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Abstract- A wireless sensor network (WSN) is an emerging technology with a collection of nodes organized into a 
cooperative network. Due to wide range of potential applications, wireless sensor networking has received tremendous 
attention from both academia and industry in recent years. Since the wireless sensor network is different from traditional 
network, it offers many challenges. Numbers of researches are going on in various applications of WSN network. One of the 
applications of WSNs is to monitor the process control data. This paper presents a system for monitoring different 
parameters like voltage, current & temperature of Solar Photo Voltaic (SPV) system based on a wireless sensor network. As 
the network is wireless there are many challenges in the process of designing and deployment of this network. The mote is 
the basic component of this network, which is a low power device and operates on battery. A sensor node has sensing 
interfaces, processing unit, and power supply and radio transceiver to communicate with other nodes. Today SPV systems 
have invoked to be economical as well as renewable source of energy over other fossil fuel. A renewable energy system, like 
the one implemented here, is suitable for residential and/or industrial applications. Thus this is really an efficient stand alone 
system. 
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I. INTRODUCTION 
 
In the field of Wireless Sensor Network (WSN) vast 
changes have been made in the recent years. The 
WSN technology refers to acquiring the 
environmental data or any process parameters to be 
monitored by the individual node in the network, and 
sending it wirelessly to neighboring node or to the 
gateway. A WSN typically consists of a large number 
of small, multifunctional, & resource- constrained 
sensors that are self- organized as an ad hoc network 
to monitor the physical world (8). WSN is a new 
technology that consists of many distributed sensors 
in a large area. These sensors are used to provide 
information about the status of a specific system. The 
information could be measurements of physical or 
environmental parameters such as temperature, 
pressure, vibration, strength of pollutants etc. The 
information will then be sent on wireless network and 
received by a central location for further analysis and 
usage. [1] The work of this project comes under this 
theme only. WSNs are being extensively used in 
various diverse applications such as industrial 
monitoring & process control, surveillance & 
security, pollution monitoring, habitat monitoring, 
health care applications, home appliances etc. 
Wireless sensor networks are often used in 
applications where it is difficult or infeasible to set up 
wired networks, for examples wildlife habitat 
monitoring, security & military surveillance, target 
tracking, etc. 
 
In this project we propose to use WSN for monitoring 
of solar photovoltaic power generation system 
developed by VIIT with Assistance from ISRO and 
supported by TIFR. This paper is organized as, 
Section I gives introduction of the project. The brief 

overview of WSN network & Solar Photo Voltaic 
(SPV) system is presented in section II. Section III 
gives the design details of proposed monitoring 
system, followed by outcome of project in Section 
IV.  
 
II. BRIEF OVERVIEW OF WIRELESS SENSOR 
NETWORK AND SPV SYSTEM 

 
Wireless Sensor Networks are commonly used in star, 
mesh & cluster form of topology. In WSN different 
sensors are used for various applications for 
monitoring different environmental conditions. Nodes 
are vital elements in WSN technology which gather 
information from the environment & transmit to the 
Gateway (or sink) node i.e. base station which is 
connected to the host computer for displaying 
respected results. The details of WSN technology are 
shown in the figure 1. 
 

 
Figure 1. Wireless Sensor Network Technology 

 
The Typical block diagram for the WSN mote is 
shown in figure 2[7]. The sensor board is connected 
to the hardware of the mote on one side and the 
parameters of the process to be monitored on the 
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other side. Mote consists of the microcontroller which 
is the main control unit of the mote. The 
microprocessor processes and stores the data sensed 
by the different sensors. After processing, the data is 
sent to the radio module for transmission purpose. 
The antenna system is interfaced after the radio 
transreceiver module. The processed data is 
transmitted by the omnidirectional antenna system.  
Thus wireless sensor nodes constitute the key 
elements in a wireless sensor network (WSN) [5].  
Sensing, processing, and communication take place 
through node. It stores and executes the 
communication protocols and the data-processing 
algorithms. The quality, size and frequency of the 
sensed data that can be extracted from the network 
are influenced by the physical resources available to 
the node. [2] 
 

 
Figure 2. Block Diagram of WSN Mote 

 
Details of SPV System to be Monitored:- 
In SPV system twelve solar panels are connected in 
two rows, six-six panels connected in series for each 
row, to generate the DC Power. 
 
Solar Photovoltaic Specification:-   
- Total output power to be generated by each panel 
= 265 w 
- Open ckt. voltage = 20V to 42 V 
- Short ckt. voltage = 35 V 
- Backup to be given by system in day = 6 Hrs. 
 
Specifications of DAQ System:- 
Health and power generation at the SPV panel is 
monitored through three parameters namely Voltage 
Current & Temperature at SPV pannels. 
 
Data to be acquired for each panel w.r.t. time, is for 
following parameters 
 
- Voltage 
- Current 
- Temperature 
 
Design of Sensor Interface Circuits:-  
For voltage sensing purpose Voltage divider circuit is 
used & for current sensing instrumentation amplifier 
is used. Transducer Integrated circuit LM 35 IC is 
used for temperature sensing purposes. The outputs of 
all these three sensors are in the range of 0 – 5 v dc 

which are interfaced to ADC of mote for further 
processing, through potential divider arrangement. 
Following are different Sensor Interfacing circuits, 
designed and used in the system 
 
Voltage Sense circuit:- 
Proper isolation is required for each panel to get exact 
panel voltage from each panel individually.  
 
