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 Abstract - Taking into account some issue such as the high mobility and change trajectory, one of the most challenging issues in 
IEEE 1609.4 are the assurance of Quality of Service (QoS), i.e. to improve throughput and reduce delay for IEEE 1609.4 standard. 
Mobility models represent real world scenarios and evaluate shortest path performance using random Dijkstra algorithm for IEEE 
1609.4 standard. We evaluate the performance mobility model for IEEE 1609.4 standard, in terms of throughput, queuing delay, 
and number of delivered packets. The mobility models observed this work are Manhattan Mobility Model, STRAW Mobility 
Model, Traffic Sign Model and Intelligent Driver Management Model (IDM_IM). The mobility models is also evaluated 
performance using random Dijkstra algorithm. We also evaluates the doppler effect performance in the mobility model for IEEE 
1609.4 standard. We use VanetMobiSim and ns 2.34 simulator for the evaluation. From the simulation, it was found that IDM_IM 
mobility model has the worst delay. We can analyze IDM_IM using spatial map randomly to generate traffic. On the other hand, 
STRAW mobility model has the highest throughput among others. Subsequently, based on the doppler effect evaluates the traffic 
sign and IDM_IM mobility models have fluctuated performance compared with Manhattan and STRAW mobility models. We also 
evaluate performance service differentiation impact of different mobility models for IEEE 1609.4 standard. Data service 
(background traffic) has the worst performance compared with other services different mobility models using Dijkstra’s algorithm. 
 
Keywords - IEEE 1069.4/802.11p, Random Dijkstra Algorithm, Doppler Effect, Manhattan Mobility, STRAW Mobility, Traffic Sign, 
Intelligent Driver Management. 
 
 

I.  INTRODUCTION 
 
 Vehicular Ad Hoc Network (VANET) is a sub-group 
of MANET  which can support both Vehicle-to-Vehicle 
(V2V) and Vehicle-to-Infrastructure (V2I) 
communications [1,2]. The  main  characteristic  of  both   
MANET  and  VANET  are  self-organization  and  
movement [1,2]. Recently, IEEE 802.11 working group 
developed an amendment to the 802.11 standard in order 
to support vehicular ad hoc network [1]. 
 The Multichannel Operations of the IEEE 1609.4 is 
an emerging standard which support the co-existence of 
safety (CCH Channel) and non-safety (SCH Channel) 
message application in vehicular networks [3,4].  
This strictly concerns on the transmission slot 
synchronization of CCH/SCH based on Wireless Access  
in Vehicular Environments (WAVE) to achieve QoS 
requirements, i.e. to improve packet delivery ratio and 
reduce delay [3,4]. 
 The IEEE 1609.4 standard [2,4] for multichannel 
operation in VANETs defines  a number of channels, each 
channel for different application, with different 
characteristics as shown in  Fig.1. In  addition to  different 
frequency being used, different maximum  transmiting 
power are allocated for different channels [3,4]. IEEE 
1609.4 for multichannel operation, from the control  
channel (CCH) to the six service channels (SCH), which 
are utilized in time multiplexed  fashion, with the control 

