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Abstract

In recent years, video streaming in the vehicular ad hoc network (VANET) has become a
popular research issue. Because of the rapid changing network topology, maintaining stable
paths to support inter-vehicle video streaming transmissions is a great challenge in VANETS.
Due to the error-prone characteristic of wireless communication, routing packets over
multiple hops results in packet loss-and causes reconstructed video of poor quality at the
receiver. In this thesis, we propose a road-based resilient video streaming (RVS) scheme that
integrates flexible macroblock ‘ordering (FMO) and vehicle moving similarity. We intend to
enhance video streaming quality at the -receiver by recovering lost packets with error
resilience and choose more stable routing paths to make inter-vehicle data transmissions more
reliable. In our scheme, routing paths consisting of road blocks rather than vehicular nodes
can reduce broken links to enhance route stability. FMO encodes images into slice groups
consisting of macroblocks to provide error resilience at the receiver. Based on vehicle moving
similarity our scheme selects more stable neighbors as relay nodes to make inter-vehicle
transmissions more reliable. To evaluate the performance of the proposed RVS, we compare it
with a classical ad hoc protocol, F-AODV, which combines FMO and AODV, in terms of
delivery ratio and peak signal-to-noise ratio (PSNR). Simulation results under urban settings
show that the proposed RVS improves the delivery ratio by 7% and the received video stream

quality (in terms of PSNR) by 1.3 dB compared with F-AODV.



Keywords: Video streaming, flexible macroblock ordering, moving similarity, road-based,

urban VANETS.
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Chapter 1

Introduction

The concept of leveraging wireless communication in vehicles has fascinated researchers
since 1980s [1]. In the last few years, with the availability of global positioning system (GPS)
receivers and wireless local area network (WLAN) transceivers, researches exploring the
possible applications in the field of inter-vehicular communication draw much attention [2].
Those potential VANET applications can be categorized into three major types [2]: road
safety, transportation efficiency, and infotainment applications. As to road safety, related
applications aim to decrease significantly the number of road accidents. According to some
studies [3], 60 percent of accidents could be avoided if drivers were provided with a warning
half a second before the moment of collision [4]. There have been a lot of researches about
increasing road safety, for instance; to avoid pile-ups by alerting the following cars.
Regarding to transport efficiency, related applications can provide drivers more information
to choose better routes to their destinations. This would mitigate road congestion and maintain
a smooth traffic flow, and then increase the capacity of the roads.

In addition to the traffic safety and transport efficiency issues, infotainment will become
an important and potential application type in VANETS in the near future. Its applications can
provide additional information or entertainment, such as advertisement or multimedia
streaming, to the passengers. With the advanced multimedia streaming technology,
multimedia files can be shared within vehicles in a VANET. There are large market potential
of advertisements with the VANET technology, such as reception of data from commercial

vehicles and roadside infrastructure about local businesses (wireless advertising). Enterprises



(shopping malls, fast food, gas stations, and hotels) can set up stationary gateways to transmit

marketing data to potential customers passing by.

1.1 Motivation

As mentioned above, VANETS applications can bring a lot of conveniences to our daily
life, especially entertainment applications. However, transferring video streaming in VANET
scenarios has many challenges. In urban VANET, each vehicle is independent and moves in
constrained areas, the city streets. It is a self-configuring network of vehicles connected with
wireless links. Because of high mobility in VANETS, wireless links can be disconnected
frequently and routing paths may be very unstable most of the time. Due to the error-prone
characteristic of wireless communication, routing packets over multiple hops results in packet
loss and causes poor quality of reconstructed video at the receiver [7]. By resolving these

problems, we can provide more reliable video streaming for urban VANET.

1.2 Research objective

In this thesis, a road-based’ resilient video Streaming scheme (RVS) that integrates
flexible macroblock ordering (FMOQO) and vehicle moving similarity is proposed, which
focuses on enhancing video streaming quality at the receiver by recovering lost packets with
error resilience and choosing more reliable routing paths to make inter-vehicle data

transmissions more reliable.

1.3 Thesis organization

The rest of this thesis is organized as follows. We describe the background in Chapter 2.
In Chapter 3, the related work is introduced. In Chapter 4, we detail our RVS scheme.
Simulation results are discussed in Chapter 5. In Chapter 6, we give concluding remarks and

outline future work.



