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Volumetric Video Streaming for Mixed Reality

® Problem:

Complex rendering
- B Solution:

Offload rendering to cloud server

Transmit 2D video stream based
on user’s head pose

B Drawback:

Increased interaction (motion-to-
photon) latency
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Interaction Latency of a Remote Rendering System
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Head motion prediction: State of the Art
Viewport Prediction for VR

B Predict user’s future viewport for
optimized 360° video streaming

m Different approaches
Sensor-based
Content-based 2
Data-driven 3

® 3DoF prediction for VR
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Head Motion Prediction with Kalman Filter
Integration to Cloud-based Rendering Architecture
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Experimental Setup
Data Collection
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Experimental Results
Different Prediction Models
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Conclusion and Future Work

m Kalman filter-based head motion
prediction at cloud server

B Predict orientation more accurately
than AutoReg

Robust to variations, needs no training
Future work:

W Use spherical distributions (e.g.
von-Mises-Fisher) to predict
orientation better

W Subjective evaluation of latency
and prediction errors
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ABSTRACT

pes D
content with six degrees of freedom in mixed reality (MR) environ-
ments,Renderin comple vlunetric video can e pro

the remarkable computing power available in today’s mobile de-
vices (10). Moreover, no efficient hardware implementations of
+

yel
ing can be prohibitively expensive in terms of battery usage and
eal-t requirements [37].

tively high

devices is to perform the rendering at a cloud server. However,
cloud-based rendering systems suffer from an increased interaction

One way to avoid the complex rendering on mobile devices is
to offload the processing to a powerful remote server which dy-
‘namically renders a 2D view from the volumetric video based on
the user’ 1 h 6).

(motion-to- latency that may cause

MR environments. One way of reducing the effective latency is to
predict the viewer's head pose and render the corresponding view
from the volumetric video in advance.

In this paper, we design a Kalman filter for head motion predic-
tion in our cloud-based volumetric video streaming system. We
analyze the performance of ur approsch uing reorded head

a a
work to the client. The client can then efficiently decode the video
stream uingis hardwre dcoder and display the dynamically up-
dated

approach allowsutlsing highly efiet 2D video codmg tech-

‘motion traces

performance by ivoiding 37)

model for different pl\:dlLllun intervals (look-ahead times). Our
results show that the Kalman filter can predict lat so known as the (M2P) la-
the del for a uncy 147) Due 10 the nerwork round: tip time and the dded
the M2 latency is higher tha that

look-ahead time of 60ms.

KEYWORDS
volumetric video, augmented reality, mixed reality, cloud-based ren-
dering, head motion prediction, Kalman iler, 1

performs the rendering locally. Several studies show ot an
creased interaction latency may lead to a degraded user experience
and motion sickness [8, 27, 30]

One way to reduce the latency is to predict the user’s future

1 INTRODUCTION

dvance. Thereby, it i possibl

antly reduce or even climinate the M2P latency, if the user pose.
s succestuly precicted for  lok 4 ahead e (LAT) el toos

With volumetric latency of
video has pr  head mots i de the
tion of: user n [27). Therefore, d.{nyung ac-

reality (AR) applications [42]. Combined with highly accurate po-
sitional tracking technologies, volumetric video allows users to
e 1 d enabl

novel "
objects can be placed inside real environments and animated based
on user interaction [14].
Geometry of volumetric objects is usually represented using
meshes or point clouds. High-quality volumetric meshes typically
. an ty point

igh-quality
volsmeti video sreaming
this paper, we consider the problem of head motion prediction
forcoud e AR R spplcbons. o i st v
as follows:

 We develop a Kalman filter-based predictor for head mo-
6DoF d

g
contain millions to billions of points [41, 43]. Therefore, rendering
complex volumetric content i still  very demanding task despite

compared to an autoregression model and a baseline (no
prediction) model using recorded head motion traces.

tions,
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