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Ad-Hoc Networks

Student: Hsin-Fan Chen Advisor: Dr. Chien Chen

Institute of Computer Science and Engineering

National Chiao Tung University

Abstract

Since the recent rapid development of wireless mobile networks, people can
access the network ubiquitously. .\Vehicular ad-hoc networks (VANETS) are an
emerging new type of wireless:mobile ad-hoc.networks (MANETS). It’s a mobile
network composed of moving vehicles. There are many researches in performance for
VANETs. Among those, most fesearches focus-on the communication protocol,
delivery ratio, or transmission delay. They are mostly obtained by network simulation
or statistical data. In VANETSs, communication time will affect data transportation and
the performance of the routing algorithm. It’s necessary to build a more accurate
mathematical model to estimate the communication time. In this thesis, we present a
mathematical analysis model to calculate the expected communication time (ECT) of
VANETs in urban city. Furthermore, we consider adding a traffic light to each
intersection to observe the influence to the ECT. Finally, we present simulation results

to validate our mathematical model in ECT.

Keywords: Vehicular ad-hoc network; mobility ad-hoc network; communication time
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Chapter 1: Introduction

In this thesis, we mainly discuss the communication time analysis in Vehicular
Ad Hoc Networks (VANETS) in urban city. We present a mathematical model to
analyze the communication time. In the mathematical analysis model in [1], authors
presented a mathematical model to analyze Expected Link Life Time (ELLT). Their
mathematical analysis model can’t approach the trajectory of vehicle movement,
because they assume no turn probability exists between two vehicles during their
communication time. Therefore, we add the condition of turn probability to analyze
communication time. Nevertheless, this problem will become more complex if we
consider the turn probability of vehicles, because if vehicles can turn many times, it is
difficult to analyze the communication time. Therefore, in order to simplify this
problem, we assume that vehicles have one turn during their communication time at
most. Furthermore, we consider adding a traffic light to each intersection to observe
the influence and the difference of communication time. Then, we also present
simulation results to validate our mathematical model in Expected Communication

Time (ECT).

Since the recent rapid development of wireless mobile networks, people can
access the network ubiquitously. Vehicular ad-hoc networks (VANETS) is an emerging
new type of wireless mobile ad-hoc networks (MANETs). VANETs are distributed,
self-organizing communication networks built up from traveling vehicles, and are
thus characterized by very high speed and limited degrees of freedom in node
movement patterns. VANETS let people acquire information of transmission and
traffic situations in real time by using wireless communication and data transmission

technology. Nevertheless, it influences the performance of data transportation and



routing algorithm due to connection states and route results have a prescription
because the locations of vehicles change dynamically. Such particular features often
make standard networking protocols inefficient or unusable in VANETSs. Therefore,
VANETs is a popular research field recently. VANETs have been utilized in many
mobility models, like random waypoint mobility model, without restrictions on the
movement and directions of vehicles as the Figure 1 indicates. However, in VANETS,
the trajectory of vehicle movement is restricted by streets. So the model couldn’t
reveal all trajectories of mobility nodes in VANETSs. In urban city, the Manhattan
mobility model is one of the typical mobility models, which has wireless nodes
moving in grid topology environment, shown as Figure 2. The discussion of
communication time in VANETSs are not much, so the main point of this thesis lies on
the mathematical analysis of theicommunication time of VANETs in urban city.
Communication time can be-=utilized In _many places, like in delay tolerance
network[21][22], how long nodes stere-packets, or -how the ferry[23] transfers data
between wireless nodes during limited-communication time. For example, in VANETS
[20], if two vehicles want to transmit data, we can calculate communication time by
their relative direction and speed. In this case they can estimate how much data they
can transmit during the period of time, how much bandwidth they need in advance.
They can enhance packet delivery ratio and the efficiency of performance of routing
algorithm. Besides, [9] also points out that the communication time is a significant

factor to the wireless ad hoc network’s optimal performance.
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Figure 1: Random Waypoint Mobility Figure 2: Manhattan Grid Mobility

Model Model

In VANETSs, as Figure 3 indicates, communication time represents the time
needed to be within another vehicle’s transmission range and able to transmit data
directly between two vehicles, while.. ECT means the expected value of
communication time. If one vehicle moved out of.the transmission area, these two
vehicles couldn’t transmit data" directly. Consequently, analysis of expected
communication time is crucial to data.transmission and routing algorithm. In [1], it
addresses the mobility feature of the" Manhattan mobility model in wireless ad hoc
network. It assumes that mathematical analysis model didn’t consider the probability
of turns meeting with the intersection, and it influences the expected communication
time. In this thesis, we presented a mathematical analysis model to calculate the ECT
of VANETs in urban city. We aim at [1] to improve the imperfection of this
mathematical model and establish a more accurate model with turn probability to
make the communication time closer to reality. It may be more sophisticated when
taking the fact that vehicles can turn at intersections into consideration, though. If
vehicles turn several times, the communication time will be hard to estimate. In terms
of the perspective of real movement, it’s unlikely that we will have two vehicles with

extortionate turns in their short communication time. To clarify this point, we use the



simulator in [24], the USC mobility generator tool is a set of mobility scenario
generators, including the Random Waypoint model, the Reference Point Group
Mobility model, the Freeway mobility model, and the Manhattan mobility model. The
traces generated by this tool are compatible with the ns-2 simulator. We use the
mobility model where nodes move haphazardly in the Manhattan mobility model. We
count the number of turns wireless nodes make during their communication time. The
consequence is shown in Figure 4, which indicates the average number of turns a
wireless node make at one time. Therefore, to simplify the question, we assume that
all vehicles will have one turn at most during their communication time. Based on this
perspective, we construct a more accurate mathematic analysis model to make the
consequence closer to reality. Furthermore, in urban areas, there must be traffic lights
to control traffic flow. So we add.a traffic light at. each intersection. We assume two
kinds of signals for each traffic dight, red light-and.green light; the periods for each are
the same, and each traffic light-operates-individually. We analyze how traffic lights
influence communication time and mention a mathematical analysis model for

analyzing communication time.


http://nile.usc.edu/important/software.htm

Figure 3: Communication time
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Figure 4: Number of turn during communication time

In urban city, the trajectory of each vehicle is restricted in streets, thus [1] lets the

connection between two mobility nodes be separated into three independent parts:



opposite case, parallel case, and vertical case. We add the turn probability where
wireless nodes meet intersections to the mathematical analysis model, and we also
separate the connection into three independent parts: Opposite to Vertical Case,
Parallel to Vertical Case, and Vertical to Opposite or Parallel Case, shown as Figure 5.
Because of the independence, we use mathematical analysis with probability to
analyze each connection style. To demonstrate the consequence from the
mathematical analysis, we can use NS2.

