next road segment. For this, it seeks the assistance of traffic post to get the
real-time traffic scenario to choose the direction of next road segment. This
way it completes the next leg of the travel path and proceeds nearer to the
destination.

Taking above two key concepts, in the next sub-section we structure our

system model.

4.2 System Model

We envisage our system model as depicted in Figure 4.1 which shows a portion
of city road environment. We consider each vehicle is equipped with some de-
vices: GPS for determining its own location; short range wireless equipment to
communicate with its neighboring vehicles; on board sensors for determining
vehicle’s speed and direction; digital maps providing city-based road network.
In addition, Vehicle’s communication devices are compatible to communicate
and process real-time traffic information with neighboring traffic post.We as-

sume that traffic light posts or road side unit (RSU) are installed in every road
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intersections. They have embedded system application which are capable of
computing and collecting real-time traffic information. We also consider in a
stalemate traffic condition where the traffic light post can keep the deliverable
data packet for some time till it finds suitable vehicle within its vicinity to de-
liver. Our system model is designed to work basically in vehicle to vehicle( V2V)
dissemination approach.

Traffic post periodically relays an initiating message in different directions of
the road segments. Traffic post appreciates total accumulated traffic scenario
by forwarding the initiating packet in different directions with the assistance
of vehicle’s communication devices. This traffic scenario may include average
speed of the vehicle, direction, and number of the vehicles within the current
road segment. In this fashion, the traffic pattern of one intersection can be

relayed and disseminated to neighboring segments.

Traffic Light Post

GPS, Wireless, Sensors
Computing Device

Figure 4.1: MADD System model showing a part of city segment
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4.3 Real-Time Data Delivery

After comprehending the above system model, we like to articulate the method-
ologies for real-time data delivery. When a message is required to deliver from
a source to a destination, we have to disseminate the data basing on real-time
vehicle density on available path. The road segment with higher vehicle density
is likely to have faster dissemination capability than with lower vehicle density.
The real-time data delivery process are discussed subsequently.

As the packet carrier proceeds from a source to a destination vehicle, data
is delivered between V2V within a road segment and between the road seg-
ments through intersection. In case of normal delivery within a road segment,
it follows carry and forward approach using GPSR [12], and on the other hand
while crossing intersection it needs routing decision. GPSR is a simple greedy
forwarding protocol where carrier vehicle forwards the packet to the vehicle
geographically closest to the destination. During initial stage of problem for-
mulation, we have identified the limitations of data delivery which absolutely
depends on vehicle density that really changes as the packet travels from in-
tersection to intersection. We portray the system overview first in the next

subsection and then discuss three approaches one by one.

4.3.1 System Overview

Figure 4.2 depicts the system overview to assess both predict /approximate and
real-time traffic conditions. When a user request for delivering data from a
source to a destination, it identifies points (source/destination) in the pre-loaded
grid map. In the next step, it finds k-shortest paths between a source and a
destination. Then, it takes maximum extents of k-shortest paths to draw a rect-
angle and then define the global window boundary space as described in problem

formulation chapter. Now to deliver the data from a source to a destination
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it adopts one of the three approaches: MADD-G, is a global window based ap-
proach which approximate total traffic scenario within global window; MADD-L,
a local window based approach assess its immediate neighbours situation within
local window (real-time traffic); MADD-H blends two approaches MADD-G and
MADD-L which assess both global (approximate) and local (real-time) traffic

information.

C Request to deliver data from a source to a destination >

‘ Identify source/destination point in a pre-loaded grid map ‘

v

‘ Find k-shortest path from source to destination ‘

\2

‘ Define Global Window by identifying maximum extent of k-shortest path ‘

v

‘ Deliver data applying one of the three techniques ‘

v y v

MADD-L MADD-G MADD-L
(Global window based approach) || (Local window based approach) (Hybrid approach)
C Compare three approaches >

Figure 4.2: System overview of real-time data delivery

4.3.2 Global Window Based Approach (MADD-G)

In this approach, a source node collect traffic density of all road segments within
the global domain space to deliver the data to a destination. We term this ap-
proach, global window based approach i.e. mobility aware data delivery within
global window (MADD-G). Here, the source assesses the best possible path
basing on the predicted traffic density throughout the global window. To ex-
plain this approach, first we describe the methodologies and then discuss the

algorithm subsequently.
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Methodology

This approach performs its methodology in few steps: (i) request for traffic

density information(RDI) (ii) collect density information by the source node

(iii) deliver predicted data (PDD) i.e. data delivery basing on predicted traffic

density information (iv) lastly, update path information (PUI). The steps are

explained in details as follows.

Global window
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~=A Request packet

(b)
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Figure 4.3: Requesting and collecting traffic density information by MADD-G

(a) A source node S sends a request packet to a destination node D covering

all intersection points within the global window (b) Receiving request from

S, all intersection points within the global window send their traffic density

informat

on.

e Request Density Information(RDI): When a source node needs to deliver

a packet to a destination node, the source node requires to initiates a

request packet to the destination. This packet includes a header with

source and destination location, boundary locations of global window i.e.

minimum and maximum (z,y) points, location of all intersection nodes it

finds within the global window and the time stamp of sending the request.

We assume the grid map have all the locations of intersections nodes. It
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only needs to determine the list of intersection nodes which fall within
global window. Then, source node needs to receive the traffic density
information which are dynamic. Figure 4.3(a) illustrates source node S
sends request packet to all intersection nodes Iy, I, Iy, I5, 17, Iy within

global window.

