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Abstract— Knowing the status of variable parameters in a power 

distribution system is of paramount importance especially to the 

power supply utilities since it can allow them to act proficiently 

when the need arises. The design and development of a real time 

IoT based voltage monitoring system for pole mount distribution 

transformer has been addressed in this paper. The established 

device has the capabilities of sensing, measuring and monitoring 

phase to neutral voltages for distribution transformer output and 

also the locality of the transformer. Accordingly, it has a smart 

sensing unit that detects under voltage, over voltage and power 

outage. Furthermore, Sigfox network for data transmission to 

Azure cloud for visualizations and analysis has been employed in 

the establishment of the complete system. The developed 

prototype was extensively tested and experimental results have 

been compared with the convectional measuring devices. The 

results confirm the practical applicability of the designed system 

device. Implementations of this device in the power distribution 

network can greatly improve on system reliability since voltage 

fluctuations can be monitored effectively on real time.  

Keywords— Internet of Things (IoT), voltage monitoring, SigFox, 

Azure Cloud, distribution transformer   

I. INTRODUCTION  

With the voluminous expansion in technology, equipment 
and instruments, our daily life is effectually attached to the 
internet. This has led to the massive use of the Internet of 
Things (IoT) in different fields. Consequently, IoT promotes 
interconnectivity of different objects that are provided with 
different identifiers and the ability to transfer data over the 
network without requiring human to human or human to 
machine interaction [1]. It will be useful to apply IoT in remote 
monitoring and control of machines as this will enable user 
accessibility from any place. Implementation of IoT in power 
grid can facilitates access to real-time data of the power 
system. This data enables the supply utility operator to monitor 
and analyse different equipment operation or the whole system 
such that the real-time decisions are effected for the betterment 
and reliability of the system [2].  

In variety of literature, researchers have explored the 
applicability of IoT in various aspects. In [3], IoT is applied for 
a smart grid application to access real-time data for 
transformers. While in [4], a set of sensors are implemented at 
a power substation with IoT platform. Furthermore, [5] 
introduces a low-cost energy monitoring and control system 
using IoT devices. In [6], an IoT-based solution for home 
power energy monitoring is performed. Theft of electricity has 

been addressed by building an IoT based power theft detection 
and monitoring system using WIFI technology [7]. In addition, 
other solutions using either, WIFI, GSM, Bluetooth and 
SCADA technologies to address the problem of a power  
monitoring and outage have been addressed in [8]-[9]. Zig Bee 
technique has been implemented in power monitoring systems 
[10], [11], whilst an Arduino based system is established in 
[12], [13]. Additionally, a smart  monitoring system centered 
on wireless sensor networks is reported in [14], whereas in 
[15], a Raspberry Pi IoT based real time energy monitoring 
system was established. However, most of these technologies 
and systems addresses switch gear equipment, power meters or 
the primary side of distribution transformers. Consequently, the 
remote located pole mount transformers have been overlooked 
in addressing systems that involved IoT technology.  

The distribution transformer has a direct link with the end 
user, thus power flow to consumers is relayed upon this 
equipment. Failure of this equipment will lead to disruption of 
power supply to the end user. There have been some challenges 
about relaying the information to the power supply 
organizations whenever there is power outage, low voltage or 
overvoltage on the consumer side. Thus, most of the 
information is relayed to the supply through calls from affected 
consumers about power status. As the operation of power 
systems is extremely time-critical, low-latency communication 
needs to be considered for most control and monitoring 
applications. Thus, to effectively assess the performance of the 
power system network, pole mounted distribution transformers 
need to be monitored such that cases of power outages or 
fluctuations can be realized quickly. Consequently, system 
operators can use the real-time monitoring system to provide 
better decisions for both technical and financial-related matters. 
Therefore, the focal point of this paper is to establish an IoT 
based system for pole mount distribution transformer 
secondary side voltage monitoring system with an aid of 
Sigfox wireless communication network. The system will also 
have the ability to map the location of the transformer.  

The first section has highlighted the background need for 
voltage monitoring. The second portion entails the 
methodology and procedures implemented in achieving the 
results. The last two portions deals with validation through 
experimentation data and conclusion.  