:A W o as i

o\ P\ Jo—r

Figure 5: Opposite to Vertical Case; Parallel to Vertical Case; Vertical to
Opposite.orRarallel case

The organization of the rest of this thesis:is as follows. In Chapter 2, we discuss
related works about the effect of mobility model on link dynamics characteristics and
routing strategy in ad hoc networks. In-Chapter 3, the formulations of the ECT of
VANETSs in an urban city are presented. In Chapter 4, we add traffic lights on each
cross and present the formulations of the ECT, of VANETs in an urban city.
Chapter 5 shows the formulation results and the simulation results are confirmed in

Chapter 6. Finally, we conclude this thesis in chapter 7.



Chapter 2: Related work

A wireless ad hoc network is composed of direct communication between
wireless nodes in an environment without infrastructure. Therefore, the mobility
model of nodes affects the performance of the wireless ad hoc network significantly.
Among them, [2] demonstrates the characteristics and analyzes the influence among
different mobility models.[3] quantified the influence for routing algorithm among
different mobility models. [11] analyzed link lifetime and route lifetime in different
mobility models. Therefore, we can understand that mobility models play a critical

role for routing algorithm in wireless ad hoc network.

The random waypoint mobility model .is the most common mobility model in
wireless ad hoc network. There are many:disetssions and researches about it. Among
them, [4][5] discuss its characteristics.[6] presents the factor that node communication
is relevant and influences of connection ability and-performance. Therefore, it points
out the research in fields of link lifetime: [19] analyzed link durations in several
different mobility scenarios to develop adaptive metrics to identify stable links in a
mobile wireless networking environment. [12] analyzed the relation between the
speed of wireless nodes and link failure rate. [7] investigated the expected lifetime of
a route so that the route discovery protocol can be invoked at the right time without
disrupting the communication. [8][9][10] formulate the expected link lifetime and
demonstrate their formulations. [13] calculated the longest lifetime path to improve
the routing algorithm’s performance. [14] presented a new mobility model,
Semi-Markov Smooth model, and calculated link lifetime, then investigated the
influence of the routing algorithm on link lifetime. [15][16][17][18] utilize the value

of the expected link lifetime to apply on routing algorithm and analyze the influence.



The discussion of communication time in VANETS is not much, [25] presents a
new model using real street map data gotten from the TIGER (Topologically
Integrated Geographic Encoding and Referencing) database, modeling vehicles
traveling on these streets, and analyzed the properties of this mobility model and
studied the performance of a common ad hoc network routing protocol, DSR, on this
model. [26] evaluated the sensitivity of mobility details on VANETSs in an urban
context and proposed three new but related vehicular mobility models— the Stop Sign
Model, the Traffic Sign Model, and the Traffic Light Model. [27] introduced STRAW
(Street Random Waypoint), a new mobility model for vehicular networks in which
nodes move according to a simplified vehicular traffic model on roads defined by real
map data, and analyzed the implications of mobility models in the performance of
ad-hoc wireless routing protocols by contrasting the performance of two well-known
protocols using both the commonly -employed ' Random Waypoint Model and

STRAW.

Since the quick development of networks, VANETS is one recently popular
mobility model. However, there are few research and discussion of communication
time, especially since the communication time significantly affects routing algorithm
and performance in mobility ad hoc network. And in urban areas, we can see the
Manhattan grid mobility model frequently. [2] mentioned Manhattan grid mobility
model and analyzed its movement behavior. [1] formulated communication time in
MANET under Manhattan grid mobility model. Therefore, it inspires our motivation
to take a research in the communication time of VANETS in urban city. In this thesis,
we mentioned two mathematic analysis models of communication time, one is with

turn probability, and the other is with traffic light.
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Chapter 3: Expected communication time in VANETS

ECT means the average time for two wireless nodes to transmit data to each
other directly in all situations. In [9], it mentions that ECT has significant impact on
wireless network. There are some researches on the expected link lifetime in a random
waypoint mobility model. There are also some researches on the expected link
lifetime in Manhattan Grid Mobility Model. For example, [2] mentioned the
Manhattan grid mobility model and [1] that mentioned a mathematical model that can
analyze the expected link lifetime on the Manhattan grid mobility model. However,
there are few researches on VANETS in an urban city.

In this chapter, we reform the mathematical model in [1], and add the probability
of turn to the mathematical model to make, the consequence closer to the reality of
VANETSs. Furthermore, to simplify the guestion, we assume that two vehicles have

one turn at most during communication time, and we-postulate the probability of turn

Purm When meet with the intersection.

We assume that there is a connection of two mobility nodes, MN, and MN;,
in urban city, and we can separate the connection into three situations:
1. The direction of movement between MN, and MN,; is opposite to vertical.
2. The direction of movement between MN, and MN,; issame to vertical.
3. The direction of movement between MN, and MN,; is vertical to opposite or

same.

We respectively use T, (Vo) ~ T, (Va) ~ T._oy,,(va) to describe it. The

ECT in an urban city is described as Equation 1, and we separated the paragraph to

three parts to analyze the mathematical model of ECT.



— 1 1— 1—

Tlink (VA) = ZTH:J_ (VA) + ZT—>—>:>J_ (VA) + ETJ_:><—>||—>—> (VA)
When the speed of MN , isv, :

T, (v,) :ECT of MN,

T.__ (v,) :ECTof MN, under opposite to vertical case

'IZQ:S . (v,) :ECT of MN , under parallel to vertical case

—

oo (Va) ECT of MN, under vertical to opposite or parallel case

Equation 1: ECT of VANETSs in urban city

Before discussing ECT, we have some basic assumptions:

1.

2.

The transmission range of every node is a circle with radius R.

The average moving speed of every node is distributed between maximum v,
and minimum v,;, equally.

The moving direction of every node—moving upward, downward, leftward or
rightward—nhas the same probability:

MN; has one turn at most dufing.communication time with MN,, and the

probability of turning when meeting the cross is p,,,, -

3.1 Opposite to Vertical Case

In the opposite to vertical case, the relative direction between mobility nodes,

MN, and MN,;, is opposite. When MN; meets the cross, it has probability of turn

P.m and lets the relative direction become vertical. In Figure 6 and Figure 7, the

dotted lines represent streets. The definitions of symbols are represented as follow :

1.

v, :speed of MN,

10



2. vy - speedof MN,

3. | : horizontal street

4. J :vertical street

5. d : distance between adjacent street

6. s :distance from MN; enters range of MN, to MN; meets first cross

Among them, to take care more when MN; enters the range of MN,, since
the location of MN, will change within a fixed range. As Figure 8 indicates, we can
see the value of s will vary with the varying location of MN,. It also means the
distance where MN, meets the first cross after entering the range of MN, will
vary, and furthermore ECT will also vary. Consequently, we calculate the
communication time formed by each location of *MN, and MN;, sum up the total
amount, and average it. In Figure.8, we set-the standard value of s when MN,
enters the range of MN, and™~MNy.is-on.cross at the same time. We assume the
coordinate of MN, is (0,0) and:-the distance: from MN; enter range of MN,

through i, streetto MN, meet first crossis §S;.

Figure 6: Opposite case of VANETSs in urban city

11



Figure 8: Relation of s and location of MN ,

As Equation 2 indicates, we calculate the parameters completely in Figure 6 before

calculating ECT.

