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In this paper, we present a adaptive middleware solution for power-aware video streaming to mobile handheld devices.
Using knowledge of dynamic device parameters(e.g residual energy), changing network noise levels and device mobility
patterns, the middleware dynamically determines video streaming properties(e.g video burst sizes) to maximize the
user QoS(reduce packet loss) while optimizing power consumption of the device. Specifically, we propose a proactive
video transcoding and streaming technique that uses global system knowledge to effect power optimization, by transi-
tioning the wireless NIC to sleep mode. Our performance results indicate that such a proactive scheme can reduce the
energy consumption of network cards by as much as 70%, even in the presence of network noise and provide graceful
video adaptations for better user experience.

1 Introduction

Improving the service lifetimes of low-power mobile
devices through effective power management strate-
gies can facilitate optimization of user experience for
streaming video on to handheld devices. To achieve
this, a system should be able to dynamically adapt
to global system changes, such that the entire du-
ration of a requested video is streamed to the user
at the highest possible quality, while meeting the
power constraints of the user’s low-power device. We
achieve such an optimal balance between power and
performance, by introducing a notion of “Utility Fac-
tor UF ” for a system, and optimizing the UF for the
system. This approach precludes the system from
aggressively optimizing for power at the expense of
performance and vice-versa; thereby providing an op-
timized operating point for the system at all times.

We assume the system model depicted in Fig. 1.
The system entities include a multimedia server, a
proxy server that utilizes a directory service, a mobil-
ity manager service and a realtime video transcoder,
the wireless access point and users with mobile low-
power wireless devices. The dotted arrows repre-
sent the noise at the access point. The multime-
dia servers stream videos to clients and all com-
munication between the handheld device and the
servers are routed through the proxy server, which
can transcode the video stream in realtime. An adap-
tive middleware executes on both the handheld de-
vice(lightweight) and the proxy, and performs two
important functions. On the device, it obtains resid-

ual energy information and feeds it back to the proxy,
updates its mobility information on the directory ser-
vice and relates the video stream parameters and net-
work related control information to underlying lay-
ers(OS). On the proxy, it performs a energy-aware
video stream adaptation through realtime transcod-
ing. It also regulates the video transmission over the
network based on the noise level and the residual
power at the device. The proxy utilizes the mobil-
ity manager to predictively determine future network
noise levels. The proxy implements an adaptation
control module that performs the proactive adapta-
tions and admission control.

2 Energy-Aware Video Streaming

In this section, we first identify discrete video
transcoding levels for handheld computers. This
significantly reduces the realtime video transcoding
costs as the transcoding parameters no longer have to
be identified in real time. We then briefly describe a
reactive proxy-based adaptation scheme and suggest
a proactive scheme that significantly improves the
UF for the system. Finally we present our character-
ization of the network traffic regulation for energy-
aware video streaming. The “Utility Factor UF ” is
a measure of “user satisfaction” and we specify it as
follows: given the residual energy Eres on a hand-
held device, a threshold video quality level (QA :
QMAX ≥ QA ≥ QMIN ) acceptable to the user, and
the time of the video playback T, the UF of the sys-
tem is non-negative, if the system can stream the
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Figure 1. System Architecture

highest possible quality of video to the user such
that the time, quality and the power constraints
are satisfied; otherwise UF is negative. Let PV ID

denote the average power consumption rate of the
video playback at the handheld and QPLAY be the
quality of video streamed to the user by the system.
Using the above notation, we define UF as follows:

