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Abstract
Sensor networks consist of the group various special transducers 
which are used to monitor physical or environmental conditions 
such as temperature, sound, pressure etc and then pass on their 
data through the network to a main location or server. In the 
future smart environment sensor network will play a pivotal 
role in sensing, collecting and disseminating information from 
the remote locations with better accuracy. This paper attempts 
to provide an overview of this emerging field and discuss its 
various applications.
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I. Introduction
Sensor networks are made up of group of various special 
transducers (which acts as the sensors) connected with the help 
of the nodes with each others as well as the main system and 
are used to monitor physical or environmental conditions and 
then pass on their data through the network to a main location 
or server. Cheap, smart devices consisting of number of small 
sensors, networked through wireless links and internet deployed 
in large numbers used to provide unprecedented data for 
instrumenting and even for controlling environmental conditions. 

 
Fig. 1: Sensor Network Communication

 
Fig. 2: General Layout of Sensor Networks 1

Smart micro sensors can be deployed in air, under water inside 
buildings and even in vehicles and these sensors are connected 
with nodes – from few meters to hundreds where each node 
is connected server which can be used to store data or even 

manipulate the senor to carry on desired task. A smart sensor is a 
sensor that provides extra functions along with those necessary 
for generating a correct signal. This extra function may include 
signal conditioning, signal processing, and decision-making/alarm 
functions. A general model of a smart sensor is shown in the fig. 1 
and general layout of the sensor network is shown in fig. 2.

II. Sensors Used in Sensor Networks
There are many sensor manufacturers and many networks available 
in the market today. It is too costly for manufacturers to make 
special transducers for every network. Different components made 
by different manufacturers should be compatible with each others. 
Therefore, in 1993 the IEEE and the National Institute of Standards 
and Technology (NIST) began work on a standard for Smart Sensor 
Networks. IEEE 1451, the Standard for Smart Sensor Networks 
was developed with an objective to make it easier for different 
manufacturers to develop smart sensors and to interface those 
devices to networks. The various types of sensors that are normally 
used in sensor networks includes Capacitive Sensors, Inductive 
sensors, Magnetic and Electromagnetic Sensors, Magnetic Field 
Sensors (used to detect the remote presence of metallic objects), 
Eddy-Current Sensors (which use magnetic probe coils to detect 
defects in metallic structures), Thermocouples, Metal-Oxide Gas 
Sensors and BioSensors. 

Fig. 3: DOT- Wireless Network Device Designed to be the 
Approximate of a Size of a Quarter. Future Devices Will Continue 
to be Smaller, Cheaper and Longer Lasting

III. Sensors for Smart Environments
Many vendors now produce commercially available sensors of 
many types that are suitable for wireless network applications. The 
table shows which physical principles may be used to measure 
various quantities for example in order to measure pressure the 
transducer may use the Piezoresistive or capacitive methods, 
similarly in order to measure humidity the transducers or sensors 
uses resistive or capacitive phenomena. 
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Table 1: Physical Principles Used to Sense Information

IV. Applications of Sensor Networks
Current and potential applications of the sensor network consist 
of: Environment monitoring, military sensing, Physical security, 
Air pollution monitoring, Air traffic control, Traffic surveillance, 
Video surveillance, Industrial and Manufacturing automation and 
Building and Structures monitoring.   

A. Environmental Monitoring
At the network level, the environmental data collection includes 
laying  large number of the nodes consisting of the sensors 
continually sensing and transmitting data back to the base station 
that stores the data using traditional methods. These networks 
generally require low data rates and extremely long lifetimes. 
Environmental data collection strategies uses tree-based routing 
in which each routing tree is rooted at high capability nodes and 
data is periodically transmitted from child node to parent node up 
the tree structure and thus each node is responsible for forwarding 
the data of all its descendants.

B. Security Monitoring
In the security monitoring the nodes are placed at the fixed 
locations throughout an environment that continuously monitors 
one or more sensors to detect any breach of security. In sharp 
contrast to the Environmental monitoring the security networks 
does not collect any data, each node just frequently check the 
status of its sensors but it only transmit data report when ever 
security is compromised.

C. Air Pollution Monitoring
Wireless sensor networks have been deployed in several cities 
including Stockholm, London and Brisbane to monitor the 
concentration of dangerous gases for citizens. These networks 
employ ad-hoc wireless links rather than wired installations, which 
also make them more mobile for testing readings in different 
areas. 