Collect Density Information(CDI): After receiving the request for sending
the density information, all the intersection nodes disseminate their neigh-
bouring traffic density status to the source node. In Figure 4.3(b) shows
the source node S receives the density information of all intersection nodes
within the global window. By considering all the intersection nodes as list
of vertices and their corresponding road segment as edge, a neighbouring
list is created in table as shown Table 4.1. The table includes the list of
intersection nodes, its neighbours’ list and the traffic density information.
For example, intersection node I; has neighbours I, and I, with traffic

density 1 and 3 respectively.

Table 4.1: Neighbours List with traffic density

Node | List of Neigbours(Density)
L I5(1),14(3)

I L(1),I5(2)

I 5(3),15(1), I7(2)

I5 15(2),14(1), Is(1)

I; 1,(2), I3(2)

Ig I5(1), I7(2)

Deliver Predicted Data (PDD): In this step, source node after collecting
all predicted density information, needs to deliver data to the destination.
It uses Dijkstra’s shortest path algorithm and find the best route basing

on traffic density to reach towards a destination. From the Table 4.1,

24



we can prepare the graph G = (V, E) and apply the connection weight
from the traffic density information to each road segment as a list of
edges. Now we can apply the shortest path algorithm to find the best
possible route to destination. We term it as predicted data delivery since
the source collects the density information which might change once it
progresses towards destination. From the Figure 4.3(b), we can find that
after collecting traffic density information, the best path is calculated by
the source node is Iy — I, — I; — Ig. However, carrier vehicle has two
alternative options if it finds any difficulties to progress basing on the
predicted route: (i) choose alternative route where the traffic is available
within the vicinity (ii) hold the packet in traffic post i.e. by intersection
node for sometime whenever a vehicle is unable to deliver the packet due to
non-availability traffic within its vicinity. Third stage basically addresses

the stalemate traffic scenario which is otherwise obvious in many situation.

e Update Path Information (PUI): While progressing towards destination
the path information need to be updated periodically as the vehicle do
not remain constant rather it is continuously changing. Path update has
basically two functionalities: (i) update the route information every time
the packet crosses one road segments and comes near to the next inter-
section (ii) inform the source node about the stalemate situation in a

particular road segment e.g. when no-vehicle available.

By using the above concept we can formulate a function for MADD-G.
Suppose if a data is to be delivered from a source node S to a destination node
D, then using prediction based technique the function for MADD-G is denoted

as fg and can be defined as follows.

fa = froi(S,In, D) + fepi(D, In) + frpop(S, D) + frui(In, D) (4.1)
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where fg is calculated basing on four functions:

frpr represents the request for density information from S to D covering all
intersections Iy

fepr represents collect density information backward from D to S including all
intersections Iy

fppp represents data delivery basing on predicted density information and

fpur represents path update information which adjust route information.
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Algorithm MADD-G

The main idea behind the global window based approach is to find suitable path
within the global window space to deliver data from a source to a destination
vehicle. From a source S to a destination D there might be wide range of path
covering large domain space. It is not convenient to find shortest path from wide
range of path . Thus our main focus is to limit our boundary within the global
window and monitoring the traffic conditions within this space. The predicted
traffic will assist to find a suitable route to deliver data towards a destination.
Moreover, it is not realistic to obtain traffic information of large domain space.
Therefore, we like to limit our boundary space where at least k-shortest paths
available. After we derive k-shortest paths within the global window, we have
to identify that there are least traffic density to avoid dead-end. For deriving
total procedure of global window based approach, we consider the road network
covering a source and a destination vehicle which are represented by a connected
graph G(V, E). The process of deriving the global window is already defined in
chapter, problem formulation Section 3.1. We also maintain the vehicle density
as the weight of the edges. We obtain the weight of the edges by sending
periodical probe signal to neighbouring road segments.

We first formulate the steps of global window based approach. The step by

step procedure are given below :

e Step 1 : Identify k-shortest paths (where k paths are non-overlapping)
based on the distance covering a source and a destination node and the

source node have at least 3 different exit paths.

e Step 2 : Define global window space covering maximum extent of k-

shortest paths inclusive.

e Step 3 : Collect traffic density (number of vehicles in a road segment at

particular timestamp) from the intersection point (traffic post) by sending
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Table 4.2: Notations used and their meanings (MADD-G)

Notation Meaning

S.D Source and the destination vertex

I, List of intersection node I,,={I1, Io,..., I}

K List of shortest paths where K = {S, I, I2, D}, {S, I4, I5, Is, D},..
etc.

k Number of shortest paths (where & is at least 3)

Q Set of node list

GWgrr,GWrp | Upper right top and lower left bottom point of global window

Ordered Path list according to their average traffic density

NL

List of neighbouring nodes

probe signal periodically to neighbouring road segments.

Step 5 : Relay local traffic density information to its neighbor and dis-

seminate to all intersection point within the global window space.

Step 6 : Build a path applying connection weight (where the number of

vehicle represents as connection weight) within the graph.

Step 7 : Continue the steps until we receive the vehicle density information

of all road segments covering the global window space.

