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Abstract— Wirelessvideo-sureillancenetworks are gain-
ing increasingpopularity due to the numberof applications
they malke possibleto carry out. In this paper we addresghe
problemof designinga wirelessvideo-suneillancenetwork so
asto optimizeits performance.In particular we investigate
the possibletrade-ofs betweenenegy consumptionandim-
agequality. We provide simulationresultsshaving thatvideo
compressiortanbe very beneficialin reducingdatatransmis-
sioncosts,providedthatthe enegy costof videocompression
is low. Moreover, we discussthe impact of compressioron
imagedelay
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. INTRODUCTION

Wirelesssensometworks arerapidly emeging asa frame-
work to carry out distributed and penasive applicationssuch
asernvironmentalmonitoring,domotics,marinebiology, habi-
tat studiesandvideo-suneillance justto mentionafew. Such
networkstypically consistof tensto hundredof small-sizeand
low-costnodes;eachnodeis equippedwith a sensingdevice
thatcollectsinformationfrom the ervironment(e.g.,tempera-
ture, vibrations,images) andtransmitsit throughthe network
to a gatevay node,wherethesedataare analyzedandthe de-
siredinformationis extracted[1]. Amongstall possibleappli-
cationsof sensometworks, in this articlewe focusonwireless
video-sureillancenetworks (WVN), thatis, sensometworks
in which eachnodeis equippedwith a camerathat framesa
videosceneof theregion of interest2].

In aWVN, enegy consumptioris a critical issue[3], even
morethanin other sensometworks sincevideo camerascol-
lect a hugeamountof datathat mustbe transmittedover the
wirelesslink. In principle, video compressiorcanreducethe
amountof databy a considerabldéactor On the otherhand,it
is well-known thatmostvideo codersexhibit a very high com-
putationalburden. This is not a matterof concernin desktop
multimediaapplicationsjn which onecanafford a2 GHz pro-
cessorto encodeanddecodevideo at 30 framesper secondn
real-time.While, theuseof suchapowerful encodein aWVN
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applicationmay be objectionablein thatit is possiblethatthe
enegy sazedby transmittinglessdatadoesnot compensatéor
the enepgy requiredto compresshe video data. The trade-of
betweercommunicatiorandcomputatioris thereforea crucial
aspecthatneedto beinvestigated.

Anotherissuein WVNSs is the delayincurredby the video
streamdueto the processingime andthe lateng in the net-
work. Intuitively, one would think that compressed/ideo
shouldexhibit lowerdelaythanuncompresseddeo. However,
if thesensoprocessinginitis notsuficiently powerful, thede-
lay canbe dominatedby the processingime. Keepin mind
that, while several compressioralgorithmsemploy floating-
pointarithmetic,mostlow-powerprocessorbave afixed-point
architecturewhich requiresseveral clock cyclesto emulatea
floating-pointoperation.

Additionally, in the designof a WVN, onehasto carefully
accountfor the dataquality issue. While video compression
algorithmsoften have very powerful datareductioncapabili-
ties, they do introducedistortion. Whenthe network gatevay
decodeghe video streamandanalyzeghe data,the distortion
introducedby compressiorcan heavily bias the results,thus
possiblyleadingto wrong interpretation.Note that, in caseof
still images.althoughcurrentstandardsas JPEG(Joint Photo-
graphicExpertsGroup)and JPEG200&anyield compression
ratiosin excessof 30:1with goodvisualquality, it is generally
believed[4] thataratioin excessof 10:1cansignificantlyalter
theresultsof automatidmageanalysisalgorithmsto berunon
thedecodedmages.

Thus,severalfactorsmustbetakeninto accounin thedesign
of aWVN, andprimarily enegy consumptiorandimagequal-
ity. Thesefactorsheavily interactwith eachother, thusmaking
it difficult to find anoptimaltrade-of. Thegoalof this paperis
to investigatgossiblesolutionsto thistrade-of, by identifying
suitablecompressiomlgorithms assessinthe communication
and computationcosts,andtaking into accountthe quality of
servicerequirementsn a WVN.

