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Abstract—While the electricity power industry in the world 

continues to grow, it also becomes more traceable and smart with 

the developing technology. Naturally, the integration of these 

technologies into the electrical power systems brings with an 

additional cost. Most of the time producers and consumers 

struggle under the pressure of these additional costs and try new 

products that will reduce the cost. In this sense, competitive 

products in the market must be advantageous in terms of cost. In 

this study, an original IoT based transformer monitoring system 

has been developed by using open source software, modular and 

low cost components as an alternative to studies in literature. 

Arduino Mega 2560 microcontroller has been used as the main 

component in the system. The system can acquire data from a 

wide variety of sensors using internal and external transducers. 

And this data can be saved to the cloud system synchronously 

with the memory card on the monitoring system. The developed 

monitoring system has been utilized free and reliable platforms 

such as the ThingSpeak web interface and PushingBox 

Notification application. The all test process of the developed 

monitoring system has been carried out in the laboratory 

environment on a porotype transformer. 

 
Index Terms— Internet of Things, IOT, Lifetime, Monitoring, 

Transformer  

I. INTRODUCTION 

HE CONTINUOUS increase in the world population 

leads to an increase in energy demand. That means an 

additional capacity increase for those existing in electrical 

power systems. One of the most important parts of the energy 

transmission and distribution ring is oil filled transformer and 

affected by these capacity increase [1-3]. For this reason, it is 

very important to monitor the load conditions and operational 

performance of the transformers [4,5]. Also, demand for smart 

grid applications is increasing all over the world with the 

technological development [6-8]. Since the monitoring 

technologies are a sector with high R&D investments, the 

costs of the technologies produced are quite high [9-12]. In 

addition, many different companies develop different 
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monitoring systems in their own area of expertise [13-14]. 

When several monitoring systems are used together, costs can 

be very high. Although low-cost applications are limited in the 

literature, they have become popular. These applications are 

generally focused on monitoring technologies. It is very 

limited in terms of intervention, diagnostics or recognition. In 

a similar application, the current, voltage parameters for the 

distribution transformers were monitored by the ThingSpeak 

web interface [15]. In another study, the data were monitored 

using the low cost ESP8266 wireless module and Arduino 

Uno microcontroller [16] 

In this study, it is aimed to develop a low cost and open 

source monitoring system that can be an alternative to high 

cost monitoring systems in the literature. The main advantage 

of using the open source software of the monitoring system is 

that it allows the user to modify and improve the system 

software. Developed system is based on Internet of Things 

(IoT) and is intended to perform the tasks defined in the 

electronic card. The open source Arduino Mega 2560 

microcontroller developed by Atmel has been used in the 

transformer monitoring system. The Arduino development 

environment (IDE) is based on "Processing" and the Arduino 

programming language is based on "Wiring". The data 

received from the sensors on the transformer can be stored in 

the monitoring system and/or can be sent to the cloud system. 

Also, this data can be monitored via user-defined computers, 

tablets and phones. The monitoring system gives warning and 

informs the operator when the safe operating limit values are 

exceeded. These limit values, which are defined as default in 

accordance with the standard, can be easily updated on 

software in accordance with the information and approval of 

the operator. There are input modules for sensors on the board 

as well as output modules that can perform different tasks. 

In this paper, the components of transformer monitoring 

system have been defined at section 2; the ThingSpeak web 

interface integration has been introduced used for the 

monitoring system at section 3, the PushingBox Notification 

application has been described at section 4, The details of the 

aging and lifecycle monitoring have been presented at section 

5, and the final section contains the conclusions and 

recommendations, respectively. 

II. TRANSFORMER MONITORING SYSTEM DESIGN 

While designing the monitoring system, it has been aimed to 

be fulfilling five key functions. Firstly, it should be possible to 

get the data from the sensors with different input parameters 
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and to perform instant monitoring. Secondly, it should be 

possible to save this data both on its own system and on the 

cloud system. Thirdly, it should be ensured that analytical 

procedures can be performed on the system and the limit 

values related to the measured quantities are identifiable. 

