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Abstract. Transmit power control has been largely proposed as a so-
lution to improve the performance of packet radio systems in terms of
increased throughput, spatial reuse and battery lifetime for mobile ter-
minals. However, the benefits of transmit power control schemes on these
different performance figures may strongly depend on the employed PHY
technology and channel access mechanism. In this paper, we focus on
the effects of power control on the energy consumption of WiFi network
cards. By means of several experimental tests carried out under different
operation conditions and modulation schemes, we try to justify why the
reduction of the transmission power has a marginal effect on the overall
energy consumption.

1 Introduction

Today, the de facto standard for wireless Internet access is the IEEE 802.11 [1]
technology for Wireless Local Area Networks (WLAN), also known to the general
public under the name WiFi [2]. WiFi connectivity is integrated by default in
every modern portable computer, laptop and palmtop. WiFi networks for wire-
less Internet connectivity are available in most airports, university campuses,
offices, homes, as well as in many restaurants and cafeterias. WiFi is extensively
integrated in dedicated devices such as cameras, electric utilities or parking me-
ters, and even exploited in quite specific applications such as control of garden
hose sprinkles.

Due to the impressive proliferation of devices equipped with WiFi interfaces
and to the limited battery power they rely on, reducing the energy consumption
of WLAN interfaces is becoming a very important research issue. Indeed, several
energy saving mechanisms, based on different approaches, have been recently ex-
plored in literature. Some of these mechanisms try to minimize the time intervals
during which the WLAN transceiver is turned on, by means of periodic switching
to a low-power doze state [3]. Although these solutions are very effective in reduc-
ing the energy consumption, they present two major drawbacks: i) they might
not be applicable to ad-hoc networks, ii) they might severely degrade the quality
of service in the network. The first problem arises because ad-hoc nodes have
limited buffer capability. Therefore, packets destinated to a dozen node could be
lost before the awekening of the node. The second problem arises because the al-
ternating presence of sleeping nodes changes continuously the network topology
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and connectivity level. In these conditions, some forms of coordination or syn-
chronization among the nodes are required for avoiding routing problems and
reducing the transport delays [4]. Moreover, common WiFi interfaces exhibit
very slow transition times from a doze to an awake state, which prevent limiting
the delays through high-rate switching.

Another approach to energy saving is based on the control of the transmit
power. According to this approach, the transmitting node uses the minimum
transmit power level that is required to communicate with the desired receiver.
This mechanism reduces the power consumption of the sending node and limits
the interference to other networks, thus improving both energy and bandwidth
consumption. Although transmit power control (TPC) is not natively provided
in WiFi networks, several research proposals [5,6,7] and emerging standards [8,9]
have considered its implementation. In [6], the authors propose to extend the
CTS and DATA frames in order to signal the minimum signal strength that is
acceptable at the receiver and transmitter side. Similar RTS/CTS modifications
are considered in [5], where a joint use of TPC and rate adaptation is proposed,
so that the proper PHY rate as well as the best transmit power level can be adap-
tively selected. Most of these proposals [7] quantify the energy saving provided
by TPC in WiFi networks via simulation. These results are based on power con-
sumption models of WiFi interfaces, which are summarized into a set of power
consumption values referring to different node states (namely, transmitting, re-
ceiving, idle and doze). Obviously, the performance evaluation of these schemes
strongly depends on the setting of these values.

In this paper we deal with the problem of quantifying the energy saving
that can be provided in WiFi networks by means of TPC. To this purpose, we
experimentally characterize the power consumption of some commercial WiFi
cards under different transmit power levels. Our methodology, similarly to the
methodology described in [10,11], is able to provide: i) a direct measurement of
instantaneous card consumptions, and ii) an indirect measurement of average (or
per-packet) energy consumptions. Differently from previous results, we are able
to rigorously control the transmit power and to compare the OFDM and DSSS
modulations. Our conclusions show that little space is left to TPC for effectively
reducing energy consumption of WiFi cards, due to the power consumed in idle
states.

The rest of the paper is organized as follows. In section 2, we briefly review the
802.11 standard in order to define different card states corresponding to different
power consumptions. In section 3, we describe our experiments, by illustrating
our methodological approach and our measurement elaborations. In section 4,
we try to provide a card sub-system decomposition, enlightening the fixed power
consumption overheads. Finally, section 5 concludes the paper.

