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Abstract. Emerging multimedia Multiview video systems consist of a dense
deployment of multiple partial-overlapped wireless cameras, as well as some
access points (Aps) and many wireless distributed relay nodes. Correlated views
are captured by cameras followed being transmitted to destination by different
Aps and networks links. Packet expiration of one camera flow may harm the
whole task. To effectively integrate multiple viewpoints into a whole image, the
correlated data rate and deadline of flows from multiple cameras are meaningful.
There is a trade-off between data redundancy and time deadline among correlated
multi-views subjecting to the constraints of limited buffer length. However, most
researches in this field have not considered packet expiration suffering from vari-
eties of delays after multipath. In this paper, we conduct this problem to optimally
adjust multiple flows of viewpoints by exploiting spatial and temporal correla-
tions among cameras to reduce delay variances. A global optimization algorithm
based on joint rate-distortion and delay-distortion model is proposed. Simulation
results show that quality of service for Multiview streaming can be improved by
allocating suitable transmission rates among correlated cameras as well as appro-
priate playout deadline. The PSNR quality shows that better performance can be
achieved compared with baseline policies.
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1 Introduction

In recent years, the progress in multimedia technology has given rise to the demand for
Multiview wide-area video applications over wireless networks. We consider a system
that generates a wide area scene by acquiring images and depth information from many
different viewpoints. However, network is unable to transmit all video packets from each
camera. To sure a satisfactory viewing experience for end users, it is important to
consider temporal and spatial masking effects to help compressed code work optimally
that result in efficient usage of network resource for video service with cost-based
quality. Our goal is to improve multi-camera wide area system’s performance with
respect to network constraints.
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For instance, Fig. 1 shows a wide area field image generated by combining sources
from more than three cameras through wireless networks.
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Fig. 1. An example of multimedia wide area view field system with multi-cameras

Resource allocation for video application has been an important research topic
[1, 2], and there exists several works addressing the problem of scheduling of correlated
video sources [3—5]. Some studies addressed the problem of Multiview transmission
and view-switching delay [6-8]. The work in [9] coded multiple views at the minimum
level of redundancy in order to speed up the view switching. The work in [10, 11] mainly
focused on the transmission of Multiview video coded streams based on multicast whose
aim was to maximize the coding optimization to facilitate accessing to different views.
However, they have a common shortcoming that the dynamics of networks are not
efficiently exploited to improve protocol performance of Multiview video [12].

Although packet loss and transmission delay is considered in [13], it does not solve
the problem of correlated multiple flows in Multiview video.

A video transmission control is presented in [14] to jointly control channel rate and
relay node. In [15], Yanzhi Dou et al. utilized correlation of application users to monitor
control flows and data flows for cognitive radio.

In this paper, a packet scheduling optimization algorithm for correlated multiple
flows is proposed, enabling maximizing Multiview video quality performance by
exploiting spatial and temporal correlation of multiple flows to reduce the costs of delay
variance among flows as well as transmission redundancy among them.

2 Problem Formulation

By using distributed source code, an image f(¢) can be recovered from either temporal
or spatial correlated frames, under the condition that those reference frames should be
in encoder’s buffer already. So we have

£ty = [1 = p(f)|* DTV 1 = p(f ()07 (t=2N)], if f(1) €K )
f@, if fn¢kK

where K means pure key frames set. At the decoder side, key frame is decoded inde-
pendently without the help of other frames, and dependent frame can be recovered from
temporal or spatial correlated frames.
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We use D, to denote this kind of video distortion of wide screen video streaming.
Assume the packet length is S, the transmission delay of a camera m is represented by

Sxn(L,) )
T, = ———
"=k @)
where n(L,,) is the number of hops from the camera m to decoder.
We use ], to denote the encoding importance of cameram compared to other cameras,
with ' I = 1. The delay distortion of multi-camera is described as:

m

z dex

DF@) = Y 1,d () = Y e 0T T 3)

We use p(f,,(1))f,(t,) to describe the recovery degree of an image f,,(¢) from its
neighbor f,(¢). Then the data amount of f,,(¢) is