Illustration of the Algorithm: Algorithm 1 shows the steps of global
window based approach. It takes the following parameter as input: a
source node S, a set of intersection node list I and a destination node D.
Receiving a source, list of intersections and a destination node as input, it
identifies k-shortest paths in Line 1.4. In the initial steps from Lines 1.5-
1.9, first it calculates two extents i.e. lower left bottom and upper right top
points. Based on the extents, it defines the global window. In the second

step from Lines 1.11-1.14, it sends request packet to all intersections within
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Algorithm 1: Global Window Based Approach (S,1,D)

1.1 Initialize K, R and @ to an empty list

1.2 Initialize a priority queue P

1.3 Initialize (GWrp, GWgrr) to NULL

1.4 K « FindKshortestpath(S, I, D)

1.5 for each shortest path k; of K do

1.6 cur_extent < FindMinMaxExtent(K;)

1.7 if cur_extent is wider than (GWrp, GWgr) then
1.8 ‘ (Grp, GWpRr) < cur_extent

1.9

1.10 DefineGlobalWindow(GWrg, GWrr)

1.11 for each intersection node I; of I do

1.12 if any node is outside (GWrp, GWgr) and I; # D then
1.13 RequestDensityInfo(l;)

1.14

1.15 for each I; of node list of I do

1.16 while I; = Imm_neighbour(l;) do

1.17 if NL[IZHI]] 75 (Iu IJ) then

118 | Enque(I;, NLIE[I}], Find_tr_density(I,1;))
1.19

1.20 @ < insert([)
1.21 while @ # NULL do

1.22 if u # D then

1.23 u ¢ extract_min(Q)

1.24 R < AddNode(R,u)

1.25 for each node v is a neighbour of u do
1.26 P; + UpdateShortestPath(u, v, w)
1.27 Enqueue(P;, Update Density(u,v))
1.28

1.29 return P;
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the global window for traffic density information. Next step, in the Lines
1.15-1.19, it collects density information from all of intersection nodes,
store it in VL and maintain a list of table along with the density. Then,
in Lines 1.21-1.28, from the neighbouring list and density table, it finds
shortest path according to their traffic density and store in path list P.
Lastly, it returns the ordered path list from the algorithm. We summarize

the notations in Table 4.2 which are used in this algorithm.

4.3.3 Local Window Based Approach (MADD-L)

When we predict the traffic scenario in global domain space, it is unable to
provide nearly accurate real-time picture. Because, when the carrier passes one
leg of travel path and proceeds to another intersection point, it may find the
traffic density has changed from what was comprehended earlier. Therefore, we
term this approach local window based approach i.e mobility aware data delivery
using local window (MADD-L). The key idea of local window based approach is
that we consider real-time traffic must remain within the local window. The
motive behind defining the local window space is to determine the traffic density
of immediate neighboring segment from a traffic post or intersection point. After
completing the delivery of a packet carrier from current road segment, the local
window is shifted to the next boundary space where the traffic density more.

The methodology of this approach are discussed subsequently.

Methodology

This approach performs its methodology in two steps: (i) collect neighbour
density information(CNI) (ii) deliver data based on real-time traffic (RDD) i.e.
data delivery basing on real-time traffic information. The detail methodology

of this approach is illustrated further with an example.
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Figure 4.4: MADD-L defining Local Window (a) in the first leg of travel path
within intersection point I;, Iy and I3 (b) shifting Local Window in the second

leg of travel path within intersection point I3, I5 and I;.

e Collect Neighbour Information(CNI): In this step, the every carrier ve-
hicle before proceeding towards next neighbouring road segment seek for
traffic density of its immediate neighbours. Thus the carrier vehicle de-
cides to proceed towards more traffic available road segment. Collecting
local surrounding information has much superiority over the global distant
(predicted /approximate) information which is MADD-G. Figure 4.4(a) il-
lustrates the source node S first defines the local window as described in
chapter, problem formulation in Section 3.2 taking the neighbouring in-
tersection nodes Iy, I and I,. Then it progress each leg of travel path and
shifts the local window as shown in Figure 4.4(b) till it reaches towards a

destination node D.

e Deliver data based on real-time traffic (RDD): Based on the local traf-
fic information, the carrier vehicle first decides to select its next route.

Figure 4.4 depicts a scenario where carrier ¢; at some point of time finds
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his next route of travel path Iy — I,. This step has few functionalities:
(i) select the road segment where the density is more (ii) select the road
segment preferably which direction is towards destination (iii) stay with
present carrier vehicle if it does not find any suitable next carrier within
its vicinity but present carrier changing the road segment towards the
forwarding direction or even it moves little away from destination but
within global window (iv) leave the packet to nearest traffic post once its
unable find to forward to next carrier. In Figure 4.5(a) illustrates carrier
vehicle ¢; does not find any carrier in the next two road segments either
Iy — I5 or Iy — I;. Since the carrier vehicle ¢; is proceeding towards
next road segments which is in the forwarding direction, therefore data
packet decides to stay in v. In the next Figure 4.5(b) depicts another
scenario where carrier vehicle c; is proceeding outside the global window
thus carrier vehicle v transfer data packet to immediate traffic post i.e.

intersection point 1.

By using the above concept we can formulate a function for MADD-L. Let

us see an example before we formulate function for MADD-L. Figure 4.6 de-

picts a road segment where carrier vehicle ¢, decides its next carrier from its

neighbouring road segment. Carrier vehicle ¢; positioned in road intersection

point I; need to identifies its next carrier. It has three neighbouring road seg-

ments I, I3 and I in three different directions. Based on the traffic density it

decides to transfer its carrier to next vehicle c¢,.

If a packet is to be delivered from a source node S to destination node D,

then using locality-based technique to find nearest neighbour, the function for

MADD-L is denoted as f;, and it is defined as follows.

fr= Z{f(ck)z + f(D)i} (4.2)
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in forwarding road segment and the present carrier moving to next road seg-
ment (b) present carrier may leave the packet to nearest traffic post due to

unavailability of traffic in the next road segment.

where the notations of above functions are defined as follows:

f(Ck): Collect density information of all neighbours of ith intersection node
f(D;): Deliver the data to best immediate neighbours in ith intersection node
7: Number of intersection nodes traveled in 7 steps where i = 1 to N

k: Path or route direction number for example from S to D there are number
of intersection points and every intersection point has at least 3 neighbouring

road segments in three different forwarding directions.