2 Energy Consumption in WiFi Cards

Regardless of the specific card implementation, we can expect that the energy
consumption of WiFi cards depends both on physical layer (PHY) and medium
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access control layer (MAC) operations. As far as concerns the PHY layer, in cur-
rent 802.11a/b/g standards different modulations (e.g. DSSS and OFDM) and
coding schemes are available for frame transmissions. Each scheme corresponds
to a different activity interval required for transmitting or receiving a frame,
which leads to different energy consumptions. Moreover, each scheme also ex-
hibits a different processing complexity, which may cause further differences in
the instantaneous power absorption. As far as concerns the MAC layer, the WiFi
standard is based on a Carrier Sense Multiple Access with Collision Avoidance
(CSMA/CA) protocol, called Distributed Coordination Function (DCF). DCF
has been designed for optimizing wireless medium utilization while maintaining
the protocol simplicity. Therefore, it is based on some design choices which do
not take into account energy consumption problems. For example, the use of an
asynchronous access protocol is intrinsically inefficient for the reasons discussed
in this section.

DCF operations can be summarized as follows. A station with a new frame to
transmit has to monitor the channel state, until it is sensed idle for a period of
time equal to a Distributed InterFrame Space (DIFS). If the channel is sensed
busy before the DIFS expiration, the station has to add a further backoff delay
before transmitting, in order to avoid a synchronization with the transmissions
of other stations. The backoff interval is slotted for efficiency reasons and is
doubled (up to a maximum value) at each consecutive failed transmission. Frame
transmissions have to be explicitly acknowledged with ACK frames, because the
CSMA/CA does not rely on the capability of the stations to detect a collision
by hearing the channel. The ACK frames are immediately transmitted at the
end of a frame reception, after a period of time called Short InterFrame Space
(SIFS) shorter than a DIFS. If the transmitting station does not receive the
ACK within a specified ACK Timeout, it reschedules the packet transmission,
according to the given backoff rules.

These access operations imply that a new frame transmission can start at any
time instants on the channel and active stations have to continuously monitor
the wireless medium in order to intercept incoming frames. As a consequence,
a station spends a significant amount of time in monitoring the channel, re-
gardless of the presence of incoming or outcoming traffic. Summarizing, during
the activity intervals, a WiFi card can be in various operational states, which
include:

– transmission, when the card is involved in the physical irradiation of an
ongoing frame;

– reception/overhear, when the card is involved in demodulating a frame des-
tinated to itself or to another station;

– idle, when the card is monitoring the channel, ready to reveal channel busy
signals, but no signal is present;

– doze, when the card radio transceiver is turned off.

Different operational states correspond to different power absorptions. Let Wtx,
Wrx, Widle and Wdoze be the generic power absorbed, respectively, in transmission,
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reception, idle and doze state. Regardless of the card implementation, we can
expect that Wtx ≥ Wrx ≥ Widle ≥ Wdoze.

Assuming that no power saving mechanism is employed (i.e. the card never
switches to the doze state), the minimum energy Emin(T ) consumed in a given
activity interval T is:

Emin(T ) = Widle · T
This minimum consumption is experienced when the card does not transmit and
receive any frames during the whole activity time. Conversely, the energy con-
sumption is maximized when the card spends the maximum possible time in the
transmission state. Since the standard limits the maximum frame size, this con-
dition is verified when i) the card transmission buffer is never empty (i.e. the card
works in saturation conditions), ii) the frames are transmitted at the minimum
PHY rate, and iii) no other station accesses the channel. The ratio tx of the time
spent in transmission for a card working in saturation conditions, in absence of
contending stations, can be easily evaluated by considering the beginning of a
new transmission as a regeneration instant. Specifically, being b, TDATA, and
TACK , respectively, the average time spent in backoff, in transmitting a data
frame and in receiving an ACK frame, it results:

tx =
TDATA

TDATA + SIFS + TACK + DIFS + b
(1)

For example, for the maximum admittable payload size of 2304 byte and the
802.11g PHY, it results tx = 0.95% at 6 Mbps and tx = 0.70% at 54 Mbps. The
ratio rx of the time spent in reception corresponds to the ACK duration ratio
within a transmission cycle, i.e.:

rx =
TACK

TDATA + SIFS + TACK + DIFS + b
(2)