Fourthly, in case of exceeding the limit values specified by the 

operator, he / she must fulfil the warning / information tasks 

and activate the pre-defined output relays. Finally, it has been 

expected to show the aging condition and the remaining 

service life estimation in accordance with the IEEE standard.  

In this context, monitoring system components that can 

perform the specified functions have been determined and a 

general concept scheme has been created as shown in Fig. 1. 

Then, the flow chart of the monitoring system has been 

composed as shown in Fig. 2. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
Fig. 1. Block diagram of transformer monitoring system 

CURRRENT/VOLTAGE OIL LEVEL  

WINDING 

TEMPERATURE 

TOP–OIL 

TEMPERATURE 

BOTTOM-OIL 

TEMPERATURE 

TRANSFORMER ONLINE 

MONITORING 

INTERNET OF THINGS (IOT)                             

BASED CLOUD SYSTEM 

THINGSPEAK 

VISUAL 

INTERFACE 

APPLICATION 

PUSHINGBOX 

MESSAGE 

NOTICE 

APPLICATION 

ENABLE 

OUTPUT UNIT 

PHONE / TABLET / PC  MONITORING 

  

 MONİTORING 

AMBIENT 

TEMPERATURE 
OPTIONAL INPUTS 

(4-20mA) 

227

http://dergipark.gov.tr/bajece


BALKAN JOURNAL OF ELECTRICAL & COMPUTER ENGINEERING,     Vol. 7, No. 3, July 2019                                                 

 

Copyright © BAJECE                                                                ISSN: 2147-284X                                                     http://dergipark.gov.tr/bajece        

 

START 

MONITORING 

SYSTEM 

CONNECTIONS 

WERE MADE? 

WIFI CONNECTION WITH 

NETWORK NAME AND 

PASSWORD 

CONNECTED TO THE 

INTERNET AND SD 

CARD? 

GET AN API ADDRESS IN 

THINGSPEAK AND PUSHINGBOX 

ON-LINE MONITORING 

CYCLES 

READ SENSOR 

DATA 

SENSOR DATA 

RECEIVED? 

IEEE C57. 91-2011 

AGING 

CALCULATION 
ESTIMATION 

REMAINING 

SERVICE LIFE 

WRITE SENSOR DATA 

AND SERVICE LIFE 

INFORMATION TO LCD 

SEND TO THINGSPEAK 

CLOUD SYSTEM 

SAVE SENSOR DATA AND SERVICE 

LIFE INFORMATION TO SD CARD 

IS IT WITHIN THE  

CRITICAL VALUE RANGE 

TRIP RELAY 

ACTIVATED 

PUSHINGBOX DANGER 

WARNING - SEND 

NOTICE MESSAGE 

YES 

NO 

YES 

YES 

YES 

NO 

NO 

HAVE THE LIMIT 

VALUES PASSED? 

YES 

NO 

RED WARNING 

LAMP ACTIVATED 
END 

PUSHINGBOX CRITICAL 

WARNING  - SEND 

NOTICE MESSAGE  

YELLOW 

WARNING LAMP 

ACTIVATED 

NO 

 
Fig. 2. Transformer monitoring system flow-chart 
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The analogue signals accrued from different sensors 

