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Abstract— In today's world excessive energy consumption is 
a major problem. The root of these problems are people's need 
for energy. Our project aim is to encourage them to be more 
energy-conscious with built-in facilities made by us. We have 
implemented electronics, for the reason to monitor the usage of 
energy, as well as a tool that allows us to stay in the same energy 
consumption, on an average level, so to speak. A sudden increase 
in energy consumption is unfavorable to the user as much as to 
the provider. The information produced by the hardware can be 
observed on any of our platforms (Android, iOS, Windows 
Phone, Windows, Linux, Mac, etc) or without using any of these, 
through the device's display. Our project''s speciality is that we 
could implement the machine without disrupting the existing 
electronic network and doing major transformations to the 
system. Also, we can expand the structure with further modules 
that would stabilize the utilization of energy.  Our layout is 
primarily for small industrial adaption. In the course of our work 
we would like to expand describing the device's operating 
principle, architecture and applied technologies that we have 
programmed or used in the software's making. 

Keywords— energetics, embedded systems, informatics, 
android, web 

I. THE PROBLEM 

The existing problem is the monthly bill and it's settlement 
provided by energy suppliers. This occurs because of the sparse 
information they let you see. Indeed, the current accounting 
method does not provide insight into momentarily, daily, or 
weekly consumption statistics. With this information it can't be 
determined in advance, for instance by the end of the month, 
how much our cost is going to be, how much an expected 
amount of energy is being consumed or what is the maximum 
power consumption value. This rate represents the value 
specified in the contract for small-scale environment or 
industry, in which the consumptive exceeded the energy 
suppliers. This action require's the user to pay a surcharge. The 
service is provided by electric meter that can not reproduce 
these data in detail to users, so the consumer cannot plan and 
control their power expenditure[1]. 

II. MOTIVATION 

The aim of the project is to be able to provide the user with 
the data that we have implemented into our compact and low-
cost electronic equipment. These data are processed, so it is 
easily verifiable with the written software to proportionate its 
energy consumption and avoid for the maximum to be 
exceeded. Thus, the user can be exempted from the obligation 
to pay the surcharge. 

 
Fig. 1. The scheme of the project 

Fig1. illustrates the operating principle of the device and its 
connection between the devices in this block diagram. The one-
way arrows symbolize one-way communication, and two-way 
arrows back and forth communication (client-server), 
connection. The numbers within the arrows are the ones that 
provide explanation of that communication. 

The amperage's and microcontroller's contact 

Through the amperage's measuring output conduits, 
amperage is flowing in the form of voltage that is connected to 
the microcontroller's analog. In the end the microcontroller 
processes this analog signal and calculates the current 
measured voltag  

Contact between the microcontroller and the voltage 
measurer 

The voltage meter is converting high voltage proportion to 
the microcontroller level, which is around 0-5V. The power 
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meter is connected to the microcontroller and the analog input. 
The analog signal is using the computer to obtain the real 
power of the network. 

Communication between the microcontroller and 
microcomputer 

The microcontroller transmits the processed data to the 
serial port of the microcomputer by serial communication, 
which receives the value and result. The communication speed 
is 9600 baud/s. The microcomputer organizes this information 
into a database. 

The relationship between the microcomputer and display 

The microcomputer displays the processed data ( 
momentarily /daily / weekly / monthly utilization) in the 
display. The display is connected to the terminals of the 
microcomputer's GPIO. 

Communication between the microcomputer and the Web 
client 

The microcomputer operates as a web server and serves as 
a web client. The data from the database is transferred to the 
client as JSON. 

Communication between the microcomputer and the 
mobile application 

This communication is the same as the Web 
communication, but instead of the web client, in our case an 
Android or iOS app would accept data in the JSON format. 

A. Amperage measurment 

Since it was important to avoid illegal and significant 
changes to existing power grids, we selected sensors that can 
measure the current amperage without physical contact. The 
choice fell 013-000 SCT-type induction meter [2]. 