II. METHODOLOGY 
The functionality of a distributed transformer is guided by 

variety of attributes. In this paper, the output voltage 
parameter was the focal point. Additionally, the location of the 
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target transformer was also highlighted. Thus, the major data 
parameters collected are; voltage and device ID with hand-
coded device location. With voltage specific location, 
different insights on voltage status and specific equipment 
location can be drawn. Similar data is sent to Sigfox-backend 
and then in the Azure Cloud computing platform for 
visualization and analysis. Fig. 1 illustrates a typical block 
diagram whereas, Fig. 2 represents data pipeline diagram for 
the proposed system. 

 
Fig. 1: System block diagram 

 

Fig. 2: Data pipeline 

Online Voltage Sensing and Measurement Circuit 

Voltage sensor circuit connected to a pole-mounted 

distribution transformer measures the secondary output 

voltage readings. The voltage value levels read by the sensor 

is used to determine whether the supplied voltage is over 

voltage or under voltage or no voltage. The designed voltage 

circuit has the capabilities of sensing and measure voltages 

ranging between 0 to 400V AC phase to neutral voltages. 

Although this voltage rarely occurs, the need to monitor up to 

this value is to capture voltage spikes and give the device wide 

range of applications and to enhance stability and sensitivity 

of the device. The single-phase voltage sensing circuit consist 

of voltage rectification-bridge, the voltage divider circuit and 

the signal condition circuit as depicted in Fig. 3. The designed 

circuit was developed in KiCad platform as articulated in Fig. 

4 for PCB design circuit before the circuit was etched. After 

etching, the set components were assembled on the PCB board 

and tested using a variable voltage source to check the 

functionality of the circuit. 

 

Fig. 4: KiCad PCB design circuit  

 
Fig. 3: Designed single phase voltage sensing circuit

Fig. 5 shows the overall communication flow of data from 

voltage sensor to IoT central. The measurements recorded are 

transmitted to Sigfox cloud; hence communication was 

established between the device and Sigfox-backend IoT 

platform. This part was subdivided into two main sub-

sections, Sigfox-backend and microcontroller configurations 
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and Azure cloud. Data parameters, voltage of red phase, blue 

phase, yellow phase and device ID containing the location are 

sent in the backed as a payload data. This data is decoded. 

Sigfox messages are small and optimized for sensors, as they 

require only a small amount of power. 

 

Fig. 5: Overall Communication flow line 

 

An HTTP POST request was established in the Sigfox backed 

to send the data through the device bridge to IoT central 

application using custom call-back. A custom-made web 

application for visualization, data observation, creation of 

alerts through logic apps and set rules for the same alerts was 

centred on Azure cloud. It also helps in storage of the gathered 

data in databases. In Azure cloud, a resource group was 

created which contains IoT central application, logic apps, 

function app and provided a platform of integrating power 

automate which contains the SMS notification capabilities in 

configuration. Using the Twilio application, messages 

concerning the voltage status and the location ID was send 

through SMS to mobile applications. The location ID is in 

terms of coordinates in which the device is located thus, the 

transformer location, also the status of voltage that triggers 

SMS transfer is either undervoltage or overvoltage.  

      The MKR FOX 1200, a low power device that enhances 

Sigfox connectivity was programmed using Arduino IDE. 

This was done by reading raw values of the voltage sensor 

output voltage. After reading the analogue values, the 

corresponding values were mapped to indicate conforming AC 

input voltage. The mapped value was sent to Sigfox-backend 

by the MKR FOX 1200 device. The assembled complete 

device for sensing circuit and communication network is 

depicted in Fig. 6. 

III. RESULTS AND DISCUSSIONS 

To assess the applicability of the established online voltage 
monitoring system, some experiments were done using a 
variable three phase supply. The system was able to evaluate 
per phase system as the connections was phase to neutral 
connections. However, a phase-to-phase scenario was not 
addressed in this paper. In Fig. 7, the presentation of the 

needed input voltage to the microcontroller and the mapped 
AC voltage is outline. 

 
Fig. 6: Voltage monitoring system prototype 

 
Fig. 7: Controller input- Voltage sensor simulation and 

prototype results 

A comparison was done for the results of the simulated design 

to the actual output of the designed system. The input voltage 

to the controller is the one used to map the actual voltage for 

visualization. It is observed that there is minor variance 

between the simulation results compared to protype results. 