Algorithm MADD-L

We have already discussed the local window based approach and this differs from
the global window based approach in terms of the methodology of path discov-

ery. Here, we limit our local window boundary within neighbouring segments
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Figure 4.6: Carrier vehicle c; collect local density through intersection point Iy,

then decide to find next route ky among three routes basing on traffic density

because of maintaining real-time traffic. We start the local window from source
vehicle, and gradually progress and shift the window towards the destination

travel path.

e Step 1 : Define local window space covering source vehicle and its imme-

diate neighbouring segments.

e Step 2 : Forward the packet from source vehicle to its immediate neigh-
bouring vehicle until it reaches to destination checking following condi-

tions:.

— Condition 1: Select the road segment where the density is more.

— Condition 2: Select the road segment preferably which direction is

towards destination.

— Condition 3: Stay with present carrier vehicle if it does not find any
suitable next carrier within its vicinity even it moves little away from

destination but within global window.
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— Condition 4: Leave the packet to nearest traffic post once it unable

find to forward to next carrier.

Table 4.3: Notations used and their meanings (MADD-L)

Notation Meaning

I, List of intersection node I,={Iy, I2,..., I}
Neighbours List of neighbouring intersection nodes with point
tr_density List of traffic density of neighbouring intersection nodes

LWgrr, LWprp | Upper right top and lower left bottom point of local window

P

Path list according the sequence of intersection node visited

Algorithm 2: Local Window Based Approach (S,1,D)

2.1 Initialize (LWgp, LWy g) to NULL
Initialize P to an empty list
Initialize tr_density to NULL
Initialize cur_node to NULL
Initialize cur_density to NULL
Initialize cur_neighbour to NULL
(LW, LWgr) <+ NULL
cur_node < find_neighbour(.5)
while cur_node # D do

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

for each neighbour j of cur_node do

t update(LW g, LWgr) < find_extent(cur_node, neighbour(j))

Define_Localwindow (LW g, LWg7)

for each neighbour k of cur_node do

tr_density|k] <— find_density(neighbour(k))

if tr_densitylk] is promising than cur_density then
cur_density < tr_density|k]
cur_neighbour < neighbour (k)

Enqueue(P,cur_neighbour cur_density)

return P;
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e Illustration of the Algorithm: Algorithm 2 shows the steps of local
window based approach. This algorithm initially takes the following pa-
rameter as input: a source node S, a destination node D, and a list of
intersection node /. In the Line 2.8, it identifies the immediate neighbours
of source node. Form Lines 2.9 - 2.19, it gradually visits its immediate
neighbours and progress towards destination. First, it defines its local
window within its immediate neighbours. Then, assessing the traffic den-
sity, it selects the path to proceed towards destination. Lastly, the selected
neighbours are stored in the priority queue P which is returned at the end

of the algorithm.
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4.3.4 Hybrid Approach (MADD-H)

Both the aforementioned approaches consider their domain space either locally
or globally. They have a limitation of ignoring combination of both local or
global traffic situation while approaching towards destination. Therefore, the
alternative course of action can be combining both local and global approaches.
Our rationale is, we just can not progress with only real-time traffic ignoring
the surrounding traffic situation of immediate neighobours from a source node
leading to a destination. Thus, we term this approach hybrid approach i.e hybrid
mobility aware data delivery (MADD-H). The main idea of MADD-H has two
aspects: (i) considering local window within the immediate neighbours of source
node where real-time traffic exists and (ii) considering the predicted scenario
within the global window (excluding the local window) i.e. it starts from the
immediate neighbours of source node and covers all intersection nodes and then
lead up to destination.

The key concepts of MADD-H are illustrated in Figure 4.7 in time perspec-
tive. Let us consider carrier vehicle ¢, is proceeding towards intersection node
I;. Tt has the neighbouring intersection nodes Iy, I3 and I4. It first defines
local window LW within its neighbouring intersection nodes and collect traffic
density which is considered in current time ¢. Thus the blue rectangle depicts
the local window defined in current time. While the carrier vehicle also needs
to acquire the surrounding distant traffic information which is outside the local
window but within global window. The surrounding distant traffic information
are considered as predicted/approximate one which are dynamic. The global
window GW provide traffic information starting from time ¢ — 1, ¢ — 2,...etc
which shown in red color rectangle.

We can further explain this approach by formulating a function for MADD-
H. For determining MADD-H, we combine both the function of MADD-L and

MADD-G where we applied weight W, and W to each function respectively.
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The function for MADD-H is defined by fy as follows.

Jo =W fo +Wa* fa (4.3)
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Figure 4.7: MADD-H considers the local window in current time t while global

window considers in predicted/approximated time (f — 1, ¢t — 2,..etc).

The calculation of f;, and fs will be little different in time perspective as
depicted in Figure 4.7. Suppose at time ¢ from source S to its immediate neigh-
bour Ng (where Ng might have three neighbours N4, Ng, No etc). Therefore
we count the number of steps i=1 to M. The local window based function f is
defined in current time t as follows. Other notations used are similar to function

fr as described in local window based approach.

fr(t) = Z{f(ck» + f(D):} (4.4)

and from immediate neighbours of S i.e. Ng to destination D, the global
window based function f is defined as follows. Other notations used are similar

to function fg as described in global window based approach.

fa(t —=n) = frpi(In, D) + fepi(D, In) + frop(S, D) + frui(In, D) (4.5)
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Since fr is calculated basing real-time traffic density of immediate neigh-
bours, therefore the cost of weight W is considered much higher, whereas the
cost of weight W is considered lower value since its density is taken at (t —n)
time period to make a trade off between global and local traffic density.

