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Abstract- Smart grid is a very important concept that optimizes and improves the reliability of power transmission systems. 
The smart grid is required to be more aware of its operative conditions and should have at least some degree of self-healing 
capability. This dissertation discusses the condition monitoring & communication technologies of HV equipment in smart 
grid. The development status of condition monitoring technologies in substation, conversion substation, and transmission 
line are introduced. To solve the problems of condition monitoring systems of power systems, and develop the technologies 
of condition monitoring in smart grid, the intelligent sensor networks, communication network with  IEC 61850 protocol for 
condition monitoring of HV equipment’s in smart grid are proposed. This will help to communicate monitored parameters 
like Voltage, current, power, winding temperature & Oil temperature, DGA etc. on continuous basis for enhancement of 
Smart grid operation of system.   
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I. INTRODUCTION  
  
Our nation’s electric power infrastructure that has 
served us so well for so long also known as “the grid” 
–is rapidly running up against its limitations. Our 
lights may be on, but systemically, the risks 
associated with relying on an often overtaxed grid 
grow in size, scale and complexity every day. From 
national challenges like power system security to 
those global in nature such as climate change, our 
near-term agenda is formidable. Some might even say 
history making. Fortunately, we have a way forward.  
 
There is growing agreement among federal and state 
policymakers, business leaders, and other key 
stakeholders, around the idea that a Smart Grid is not 
only needed but well within reach. 
 
[2]-[3]Smart substations that include monitoring and 
control of critical and non-critical operational data 
such as power factor performance, breaker, 
transformer and battery status, security, etc.   Smart 
distribution that is self-healing, self-balancing and 
self-optimizing including superconducting cables for 
long distance transmission, and automated monitoring 
and analysis tools capable of detecting or even 
predicting cable and failures based on real-time data 
about weather, outage history, etc.  
 
[4],[5],[6],[7]Integrated Communications include data 
acquisition, protection, and control, and enable users 
to interact with intelligent electronic devices in an 
integrated system.  Sensing and Measurement 
technologies support acquiring data to evaluate the 
health and integrity of the grid and support automatic 
meter reading, elimination of billing estimates, and 
prevent energy theft.    Advanced Components are 
used to determine the electrical behaviour of the grid 
and can be applied in either standalone applications  
 

 
or connected together to create complex systems such 
as micro grids. The success, availability, and 
affordability of these components will be based on 
fundamental research and development (R&D) gains 
in power electronics, superconductivity, materials, 
chemistry, and microelectronics.  Advanced Control 
Methods are the devices and algorithms that will 
analyse, diagnose, and predict grid conditions and 
autonomously take appropriate corrective actions to 
eliminate, mitigate,and prevent outages and power 
quality disturbances. Improved Interfaces and 
Decision Support convert complex power-system 
data into information that can be easily understood by 
grid operators. 
 
[8] A smart grid automatically detects and responds 
to routine problems and  quickly recovers if they 
occur minimizing  downtime  and financial loss.   
Motivates and Includes the Consumer A smart grid 
gives all consumers - industrial, commercial, and 
residential - visibility into real-time pricing, and 
affords them the opportunity to choose the volume of 
consumption and price that best suits their needs.     
 
A smart grid provides power free of sags, spikes, 
disturbances and interruptions. It is suitable for use 
by the data canters, computers, electronics and 
robotic manufacturing that will power our future 
economy.  It enables Markets By providing 
consistently dependable coast-to-coast operation, a 
smart grid supports energy markets that encourage 
both investment and innovation. Optimizes Assets 
and Operates Efficiently A smart grid enables us to 
build less new infrastructure, transmit more power 
through existing systems, and thereby spend less to 
operate and maintain the grid.  [9] The substation 
SCADA system adopts the hierarchical distributed 
architecture shown as Fig.1.1, according to the 
vertical can divided into three layers: the interval 
layer, the communication layer, and the control layer.  
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Figure1.1 The overall framework of the diagram for the 

substation SCADA [9] 
 
