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Abstract- Wireless Sensor Networks (WSNs) consist of a network of wireless nodes that have the capability to sense a parameter of interest. 
The sensed parameter is relayed to a base station through the network formed amongst these nodes. The devices used are typically charac-
terized by low cost, low power and are rugged in operation. They are commonly referred to as motes in the WSN domain. The mote inte-
grates programming, computation, communication, and sensing onto a single system and provides an easy user interface for operating and 
deploying it. The paper presents such a design which minimizes cost, size and current consumption, thus enhancing the life time of the mote. 
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Introduction 
The advances in the hardware and wireless technologies have 
resulted in inexpensive low power communication devices that 
can be deployed throughout a physical space, providing dense 
sensing close to physical phenomena, processing and communi-
cating this information, and coordinating actions with other nodes. 
Such a deployment can be termed as a Wireless Sensor Network 
(WSN). To realize such a network, we must address a new collec-
tion of challenges. The individual devices in a WSN are inherently 
resource constrained: they have limited processing speed, stor-
age capacity, battery capacity, and communication bandwidth. 
These devices have substantial processing capability in the ag-
gregate, but not individually. These individual devices are referred 
to as motes in WSN domain. 
A 'mote', is a node in a wireless sensor network that is capable of 
gathering information, processing and communicating with other 
connected nodes in the network. Typically the mote may contain 
one or more sensors that can monitor the surroundings for specif-
ic parameters. Some of these sensors commonly used are to 
sense temperature, light, sound, position, acceleration, vibration, 

stress, weight, pressure, humidity, etc. The microcontroller per-
forms all the data processing tasks and controls the functionality 
of other components in the sensor node. The sensors measure 
data of the area to be monitored. The continual analog signal 
sensed by the sensors is digitized by an Analog-to-digital convert-
er and sent to controllers for further processing. The motes also  
contain the ‘Zigbee’ module which provides communication over 
wireless medium using transceivers. Motes can be powered by 
using batteries.  
A large number of motes hence communicate over wireless chan-
nel using the ZigBee module and form an ad-hoc network. All the 
information can eventually be transmitted to a gateway node. By 
forming an ad-hoc network they can function for a long time with-
out any human intervention since they consume limited power.  
In this paper we aim to design motes that consume low power and 
have a lower overall cost when compared to commercially availa-
ble ones. They should also be able communicate over the wire-
less medium using the ZigBee protocol. We have evaluated and 
selected components which fit our basic requirements of low pow-
er consumption, low cost, small size and processing speed. The 
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remainder of this paper is organized as follows: Section II deals 
with  the related work. Session III deals with the overview of wire-
less sensor network. Section IV, presents various aspects of 
Zigbee. Section V gives the system design. Section VI explains  
the implementation. Section VII deals with results and discussion. 
The paper is concluded in section VIII. 

 
Related Work 
The usage of motes was conceived and implemented by the 
Smart Dust project[1]. The Smart Dust project explored the 
possibility of using motes to form a massive distributed net-
work. The main goal of the project was to explore micro 
fabrication technology’s  limitations and study the feasibility 
of such a platform. Because of the mote’s discrete size, 
substantial functionality, connectivity, and anticipated low 
cost, Smart Dust was envisaged to facilitate innovative 
methods of interacting with the environment, and provide 
more information from physical regions less intrusively. 
The intended applications for smart dust were: 

 Deploy sensor networks rapidly by unmanned aerial vehicles 
or artillery in battlefield scenarios and track enemy move-
ments. 

 Tracking the movements of birds, small animals, and insects 
and understand their behavioral patterns 

 Monitor health of rotating machinery and understand the rea-
sons for high cycle fatigue. 

