PRICING BASED COLLABORATIVE MULTI-USER VIDEO STREAMMING OVER POWER
CONSTRAINED WIRELESSDOWN LINK

137hu Li,>*Jianwei Huang, andAggelos K. Katsaggelos

"Multimedia Research Lab (MRL), Motorola Labs, Schaumburg, lllinois, USA
Dept of Electrical Engineering, Princeton University, Princeton, New JdoSy
3Dept of Electrical Engineering & Computer Science, Northwestern UniveEsignston, lllinois, USA

ABSTRACT

Video streaming is becoming an important applicatio
wireless communications. In a typical scenario, aseb
station needs to serve multiple video users wittotal
transmitting power constraint. How to make apprateri
video coding decisions and allocate limited trarisng
power among users to achieve optimal total utigyan
interesting problem. In this paper we develop eipgi
based down link power allocation scheme with caltakive
video summarization among users. The scheme expituit
multi-user diversity in channel states and utitiégource
tradeoff characteristics in video content to achidetter
resource utilization. The computational complexign also

rate adaptive data users, and the developed ted®mido
not apply directly to the case of multimedia wisde
communications as considered here.

Under limited communication resource, the optimdeo
coding problem is very challenging, especiallyha tow bit
rate case as we consider here. Instead of sendingleo
frames with severe quantization distortions as rpostious
work did, a better way of solution is through video
summarization, [LiO5a], [LiO5b], i.e., select a sab of
video frames that best represent the sequencegrcutie
them at higher quality than what is possible uradeontent-
blind rate control scheme. We developed a summariza
based solution for the interference-limited uplproblem in
[LiO5c], for low bit rate case.

be distributed among video sources and base station In the down link wireless video problem with total

Simulation results demonstrate the effectivenessthaf
proposed solutions.

1. INTRODUCTION

Serving mobile users with wireless video conterg haen
one of the driving forces in video coding and wess

transmission power constraint, video sources neeahake
frame selection and coding decisions, base stams@ds to
allocate power function among users such thatdted end-
to-end user utility is maximized under the powengtoaint.

In this paper, we develop a two-tier solution thiace this.
First, video sources and base station collaboigtied an
optimal averagepower allocation for a sliding window on
video contents, with distributed video summarizatind
pricing. Then base station computes the actual powe

communication research. Many efforts have been madenction for each user over the sliding window wittntent

trying to achieve better video quality and moreicedht
communication resource utilization in wireless wde
communication, e.g., [Zhang02], [Zhao02],
[Huang03], [Kim04], [HeO05].

The demand for video quality needs to be reconaili¢il
the limited communication resources, especially foe
currently deployed wideband wireless network, whtre
practical achievable data rates for video userstiiisvery

aware joint scheduling.
The paper is organized as follows. In Section 2, we

[zhang04] develop the pricing based video summarization —powe

allocation algorithm that achieves the socially iroat
solution. In Section 3, we discuss the packet sdivegl
problem and develop a water-filling power schedulin
solution. Simulation results are presented in $act, and
we draw conclusion remarks and outline our futuoekan

low. The video coding decisions need to be cageful Section 5.

coordinated with the communication resource aliocato
achieve better efficiency.

Pricing has been recently used in allocating resesiin
wireless networks. Examples of related literatumelude
power allocation in CDMA uplink transmissions [S22&
and downlink transmissions [ZhangOl, Lee02], ad wasl
spectrum sharing models in licensed radio bandaifig04].
However, most previous work focus on either voisera or

