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Abstract- Wireless sensor networks (WSN) is one of the most interesting areas of research and are increasingly used both in 
conventional application and mainly in situations requiring some of their specific capabilities. A WSN consists of 
a number of wireless sensor nodes, which form a sensor field and a sink. These nodes having the abilities to sense their 
surroundings perform limited computation and communicate wirelessly with other nodes forms the WSN. As for as sensor 
nodes are considered most of the sensor node that are currently available in the market are of huge cost so these nodes are 
not suitable for low cost projects. In order to overcome this problem a new approach has been suggested. This paper 
describes the V-mote architecture, highlighting its features and its characteristics as a part of Internet of Things (IoT) using a 
new platform of Texas Instruments. Thereby we are able to achieve cost reduction and power efficiency. In this approach we 
have used Contiki Operating System – a light-weight operating system – to be suitable for this particular platform. 
 
Index Terms- Wireless sensor network, platform, sensor device, Contiki-OS, Texas Instruments. 
 
I. INTRODUCTION 
 
A Wireless Sensor Network (WSN) is the 
infrastructure comprised of sensing (measuring), 
computation and communication that gives an 
administrator the ability to instrument, observe and 
react to events and phenomena in the specified 
environment. It consists of spatially distributed 
autonomous sensor to monitor physical or 
environmental conditions, such as temperature, 
sound, pressure, etc; and to cooperatively pass their 
data through the network to a main location. A sensor 
node can communicate directly to the sink (single-
hop) or use a multi-hop communication passing the 
information to its neighbor. Single-hop 
communication leads to long distance transmission, 
resulting in high energy consumption. Using multi-
hop communication it is possible to reduce the 
transmission distance and increasing the network 
lifetime. The multi-hop communication of sensor 
node is depicted in Figure 1. 
 

 
Figure 1:  Wireless Sensor Networks [1] 

 
In Figure 1, the source node A sense an event and 
transmit the information to sink node via the nodes B, 
C, D, E in a multi-hop fashion. Two way 
communications from source to sink and sink to 
source node happen similarly [1]. 

A) SENSOR NODE 
A sensor is a device that measures a physical 
quantity, e.g. light, temperature, or pressure, and 
converts it into a signal, which can be read by a 
human or by an instrument. Sensors are typically 
small, self-contained, battery-powered devices. 
Figure 2, explains about the block diagram of a 
sensor node [2]. 
 

Figure 2: Block diagram of Sensor Node [2] 
 

B) CHARACTERISTICS OF A SENSOR 
NODE 

A microcontroller acts as the central controlling 
device, while the transceiver enables packets of data 
to be sent and transmitted. Sensors are used for data 
collection and in most cases provide purpose to a 
node. This low cost aspect allows for many nodes to 
be deployed, providing denser coverage and multiple 
data paths to cope with failure. In this section we 
consider the ideal characteristics that make a sensor 
node [2]:   

Energy-Efficiency: Sensor nodes must be energy 
efficient. Sensor nodes have a limited amount of 
energy that determines their lifetime. Hence, energy 
is the key resource, being the primary metric for 
analysis. 

Low-Cost: It is desirable that sensor nodes be 
cheap since WSN may have hundreds or thousands of 
sensor nodes.  
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Processing: Each sensor node should be able to 
process local data, using filtering and data fusion 
algorithms to collect data from environment and 
aggregate this data. 
Programmability: Since this node will be a test 
prototyping, it will be often reprogrammed for 
development of communication protocols and 
applications for WSN. Hence, the programming 
should be easy. 
Power-Aware: The hardware should be able to 
estimate how much energy is available in order to 
allow algorithms to adapt themselves to the available 
power. 
 

C) COMPONENTS OF SENSOR NODE 
Sensing Unit: The sensing unit is composed of a 
group of sensors, which are devices that produce 
electrical signals to a change in a physical condition. 
Many types of sensor exist, such as magnetometer, 
accelerometer, light, temperature, pressure, and 
humidity. The type of sensor to be used in a sensor 
node will depend on the application.  
Processing Unit: The central processing unit of a 
sensor node determines to a large degree both the 
energy consumption as well as the computational 
capabilities of a sensor node. Microcontrollers are 
microprocessor with additional peripheral or support 
devices embedded in a single chip. In general, 
microcontrollers are microprocessor with additional 
peripheral or support devices embedded in a single 
chip [3]. 
 