UF =





QPLAY −QMIN IFF PV ID ∗ T < ERES

and QPLAY ≥ QA

−1 Otherwise

2.1 Energy-Sensitive Video Transcoding

We conducted extensive experiments to determine
video transcoding levels that have a significant bear-
ing on energy. To validate our assessments, we also
conducted an extensive survey to subjectively as-
sess 3 the human perception of video quality on
handhelds(iPAQ). We briefly present some of our
findings: (i) It is hard to programmatically iden-
tify video quality parameters( a combination of bit
rate, frame rate and video resolution) that produced
a user perceptible change in video quality and/or a
noticeable shift in power consumption in handhelds.
(ii) For all the video streams on handheld devices, it
was enough to use just three standard intermediate
formats(e.g SIF(320x240), Half SIF(340x160) and
Quarter SIF(160x120)) for frame resolution values.
Other resolutions did not produce a perceptible qual-
ity change or power uptake compared to the nearest
SIF encoded video with similar bit and frame rates.
Based on these conclusions, we identified eight dy-
namic video stream transformation parameters (Ta-
ble 1) for our proxy-based realtime transcoding and
use the profiled average power consumption values
to perform our adaptations.

2.2 Reactive vs. Proactive Adaptation

In traditional proxy-based reactive adaptation
schemes 1, the proxy reacts to dynamically chang-
ing system conditions by adapting video streams (by
either lowering or improving stream quality) for im-
proved performance. In this approach, a change
in system state is first detected (possibly due to
dropped packets, increased noise/congestion levels or
low-power at the device), at a potential loss of per-
formance (video jitter). A subsequent adaptation is
then performed to react to the global system change,
by dynamically exploring an optimal search space
for an optimized operating point. To improve per-
formance in such dynamic environments, we propose
a proactive adaptation scheme in which the proxy
“proactively” predicts future system conditions and
determines an optimized operating point in advance.
Specifically, the middleware at the proxy exploits
its cognizance of the optimized network transmission
search space, the profiled energy consumption levels
of transcoded video streams, the residual power at
the client device and the predicted dynamic network
noise levels within each cell, to “proactively” adapt
the video stream to maximize the end user experi-
ence. For example, the proxy middleware can pre-
dict the noise/congestion level of a cell just before a
user moves into the cell, and determine how to adapt
the stream as the user enters the cell. The “mobility
manager” can be used to track users in the target
cell. Two factors significantly influence the perfor-
mance of the schemes: dynamic noise levels within
each cell and the velocity of the device. We therefore
compare the schemes using these criteria. To rep-
resent the dynamic noise levels we characterize the
noise induced by each mobile device as the following
distributions: constant, random, poisson, uniform.
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Quality Transformation Avg. Power Avg. Power
Parameters (Windows CE) (Linux)

(Q8) Like Original SIF, 30fps, 650Kbps 4.42 W 6.07 W
(Q7) Excellent SIF, 25fps, 450Kbps 4.37 W 5.99 W

(Q6) Very Good SIF, 25fps, 350Kbps 4.31 W 5.86 W
(Q5) Good HSIF, 24fps, 350Kbps 4.24 W 5.81 W
(Q4) Fair HSIF, 24fps, 200Kbps 4.15 W 5.73 W
(Q3) Poor HSIF, 24fps, 150Kbps 4.06 W 5.63 W
(Q2) Bad QSIF, 20fps, 150Kbps 3.95 W 5.5 W

(Q1) Terrible QSIF, 20fps,100kbps 3.88 W 5.38 W

Table 1. Energy-Aware Transformations for Compaq Ipaq 3650 with bright backlight, Cisco 350 Series Aironet WNIC
card.

2.3 Energy-Aware Video Stream Regulation

In this section, we characterize a proxy-based
traffic regulation mechanism to reduce energy
consumption of the wireless network interface.
We exploit the fact that wireless network inter-
face(WNIC) cards consume significantly less energy
in the sleep mode (0.184W) than in the idle/recv
mode(1.34W/1.435W). In our scheme, the middle-
ware at the proxy, buffers the transcoded video and
transmits I seconds of video in a single burst along
with the time τ=I for the next transmission as con-
trol information. The device then uses this control
information to switch the interface to the active/idle
mode at time τ + γ×DEtoE , where γ is an estimate
between zero and one and DEtoE is the end-to-end
network delay with no noise.