12



Si: i h xd
d

C,:2><L‘_Si +1
d

Equation 2: Calculate parameters of Opposite to Vertical Case

C, represents the maximum count of crosses that MN; on number i street

passed through during communication time. The maximum value means that MN,

may be unable to reach some crosses during the communication time if v, is smaller

than v,. Therefore, we define a_new'parameter vy, further, see Equation 3,

representing the minimum speed MNg- that can reach number (i, j) cross. We
separate this case into two parts, one fs:that ‘MN, -can reach all crosses and has a
probability of turning, the other isthat MN_ can’t reach some crosses.
o5 si+(i=1)d
o) 2L, —(s;+(j—1)d)
Va(ij) =V

Va

Bmin

Equation 3: Minimum speed that v, can reach number j cross

Consequently, we calculate T,, T,, and T, in Figure 7 respectively. T,
represents the communication time from when MN; enter range of MN, to when
MN; meets a cross. T, represents the communication time from when MN; turn
at cross to when MN; leave range of MN,. T, represents the communication
time that MN, moves straight during MN, and MN; connect. It includes two

parts, one part is the situation that MN, can’t reach some crosses, for example,

13



MN,; can reach cross number j but can’t reach cross number j+1. The other part
is that MN, can reach each cross but MN; keeps straight when meeting crosses,
therefore we use the remainder probability to calculate ECT after subtracting the

probability of turning.

We use coordinate to calculate T,, shown by Figure 8. The location of MN,
varies when MN; contacts with  MN ,, therefore we list the coordinate range of s
and MN, as follow.

1. s:0<s<d

2. MN, : (S,—d,0)<MN, <(S;,0)

We calculate the coordinatesof MN, and MN, when MN, is at cross
respectively, then we assume MNg ' will leave the range of MN, through T, after
turning. Since we know the directions-of -MN, :and MN,, we can calculate the
coordinates of MN, and MN, after. T,. At:ithis time, the distance of two mobility
nodes is R. Consequently we can get T, through solving the equation as Equation 4

indicates.

14



MNj; turn to down

(f5seton ][5 o

MN,; turn to up

(5w oetoom] (5] o -

Solve this eqation, get T,

T, = 2L
V,+Vg

Equation 4: Calculate T,, .F; and" T5:.0f Opposite to Vertical Case

We need to get distribution probability of the variable parameters to calculate the

expected value. Because v, distributesbetween- v, and v equally, and s

also distributes among varying range equally, so we can get their PDF simply shown

as Equation 5:

Equation 5: PDFof v, and s

Finally, we calculate the average communication time of two mobility nodes
which can transfer data directly in all possible, shown as Equation 6. Separating it into
three parts, we calculate the first part : the communication time for MN, meeting

one cross and turning, same as T,+T,. We calculate T, +T, of each cross

15



respectively, because MN; can meet C, crosses at most. Furthermore, there are
many different way for MN, to enter the range of MN,, for example that MN,
may enter the range of MN, from the i, streetorthe i+1, street. Finally we get
the sum of all situation and average. Then we calculate the second part : part of MN,
can’t reach some cross, means MN,; may can reach some streets but can’t reach the
next street, for example that MN, can reach street j, but can’t reach street j+1,
street. The third part: MN, can run through C, crosses during communication time,
we calculate the communication time by remainder probability, contracted probability
of turn first, means probability of going straight. In the end, we sum the three parts
above to get the ECT of opposite to vertical case. Among them, o is the extreme
minimum value to avoid some problems in mathematics like dividing by zero when

vy isequalto v,.

16



d-o VB max
+ I p(i =1 ) '[Ts f (VB )dVB (1_ 2%C; Py )f (S)dS
s=0 VB(ici)

If 2*CI pturn >11 Ci = 2 % ptum

A7

otherwise, p(i=1)=

if (1_ pturn)< 0’ T3 =0

_ c Vg max VB(i,j)
- _[ Z p(l = I { I(Tl +T2)f (VB )dVB pturn + ITS f (VB )dVB (1_ 2 * (J _1) ptum) f (S)dS
01=1J=1 Ve(i.j) VB(i i)

Equation 6: ECT formulation of Opposite to Vertical Case

3.2 Parallel to Vertical case

In parallel to vertical case, the relative direction between mobility nodes, MN ,

and MNg, is parallel. When MN_ meets a cross, it has probability of turning p,,,,

17



and lets the relative direction become vertical. As Figure 9 shows, the dotted lines
represent streets. We separate the communication time into two parts, shown as Figure
10, the first partis MN, keeping up with  MN, when v; >v,, then MN,
connects with MN, when MN, enters the range of MN ,. Second part is on the
contrary. We aim at the first part to discuss as following because two parts are the

same.

I

————— e
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Figure 10: Parallel case of VANETSs in urban city

In this case, same as the Opposite to Vertical Case, the location of MN, will
vary in fixed range when MN; enters range of MN,, as Figure 11 indicates.
Communication time also varies, therefore we calculate each communication time
formed by each location of MN, and MN;, sum up total amount and average it
same as opposite to vertical case. In Figure 11, we set the standard value of s when
MN,; enter range of MN, and MN, is on cross (blue part) at the same time. We
assume the coordinate of MN, is (0,0) and the distance from MN; enter range

of MN, through i streetto MN,; meet firstcrossis ;.

Figure 11: Relation of s and location of MN ,

As Equation 7 indicates, we calculate parameters completely in Figure 10 before

calculating ECT.
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s3]
o|es) ol

Equation 7: Calculate parameters of Parallel to Vertical Case

C, represents the maximum value of crosses MN, can meet in the i, street.
It is different from the C, of opposite to vertical case, because C, in this case
guarantees the number of crosses that MN, can reach. In other words, MN,
certainly can reach C, crosses in the range of MN,, besides the factor that MN,

may turn. The situation that v «Is too-small:to.reach some cross for MN; in range

of MN, will not occur because Vg >V,.

Consequently, we calculate T,, T, “and T, respectively shown as Figure 9. T,
represents the communication time from when MN,; enters the range of MN, to
meet the cross. T, represents the communication time from MN; turns at the cross
to leave the range of MN,. T, represents the communication time that MN,
moves straight during MN; is connecting with MN,. In other words, MN; can
reach each cross but MN; keep straight when meeting crosses, therefore we use the
remainder probability to calculate ECT after subtracting probability of turn. We use
coordinates to calculate T,, shown as Figure 9. The location of MN, varies when
MN,; contacts with MN ,, therefore we list the coordinate range of s and MN,
as follow.

1. s :0<s<d

20



2. MN, : (S,—d,0<MN, <(S;,0)

We calculate the coordinate of MN, and MN, when MN; is at cross
respectively, then we assume MN; will leave the range of MN, through T, after
turning. Because knowing the direction of MN, and MN;, we can calculate the
coordinate of MN, and MN, after T,. At this time, the distance of two mobility
nodes is R. Consequently we can get T, through solve the equation as Equation 8

indicates.

