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Abstract Energy/QoS provisioning is a challenging task for videol@agions in
power-constrained mobile embedded systems. Many ersilrerd video encodings
allow us to exploit errors and generate a range of acceptiauleoff spaces by con-
trolling the amount of errors in the system. This expandadeoff space allows
system designers to comparatively evaluate differentaijey points with varying
QoS and energy consumption by aggressively exploiting-easilience attributes,
and can potentially result in signi cant energy savingse8pally, we propose an
error-aware video encoding technique that intentionallyats errors (drops frames)
while ensuring QoS in accordance with error-resiliencee flovelty of our ap-
proach is inactive exploitation of error¢o vary the operating conditions for fur-
ther optimization of system aspects. Our experiments shawour error-exploiting
video encoding can reduce the energy consumption for ardémgdevice by 37%
in video conferencing over a wireless network, without wdgiality degradation,
compared to a standard video encoding technique for a tésb\stream. Further-
more, we present the adaptivity of our approach by incotpaydhe feedback from
the decoding side to achieve the QoS requirement under dgmaatwork status.

1 Introduction

Due to the rapid deployment of wireless communicationseidpplications on
mobile embedded systems such as video telephony and vigaorshg have grown
dramatically. A major challenge in mobile video applicasas how to ef ciently

allocate the limited energy resource in order to delivetibst video quality. A sig-
ni cant amount of power in mobile embedded systems is coreiby video pro-
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cessing and transmission. Also, error resilient video dimgs demand extra energy
consumption in general to combat the transmission errosérgless video commu-
nications. Thus, it is challenging and essential for systiesigners to explore the
possible tradeoff space and to increase the energy saviilg evisuring the quality
satisfaction even under dynamic network status. In thigpape introduce the no-
tion of active error exploitatiorto effectively extend the tradeoff space between en-
ergy consumption and video quality, and present an adapitiee-exploiting video
encoding to maximize the energy saving with minimal qualigradation.

Tradeoffs between energy consumption and QoS (Quality ofi&s for mobile
video communication have been investigated earlier [32514, 17]. It is interest-
ing to observe that the delivered video dataniserently error-tolerantspatial and
temporal correlations between consecutive video framesuased to increase the
compression ef ciency, and results in errors at the recoiegtd video data. These
naturally induced errors from the encoding algorithms ddgrthe video quality, but
they may not be perceived by the human eye. This inherent&erance of video
data can be exploited to increase the energy reduction folexembedded systems.
For instance, relaxing the acceptable quality of the vidmhices the overhead for
the exhaustive searching algorithm by exploring a parti@hanstead of the entire
region. Further, we exploit errors actively for the purpo$energy reduction. In
our study, one way of active error exploitation is to intentilly drop frames before
the encoding process. By dropping frames, we eliminate itiecevideo encoding
process for these frames and thereby reduce energy corieamgitile sacri cing
some loss in the video quality. Note that the effects of diogframes on video
quality are partially canceled with the nature of erroetahce in video data.

To cope with transmission errors such as packet losses;resiient video en-
coding techniques [2, 9, 15, 16, 18] have been investigatagéduce the effects
of transmission errors on Qo0S. Most existing error resiltenhniques judiciously
adapt their resilience levels considering the networkustalnterestingly, our ap-
proach, combining these error-resilient techniques waitiritional dropping frames,
presents several pros and cons. First, we can improve tlee gdality to the level
that error-resilient techniques achieve by considerimgé¢hframe drops as packet
losses occurring in the network. Second, we can increasertioe margins that
video encoders potentially exploit for maximal energy retchn, i.e., we can drop
more frames. On the other hand, the error-resilience isesetihe compressed video
data in general, and so raises the energy consumption fartidatsmission. Thus,
this active error-exploitation approach with error resili techniques signi cantly
enlarges the tradeoff space among energy consumption fopm@ssion, energy
consumption for transmission, and QoS in mobile video apgibns. Furthermore,
our error exploiting video encoding scheme extends theiegdplity of error re-
silient schemes, even when the network is error-free.

