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Abstract
This paper present a wake-on sensor network formed with

the wake-on motes, TelosW. Our wake-on hardware and soft-
ware design enable lower power operations and longer net-
work lifetime.

Categories and Subject Descriptors
C.2.4 [Computer-Communication Networks]: Dis-

tributed Systems—Distributed applications

General Terms
Measurement, Design, Performance, Experimentation
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1 Introduction and Motivation
Maximizing network lifetime has been one of the most

primary research goals for wireless sensor networks. Many
techniques have been adopted to achieve the goal. Some of
them are duty cycling, low power sensor, low power listening
etc. In this demonstration, we will demonstrate a wake-on
sensor network formed with a new ultra-lower power sensor
mote, TelosW, whose radio and sensors supports wake-on
functions. With the wake-on feature, MCU can sleep until
they are triggered by external events. This can save a sig-
nificant amount of energy. In the designed wake-on sensor
network, the MCU and radio of the nodes sleep as much as
possible during idle time. Then external events (e.g. change
of light intensity, vibration, radio transmission) trigger them
to wake up. In this way sensing and communication in the
network are done with ultra-low power operations.

The TelosW has wake-on capability. MCU on TelosW
can sleep during idle time and can be waked on by light sen-
sor, accelerometer or ADC for some external sensor. The
CC1101 radio on TelosW has two new features: (1) fall
asleep and be waked up by radio transmission from other
nodes; (2) multiple data rate capability. Besides wake-on
capability, TelosW amends the drawback of previous sensor
motes such as MicaZ and TelosB, by adding an onboard en-
ergy meter. TelosW provides an on-board energy meter with
uA accuracy using the idea of iCount [1]. It enables the cur-
rent consumption monitoring in real time.
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Figure 1. TelosW Platform

Figure 2. Components of TelosW Platform

We use this new platform to build a wake-on sensor net-
work. All nodes in this network will keep sleeping most of
time. If some events happen, they will wake up from sleep
mode, then sample sensors or transmit data through radio.
After that, nodes will go back to sleep mode again to save
energy.
2 Hardware Design

In this section we describe the design of TelosW, includ-
ing energy meter, wake-on design and radio. Figure 1 shows
the TelosW platform. All the components of TelosW are
shown in Figure 2.
2.1 Energy Meter

Real-time measurement of energy consumption is an im-
portant new feature of TelosW platform. We use the technol-
ogy of iCount [1] to achieve this. From [1] we can know the
relationship between load current and switching frequency
of regulator. By recording switch frequency on the counter
of MCU, we can figure out how much energy is being used
in real-time. This circuit is shown in Figure 3.
2.2 Wake-on Design

The basic idea of wake up ADC [2] is: wake microcon-
troller up, if input is higher (or lower) than a configured
threshold. To achieve these, Analogy Devices TLV3402
(which is a comparator) and Texas Instruments AD5242
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Figure 3. Energy Meter Circuit on TelosW Platform

Figure 4. Wake-on Circuit on TelosW Platform

(which is a variable resistor) are used. On AD5242 256
different thresholds can be configured, ranging from 0V to
3.3V. The circuit of wake-on design is shown in Figure 4.
2.3 CC1101 Radio

CC1101 has a new feature called WOR (wake-on-radio).
This technology enables CC1101 to periodically wake up
from sleep mode and listen for incoming packets without mi-
crocontroller interaction. CC1101 has multiple data rate. On
TelosB platform, transmission data rate is fixed at 250kBaud,
while CC1101 on TelosW can change its data rate from
1.2kBaud to 500kBaud.

3 Software Design
In traditional design without wake-on feature, program is

usually controlled by timers. Since TelosW is a wake-on
platform, program is controlled mostly by events. After the
microcontroller is booted up, it configures every component,
such as accelerometer, wake-on threshold and radio driver.
Then it falls to sleep until external event triggers. For exam-
ple, when environmental light intensity becomes low, it trigs
an interruption to the microcontroller. After waking up from
this interruption, the microcontroller starts a timer for light
sensor sampling and sends data through radio. If the reading
from light sensor exceeds a certain level (meaning light in-
tensity becomes high again), light sampling timer stops. This
changes the microcontroller status from active mode to sleep
mode. For ADC wake-on, we use the same approach.

The wake-on of accelerometer is a little different from
light sensor. It has two interruptions, one indicates vibra-
tion, and the other one indicates stillness. Vibration inter-
ruption changes microcontroller’s mode from sleep to active
to get accelerometer data, while stillness makes the micro-
controller sleep again.

After booting up, the radio goes to sleep mode automati-
cally. If it senses radio signal, then it will wake up from sleep
mode to receive mode. When the channel becomes idle for a
while, the radio will fall asleep again.

To demo real-time energy monitoring, we let the micro-
controller read the counter once every 30 seconds and then
sends the reading to base station. In an application system,

Figure 5. Software Architecture

Figure 6. Wake-on Sensor Network

this could be performed only when the microcontroller is
waked on.
4 Demonstration

In this demonstration, the TelosW motes discover each
other and establish a sensor network with CTP as routing
protocol. When no event happens, the nodes turn off all the
LEDs and fall asleep to save energy. Energy meter and bat-
tery voltage reader automatically measures the energy con-
sumption in real time, without MCU’s involvement.

1. If the light intensity is low, the light senor wakes up
MCU and turns on red LED. Then MCU samples data from
light sensor and delivers it to the sink node.

2. When a vibration is generated, MCU is waked on by
the interruption of accelerometer. This turns on yellow LED.
The MCU will be forced to sleep after the board stay still for
5 seconds.

3. If the ADC0 analog signal input exceeds the prede-
fined threshold, the node turns on the yellow LED and then
delivers the data towards the sink node. This wakeup ADC
feature is for expansion sensor of this board.

4. When forwarding data, green LED blinks.
5. A node can also be waked on by user button. Users can

press the User Button to wake it up.
6. On the gateway node, all data is sent to PC through

USB interface. Sensor value and connection status of each
node are shown on a GUI in PC.
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