The main components of automation for the interval 
layer are a variety of monitoring devices and 
communication buses.   
One of the main preoccupations of the next 
generation power network, i.e. the smart grid, is 
improving the reliability of the power network. In 
order to achieve that, monitoring and control 
applications play an important role, in particular at a 
substation’s level. Using a wireless sensor and 
actuator network is an attractive option for these 
applications. However, what is missing so far is that 
information collection should be complemented with 
the ability to transform significant data into actions in 
a decentralized manner [10]- [11]. To realize the 
condition based maintenance and meet the 
development of the smart grid, the state grid  is 
building a fully covered online monitoring system, 
from transmission  equipment and/or transformation 
equipment to substation, substation to municipal 
utilities, municipal utilities to provincial utilities, 
provincial utilities to state grid corporation of 
Maharashtra.  The development status of condition 
monitoring technologies in substation, conversion 
substation, and transmission line are introduced. To 
solve the problems of condition monitoring systems 
of power systems, and develop the technologies of 
condition monitoring in smart  grid, the intelligent 
sensor networks, communication network with IEC 
61850 protocol for condition monitoring of HV 
equipment’s in smart grid are proposed. At last, the 
intelligent sensors, intelligent electronic device, the 
non-contact energy storage and power management 
module are introduced. This possibility is an 
interesting field for future research.  
  
II. FUTURE SCOPE OF WORK  
 
The aim of this research work is the construction of 
the fully covered and unified condition monitoring 
system combined with the monitoring technology and 
effective management, further to improve the 
surveillance of the running equipment, condition 

evaluation, diagnosis methods, maintenance policy 
making and asset management etc. Parameters like 
Voltage, Current, Power, Temperature, DGA 
monitoring is a conventional method to analyze 
transformer condition and substation loading 
condition. For this conventional system data 
accumulation is an important part for load flow 
analysis and thus improved communication and data 
collection with online monitoring is a proposed 
scheme of seminar work. Online monitored data 
interfacing with accessible point is a heart of the 
seminar work. This can be carried out with the help 
of GSM Module which will minimize loss of data 
while transmission as wireless transmission is scope 
of work.  In some cases wired communication is 
either more expensive or impossible due to physical 
conditions and human hazards;  hence the wireless  
communication is used. Wireless technologies should 
provide the same type and quality of services to 
industrial users as the traditional, wired technology 
do.  Also, wireless technologies have more 
advantages. Hence scope of work is to assure data 
transmission and communication through wireless 
technology.  
 
III. METHODOLOGY  
 
Proposed System Architecture  
  
Existing SCADA system implemented in substations 
have limitations like data transmission failure due to 
breakage of fibre optic cable, no communication of 
DGA monitored data on SCADA due to length of 
cable required up to communication port, data 
accessibility problem, etc. Thus to overcome such 
problems faced by utility scheme is proposed to 
provide user friendly and easy access of substation 
data through web server using GSM  module.  In  
proposed scheme, substation equipment’s consisting    
two number of diesel generators, Interconnecting 
transformers are considered for monitoring of 
parameters which are going to be transmitted as data. 
Block diagram of proposed substation monitoring 
system will be as shown in fig. 3.1   
  

Figure 3.1 Proposed System Architecture 
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Access from Remote Locations  
Wireless-GSM Module based monitoring system for 
Substation monitoring could be used as it has many 
advantages when compared to other technologies. 
Data transmission is possible with the help of GSM 
module which will enable user to access the data 
from any location to anywhere whenever required. 
Once data is available at GSM Module, one can 
extract required data from Computer or Mobile or 
Tablet PC as this data will be sent to Web server 
which will be designed for the same only. Remote 
location access is as shown in figure 3.2. Android 
application can also be designed to access data from 
mobile where security will exist by providing user 
login and password.  
  

 
Figure 3.2 Remote locations Monitoring System 

  

 
Figure3.3 Substation Monitoring System 

 
Monitoring system will be consisting  of an Analogue 
to digital converter to convert data like voltage and 
current available from current transformers and 
potential transformers. Then for  temperature sensing 
PT100 are provided in transformers, DGA monitoring 
sensors provide data regarding gases which is 
supposed to be available on SCADA by 

communication. All these functions can be executed 
by using monitoring system as shown in figure3.3. In 
proposed monitoring system, parameters supposed to 
be monitored are  
1) Voltage     
2) Current      
3) Power    
4) Oil Temperature  
5) Winding Temperature     
6) DGA- Two gas monitoring  
  
Hardware  
The system consist of a monitoring system as shown 
in figure  3.3 which include hardware’s like energy 
measurement IC ADE 7758 for measuring parameters 
like voltage, current, power, microcontroller 
PIC18F4550 for data collection and storage for 
interfacing of same with SIM900 GSM Module. This 
GSM module enable data transfer to the web server 
for further access.   
  