Chapter 2

Background

2.1 Vehicle moving similarity

The vehicle moving similarity (VMS) method [5] is to select nearby vehicles having
similar velocities with the source vehicle as relay nodes. Vehicle persistence score (VPS) is
used to reflect vehicle moving similarity. A vehicle with a high VPS implies that it has stayed

long with the sender, and it is a better relay node in an inter-vehicle transmission path.

2.1.1 Hello messages exchange

In order to choose more reliable neighbors, ‘Information of neighbors within the
transmission range needs to be maintained. Thus, vehicles periodically send HELLO
messages to their one-hop neighbors. The neighbor infoarmation is recorded in a neighbor list.
When a node receives a HELLO message;-it-refreshes or adds the neighbor information of the
sender to the neighbor list and the routing table. Figure 1 illustrates HELLO messages
exchange between vehicles. In [5], a new field position is added to the original HELLO

message, where position is the GPS coordinate (x, y) of a vehicle.
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Figure 1. HELLO messages exchange between vehicles.

2.1.2 Vehicle persistence score

In [5], the speed of neighbors is:.not recorded. Instead, vehicle persistence score (VPS)

mechanism is used to choose relay nodes. When a vehicle receives a HELLO message from a

neighbor vehicle, the VVPS table isiupdated.

The original format of each entry in the VVPS table is

<ID, position, distance, type, VPS >, where

ID: a neighbor’s ID.

Position: the GPS coordinate (x, y) which stands for the position of a vehicle. We
use this information to determine the distance between two vehicles.

Distance: the distance between a vehicle and the neighbor.

Type: the type of this neighbor.

VPS: the value used to reflect a vehicle’s stability; Vehicles use this parameter to

select rebroadcast nodes.



In this thesis, the format of each entry in the VPS table is modified and some fields are
added for the selecting of relay nodes. The modified format of each entry in the VVPS table is
<ID, position, block, direction, VPS>, where only block and direction are two new fields:

e Block: the block identifier that the neighbor is located.

e Direction: the neighbor’s moving direction.

How the VPS in a vehicle maintained is described in the following. When a vehicle
receives a HELLO message from a neighbor, it searches the VPS table. If the neighbor’s
identifier cannot be found in the VPS table, the vehicle adds the neighbor’s related
information to the VPS table, and initializes the neighbor’s VPS to 1. If the neighbor’s
identifier can be found in the VVPS table, the vehicle increases the neighbor's VPS by 1.

An example of VPS maintenance is showed in Figure 2. In Figure 2(a), the source
receives HELLO messages from vehicles A, B, C, D, E, F and G for the first time, so the
VPS’s of these vehicles are initialized to 1. Figure 2(b) shows the VPS values change after the
second update. Vehicles C, D, E, F'and G still stay in the transmission range and the source
receives their HELLO messages, so‘their-VVPS’s are incremented to 2. Vehicles A and B are
not in the transmission range anymore so they are removed from the VPS table. A new
vehicle H is added to the neighbor list and its VPS is initialized to 1. According to the VPS
information, it indicates that vehicles with higher VPS tend to stay in the source’s
transmission range longer. With the VPS information, we can select a stable vehicle to be a

relay node.



(a) VPSs are initialized when receiving HELLO messages for the first time.

e
A

(b) VPSs are updated when receiving a second HELLO message.

Figure 2. Initialization and update of VPS when receiving HELLO messages.



2.2 Flexible macroblock ordering (FMO)

H.264/MPEG-4 AVC is a new standard for digital video compression jointly developed
by ITU-T’s Video Coding Experts Group (VCEG) and ISO/IEC’s Moving Picture Experts
Group (MPEG). The H.264/AVC specifications define a set of error resilience techniques.
FMO [6] is one of error resilience techniques defined by the H.264/AVC specifications.

In FMO, an image is divided into slice groups, and each slice group can be divided into
several slices, consisting of a sequence of macroblocks. If a slice is lost during transmission, it
Is possible to reconstruct the lost blocks with the information of the neighboring blocks. The
power of FMO depends on how the macroblocks are ordered. In H.264/AVC specifications,
there are seven FMO map types, referred to as Type O through Type 6. Type 6 is the most
general type and allows full flexibility to the user. The others use specific pattern rules. In
Figure 3, three types of FMO are illustrated, which are described as follows:

e Type 0: It uses run lengths for slice groups which are applied consecutively until the
map is complete. Therefore, the run lengths are needed to rebuild the image on the
decoder side.

