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In recent years, video streaming traffic has been increasing significantly. To satisfy
and attract more users, video applications not only struggle with delivering high-quality
videos over the Internet, but also develop new types of video streaming scenarios.
Recent advances of hardware and network technology have made two new video
streaming scenarios, live and 360-degree video streaming, become tremendously
popular among users. However, new streaming scenarios are making it more challenging
to provide higher user perceived quality of experience (QoE).

In live streaming scenarios, high video quality and low latency are two main
requirements. Unlike on-demand video streaming services where only bitrate decisions
need to be made by the applications, a live streaming application needs to make more
complicated options (e.g. target buffer level, latency limit) to achieve low latency.
Moreover, future video chunks' information is unknown in live streaming services, and
it leads to a more difficult task to make decisions.

Challenges for streaming high-quality 360-degree videos mainly comes from its

excessive need of network bandwidth. To prevent the delivery of entire 360 videos from
adversely affecting QoE, tile-based viewport adaptive streaming that divides 360 video
chunks into tiles and conveys streams with differentiated quality levels to viewport and
non-viewport areas has been regarded as a promising solution.
Existing works have been devoted to the design of viewport prediction (VPP) to predict
users' viewport orientation due to head movements, as well as tile bitrate selection
(TBS) to determine tile-based bitrates for viewport and non-viewport areas. These two
parts are still an open challenge for the research community due to unpredictable user
head rotation patterns and large action space.

Our key insight 1s that learning-based methods can see human-invisible network and
user patterns well through a large amount data traces. This allows us to apply learning-
based schemes to tackle the challenges in live and 360-degree video streaming scenarios.
We formulate the live streaming task as a reinforcement learning problem with discrete-
continuous hybrid action spaces, then propose a novel deep reinforcement learning
(DRL) algorithm to train a neural agent which can take hybrid actions.

For 360-degree video streaming, we use part of non-viewport areas to help resist
prediction errors, and divide all tiles into three areas: viewport, adjacent and out areas.
Then we train a TBS agent with DRL to determine bitrate for each tile area. To predict

future viewport more accurately, we propose a sinusoidal viewport prediction system



which leverages the sinusoidal values of rotation angles for orientation prediction on
vaw direction, and utilize the correlation between predictions errors and head movement
velocity as well as prediction time window to handle the potential prediction error.

To evaluate the performance of the proposed schemes we conduct extensive
simulations based on various categories of videos, and real-world bandwidth and user
head motion datasets. Simulation results demonstrate that the proposed schemes achieve
better QoE than comparison schemes.

Our main contributions are developing learning-based systems to tackle challenges
exposed by the live and 360-degree video streaming services. More specifically, we
formulate the live streaming task as a reinforcement learning problem with discrete-
continuous hybrid action spaces, then design a novel DRL algorithm-HD3 to solve it.
The simulation results show that our scheme can generate a single neural agent which
can perform well under various network and video traces. Moreover, this distributed
scheme can converge fast and be applied at scale in practice.

To address challenges exposed in the 360-degree video streaming scenarios, we
develop two learning-based system for tile bitrate selection and viewport prediction
respectively. We tackle the large action space issue in 360-degree video streaming, we
divide the tiles into three classes, then apply a DRL algorithm to learn a neural agent to
select bitrates for each tile class. We evaluate the proposed scheme-Plato in real-world
traces of viewport motion and network bandwidth, and the results show that Plato
achieves significant QoE improvement.

To more accurately predict future viewport, we propose a sinusoidal viewport
prediction (SVP) system to overcome the periodicity issues on yaw direction. Moreover,
we find that prediction errors positively correlate with head movement velocities and
prediction time window, and utilize this finding to further improve the system
performance. Simulation results demonstrate that the SVP system can achieve higher
prediction accuracy thus leading to better video quality than comparison schemes.
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