Table 1- [2] shows the comparison of the existing motes 
Table1- Comparison of existing motes 

There have been a number of platforms which were developed on 
the lines of smart dust motes. The initial devices incorporated 
small microcontrollers (8 bit, 4 KB flash) and a simple radio (4 
Kbps data rate) and their life time was up to a maximum of 2 
years. As can be seen from the table, the main focus in the design 
of the motes is low power of operation. Almost all the microcontrol-
lers used in various designs operate at low voltages of 2.7 volts to 
3.6 volts. Another important factor for the choice of microcontroller 
is the current drawn during its sleep and wake up time. Low sleep 
current and low wake up times minimize the duty cycle of a mote 
and therefore extends the life of a mote and consequent network 
life time. Telos design uses MSP430 microcontroller which has 
lowest sleep and wake times as compared to the other microcon-
trollers operating at low voltages. On-chip RAM also plays a vital 
role in the processing capability of the mote and MSP430 offers 
the maximum on-chip RAM in comparison. Another salient factor 
in the mote’s evolution is their usage of radio chips for communi-
cation. With the introduction of802.15.4 standard for wireless sen-
sor networks, the motes too started incorporating chips that use 

these standards for interoperability of platforms. 
 

Overview Of Wireless sensor Network 
Sensor networks are applied to various fields ranging from special 
application fields such as wild environment monitoring, industrial 
machine measurement and military purpose measurement to daily 
application fields such as fire monitoring and pollution monitoring.
[3]. A wireless sensor network is a wire and wireless network, 
which consists of several sensor nodes deployed in a certain field. 
A sensor node should have computation, sensing and wireless 
communication functions. A wireless sensor network limits the 
radio frequency channel, due to, that is to say, unstable links, limit 
of physical  protection of each sensor node, actual of each nodes 
connection,  variation topology in addition dangerousness about 
routing security is high by activity spite nodes. In addition, re-
strictions of the hardware of the sensor node itself makes it difficult 
guarantee the maintenance of security because of vulnerability.[4]
[5]. 
A wireless sensor network (WSN) consists of spatially distributed  
autonomous  sensors to cooperatively monitor physical or environ-
mental conditions, such as temperature, sound, vibra-
tion,  pressure, motion or pollutants. A sensor network normally 
constitutes a wireless ad-hoc network, meaning that each sensor 
supports a multi-hop routing algorithm. The network does not rely 
on a pre-existing infrastructure, such as routers in wired networks 
or access points in managed (infrastructure) wireless networks. 
Instead, each node participates in routing by forwarding data for 
other nodes, and so the determination of which nodes forward 
data is made dynamically based on the network connectivity. 
The base stations are one or more distinguished components of 
the WSN with much more computational, energy and communica-
tion resources. They act as a gateway between sensor nodes and 
the end user. 
 
Why ZigBee 
The name "ZigBee" is derived from the erratic zigzag patterns 
many bees make between flowers when collecting pollen. This is 
suggestive of the invisible webs of connections existing in a fully 
wireless environment, similar to the way packets would move 
through a mesh network. 
During the last few years, the ZigBee Alliance has made signifi-
cant modification and improvement on the ZigBee standard IEEE 
804.15.4, making it more applicable to the increasing demand on 
Personal Area Network (PAN) service. However, the ZigBee 
standard specified that the maximum data rate of a ZigBee link be 
250kbps. This data rate faces many difficulties dealing with the 
increasing data transmission pressure in many applications  [6]. 
ZigBee is a low-cost, low-power wireless mesh networking propri-
etary standard. The low cost allows the technology to be widely 
deployed in wireless control and monitoring applications, the low 
power-usage allows longer life with smaller batteries and the mesh 
networking provides high reliability and larger range. The technol-
ogy defined by the ZigBee is intended to be simpler and less ex-
pensive than other WPANs, such as Bluetooth. ZigBee wireless 
sensor network has great advantages in terms of low power con-
sumption, high fault tolerance, flexibility, and autonomy.  
ZigBee operates in the industrial, scientific and medical (ISM) 
radio bands; 868 MHz in Europe, 915 MHz in the USA and Aus-
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tralia, and 2.4 GHz in most jurisdictions worldwide. The ZigBee 
specifications are available free of cost for all non-commercial 
purposes. ZigBee can go from sleep to active mode in 15 msec or 
less, thus the latency can be very low and devices can be very 
responsive  particularly compared to Bluetooth wake-up delays, 
which are typically around three seconds. Because ZigBee can 
sleep most of the time, average power consumption can be very 
low, resulting in long battery life. It  is a typical wireless communi-
cation technology, which is widely used in wireless sensor net-
work. ZigBee wireless sensor network has great advantages in 
terms of low power consumption, high fault tolerance, flexibility, 
and autonomy [7]. Using Zigbee techniques as a back bone to 
develop ubiquitous applications has been warming up while cur-
rent information technology evolution moving from electrification to 
mobilization. However, most successful business cases still rely 
on mobile tools, such as PDA, WIFI, RFID, and GPS, to realize 
the concept of ubiquitous. The main challenges ahead for making 
real U-applications on the market are not only the definitions of 
Zigbee specifications and protocols, but the related optimal data-
base build-up and interface design methods [8]. 
 