The protype shows some deviation in the negative direction, 

this might be due to some active components in the circuit. 

The graph of AC input voltage against voltage sensor output 

gives a linear, continuous and constant gradient which can be 
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used to calculate the voltage output the designed system. For 

illustration, if 220V is fed in the voltage sensor, it will be 

rectified to dc and passed through voltage divider circuit. The 

output is obtained from R4 is 0.39V. Using equation 1, 

                         ��� �
��

�����������
	 �
�                 [1] 

 

��� �  
2200

1� � 10� � 10� � 2.2�
 � 221 � 0.44� 

 

This 0.44V includes some AC components which are filtered 

using ceramic and electrolytic capacitors and the DC voltage 

stabilises to 0.39V. The voltage is then passed through the 

amplifier with a gain of 3.35, thus the output voltage becomes 

1.30V. When this voltage is fed into the microcontroller, it is 

mapped to integer values between 0-1023 (0-5V). The 1.30V 

input in the microcontroller will be mapped to the integer 

value 266. This value is then multiplied by a constant value of 

0.8308270676691729 which will give 221V. This value is 

then sent to Sigfox back-end. Henceforth, in Fig. 8, a 

comparison of the measured values (Fluke Multi-meter) from 

the variable three-phase supply and those of the protype are 

highlighted.  

 

Fig. 8: Measured AC voltage and prototype measured values 

The voltage measured on the offline meter was comparable to 

equivalent voltage sent to Sigfox backend and injected on 

azure cloud for visualization, analysis. The error difference 

between the Fluke meter values and the protype was very 

minimal, showing the proposed design’s capabilities of 

measuring and sending the correct voltage values. Fig. 9 

shows a snippet of incoming single-phase voltage decoded 

data in Sigfox-backend from MKR-FOX 1200 device showing 

a normal voltage of 237V, AC. This indicates successful 

transmission of data from device to Sigfox backend. 

 

Fig. 9: Transmitted Normal Voltage 

Visualization of voltage data in IoT central dashboard 

IoT central application provides a smart platform of making 

custom dashboards. Fig. 10 shows the voltage data in IoT 

central dashboard. This data visualization was realised after a 

period of time in which in some different intervals the voltage 

was varied so as to check the ability of the device to detect 

voltage variation and also whether proper data transmission is 

realised. Last known values are easier to check on the 

dashboard since it helps see the exact incoming value. The 

visualization helps check the actual and behaviour of voltage 

trending over time. 

Dashboard allows creation of tiles for easier visualization to 

draw insights on the states of the voltage in the system. It 

shows variation of voltage in time. The data can be 

downloaded in CSV file which can be analysed and used in 

machine learning models which can be applied for future 

predictive maintenance of the power system entities and to 

give insights in the system installations. For easier 

visualization and easier user interactions, different tiles are 

created in the IoT central application. A scenario of under 

voltage was triggered so as to test the mail and SMS 

functionality and the systems was successful as messages were 

send as depicted in Fig 11 and 12, respectively. The 

notification also indicates the voltage level, device ID and the 

location coordinates where the device was located. 

 

Fig. 11: Notification of under voltage 
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Fig. 10:  Voltage data visualization in IOT central dashboard 

 

 

Fig 12: SMS notification 

IV. CONCLUSIONS 

In this paper, an online voltage sensing and measurement 
system aided by SigFox platform for remote visualization was 
established. The developed prototype was tested using a 
variable three-phase supply and it was observed that the 
system was able to measure and transmit voltage values in real 
time. However, it was noted that there was a little delay of 
some 2 seconds in notification when an undervoltage or power 
outage was triggered. However, the delay was not a cause of 
concern since it was not too long. This system would be 
helpful in realizing the day-to-day voltage pattern of 
designated pole mount transformer especially for high density 
residential areas in which transformers might be stressed in 
terms of loading leading to voltage fluctuations. Additionally, 
power providers will be able to know when there is a power 
outage or voltage fluctuations and be able to make effective 
decisions, thereby reduces monitory losses. Measurement of 
voltage and current could draw more insights in the power 
consumption rate and this could be used to predict power 
consumption in future if machine learning models are 
explored so as to detect anomalies, thus further studies will 
focus on this notion.  
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