For example, for the previous case of 802.11g PHY with a payload length of 2304
byte and a data and acknowledgment rate of 6 Mbps, it results rx = 1.2%. Given
the tx ratio and rx ratio, the average power consumption W can be evaluated
as:

W = tx · Wtx + rx · Wrx + (1 − tx − rx) · Widle (3)

Therefore, the energy E(T ) consumed during T results:

E(T ) = W · T ≤ [txWtx + (1 − tx)Widle] · T = Emin + tx · (Wtx − Widle) · T

3 Energy Consumption Measurements

3.1 Methodology

To the best of our knowledge, in literature there are a few detailed measurement
studies of the energy consumption of WiFi Cards. These studies can be divided
into two general approaches: i) indirect measurements, obtained by monitoring
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the total energy consumed by laptops whose WiFi interface is enabled or dis-
abled, ii) direct measurements, obtained by monitoring the input current drawn
by the network card. We followed this second approach, for the case of USB
WiFi cards. In fact, for these cards, it is immediate to probe the input current,
by accessing the ground wire of the USB cable. Specifically, as shown in figure 1,
we inserted a test resistor along the ground wire, in series with the card, and
we measured the voltage at the resistor. Measurements were obtained using a
500 MHz Agilent digital oscilloscope, devised to acquire a complete voltage trace
during an acquisition interval T . By opportunistically tuning the temporal gran-
ularity of the oscilloscope traces, we are able to monitor the current values drawn
during frame transmissions, frame receptions, channel monitoring and backoff.
The instantaneous power consumptions are then evaluated, in the hypothesis of
fixed input voltage Vin = 5V and resistive input impedance of the card, as:

P (t) = Vin
v(t)
R

where v(t) is the direct measurement of the test resistor voltage, and v(t)/R
is the indirect measurement of the current drawn by the card. Elaborating the
oscilloscpe traces, we also averaged the instantaneous values for characterizing
the Wtx, Wrx and Widle values and the overall average consumption W . In
order to cross-validate our results, we performed some additional measurements
by means of a digital multimeter. This instrument allows tracking the average
power consumption at time scales much longer than a frame transmission time
(e.g. 1 second). Thus, we compared these average values with the elaborations
of the oscilloscope traces.

Although the results presented in this paper mainly refer to the D-Link DWL
G-122 card, based on the Ralink chipset RT2500USB, we repeated our measure-
ment campaign for other test cards (namely, Netgear WG111v2, Asus WL-167G
and Linksys WUSB 300N), and for different operating systems (Windows and
Linux). The host laptop was an Acer Extensa 5220, connected in ad-hoc mode
with another identical laptop. As a traffic generator, we used the Iperf [12] tool
with a CBR source over UDP. Unless otherwise specified, the source rate has
been set to 100Mbps (in order to guarantee saturation of the transmission buffer)



468 F.I. Di Piazza, S. Mangione, and I. Tinnirello

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

 2.39  2.395  2.4  2.405  2.41  2.415  2.42  2.425  2.43  2.435

P
S

D
 [d

B
m

]

Frequence [GHz]

OFDM, Ptx =  0 dBm
OFDM, Ptx = 15 dBm
DSSS, Ptx =  0 dBm
DSSS, Ptx = 15 dBm

Fig. 2. Power Spectral Density of OFDM and DSSS signals, for Ptx = 15 dBm and
Ptx = 0 dBm

with a frame length equal to 1470 bytes. We ran different experiments, changing
the PHY transmit rate r and the PHY transmit power Ptx employed by the
cards. These parameters have been changed by means of the card configuration
interface at the driver level. In some cases (e.g. the very recent Linksys card),
some configuration options were not available. Therefore, we used the D-Link
card as a reference card thanks to the availability of a full featured driver.

