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Abstract of Thesis

The integration of video streams captured by many mobile video contributors at a crowded event into a multi-
view video, that is, crowdsourced multi-view video streaming enables the remote viewers to experience the
immersive views of the event as if they were attending the event. The serviceability of crowdsourced multi-view
videos streaming is not limited to entertainment purposes. As an example, it can be extended to intelligent
transportation system (ITS) in which the videos captured by onboard cameras of different vehicles at one side
of an intersection can be shared with the vehicles at the other side to provide the traffic condition at the
intersection. Another potential application of crowdsourced multi-view video streaming is three-dimensional
(3D) virtual reconstruction of an interesting location, building, or a concert using video frames to point cloud
technology. Despite the diverse applicability, the crowdsourcing multi-view videos over wireless network
encounters many challenges due to the resource-constrained nature of wireless networks and limited capacity

of the consumer-grade mobile devices.

One of the characteristics of crowdsourced multi-view streaming is that many contributors upload the video
streams captured at close spatial location simultaneously to the video collector, that is, a sexrver, In this case, a
large amount redundant video traffic is uploaded to the serve due to the high correlation among the video
streams, which is highly inefficient usage of scared wireless network resources. In this case, traffic reduction is
of paramount importance to realize the efficient of the uploading of crowdsourced video streams. On the other
. hand, due to the power-hungry nature of video streaming and limited battery. supply of mobiles devices restrict
the practicability of crowdsourced multi- view video streaming. Thus, it is demanding that the traffic-reduced,
high-quality and low-power video uploading solutions to realize the efficient crowdsourced multi-view video

streaming.

This dissertation proposes three video uploading schemes considering the above-mentioned issues. Firstly, the
author proposes a traffic reduction method for multi-view video uploading from crowdsourced video contributors,
The proposed scheme uses differential encoding with multiple reference streams by means of packet
overhearing. To realize differential encoding across the network of contributors for higher traffic reduction, the
proposed scheme combines three techniques: correlation estimation, reference selection, and transmission order
determination. First, the scheme utilizes the correlation among the contributors based on the content features
of the captured video streams using the information-bound reference (IBR). Second, in the design of the
reference selection that determines the dependencies among the contributors, two threshold values are used,
determining the number of references for differential encoding at each contributor. Finally, the scheme
schedules the transmission order of the contributors to increase the number of differential encoding

opportunities within their network.




Second, the author proposes a cluster-based redirect video uploading scheme for high-quality and low-power
crowdsourced multi-view video streaming. Considering the drawbacks of conventional digital video transmission
consumption, the proposed scheme integrates the four approaches of network clustering, delegate selection, soft
video delivery, and four-dimensional discrete cosine transform (4D-DCT) to redirectly upload the captured
videos to the AP, Specifically, network clustering and delegate selection leverage the redirect path between the
contributors and the AP. Soft video delivery removes power-hungry digital encoding and transmission by
directly sending frequency-domain coefficients using multi-dimensional DCT and near-analog modulation. 4D-

DCT exploits the content correlations between the contributors to reduce redundant transmissions.

Finally, the author extends the previously proposed differential encoding-hased video uploading scheme using
ROI-based multi- view video encoding with the goal of further traffic reduction considering the perceptual
redundancy of human visual system (HVS). To realize the ROI-based differential multi-view video uploading,
firstly, a correlated network of contributors is constructed based on the correlation degrees among them. Then
the propesed scheme selects a contributor with the largest average correlation in the network for the task of
extraction of ROI regions. The selected contributor uploads its video stream using ROI-based single-view video
encoding while the rest of the contributors in the network overhear the transmitted stream and performs ROI-

based differential multi-view video encoding with the prior knowledge ROI information.

This dissertation evaluates the performances of the proposed schemes through computer simulations
implemented in MATLAB. The standard multi-view video sequences provided by Mitsubishi Electronic Research
Laboratory (MERL) are used for evaluations.

According to the simulations results, the proposed traffic reduction scheme achieves a traffic reduction of up to
31% with a quality improvement of up to 2.7 dB as compared to the conventional video uploeading scheme in the
densely correlated network of contributors. The second proposed scheme which leverages the redirect soft video
uploading outperforms the conventional digital-based video delivery in terms of video quality and transmission
power consumption by skipping power-hungry digital video encoding. The last proposed scheme, ROI-based |
differential encoding scheme achieves 57% of traffic reduction with the unnoticeable quality of degradation in

the less interested regions by exploiting the perceptual redundancy of human vision system.
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