Table 1.1 Comparison of commercial 
microcontrollers [2] 

 
 
Table 1.1 shows a comparison of actual 
microcontrollers that are available in the market. 
Transceiver Unit: Sensor nodes must communicate 
among themselves and to a base station using a 
wireless communication channel. We explore Radio 
Frequency (RF) channels. RF communication is 
based on electromagnetic waves. One of the most 
important challenges in RF communications devices 
is the antenna size. RF communication advantages are 
its ease of use, integrality, and well established in the 
commercial marketplace, which make it an ideal 
testing platform for sensor nodes. 
Powering Unit: The power supply block has the 
purpose to supply the energy to the node, and usually 
consists of a battery, but sometimes a DC-DC 

converter is used to boost the battery voltage. It might 
be possible to extend lifetime of a sensor node by 
extracting energy from the environment, such as 
light, vibration and RF.  

 
D) INTERNET OF THINGS (IoT) 

Internet of Things represents the ability of network 
devices to sense and collect data from the world 
around us, and then share that data across the Internet 
where it can be processed and utilized for various 
interesting purposes. These devices are uniquely 
addressable and use standard communication 
protocols in a heterogeneous networking environment 
including objects of totally different functionality, 
technology and application fields. Figure 3, shows the 
overview of IoT environment. 
 

 
Figure 3:  Overview of IoT 

 
There are four different layers present in a Ubiquitous 
Sensor Network (USN)  
A sensor networking layer (the bottom layer) where 
sensor and RFID devices are launched into the 
environment to sense what is happening and report to 
sink nodes via USN-bridges  
A USN access networking layer (the second layer) 
where the combination of USN-bridges and sink 
nodes are used as hosts to an access network for the 
first-mile connectivity of a Next Generation Network 
(NGN) of gateways  
A USN middleware layer (third layer) is used as an 
interface between the NGN and the application layer.  
A USN applications layer (the last layer) where 
different applications are used to perform tasks 
related to logistics, structural health monitoring, 
agriculture control, disaster Surveillance, military 
field surveillance and disaster/crisis management. 
Figure 4, shows the different layers of a Ubiquitous 
Sensor Network  
 

 
Figure 4:  Architecture of IoT 
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E) RTOS 
A Real-Time Operating System (RTOS) is a 
computing environment that reacts to input within a 
specific time period. A real-time deadline can be so 
small that system reaction appears instantaneous. The 
term real-time computing has also been used, 
however, to describe "slow real-time" output that has 
a longer, but fixed, time limit. Figure 5 shows the 
block diagram of RTOS. 
 

 
Figure 5:  Block Diagram of RTOS 

 
User’s application program will perform a specific 
function directly for the user or, in some cases, for 
another application program. Application programs 
use the services of the real time operating system and 
other supporting programs. RTOS communicate with 
the hardware on one side and with application 
program on other side making it as an intermediate 
agent for the embedded system. 
The rest of the paper is organized as follows: Section 
2 presents related work in the area, bringing 
information about some wireless sensor nodes 
available nowadays. In Section 3 the V-mote is 
presented, describing its hardware and software part. 
Section 4 provides the simulation results and Section 
5 summarizes the paper and provides directions for 
future works. 
 
II. RELATED WORKS 
 
Several companies and universities are developing 
their own sensor nodes for the above mentioned 
matters. 
Some of the motes and their drawbacks are discussed 
below. 
 
IMote 2 (Intel Mote 2) is a sensor node equipped with 
a PXA271 XScale low power processor and a 
wireless Multimedia Extension (MMX) coprocessor. 
It has 256kB SRAM, 32 MB flash and 32 SDRAM 
memory. An 802.15.4 radio transceiver from 
ChipCom (CC2420) provides its wireless 
communication support with a nominal range of 
about 30 meters. Figure 6 shows the typical Imote2 
[6]. 

Drawback: Expensive and high power consumption. 
 

 
Figure 6: IMOTE2 

 
The Berkeley Mica Motes are wireless sensor nodes 
developed and commercialized by the Crossbow 
Company. They are equipped with an Atmel Atmega 
128L processor, having 4K RAM and 128K Flash 
memory capacity. A ChipCom CC1000 provides the 
wireless link for short communication range (around 
15 to 20 meters). Figure 7 shows the typical Mica2 
mote [5]. 
 
Drawback: Expensive and no optional preemptive. 
 