In this paper, we propose a new knadror injection rate(EIR) that controls
the amount of data to be dropped. This EIR knob can be usedtorexhe trade-
off space between the energy consumption and video qualitike in previous
approaches. Speci cally, we present an error-exploitieo encoding with EIR
based on an existing error-resilient video encoding, PBPAProbability-Based



Power-Aware Intra-Refresh) [9]. Our new approach, calleeiEExploiting PB-
PAIR or EE-PBPAIR is composed of two unitserror-injection unitand error-
canceling unitThe error-injection unit drops frames intentionally acting to EIR.
And the error-canceling unit applies PBPAIR to encode vidat resilient against
intentional frame drops. Active error exploitation canuee the overheads for trans-
mission and even the decoding, and results in the energygsawef all components
in an encoding-decoding path in distributed mobile embddystems. However,
very aggressive error injection in EE-PBPAIR can degradevideo quality sig-
ni cantly, and there is a need to monitor the delivered vidgality in distributed
systems and to adjust the EIR to ensure satisfactory qualitys, we also present
adaptive EE-PBPAIRwvhich adapts the EIR based on the quality feedback from the
decoding side while minimizing the energy consumption.

The contributions and results of our work are:

We propose the notion of active error exploitation, thaeegs the energy/QoS
tradeoff space for video encoding on power-constrainedegitiéd systems.
We present an error-exploiting video encodiB&-PBPAIRby dropping frames
intentionally in accordance with an error resilient scheREBPAIR [9].

We present a feedback-based quality adjustment technigaédpting the EIR
to meet the quality constraintadaptive EE-PBPAIR

We demonstrate the ef cacy of our approach: as compared taralard video
encoding based on H.263 [7], EE-PBPAIR reduces the enengguroption of
an encoding device by up to 37% over a video stream withouttyukegrada-
tion, and by up to 49% at the cost of 10% quality degradation.

2 Background

Energy and QoS aware adaptations have been studied forambtications on mo-
bile embedded systems in a cross-layer manner [12, 17].rticpkar, Mohapatra et
al. [12] explored the effects of video encoding parametech &s quantization scale,
IP-ratio, and motion estimation algorithms on energy comgtion and QoS, and
proposed an integrated power management technique wittilemere adaptations
aware of system con gurations. On the other hand, Eisenbeal. [3] exploited
the knowledge of the concealment method at the decoder tiwegtie transmission
power. However, although energy/QoS aware schemes haliedthe tradeoff be-
tween energy consumption and QoS, they did not take intouaxt@ror resilience
against unreliable transmission and active error exgloita

One of the most effective methods to achieve error-resiigteo is to introduce
the intra-coded frame (I-frame) periodically: since Ifras are decoded indepen-
dently, they protect the propagation of the transmissioorsiand even encoding er-
rors in previous frames. However, the transmission of iriea causes delay and jit-
ter (due to relatively large size) compared to predictivadgled frames (P-frames),
and the loss of I-frames is more sensitive on QoS than thatfedrRes [2, 9]. To
mitigate both the propagation of the transmission errocstha overheads of large



I-frames, recently intra-MB (Macroblock) refresh apprioes have been proposed
[2, 9, 16]. Intra refresh techniques distribute intra-MBsaag frames, which not
only removes the overheads of I-frames but also improvesttioe-resilience. While
most intra-MB refresh techniques have been focused oniatliey the effects of the
transmission errors on the video quality, Kim et al. [9] ppvepd an energy-ef cient
and error-resilient video encoding named PBPAIR, and pitesktradeoffs among
error resilience, encoding ef ciency, and energy consuomptor video encoding.
However, existing error resilient techniques have focusetiow to manage the er-
rors from network in a passive manngaésive error exploitation On the contrary,
our active error exploitatiormaximizes the feature of applications by intentional
error injection — an approach has not been applied to videoding earlier.