Using the above function of each individual approaches, in the next chapter
we evaluate their performances and compare the experimental results MADD-
H and MADD-L with the base line approach MADD-G to identify the best

approach.
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Chapter 5

Performance Evaluation

In this chapter, we evaluate the performance of three MADD approaches,
namely MADD-G, MADD-L, and MADD-H. MADD-G works on finding best
path basing on previously received static traffic density within global window
while MADD-L uses the local window based approach handling dynamic traf-
fic. To find a better result and optimum solution assessing both global and
local situation, we have combined two approaches in MADD-H. We evaluate
the performance of multi hop data delivery in a dense traffic environment. We
use the similar concept of VanetMobisim [7], [8] using both macroscopic and
microscopic traffic model. Macroscopic model [18] treats traffic at large scale
where simulation takes place on a section-by-section basis rather than by track-
ing individual vehicles. For this, we use a portion of city segment which depicts
the vehicular mobility of Manahattan grid-based model [19]. At the microscopic
level, it uses intersection management, multiple lanes, roads, speed, traffic posts
etc. Our MADD tool is developed in java environment which includes vehicu-
lar mobility generations and simulate runtime mobility aware multi hop data
delivery to implement and test our proposed MADD algorithms.

To evaluate the performance of our approaches in contrast to other method-

ologies, we compare with most widely used geographical forwarding schemes
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GPSR [12] and GPCR [16], and road based routing scheme RBVT-R [22]. The
rationale for incorporating three techniques to compare and contrast with our
methodologies are presented as follows. GPSR is elementary geographical for-
warding schemes which progress on local information and follows greedy tech-
nique. On the other hand, GPCR is an enhancement of GPSR which uses
city road map forming a planer graph. Both uses local information which will
facilitate to compare with our technique, MADD-L. Again, RBVT-R is road
based reactive routing technique which discover routes on demand and has
much similarity with our baseline approach MADD-G except having an addi-
tional procedure of maintaining/updating path information basing on real time
traffic.

The rest of the chapter is organized as follows. Section 5.1 presents the
evaluation criteria to carry out our experiment. Section 5.2 describes metrics
for evaluating the three different MADD approaches. Section 5.3 presents sim-

ulation setup and lastly, Section 5.4 gives overall simulation results.

5.1 Evaluation Criteria

We compare the performance of MADD-L and MADD-H with the base line ap-
proach MADD-G. MADD-G basically works on prediction based traffic density
from a source node to a destination node defined by the global window. It uses
similar concept of predict/approximate the traffic conditions as worked in tradi-
tional routing schemes and thus we consider MADD-G is our baseline approach.
It discovers route on demand but cannot handle dynamically changing traffic
pattern efficiently. MADD-L works on its immediate neighbours by restricting
its view within local window. It transfers data to its immediate neighbour after
collecting real-time traffic density status. Though it does not allow the packet to

be delivered to a vehicle which is moving outside of the global window boundary
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but it ignores the surrounding status of its immediate neighbours. Therefore,
we introduce a third approaches MADD-H, that blends the idea both MADD-L
and MADD-G by taking account not only on its immediate neighbours but also
the prediction based traffic information leading towards destination. Thus, we
conduct our experiment to compare the performance of MADD-L and MADD-H
with our baseline approach MADD-G.

In Chapter 4 sub-section 4.4.4, we defined the function fy for MADD-H
where the weight factors Wy and Wy are mentioned in equation 4.3. While
conducting the experiment we need to identify the performance of MADD-H
varying the weight factors considering total weight value 1. For this, in the
initial stage of experiment we varied the weight factor W, ranging from 0.5
(minimum value) to 0.9 (maximum value) while W ranging from 0.1 (minimum
value) to 0.5 (maximum value) to observe the performance of MADD-H. Our
rationale for considering relatively higher values of W, than Wy are: (i) function
of fr of MADD-L accounts real-time traffic condition (ii) function fg of MADD-
G accounts predicted /approximate traffic condition. After identifying the best
weight factors of W, and W for MADD-H, we continue our experiment in
subsequent stages.

Furthermore, we simulate various traffic environment since we argue that
the multi hop data delivery largely depends on the availability of traffic in the
road network. We observe both unevenly and evenly distribution of traffic in

our simulation area and then compare the overall performance.

5.2 Metrics

In this section we present the following metrics for comparing the performance

of three different approaches.

e Number of hops - To deliver the packet from a source node to a destination
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node the number of hops required.

e Number of stay in traffic post - Number of car carrying the packet fail to
find his neighbourhood car due to the absence of traffic within his vicinity,

thus can deliver the packet to its nearby traffic post.

e Average delay - Average delay time caused due to either holding the packet
by traffic post or by the carrier vehicle itself when it unable to find traffic

within its vicinity.

e Average delivery time - Total average time taken to transfer the packet

from a source node to a destination node.

e Delivery success rate - Number of times data successfully delivered from a
source node to a destination node in contrast to total number of simulation

runtime. This metric also leads to identify the data delivery failure rate.