channel being served every other timeslot [3,4]. The time 
slots are used by the different service channels, depending 
on the actual application requirements [3,4]. 
 A mobility models represent a key component for 
simulation and analysis of protocols, but if the mobility 
model is unrealistic and do not cover the required 
necessary performance parameters then the simulation 
results will be affected [5]. Alam, M. et al. [5] evaluate 
the performance of mobility models IEEE 1609.4 
standard, i.e  Manhattan Mobility Model, Random 
Freeway Mobility Model, Traffic Sign Model, and 
Intelligent Driver Management Model. 
 The problem that is being addressed in this paper is to 
evaluate the performance impact of different mobility 
model using random Dijkstra algorithm for IEEE 1609.4 
standard, in terms of throughput, queuing delay, and 
number of delivered packet. The mobility models 
proposed for IEEE 1609.4 standard is designed and 
simulated using VanetMobiSim [6], which represent real 
world scenarios and realistic mobility models. The impact 
of different mobility models also evaluate the doppler 
effect performance for IEEE 1609.4 standard. The doppler 
effect performance is evaluated from the velocity of 
vehicles in Vehicular Ad hoc Networks. 
 The contribution of this paper is to conduct the best 
mobility models for IEEE 1609.4 standard. In addition, 
other novell contribution is the performance evaluation of 
the impact of the doppler effect of different mobility 
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models for IEEE 1609.4 standard. This paper evaluates 
the random Dijkstra algorithm implementation in different 
mobility models. Finally, this paper also evaluates the 
performance service differentiation impact of different 
mobility models for IEEE 1609.4 standard.  
 This paper is organized as follows. In section II, we 
provide are related work and motivation. In Section III, 
we provide a scenario and simulation for the performance 
of different mobility models for the IEEE 1609.4 
standard. In section IV, we evaluate the doppler effect 
impact of different mobility models. Finally, we conclude 
the paper and suggest the future work in Section V. 
 

II. RELATED WOK 
 
 Alam, M. et al. [5] introduced a new mobility model, 
called Integrated Mobility Model (IMM) for Vehicular Ad 
hoc Networks. They evaluated the routing protocols 
AODV, DSR, and OLSR using Integrated Mobility 
Model,  Manhattan, and Freeway mobility models are also 
evaluated. We use [5] to simulate and evaluate Manhattan 
and Traffic sign mobility models. 
 Choffnes R. D. et al. [7] introduced STRAW, a new 
mobility  model for VANETs in which nodes 
move according to a realistic vehicular traffic model on 
roads defined by real street map data. We use [7] to 
simulate and evaluate this mobility model performance 
for IEEE 1609.4 standard. 
 Ali J.Ghandour, et al. [4] perform modeling and 
simulation of the protocol IEEE 1069.4 by contributing to 
improve the packet delivery ratio and delay to the safety 
application and solve problems early in the transmission 
slot synchronization CCH/SCH. We use [4] to simulate 
and evaluate the performance of Multi-channel operations 
of the IEEE 1609.4. 
 Fiore, M, et al. [8] presents the VanetMobiSim, a 
freely available generator of realistic vehicular movement 
traces for network simulators. The traces generated by 
VanetMobiSim are validated first by illustrating how the 
interaction between featured motion constraints and 
traffic generator models is able to reproduce the typical 
phenomena of vehicular traffic.   
 Han, Chong et al. [9] proposed an analytical model 
for the performance of analysis of the IEEE 802.11p 
MAC, which helps researchers to be confident about the 
accuracy of simulators and proceed to do further research 
on IEEE 802.11p. In this paper [9] has indicated that 
802.11p provides effective service differentiation 
mechanism that is  suitable for mission-critical ITS 
applications.We use [9] to evaluate the performance of the 
service differentiation capability of IEEE 1609.4 standard, 
in terms of throughput and queuing delay. 
 
A. Manhattan Mobility Model 
 

 The Manhattan mobility model was first introduced 
by F. Bai et al. [10]. The Manhattan  mobility model [10] 
is expected to have high spatial dependence and high 
temporal dependence. It too imposes geographic 
restrictions   on  node mobility [5,10]. However, it differs 
from the Freeway  model in giving a node some freedom 
to change its direction [5,10]. Node moves on these 
horizontal and vertical streets. In real life a node that is 
reaching an intersection can turn to left, right or move in a 
straight direction [5,10]. In Manhattan model, when the 
nodes reaches the intersections they move with 0.5 
probability on the same street, 0.25 turning to left and 
0.25 turning to a right [5,10]. In Manhattan model the 
velocity of the nodes is restricted to the lanes and also 
there is a velocity dependency between the two nodes. So 
Manhattan mobility model has high spatial and temporal 
dependencies and also impose geographic restrictions on 
nodes mobility but give some freedom to nodes as to 
change its street [5,10]. The Manhattan mobility model is 
useful in modeling movement in urban areas [5,10]. 
  