[I. WIRELESS SURVEILLANCE NETWORKS

In this section first we describethe systemscenaricandre-
portthesystemcharacteristicandparametersThen,we focus
on algorithmsfor video compressiorand evaluatethe cost of
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Fig. 1. Hierarchicalnetwork architecture.

suchalgorithmsin termsof enegy consumption.

A. SYSTEM SCENARIO

We considera wirelesssuneillancenetwork composeaf a
setof stationary battery-pevered,sensomodes.For the sale
of simplicity, we assumehatthe areaunderobsenationis an
orthogonalkurfacewith respecto the planewheresensorsare
located.All sensorsarealike, eachof which is equippedwith
a camera,a low-power microprocessqrand a radiofrequeng
(RF) circuitry that allows sensorsto communicateover the
wirelesschannel. Dataobsened by the sensorsare collected
atanode,denotedby G, whichis eithera centralcontrolleror
agatavayto thefixed network.

Let p; denotethe output power necessaryor transmitting
oneinformation bit andp, denotethe power consumptionof
the RF circuitry per bit, which is the samein transmitmode
asin recevemode.Let C bethebatterycapacity expresse@s
Ah, thatis initially availableateachsensorandlet P,,,,, bethe
maximumpower that canbe drainedfrom the battery In our
network scenarioall sensordhave sameprocessingapability
andinitial enegy resources. The systemcharacteristicand
parametersaluesarepresentedn Tablel.

We assumethat the network architectureis as shown in
Figure 1, where the highestlayer of the architectureis rep-
resentecby nodeG. Nodesat the lowestlayer, indicatedby
s;,% = 1,... M, arein chage of monitoringthe areaof inter-
estandarepositionedalongaline in suchaway thatthetarget
areais fully covered.Eachof the M sensor@bsenesaportion
of thetargetareaandforwardsthe video signaltoward G. We
assumehat sensorsamergproducegrayscaleQCIF (Quarter
CommonlntermediateFormat)images(i.e., 144 lines of 176
pixelseach)which arefragmentedatthelink layerinto Proto-
col DataUnits (PDUs)andtransmittedover the wirelesslink.
Theradiochannels modeledasaGilbertchanne[5], with two
statesgood andbad, thatrepresenthechannekonditionsdur-
ing the transmissiortime of one PDU. The averagedataunit
error probability is denotedby € andis taken asa variableof
the systemwhile the averageburstof erroroverthe channels
setto 5.

We consideran ARQ schemamplementedatthelink layer,
sothatthe sendetransmitsa PDU until eitherthe PDU is cor-

per PDU by N;. A PDU is discardedf it is not successfully
transmittedwithin IV; attempts.In the following, we assume
thata non-compresseiinageis lost if morethan L PDUsare
discardedwhile a compressedmageis lost as soonas one
PDU s discardedWe denotetheimagelossprobabilityby P;.
Theeffectof PDUlosseontheuncompressedndcompressed
datais discussedn thenext section.

B. VIDEO COMPRESSON TECHNIQUES

In the WVN application,animportantissueis the selection
of the codingframework that bestmatcheghe characteristics
of thevideo-suneillancedataandthe enegy constraintof the
application.Themostpopularvideocodersdefinedby the ISO
(InternationalStandardizatiorOrganization)and ITU (Inter
nationalTelecommunicatiotJnion), i.e., MPEG-2, MPEG-4,
H.261,H.263,andthe novel H.26L, areusuallyreferredto as
hybrid motioncompensatedoders sincethey performmotion
estimationin orderto capturetemporalredundang by follow-
ing objectmotionwithin the scene.This approachs known to
yield very goodresultsbut is alsovery time-consumingespe-
cially in the motion estimationstage.On the otherhand, it is
worth noticing that, unlike typical multimediavideo, surweil-
lancevideo sequenceare often characterizedby low motion,
in particularwhen no objectis expectedto move within the
scenebut in caseof anomalies.Thus,suchcodersdo not pro-
vide afavorableenegy/performancérade-of in the WVN ap-
plication.