Our approach actively exploits the error tolerance of vidata by injecting er-
rors intentionally at the application level, and an errgilient video encoder along
with adaptive error injectiorminimizes the effect of injected errors on the QoS.
Therefore, our error-exploiting video encoding approagyrassively exploits error
resilience to achieve the maximal energy gain while enguttie QoS, and further
opens opportunities to expand the tradeoff spaces betwe&a@d energy con-
sumption in mobile embedded systems.

3 Our Approach

3.1 Fundamentals of Active Error Exploitation
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Fig. 1 System Model and Frame Drop Types I/1l/1ll for Active Erroxfidoitation

Fig. 1 shows our system model for mobile video conferendihgs mobile video
conferencing system consists of two mobile devices and ¢heark environment.
Each mobile device is modeled as a mobile embedded systemosaa of a CPU
and a WNI, where video data is encoded (or decoded) and tiiedrtor received).
The network consists of WAN and two wireless access poimish ®f which pro-
vides the wireless communication channel for each mobigcde For simplicity,
we consider one path from an encoder to a decoder for moliEwionferencing.

We exploit errors activelyIn our study, active exploitation of errors means in-
tentional frame dropping in mobile embedded systems. Foptirpose of energy
reduction, video frames can be dropped by any componenginlEiFor instance,



the Decoder can drop the delivered video data to reduce tlogldey energykrame
Drop Type lllas in Fig. 1). Another possibility is that the Transmitteojgs video
data to save the communication energy, and error resikafiniques take care of
the dropped data in advanderdme Drop Type I). Further, the Encoder can drop
frames intentionally before the encoding process, anddmtite rest of frames ro-
bust against the dropped frames, which are considered apdokets in network
(Frame Drop Type)l Note that dropping frames at the Encoder is the most effec-
tive in terms of energy reduction since it affects the ene@ysumption across all
the following components in an encoding-decoding path as/diin Fig. 1, and the
energy consumption for encoding (Enc EC) is relatively ighpared to those for
the other components in our system model. Therefore, inpdiscular work, we
only consider~rame Drop Type (i.e., intentional frame drop at the Encoder) for
active error-exploitation approachype llandlll remain as our future work.

Error-Exploiting Video Encoder

Error-Canceling Unit

. Original TTITTRINY (o] T - i ”H“”I“”»Erlror-Aware
Video Data Error Controller Error-Injected Er'ror—Resment Video Data
Constraints Video Data Video Encoder
(e.g., quality requirement)

Feedbacl Parameters

(e.g., quality feedback, (e.qg., Error_Rate

packet loss rate) ? Intra_Thréeshold)

Knob  (Error Injection Rate)

Fig. 2 Error-Exploiting Video Encoder: Error-Injection Unit afaror-Canceling Unit

Our error-exploiting video encoder is composed of two yeitor-injection unit
anderror-canceling unitas shown in Fig. 2. Therror-injection unitcontrols the
amount of errors for the purpose of energy reduction, anettw-canceling unit
reduces the effects of the injected errors on the videotyuaing an error-resilient
video encoder. Th&rror Controller acts as amrror-injection unit taking into ac-
count the constraint (e.g., required video quality) andéleelbacks from the decod-
ing side (e.g., reconstructed video quality) and from thisvoek (e.g., packet loss
rate); furthermore, it intentionally injects the amountesfors according to a new
knob — error injection rate (EIR), and generates the enjaeted video data as illus-
trated in Fig. 2. Finally, th&rror-Resilient Video Encodexcts as aerror-canceling
unit, and generates the error-aware video data by encodingtheiejected video
data with parameters in preparation for downstream netwadket losses as well
as intentionally injected errors.