 
 

Figure 1. Manhattan mobility model [5,10] 

 
B. STRAW (STreet RAndom Waypoint) 
 
 The idea of STRAW mobility model [7] is similar to 
that of Random Waypoint, but unlike traditional random 
waypoint models, this model determines a vehicle’s 
trajectory at each intersection. A vehicle will make a turn 
at an intersection with a specified probability that can be 
independently assigned to each vehicle [7]. STRAW is a 
new mobility  model for VANETs in which nodes 
move according to a realistic vehicular traffic model on 
roads defined by real street map data [7]. 
 
C. Dijkstra Algorithm 
 
According to [8], the original Dijkstra's algorithm, given a 
start and an end point, always selects the same path, even 
in the presence of multiple available paths with same 
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weights. For traffic balancing, cars should be able to 
select different shortest paths. Random Dijkstra's 
algorithm based on traffic congestion changes randomly 
generated by traffic mobility model in vehicular network. 
 
D. Doppler Effect 
 
 Based on [11], Doppler effect is the change in 
frequency of a wave or other periodic event for an 
observer moving relative to its source. It is commonly 
heard when a vehicle sounding a siren or horn 
approaches, passes, and recedes from an observer. The 
received frequency is higher compared to the emitted 
frequency during the approach. It is identical at the instant 
of passing by, and is lower during the recession. 
 

III. SIMULATION AND SCENARIO 
 
 By using VanetMobiSim [6] and ns 2.34 simulator 
[12], we evaluate the performance impact of different 
mobility model using random Dijkstra algorithm for IEEE 
1609.4 standard. We also evaluate the performance of the 
service differentiation capability of different mobility 
models for IEEE 1609.4 standard. We simulate the 
scenario with the payload size of 168 bytes (Voice), 200 
bytes (video), 256 byte (background and best effort 
traffic). The number of cars range from 30 to 70 nodes. 
The channel configuration using default values for control 
and service channel intervals are 50ms, and the guard 
intervals value is 4 ms. Table I. presents all parameters 
used in our simulation.While some parameters stay fixed, 
others are varied in order for us to observe the changing 
behavior of the network. 
 

TABLEI.SIMULATION PARAMETERS 
Parameters Values 

Number of vehicles  30 - 70 
Payload size 168, 200, 256 bytes 

Services VoIP, Video, Background, 
Best Effort 

CCH slot duration 50ms 

SCH slot duration 50ms 

Simulation time 20 seconds 
Mobility Models Manhattan, STRAW, Traffic 

sign, IDM_IM 
MAC Protocol IEEE 1609.4 
Transmission range 250 m 
Network configuration Single hop  

n1

n4n2

n3

n6

n5 nX

nY

 
Fig.2.  Path of forwading data from source to destination 

on Single-hop Dissemination [3] 

 
 Fig. 2 shows the single-hop dissemination. The path 
of forwarding data from the source to destination has a 
direct route to destination based on Multi-channel 
operations IEEE 1609.4 [3]. 
       In our work, we use VanetMobiSim [6] to evaluate 
the performance of the mobility models in IEEE 1609.4 
standard.  Based on [8], VanetMobiSim can produce 
detailed vehicular movement traces employing different 
motion constraints or traffic generator models. Taking 
into account the interaction of the two, we simulate 
different traffic conditions through fully customizable 
scenarios.  We simulate the vehicular movement traces for 
IEEE 1609.4 standard using ns 2.34 simulator [12], we 
evaluate the performance impact of different mobility 
model using random Dijkstra algorithm and Doppler 
effect.   
 