5.3 Simulation Setup

Our simulation scenario works on Manhattan grid based model shown in Figure
5.1. It uses 7000 m x 7000 m rectangle area where the grid is constructed
by horizontal and vertical road segments. We place the traffic post in every
intersection to collect the traffic information from its neighbour and keep data if
unable to deliver due to non-availability of traffic for some time. We consider the
number of vehicle mobility generations 500, 650 and 800 in unevenly distribution
of traffic within our simulation area. We term the 800 vehicles as relatively
higher dense, 650 vehicles as medium dense and 500 vehicles as low dense traffic
scenario.

Besides, we have also considered other two categories of density (very low
and very high) and evenly distributed traffic in our simulation area to assess the

off-peak and peak hours. At times, there are situation when there are very low

43



> Road intersection point Road segment

Figure 5.1: Manhattan grid based Layout

traffic in off-peak hours or huge traffic during the peak hours all over the city
area. Here, we observed two metrics: average delivery time and average delay
in traffic posts. We discarded first 100 sec of vehicle movement generations to
have more realistic performance in our results. Inter vehicle communication
range is considered taking the general guideline of Dedicated short range com-
munication [9] standard from 500 m to maximum 1000 m. To ensure smooth
and reliable communication, we specify 250 m as our vehicle communication
range due to the presence of high rise buildings and obstacles within the city
area.

Furthermore, we depict the simulation scenario as shown in Table 5.1.

5.4 Simulation Results

The Simulation results is presented in two stages. First, we tried to visualize
the normal traffic situation in city environment. We observe for three different
densities of vehicle nodes to identify the overall impact of traffic density in five
metrics. We start the initial simulation minimum twenty times then calculate

the average on each metrics to obtain the expected results. However, we ran
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Table 5.1: Simulation setup

Parameter

Value

Simulation area

7000m x 7000m

Number of Lanes

2

Number of vehicles (unevenly distributed)

500(low), 650(medium) and 800 (high) density

Number of vehicles (evenly distributed traffic)

250(very low) and 1200(very high) density

Communication range

250m

Vehicle velocity

50 to 60 km per hour

Simulation time

400s

maximum simulation time for 50 times in two key metrics (average delivery

time, average delay) to identify the variances of the results. The results are

formulated as follows.

5.4.1 Unevenly Distributed Traffic Conditions

In unevenly distributed traffic environment, we started our simulation in two

phases. In the first phase we consider varying weight factors of Wy and Wy in

two key metrics i.e. average delivery time and average delay to identify the best

weight factor for MADD-H. In the second phase we have incorporated the best

weight factor and carried out detail experiment to evaluate in five metrics and

compare MADD-H with MADD-L, MADD-G and other methodologies GPSR,

GPCR and RBVT-R.

The first phase of the simulation results are presented in two key metrics as

follows.

e Average delivery time - We have observed the performance of MADD-H

by varying the weigh factors of MADD-H as shown in Table 5.2. The

result shows that the average delivery time relatively higher in two cases :

(i) at maximum value of W, and minimum value of W (ii) at minimum
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value of W, and maximum value of Wg. But MADD-H needs maximum

delivery time in first case. MADD-H performs best while considering W,

equivalent to 0.7 and W equivalent to 0.3 weight factors respectively.

Table 5.2: Varying W, and W of MADD-H in average delivery time

Density MADD-H
W(0.9) Wg(0.1) | W(0.8) Wg(0.2) | WL(0.7) We(0.3) | Wi(0.6) Wg(0.4) | WL(0.5) We(0.5)
Low 224 188 169 195 209
Medium 102 79 72 84 91
High 67 42 31 47 54

e Average delay - During evaluation of average delay, we have also varied

the weigh factors of MADD-H and observed few changes comparing to

average delivery time. At higher weight of W and lower weight of W,

average delay is comparatively less.

This is due to delivering data by

assessing real traffic conditions will certainly require less delay. However,

at 0.7 weight factor of W, and 0.3 weight factor of Wy still gives best

result. The results are projected in Table 5.3.

Table 5.3: Varying W, and W of MADD-H in average delay

Density MADD-H
W(0.9) We(0.1) | Wr(0.8) Wg(0.2) | WL(0.7) We(0.3) | Wr(0.6) Wg(0.4) | WL(0.5) We(0.5)
Low 28.31 27.18 26.57 28.04 29.31
Medium 9.02 8.36 7.49 10.48 11.41
High 2.18 2.04 1.48 2.33 2.57

During the second phase, in unevenly distributed traffic conditions the sim-

ulation results are presented in five metrics considering fixed weight factors of

MADD-H (incorporating best weight factors from previous results). The results

are

as follows.

e Number of hops - Figure 5.2 shows number of hops required to transfer a

packet from a source to a destination. During the runtime of simulation

it is observed that with the intensity of the traffic, the number of hops

increases and it becomes very much easy for source packet to deliver to a
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Figure 5.2: Number of Hops required to transfer data from a source to a desti-

nation in MADD-L, MADD-G, MADD-H, GPSR, GPCR and RBVT-R.

destination node with the increasing density of traffic. We plot the number
of hops in terms of three categories of density and MADD-L requires less
number of hops than MADD-G. There are two rationales for this: (i)
MADD-L progress by assessing more dynamic traffic (ii) it follows route
where it finds more traffic density. In case of MADD-H, we can much
optimize the overall number of hops comparing to MADD-L and MADD-
G, thus it allows fastest data delivery in overall results. In case of GPSR
and GPCR, we find they requires more number of hops as they do not
follow the path on the road network. Sometimes their progress on local
information unnecessary delay the optimum solution. However, RBVT-
R performs better than both MADD-G and MADD-L in low density of
traffic but with the increasing of density, both MADD-H and MADD-
L required less number of hop than RBVT-R. This may be due to the
increase of traffic density, both techniques can have better adaptability to

find optimum solution.

