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Abstract
A body-centric network (BCN) has small and resource constrained devices in and around the human
body to monitor body functions. Power efficiency and lower delay are among the key design factors.
The major technique in use to conserve power is the duty cycle mechanism. Duty cycle uses wakeup
(radio on) and sleeps (radio off) procedure during each operation cycle. However, unnecessary
wakeups can cause waste of power. An external wakeup radio based mechanism can mitigate the
effect of duty cycle and lower power wastage through an on-demand wakeup scheme. In this paper,
we present that a wakeup radio based system can improve the performance of a BCN in terms of
power consumption and delay by mitigating traditional duty cycle scheme.

1. Introduction
Advancements in the field of Internet of Things (IoT)
for healthcare have given rise to several applications in
body-centric networks (BCN). A wireless BCN as
shown in Figure 1 is a self-contained network in which
the devices are usually placed on or in close proximity
to the body [1].

performance. It saves power by controlling the
sleep/wakeup time of a device in the network. It uses
wakeup (radio on) and sleeps (radio off) procedure
during each operation cycle.
Table 1 Power characteristics for a MICA2 Mote
Radio State
Power Consumption (mW)
Transmit

81

Receive/Idle

30

Sleep

Figure 1. A typical body-centric network [2]

It is an established fact that power consumption in
the sleep state is very less compared to the idle state.
Authors in [3] reported the power consumption for a
Mica2 Mote sensor as shown in Table 1. It is a
predominant practice to put the radios to sleep mode,
whenever there is no need for communication. These
results in lower power consumption as all the unused
components (e.g. transceiver) are turned off (sleep).
Duty cycle is among the most widely used
mechanisms for designing power efficient protocols.
In a duty cycle based protocol, a suitable
sleep/wakeup mechanism is used to provide optimum
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However, unnecessary wakeups can cause waste of
power. An out-of-band external radio triggered
wakeup mechanism uses ultra-low power transceivers
to reduce the power consumption. In this paper, we
present mitigation of duty cycle using out-of-band
external radio triggered scheme for BCN. The rest of
the paper is organized as follows. In Section 2, we
present related works. In Section 3, we present system
design and performance analysis. In Section 4, we
present results and discussion. Finally, conclusions
are drawn in Section 5.
2. Related Works
2.1. Duty Cycle
In general terms, a duty cycle is the amount of time
a system remains in an active state. In the case of a
transceiver, this is the time it is on (wakeup),
regardless of whether it is transmitting, receiving, or
idly listening to a clear channel [4]. Suppose, during
the period T, a device spends w amount of time in the
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active state. The duty cycle D can be calculated
simply as the ratio, D =w/T as shown in Figure 2.

Figure 2. Duty cycle concept

A fixed duty cycle scheme uses fixed length period.
Some of the earliest protocols (e.g. S-MAC [5]) use
fixed duty cycle. In the adaptive duty cycle protocols
such as WiseMAC [6], the sleep/wakeup time of a
device is adaptively determined to save more power.
2.2. Out-of-band Radio Triggered Wakeup
In this concept, an additional ultra-low power
transceiver is attached to the device. The goal is to
minimize the idle listen period for the main radio. A
dedicated wakeup receiver can monitor the channel,
listening for a wakeup signal from other devices and
activating the main receiver upon detection as shown
in Figure 3. Use of a wakeup radio can improve overall
network performance by maximizing sleep time of a
device without compromising the delay.
The use of wakeup radio enables the receiver to turn
off the main radio along with other necessary circuitry.
Upon receiving the wakeup signal, the microcontroller
is triggered on to interpret the message and then act
accordingly. Since the main radio remains in sleep
mode and wakes up only on-demand, it helps to save
power.

Other Modules
of the Sensor
Device

Wakeup Radio
Module
Main Radio
Module

Figure 3. Wakeup radio and main radio

3. System Design and Analysis
In this section, we present system design and
analysis.
3.1 Communication Process
The communication process between a device and
the sink is presented in Figure 4.

Figure 4. Communication Process

For the uplink communication process between a
device and sink, which also acts as the controller at
first, the sender transmits the wakeup radio signal to
the sink. It allocates resources. For the downlink, the
sink sends the wakeup radio signal along with
resource allocation information to the device. In both
the cases, the data communication takes place at the
end.
3.2 Analysis
Now we present the analysis of the uplink
communication of the out-of-band wakeup protocol.
Let Ptx, Prx, Psl, Pov be the power consumption in
transmit, receive, sleep and overheads. Descriptions
of parameters are presented in Table 2. We have used
a beacon enabled mode of communication.
Table 2 Parameters
Description

Symbol

Value

Power required to transmit

Pwtx

26mW

Power required to receive

Pwrx

13.5mW

Time required for data packet TX

Tdata

Variable

Time required for Ack packet TX

Tack

0.6mW

Time required for Beacon packet TX

Tbeacon

2.2ms

Power required for wakeup packet RX

Pwkrx

910nW

Time required for wakeup packet TX

Twk

1.4ms

Setup power

Psetup

0.0043mW

Setup time

Tsetup

0.25ms

Power consumed in sleep state

Psl

0.0015mW

Time spend in sleep state

Tsl

Variable

Power required to switch transceiver

Psw

13.5mW

Time required to switch transceiver

Tsw

0.4ms

Data rate of the radio

R

40kbps

The average power consumption (P) for uplink data
communication is calculated as follows.

=
P Ptx + Prx + Psl + Pov
We have,
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( L + Ldata )  / T
Ptx =  Pwtx × ack

R



( L + Lack )  / T
L
=
Prx  Pwkrx × wk + Pwrx × beacon

R
R



=
Psl

Pov=

(2)

(3)

( Pwsl × Tsl ) / T

(4)

(P

(5)

setup

× Tsetup + Psw × 2Tsw ) / T

Similarly, Figure 6 shows very low packet delay for
the on-demand scheme. The on-demand wakeup
process is prompt. It reduces the waiting time for the
receiver.

The total sleep time is calculated as,

Tsl =−
T (Twk + Tsetup + 2Tack + Tbeacon + Tdata + 2Tsw ) (6)
The total delay (D) of the proposed MAC is
calculated as follows.
D =Twk + Tsetup + 2Tack + Tbeacon + Tdata + 2Tsw

(7)

5. Conclusions
Duty cycle is a popular mechanism to conserve
power. Adaptive duty cycle mechanism has more
advantages than the fixed duty cycle mechanism.
However, unnecessary wakeups cause extra power
consumption. Even in adaptive duty cycle, devices can
wakeup when no data transmission takes place. In this
paper, we show that an out-of-band external radio
triggered mechanism can reduce such power wastage
through an on-demand transmission.
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