______________________________________________ 
Algorithm 1. Procedure for Shortest Path 
Dijkstra’s Algorithm 
#Specified nodes position randomly 
#Create node movement using Dijkstra’s 
algorithm 
#Specified point destination for Dijkstra’s  
algorithm 
#Start for Dijkstra’s algorithm 
 
While TimeSimulation <= 50 do 
Begin 
     For i = 0 to numbernode -1 do 
     Begin 
          If current_lane_density(node[i]) 

> beside_lane_density (node[i]) then 
          Begin 
              Current_lane_density(node[i]) 

= Beside_lane_density(node[i]); 
             

Beside_lane_density(node[i])=Current
_lane_density(node[i]); 

          End;  
          If isIntersection  then 
         Begin 
             Temp := 0; 
             For j=0 to 

intersectionbrachnumber -1 do 
              Begin 
       If branchedge[j].density < 

branchedge[j + 1].density then 
                    Begin 
                       Temp := Min_edge; 
                        Min_edge= j; 
                    End; 
              End; 
       If Temp < min_edge then 
            Next_edge = branchedge[j]; 
             Else if 

branchedge[Min_edge].hastrafficli
ght and  
branchedge[Temp].hastrafficlight 
then 
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             Begin 
                  If 

branchedge[min_edge].trafficlight
.color = red then next_edge = 
branchedge[Temp]; 

                  If 
branchedge[Temp].trafficlight.col
or=red then 
next_edge=branchedge[min_edge]; 

             End else if not 
brachedge[min_edge].hastrafficlig
ht  and 
branchedge[Temp].hastrafficlight 

                    Then next_edge = 
branchedge[temp];     

             End else next_edge = 
branchedge[min_edge]; 

         End; 
         Sumofpassingvertex = 

sumofpassingvertex + 1; 
         If next_edge =  vertexdistenation 

then node[i].sumofvertex = 
Sumofpassingvertex; 

    End for; 
End while;  
 

 
______________________________________________ 
Algorithm 2. Procedure for Doppler Effect 
Set node[0].lane=1; 
Set node[0].speed= 0 m/s; 
Fo = 5.9 Ghz; 
C=340m/s; 
For i = 1 to nodenumber do #Nodenumber = 60 
Begin 
     F =  ((C)/(C+ (Node[i].maxspeed + 

Node[i].minspeed/2))) * F0; 
     Totalfrequency := F + Totalfrequency; 
End; 
Doppler := Totalfrequency/60 ; 
___________________________________________  
 
 

IV. RESULT AND EVALUATION 
 
 Based on the scenario, in Figure 4, 5, 6, 7, and 8 the 
simulation was performed to obtain data according to 
three aspects to be measured, i.e the average delay, 
number of delivered packet, and throughput. 
 
1) Performance of Different Mobility Models using Non 
Dijkstra’s and Dijkstra’s Algorithm on the IEEE 1609.4 
standard  
 
a) Average Delay 
 Fig. 4 shows the average of delay different mobility 
models on the IEEE 1609.4 standard using Non Dijkstra’s 
and Dijkstra’s algorithm, by varying the number of nodes 
based on EDCA implementation.  

 We focus on the average access delay which calculate 
the MAC layer. Delay and access will be used 
interchangeably on this  work by varying the number of 
nodes. This can be seen in Fig. 4. 
 The following is the equation for the average delay 
 derived as [4] : 
   
                                      (1) 
  

 

 
Fig. 4.  Average delay of node density with different mobility non 

Dijkstra’s and Dijkstra’s algorithm for IEEE 1609.4 standard 
 
 From Fig. 4, we found that the average delay of  the 
IDM_IM mobility models has the highest average delay 
compared with other mobility models. We can analyze the 
IDM_IM mobility models generating traffic from a spatial 
map randomly. The average delay for IEEE 1609.4 
standard is the highest among other models. We also 
evaluate the average delay using  Dijkstra’s algorithm and 
found that IDM_IM mobility has the highest average 
delay compared with other mobility models. 
 
b)  Throughput 
 
 Fig. 5 shows the throughput of different mobility 
impact for the IEEE 1609.4 standard, by varying the 
number of nodes using Dijkstra’s and Non Dijkstra’s 
algorithm. Throughput Ti (t) is the rate of successful 
packet delivery through a network connection per unit 
time. We focus on the throughput calculated at the MAC 
layer, then Ti (t) derived as [3,15] : 
 