3.2 EE-PBPAIR: An Error-Exploiting Video Encoder

We now presenEE-PBPAIR(Error-Exploiting PBPAIR), an approach that injects
errors intentionally by “Dropping Frames” as arror-injection unit and encodes
video resiliently with “PBPAIR” as arrror-canceling unitas shown in Fig. 2.
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Dropping frames is one way of injecting errors intentiopalh this study, we
consider a simple frame dropping approach, PFD (PeriodmErDropping). PFD
periodically drops frames according to EIR. For instandeD Rvith 10% of EIR
drops every 1#) frame. PFD evenly distributes the effects of frame droppin@oS
over a video stream. Note that the quality will be delibdyateaintained by the fea-
ture of error-resilient PBPAIR. We use PBPAIR as an errgilient video encoder
since the authors in [9] have demonstrated its energy efcjevhile maintaining
video quality and robustness against network packet [084&RAIR takes two pa-
rameters as shown in Fig. 3. The rst parametpara, = Error_Raté indicates
the current network status such as packet loss rate (PLR)h@&second parame-
ter (paray = Intra_T hreshold represents the level of error resilience requested. To
consider both injected errors and packet losses, EE-PBEAlI&Iates the sum of
EIR and PLR forpara; while PBPAIR originally takes PLR ggara;. For instance,
the rst parameterfara;) in EE-PBPAIR is set to 15% when EIR is 10% while PLR
in network is 5%. Note that active error exploitation is a@glonal to PBPAIR and
can be applied to any error-resilient and energy-ef ciedee encoding technique
which adapts algorithmic parameters according to the rétgtatus.

Our error-exploiting video encoder saves the energy copsomin several
ways: i) intentional frame dropping saves energy conswmpdince EE-PBPAIR
skips frame encodings according to EIR. ii) the energy consion for video en-
coding is reduced since EE-PBPAIR adaptively introducesniore intra-MBs in-
stead of inter-MBs for error resilience due to the interdiidname drops. iii) inten-
tional frame dropping can reduce the encoded video le sitgch propagates the
energy saving downstream to the Transmitter, the Receinereven the Decoder.

A high EIR increases the energy reduction for encoding batabses the QoS,
if it is beyond a manageable point for error-resilient enogdTo keep the QoS
degradation minimal, our approach is able to constrain tiRetased on the feed-
back from the decoding side. Fig. 3 describes this adaptiRef&ature inError
Controller. Error Controller takes the quality constraifl; and sets the initial error
injection rateEIR;. Then it receives the feedback such@sandPLRas shown in
the feedback loop of Fig. 3. ®s is less tharQ., the current EIR is bad in terms
of QoS, and so the EIR is decreased. Otherwise, it is incdedise ow of “Adap-
tive EIR” in Fig. 3). Based on EIR, the error injection modwpleriodically drops
frames. ThusError Controller forwards the error-injected video data to th8-



PAIR as shown in Fig. 3. Alspara; is delivered to thd?BPAIR which encodes
the error-injected video data robust against the amountrofsindicated aparay,
with paray selected by PBPAIR methodology. Consequently, the encedksb
data is now error-aware, i.e., it is cognizant of injectees and packet losses as
illustrated in Fig. 3. This adaptive video encoder adjud®® #® meet the quality
constraint with minimal energy consumption. So we belidwa bur adaptive ap-
proach can be effectively used to adjust our video encoddguadynamic network
environment for maximal energy reduction while ensuring @oS. Note that the
frequencies of feedbacks such@sandPLRare beyond this work, and we assume
that feedback channels are reliable.

4 Experiments

4.1 Experimental Setup
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Fig. 4 Experimental Framework for Mobile Video Conferencing 8ystSystem Prototype NS2

For interactive multimedia applications such as mobilesvidtonferencing in
distributed embedded systems, an end-to-end experingysi@m framework is a
necessity since all components in a distributed system mbekactively and affect
other components in terms of energy consumption and pediocen Thus, we eval-
uated EE-PBPAIR on top of an end-to-end framework as showigind consisting
of a System Prototyp.0] andNS2simulator [13]. TheSystem Prototypemulates
a mobile embedded system and is detailed in our technicattr¢O].