installed on the transformer have been scaled between 0-5V 

using transducer modules. Many parameters with standard 

sensor signals such as temperature (ambient, oil and hot-spot), 

current / voltage, insulation fluid level and so on can be 

defined as input. In this study, the temperature values at 

different points have been obtained by different sensors. The 

best measurement for hot-spot is done with fiber-optic sensors 

[18,19]. However, it is still a disadvantaged option considering 

the cost-benefit relationship [20]. Therefore, K type 

thermocouple with a precision of 0.25 degrees Celsius and 

rapid response time has been preferred for acquiring the 

temperature data from hot-spot. The digital temperature sensor 

DS18B20, manufactured by Dallas, has been used for oil and 

oil. This sensor is a very good option for its compatibility with 

the microcontroller, its ease of use and its resolution of up to 

12 bits. The DHT11 digital sensor is used to measure the 

ambient temperature. This sensor which is capable of 

measuring with a resolution of 8 bits by 2% error margin 

between 0-50 degrees Celsius has been preferred because of 

its low cost and it can also receive the ambient humidity data 

optionally. A magnetic float level sensor has been used to 

measure the oil level. It has been made of heat-resistant 

stainless steel that producing an analogue output of 0-5V. As 

the current sensor, the non-invasive AC SCT-013 model, 

which was developed by YHDC, has been preferred. This 

sensor output is between 0-50 mA and can be used to measure 

AC currents up to a maximum of 100 A. In addition to being 

compatible with microcontroller, it provides ease of use thanks 

to its clamp structure. A simple RC filter has been added to the 

sensor output in order to provide accurate values for the 

measurement results against external interference [21].  
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Fig. 3. Transformer monitoring system and test equipment
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Different parameters which cannot be taken as data in this 

study can be included with expansion modules in the 

following periods. In order to integrate sensors with a 4-20mA 

output to the monitoring system, an analogue transducer 

module from 0 to 5V has been used.  

The mini SD card module has been used with the RTC-

DS3231 module in order to store the data received from the 

transformer with date and time information. The RTC-DS3231 

module supports the I2C communication protocol. The 

ESP8266-07 series has been chosen as a Wi-Fi module for 

wireless transmission of sensor data to the cloud. This module 

has low power consumption and low cost. It also has a built-in 

antenna and supports the TCP / IP protocol. With this module 

that supports the Internet of Things (IOT), the data received 

from the sensors have been easily transferred to the 

ThingSpeak web interface. Also, the measured parameters of 

the transformer can be monitored on the panel of the system 

with the 20x4 LCD display. Yellow and red led, which are 

activated in early warning and emergency situations, have 

been used on the panel. In similar emergency situations, the 

output relays on the panel are also activated in order to 

perform the functions previously defined by the operator 

according to the limit values. In the monitoring system, 50W 

switching power supply with 5V and 12V output and a fuse 

for system safety have been used. The inside of the completed 

panel of the monitoring system has been shown in the Fig. 3.   

III. THE THINGSPEAK WEB INTERFACE 

In recent two decades, with the rapid development of            

internet technology, it has become possible to design different 

monitoring and control systems. One of these technologies is 

the Internet of Things (IoT). This structure is based on the idea 

of collecting, analyzing, making decisions and managing the 

data of the environment in which the objects are located on a 

common platform [22,23]. ThingSpeak is an open IOT 

platform using for real-time monitoring of the data and the 

data accrued from the sensors can be monitored by means of a 

user-defined IP address and ThingSpeak API key [24]. Any 

other user can see or download the data by using ThingSpeak 

at any location, if the system operator uses the public IP 

address. The user can also add location information. 

In this study, 2 API addresses have been defined in 

ThingSpeak interface as shown in Fig. 4. These have been 

used for transformer online monitoring system Fig. 5. The 

transformer online monitoring system interface shows real-

time winding (hot-spot) temperature, oil bottom, top-oil and 

ambient temperatures, oil level and current data from the 

sensors. It is observed that the ambient temperature is constant 

in the test environment. When the transformer load is 

increased in a controlled manner, it is seen that the winding 

temperature increases with the current. Increased winding 

temperature increases the aging factor. The aging condition 

and the remaining service life estimation have been calculated 

by reference to the hot spot temperature. At the oil level, there 

was no change during the test. The data accrued from the 

sensors and then calculated parameter changes have been 

shown in the ThingSpeak Graphical Interface.  Fig. 6 shows 

that the same data can also be accessed via the mobile device. 

