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Abstract

Energy Consumption is becoming a critical concern that directly affect the mobility and lifetime of
mobile and embedded systems. Different embedded and mobile applications place different demands
on the wireless communication system and thus the energy consumption of the wireless cards. Past
work has studied managing the energy consumed in wireless cards; we sought to evaluate some of
these techniques by implementing them on our system and measuring the actual energy consumption
by the wireless card.

We tested two schemes. The first increases the card’s sleeping duration allowing power to be
reduced by putting the card in low power states for longer times. The second technique is more
aggressive; the power manager completely shuts-down the card during idle periods. When applying
these two techniques for an email application, we get 25% energy savings for extending the sleep time

up to 60 sec, while the savings reaches 89% when shutting down the card for the same duration.

1 Introduction

Mobile systems are gaining in popularity, and in these systems energy use is critical. While the systems
provide a great deal of utility, this is partially offset by the need to carry the device and to recharge
it periodically. Thus, major metrics for evaluating a mobile system include the size of the device, its
weight, and the length of time it runs between battery charges. All these factors can be improved by
any power management technique that reduces the energy needed by the system.

Several power management techniques have been proposed for different components in mobile sys-
tems, such as the processing and storage units. With the advancement in wireless technology, wireless
communication is becoming increasingly essential for mobile devices. On the other hand, they contrib-
ute to a relatively large portion of the energy consumption in mobile devices. In measurements of the

iPaq running web browsing application [7], the wireless card consumed around 35% of the total system’s



energy consumption as shown in Figure 1. Other studies [5] have shown up to half of the system power
is consumed by the wireless card. Thus reducing the energy consumption of this unit can yield a large
reduction in the overall energy consumption of the system.

Different mobile applications place different demands on the wireless communication system and
thus the energy consumption of the wireless cards. This difference can be exploited to save energy in
the system. As an example demand, media applications have time constraints to be met (such as the
display rate for MPEG frames transferred using a wireless link), thus a relatively large activity takes
place in the wireless system to produce the required timely response. Applying aggressive energy saving
schemes during the execution of these applications may lead to undesired degradation of service. On the
other hand, for less resource demanding applications where the wireless card is idle for relatively large
periods (such as email and web browsing applications); power management techniques can be applied
without much sacrifice in the user response time. Figure 1-b shows the activity (as a percentage of
time) of a wireless card connected to an iPaq running a web browsing application. The card is actively
communicating with other nodes about 11% of the time, while the majority of the card time is spent
idle with no user data transfer. Thus, based on the executed application requirements, a proper power

management technique can save energy by exploiting these idle periods.
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Figure 1: Time and power breakdown for the iPagq.

Past work has studied managing the energy consumed in wireless cards; we sought to evaluate some
of these techniques by implementing them on our system and measuring the actual energy consumption
by the wireless card. We also evaluated these techniques when applied to an email system as a sample
popular application running on mobile systems. We are primarily concerned with techniques that reduce
the power of the wireless card during its idle time so that the user response-time is least affected (if at
all). We tested two schemes, the first increases the card’s sleeping duration allowing power to be reduced

by putting the card in low power states for longer times. The second technique is more aggressive; the



Table 1: The different power states of the wireless network card.

State Description
Active Card busy sending or receiving data
Standby/waiting | No data transmission or reception but the radio is powered up
Sleep Radio is powered off, other circuits on
Off All circuits are powered off
Idle periodic alternation between Standby and Sleep state,

no user data is exchanged

power manager completely shuts-down the card during idle periods.

In the next section, we present some background about the wireless protocols and cards. Section
3 describes the experimental setup uses to evaluate the techniques, followed by the evaluation of two
techniques for reducing the wireless power during idle periods (Section 4). We also show the potential
problems resulting from applying such optimizations and propose adequate solutions. In Section b5,
we present experimental results demonstrating the potential energy savings from optimizations while
running typical mobile applications like email. Section 6 briefly describes some of the related work in

this domain, followed by our conclusions in Section 7.

2 Background

2.1 Wireless network interface cards

A wireless network interface card, NIC, has four main states of operation and each of those states has
different power requirement. The states — in a descending order of their power consumption — are:
active, standby (or waiting), sleep, and off states. (Table 1). The most power demanding state is the
active state, where the card is busy sending and receiving data. The majority of the power consumed
is for powering the radio subsystem. The card is said to be waiting (or in standby state) when there is
no data transmission or reception activity taking place, however the card is watching the medium and
the radio’s receiver is turned on. If the radio is turned off then the card enters a sleep state, however no
components are powered-on such as clocks and the microcontroller [13]. The NIC enters the off state
when power to the entire card is removed. Transition from one state to the other consumes time and
power overheads. The lower the power state of the card, the more energy is needed for transition from
this state to a higher power level. The card is said to be idle when there is no user data exchange taking

place, however the card periodically alternates between the sleep and standby states.