We carefully checked that the values specified at the driver level were conform
to the actual values adopted by the cards. About the PHY transmit rate, we
considered a very simple validation test, by comparing the actual frame trans-
mission times with the expected ones. The actual frame transmission times have
been measured at the oscilloscope, by identifying time intervals during which
the card drew the maximum current value. About the PHY transmit power, we
monitored the RSSI values sampled at the receiver for different configuration of
the transmit power, while maintaining the transmitter and the receiver node at
the same position. We noticed that the RSSI values experienced increments or
decrements corresponding exactly to the changes applied at the transmitter side.
Some exceptions have been found when we set transmit power values higher than
15 dBm. In fact, despite the regulatory limit is higher, some cards do not allow
settings higher than 15 dBm. Finally, we also checked that the power spectral
density (PSD) reveled by means of a spectrum analyzer changed in agreement
with the PHY transmit power. Figure 2 plots some traces of our spectrum an-
alyzer, obtained for Ptx=15 dBm and Ptx=0 dBm, in the case of r=6 Mbps
(OFDM modulation) and r=11 Mbps (DSSS modulation).

3.2 Impact of Transmit Power

Figures 3 and 4 plot the power absorption traces collected during some exper-
iments lasting T=5 ms. The figures refer to the D-Link DWL G-122 card and
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Fig. 3. Instantaneous power consumption in saturation conditions for different transmit
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Fig. 4. Instantaneous power consumption in saturation conditions for different transmit
rates - Ptx = 0 dBm

have been obtained for Ptx=15 dBm (figure 3) and Ptx=0 dBm (figure 4) at dif-
ferent transmit rates (namely, 1 Mbps, 6 Mbps, 11 Mbps and 54 Mbps). Unless
otherwise specified, we always refer to this test card.

Focusing on figure 3, we can easily recognize the different working states of the
card under test. The higher power levels correspond to the transmission states,
whose duration depends on the employed rate. The time intervals between two
consecutive transmissions correspond to the reception of the ACK frames and to
the subsequent random backoff process. The figure visualizes that the power con-
sumption experienced during these two phases, i.e. in reception and idle mode, is
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substantially the same. In order to better visualize the ACK reception times, we
set the network basic rate at 2 Mbps. In each trace, we can recognize a narrow
spike over the lower level at the end of each frame transmission, which corre-
sponds to the ACK reception. For the 54 Mbps trace, we can observe two small
spikes between the transmission of the sixth and seventh frame. We verified, by
means of a traffic sniffer, that this spike is due to the reception of a beacon frame
transmitted by the receiver1.

By comparing figure 3 and figure 4, it is qualitatively evident that for Ptx=0
dBm the power Wtx consumed in the transmission state is reduced. However,
such a reduction is marginal for the OFDM modulated frames (i.e. for the 6
Mbps and 54 Mbps cases), while is appreciable for the DSSS ones. The power
consumption experienced in reception and idle state is approximately the same
in both the figures.

Table 1 quantifies our previous considerations. We estimated the Wtx, Wrx

and Widle values, by quantizing the traces plotted in figures 3 and 4 into three
different levels (an high level for the transmission state, an intermediate level
for the reception state, and a low level for the idle state), and by averaging the
instantaneous values collected for each level. By using these estimates, we eval-
uated the average power consumption according to 3 and we compared such an
evaluation with the trace average values and with the multimeter measurements.
The average values have been summarized under the W column and identified,
respectively, by the Eqn, Osc and Mul label. The results obtained with the three
different methodologies are in good agreement. Since equation 3 is based on the
computation of the frame transmission times, the agreement of these results also
proves that the actual transmission rate is equal to the nominal one, set at the
driver level.

From the table, we can observe that the power consumed in reception (Wrx)
and idle (Widle) state are comparable in all the cases. By reducing the transmit
power Ptx from 15 dBm to 0 dBm, the Wtx values are reduced of about 20%
for r=1 Mbps and r=11 Mbps (DSSS case), and about 10% for r=6 Mbps and
r=54 Mbps (OFDM case). These reductions are reflected in lower percentual
reduction of the average power consumption W . Note that the table refers to a
card working in saturation conditions. Since in most cases the transmission time
is a small fraction of the whole activity time, the reduction of the Wtx values by
means of TPC has a marginal effect on the overall energy consumption of the
cards.

Finally, table 2 summarizes the results of similar measurements carried out
with different cards. From the table we note that, for each card, the Widle and
Wrx values are comparable. For the cards transmitting at 15 dBm, we also note
that the power Wtx consumed in the transmission state may vary from 1.85 W
up to 2.69 W because of different card designs and implementations.