D. Traffic Control
Most traffic intersection have buried or overhead sensors that are 
used to detect vehicles and control traffic lights. Cheap sensors 
with embedded networking capability can be deployed at every 
road intersection to detect and count vehicle traffic and estimate 
its speed. The sensors communicate with neighbouring nodes to 
eventually develop a “global traffic picture” which can be queried 
by human operators or automatic controllers to generate control 
signals. Another advantage of the sensor network is to have sensors 
attached to each vehicle. As the vehicles pass each other, they 
exchange summary information on the location of traffic jams and 
the speed and density of traffic, information that may be generated 
by ground sensors. These summaries propagate from vehicle to 
vehicle and can be used by drivers to avoid traffic jams and plan 
alternative routes. 

E. Industrial Automation
Wireless sensors networks are ideal complements to sophisticated 
machinery, providing real-time signals for predicting maintenance, 
real time monitoring and precision instruments. For example, 
Mesh cape system is ideally suited for industrial automation 
applications. Hardware modules can be easily integrated with 
sensor and control devices which can be installed quickly and 
easily. The robust networking protocol provides redundant and 
scalable wireless mesh network.

F. Agriculture
Wireless sensor networks can be used to make precise monitoring of 
the crop at the time of its growth. Hence, farmers can immediately 
know the state of the item at all its stages which will ease the 
decision process regarding the time of harvest.
An example network is shown in fig. 5. It depicts a precision 
agriculture deployment—an active area of application research. 
Hundreds of nodes scattered throughout a field assemble together, 
establish a routing topology, and transmit data back to a collection 
point.

Fig. 5: Possible Deployment of Ad-Hoc Wireless Embedded 
Network for Precision Agriculture. Sensors Detect Temperature, 
Light Levels and Soil Moisture at Hundreds of Points Across 
Field and Communicate Their Data Over a Multi-Hop Network 
for Analysis
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Fig. 6: Various Applications of the Sensor Networks That Can be Realised Today

V. Architecture
A key step in exploring the challenges of building a low-power 
wireless communication platform is in understanding the system 
requirements for the communication mechanisms necessary 
to construct the multi-hop networks and to develop a general 
architecture that addresses the needs of wireless sensor networks. 
There are four key issues that should be addressed by the system 
architecture. 

A. Concurrency
The architecture must provide an efficient mechanism to handle 
concurrency. In both the transmission and reception case, the 
computations associated with wireless communication must occur 
in parallel with application-level processing and potentially with 
intermediate level packet processing. Sensor events and data 
calculations must continue to proceed while communication is 
in progress.

B. Flexibility
The system must be flexible to meet the wide range of target 
application scenarios. The architecture should provide the 

flexibility to support a wide range of application scenarios. 
For deeply embedded systems, it is important that a system is 
flexible enough to support a wide range of application-specific 
protocols.

C. Synchronization
The architecture must provide precise control over radio transmission 
timing. This requirement is driven by the need for ultra-low power 
communication in the data collection application scenario. The 
architecture must provide the ability to achieve precise node-to-
node synchronization and give the application direct control of 
radio timing. This plays a critical role in many wireless sensor 
network applications. To allow applications to achieve precise time 
synchronization, radio communication protocols must provide exact 
timing information as to when data packets are received.

D. Decoupling Between RF and Processing Speed
The system must be able to decouple the data path speed and the 
radio transmission rate. The direct coupling between processing 
speed and communication bit rates can lead to sub-optimal energy 
performance.
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VI. Challenges
In spite of the diverse applications, sensor networks pose a number 
of unique technical challenges due to the following factors: 

A. Ad-Hoc Deployment
Most sensor nodes are deployed in remote regions which have no 
infrastructure at all. A typical way of deployment for example in a 
forest would be tossing the sensor nodes from an aeroplane. Thus 
it is up to the nodes to identify its connectivity and distribution.

B. Unattended Operation
In most cases, once deployed the sensor networks have no human 
intervention. Thus the nodes themselves are responsible for 
reconfiguration in case of any changes.

C. Untethered
The sensor nodes are not connected to any energy source for 
their operation. There is only a finite source of energy available, 
which must be optimally used for processing and communication. 
An interesting fact is that communication dominates processing 
in energy consumption. Thus, in order to make optimal use of 
available energy, communication should be minimized as much 
as possible.

D. Dynamic Changes
It is required that a sensor network system must be adaptable to 
the changing connectivity (for e.g., due to addition of more nodes, 
failure of nodes etc.) as well as changing environmental stimuli 
thus networks should be of flexible in nature. 

VII. Conclusion
Sensor Networks hold a lot of potential in applications where 
gathering sensing information in the remote inaccessible locations 
is required. It is an evolving field, which offers a lot of scope 
for research. New techniques are being developed day by day 
to overcome the challenges faced while developing Sensor 
networks and thus making them as an integral part of our future 
technology.
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