            Throughput Ti (t) = x* (1-p)*d*data rate                 
 
Where d  = DATA/(DIFS+PACKET+SIFS+ACK)  
x is the number of nodes 
Ti (t) is the throughput 

  a is the distance of nodes   
   p is the collision probability for a transmission  
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Fig. 5.  System throughput of node density with different mobility 
models using non Dijkstra’s and Dijkstra’s algorithm for IEEE 1609.4 

standard 

 
 From Fig. 5 shows that performance of  STRAW 
mobility model has the highest throughput compared with 
other mobility models. We also evaluate the throughput 
performance using  Dijkstra’s algorithm. We found that 
STRAW mobility is the highest throughput. Based on [7], 
STRAW (STreet RAndom Waypoint), that constrains 
node movement to streets defined by map data for real US 
cities and limits their mobility according to vehicular 
congestion and simplified traffic control mechanisms. We 
can analyze STRAW mobility model using realistic 
vehicular traffic model on roads defined by real street 
map data [7], so we have the mobility models in IEEE 
1609.4 standard. 
 
c) Numbers of Packet Delivered 
 
 Fig. 6 shows the numbers of delivered packets of 
different mobility impact for IEEE 1609.4 standard using 
Dijkstra’s and Non Dijkstra’s algorithm, by varying the 
number of nodes. The numbers of delivered packets is 
defined by varying number of nodes as parameters 
change. We focus on the numbers of delivered packets 
which calculate on MAC layer.  
 Let pidle  be the probability that a channel is idle in a 
given slot, and pbusy its converse [4]. Similarly, let psuccess be 
the probability that a slot is occupied by a successful 
transmission, and pcoll is the probability that a collision 
occurs during a slot. 
 If we assume a scenario with M nodes with the above 
mentioned assumptions, it is easy to verify that pidle, pbusy, 
psuccess,and pcoll are as follow [4] 
 

         P idle = (1− τ) M                                           
             P busy    = 1–P idle                                        

             P success = M·τ·(1−τ)M−1                             
 
 

 
 

Fig.6.  The number of delivered packet of node density with different 
mobility models using non Dijkstra’s and Dijkstra’s algorithm for IEEE 

1609.4 standard 

 
 From Fig.6 shows that the performance of  STRAW 
mobility model has the highest number of delivered 
packet compared with other mobility models. We also 
evaluate the number of delivered packet using  Dijkstra’s 
algorithm. We found that the STRAW mobility model has 
the highest number of delivered packet performance 
compared with other mobility model. From [7], STRAW 
(STreet RAndom Waypoint), constrains node movement 
in streets defined by the map data for real US cities and 
limits their mobility according to vehicular congestion 
and simplified traffic control mechanisms. We can 
analyze STRAW mobility model using realistic vehicular 
traffic model on roads defined by real street map data [7], 
so we have the mobility models in IEEE 1609.4 standard. 
 
2) Performance of Doppler Effect of Different Mobility 
Models for the  IEEE 1609.4 standard 
 

                          (6) 

 
where  
  is the velocity of waves in the medium; 
  is the velocity of the receiver relative to the medium. 

This is positive if the receiver is moving toward the 
source and negative in other direction; 

  is the velocity of the source relative to the medium. 
This is positive if the source is moving away from the 
receiver and negative in other direction. 
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Fig.7.  Performance of doppler effect of different mobility models in 
IEEE  1609.4 standard 

 
 From Fig.7 found that that the performance of 
doppler effect, traffic sign and IDM_IM mobility models 
have fluctuated performance compared with Manhattan 
and STRAW mobility models. The traffic is generated 
randomly from the spatial map make the perfomance of 
doppler effect traffic sign and IDM_IM mobility models 
for IEEE 1609.4 standard fluctuated compared with 
others. 
 
3) Performance of Service Differentiation of Different 
Mobility Models in IEEE 1609.4 using Non Dijkstra’s 
and Dijkstra’s Algorithm. 
  
a) Average Delay 
 Fig.7 shows the average delay of different mobility 
models for the IEEE 1609.4 standard using Dijkstra’s 
algorithm to evaluate the service differentiation based on 
EDCA implementation. 
  