1 We recall that in ad-hoc networks, all the nodes schedule the beacon transmission
at regular time instants. When a given node succeeds in transmitting the beacon,
all the other pending ones are suspended.
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Table 1. Per-state and average power consumption values [W]

Wtx Wrx Widle W 15dBm W 0dBm

r 15 dBm 0 dBm 15 dBm 0 dBm 15 dBm 0 dBm Eqn Osc Mul Eqn Osc Mul

1 Mbps 1.98 1.54 1.40 1.40 1.38 1.38 1.94 1.94 1.96 1.52 1.49 1.53
11 Mbps 2.06 1.56 1.40 1.40 1.38 1.38 1.84 1.86 1.79 1.50 1.54 1.49
6 Mbps 1.85 1.64 1.44 1.44 1.38 1.38 1.77 1.77 1.74 1.60 1.62 1.59
54 Mbps 1.85 1.64 1.44 1.44 1.38 1.38 1.57 1.55 1.51 1.49 1.46 1.44

Table 2. Power consumption values for different cards for r = 6 Mbps [W]

Card Ptx Wtx Wrx Widle

Linksys 15 2.69 1.65 1.61
Netgear 15 2.01 1.58 1.39
Asus 12 1.40 1.01 0.97

D-Link 15 1.85 1.44 1.38

Table 3. Average power [W], average throughput [Mbps], and energy per-bit [J/b] at
different rates

r W Thr E(T)/bit

1 Mbps 1.94 0.915 2.12e-6
11 Mbps 1.86 6.192 3.00e-7
6 Mbps 1.77 4.458 3.97e-7
54 Mbps 1.55 13.706 1.13e-7

3.3 Impact of Transmit Rate

The most evident effect of the PHY transmit rate on energy consumption is
obviously related to the duration of frame transmissions. As the transmit rate
increases, the ratio tx spent by the card in transmission state is reduced, thus
resulting in a lower average W value. Moreover, the reduction of the transmis-
sion times allows to deliver an higher number of frames during T . Therefore, the
per-bit energy consumption is further improved. Table 3 quantifies these consid-
erations by summarizing the W (which is proportional to the energy consumption
E(T )), the average throughput, and the per-bit energy consumption observed
in saturation conditions at different rates. From the table, we can conclude that
the PHY transmit rate strongly affects the per-bit energy consumption of the
cards.

In section 2, we have implicitly assumed that each card is characterized by a
fixed Wtx value, which does not depend on the transmit rate, and that such a
value is constant during the whole transmission interval TDATA. However, these
assumptions are not rigorous. In table 1 we can see a clear difference between
the OFDM and DSSS modulations (Wtx is about 1.8 W for the OFDM case
and about 2 W for the DSSS one). While in OFDM mode the Wtx is about the
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same for the 6 Mbps and 54 Mbps case, some differences appear in DSSS mode,
as the transmit rate changes from 1 to 11 Mbps. In order to better visualize
this phenomenon, figure 5 plots the instantaneous power consumption observed
for the DSSS modulations. The traces collected at different rates have not been
labeled, since we can easily recognize the 1, 2, 5.5 and 11 Mbps traces according
to frame transmission duration.

From the figure it is evident that the instantaneous Wtx values slightly grow
as the transmit rate increases. We suspect that this increment is due to the
additional processing complexity introduced by the higher rate modulations. At
the beginning of the frame transmissions, for the 5.5 Mbps and 11 Mbps traces,
we can also recognize that the preamble transmission is characterized by a power
consumption lower than during the rest of the frame.

4 Energy Consumption Components

The power consumption measurements described in the previous section have
been obtained by considering the card under test (i.e. a D-Link DWL G-122
card) as a black box. In other words, we characterized the instantaneous power
consumption without identifying the different hardware components responsible
of partial absorptions. Indeed, the decomposition of the overall consumption into
independent sub-systems performance can be very enlightening for the design of
effective power saving schemes.

Figure 6 shows a card block diagram, analogous to the one depicted in [13].
The card has been decomposed into: a Power Amplifier (PA), an RF subsystem
(RF), a MAC/BaseBand processor, and a USB host interface (USB).