2. PRICING AND VIDEO SUMMARIZATION FOR
POWER ALLOCATION

In a scenario where multiple video traffics arevedrin the
wireless downlink with a total power constraintstead of
provision a constant bit rate channel for each,usbich is
rather wasteful, multi-user diversity in channehitss and



video contents can be exploited. The goal is terdghe the At the base station, the resulting power requestm f
transmitting power function of each ugePj(t), for a time video sources for current price are collected, Hrednew
segmentty+[0, T], such that the total user utility as receivedprice is computed through a price tatonnement pHce
wdeq quality is maX|m|zeq (i.e., achieve the stigiaptimal i+ = max{o, A +aly. p(S’Jf (AW, h.) =P} (6)
solution). The first step is to compute the averagever i
allocations among video users; thigse station probleris | (6), if the requested power level is larger thee
expressed as, constraint, the price for power is revised up ie thext
4 4 iteration, and vice versa for the case requestatlepds
S jZ:;Ui(Pi)’s't'jZ:‘iPi < Prnax, Py 20 @) below the constraint. A proof of the convergenéethe
price iterations can be found in [SrikantO4]. Inagtice,
iteration stops after the total power request ihiwicertain
error range ofP,.. Notice that the computation burdens
computing the optimal power levels in Egs. (5) 46fare
distributed among base station and video sources.

The resulting power level aIIocationE’j*{} are just an
indication of resource consumption level for deling
certain level of utility for each user. The acttransmitting
power schedule for each user is computed with tathoa

wheren is the total number of video usets;, is the utility
function for userj, reflecting the utility derived from the
video quality received by consuming transmittingvpo at
level P, for the time window. The utility function is asseth
to be continuous, increasing and strictly conc#ygy is the
total down link power constraint for the video frafin the
current window. The value &, may change over time to
reflect the voice traffic load on the base stationa typical
mixed voice/video traffic scenario. The optimaligan to

Eq. (1) can be found by maximizing the Lagrangian, in Section 3.
n n
JA) = max YU (P)-AP -P..), ) 3. JOINT POWER SCHEDULING WITH WATER
%va,-an;z:l Y ,zzl b FILLING

for some optimal non-negativie. The optimization in Eq. o o
(2) can be achieved in a distributed, iterativehitas by ~ The Pricing scheme allocates power among videdidsaf

charging each video source a price for its poweASSUMIng a constant transmitting powlé,F, for the given

L o segment of time. In practice, since video summaayné
consumption ', in iterationi, and let each user solve for ; . : .
: packets have different packet size and deliverydiitess,
thevideo source problem

i : the power function for each usé(t), is not constant, but
Py =maxt;(P) - AP; . ®) we need to enforce the total power constraint:
]

The utility U; in this case is defined on the video P(t)zzpi (t) < Pmax for all values oft belongs toty+{0, T].

summarization quality. Let a video segmenindfames be
denoted byw={f,, f1, ..., .4}, and its video summary ah
frames beS={f, ,f ,.--.f, }, wherems<n . At the

An energy-efficient packet scheduler is developedt rio
deliver all packets on time with the total powensipaint.
First, we sort the packets of all users in thedasing
receiver side, reconstruct  the sequence asrder of the delivery deadline. For tk¢h packet belongs to
Vg'={f,' f;',--- fo.y'} by substituting the missing frames userj, we denote the packet size, packet arrival tinng, a

with the most recent frame that is in the sumn@ryhe ~deliver deadline as, B/, t/, T(}, where t! < T!. The
video summary quality, which is defined as the ager Scheduler needs to compute a transmitting powectifum

distortion caused by the missing frames, is given a for each userPj(t), over the given time window, such that
! both total power constraint and individual videocket
D(S) = —Zd(fk, f') . 4 delivery deadline requirements are met.
Ni=o Then the scheduling is performed using a greedgrwvat

Therefore, the optimization problem in Eq. (3) qmiealent  filling power allocation algorithm. Le®(t) be the committed
to finding a video summarg’ , that, total power function for processed packets so tfan to
S (A') = argmin D(S)) + A P(S;W.h;). (5) schedule packét (from userj), with parameter B¢, t¢, T},

S we look atP(t) in time L/, T/], and search on a water filling
for the power priceA in currentith iteration.P(S, W, h) is ~ 1evel L, such that the power function available for
computed as the average power needed to trandrideb  (ransmitting packek is,
summary frame with bandwidt¥ and channel state. Eq. RI(tL) = {L - P(t), tD[tk,Tk]} @)
(5) can be solved with a Dynamic Programming (DP) k" 0, else '

solution a_t _video_ source, more o_letail can be_fo'umd)ur The downlink capacity as a function of water figitevel L
energy efficient video summarization work in [Lid5b for userj in [tJ, TJ] can be computed as