e Type 1: It is also known as scattered slices which uses a mathematical function to
spread the macroblocks. It is one common case that macroblocks are spread forming a
chess board.

e Type 2: It is used to mark rectangular areas, so-called regions of interest. In this type,
the coordinates top-left and bottom-right of the rectangles are saved.

e ( Types 3-5 ( not shown in Figure 3 ): They are dynamic types that let the slice
groups grow and shrink over the different pictures in a cyclic way. Only the growth

rate, the direction and the position in the cycle have to be known. )



Slice group 1
Slice group 2
Slice group 0 |——

Slice group 1

(@) Type 0

(b) Type 1

Slice group 0

Slice group 2

Slice
group

(c) Type 2

Figure 3. FMO type (illustration of only three types).




Chapter 3

Related Work

3.1 F-AODV [7]

In this work, the capability of H.264 codec Flexible Macroblock Ordering (FMO) with
receiver error concealment was demonstrated to be capable of streaming good-quality video
across a VANET. It showed that the performance of FMO is superior to other error resilience
techniques. A common routing protocol, AODV was selected for routing.

Due to the error-prone characteristic -of wireless communication, routing packets over
multiple hops result in packet loss. There-are a variety of error-control methods to protect data
transmission. A basic method is the Automatic Repeat Request (ARQ) that uses
acknowledgements and timeouts to achieve reliable ‘data transmission over an unreliable
service. If the sender does not receive an acknowledgment of a packet before the timeout, it
re-transmits the packet until it receives the acknowledgment. It is a useful technique; however,
sending an ARQ packet back to the video sender through multi-hops in VANET leads to huge
delay which is not tolerable for video streaming applications.

Error resilience methods have better options as they can recover lost data rather than
retransmit the data. In forward error correction (FEC), a sender adds redundant data to
messages that allows the receiver to detect and correct a limited number of errors without
asking the sender for retransmission. However, compared with FMO, FEC needs extra
bandwidth for the redundant data. In FMO, compressed frame data are split into a number of
slices, consisting of a sequence of macroblocks, which gives a way of reconstructing a frame

even if one or more slices are lost.



3.2 RBVT [8]

A number of road-based routing protocols have been proposed. However, some early
proposed protocols create routes composed of road segments using the shortest road path
between the source and the destination. It is possible that there are no vehicles on the road
segments of the shortest path. Some other methods try to use historical data such as average
traffic flow. Unfortunately, historical data can not accurately indicate the current road traffic
conditions.

In this research, the routing protocol called road-based using vehicular traffic (RBVT)
routing was proposed. RBVT protocol uses real-time vehicular traffic information to create
paths consisting of road intersections which may have network connectivity among them with
higher probability. To reduce «the path’s sensitivity to individual node movements,
geographical forwarding is chosen to-transfer packets”between intersections on the path.
Simulation results show that it outperforms existing routing protocols in city-based VANETS.
Since this work targets at the ‘network ‘layer,-it will not-be compared with our work, which

targets at the application layer.
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Chapter 4
Proposed Road-based Resilient Video
Streaming Scheme

The goal of the proposed road-based resilient video streaming scheme (RVS) is to
enhance video streaming quality at the receiver by recovering lost packets with error
resilience and choose more stable routing paths to make inter-vehicle data transmissions more
reliable. The method can be divided into four phases, video encoding phase, route discovery
phase, data forwarding phase, and video decoding phase. Figure 4 shows the four phases of

the proposed RVS.

stream
Video encoding Route discovery Data forwarding phase Video decoding
phase phase | (Relay node selection) T phase

packets routes

Reconstructed
video stream

Figure 4. The procedure of proposed RVS.
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4.1 Video encoding phase

Before a sender starts transmitting to a receiver, it first encodes the row video stream
with FMO type 1, which splits the video streaming into multiple slices for error resilience at

the receiver.

4.2 Route discovery phase

Before a sender sends a video stream to a receiver, it first checks if it has routes to the
receiver. If there are existing routes, the sender will send FMO type 1 encoded packets
through a selected route. If there is no existing route, the sender will broadcast RREQ to
neighbors to find the routes to the receiver. Figure 5 shows the procedure of a sender handling

a video request.