Each of these sub-blocks gives a different and easily recognizable contribution
to power consumption. The Power Amplifier is relevant only during transmission
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bursts. Most WiFi implementations feature an external power amplifier. The rea-
son for choosing an external power amplifier is that the realization of low-voltage
CMOS linear power amplifiers for OFDM signals is an extremely challenging
task. In fact, the OFDM signal has a very high Peak-to-Average Power Ratio
(PAPR) which makes difficult designing efficient linear power amplifiers2. The
RF subsystem, which is responsible for frequency synthesis, synchronization, up
and down conversion and low-noise amplification, absorbs power while the card
is not dozen. The power consumption due to baseband processing is very differ-
ent depending on if the station is transmitting or receiving. When the card is
in transmission state, the baseband processor just encodes and modulates the
frames, thus resulting in a very lower power consumption. Conversely, when the
card is in reception state, several actions are needed, such as timing and fine
frequency synchronization, channel estimation and equalization and, in the case
of OFDM signals, channel decoding. All these operations make the baseband
processing more power-eager during reception than during transmission. Since
the MAC processing has an event-based low-rate schedule, its power consump-
tion is very low. Finally, a component which turnes out to have a significant
contribution to the overall power consumption is the Universal Serial Bus inter-
face to the host. In the following, we try to dissect separately the contribution
of each component.

4.1 Power Amplifier

We can identify the power consumption WPA due to the power amplifier by
considering WPA = Wtx − Widle. From table 1, for a nominal Ptx value of
15 dBm, it results WPA � 600 mW in the case of DSSS modulations, and
WPA � 470 mW in the case of OFDM modulations. Such values are compatible
to a power amplifier efficiency of about 5%.

Note that the lower WPA value experienced under the OFDM mode is not
due to an higher efficiency in amplifying OFDM signals. In fact, by integrating
the PSD traces collected by the spectrum analyzer, we found that, despite of

2 The most efficient power amplifiers found in the literature have an efficiency which
may approximately vary from 40% [14] down to less than 10% [15] as the amplifier
gain increases.
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the same nominal transmit power, the power radiated in OFDM mode is 4.4 dB
lower that the power radiated in DSSS mode. This phenomenon can be explained
as a side-effect of the non-linearity of the power amplifier. When operating in
DSSS mode (i.e. with low PAPR), the power amplifier can be fed with high level
signals, without triggering spectral spurs. Conversely, when operating on OFDM
signals (i.e. with high PAPR), the signal levels have to be attenuated in order
to avoid spur signals impairing the spectral mask requirements [2].

4.2 RF Front-End and Baseband Processing

We assume that the baseband power consumed when the card is in transmission
state is neglegible. As far as concern the reception state, we identify the power
consumption WBB due to the baseband processing as WBB = Wrx−Widle. From
table 1, it results WBB � 20 mW in the case of DSSS modulations, and WBB �
60 mW in the case of OFDM modulation. As expected, the WBB computation
leads to the same results in case of Ptx = 15 dBm and Ptx = 0 dBm.

In order to compute the RF front-end power consumption WRF , we also mea-
sured the instantaneous power Wdoze absorbed by our card while in doze state.
The measurement has been carried out by switching the card transceiver off. By
processing the oscilloscope traces, we obtained an average Wdoze value of 760
mW. Assuming that WRF is independent from the transmission or reception
state, we consider WRF = Widle − Wdoze � 620 mW.

4.3 Universal Serial Bus/Host Interface

We assume that the power consumption resulting in the doze state is mainly due
to the USB interface. Therefore, WUSB � Wdoze = 760 mW. Our measurements
are compatible to the power consumption of a common USB / Host interface
[13], which is about 600/700 mW. Note that this contribution represents an
high fraction of the whole card consumption, being comparable to the WPA

value measured at full transmit power. This high value may be explained with
the high speed of the PHY featured in the Universal Serial Bus specification [16].

5 Conclusions

In this paper we analyzed the power consumption of common USB WiFi cards, un-
der different operation conditions. Specifically, we monitored the current drawn
by the cards, focusing on a D-Link DWL G-122 card, for different PHY trans-
mit rates and transmit powers. We found that reducing the transmit power has
a little impact on the average energy consumption of the cards. This result, con-
firmed also in previous experiments [10], depends on the high power level absorbed
when the card is idle, which represents a very high fixed overhead. We also found
that transmit power control has a lower impact when the card works in OFDM
mode rather than in DSSS mode. Finally, we tried to dissect our power consump-
tion measurements, by identifying the consumption quota of different card sub-
systems, including the power amplifier, the RF-front end, the baseband and the
host interface.
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