MN; turn to down

(]8]S [ - Yovar. | -

MN; turn to up

(]S Jovs st o [&] o] -

Solve this eqgation, get T,

2L
T = i
i [V = V|

Equation 8: Calculate T,, T, and T, of Parallel to Vertical Case

Finally, we calculate the average communication time of two mobility nodes
which can transfer data directly in all possible, shown as Equation 9. Separating it into
two parts, we calculate the first part : the communication time for MN, meeting

one cross and turning, same as T,+T,. We calculate T, +T, of each cross
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respectively, because MN, can meet C, crosses at most. If we calculate the part of
Vg >V,,Vy Will vary between v, +o and v, . There are many different way for
MN, to enter range of MN,, for example that MN; may enter range of MN,
from number i street or number i+1 street. Therefore, we sum of all situations and
average to get ECT. And second part : T,, we calculate the situation that MN; goes

straight during connecting.

-F—>—>:>L (VA)
f—)—):L (VA)
= E—)—)ﬂl[ —>—>:>L( Ve, i’ J)]

= E»»:J_ I:taa:w_ (VB ' J)I 1]* (I = 1)
+ E—)—>:>J_ [taazj_ B ! * (I 2
R
+ E—>—>:>L|:t—>—>:L B! J* _’Vd —l:| * (' lr —D
= E»»:J_ [ta»:J_ MI 1 J = I =1)* pturn +...
E—)—):L[t—>—>:>L Bll :1! J :Ci] I :1)* pturn S

VE {t%ﬂ (vB)1i _ [ﬂ = ci}* p(i - ( gm* P

H . -V —
= p _I)[ZI [ (4T T (ve) T (s)dvgds + | IT3(1—2*Cipmm)f(vB)f(s)deds}

o|x;

J=l s=0vp+o s=0vp+o

if Z*CI Prurn >1, Ci = 2 % Pourn

" 451' pizz[ 11_1

otherwise, p, =

if (1_2* pturn)<0' T3 =0

Equation 9: ECT formulation of Parallel to Vertical Case
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3.3 Vertical to Opposite or Parallel case

In vertical to opposite or parallel case, the relative direction between mobility
nodes, MN, and MN,, is vertical. When MN, meets a cross, it has probability of
turning p,,, and lets the relative direction become opposite or parallel. As Figure 12
indicates relative velocity of v, and vg, and some parameters we define as
following :

1. v, : relative velocity
2. Z¢ - ZEIP,angleof v,
3. Za : ZPlO, one of the factors_influencing ECT in this case, is the angle of

horizontal and the line formed by thespoint.of “MN_ enters MN, to origin.

A

v

Figure 12: Vertical case

We reuse the partial method to calculate the ECT of vertical to opposite or
parallel case in [1], for example we reuse the angle representation Z« to calculate

the communication time. Therefore, we repeat how we get Za as following
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segment. [1] explained ECT can be formulated as Equation 10 if MN, goes straight

in range of MN,,.

T, (VA )
=E, [tJ_ (VB ' &, ¢)]
=E, [tJ_ (VB ' a)]
It(VB ca)f, (vy,a)dadv,
VBmin ‘(%+¢)

Equation 10: ECT formulation of Vertical Case

We define mathematic symbol in Equation 11 as follow :

1. t(vg,a) : The period of MN, in range of MN,, communication time, as
equation shows.

2. f,(vg,a):PDFof v, and+e asEquation 12-indicates, separated into two part,
see Equation 5 and Equation 13. We explain process to get PDF of « in Equation 13

as follow segment.

3. %—¢ : Maximum value of Ze«, italso means MN; will have no connection

with MN, if the Za of MN; enters the range of MN, bigger than maximum

value.
4, —(%+¢) : Minimum value of Zea , it also means MN, will have no

connection with MN , ifthe Za of MN,; enters the range of MN, smaller than

minimum value.
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tJ_(VB’a’¢)
_ 2Rcos(a +¢)
- v

r

2R(V, COSax — Vg sinax)

AEAA
:tJ_(VB’a)

Equation 11: ECT of Vertical Case

fJ_(VB’a): fa|vB (a | VB)f (VB)

Equation 12: PDFof v, and o

MN; can enter range of MN, from the underside of MN,.the period from
when MN; enters the range of MN, to whenit leaves is the communication time
we want to analyze. Nevertheless, different 'z causes different communication time,
so we need to calculate the communication time -in all possible entrance angles,
multiply its corresponding PDF of v, and e« respectively to get ECT. Therefore,

we analyze angle « first to get PDF of «, called f(a). Figure 13 indicates the
relation of o« and entrance point of MN;, and the range of « between —(% +¢)
and %—¢5. We can observe the distance between entrance point for maximum «

and minimum « is 2R, so we can express the relation of « and r as Figure 14
shows. We can calculate CDF of f(e) first then differentiate it to get PDF of « .

Equation 13 shows process of demonstrate step by step.
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v

Figure 13: Relationship:betweenentrance point of MN; and «

9=a+¢‘

€.
<
o

D

rr:)rfR

-R

Figure 14: relationship between « and r
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=ridr

J2R

_ e

~2RIR

_Rsin(a+g¢) 1 _(z Mz_j
TR +2’ae{ Il
fa|vB(a)

_d Rsin(a+¢)+£}

da 2R 2

e (395

Equation 13: PDF of «

In this thesis, MN; turns withprobability, p,,,, when meeting a cross and lets
the direction become opposite -or parallel,-as Figure 15 and Figure 16 indicate. A
dotted arrow represents relative-direction-of MN, and MN,. We divide it into two
parts to calculate: one is that MNg.can’t reach .some crosses and the other is that

MN; can reach some crosses.

Figure 15: Vertical case of VANETSs in urban city
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Figure 16: Vertical to Opposite.or Parallel Case with turn probability p,,,

In order to calculate easily, we define.some particular angles first, shown as Equation

14, see the definition of symbols as follow. 6, and 6, can be referred to Figure 17,

6,; can be referred to Figure 18.
1. 6y : o forintersect of number i street and right boundary of MN,.
2. 6, a forintersect of number i streetand left boundary of MN,.

3. 6, :Critical angle « that MN; can reach number i, street, means MN,
exactly touches i, street on boundary of MN, when MN,; isleaving MN,
if MN; enter range of MN, from angle o .Forexample, if entrance angle
o is smaller than this critical angle, MN; can’treach i, street, on the

contrary, MN; can reach.
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Figure 17: Specific value of angle «
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Figure 18: Value of 6,

Furthermore, the range of ‘@ .is different.depending on v,. As Figure 19
indicates, we can observe the angle of relative direction becomes 6 from ¢ after
vy, increased, so the range of o is changed too. We divide v, into several

segments to induce easily, as Figure 20 shows, we divide v, into two segments and

let the minimum value of « fall in ST and TU respectively. It is because in the

first segment ST, there are some angle o thatlet MN; can’t reach the first street,

but in the second segment TU, MN,; can reach first street from any entrance point

with angle o . Therefore we can ignore the problem whenever MN; can reach the
first street or not, and consider whenever MN, can reach next street or not directly.