 
Figure 7: MICA2 

 
SunSPOT is based on a 32-bit 180 MHz ARM920T 
core that includes 4 MBytes of flash memory and 512 
KBytes of RAM memory. SunSPOT uses Java as 
programming language. Figure 8 shows the typical 
SunSPOT mote [9]. 
 
Drawbacks: Lack of hardware support for IoT 
applications. 
 

 
Figure 8: SUNSPOT MOTE 
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III. V-MOTE ARCHITECTURE 
 
This section explains the working of the proposed 
system, basic hardware and software specifications, 
the methodologies that are used to implement the 
project, the brief specifics regarding COOJA 
simulator, MSPsim and followed by cost analysis of 
the proposed system and cost comparison of the 
proposed methodology with the existing system. 
 

 
Figure 9: System Architecture of V-MOTE 

 
Figure 9, shows the system architecture of V-Mote 
interfaced with remote user via internet. 
 
The aim of designing V-Mote is to provide a low cost 
node which can be used in the field of education, 
research and for low cost WSN project where they 
cannot afford for expensive sensor nodes. The target 
objectives for the V-Mote module are to develop: 

 A low cost prototyping and experimentation 
platform 

 A platform for sensing and actuating through 
physical parameters 

 A scalable, re-configurable sensing platform 
 
V-Mote is based on Texas Instruments 
MSP430F5529 Microcontroller which will control 
the entire module in order to get physical parameters 
such as temperature, pressure from surrounding 
environment. Xbee Transceiver will be used to enable 
the node to node communication. Contiki operating 
system will be used to manage the various resources 
and overall operations of the module. It is required in 
the form of processor management, memory 
management, input –output management, file 
management, establishment and enforcement of a job 
priority system. Since V-Mote is a heterogeneous 
system each individual module cannot share 
information among them until a programming 
interface is implemented. This is similar to API – 
Application Programming Interface, Linux tools will 
be used to implement these programming modules. 
Finally a project get over when the user is able to 
utilize the module completely in this the user can able 
to access/control the V-Mote via APP or remote 
desktop with the help of internet, since 6LoWPAN 
protocol will be implemented in V-Mote making this 
suitable for IoT applications. 

3.1 IMPLEMENTATION 
 

In this section we discuss about the hardware and 
software development which are necessary to build 
the V-Mote and their interfaces. 
 
A. HARDWARE DEVELOPMENT 
Figure 10, shows the Block diagram of a sensor node, 
four main components of a sensor mote are the 
processing unit, wireless transceiver, sensors and 
power unit. The analysis of these components is 
presented by comparing it to the commercially 
available WSN platforms. 
 
The sensor nodes have to provide the following basic 
functionality to enable WSN: 

 Signal conditioning and data acquisition for 
different sensors 

 Temporary storage of the acquired data 
 Processing of the data 
 Analysis of the processed data for diagnosis 

and potentially, alert generation 

 
Figure 10: Block diagram of sensor node 

 
CONTROLLER BOARD: We choose our 
controller board (MCU) based on several 
requirements such as low power consumption, rich 
on-chip peripherals, RAM and ROM with enough 
memory. For V-Mote, MSP430F5529 is chosen after 
evaluating many other similar boards from Texas 
instruments [4].  
 

Table 3.1 Comparison of controller boards 

 
 
Table 3.1 shows the comparison of different boards 
that are available in market. Among that our board 
was selected because of its low cost and suitable 
board for IoT environment. 
 
TRANSCEIVER: The radio is normally chosen 
based on the application requirements. We choose 
XBEE-S2 transceiver [10] which is second generation 
ZigBee®/ IEEE 802.15.4 RF transceiver for the 2.4 
GHz unlicensed ISM band. This chip enables 
industrial grade applications by offering state-of-the-
art selectivity/co-existence, excellent link budget, 
operation up to 125°C and low voltage operation. 
One of the most alluring features of XBEE is its ease-
of-use; it only needs two pins (RX/TX) from the host 
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to communicate with each other. The module also 
provides a complete solution including the antenna 
where the rest of the radio chip requires a careful 
design of an external antenna.  
 
POWER SUPPLY AND SENSORS: The 
evaluation module can be powered from three 
different input options: 

• On-board ICDI USB cable (Debug, Default) 
• Target USB cable 
• Booster Pack or Breadboard adapter 

connection 
The Evaluation module uses a 25 MHz crystal (Y1) 
to drive the main msp430f5529 internal clock circuit. 
Most software examples use the internal PLL to 
multiply this clock to higher frequencies up to 120 
MHz for core and peripheral timing. 
 