 

 
Fig. 2. AC current censor 

 
Fig. 3. Sizes of AC current sensor 

 
Fig. 4. Characteristics of AC current sensor 

The principle of the sensor is based on electromagnetic 
induction which is displayed around the wire, that converts it to 
a proportional voltage, through a transformer and transformer 
circuit. The given voltage can be easily handled and it can 
calculate the electricity through the cable. Due to the 
characteristics of this sensor, it would be able to operate the 
device even under industrial conditions [3] since we could 
measure each phase of electricity of 100A. 

 
Fig. 5. Schematic of current measurement 

As shown in the schematic, the transformer, which 
transforms the networks voltage to a measurable value, which 
is connected to the primary coil, that appears in the secondary 
reel. The secondary coil sine signal's center is shifted by the 
circuit with -2.5V, because the microcontroller is only able to 
convert the analog signal to digital range of 0V and 5V. Thus, 
the minimum sine signal will fall into positive territory, while 
the maximum is not more than 5V. This offset is corrected by 
software and will be described in detail later on. 

B. Voltage measurment 

The voltage measurement is the only intervention, where 
contact is needed with the circuit, however it is not a major 
problem, because ideally, each voltage meter has infinite 
internal resistor. We used a transformer and associated 
electronics for measuring voltage. 

 
Fig. 6. Schematic of voltage measurement 
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The supply voltage connected to the primary winding of the 
transformer shown in Fig four transforms it into a measurable 
value, which appears on the secondary coil. The secondary 
reel's center of sine signal is displayed on the circuit that shifts 
it -2.5V, because according to the microcontroller, it is only 
able to convert the analog signal into a digital one, in the range 
of 0V and 5V. Thus, the sine signal's minimum will get  
positive fall, and its maximum will not be more than 5V. This 
offset is corrected by software, which will be described in 
detail later. 

C. Microcontroller 

Our choice has fallen to a Atmel ATmega328 [4] 
microcontroller, which has a sufficient capability for this task. 

 
Fig. 7. Atmel ATmega328 

 
Fig. 8. ATmega328 pinout 

 
Fig. 9. ATmega328 parameters 

The microcontroller performs the following tasks:  
 Sampling. In order that the value of the amperage and 

voltage sensors measurement is learnt more precisely, 
a high-frequency sampling is necessary. This means 
that in one second a given number of readings is 
obtained, thus we can get a sufficiently realistic value. 
We use the microcontroller's capabilities to achieve 
more accurate values. Through this process we get the 
sensor's digitized values at the same time. With the 
sampling rate of 10 kHz, the frequency of an 
alternating current  is constituted substantially into 200 
samples. Thus we get 10,000 samples per second. 

 
Fig. 10. Illustration of sampling 

 Analog-to-digital conversion. In the process of 
sampling, analog values need to be digitized. The 
resulting value is from 0V to 5V fins, which are 
digitized to 10 bit accuracy. 

 
Fig. 11. Analog-to-digital conversion 

 Implementation of serial communication with the 
microcomputer. The communication velocity is 9600 
bits / sec. The serial communication used in the 
microcontroller and the microcomputer is USART 
(universal synchronous / asynchronous receiver / 
transmitter) unit. 

D. Microcomputer 

The previously mentioned microcontroller has limited 
capabilities, so he transfers the processed data to a 
microcomputer. The Raspberry Pi 2B microcomputer is a 
credit card-sized computer [5]. The Raspberry is a Linux-based 
operating system. 

 
Fig. 12. Raspberry PI 2B 
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The Raspberry PI performs the following tasks: 
 Receive the data from microcontroller. A Python script 

is run in the background that manages the serial port 
and the use of information that is located in the device 
and puts them in a database. 

 MySQL Server. The stored data is being stored by 
using triggers to organize and periodically prepare 
certain values required for statistics. for example: 
weekly consumption. 

 Apache Server. It provides access to the database. 

 Ensures availability through network. Taking 
advantage of network peripherals, it provides remote 
access via Wi-Fi or Ethernet connection. 