Equation 15 indicates the segment of v;.
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Figure 20: Segment of v,

After preparing above, we:utilize symbols;already defined to calculate T, T,,
T,,and T, in Figure 16 respectively./As.Equation 16 indicates, T,, T,, T,,and T,
represent the average communication time in all situations, so we integrate « and
vy respectively. Furthermore, we mention above that we divide it into two parts, one
part is that MN; can’t reach some crosses, the other part is that MN, can reach

some crosses. We will focus on each street in our discussion.

T, belongs to the first part: we calculate the communication time for each street

that MN; can’t reach respectively. For example, MN; enters the range of MN ,

with a speed of vy, then we can estimate if angle « falls in the range from 6, to

0y, - If yes, it represents MN; can reach first street but can’t reach second street. In
other words, when MN, meets first cross, MN, goes straight, but MN, isn’t
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speedy enough to reach second street. Then we take the communication time to
multiply remainder probability minus the probability of turning, so we can get the

expected value.

T, represents the scenario MN, that can reach each street in range of MN,,
but MN, always goes straight when meeting crosses. We calculate it individually
because the range of angle « is different from T,. Subsequently T, and T,,
belonging to part of MN, can reach some crosses and turn. T, is the period of
MN; touch range of MN, and MN,; meets a cross, and T, is the period of

MN; turns at cross and MN, leave range of MN,.
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Vg,

s OHinen 2R[v, cosa —V; sin ] cos(a + @) f (V )
B

T = dadv
1 VB‘!l '9Hi+s—2 VA2 +VBZ ’ B
v, 0, Rsin(—a)—@ﬂ—i)d cos(a+ 4)
a+
=] v : f (v, Jdedv,
Veg 4 Oh; B

Turn right (Opposite)

T3
(Rsin(—a)—qs—‘—ijdj
v, 0, Li +Rcosa — Vu
_ Vg cos(a + @) f (v, Jdadv
o V,+V, ® °
Turn left (Parallel)
T3
[Rsin(—a)—gﬂ—ijd]
Vg, 0, L,—RCOSCZ+ V
Y Y " cos(a +) f (v, Jdadv,
Ve, , O, ‘VA _VB|

v,

¢ 2. 2R[v,cosa -V, sina] cos(a +

T4 — J. J. [ A - 2B ] ( ¢)f(VB )dO(dVB
Vo +Vg 2

g
d

Equation 16: Calculate T, T,, T, and T,

Finally, we calculate ECT of vertical to opposite or parallel case, as Equation 17

shows. We take T,, T,, T, and T, to multiply a corresponding probability
influenced by probability of turn respectively. And we consider all possible situation

and calculate respectively, then sum them to get ECT.
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fj_:ellﬂﬂ (VA)
=Ey o tizors (Var . 9)

Ll phiHy
- le ;Tl(l 25(i+5-2)p,, )+ 2, 2 T, +T5)Pur

N RN ELI

If 2*(+S 2)pturn >1 T O
If 2>klpturn>1’ T2:T3:O

if 2*(2’75—‘_]} ptum >11 T4 =0

Equation 17: ECT formulation of Vertical to Opposite or Parallel Case
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Chapter 4: Expected Communication Time with

Traffic Light

In this chapter, we add traffic lights to every cross, and analyze the effects on the
communication time. We finally suppose a mathematic analysis model to calculate the
expected communication time. We suppose there is no correlation between every
traffic light, that is, they work individually. Also, with two signals, red light and green
light, cars that meet a red light should stop and vice versa. The period of the red lights
and green lights is the same. We will use the mathematic analysis model mentioned in
Chapter 3. In Chapter 3, there is no traffic light on each cross, so the states of MN,
and MN; are “move.” As the Figure 21 bellow shows, “m” means “move,” while
“s” means “stop.” In this chapter, beeause of the traffic light, there may be “s” or “m”
in MN, and MN; . What's more, . we can say that the three
states (m, m), (m, s), (s, m) coming from the state (m,m) without traffic lights. If there
is one of state of MN, or MNg is “m”, it will' engage the communication time
without traffic light. The difference lies in the different relative velocity leading to
different communication times. They are involved in the communication time of the

state without traffic lights. The change of relative velocity results in the change of

communication time. We simply model it as a relation of linear of inverse proportion

and there is a multiple between the two. We suppose they are T, and T as

(s,m)>
the Equation 20 shows. We will deduce in the next section. On the other hand, (s,s)
Is extra communication time when both MN, and MN,; are waiting for the traffic
light, so it is not involved in the communication time. We count respectively the
probability of each state, and suppose that the communication time with traffic light is

ECT,, . The probability is the proportion composed ECT,, . Then we have (m,s)
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and (s,m) divide their corresponding multiple T, and T Finally, we have

(s,m) *

(m,s) and (s,m), which divide their corresponding multiple T . and T plus

(m,s (s,m)

(m,m) and that will equal the communication time without a traffic light. Therefore,

we can introduce ECT,, inversely.

No traffic light

State(A, B) ={(m,m)}

Taffic light :

State(A, B) ={(m,m),(m,s),(s,m), (s,5)}

Figure 21: State of MN, and MN,

4.1 Opposite to Vertical Case with Traffic Light

We first count the probability that MN - andMN_ stop per second respectively.
We supposed means the distance between two streets, and TL means the period of
red light. When MN, enters the transmission range of MN,, it may meet the red
light immediately, or go for d before meeting with the red light. The periods of the
red and green lights are the same, and MN; will meet with one red light after

passing by two traffic lights in average. Therefore, MN, meets red light once during

the MN; goes 1.5d . The average time of stopping at the red light is %TL, and the

formula for probability is shown as Equation 18. And we can calculate the probability
of each state in Figure 21. As Equation 19 shows, the probability is the proportion of
each state in ECT;, . Then we calculate the multiple of communication time caused
by relative velocity, as Equation 20 shows. As for the state of (m,s), v, +V,
represents the relative velocity at first, and v, means the relative velocity after
MN,; stops. We model the relation of relative velocity and communication time to be

a relation of linear of inverse proportion. In this state, if MN, or MN; stops,
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relative velocity must be reduced. So the multiple T . and T, must be larger
than one. At last, we have ECT; to multiply the probability of three states
(m,m),(m,s),(s,m), have (m,s) and (s,m) divide the multipleT, , and T, .

Then add the three states together, it will be equal to ECT without traffic light

calculated in Chapter 3. With the ECT we have known, we can introduce ECT,,

1 2d 1
=TTL/| & +2TL
ey (i
1 2d 1
=-TL/| = +2TL
psB 2 /(VB 2 j

Equation 18: Probability of MN, and MN, stop per second

inversely, as Equation 21.