System Design 
Some key design issues that were addressed are mentioned be-
low: 

 Provision of external power supply – Since the mote cannot 
always be connected to the PC, we need to use an external 
supply. We decided to use the TPS60211 voltage regulator 
and a 3V Panasonic CR series Lithium coin cell. 

 Sensors – Each mote was required to have one sensor on 
board. We chose to have a temperature sensor and a motion 
detector (PIR sensor). Interfacing the sensors to the MSP 
requires the use of GPIO pins. For this purpose we need to 
provide a port on the PCB. 

 Low power consumption – Keeping in mind the requirement 
for low power consumption, we had to use FET switches to 
control the current flow through the sensors in order to prevent 
them from draining the power supply when not required. 

 Gateway node – One of the three motes was to be used as 
the gateway node which could connect to a PC to relay the 
information from the sensors to the user. 

 Extension for serial communication – Since we need a mote to 
communicate to the PC while being used in a sensor network, 
we need to provide a serial interface. For this reason we pro-
vide an external header for the TX and RX pins along with Vcc 
and ground to implement serial communication using USART 
if needed. 

 Network – The two sensor motes are required to sense and 
transmit this data at regular time intervals (in case of tempera-
ture sensor) or when interrupted (in case of PIR sensor). 

In the design of a mote, various components were considered to 
optimize the performance. Texas Instrument’s MSP430 microcon-
trollers were chosen along with Chipcon’s CC2420 RF transceiver. 
MSP430 family of microcontrollers [9]consumes very less 
amounts of power and can handle both analog and digital signals. 
CC2420 also consumes less power and produces good output 
power for transmission of packet in the 2.4GHz frequency spec-
trum.  Voltage regulator TPS 60211 [12]was used to regulate pow-
er supply and provide a constant supply to various peripherals. 

Sensors were used on two motes, one was the Panasonic [13] 
motion sensor with digital output and the other was a temperature 
sensor. This sensor requires a low voltage of about 3V for opera-
tion. The other one was the temperature sensor[14] by Dallas 
Semiconductor. This sensor communicates with the microcontrol-
ler using a 1-wire interface and can draw power from the controller 
itself. Three motes were designed, one of which was used as a 
gateway for the user to monitor the network. 
The block diagram of the mote is shown in the fig. 1. 

 

Fig. 1-  Block Diagram of Mote 
 
Implementation 
A. MSP430 with RF Transceiver CC2420 
The MSP430 is interfaced with the CC2420 using the Serial Pe-
ripheral Interface (SPI) [10]. SPI allows high-speed synchronous 
data transfer between the MSP430 and CC2420. The MSP430 
has two SPI ports which include a three-wire full-duplex synchro-
nous data transfer and can operate as a master or a slave. Pro-
grammable bit rates allow the interface to operate at the user 
specified rate. The MSP430 microcontroller uses 4 I/O pins for the 
SPI Configuration Interface. These are connected as per figure 2 
and communication takes place like any standard SPI. The micro-
controller is interfaced to receive and transmit FIFOs using the 
FIFO and FIFOP status pins. It is interfaced to the CCA pin for 
clear channel assessment and SFD for timing information. 