Ty h.RJ(t;L h, P (t
B(L) :Wj’log(1+L(_)) —log(1+ L(_))dt , (8)
i WN; o
where h; is the channel state for usgr Pi(t) is the

committed power profile for usgr before scheduling the
current packek. A fast bi-section search dncan find the
correct filling levell, that givesB(L)=B/. The process is

illustrated in the Fig. 1P/(t;L) is the shaded area bounded

by P(t) andL, betweert,' andT,.
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Figure 1. Water filling scheduling example
The algorithm schedules each packet in thderoof
delivery deadline, until the last packet's powendiion is
computed. Then each user’s transmitting power fancdis
computed as,

P(t)= Y RIGL),

KOK

9)

where K; denotes all packet numbers that are from jiser

Notice that although the resultifyt)’'s may not be constant
functions, the scheduling tries to utilize as mpcwer as
possible within the total power functiétt).

4. SIMULATION RESULTS

To demonstrate the effectiveness of our proposdises,
we set up a test with 4 different video clips witifferent
content activity levels, and simulate the pricirantrolled
distributed summarization and packet scheduling.

Clips 1, 2 are segments from “foreman” seqaeframes
150-239, and frames 240-329, while clips 3 andedfmes
50-139 and 140-229 from the “mother-daughter” sagage
respectively. The channel gains are also differginen as,
H=[0.75, 1.00, 0.80, 0.65]. This choices of charstates
and content covers a range of activity levels asfiects
diversity in marginal utility w.r.t. to transmittin power
consumption, and are plotted in Fig. 2 for all <l At the
summarization-power allocation phase, a total traftisg
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Figure 2. Utility-average power functions for diéat clips

The resulting video summary distortions are plotted

below in Fig. 3. The vertical arrows indicate videaonmary
frame locations in the sequence. The optimal pgiges the
best trade-off between total transmitting power adothl
video summary distortion. Clips 1 and 2 are codedira
average PSNR d?7.8dB and clips 3 and 4 &1.0dB The
resulting average bit rates for 4 clips a2fel, 43.3 8.1 and
9.4 kbps, respectively.

summarization distortions
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Figure 3. Resulting video summary distortion Ry,,=2.4

With an initial delay oft,=1 sec, the joint water-filing
scheduler achieves a total power limitRyf,,=2.45 There is
a slight loss of power efficiency from the summatian-
power allocation phase which only considers therape
transmitting power.

The power allocation result®,(t)~P4(t), for the video
summaries generated in Fig. 3 are shown in Fig.T4e.
dotted line are the total power functiB(t). Notice that each
user’s power function is not constant at all but total
power function is rather flat, which achieves bette
efficiency in utilizing the power available for dd. As a

power threshold oP,,=2.4 is given, and the social optimal comparison, the single user based, earliest dendiist
price is found asA =101.45 through the tatonnement serve (EDFS) scheduling [LiO5b] results are plottedrig.

process.

4b, which has a max power Bf,.=7.56.
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(b) Single user based scheduling
Figure 4. Packets scheduling results
The pricing operating curve for the total distontiand
power constraintP,,,, With summarization-pricing scheme
for the 4 clips is also plotted in Fig. 5.
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Figure 5. Total distortion-power constraint plot

5. CONCLUSION AND FUTURE WORK

In this paper, we developed a two-tier, distributpdcing
based power allocation and scheduling scheme fanliftk

video transmissions to achieve efficient commuinicet
resource utilization. Video summarization are penied at
video sources to achieve good end-to-end videoityuet
low bit rate. The solution is socially optimal imetsense that
it maximizes the total utility among users for thaen
power constraint. Simulation results demonstrate th
effectiveness of the solution. It is suitable faptbyment
with current wireless infrastructure to serve ddink video
streaming with mixed voice/video traffic.

In the future, we plan to further improve teheduling
algorithm by considering delay tolerance and déhalyiced
distortion modeling.
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