V-Mote can support many applications but in this 
project we concentrate only on temperature and 
pressure sensors. We interface LM35 temperature 
sensor and MPXM2053GS pressure sensor. 
 
B. SOFTWARE DEVELOPMENT 
Many open source and licensed operating systems are 
available in the market such as Contiki-OS, Tiny –
OS, FreeRTOS, RIOT, etc… For our project we have 
chose Contiki-OS as the software companion, there 
are many good reasons behind choosing Contiki and 
it is well explained in the following sections. 
 
CONTIKI-OS: Contiki, a lightweight operating 
system with support for dynamic loading and 
replacement of individual programs and services [8]. 
Contiki is built around an event-driven kernel but 
provides optional preemptive multithreading that can 
be applied to individual processes. Contiki is 
implemented in the C language and has been ported 
to a number of microcontroller architectures, 
including the Texas Instruments MSP430 and the 
Atmel AVR. 
A Contiki system is partitioned into two parts: the 
core and the loaded programs as shown in Figure 11. 
The partitioning is made at compile time and is 
specific to the deployment in which Contiki is used. 
Typically, the core consists of the Contiki kernel, the 
program loader, the most commonly used parts of the 
language run-time and support libraries, and a 
communication stack with device drivers for the 
communication hardware.  
 

 
Figure 11: Partitioning into core and loaded programs [8] 

COOJA-THE NETWORK SIMULATOR: Cooja 
is a simulator provided by Contiki, which unlike most 
simulators also allows real hardware platforms to be 
emulated. The main design goal of the COOJA 
Simulator is extendibility, for which Interfaces and 
Plugins are used. An Interface represents a sensor 
node property or device, such as a position, a button 
or a radio transmitter. A Plugin is used to interact 
with a simulation, for example to control the 
simulation speed or to watch all network traffic 
between the simulated nodes. Both new Plugins and 
Interfaces can easily be created and added to the 
simulation environment. 
 
MSPSIM SIMULATOR: The MSPsim is a Java-
based instruction level simulator for the MSP430 
microcontroller that simulates unmodified target 
platform firmware. MSPsim is an instruction-level 
simulator which made it easy to achieve accurate 
timing simulation. Further, MSPsim can load and run 
unmodified target platform firmware files in IHEX 
and ELF format [7].  
 
3.2 ADVANTAGE OF PROPOSED SYSTEM 
The advantage of proposed system is exposed by 
comparing its cost with other existing system as 
shown in Table 3.2. 
 

Table 3.2 V-Mote with other commercial motes 

 
 
When we see the price comparison of V-Mote with 
other commercial mote we can able to understand that 
with minimal cost we can able to produce a sensor 
node that will be equivalent to commercial motes. 
 
IV. SIMULATION RESULTS 
 
4.1 PROCEDURE FOR PORTING LED BLINK 
PROGERAM IN MSPSIM 
  
Open the VMware Player and start the Contiki, open 
the terminal and type the following command to load 
the Led blink into the MSPsim 
 

Make TARGET=sky led-blink.mspsim 
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Observe the blinking of LED in the Sky mote 
MSPSIM. 
 

 
Figure 12: MSPSIM simulation output window 

 
This Figure 12 shows the simulation result of 
blinking of LEDS in MSPsim window.  
 
4.2 PROCEDURE TO ACHIEVE NODE TO 
NODE DATA TRANSFER IN COOJA 
SIMULATOR 
 
Open the VMware Player and start the Contiki, Open 
the COOJA simulator and provide the simulation 
name, number of nodes and press compile. Once 
compilation is over press create to start the 
simulation. 
After creating sink and source node press starts in 
simulation control window. Observe the output in 
Mote output window (Figure 13). 
 

 
Figure 13: COOJA simulation output window 

CONCLUSION AND FUTURE WORKS 
 

This paper presented the V-Mote, a low cost device 
for WSN. The proposal of this platform is a hardware 
that provides access to all its components, allowing 
the node adaptation and customization according to 
the user needs. With the help of the above simulation 
results, the procedure to port Contiki-OS into the V-
Mote was understood. As part of future work, we 
planned to embed 6LoWPAN architecture into the 
customized device in order to make the V-Mote 
device as a part of IoT Environment. 
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