In thecontext of surweillanceof alow-motionscenethefol-
lowing approacttanbe pursued Eachsensorcanperiodically
encodeandtransmitareferencdrame(e.g.,onescenevery 15
secondspandthen,betweertwo consecutie referencdrames,
transmitonly differencegif arny) betweerthe currentacquired
frameandthereferencene.In thisway, sincethesceneshould
bestill unlessananomalyoccursno enegy consumingmotion
estimationis performedwhereagemporalredundanyg is cap-
tured. Also, sincescenechangesaresupposedo occurrarely,
veryfew refreshdatahaveto betransmittedallowing for avery
high compressiomatio.

In orderto selecta suitableencoderfor the referenceim-
ageswe have consideredseveral existing imagecompression
algorithms,including JPEGandJPEG2000andwe have eval-
uatedthetrade-of thatthey provide betweerenegy consump-
tion and compressiorratio. We have employed a simulator
of the ARM architecture alongwith an accurateenegy esti-
mationtool for the StrongArm1110processof6], in orderto
characterizehe enegy costof eachalgorithm.We have found
that,in generalalgorithmsthatemploy afloating-pointcompu-
tationalengine suchasJPEG200@ndJPEGwith thefloating-
point discretecosinetransform(DCT) kernel, exhibit a very
high enegy consumptionThus,their actualusefulness$or the
WVN applicationis fairly questionable.On the other hand,
whenfixed-pointkernelsareused,asin JPEGwith theinteger
kernel,the enegy costbecomesaslow asto provide a favor-

rectly recevedor amaximumnumberof transmissiorattempts ableenegy-compressiotrade-of. As anexample,encodinga
is reached We denotethe maximumnumberof transmissions grayscaléQCIFimageat1 bit-perpixel, employing JPEGwith



TABLE |
SYSTEM CHARACTERISTICSAND PARAMETERS.

SystemComponent | Performance |
Microprocessor Intel StrongArm1110@ 59 MHz
Battery (C=0.65,2.7Ah; P,,,,=20,50 dBm
Compressiorractor=8:1
JPEG IntegerDCT kernel
greyscaleQCIFimagesize
Power consumptior7] pt = 100 pJ/bit/m?* ; p. = 50 nJ/bit
Uncompressetnagesize 25344bytes
Referencemagecaptureperiod 15s
Link LayerPDU size 32bytes
TransmissiorBit Rate 200Kbps
Maximumacceptablémagedelay 2s

theintegerkernelandusinga SA-1110processoat 59 MHz,
requires2.87 mJandtakes89.8ms. The sameoperationwith
the floating point kernel requiresmore than 22 mJ, which is
afigure comparablawith the transmissiorcostof the uncom-
pressedmage.As aconsequencen our simulationstudy we
have selectedIPEGwith integer kernelas compressioralgo-
rithm. In general,we have found that few low-enegy image
and, especially video compressioralgorithmshave beenpro-
posedn theliteraturesofar. In Fig. 2, theeffectof PDUlosses
on the uncompressedndcompressedatais shovn. Fig. 2-a
shavsanuncompresse@CIF video-sureillanceimagerepre-
sentinga tunnel. Fig. 2-b reportsthe JPEG8:1 compressed
anddecodedmagewhenthe integerkernelis usedandrestart
markersat the end of eachrow of 8x8 block areinserted.In
Fig. 2-c, theeffectof losing2 PDUson theuncompressein-
ageis shavn; in this case a PDU simply contains32 consecu-
tive imagepixels. As canbe seenjmagequality considerably
degradesfterfew PDUshave beenost, thusjustifying thedef-
inition of P givenin the previoussection.Fig. 2-dreportsthe
effect of onePDU losson the JPEGcompressedtream;upon
detectionof a corruptedpaclet, the decodemustwait for the
next restartmarker to resynchronizendrestartdecoding.lt is
clearthat,in thecompressedase pnesinglePDU lossheaily
degradesmagequality.