 Presents data on LCD display. Running a Python 
script, displays the most important information on the 
display, such as momentary consumption, daily 
consumption, etc. 

E. Display 

The display is capable for 16x2 character visualization. 
Communication is done through.a GPIO (General Purpose 
Input Output) pin.  

 
Fig. 13. Display and the raspberry connection 

III. IMPLEMENTED SOFTWARE  

The microcontroller performs the following computations: 

A. Calculation of voltage and amperage 

The voltage and current values are required to calculate the 
following: 

 Reference voltage (≈5V). The offset value of the center 
is needed to determine the exact value, since the the 

microcontroller supplies the shift circuit, so if the 
power supply is not ideal (5,00V), you have no 
problem. 

 Digitized and measured analog value. These values are 
read out in cycle of the microcontroller ADC registers. 

 Calibration values. This value is determined in 
laboratory measurements. It's eliminating the 
calibration value of the hardware components 
imperfections. 

 Central Point Offset. This value derived from the value 
that can determine the value of the reference voltage. 

 Number of samples. The value required for averaging a 
square. 

 Unit of time. The value required for averaging a 
square. 

B. Performance calculation 

 The instantaneous real power is calculated by the 
following formula: P=U*I*cosφ 

The microcomputer perform the following tasks: 
 Python script. The Python script is handling the data 

from the serial port of the microcomputer, and are 
inserted into a compatible table in the MySQL 
database under the appropriate structure. This program 
was developed for embedded Linux terminals with 
Nano text editor, and then translated into the built-in 
operating system Python compiler. 

 MySQL database. In the MySQL database, we created 
different triggers (event handler functions), which are 
intended to automatically create the daily, weekly, 
monthly and yearly data statistics of the consumption. 
This program was developed in MySQL Workbench. 

 Web. We pay attention to the following aspects 
developing the web interface: 

o Mobile optimization 
o Provide adequate user experience 
o More transparency for the data 
o Safety 

The Web provides multiplatform. Thanks to this, the 
website is available on any platform (Windows, Mac, Linux, 
Android, iOS, Windows Phone, etc). The Web server provides 
the data from the database to the client using PHP technology. 
These data are presented by graphs using JavaScript, making it 
clear to the user. It would be a server for global availability, 
which means  we can follow the energy consumption anywhere 
from the world. 

C. Android and iOS 

The mobile device would be the greatest importance, that is 
why it is unmissable, that besides web addition to make 
applications. The Android and iOS applications would send 
alerts to the user, which may indicate an excessive increase in 
energy.
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IV. COCLUSION 

The prototype device has been completed. The prototype is able to measure the performance and the value of a phase 
transferred to the microcomputer. The microcomputer receives and organizes this information into a database. You can read data 
through a web. 

Future improvements: 
 Increase Accuracy 
 Increase Security Software 
 Small installation in industrial environments 
 Development of user interfaces 
 Automation processes 

V. REFERENCES 
[1] Sánta Róbert, Garbai László:Measurement testing of heat transfer coefficients in the evaporator and condenser of heat pumps, JOURNAL OF THERMAL 

ANALYSIS AND CALORIMETRY 119:(3) pp. 2099-2106.2015 

[2] SCT Sensor 

http://garden.seeedstudio.com/images/1/10/SCT013-000_datasheet.pdf 

[3] Simon János, Matijevics István, “Simulation and Implementation of Mobile Measuring Robot Navigation Algorithms in Controlled Microclimatic 
Environment Using WSN”, Proceedings of the Conference SISY 2011, pp. 1-6, Subotica, Serbia, 2011 

[4] Atmel ATMEGA328 

http://www.atmel.com/images/Atmel-8271-8-bit-AVR-Microcontroller-ATmega48A-48PA-88A-88PA-168A-168PA-328-328P_datasheet_Complete.pdf 

[5] Raspberry PI 

https://www.raspberrypi.org/ 

4th International Conference and Workshop Mechatronics in Practice and Education – MECHEDU 2017

100