The left side of Fig. 4 shows the preprocessing step, wheedtarp of dropped
frames is generated according to an EIR. CPU power numbieles) encoder pa-
rameters, network status (PLR), and quality constrainirgrats toSystem Proto-
type where a video encoder compresses a video str8gstem Prototypanalyzes
the rst set of results — Analysis 1 — such as the energy comsiom for encod-
ing (Enc EQ, and calculates the encoded size and the encoding coomptatie of
each video frame, which are used for generating the netwafk tfor the follow-
ing network simulation. Analysis 1 succinctly shows the Cénérgy for encoding
at the sender. NextyS2simulates the generated network traf ¢ with a set of con g-



urations including the network topology and WNI power valugnd estimates the
energy consumptionik andRx EQ for WNIs — Analysis 2. Thus Analysis 2 cap-
tures the end-to-end networking effects, including thdséhe transmitter and the
receiver. Finally at the receiver, ti8ystem Prototypadecodes the transmitted video
data based on generated packet losses and frame arrivalftoneNS2 and evalu-
ates the energy consumption for decodiBg¢ EQ and the video quality measured
in PSNR (Peak Signal to Noise Ratio) in Analysis 3. Thus Asial\3 captures the
CPU energy for decoding at the receiver (Power consumptiombers for CPU [6]
and WNI [8] are con gured as shown in the tables on the rigtesif Fig. 4). By
combining Analysis 1, Analysis 2 and Analysis 3, we are ablméasure the entire
end-to-end energy savings for our proposed scheme.

Using NS2 we simulate the network consisting of two IEEE 802.11 WLANS
(Wireless Local Area Network) and a wired network connegtinem as shown
in Fig. 4. Each WLAN is composed of one access point (AP 1 or AR2d one
mobile device (Mobile 1 or Mobile 2). We exclude the effectsraf ¢ from other
mobile stations since they affect the energy consumptiowiil in our mobile
devices. Instead, we limit the data rate of WNI, which caaiss the encoded bit
rate, and show clearly the effects of the varying data siregged by the Encoder.
For wireless connection, the data rate is set at 1 Mbps, deresi to be an actual
data rate [4, 11], and the link layer delay at 25. NS2generates packet losses for
a given PLR. Each encoded video frame is composed of muligd&ets if its size
is larger than MTU (Maximum Transfer Unit), 1.5 KB in our sitation. A frame
is considered lost if any packet of the frame is lost throdmghrtetwork simulation.

Recall that our EE-PBPAIR approach combines PFD with PBPARPAIR
takes two parameterpara; and parap,. We setpara; (Error_Ratg as the sum of
EIR and PLR. For comparisompara (Intra_Threshold is chosen for requested
quality with the same compression ef ciency as GOP-K (Gr@ifpPicture with K)
[9]. In this study, GOP-K based on H.263 [7] is de ned as adtad video encoder,
where K indicates the number of P-frames between |-frameSQP-K, we change
K for resilience against the transmission errors in netvesria [1, 9]. As a test video
sequenceiFOREMANINn QCIF format (176 144 pixels) is used. To constrain the
bandwidth, we consider that the bitrate is 64 kbps (kilopés second) and frame
rate is 5 fps (frames per second).

4.2 Experimental Results

We present three sets of results. First we show the energgtied due to active er-
ror exploitation (Section 4.2.1). Second, we demonstteekpanded design space
allowing better exploration of tradeoff alternatives (8@t 4.2.2). Finally, Sec-
tion 4.2.3 demonstrates the ef cacy of adaptive EE-PBPAIR taintains quality
under dynamic network conditions by incorporating the guétedback.



