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Summary of thesis contents

Intelligent Transport System (ITS) is the next generation transport system, which is introduced to
improve road safety, driving experience and efficiency, by employing vehicular networks on the road. The
vehicular networks consist of two kinds of communications, thus \ehicular-To-Infrastructure (V2I) and
\ehicle-To-\ehicle (V2V). New information and communication technologies are applied in the scope of
traffic configuring, road transport and mobility management, etc. Besides road safety, vehicular network
communication is also a promising way to provide a lot of services, such as traffic monitoring, driving
assistance and entertainment.

Video is an important medium for information sharing and entertainment (infotainment). In several
years, video contents dissemination would extend 80% to 90% of the entire Internet traffic load, referring
to the recent CISCO report. Recently, more attention is caught for the video streaming in vehicular
networks. Compared with smart phones, the car engine can provide ample power for intensive data
computation and communication. \ehicles can also equip large on-board storage. As a result, the vehicles
in the vehicular networks are powerful enough to transmit continuous video data among other vehicles or
Road Side Units (RSUs). Furthermore, the recent vehicular communication standard can support up to 54
Mbps transmission rate. Even between high speed driving vehicles, it is reasonable to expect a 1Mbps
data rate.

However, compared with the conventional networks, wireless communication in vehicular networks
is challenged by the following problems. Firstly, the wireless channel suffers from the time-varying
fading, shadowing and interference, which lead to high variation of link throughput. Secondly, vehicular
communication is also affected by the high moving speed of vehicles. To accommodate the QoS
constraints posed by video services in vehicular networks, the Scalable Video Coding (SVC) scheme in
H.264/AVC standard family offers spatial and temporal scalabilities for video streaming.

We describe the scenario setting in this thesis as follows. While vehicles are running on the highway
road, RSUs deployed along the road provide video streaming services for all vehicular users. The videos
are encoded into multiple layers with SVC mechanism. Besides the users who are using the video
streaming services, vacant users are willing to help the communications between the RSUs and the video
users, in a cooperative way.

In this thesis, SVC coded videos over cooperative vehicular networks are investigated to improve
the performances of the video streaming services. We target the optimization problems of how many
video layers should be transmitted for each vehicle, how to select the relay vehicular users to assist the
receiver vehicles, and how to assign network resources to direct and cooperative communications.

The joint SVC layer selection and resource allocation for the multi-user video streaming over
highway scenario was investigated at first. We proposed a Resource Allocation and Layer Selection
(RALS) algorithm, which explicitly takes account of the utility value of each Group Of Picture (GOP)
among all vehicular users. We decoupled this problem to two subproblems, i.e., the SVC layer selection
subproblem and the resource allocation subproblem. The proposed RALS algorithm was designed to
solve these subproblems separately. In RALS, we solved the SVC layer selection subproblem with
dynamic programming method, and used a greedy based resource allocation scheme to deal with the
resource allocation subproblem. The performance of RALS was evaluated by extensive simulations.
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Simulation results showed that RALS outperformed the comparison schemes in typical scenarios. Despite
the system utility values, the GOP distributions of the comparison schemes were also shown in the
simulation results section. The GOP distributions illustrated the detailed performance in the perspective of
each user. As an extension of RALS, we designed RALS with Base layer Guarantee (BG) scheme to
reduce the playback freeze. The performance of RALS with BG was also evaluated in the simulation
results section and compared with RALS.

Then, we later investigated the joint SVC layer selection, resource allocation and relay assignment
problem in cooperative vehicular networks. We formulated the relay assignment problem as a Maximum
Weighted Bipartite Matching (MWBM) problem, and solved this problem with the proposed Maximum
Utility Increment (MUI) algorithm. In MUI, we employed the Hungarian algorithm and Bellman-Ford
algorithm to solve the MWBM problem. To solve the resource allocation and SVC layer selection
problem, we explicitly considered the segment utility increment in MUI. The performance of MUI was
evaluated by exploiting extensive simulations. Simulation results showed that MUI outperformed the
comparison schemes in typical scenarios. In the perspective of each user, the GOP distributions of each
comparison scheme were also shown in the simulation results section. In order to reduce the number of
frozen GOPs in the playback, we extended the MUI to MUI with base layer guarantee scheme.
According to the simulation results, MUI with base layer guarantee could eliminate playback freeze with
quite little PSNR loss in most cases. The limited network resources do not allow all vehicular users to
receive the videos with the highest SVC layer levels simultaneously. However, the proposed scheduling
algorithms have the ability to improve the system performance in the perspective of the quality of
perceived videos, or the quality of experience. At the same time, proportional fairness is approximately
achieved as well. As a result, the video streaming over vehicular networks is expected to perform better
than before, and we are a small step forward to the bright future of in-vehicle infotainment.
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