e Number of stay in traffic post - Due to non-availability of traffic in im-
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Figure 5.3: Number of stay in traffic post in MADD-L, MADD-G and MADD-H

mediate vicinity sometimes it becomes difficult to find suitable route and
packet remain stand still. To handle this type of exceptional situation,
we allow the the packet carrier to be handed over to its immediate traffic
post and stay for sometime. This might cause some delay but we observed
that it has two advantages: (i) avoid routing loops (ii) ensuring guaran-
teed delivery towards destination. We run the twenty times of simulation
and make the average of number of stay. We evaluated this for our three
approaches. Since other techniques do not have this method therefore it is
limited to our methodologies only. However, we have measured the delay
occurrences for keeping packet carrier in average delay metric. The results
projected in Figure 5.3 where we find MADD-H required less number of
stay in traffic posts in contrast to MADD-L and MADD-G. Since MADD-
G calculates static traffic scenario beforehand, therefore after traveling
few legs, it finds difficulty to transfer packet due to non-availability of
traffic in predicted path. We also observed that with the increasing inten-
sity of traffic, specially in the high density of traffic the average stay can
be reduced significantly in MADD-H.
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e Average delivery time - We compute the average delivery time of three ap-
proaches in contrast to other three techniques GPSR, GPCR and RBVT-
R. First, we recorded the results after running twenty times of simulation
and projected in Figure 5.4. We observe, delivery time of MADD-H is
much less than MADD-G and MADD-L. Since MADD-G, progress on
predicted traffic density therefore, it takes more time to adjust its travel
path. We also find that MADD-H can be further optimized and reduced
to almost 57% less by increasing from low to medium density and nearly
82% from low to high density of traffic. While evaluating the results of our
approaches in contrast to GPSR, GPCR and RBVT-R, we find MADD-
G take less time comparing with GPSR and GPCR but more time than
RBVT-R. This is due to calculating the path basing on prediction based
information by MADD-G. But MADD-L and MADD-H required less de-
livery time than RBVT-R. In addition MADD-H performs much better
in medium and high density of traffic. It can be reduced to half delivery
time in high density traffic comparing with MADD-L and RBVT-R. The
reason is MADD-H not only gives more preference on local information
i.e. real-time traffic but also account for both surrounding information of
immediate neighbours and distant information where its ultimate desti-
nation locates. While running simulation for fifty times we did not find

major differences to record the results.

e Average delay - We compute average delay in two occasions: (i) delay
occurred in traffic post by dividing total stay period in traffic posts by
number of stay and (ii) delay caused by carrier vehicle of holding it due to
non-availability of traffic within its vicinity. Then we project the results
in Figure 5.3. Since the overall stay in traffic post is very less in MADD-H
in contrast to MADD-L and MADD-G, therefore average delay is compar-
atively less in MADD-H than MADD-L and MADD-G. Again, we observe
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Figure 5.4: Average delivery time required to transfer data from a source to
a destination in MADD-G, MADD-L, MADD-H, GPSR, GPCR and RBVT-R
(a) projects twenty times simulation results (b) projects fifty times simulation

results.

average delay in terms of perecentage in respect of delivery time in three
categories of density. We find that the average delay in low traffic density
in three approaches 13% to 16%. It can be reduced to 25% less in medium
density and becomes 10% to 12% and further reduced to less than 5%.
However, We observe that MADD-H have 53% to 29% delay in contrast
to MADD-G and have 81% to 48% delay in contrast to MADD-L with
the increasing density of traffic. While comparing our approaches with
other three techniques we find (i) MADD-G counts more delay than other
three techniques due to progress approximate information (ii) MADD-L
performs better than GPSR and GPCR (iii) MADD-L had more delay
than RBVT-R in low density but counts less delay in medium and high

density. (iv) in all cases MADD-H outperforms all others.

e Delivery success rate - In Figure 5.6, we observe that the delivery success

rate is less in low density of traffic which is very much obvious. Since
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Figure 5.5: Average delay in very low and very high density of traffic in MADD-
L, MADD-G, MADD-H, GPSR, GPCR and RBVT-R.

in many occasions carrier vehicle do not find suitable traffic even after
transferring the carrier to immediate traffic post. However, the success
rate is increased with the increasing density of traffic. While compare
the MADD-H and MADD-L with baseline approach MADD-G and other
techniques GPSR, GPCR and RBVT-R in terms of success rate we find
both MADD-H and MADD-L performs better than others. Overall result
shows that MADD-H have higher efficiency in high density of traffic and

attains to almost 100% in terms of delivery success rate.

5.4.2 Evenly Distributed Traffic Conditions

In the second stage of simulation, the performance of algorithm is being observed
in comparatively very low and very high density with uniform traffic situation
throughout the domain space. Our intention is to observe the situation during
the peak and off-peak hours. We usually find situation like very high traffic and
very low traffic in the road during peak and off-peak hour in almost all the road
network in the city environment. In this scenario, we found the results are quite

different than first stages of simulation results. Three approaches along with
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Figure 5.6: Delivery success rate in low, medium and high density of traffic in

MADD-L, MADD-G, MADD-H, GPSR, GPCR and RBVT-R.

other three techniques have very meagre differences. However, in contrast to
MADD-G, MADD-L, GPSR, GPCR and RBVT-R, MADD-H performs better.