In this way, the system is constantly under the control of the 

operator. 

 

 
Fig. 4. ThingSpeak web interface 
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Fig. 5. ThingSpeak sensor data graphical interfaces 

 

 
Fig. 6. ThingSpeak mobile interface 

IV. PUSHINGBOX NOTIFICATION SERVICE 

PushingBox is defined as a cloud that runs with the Internet 

of Things (IoT) and can send many real time notifications like 

e-mail, tweet based on API calls  [25, 26]. This free platform 

supports working with the ESP8266 Wi-Fi module. In this 

way, if any data received from the sensors exceed the critical 

values, the notification message can be sent to the computer 

and/or android device with this application. The warning 

notifications have been tested by deliberately exceeding the 

limit values, within the scope of this study.  For this purpose, 

an API address has been defined in order to receive 

notification from PushingBox. Then different notification 

scenarios have been created with this API address. Fig. 7 show 

images of PushingBox interfaces. 

V. THE REMAINING SERVICE LIFE ESTIMATION DISCUSSIONS 

The loss of life calculation and the remaining service life 

estimation require analytical processing in the monitoring 

system. According to IEEE-C57.91-2011 standards, the loss of 

life calculations has been performed with reference to the hot-

spot temperature in windings [27]. According to the relevant 

standards, the service life of the transformer in the case of 

nominal operation is 20.55 years [28,29]. However, it is 

known that the service life of transformers varies with 

changing load conditions [30,31]. The main reason is that the 

temperature values in the windings are variable due to the heat 

loss according to the loading conditions. Since the loading 

information and the temperature parameters can be received 

via the monitoring system, it can be performed aging 

calculations at high resolution as shown in Fig.8. In the 

meanwhile, the remaining service life of the transformer can 

also be estimated using the linear approach. 
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Fig. 7. PushingBox API addresses 

 

 

      
     
   

   
     

       
 
 

sn dk

. 
yıl 

    
                

   

 

 
Fig. 8. Remaining service life estimation process 

Where, FAA refers to the loss of life at a certain 

temperature and HST refers to the hot spot temperature. RTk 

is remaining service life value, k is year index, Lyk is refers to 

the total loss of life coefficient up to k year. The average of 

the total data obtained from the second period is taken as a 

single value to the period of minutes. Likewise, the average of 

the sum of the data obtained from the minute period is shifted 

to the hourly period. In this way, the loss of life calculated in 

seconds can be calculated by adding the loss of life in the 

annual period. In this way, the loss of life calculated in 

seconds is carried in high resolution up to years. The instant 

aging acceleration factor, the total loss of life and the 

remaining service life estimation values can be shown on the 

LCD display with monitoring system. Similar information can 

also be displayed as graphical form within the ThingSpeak 

interface like in Fig. 9. 
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Fig. 9. ThingSpeak service life monitoring 

 

VI. CONCLUSION 

In this study, an original IoT based monitoring system has 

been developed by using open source software, modular and 

low cost components. With this system, data can be acquired 

from different sensors and can be monitored in various 

environments such as LCD display, computer, mobile phones, 

and tablets continuously. For this purpose, the ThingSpeak 

platform free web interface supporting the Internet of Things 

(IoT) technology has been integrated into the system. In 

addition, the PushingBox application, which supports IoT 

technology, can send warning messages without additional 

hardware and cost. The developed system is capable of 

performing service life monitoring by using aging equations 

given in IEEE-C57.91-2011 standards according to change of 

HST point depending on the loading conditions of 

transformer. Although the developed system has been 

designed to monitor a transformer, it is possible to monitor the 

units in a number of different locations at the same time as 

replicating similar monitoring platforms. The developed 

system has been tested on a prototype transformer. It was 

observed that the data collection, calculation operations and 

output signals according to the limit values, service life 

management, recording operations and warning systems were 

working without error. As a result, this system provides a low-

cost alternative to high-cost professional monitoring systems. 
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