4.2.1 Energy Reduction from Active Error-Exploitation

To show the effectiveness of our proposed technique, welated EE-PBPAIR with
10% EIR in comparison to GOP-3 considering 10% of PLR in nekwo
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Fig. 5 Effects of Error Injection Rate on Energy Consumption anded Quality in EE-PBPAIR
compared to GOP-3 (PLR = 10%, FOREMAN 300 frames)

Fig. 5(a) shows the effectiveness of an error-exploitingrapch on the energy
reduction. The plots present the normalized energy consamgnd the video qual-
ity of EE-PBPAIR to those of GOP-3, and clearly show that EERRIR is very
effective compared to GOP-3 in terms of each category ofggnaynsumption with
slight quality degradation. Speci cally, EE-PBPAIR comses 34% less energy than
GOP-3 for encoding (Enc EC) since it drops 10% of video fraares compresses
more macro-blocks with less expensive intra encodings pnedictive encodings.
In terms of energy consumption for transmitting video ddta EC), EE-PBPAIR
sends a similar amount of data within less time than GOP-Jtwtesults in the
slight energy reduction. Thus, the energy consumptiondfersource (Enc EC and
Tx EC) is reduced by 23% with EE-PBPAIR, at the cost of 4% dualegradation.
Note that 1% quality degradation indicates about 0.31 dBegdn from the PSNR
value for GOP-3. At the destination, EE-PBPAIR reduces thergy consumption
by 8% for the decoding (Dec EC), which mainly results frompimg 10% frames
at the source. Note also that more intra-encoded MB resulisdare energy con-
sumption for the decoding but 10% frame dropping compesdatethis effect.
EE-PBPAIR saves the energy consumption for the receivel5§®xby 3% mainly
due to the smaller duration for receiving. The energy corion at the destination
(Dec EC + Rx EC) is reduced by 5%. These results are very aféeict energy re-
duction with respect to all energy categories at the codtgiftquality degradation,
which is an acceptable tradeoff for power-hungry mobile eddzd systems.

We now illustrate how EIR is effective as a knob to tradeodfdjuality for energy
reduction. To observe the effects of varying EIR on quality anergy consumption,
we compare EE-PBPAIR with GOP-3 by varying EIR from 0% to 205 5(b)
shows the normalized video quality and each energy consampf EE-PBPAIR
to those of GOP-3. Since we adamra, of PBPAIR to minimize the transmission
overhead, the energy consumption for the data transmi§&ioBC) of EE-PBPAIR
with varying EIR is close to that of GOP-3. With an increas&tR, quality is still



managed within an insigni cant degradation of quality, ahés quality manage-
ment is mainly because of the error-resilient feature ol BRAIR. With 20% EIR,
the loss of quality is 7% in PSNR. Fig. 5(b) clearly shows thateasing the EIR
signi cantly saves energy consumption for encoding (Eng.E8Ince the portion of
intra-MBs for each frame is increasing for error resiligrtbe energy consumption
for the decoding is higher than GOP-3 with low EIR between 0%%%. However,
with an increase of EIR, the number of frames to be decodeedsedsing and thus
the energy consumption decreases. With 20% EIR, we obtémettergy reduction
for encoding, and 17% reduction for decoding at the cost ofja%dity degradation.

4.2.2 Extended Energy/QoS tradeoff
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Fig. 6 Extended Tradeoff Space between Video Quality and Energys@uption by EE-PBPAIR
in comparison to GOP-8 and PBPAIR (EIR = 0% to 50%, PLR = 5%, E®RN 300 frames)