The scheme implemented for voltage sensing is 
shown in figure 3. 
 

 
Figure 3: Voltage sense circuit 

 
Current Sense circuit:- 
The hall-effect sensor IC ACS 712 has been used to 
sense current of panel in terms of its corresponding 
voltage. Hall sensor gives better and accurate results 
as compared to traditional current sense resistors. In 
addition to this, provision has been made for hall 
failure, i.e. if hall sensor fails then current will pass 
through shunt resistor and LED will glow which 
would indicate that hall sensor has failed. This acts as 
a protection as maximum current of solar panel is 7.4 
A as specified by the supplier. The typical circuit 
diagram is shown in figure 4. 
 

 

 
Figure 4: Current sense circuit 
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Temperature Sense Circuit:- 
 

 
Figure 5: Temperature Sense Circuit 

 
The typical circuit arrangement used to sense the 
panal temperature is shown in figure 5. The sensor 
gives change of 10mV per degree change in 
temperature. So for the maximum temperature of 
100˚ C, we expect output of 1V. To get output in 0-
5V range, the gain has been adjusted equal to 5. 

 
III. DESIGN OF PROPOSED SETUP 
 
As may be seen, the total SPV system consists of 
twelve panels. Initially it is proposed to monitor six 
panels as a pilot demonstration phase. For a each 
panel, three parameters of solar panel are being 
monitored from time to time. 
Therefore two separate motes, with one mote catering 
to the requirement of 2 panels (6 parameters is 
proposed to be used). These motes are mounted on 
the panel itself in between the two panels. The RF 
output of the motes is taken through suitable RF 
cables to two monopole antennas, mounted 
appropriately on the terrace as shown in the   figure 6. 
 

 
Figure 6. Experimental Set up 

 
Specifications of Monopole Antenna, Mote & RF 
Cable are given below:-  
Micaz motes and Base station module procured from 
memsic are used in the system. The specifications of 
Monopole Antenna, Mote & RF Cable are given 
below. 
Specifications of Motes:- 
- MCU = AT mega  128L 
- Tx–Rx-module=CC2420–Texas Instruments 
(working as per IEEE 802.15.4 Xbee protocol) 

- Power Source = 1.2V NiMH AA Batteries (2 
batteries) 
- Sensor Board  = MDA 100 CB 
- Sensor Node (Mote)  = MPR2400CB 
- Sensor Interface Board = MIB 520 
pecifications of RF Cable:- 
- RG 188 cable (Impedance of 50 Ω) 
 
WSN data is received at the sink node located in the 
PG laboratory on the third floor through similar 
monopole antenna specifically mounted outside the 
window of PG laboratory. The distance between 
transmitting antenna on the terrace & receiving 
antenna near PG lab is approximately 5m. The path 
loss calculation [6] for this RF link between WSN 
motes & sink works out to -54.02 db as shown below. 
The First Order radio Model is used for this purpose 
with propagation factor = 2. 
 
The power received Pr, at a distance R is given by the 
Friss formula 
     Pr = Pt Gt Gr 2/ ( ) 2_______________   (1) 
Where Pt is transmit power & Gt & Gr are the 
transmit & receive antenna gains, resp. 
 
In decibel units, the path loss of a free-space loss link 
is expressed as, 

PL= dB_____________ (2) 

Where ‘  ’ is wavelength corresponding to the 
frequency of the link operation. 
Here, R = 5m, f = 2.4 * 109 Hz,    = 0.125 mt 
Therefore, 

PL= dB 

PL= 54.02 dB 
The power received PR is given by, 

PR = PT + GT - PL + GT dB 
Assuming PT = 1mw = 0 dbm, (As per the data sheet) 

PR = 0 + 0 – 54.02 + 0 dbm 
PR = – 54.02 dbm 

Assuming maximum of 3dB loss in RF cable at either 
end, The minimum received signal strength at the 
base station receiver works out to be  
                               = – 54.02 dbm + (-6 db)  

                                                                                                                 
= - 60.02 dbm 

The received signal strength at the base station 
receiver works out to be = -60.02 dbm which is much 
above the receiver sensitivity of -90dbm specified for 
the base station receiver. 
 
IV. RESULTS & CONCLUSION 
 
Presently six solar panels for the SPV system have 
been installed on the roof of E&TC department 
building of VIIT, Kondhwa. For the above project the 
various sensing sensor interface circuits have been 
designed, fabricated & tested. The WSN components 
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namely motes, antennas, cables have been purchased, 
calibrated & tested. With help of all the components 
entire system is installed as per the above design & 
tested. It is seen that the entire monitoring of SPV DC 
power is possible using computer terminal provided 
in PG laboratory. Data logged from time to time is as 
shown in figure 7. 
 

 
Figure 7. GUI Window of Data Logger 

 
Based on the logged data, the DC power generated at 
each of the six panels is computed and plotted with 
respect to time a typical plot for 12 hours round the 
clock observation period for all the panels separately 
is shown in figure 8 by solid line curve. The Average 
of the panels is shown in the dotted line.  
 

 
Figure 8 Time Vs Power Graph of  SPV System 

 
CONCLUTION 
 
It is possible to monitor accurately the health status & 
power generation of solar panels remotely using 
wireless Sensor Network Technology. It is observed 
that Panels P5 & P6 give considerably less power 
compared to the remaining four panels. The 
installation study of these panels reveals that these 
solar panels are covered by shade of mechanical 
structure provided for panel rotation, which reduces 
light exposure on these panels. 
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