1. SIMULATION RESULTS

We derive the systemperformancen termsof imageloss
probability and averageenegy consumptionper image. We
considettheradioconnectiorbetweeronesensonodeandthe
gatevaynode,G, andwe compareheresultsachievedwith un-
compresseiinagedo thoseobtainedvhenthe JPEGalgorithm
is used.Thesystenmparameteraresetto thevaluesreportedn
Tablel.

Fig. 3 shavstheimagelossprobability, Pr, asthemaximum
numberof transmissiorattemptsatthelink layervariesandfor
differentvaluesof error probability over the wirelesschannel.

obtainedby usingvideo compressionWe considerthat,in or-
derto provide agoodimagequality, P; hasto bebelon 1072,
By fixing the desiredP; andlooking at the plotsin Fig. 3, we
canobtaintherequiredvalueof N; asthe error probability; e,
changesClearly, theimagelossprobabilitydecreasewith the
increasingof N; andthe decreasingf ¢; and, in the caseof
uncompresse@mnages,a lower P; can be obtainedby using
highervaluesof L.

Fig. 4 shavs the averageenegy consumptiorper success-
fully transmittedimage,as N; andthe error probability over
the wirelesschannelchange.Both the casesof uncompressed
and compressedmagesare considered.In the caseof com-
pressedlata,enegy consumptionncludestheenegy spentor
communicatioraswell asfor compression.As showvn in the
plots, for low valuesof NV;, we canreduceenegy consump-
tion by increasingthe numberof transmissionattempts. In
fact, by increasinglVy, the probabilitythata PDU is discarded
decreasesand, hance the numberof successfulljtransmitted
imagesgrows. For highervaluesof NV;, enegy consumption
doesnotfurtherdecreasdy increasingV;. This suggestshat,
oncethedesiredvalueof P is achieved,thereis notreasorto
increaseV; beyondthevaluethatguaranteetheminimumen-
ergy consumptiorperimage. Finally, the plotsin Fig. 4 shav
that, for all the consideredraluesof L ande, a lower enegy
consumptioris obtainedwhenimagesarecompressed.

Resultsconcerninghe imagedelaywerealsoderived (they
are not showvn herefor the sale of brevity). Imagedelayis
definedastheperiodfrom thetimeinstantwhenthetransmitter
startscompressinganimageto the time instantwhenthe last
PDU of theimageis correctlyreceved. Resultsshaved that
thenetwork systemalwaysprovideslow imagedelayrelatively
to the interimageperiod of 15 s andto a reasonableefresh
period of 1-2 s, andthat, for all valuesof L ande, a lower
delayis achiezedwhenvideocompresioris used.

V. CONCLUSIONS

The left plot presentghe resultsin the caseof uncompressed  We studiedenegy consumptiorandimagequality in wire-

images,with L = 2 and 4; the right plot shaws the results

lessvideo-sureillancenetworks, whenretransmissiomf cor-
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Fig. 2. Effectof JPEGcompressiorandPDU losses.(a) Original image;(b) 8:1 compressedmage;(c) receved uncompresseinagewith 2 lost PDUs; (d)

receved compressed@nagewith 1 lostPDU.

rupted pacletsis performed. Simulationresultsshoved that
video compressioris indeedbeneficialin reducingtransmis-
sion costs,as well asimagedelay provided that its enegy
costis low, e.g.,in the caseof JPEGwith integer DCT kernel.
Moreover, the enegy costof retransmissionsurns out to be
sustainableln particular it is corvenientto increaseN; soas
to work in theflat partof the enegy curvesreportedin Fig. 4,
andaslong asthedesiredvalueof theimagelossprobabilityis
guaranteed.
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Fig. 3. Imagelossprobability versusnaximumnumberof transmissiorattemptsasthe the averageerror probability over the wirelesschannelaries. The case
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