Fig. 2-  Interfacing MSP430 with CC2420 
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B. JTAG Interface 
In our design we gave direct access to the four JTAG pins and 
also the RST/NMI pins. Texas Instruments provides the 
FET430UIF flash emulation tool which uses a JTAG interface to 
program the flash memory and also provide debugging facility. 
This module connects to the PC using a USB interface. The 
FET430UIF requires a 14-pin connector and for this purpose we 
had to create an intermediate connector of our own. 
 
C. Master Routine of MSP430 
We have developed a Master routine that the microcontroller runs 
when the mote is powered on. As the main controller of the whole 
system, the MSP430’s major responsibilities are initializing the 
system, receiving and executing the orders and memorizing 
these. The system initialization includes initializing the real-time 
clock, resetting the watchdog timer, initializing the serial ports and 
interrupt flags. The flow of the main programs is illustrated in fig-
ure 4. [15] 
The operation of the main program of processor can be divided 
into five parts: (1) Setup the system, including initializing the 
clock, RTC, Serial Port; setup the ZigBee module and switch off. 
(2) Processor goes into low-power-consumption mode and waits 
for the switch-off from the serial port. (3) The data input at the 
serial port will interrogate its breaking off and wake up the proces-
sor to resume normal working; it can also identify and operate the 
data at the serial port. (4) Decide whether the data received at the 
serial port is useful. If not, the processor shall return the low-
power-consumption mode and keep on waiting for the serial port 
data; if useful, the processor shall decode and identify them and 
decide the content of the order. (5) As per the content of the or-
der, by controlling the peripheral equipment, the processor sets 
up the time, measures the parameters at a certain time. After the 
operation, the processor returns to the low power-consumption 
mode and waits for the data from the serial port [16]. We have 
implemented several commands, such as Set Time, Collect pa-
rameters and Upload Data. The Texas Instruments Z-stack was 
used to implement the transmission/reception functionality [17]. 

Fig. 3- Master Routine of MSP430 

Results and Discussion 
We tested the mote for various scenarios and measured the cur-
rent consumption levels for each case. The current levels were 
found to comply with our requirements. The current levels meas-
ured for various scenarios are shown in table2. 

Table2- Current levels for different cases 

 
Figure 4 shows the size comparison of our designed mote with 2 
rupee coin. 

Fig. 4- Comparison of designed mote with two Rupee coin 
 
Conclusion 
In this paper we have presented the system architecture for a 
wireless sensor node that is capable of addressing the strict re-
quirements of wireless sensor networks. By utilizing a single 
shared controller that is augmented by a collection of specialized 
hardware accelerators, the architecture is able to support flexible, 
application-specific communications protocol such as Zigbee 
without sacrificing efficiency. This architecture has been validated 
through the development of three hardware platforms and a soft-
ware developing IDE. We developed the software using IAR 
workbench which provides the fine-grained concurrency mecha-
nisms required to implement wireless sensor network protocols 
and applications. We also have presented an architecture that 
addresses key issues that arise when building a wireless sensor 
network device. They include: flexibility, low power consumption 
and small size. Some of the future steps that can be taken in 
order to minimize the size and increase efficiency of the mote are 

 Explore feasibility of using a 32-bit microcontroller: Currently 
we are using the 16-Bit RISC Architecture, of the 
MSP430F148. By using a 32 bit microprocessor like the Atmel 
AVR32 UC3 family we can achieve faster and better perfor-
mance. 

 Port a tiny version of Linux: By porting a tiny version of Linux 
we can increase the flexibility of the mote. Other operating 
systems meant for such applications like TinyOS and RTOS 
can also be considered. 

 Increase output power: By using an efficient power amplifier 
circuit we can boost the output power and hence increase the 
range of our mote. 
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Measurement scenario  Measured Current 

MSP430 in standby mode 6.5µA 
MSP in an infinite loop 1.8mA 
MSP + CC2420 in transmit mode  19.3mA 
MSP + CC2420 in receive mode  22.4mA 
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 On board directional antenna: By incorporating an on board 
directional antenna we can increase the range and also mini-
mize the matching circuit losses. 

 Integrated microcontroller-radio chip: We can greatly  reduce 
the size of the mote incorporating an integrated microcontrol-
ler-radio chip like the C2530.   
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