Does the sender has
routes to the receiver

NG Send RREQ to .
establish routes )

Does the sender receive
RREPs from the receiver

Yes
v

Choose a route from the
received RREPs with the
lowest response time

Send encoded video stream
through a selected route

A 4

End

Figure 5. Procedure of a sender handling a video request.
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When a node receives an RREQ, it first checks if it is the first time to receive the RREQ.
If it is the first time, it then checks if the block number that the node locates has been added in
the packet header. If the block number is already in the RREQ, which means it is not the first
node in the block relaying the request, it just broadcasts the RREQ to others. If the block
number is not in the RREQ, which means it is the first node in the block relaying the request,
it adds the block number in the RREQ and then broadcasts it. Figure 6 shows the procedure of

node handling RREQ request.

Start

Does the node receive the

RREQ for the first time A

Is the block number
of the-node added
to the header

Add the block number

No to the header

v

No ]
Yes Broadcast the packet
Drop the packet »  End

Figure 6. Procedure of a node handling RREQ request.

When the receiver receives an RREQ, it would send an RREP to each node from which it
received an RREQ. Figure 7 shows the creation of routes from sender to receiver. In Figure
7(a), block identifiers that the RREQ request passed through are recorded in the header. The
receiver uses the block identifiers in the RREQ header to create a path to the sender. The
block identifiers are added in the RREP header and sent back to the sender. Figure 7(b) shows

RREP returned based on the reverse block identifiers to the sender.

13



B2 B4
~| Sender
2
Bl B3 BS
|
| BI, B6 BI, B6, B7
Ve e — — 5 — — — —»
| B6 B7 |
| [BI,B6,B7.BI2 J Receiver
B8 | B10 B12
BI, B8
| T [B1, B8, B9, B11, B12]
l B9 Bl1 |
—_ = = = —_— =
[BI, B3, B9 | [B1, B8, B9, B11]

(@) Block identifiers recorded in'the RREQ header.

PN B
"] Sender | 7
Bl B3 BS
*4_ — e ———— — —— —— —— —
? B6 B7 f
| |
| | Receiver
B8 B10 B12
i i
| B9 B11 *
—— e e c— 4— —— e o c——

(b) RREP returned based on the reverse block identifiers.

Figure 7. The creation of routes from sender to receiver.
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4.3 Data forwarding phase

In the data forwarding phase, the most important issue is the selection of relay nodes.
Relay nodes are selected from the VPS table according to the data stored in the VPS table.
Fields in the VVPS table used for selection are:

Block: used to choose a relay node located in the next block in the header.
Direction: used to choose a relay node with the moving direction that will move
toward the receiver.

VPS: a node with a high VPS may be selected.

Figure 8 shows the procedure of relay node selection. When a node has a packet and
wants to choose relay nodes to forward, it enters-the relay node selection procedure. Firstly, it
selects a neighbor based on the \/PS table and- checks if the neighbor’s Block is equal to next
block identifier in the header:“If the neighbor’s Block is equal to next block identifier in the
header, it then checks if the direction of the neighbor is toward the receiver. If the direction of
the neighbor is toward the receiver,‘the neighbor is'selected as a relay node and is added to the
relay node list. If all the neighbors in the VPS table are checked, it will enter the next part.
Secondly, all neighbors in the VPS table are sorted by VPSs. Then, the neighbor with a higher
VPS is selected and is added to the relay node list. If all VPSs of the neighbors in the VPS

table are checked, it will exit the procedure.

15



Select a neighbor from
VPS table

Is Block == next block
identifier in the header

Is there any unchecked
neighbor in the VPS table

Yes

s direction of the
neighbor toward
the receiver

Yes
A 4

Add the neighbor to the Is the number of

relay node list

Sort the neighbors in the
VPS table by VPSs

k.

Choose the neighbor with
the highest VVPS and add
it to the relay node list

Is there any unchecked
neighbor in the VPS table

Figure 8. The procedure of relay node selection.

4.4 Video decodingphase

Once a receiver receives encoded: packets transmitted from a sender, it decodes the

received packets with FMO, recovers lost packets during transmission, and creates

reconstructed video stream.
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Chapter 5

Simulation and Discussion

In this chapter, we first describe simulation setup and evaluation metrics. Then, we
compare the proposed RVS with F-AODV.

5.1 Simulation setup

We consider a urban scenario to evaluate the performance of the proposed RVS. The

scenario is 1 km *1 km, and the width of each lane is 5 m. The simulation was done in NS2.29

[10]. The simulation parameters are shown in Table 1. The simulation results were obtained

from the average of five simulation runs. To evaluate the performance of the proposed RVS,

we compare our approach RVS with a-classical ad hoc protocol, F-AODV, in terms of

delivery ratio and peak signal-to-noise ratio (PSNR).