Fig. 6(a) plots the energy consumption at the source vsityudlEE-PBPAIR
compared to PBPAIR and GOP-8, and clearly shows that degignesof EE-
PBPAIR is much larger and more effective than those of PBP&iR GOP-8. As
compared to PBPAIR, the tradeoff space of EE-PBPAIR subsuatfiespaces for
PBPAIR since indeed EE-PBPAIR with 0% of EIR is PBPAIR. As qared to
GOP-8, EE-PBPAIR generates a better design space in tertims efergy reduction
(by up to 37%) without losing video quality, and presentsngvetter video quality
with less energy consumption. Further, relaxing the quaéguirement (such as
10% QoS degradation) compared to GOP-8 increases the ereztggtion at the
source by up to 49%. Thus, EE-PBPAIR very effectively exatheé design space
between the source energy consumption and video qualitxplpigéing the inten-
tional errors. Fig. 6(b) depicts the tradeoff space betwherenergy consumption
at the destination and the video quality, and clearly shdasEE-PBPAIR greatly
extends the spaces explored by PBPAIR and GOP-8. Howeeegrtbrgy saving
at the destination using EE-PBPAIR is less effective thax #t the source since
the resilience approach encodes more intra-MBs, whichedsess the energy sav-
ing resulting from the intentional error injection. Evereth EE-PBPAIR can save
the energy consumption by 3% without losing QoS compared2®@8.



4.2.3 Adaptive EE-PBPAIR: Ensuring Quality under Dynamic Network
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Fig. 7 Adaptive EE-PBPAIR Robust to Varying PLR under Dynamic NatwStatus

To show the effectiveness of our adaptive EE-PBPAIR by updeEIR, we
model a dynamic network and compare adaptive EE-PBPAIRatcEE-PBPAIR
(i.e., EE-PBPAIR with a xed EIR). For this experiment, PLRdins with 20%
and decreases by 5% every 20 runs and after 5% PLR it incrégsg% until it
reaches 15%. Each run captures 300 frames of video encdadiediorizontal axis
in Fig. 7 represents this scenario with varying PLR. The itypiabnstraint is set
to 29.6 dB in PSNR, which is about 10% quality degradatiomfi@OP-3 with-
out any losses. Static EE-PBPAIR encodes the video dataavited EIR = 30%
(since 30% EIR degrades the video quality signi cantly im&dynamic network
situations as shown in Fig. 7(a)) while adaptive EE-PBPAHRtEg with 30% EIR
and updates it according to the quality feedback. Fig. 7(@yd the PSNR values
for adaptive EE-PBPAIR in comparison to static EE-PBPAIRG ahows that the
delivered quality of adaptive EE-PBPAIR is consistentlytéethan that of static
EE-PBPAIR. EE-PBPAIR adapts the EIR according to the feekllath respect to
the video quality as shown in Fig. 7(b). In conclusion, thiR Bdaptivity with EE-
PBPAIR adjusts the quality of service based on the feedbmakbbile video appli-
cations in distributed embedded systems while minimizigggnergy consumption.

5 Summary and Future Work

Mobile video applications pose signi cant challenges fattbry-constrained em-
bedded systems due to high processing power for compreagjorthms and trans-
mission of a large volume of video data. Fortunately, vidgpligations tolerate er-
rors inherently, and we exploit this error tolerance of widkata for the purpose of
the energy savings. Active error exploitation — — intergildnrame dropping together
with error-resilient video encoding — — can achieve sigant energy gains while
ensuring the video quality. We present a new approach tfetserrors intention-
ally to balance the dual goals of energy ef ciency and satiiry QoS.



In this paper, we demonstrated our approach in two phasegideo confer-
encing applications running on resource-limited mobiktems. First we presented
EE-PBPAIR that combines an error-resilient video enco®&RAIR) with inten-
tional frame dropping to signi cantly reduce the energy somption for the entire
encoding-decoding path of the video conferencing appinatOur experiments
also demonstrated that the active error exploitation ofFBRAIR allows system
designers to consider larger tradeoff spaces than pregipp®aches: GOP-K and
PBPAIR. Further, we proposed an adaptive EE-PBPAIR by odlimtg a new knob,
error-injection rate (EIR), in order to satisfy the deliedmuality based on the feed-
back under the dynamic network status.

Our future work includes intelligent frame dropping teajures for further energy
reduction with minimal quality degradation. We also plarexbend active error ex-
ploitation to the system level combined with error-awaighéectures and network
protocols to maximize the energy reduction for distribieetbedded systems.
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