Prinm = (1— Pea )(1_ psB)
Phm.s) = (1‘ psA)psB
Premy: =P (1_ psB)
Phiss = PP

Equation 19: Probability of each state happened

T =

VA
Tsm =

VB

Equation 20: Multiple of communication time in Opposite to Vertical Case
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ECTTL(m,m): ECTTL * Prgmm)
ECTLmy=ECTL * Py
ECT m=ECT * Pyem
ECT 9 =ECT * Py

ECT, ECT,
ECTI-L(m‘m)‘l‘ T TL(m,s) + TL(s,m) — ECT

(m,s) (s,m)

=QetECT,,

Equation 21: Calculate ECT;,

4.2 Parallel to Vertical Case with Traffic Light

In this case, besides the multiple increases in communication time T, and

T shown as Equation 22, the method of ealculating ECT,, is the same as the

(s;m)
Opposite to Vertical Case mentioned above. Among the multiple increases in

communication time, |v, —V;| “means the relative velocity before MN, or MN;

stops. v, and v, represent individually the relative velocity after MN, and MN ,
stops. In this case, there might be the situation that the relative velocity when MN ,
and MN; stop is larger than that before they stop. If the relative velocity before
MN, and MN,; stop is smaller, the multiple will be less than one. That is, the part
of communication time after they stop will be less. On the other hand, if the relative
velocity before MN, and MN, stop is larger, the multiple will be more than one.
That is, the part of communication time after they stop will be more. Based on
Equation 21, bring the increasing multiple in and get the last communication time

ECT,, .
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_ Vi —Va|

T
VA

ms)

VAV

sm) —

T
( Vg

Equation 22: Multiple of communication time in Parallel to Vertical Case

4.3 Vertical to Opposite or Parallel Case with Traffic Light

In this case, besides the multiple increases in communication time T, and

(m,s

T as Equation 23, the method of calculating ECT,, is the same as the Opposite

(s,m) 1

to Vertical Case mentioned above. Among the multiple of increasing communication

time, Vi +V: means the relative velogitysbefore MN, or MN, stop. v, and

vy represent individually the -relative velocity after MN; and MN, stop. In this
case, the relative velocity when - MNy “and=MNg."stops must be smaller than that
before they stop. If the relative velocity'before MN, and MN, stop is larger, the
multiple will be more than one. That is, the part of communication time after they
stop will be more. Based on the Equation 21, bring the increasing multiple in and get

the last communication time ECT;, .

Equation 23: Multiple of communication time in Vertical to Opposite or Parallel
Case
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Chapter 5: ECT Formulation Result

In chapter 3, Equations 5, 8 and 6 are mathematical analyses of three
independent mobility models. We make use of the mobility models in mathematical
tool and calculate its ECT. Then, according to Equation 1, we conclude the three
outcomes to final. The mathematical tool we use is MATLAB 7.3, the outcome
explains the relationship between v, and ECT. We suppose the maximum moving
speed between MN, and MN; is 20 m/s, v, is averagely between the maximum

and minimum, and the maximum transportation radius is 250m.

5.1 ECT Formulation Result of Opposite to Vertical Case

In Opposite to Vertical case, Figure:22 and Figure 23 represents the relationship
between v, and ECT. Figure 22"compares with.the same distance between streets,

different impacts on ECT due to different turn probability p,,,. 4x4 represents the
distance of adjacent streets as d =125m,8x8 represents the distance of next street
as d =62.5m, and so on. Five curves represents wireless nodes turning up and down

when meeting the cross with turn probability p,,,, =14, 1/8, /12, 1/16, 1/1000

respectively, among them, 1/1000 can be regarded as MN, not turning [1]. Figure
22 reveals thatas p,,, gets larger, the ECT gets larger. That’s because in the
beginning MN, and MN; move in the opposite case, their relative speed

V, =V, +V, is higher than the relative speed of the vertical case v, =V, +V;°
after turning. So it will increase the ECT if MN; turns to the vertical case earlier. In

reality, the difference of relative speed between the opposite case and vertical case
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isn’t apparent, so is their addition. In Figure 23, the turn probability of 4x4 is

Purm =1/4, and that of 8x8 is p,,, =1/8. We aim at supposing MN, with the
same turn probability p,,, in the same distance, then compare the effect on ECT due
to different interval of street. And the outcome reveals that the interval of street is

unobvious to ECT.

opposite to vertical

&0 : : : : : : : ' '
! ! ! ! ! ! D | —e— s
5 : : : : : | B 4xd-18
L) i R e T Tl e a2 ]
q : i i i i D —— 4ud-1116
LY : : : : : L | —— 4x4-1/1000
B0 ----- g e T R T 1
. T e e

ELLT (5)

2=
- o]

2 4 B g 10 12 14 16 18 20
opeed of Node A (mfs)

Figure 22: Opposite to Vertical Case with different turn probability
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ELLT (s)

a1l

70

10
1l

opposite to vertical

—a— 212
—B— 4xd-1/4
—&— Bxb-1/6

—=— B¥3-1/8

opeed of Node A (mfs)

Figure 23: Opposite-to Vertical'Case with different gird size

5.2 ECT Formulation Result of Parallel to Vertical Case

In parallel to vertical case, we compare ECT in different probabilities of turning

Purm When the interval between two streets is the same, as Figure 24 indicates. We

can observe how the probability of turning affects ECT. Because origin relative

velocity is v, =|v, —V,|, after MN, turns, it becomes v, =4/v,” +v,* . We can

see obviously the relative velocity after turning is bigger than before turning.

Therefore, if p,,, is bigger, ECT is smaller, in the other hand, if p,,, is smaller,
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ECT is bigger. As Figure 25 shows, we analyze and take apart into two parts, one is
Vg >V, case, and the other is v, >v, case. In vy >v, case, with the increase of
v,, the probability that MN, reaches MN, becomes little, and the part v, >v,
in ECT becomes less. As for the case of v, >v,, v, is smaller at first, and the
probability that MN, reaches MN; is smaller. If v, and vg is small and move
paralleled, it will make ECT larger and ECT will increase faster in the beginning.
When v, becomes bigger, the probability that MN, reaches MN, becomes
bigger, and it should makes ECT increase. But because of the increase of v,, the
ECT reduces. With the correlation of two factors, the increase of ECT becomes
alleviative. In Figure 26 we compare how different interval of streets affects ECT with

the same turn probability p,,, ,and it reveals there is little impact on ECT.

same direction to vertical
11D T T T T l T T T
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Figure 24: Parallel to Vertical Case with different turn probability
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Figure 25: Divide into two case v; >v, and v, >V,
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Figure 26: Parallel to Vertical Case with different grid size

5.3 ECT Formulation Result of Vertical to Opposite or

Parallel Case

In the vertical to opposite or parallel case, we compare different turn probability
Purn @nd ECT with the same interval street. In Figure 27, it can be seen that the turn
probability affects ECT, that is, the larger p,,,, gets, the larger ECT will be. The
parallel case apparently elevates ECT. Though it may become opposite case when
MN; turns, the elevation in Parallel case offers the supplement. If the p,,, gets
larger, vertical case can change to opposite case or parallel case quickly and adds ECT.