The results are projected below.

e Average delivery time - Figure 5.7 show the performance comparison of
three approaches alongwith other three techniques in terms of average de-
livery time. From the projected graph, it can be inferred that when there
is very high and evenly distributed traffic through out the boundary space,
finding suitable route by assessing either local and global traffic situation
have eventually less difference in their results. We find in extreme low
density MADD-G have less delivery time than GPSR and GPCR. But in
extreme high density of traffic GPSR and GPCR required less time due
to following greedy techniques basing on local information. But in both
situation MADD-L had less delivery time than RBVT-R. However, in all

cases average delivery time of MADD-H is less than all other techniques.

e Average delay - While running the simulation in extreme low traffic den-

sity and evenly distributed traffic situation, it is observed that average
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techniques: MADD-L, MADD-G, MADD-H, GPSR, GPCR and RBVT-R.
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delay time reduces significantly to 2.5%. On the contrary, it was almost
8% to 10% in low traffic with unevenly distributed traffic. Figure 5.8
shows the relative values of all the techniques have hardly in differences
which differs from previous results. This is due to the fact that in evenly
distributed traffic situation local and global knowledge do not have sig-

nificant differences especially in very high density of traffic.

5.5 Summary of Results

We have conducted experiment in two stages to observe both unevenly and
evenly distribution of traffic environment. In unevenly traffic environment we
started the simulation varying the weight factors of MADD-H function, f; to
determine the best one. We incorporated this result to our detail experiment
subsequently. To identify the efficiency of our algorithm we have also considered
evenly distributed traffic to demonstrate the peak and off-peak traffic scenarios
where we observed MADD-H still performs better. However, we summarize the

results of unevenly distribution of traffic conditions which are as follows:

e The efficiency of MADD-H in contrast to MADD-G, MADD-L, GPSR,
GPCR and RBVT-R in terms of average delivery time which are projected
in Table 5.4.

Table 5.4: Performance MADD-H over others in delivery time

Density MADD-G MADD-L GPSR GPCR RBVT-R

Low 2.04(times) | 1.50(times) | 2.13(times) | 2.07(times) | 1.17(times)
Medium || 2.50(times) | 1.44(times) | 2.72(times) | 2.56(times) | 1.57(times)
High 3.01(times) | 2.18(times) | 3.37(times) | 3.20(times) | 2.32(times)
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e Again, we measure the efficiency of MADD-H in contrast to MADD-G,
MADD-L, GPSR, GPCR and RBVT-R in terms of average delay are

projected in Table 5.5.

Table 5.5: Performance MADD-H over others in average delay

Density MADD-G MADD-L GPSR GPCR RBVT-R

Low 53(%delay) | 81(%delay) | 56(%delay) | 68(%delay) | 93(%delay)
Medium || 39(%delay) | 64(%delay) | 43(%delay) | 49(%delay) | 57(%delay)
High 29(%delay) | 48(%delay) | 33(%delay) | 36(%delay) | 44(%delay)

e In all cases MADD-H outperforms other approaches: MADD-L, MADD-
G, GPSR, GPCR and RBVT-R.
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Chapter 6

Conclusion

In this thesis, we have introduced a novel methodology for multi hop data deliv-
ery, called the Mobility Aware Data Delivery (MADD) that has several applica-
tions. A driver or a passenger in the vehicle may be interested to look for a sale
in the shopping mall, available parking spaces or current traffic conditions in a
region. All these applications can be implemented through multi hop data de-
livery where we need to address the problem of efficient handling of dynamically
changing of traffic pattern. We proposed three different approaches: global win-
dow based approach (MADD-G), local window based approach (MADD-L) and
hybrid approach (MADD-H). MADD-G assess traffic situation within global
window (approximated traffic) and then deliver data from a souce node to a
destination node. While MADD-L focus on immediate neighbours and progress
on local window (real-time traffic). Lastly, MADD-H assess both global (ap-
proximate) and local (real-time) traffic thus blends two ideas of MADD-G and
MADD-L. We have carried out extensive experiments to demonstrate the ef-
ficiency and effectiveness of MADD-H and MADD-L with baseline approach
MADD-G and other contemporary schemes GPSR, GPCR and RBVT-R.

We have considered both uneven and even (uniform) distribution of traffic

in the city area in different intensity of their density. We found the average
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delivery time can be reduced to 57% if we increase the density from low to
medium and 82% from low to high density of traffic. The average delay can be
further reduced to less than 5% from 13% to 16% when the density of traffic
is increased from low to high. We observe that MADD-H reduced from 53%
to 29% delay in contrast to MADD-G, from 81% to 48% delay in contrast to
MADD-L, from 56% to 33% delay in contrast to GPSR, from 68% to 36% de-
lay in contrast to GPCR and from 93% to 44% delay in contrast to RBVT-R
with the increasing density of traffic. We have also considered even or uniform
distribution of traffic with extreme low and extreme high density to portray
the off-peak and peak hour traffic conditions where we found MADD-H though
performs better both in terms of average delivery time and average delay time
but have meagre differences comparing to other approaches. In each aforemen-
tioned cases, MADD-H outperforms MADD-L, MADD-G, GPSR, GPCR and
RBVT-R. To summarize, MADD-L (real-time) approach is always much su-
perior to MADD-G (approzimate/predicted) approach. Furthermore, blending
the two techniques for obtaining both predicted and real-time traffic in hybrid
approach (MADD-H) can optimize the overall results.

In this thesis work, we focus our experiment simulating Manhattan mobility
model. In order to materialize our work in more realistic city road environment,
in future we like to extend our work in other mobility model e.g., Random

Waypoint.
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