ADE7758 Poly Phase Multifunction Energy Metering 
IC with Per Phase Information  
  
The ADE7758 is a high accuracy, 3-phase electrical 
energy measurement IC with a serial interface and 
two pulse outputs. The ADE7758incorporates 
second-order Σ-Δ ADCs, a digital integrator, 
reference circuitry, a temperature sensor, and all the  
signal processing required to perform active, reactive, 
and  apparent energy measurement and rms 
calculations.  The ADE7758  is suitable to measure 
active, reactive, and apparent energy in various 3-
phase configurations, such as WYE or DELTA 
services, with both three and four wires. The 
ADE7758provides system calibration features for 
each phase, that is, rms offset correction, phase 
calibration, and power calibration. The APCF logic 
output gives active power information, and the 
VARCF logic output provides instantaneous reactive 
or apparent power information.  
  

 



Enhancing Smart Grid Operation By GSM Based Substation Monitoring 

Proceedings of 15th IRF International Conference, 28th June 2015, Bengaluru, India, ISBN: 978-93-85465-45-1 

91 

Figure3.4 Functional Block Diagram of ADE7758 PIC18F4550 

 
Figure 3.5 PIN diagram of PIC18F4550 

 
28/40/44-Pin, High-Performance, Enhanced Flash, 
and USB Microcontrollers with nano Watt 
Technology. All of the devices in the 
PIC18F2455/2550/4455/4550 family incorporate a 
range of features that can significantly reduce power 
consumption during operation.  
  
SIM900  
The SIM900 is a complete Quad-band GSM/GPRS 
solution in a SMT module which can be embedded in 
the customer applications.  Featuring an industry-
standard interface, the SIM900 delivers GSM/GPRS 
850/900/1800/1900MHz performance for voice,  
SMS, Data, and Fax in a small form factor and with 
low power consumption. With a tiny configuration of 
24mm x 24mm x 3 mm, SIM900 can fit almost all the 
space requirements in your M2M application, 
especially for slim and compact demand of design.   

 SIM900 is designed with a very powerful 
single-chip processor integrating   

 AMR926EJ-S core   
 Quad  -  band GSM/GPRS module with a 

size of 24mmx24mmx3mm   
 SMT type suit for customer application   
 An embedded Powerful TCP/IP protocol 

stack Based upon mature and field-proven 
platform, backed up by our support service, 
from definition to design and production  

  
 Online Dissolved Gas Analyzer  
Analysis  of  the  gases  dissolved  in  power  
transformer  oil  is  recognized  as  the  most  useful  
tool  for early  detection   and  diagnosis  of  incipient  
faults  in  transformers.  In addition, water 
contamination deteriorates the performance of the oil 
as high moisture content increases the risk of 
corrosion and overheating. This is in particular when 
the water content reaches the saturation point of the 
oil and free water is formed. Besides regular gas 

chromatographic analysis and off-line moisture 
analysis of the insulation oil of power transformers, 
online monitoring systems gain more and more 
importance worldwide.  
The REG-DGA HC 03 is a preventive maintenance 
device that is permanently mounted on the 
transformer.  It measures continuously the most 
important fault  gases  in  a  power  transformer,  
Hydrogen  (H2),  Carbon  Monoxide  (CO) and 
Moisture (H2O). Additionally, it serves for recording 
the fault gas contents, allows alarm levels to be set 
for each fault gas and moisture content and offers 
output interfaces (4-20mA) individually for H2, CO 
and H2O content. By  online  monitoring  of  the  key  
fault  gases  like  Hydrogen  (H2),  Carbon  
Monoxide (CO) and Moisture (H2O), an additional 
potential of cost reductions and safety improvements 
can be achieved.  
 
Key Advantages:  

 Individual analysis of the dissolved gas 
contents hydrogen (H2) and carbon 
monoxide (CO) Analysis of moisture (H2O) 
dissolved in transformer oil (both relative 
humidity in % and absolute humidity in 
ppm) Simple, lightweight and easy-to-mount 
solution on any valve on the transformer 
(NPT 1½)  

 Installation on the operational transformer 
without any supply interruption 

 Sophisticated graphical-oriented software 
(on the device and via PC)  

 Various communication interfaces (RS 232, 
RS 485, and MODBUS, integrated GSM- 
and analogue modem)  

 Maintenance-free system  
  
CONCLUSION  
 
The proposed system may prove to be  useful to carry 
out wireless monitoring of substation which will 
reduce cost of operation and maintenance.  The 
performance of the transformer can be recorded and 
proactive approach can be considered for prediction 
of pre fault condition,  in case of fault condition the 
protection may also be included.  The proposed 
system could be cost effective as compared to 
conventional systems.  
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