Packet delivery ratio: It is the number of data packets successfully delivered to the

receiver divided by the total number of data packets generated by the sender.

Successfully received data packets

PacketDelveryRatio=
Total number of data packetsgenerated

Peak signal-to-noise ratio (PSNR): PSNR is the most commonly used parameter as

a measure of video stream quality. The calculation formula is as below.

LN

l m-1n

MSE =— > > [1(i, i)~ K j)]’

mn 44

I
o

where m, n are the height and width of a frame and I is the original frame and K is

the reconstructed frame.

MAXf]
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where MAX; is the maximum possible pixel value of the image. If the pixels are

represented using 8 bits per sample, MAX; is 255.

Table 1. Simulation settings for NS2 [10].

Parameter Value
Transmission range 250 m

MAC Protocol IEEE 802.11
Network area 1000 m x 1000 m
Lane width 5m

Number of vehicles 30, 40, 50, 60, 70
Connection type CBR

Data packet size 1000 bytes
Mobility model VanetMobiSim
Simulation time 100 s

We choose the VanetMobiSim [11] mobility model to generate mobility traces for our
simulation. In the simulations, a 1000 m? area was defined and vehicles were initially
randomly placed in the area. Time interval between traffic lights change was set to be 10 sec.

The number of vehicles range from 30 to 70 nodes. The detail settings are given in Table 2.

18



Table 2. Simulation settings for VanetMobiSim [11].

Parameter Value

Terrain dimension 1000 m?

Max. traffic lights 6

Time interval between traffic lights change 10s

Number of lanes 2

Nodes (vehicles) 30, 40, 50, 60, 70
Min. speed 3.2 m/s (7 mph)
Max. speed 13.5 m/s (30 mph)
Length of vehicle 5m

Max. acceleration 0.6 m/s*

Normal deceleration 0.5 m/s?

We used H.264/AVC reference software [12] to implement the FMO encoding and

decoding procedure. The Foreman film was selected as a test film and was encoded at QCIF

resolution with 4:2:0 sampling. The frame rate of the video stream was set at the rate of 15 Hz.

The detailed settings are given in Table 3.
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Table 3. Simulation settings for H.264/AVC reference software [12].

Parameter Value

Test film Foreman
Resolution QCIF (176 x 144)
Sampling 4:2:0

Frame rate of the video stream 15 Hz

Profile Baseline

GOP (group of pictures) structure 15 pictures
Number of slice groups 2

FMO type Dispersed (type 1)

5.2 Simulation results.and discussion

In Figure 9, we compare the delivery ratio under different node numbers between
F-AODV and RVS. We compare these two protocols in-the same scenario with a different
number of vehicle nodes varying. from 30 to 70 nodes. Simulation results show that the

proposed RVS improves the delivery ratio by 7% compared to F-AODV.
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Figure 9. Delivery ratio under a different number of vehicles.
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In Figure 10, we compare the PSNR under a different node number of vehicles between
F-AODV and RVS. We compare these two protocols in the same scenario with a different
number of vehicle nodes varying from 30 to 70 nodes. The proposed RVS improves the

PSNR by 1.3 dB compared with F-AODV.
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Figure 10. PSNR under a different number of vehicles.
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Chapter 6

Conclusion

6.1 Concluding remarks

In this thesis, we have presented a resilient video streaming scheme (RVS) to enhance
video streaming for Urban VANETSs. RVS integrates flexible macroblock ordering (FMO)
and vehicle moving similarity. It can enhance video streaming quality at the receiver with
error resilience and choose more stable routing paths to make inter-vehicle data transmissions
more reliable. FMO encodes images to.provide error resilience at the receiver. Vehicle
moving similarity selects more ‘stable neighbors to make inter-vehicle data transmissions
more reliable. The proposed RVS improves the delivery ratio by 7% and the received video
stream quality (in terms of PSNR) by 1.3 dB compared with F-AODV. That is, simulation

results show that the proposed RVS performs well in-city environments.

6.2 Future work

We may make RVSS be able to establish multiple paths and transfer encoded video
stream through those paths to provide a more reliable inter-vehicle transmission environment.
Moreover, we may take the available bandwidth of each neighbor into consideration to choose

more suitable neighbor and provide better performance.
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