 
 

Fig.8.    Average delay of node density with service differentiation 
capability for IEEE 1609.4 standard 

 From Fig. 8 shows that the average delay of  data 
service (background traffic) has the worst performance 
compared with other services on different mobility 
models using Dijkstra’s algorithm.  
 We evaluate the service differentiation capability of 
the IEEE 1609.4 using Enhanced Distributed Channel 
Access (EDCA) at the MAC sublayer with some parts of 
the original simulation codes have been changed 
according to the draft standard IEEE 802.11p [13] in this 
work, such as the AIFS and CW parameters.  
 
b) Numbers of Packet Delivered 
 
 Fig.9 shows the numbers of delivered packets of 
different mobility models in IEEE 1609.4 standard using 
Dijkstra’s algorithm by varying nodes to evaluate the 
service differentiation based on EDCA implementation. 
We focus on the numbers of delivered packets which 
calculate the MAC layer.  
  

 

 
Fig.9. The number of delivered packet of node density with service 

differentiation capability for IEEE 1609.4 standard 

 
 From Fig. 9 shows that the number of delivered 
packtes of  VoIP service based on Manhattan mobility 
model is the best performance compared with other 
services on different mobility using Dijkstra’s algorithm. 
We evaluate the service differentiation capability of the 
IEEE1609.4 using Enhanced Distributed Channel Access 
(EDCA) at the MAC sublayer with some parts of the 
original simulation codes have been changed according to 
the draft standard IEEE 802.11p [13] in our work, such as 
the AIFS and CW parameters. In addition, we fix the bugs 
of the RTS/CTS mode to make successful transmission 
[9]. 
 
c) Throughput 
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Fig.10 shows system throughput of different mobility 
models for the IEEE 1609.4 standard using Dijkstra’s 
algorithm by varying nodes to evaluate the service 
differentiation based on EDCA implementation. We focus 
on the numbers of delivered packets the MAC layer.  

 

 
 

Fig.10  System throughput of node density with service differentiation 
capability for IEEE 1609.4 standard 

 

 From Fig. 10 shows that the system throughput of  
video service based on Manhattan mobility model has the 
best performance compared with other services impact of 
different mobility models using Dijkstra’s algorithm. We 
evaluate the service differentiation capability of the 
IEEE1609.4 using Enhanced Distributed Channel Access 
(EDCA) at the MAC sublayer. Some parts of the original 
simulation codes have been changed according to the 
draft standard IEEE 802.11p [13] in our work, such as the 
AIFS and CW parameters.  
 

V. CONCLUSION 
 
 We have conducted that best performance impact of 
different mobility models for the IEEE 1609.4 standard. 
Using Dijkstra’s algorithm, we conclude that the 
performance of IDM_IM mobility model has the worst 
delay performance, we can analyze IDM_IM using spatial 
map randomly to generate traffic. On the other hand, 
STRAW mobility model has the highest throughput, since 
this model determines a vehicle’s trajectory at each 
intersection; namely, a vehicle will make a turn at an 
intersection with a specified probability that can be 
independently assigned to each vehicle.  
 We also evaluate the performance of doppler effect, 
traffic sign and IDM_IM mobility models has 
fluctuative performance compared with 
Manhattan and STRAW mobility models. The 
traffic is generated randomly from spatial map 

the performance of doppler effect traffic sign and 
IDM_IM mobility models for IEEE 1609.4 standard are 
fluctuated compared with others. 
 Finally, we also evaluate the performance service 
differentiation impact of different mobility for the IEEE 
1609.4 standard. Data service (background traffic) has the 
worst performance compared with other services impact 
on different mobility models using Dijkstra’s algorithm. 
On the other hand, system throughput of  video service 
based on Manhattan mobility model has the best 
performance compared with other services on different 
mobility models using Dijkstra’s algorithm. 
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