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ABSTRACT 

Designing Wireless Sensor Network to monitor parameters like packet interval, packet delivery, latency, end-to-end 

delay of data packets and throughput. Network simulator tool has been employed to analyse the performance of ad-

hoc routing protocols using the above simulation parameters to evaluate the performance and latency of the WSNs 

in order to establish their suitability for a typical set of monitoring and supervision functionalities required by urban 

scale Smart Grids applications. The software used is Network Simulator 2.35 which employs Xgraph and TCL. 

Wireless sensor network can be used to collect data and send control information to the device in distributed manner 

for the last mile two-way communication which makes it a promising option for the smart grid communication. The 
aim of this paper is to concluded that WSNs perform better with comparatively low speed communication which 

makes it suitable for smart grid applications like AMI, distributed automation, distributed energy resources and 

storage, electric transportation, distribution grid management according to the communication requirements of the 

smart grid. 
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I. INTRODUCTION 
 

Wireless Sensor Networks are efficient and more affordable because of their low-cost which is why it is widely 

being used to monitor remote facilities using applications such as SCADA. The traditional power grid shows signs 

of inefficiency which gave way to the idea and implementation of Smart Grid. In comparison to the one-way 

communication in conventional power grid, the Smart Grid offers two-way communication which also acts as a two-

way flow of information as well as electricity which forms the foundation of revolutionizing energy distribution, 

generation and delivery. 

 

Conventional power grids lack effective communication, diagnostics and fault monitoring. Latency is a great 

setback when it comes to monitoring and control of grid to avoid potential blackout from cascading effect. 

 
We focus on simulation of ad-hoc wireless network to evaluate the performance and latency of WSNs in order to 

establish suitability for a typical set of monitoring and supervision functionalities required by urban scale Smart 

Grids application. NS2 (Network Simulator 2.35 all in one) is used here for the sake of simulation purposes which 

includes packages like Xgraph and NAM( Network Animator) which use trace files to plot the output and help is 

drawing conclusions from the comparative study after implementing the required protocol for the Wireless Sensor 

Network. 

 

II. NETWORK SIMULATION MODEL (NS2) 
 
NS2 simulator deals with transport layer protocols, routing protocols, different types of queues, link layer 

mechanisms. This simulator gives the essence of dealing with practical network structure components such as 

routers, switches, bridges, wired and wireless nodes. Once simulation is complete, NS2 produces trace files which 

keeps the record of every event in the simulation line by line. NS2 consists of C++ programming language, Tcl 

and Object Tcl interface allowing user to put inputs in the simulation script of the network model. 
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III. EVALUATION OF WSNs FOR VARIOUS PROTOCOLS 
Performance Metrics used for evaluation of routing protocols are [9, 10, 11, 12]: 

 

Packet Delivery Ratio 

Measures the percentage of total number of data packets received out of total number of data packets sent. 

 

Routing Over Head 

The total number of routing packets transmitted during simulation. Routing overhead is important as it measures 
the scalability of a protocol, the degree to which it will function in congested or low bandwidth environments. 

 

End-to-End Delay of Data Packets 

This metric measures the average time it takes to route a data packet from the source node to the destination node.  

The lower the end-to-end delay the better the application performance. If the value of end-to-end delay is high, 

then it means the protocol performance is not good due to the network congestion. 
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Figure 1 NAM Window 

 

When we create sensor nodes in NS2, an energy model needs to be defined which is the energy each node has at the 

beginning of simulation. The components required for creating an energy model includes initialEnergy, txPower, 

rxPower and idlePower. The initialEnergy represents the level of energy in the node at the beginning of simulation, 

txPower and rxPower represents the energy consumed for transmitting and receiving the packets. And the most 

important component the energy model of a sensor node must contain is called the “sensePower”. It denotes the 
energy consumed by a sensor node during the sensing operation. 

 

 
Figure 2. WSN Simulation 

 

The simulation of a sample wireless sensor network with three nodes and a sink node is shown in action. This 

simulation was done on network animator using the trace file made using TCL script. Here, the interaction between 

various nodes is shown. The event schedulers, traffic pattern, network components are implemented in C++ and can 

be merged to Tcl script. Core structure of network is built on C++ code and Tcl is on the top of it to make the 

simulation handling much easier to carry out. 

 

Variation of latency is presented with different packet inter-arrival time in the Figure- 3. Actually packet interval 

was introduced to simulate the variation of network speed and to observe the characteristics of it with applying 

different ad-hoc routing protocols. It can be observed that when packet inter-arrival time is 0.02s (that means the 
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system speed is about 100 kbps) all of the routing protocols showed high latency as high as around 0.2 s for 

AOMDV except DSR which showed as low as 8 ms. As the packet arrival time increases all of the routing protocols 

showed lowered latency for the same system. 

 

 
Figure 3. Packet interval vs. latency for 25 grid connected nodes 

 

That means when the system generates less traffic it can perform better. The packet delivery ratio is presented in the 

figure 3 and it can be observed that the system’s packet delivery ratio is best for DSR with varying traffic generation 

rate which is around 90%. 

 

 
Figure 4. Packet interval vs. latency for 9 grid connected nodes 

 
It also observed that Packet delivery ratio and latency improved much for smaller networks as evident from the 

figures available for 16 and 9 nodes network. Such as for a WSN with 9 nodes shows 100% packet delivery ratio 

and latency of 4 ms which evident from figure 5.2 and 5.1 respectively. 

 

IV. CONCLUSION 
 

Network simulator tool has been employed to analyze the performance of ad-hoc routing protocols using the above 

simulation parameters. It can be concluded that WSNs perform better with comparatively low speed communication 

(2kbps~100kbps) which makes it suitable for smart grid applications like AMI, distributed automation, distributed 
energy resources and storage, electric transportation, distribution grid management according to the communication 

requirements of the smart grid as indicated by the Table-I [3]. And necessary routing protocol can be DSR ad-hoc 

routing protocol to operate WSN better. It is also observed that WSNs meet the latency (700ms~4ms) requirement of 

the smart grid communication for time critical applications but they work better for short range communication 

(30m~90m). Wireless sensor network can be used to collect data and sending control information to the device in 

distributed manner for the last mile two-way communication which makes it a promising option for the smart grid 

communication. In future the performance of the WSNs can be analysed with hardware implementation in a real 

smart grid environment as Florida International University has state of the art smart grid test bed facility. The 
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performance of WSN then can be compared with that of the existing wired communication infrastructure. WSNs can 

also be implemented for operation monitoring of the smart grid and control of smart capacitor bank that can monitor 

and control capacitor banks remotely, Volt/VAR Control, Substation circuit breaker trip coil status and control, State 

Estimation, Fault Detection/Isolation. 
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