In Figure 28 we compare how different interval of street affects ECT under the

circumstances of same turn probability” p,,,,-
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Figure 27: Vertical to Opposite or-Paraliel Case with different turn probability
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Figure 28: Vertical to Opposite or Parallel Case with different grid size

5.4 ECT Formulation result

In this section, we discuss ECT of three cases combined. We observe ECT in
different probability of turn p,,, when the interval between two streets is the same
in Figure 29. Figure 29 illustrates ECT decreases if MN; has one turn. The
decreasing part is caused by MN; turning in Parallel to Vertical case mainly,
because it will cause ECT to decrease dramatically. Though MN, with turning will

increase ECT a little bit in other two cases. In Figure 30 we compare how different

interval of street affects ECT under the circumstances of same turn probability p,,,,-
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Figure 29: ECT of VANETSs inurban city with different turn probability
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Figure 30: ECT of VANETS in urban city with different grid size
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Chapter 6: Formulation and Simulation Comparison

To prove the accuracy of the mathematical analysis model we established, we
use a mathematical tool to calculate ECT, use the network simulating tool NS2 to
make a Manhattan Grid Mobility Model, and establish several wireless mobile nodes.
According to the hypothesis in mathematical analysis model, there is one turn at most
during the connection of MN, and MN;. We give it turning probability. We will

observe if the outcome of NS2 match to MATLAB results.

6.1 Formulation and Simulation Comparison in Opposite to

vertical case

In the case, we suppose a-node A moves oppesite to other nodes B. In other
words, node A moves from up to down;-and-nede B moves from down to up. Node A
goes from the minimum speed to maximum.speed without making a turn, while other
nodes B are uniformly distributed in the range of minimum speed and maximum
speed. The detailed simulation parameters are listed in Table 1. We suppose these
nodes B have one turn at most within the transmission area of A, and there is a turning
probability that makes them turn. If these nodes move out of the transmission area of
node A, they will initial from the start. We will record every connection time. After
simulating for a period of time, we equalize the connection time and get the
simulation outcome. Furthermore, when the node moves to the boundary, plan [1] is
to initialize the node to a starting point. But this leads to a boundary effect. For
example, node B may touch the boundary when connecting to A, and B will be
initialized to the starting point. It will break the connection and cause a deviation of

simulation outcome and mathematical analysis. We make node B able to appear on
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another side boundary when touching the boundary. It is just like this two boundaries
being connected. Therefore we can eliminate the boundary effect. As Figure 31 shows,

our simulation outcome matches mathematic analysis results.

opposite direction to vertical

ELLT (s)

i
2 4 B g 10 12 14 16 13 20
opeed of Node A (m/fs)

Figure 31: Formulation and Simulation Comparison in Opposite to Vertical Case

Simulator Ns2-2.30
Node numbers 160
Simulation Time 1000s
Topology x 1000 m
Topology y 1000 m
Transmission range of a node (R) 250 m
Minimum speed ( Smin ) 0mi/s
Maximum speed ( Smax ) 20 m/s
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Block Size (d) in Figure 31, 4x4 : d=125m

Probability of turn ( p,, ) 1/8

Table 1: Simulation parameters of Opposite to Vertical Case

6.2 Formulation and Simulation Comparison in Parallel to

vertical case

In the case, we suppose a node A moves parallel to other nodes B. In other words,
all nodes move from down to up. Other settings are the same as in Section 6.1, and the
detailed simulation parameters are listed in Table 2. In Figure 32, we can observe that
the theoretical results by MATLAB and the simulation outcome by NS2 match each
other. Nevertheless, in this case the simulation. outcome is more distributed. Because
the ECT simulation of the parallel icase-is:unlike the opposite case, it is diversely
distributed. According to the:curve of the formulation of the parallel case, the
relationship between the speed of a mobile node‘and its ECT to others nodes under
the parallel case differs from the opposite ‘case. Even there is only a slight change on
the speed of a mobile node, the ECT of the parallel case might be affected
dramatically. This case includes parallel case. As a result, the simulation result of the

parallel to vertical case is decentralized.
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same direction to vertical
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Figure 32: Formulation and Simulation Comparison in Parallel to Vertical Case

Simulator Ns2-2.30

Node numbers 240

Simulation Time 1000s

Topology x 1000 m

Topology y 1000 m

Transmission range of a node (R) 250 m

Minimum speed ( Smin) 0 m/s

Maximum speed ( Smax ) 20 m/s

Block Size (d) in Figure 32, 4x4 : d=125m
Probability of turn ( p,, ) 1/8

Table 2: Simulation parameters of Parallel to Vertical Case
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6.3 Formulation and Simulation Comparison in Vertical to

Opposite or Parallel case

In the case, we suppose a node A moves opposite to other nodes B. In other
words, node A moves from left to right, and nodes B move from down to up. Other
settings are same as section 4.1. The detailed simulation parameters are listed in Table
3. In Figure 33, we can observe that the theoretical values and the simulation results
match each other. Nevertheless, simulation results are also more distributed. Because
mobility nodes may turn and let relative direction become parallel. Therefore, this

case includes parallel case to induce the decentralized results.

vertical direction to appsite or same

ELLT (s)

o N T N
a 2 4 B g 10 12 14 16 13 20
opeed of Node A (m/fs)

Figure 33: Formulation and Simulation Comparison in Vertical to Opposite or
Parallel Case

Simulator Ns2-2.30
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Node numbers 160

Simulation Time 1000s

Topology x 1000 m

Topology y 1000 m

Transmission range of a node (R) 250 m

Minimum speed ( Smin) 0 m/s

Maximum speed ( Smax ) 20 m/s

Block Size (d) in Figure 33, 4x4 : d=125m
Probability of turn ( p,,,, ) 1/8

Table 3: Simulation parameters of Vertical to Opposite or Parallel Case

6.4 Formulation and Simulation Comparison of VANETS in

urban city

In this case, we utilize mobility models established in [24]. One of the mobility
models is wireless mobility nodes moving randomly like random waypoint mobility
model in an urban city. Consequently, mobility nodes may turn many times during
connection. The nodes are initially placed randomly and initially given random
direction on this Manhattan Grid topology. The detailed simulation parameters are
listed in Table 4. We calculate ECT and get results as Figure 34 shows. We can
observe that simulation results are close to MATLAB outcome. There is a deviation
about 5 seconds between simulation and theoretical result. Because theoretical value
by MATLAB has one turn at most and simulation result by NS2 has unlimited turns.
However, we have discussed this in the preceding chapter. As Figure 34 shows, in the
situation of unlimited turns, wireless nodes turn about one time average during

connecting. Therefore, there isn’t a large gap between both results.
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one turn
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Figure 34: Formulation and :Simulation:Comparison of VANETS in urban city

Simulator Ns2-2:30

Node numbers 160

Simulation Time 2000s

Topology x 1000 m

Topology y 1000 m

Transmission range of a node (R) 250 m

Minimum speed ( Smin) 0 m/s

Maximum speed ( Smax ) 20 m/s

Block Size (d) in Figure 34, 4x4 : d=125m
Probability of turn ( p,,,, ) 1/8

Table 4: Simulation parameters of VANETS in urban city
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6.5 Formulation and Simulation Comparison in Opposite to