Let B be the average video transmission bit-rate,
F the video frame rate, SN the packet size used by
the underlying network protocol. Let there be N

users in the system. We model each “other” user as
a Poisson process that injects packets into the net-
work with the packet inter-arrival times following an
exponential distribution with rate λ, with a density
function of f(t) = λ.e−λt. Therefore, the number
of packets introduced into the network by each user
in an interval ’t’ has an expected value E(t) = λ.t.
Assume that the AP employs a simple round robin
service for transmitting packets and let LAP be the
buffer length(in number of packets) available at the
AP for downstream traffic. Let BWs, BWd be the
bandwidth available to the wireless device for trans-
mitting and receiving data; TAP , Pd be the queueing
transmission delay per packet of the AP and propa-
gation delay of the wireless network respectively. Us-
ing the above characterization, the number of pack-

ets per frame α = B
8×SN×F and the total number of

packets transmitted in one burst Pb = α× F × I.
To simplify the analysis, we further assume that

there are no loss of packets at the AP due to weak
signal strengths or collisions. However, packets do
get dropped if the AP buffer capacity (LAP ) is less
than the number of arriving packets. A queueing
theory analysis is used to predict packet loss rates
at the AP. If Tb is the time taken to transmit the
burst by the proxy, then the total expected num-
ber of packets received at the AP in that interval
is σ = Pb +

∑k=N−1
k=1 Ek(Tb), where Ek is the ex-

pected value of noise from by user k. The worst case
expected transmission delay experienced by the last
packet in the burst is D = σ×TAP . Using the above
approach of bursty transmissions, the total “sleep”
time(δ) of the network interface can be calculated as
δ = τ − (D+γ×DEtoE), neglecting the propagation
delay of the final packet. As significant power gains
are only achieved when the network interface is in
the sleep mode, the total power savings are Psaved

= δ * (PIDLE - PSLEEP ). Observe that large values
of I can result in packet losses at the access point
and/or buffer overflows at the device. The above
analysis can be used by an adaptive middleware to
calculate an optimal I (burst length) for any given
video stream and noise level. Other approaches for
power management of NIC cards have been studied
in 2,1.

3 Experimental Results

We simulated the overall system(Fig. 1) with the
adaptation mechanisms and energy-aware streaming
for measuring the Utility factor(UF ) for the system.



4

0

0.2

0.4

0.6

0.8

1

1.2

Q1 Q3 Q6

Poisson

Constant

Random

Uniform

Video quality

En
er

gy
  s

av
ed

 (J
)

Noise

Figure 2. Impact of Noise Patterns
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Figure 3. Power Saved vs Burst Time
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Figure 4. Proactive vs. Reactive
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Figure 5. UF vs. Adaptation scheme

Our simulations were based on measurements made
for a Compaq iPAQ 3650 and a 206Mhz Intel Stron-
gArm processor. The iPAQ used a Cisco 350 Series
Aironet 11Mbps wireless PCMCIA NIC for commu-
nication. In our simulator, a constant end-to-end
network delay of 400ms was used; the wired and wire-
less ethernet bandwidths were set to 10Mbps and
8Mbps(effective B/W, 802.11b is capable of higher
throughput) and γ was set to a 0.85. The transmis-
sion delay of the wireless access point was also fixed
at 400µs per packet. First, for each video quality(Q1-
Q8), we varied the video burst time(100ms to 20sec)
and the network noise levels(users), the network
packet size (200bytes to 700 bytes) and measured
the power savings. An incremental mobility model 5

was implemented. Fig. 2 shows the impact of noise
patterns on the maximum energy saved for differ-
ent video quality levels. Lower quality streams con-
sume less power, but for a given video quality the
distribution used to model the noise has little im-
pact. Fig. 3 shows the variation of power savings
with video burst sizes at different noise levels. Using
these values a search space is generated for ascer-
taining optimized video burst times for a particu-

lar video quality and noise level. Fig. 4 shows that
the proactive adaptation results in a much smoother
video when compared to reactive adaptation. Fi-
nally, we see in Fig. 5, that using a proactive adap-
tation scheme a significant improvement in the UF

of the overall system can be achieved.
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