2.2 Power management in IEEE 802.11b

The IEEE-802.11b standard defines protocols for two sets of networks; the infrastructure and the ad-hoc
network topologies. An infrastructure wireless network has a set of wired stations called access points,
APs. Each access point is responsible for buffering messages to the mobile stations found within its
range. APs also act as a gateway to those stations. On the other hand, in an ad-hoc network each
station is responsible for maintaining its own traffic without the buffering support of a base station as
in case of the infrastructure network [6]. For the remaining of this paper, the terms mobile station and
station are used interchangeably.

It is easier to apply power management schemes in an infrastructure network due to the presence of
access points that are always powered up. As shown in Figure 2, each AP periodically sends a traffic
indication map TIM, frame (also known as beacon) to all stations within its range at equal time intervals.
These intervals are called listen intervals. The TIM frame indicates which of the stations has stored
messages in the AP buffers. Each station wakes up (by turning on its radio and entering the standby
state) to listen to the TIM. If there is any data stored for this station, it starts reception from the AP.
Otherwise it returns back to its sleep state. The station has the flexibility to sleep for a multiple of

beacon intervals on the expense of increasing the data delays.
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Figure 2: Power management protocol in the 802.11b infrastructure network.

Many of the wireless cards that are compatible with the 802.11b standard operate in two modes.
The first mode is a continuous mode, where the radio subsystem is always powered up and the card
is in a continuous wait (standby) and ready to receive data from the AP. The other mode is a power
saving mode (often called PSM), where the card is allowed to sleep during the listen interval periods.

In the next section we present our experimental setup for evaluating power management techniques.



3 Experimental setup

To evaluate the efficiency of our power management schemes, we use a data acquisition system, DAQ,
to measure the total power drained by the wireless card during different activities.

Our experimental network consists of a mobile station and another machine (not necessarily mobile).
The mobile station is a Compaq Aramada laptop running Linux 2.4.17 that communicates with a
Compaq desktop running Windows NT 2000. All communications take place through an access point.
A Cisco Aironet 340 wireless card is attached to the laptop through a PCMCIA port, while the desktop
is connected to the network through an Ethernet card.

To measure the power of a card, we use a PCMCIA extender to expose the supply voltage pins of
the card. A resistance of 1 ohm is connected in series with the card. We use a National Instruments
6034E DAQ card to measure the voltage across this resistor. The DAQ samples the voltage drop on the
resistance with a rate of 10,000 samples (readings) per sec. From Ohm’s law (V = IR), we compute the
current drawn by the wireless card, I. By knowing the supply voltage of the wireless card, V4 (typically
5V or 3.5V), the power, P, is computed according to the relation P = Vygl. Figure 3 illustrates the
DAQ setup, where GN D is the ground voltage, and Vpag is the voltage drop measured by the DAQ

across the resistance R.
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Figure 3: The DAQ setup for measuring the power consumption in wireless cards.

Idle power management involves adapting some parameters (e.g. listen interval) and modes in the
software device driver that controls the wireless card. Wireless card configurations can be changed on
the fly (without restarting the driver) using the wireless extension API and tools [16]. iwconfig is one
of the tools that manipulate wireless card common parameters such as the transmission rate and power.
The command:

iwconfig <interface name> power period <listen interval>



is used to change the listen interval value. On the other hand, iwconfig can change the card mode
by only switching the default power management mode on and off. To add the ability of switching
to different modes, we extend the wireless extension API to set the new modes in the device driver.
We also disable the reception of broadcast messages in the mobile station to isolate the effect of power

management due to the station messaging.

4 Idle Time Power Management Techniques

This paper targets the idle-time (the inactivity time when there is no user data transmission or reception)
power consumption since it highly contributes to the total energy consumed by the NIC as discussed
in Section 2. During idle time, the network card listens to the media by periodically turning on and off
the radio at every beacon (typically every 100 msec). Although the sleep state power consumption is
relatively low compared to the standby state, the idle power dominates the total energy consumption.
Next we discuss two optimizations that can be applied to the device driver to minimize the idle power.
Further power savings can be achieved by extending the sleep time, and reducing the sleep power of the

network card.

4.1 Extending the sleep time

One of the network card parameters directly affecting the power and performance of the network is the
listen interval. Increasing the listen interval would potentially decrease the average power consumption
due to the reduction in the frequency of activating the radio to listen to the beacon message, at the
expense of increasing the buffering time of incoming messages in the AP. Figure 4 shows two power
consumption profiles for the network card: one with a 100 msec listen interval, and another with a 5 sec
interval. In our experiments we varied the listen interval from 100msec to 65sec (the maximum value
permitted in the Aironet card). Figure 5 shows the average power consumption of the card normalized
to the case of the listen interval set to its default value; 100 msec. A listen interval of 50 sec achieves
25% power savings over the default power management in the 802.11b protocol. We noticed that with
the increase in the listen interval, the power saving rate decreases. This is due to that fact that at larger
intervals there are fewer radio wake-ups per unit time that can be spared to save power.

The support for varying the listen interval and its ranges are card-specific parameters. From our
measurements, we found that a Cisco Aironet 340 series card [14] supports up to 65.5 sec sleeping time.

While an Orinoco card [15] (newer version of Lucent Wavelan cards) supports only up to 2 sec. Other



