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Abstract

In this report we present a new power management infrastructure developed for the Linux operating system release run-
ning on the HP's SmartBadge4 wearable computer. Based on this infrastructure, we implemented a new methodol ogy for
optimizing the energy consumption of wireless portable devices. The server knowledge of the workload is exploited to ef -
ciently drive the wireless interface of the client during data transfer over the wireless channel. We tested our methodol ogy
on HP’s SmartBadgel VV wearable device running a HP’s MPEG4 streaming video application. Using our technique we mea-
sured energy savings of more than 67% when no power management is used on the WLAN interface. In addition, we save as
much as 50% of energy with respect to using power management implemented as a part of the 802.11b standard. All of the
energy savings are obtained with no performance loss on the video playback.

1. Introduction

Portable devices spend a considerable amount of energy in order to support power hungry peripherals such as wireless
local area network (WLAN) interfaces and liquid crystal displays (LCD). Since battery size and lifetime are nite, it is of
primary importance to optimize the energy consumed by these components. To illustrate the magnitude of this problem,
we report in Table 1 the percentage of energy consumed by different system components in a typical portable device, the
SmartBadgel V wearable computer [3]. SmartBadgelV consists of a StrongARM-1110 processor and SA-1111 coprocessor,
memory, WLAN interface, audio codec and 2.2 LCD. Clearly, the mgjor energy contributor is the WLAN. As can be seen
from the Table, the WLAN energy consumption contribution grows as the amount of network traf ¢ increases. One way to
reduce the energy consumption is to use power management included in the 802.11b standard (802.11b PM).

The 802.11b standard for WLAN requires that a central access point (AP) send out a beacon every 100ms followed by a
traf cindication map (TIM). Each wireless client actively listens for the beacon in order to sychronize the clock with the AR,
and then checksthe TIM to nd out if needs to send or receive any data. When the client does not need to communicate, it
can go into the doze mode until the next beacon. Unfortunately, the protocol power management is not always able to save a
lot of power due to the following reasons:

1. Inef cient scalability. The energy ef ciency of the 802.11b PM decreases as the number of mobile hosts increases
since multiple concurrent attempts at synchronization to the beacon of AP cause contention for access to the medium.
Asaresult, the receiver wait time increases, since clients must wait with their radio turned on until they can accessthe
medium and retrieve packets [31].

2. Performance penalty. The response time of the wireless link with 802.11b PM grows because of the delay imposed

by the deep periods[31].
CPU | LCD | WLAN | OTHER
NoTraf ¢ | 19% | 10% | 36% 35%
Heavy Traf ¢ | 11% | 6% | 63% 20%

Table 1. Power contributors for SmartBadgelV



3. Broadcasttraf c dependency In atypical wirelessnetwork the broadcastraf c cansigni cantly reduceWLAN's
chancedgo enterthedozemode.In Figuresl and2 we shav the power measurementsith 802.11bPM enabledunder
light (collectedat StanfordU.) andheavy (BolognaU.) broadcastraf ¢ conditions.Clearly, astheamountof broadcast
traf c increasesthe WLAN spendsa large amountof enegy listeningto it eventhoughno otherapplicationon the
wirelessdeviceis running.As aresult,very little or no enegy savingsareobtainedvhenusing802.11bPM in heavier
broadcastraf c conditions.

Figure 1. 802.11b PM in light trafc

Figure 2. 802.11b PM in heavy traf c

The rst two issueswith 802.11bPM discussedbore canbeimprovedby carefulschedulingof communicatiorbetween
thesenersystemandtheclient WLAN. Theproblemwith WLAN listeningto unnecessargroadcastraf c andthuskeeping
the cardfrom enteringdozemodecanbe solved by just turning off the card. Sincethe overheadf wakingup WLAN from
the off stateis muchlargerthanthetransitionfrom the dozemode,it becomesmportantfor the senerto schedulghe data
transmissiorsotheidle periodsareenlagedandthusthetransitionoverheads minimized.

Many today's wirelesslocal areanetworks, suchasin-homenetworks, are organizedin a client-sener fashion. Seners
connectmultiple WLAN clientsto a wired network via APs. Client applicationssendandreceve datain tandemwith the
senerapplicationge.g. MPEG4videodecoderemail). While clientsrun on power constrainedievice, senersaretypically
not as power constrained.In addition, senerscanhave accesgo the informationaboutboth wired andwirelessnetwork
conditions.For thesereasonssenersarethe bestcandidatesor ef cient schedulingof datatransmissiorio clients.

In this work, we presenta power managemennfrastructurecomposedy coupleof power managemodulesJocal and
remote. The local power managerprovides an applicationprograminterfaceto power relatedparameter®f the system.
In particular it cancontrol WLAN power states(off, doze,active), CPU speedand power states(active, idle, sleep). The
interfaceis realizedasa setof ioctl() andfor thisreasons enaughgeneralo be extendedo otherdevices.

We presentalsoa possibleutilization of this interfaceby implementinga sener controlledpower managemerstratayy.
The proposedechniqueaxploits the senerknowledgeof theworkload,traf ¢ conditionsandfeedbacknformationfrom the
clientin orderto minimize WLAN power consumption.Our methodologyis applicableto a wide variety of applications,
rangingfrom video andaudiostreaming{o web browsingandemail. We de ne two new entities: a serer power manager
(sener PM) and a client power manager(client PM). Both areimplementedasa part of the Linux OS andthey provide
the power control interfaceto the applications. Sener PM usesthe information obtainedfrom the client andthe network
to controlthe parametersf 802.11bPM andto performeneny ef cient trafc reshapingsothatWLAN canbeturnedoff.
Client PM communicatethrougha dedicatedow-bandwidthlink with the sener PM andimplementghe power controlsby
interfacingwith thedevice drivers.lIt alsoprovidesa setof APIsthatclientapplicationsanuseto provide extrainformation
backto thesener.

To allow a directcontrol of WLAN power statesto the power managerwe modi ed the WLAN driver to export power
relatedfunctionsto bevisible by the othercomponent®f the operatingsystem(lik e the power manager).

In orderto illustrate the effectivenessof our approachwe testedour methodologywith the MPEG4 streamingvideo
application. MPEG4videohasverytight real-timeconstraint@ndhigh decodingatevariability. Typicalimplementationsf