Vertical Case with Traffic Light

In this case, we add a traffic light to every intersection. When the mobility node
comes to the intersection, it should see the traffic light first. If it meets a red light, it
should stop. If it meets a green light, it could go straight or turn. We suppose that
every traffic light in the intersection works individually without any relationship, and
the time for every traffic light is the same. The period of red lights and green lights is
30 seconds. The detailed simulation parameters are listed in Table 5. Other settings
are the same as Section 6.1. As Figure 35 shows, the blue curve is the theoretical
value of communication time without traffic light on the intersection, the green curve
is the theoretical value of communigation time-with traffic light on the intersection,
and other nodes means a practical value of-communication time with traffic light on
the intersection. The figure tllustrates that our INS2 simulation result matches
MATLAB mathematical analysis Tesult. In this case, we add the factor of traffic lights,
so the simulation outcome will be more distributed because the number of red lights

met and time of waiting for red light will effect communication time dramatically.
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120

100

80

all]

ECT (s)

40

20

]
a 2 4 ) a 10 12 14 16 18 20
opeed of Mode A (mis)

Figure 35: Formulation and Simulation Comparison in Opposite to Vertical Case

with-Traffic-Light

Simulator Ns2-2.30

Node numbers 160

Simulation Time 2000s

Topology x 1000 m

Topology y 1000 m

Transmission range of a node (R) 250 m

Minimum speed ( Smin) 0 m/s

Maximum speed ( Smax ) 20 m/s

Traffic light period red light 30s; green light 30s
Block Size (d) in Figure 35, 4x4 : d=125m
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Probability of turn ( p,,,, ) 1/8

Table 5: Simulation parameters of Opposite to Vertical Case with traffic light

6.6 Formulation and Simulation Comparison in Parallel to

Vertical Case with Traffic Light

In this case, we add a traffic light to every intersection, and suppose the time of
red and green light is the same. The detailed simulation parameters are listed in Table
6. Other settings are the same as in Section 6.2. As Figure 36 shows, our NS2
simulation result matches the MATLAB mathematical analysis result. The theoretical
value of communication time with traffic light (green curve) is almost same as the
theoretical value of communication time without traffic light (blue curve) when the
velocity of MN, is 10m/s. It=is because the relative velocity after one of MN,

and MN; stops might not smallerthan that before one of MN, and MN; stops.

The multiple of communication-time™ T ., and T might be smaller than one.

(s,m)

Therefore, this situation of communication time decreasing happened.
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Figure 36: Formulation and SimulationCoemparison in Parallel to Vertical Case

with Traffic Light

Simulator Ns2-2.30

Node numbers 240

Simulation Time 2000s

Topology x 1000 m

Topology y 1000 m

Transmission range of a node (R) 250 m

Minimum speed ( Smin) 0 m/s

Maximum speed ( Smax ) 20 m/s

Traffic light period red light 30s; green light 30s
Block Size (d) in Figure 36, 4x4 : d=125m
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Probability of turn ( p,,,, ) 1/8

Table 6: Simulation parameters of Parallel to Vertical Case with traffic light

6.7 Formulation and Simulation Comparison in Vertical to

Opposite or Parallel Case with Traffic Light

In this case, we suppose the time of red and green light is 30 seconds The
detailed simulation parameters are listed in Table 7. Other settings are the same as in
Section 6.3. As Figure 37 shows, the NS2 simulation is the same as MATLAB
mathematical analysis. But we can observe there is a deviation of about 10 to 20
seconds between the theoretical value of the communication time with traffic light
(green curve) and the theoretical value of communication time without traffic light
(blue curve) when the velocity- of MN; 'is 10m/s. Because we overestimate the
probability of (s,s) state happened. In-NS2, we set-traffic lights in each intersection
to operate individually. Nevertheless;. (s,s) state will never happen when MN, and
MN; meet in the same intersection in this case. Because the relative direction of
MN, and MN; is vertical if MN; haven’t turn. This case is different from the
previous two cases. We get larger probability of (s,s) state when the velocity of

MN, is larger and lead the deviation to be larger.
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Figure 37: Formulation and Simulation Comparison in Vertical to Opposite or
Parallel.Case with-Traffic.Light

Simulator Ns2-2.30

Node numbers 160

Simulation Time 2000s

Topology x 1000 m

Topology y 1000 m

Transmission range of a node (R) 250 m

Minimum speed ( Smin) 0 m/s

Maximum speed ( Smax ) 20 m/s

Traffic light period red light 30s; green light 30s
Block Size (d) in Figure 37, 4x4 : d=125m
Probability of turn ( p,,,, ) 1/8

Table 7: Simulation parameters of Vertical to Opposite or Parallel Case with

62




traffic light

6.8 ECT Formulation and Simulation Comparison with

Traffic Light

In this case, we add traffic a light to every intersection and set the period of red
light and green light be 30 seconds. The nodes are initially placed randomly and
initially given random direction on this Manhattan Grid topology. We didn’t limit the
mobility of nodes. Consequently, mobility nodes may turn many times during
connection. The detailed simulation parameters are listed in Table 8. Other settings are
the same as Section 6.4. Figure 38 shows. We can observe that NS2 simulation results
are close to MATLAB outcome. There is a deviation about 10 seconds between the

simulation and theoretical result- The reason we already discussed in Section 6.4.

all-dx4-1/3 with traffic light period 30
e

M0 --

100

a0

&0

0 -
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40

30

20

Speed of Node A (mis)

Figure 38: Formulation and Simulation Comparison of VANETSs in urban city
with Traffic Light
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Simulator Ns2-2.30

Node numbers 160

Simulation Time 2000s

Topology x 1000 m

Topology 'y 1000 m

Transmission range of a node (R) 250 m

Minimum speed ( Smin) 0 m/s

Maximum speed ( Smax ) 20 m/s

Traffic light period red light 30s; green light 30s
Block Size (d) in Figure 38, 4x4 : d=125m
Probability of turn ( p,, ) 1/8

Table 8: Simulation parameters of VANETS in urban city with traffic light
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Chapter 7: Conclusion

VANETSs is a new type of MANET. There are few researches and discussion of
communication time, especially, the communication time significantly affects routing
algorithm and performance in mobility ad hoc network. Therefore, we presented a
mathematic analysis model of communication time in urban city. Our model can
separate to three different cases: Opposite to Vertical Case, Parallel to Vertical Case
and Vertical to Opposite or Parallel Case. We analyze each case of ECT and establish
mathematical analysis model in order, and we conclude the outcomes above and get
ECT in VANETs. We can observe that the communication time is reduced because
vehicles make turns. Turning in Parallel to Vertical case makes the connecting time
reduce dramatically. Although in two other.cases, the turning makes connecting time
increase slightly. Furthermore, .we_ add=traffic “light to each intersection. In our
stimulation, we suppose the transmission range is 250 meters and the period of red
and green light is 30 seconds. We can observe-that the communication time increases
about 30 seconds than before after adding the traffic lights. In order to demonstrate
the theoretical value of ECT, we use network simulation tool to simulate it. Finally,

we get corresponding results.

In the future, we may add acceleration and deceleration to vehicles. In [26], it
points out acceleration and deceleration is a significant factor that affect the delivery
ratio and packet delay in VANETS, because acceleration and deceleration decreased

the average velocity of vehicles.
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