@ =0 =p, @ t=7,,t >, m#*k 4)

If the image is recovered from time correlated relationship, then the data rate of

S s
Jun® =0 =p, Nt = 7,,) 0 27, +7,,, (%)

where 7, ,, represent the gap of time between two successive images from the same

camera m.
So the effective frames in the decoder’s buffer can be described as:

M 14,
F(ty) = D D {a,(1 = p JRU(D) + (1 = p,, IR, (= 7,,,)) )
m=1 t=r,,
where
2
Ya<l, >0 %)
i=1
and
Rm,Rk € [R,,Ry] (8)

In Eq. (7), a; denotes the weight of decoding dependence.
We express the frame rate distortion as:

Dg(F(?)) = Dy + FO—R, 9)
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The wide area video is measured in terms of PSNR, which is a monotonically
decreasing function of the mean-square error (MSE) [13].

D
PSNR(F) = 101log 10(%) (10)

The events of packet loss occur only when deadline cannot be met. So the distortion
of wide screen video streaming might be represented as

D(F (1)) = Dp(F(1) + D, (F(1)) (1)

We can now formulate the problem of maximizing the sum-PSNR of multiple
cameras by jointly controlling the video encoding rate, delay distortion of a wide screen
as followings.

P: Maximize

PSNR,(F) (12)

Subject to: (1)-(11)

> Y R0 < Ca (13)

meM t=r,,

T < lype (meM) (14)

3 Simulation Results

We consider a 3-camera system where video packets experience different delays to reach
decoder. Using same packet length and same transmission rate, the delays are propor-
tional to hop number. For simplicity, the arriving intervals of packets from two cameras
are calculated in terms of constant time slot AT. we use F(t) to denote reconstructed
wide area frame rate by conventional camera transmission scheduling [7], which does
not consider joint packet scheduling and delay minimization, and use FF(f) to denote
our algorithms.

In Fig. 2(a), we observe that when the playout deadline is 400 ms the effective frame
rate is maximized. In Fig. 2(b), the playout deadline is 500 ms at the maximal video
frame rate. This means that relaxing delay constraint can improve effective frame rate
with its maximum determined by decoder capability. We can observe that FF(¢) is about
400 bits more than F'(¢) when time constraints are 400 ms and C,,. = 1800 bits. A similar
phenomenon happens when C,,. = 1400 bits.
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Fig. 2. Video frame of wide area display for different playout deadline (p,,, = 0.8, p,,, =
R, = 200bit/ ms). (a) C,,, = 2000 bits. (b) C,,, = 1400 bits.

0.8,

In Fig. 3, we use PSNR to denote conventional camera transmission scheduling [7],
and PSNR — A to denote our algorithms. With changing values of playout deadline,
PSNR and PSNR — Abecome larger. But PSNR — A s still more than PSNR about 0.7 db.
That is, our algorithm can allow cameras to exploit correlation information to schedule
packets for higher PSNR.
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Fig. 3. PSNRs of wide area display for different playout deadline (p,, =08, p,, =
R, =200bit/ ms). (a) C,,, = 2000 bits. (b) C,,, = 1400 bits.
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4 Conclusion

We studied correlated time constraints on Multiview multimedia system under certain
network limitations. We have proposed a novel rate-distortion and delay-distortion
model to take the advantages of the correlation level among cameras themselves and
their neighborhood. Based on joint rate-distortion and delay distortion function, a
distributed packet scheduling and delay control algorithm is proposed, which can opti-
mally control resource allocation based on network capability and camera correlation.
The proposed algorithm adjusts the amounts of video among sources to minimize the
transmission delay variances, by which to maximize the effective video frame rate and
minimize the packet loss due to exceeding playout deadline. In the simulation, we have
analyzed the spatial and time constraints impacts on multimedia system. The results
demonstrate the gain of our algorithm compared with classical method. We also have
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pointed out that the video reconstruction quality can be achieved by manipulating the
correlation relationship among cameras.
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