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ABSTRACT 

In the world as in Slovenia, distribution system operator 

(DSO) companies are challenged by the faults of smart 

metering systems. The article presents data generated by 

smart meters. The methods used for the data can be used 

to identify patterns and recognize the value of the 

generated data. The key part of the article presents basic 

methods that can lead us to the learned models and 

developed algorithms for predicting the maintenance of 

smart meters. 

INTRODUCTION 

The energy guidelines outlined for the next few decades 

are definitely focused on the development and 

introduction of new technologies. One thing is certain – 

this orientation will generate huge amounts of data. 

Electric distribution companies are also in charge of the 

electricity grid and infrastructure including measuring 

and control devices. By replacing obsolete devices that 

only allow for manual reading of data with advanced 

meters (so-called smart meters) new challenges will arise 

in the background. Since smart meters will generate 

different and more extensive and complex data strings 

(compared with those today), existing data management 

software will have to be upgraded or replaced. Otherwise 

several problems could hinder the management of 

measuring control devices and connected processes – 

down to the last one – billing the customer. Today, most 

metering is done with methods that use human behaviour.  

The amount of data generated by smart meters, followed 

by analytics with the use of intelligent algorithms will 

need significantly different solutions that will replace 

existing process matrix and human work. 

EXISTING SITUATION AND STRATEGY OF 

THE BIG DATA CONCEPT 

The challenges for the energy industry include the 

introduction of energy resources, the improvement of the 

quality of electricity, environmental protection in 

electricity generation, the privacy of consumer 

information and the security of the system against 

external cybernetic or physical attacks, the cost-

effectiveness of power systems, from maintenance costs 

to equipment renovation and the expansion of the grid 

and,  a better system for controlling the complex system. 

Developed control schemes must be able to eliminate a 

number of uncertainties due to the burden sharing and the 

integration of new energy sources and the integration of 

electrical systems into the grid. In order to tackle some of 

these challenges, distribution companies have begun to 

modernize systems and distribution networks, which led 

to smart grids (SGs). The construction of the smart grid 

has, through the use of information technology, updated 

the traditional concept and functionality of power grids in 

order to receive more details on energy consumption and 

thus increase the efficiency and reliability of the system. 

This has created an interaction between three key areas, 

namely communication, control and optimization. The 

essence of an ideal smart grid is to deal with reliability, 

flexibility and predictions, which has not been fully 

achieved in practice. 

 

Removing the critical points of the smart grid has led to 

the construction of parallel AMI technology. This is not a 

single technology but a configured infrastructure that 

combines many technologies across all layers. The 

infrastructure includes smart meters, communication 

networks at various levels of infrastructure hierarchy, 

measurement data management systems (MDMS) and 

means for integrating the collected data into software 

platforms and interfaces. Smart meters transmit the 

collected data through fixed grids, communication with 

network voltage, fixed radio frequency or public network. 

The data is received by the AMI system, then they are 

transmitted to the MDMS. The MDM system usually 

imports data that it checks, cleans, and processes before 

they are available for use and analysis. The system 

performs long-term storage and management for large 

amounts of data. The MDMS also provides software 

interfaces (APIs) between MDMS and other information 

systems and analysis tools that operate over data from the 

meters. The systems operate on the basis of the Microsoft 

SQL Server database. One or more changes in the 

database are performed by a transaction. Transaction 

bases are not suitable for large amounts of data that need 

to be processed in short time intervals. Different needs, 

changing requirements in the systems for managing 

measurement data and large amounts of data cause 

problems with scalability and performance. The massive 

installation of smart metering systems, the transfer of 

read values from ever shorter intervals to real-time 

reading, and the integration of non-standard data, lead us 

to a point where, in addition to performance problems, 

we face with the questions about data security, about 

internal and external access control, on consistency data, 

on the construction of advanced analyzes and complex 
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computational operations.  

In order to avoid all previous issues, we will implement 

the Data Lake with Hadoop software ecosystem in our 

environment, which enables the existence of distributed 

databases of NoSQL. The main key of Hadoop will be 

MapReduce, which will perform complex data processes 

and calculations, potentially for an endless number of 

servers and computational power. Compared with 

relational databases, the processing time will be reduced 

from long hours to several minutes. The use of the 

NoSQL database architecture will enable us to have the 

full access to potential data for which we will build or 

analyse real-time or machine-learning with the Python 

programming language, which will have developed 

mathematical logarithms for performing tasks for learned 

patterns and predictive analysis for centralized data. The 

final step of "big data" concept will be data visualization 

with a user-friendly software tool. 

DATA MANAGEMENT 

Smart meters include real-time energy data, consumption 

information, voltage value, phase flow, frequency, and 

registers. Secure data communication is established 

between the smart meters and the measurement centre in 

accordance with the requirements of security standards. 

With the programming of measuring devices it is possible 

to create a maintenance schedule and a control system 

that enables electricity distribution companies to detect 

anomalies, unauthorized consumption and theft of 

electricity. Consequently, in these companies, the 

efficiency of distributions and the quality of energy is 

improved. 

The performance of smart metering systems creates a 

large amount of transmitted data between the smart 

meters and the server located in the measuring centre. 

Maintenance, management and storage of data is a very 

complex and extensive work. For this reason, the 

question arises as to the appropriate choice of the 

communication network and the method of 

communication. In addition to the proper choice of the 

communications network, distribution companies face 

challenges such as network coverage limits, data 

transmission capabilities and outdated infrastructure. 

 

Like most electric distribution companies Elektro 

Ljubljana aimed to take advantage of the advanced 

metering devices and seek usage patterns with the help of 

analytical tools and big data. This way it could better 

cope with various "what-if" scenarios it encounters in its 

business. Smart meters enabled the company to get rich 

data in real-time, such as status of the device, quality of 

electricity and the status of the meter. All data combined 

and analyzed delivered the company exact  information 

about the quality of industrial and household appliances, 

network reliability, outages management and 

performance of its grid. Smart data can further be used to 

obtain useful insights in the fields of: 

 

 electricity consumption 

Analyzes in this section allowed Elektro 

Ljubljana to better predicting the consumption 

of electricity according to patterns of behavior of 

users, especially those who are also micro 

resources (solar power plants, wind power 

plants, domestic power storage units, etc.). The 

system that uses big data inputs from various 

sources also helps the company with predicting 

consumption according to weather conditions, 

forecasting the ratio between consumption and 

electricity savings in the network etc. 

 

 grid development 

Armed with the knowledge and information 

learned from usagepatterns and "what-if"  

scenarios Elektro Ljubljana used big data to get 

better insights on further development and 

investment in the electric grid. Now its is 

constantly checking the grid for its performance 

and adding or withdrawing capacities according 

to the current electricity needs. 

 

 grid maintenance 

Distributors of electric energy mostly use 

preventive maintenance or time based 

maintenance. With advanced data analysis at 

their disposal they will most likely adopt the 

methods of predictive maintenance and save 

money. At Elektro Ljubljana forecasts are 

already made for the whole grid and 

infrastructure, according to the predictions and 

usage patterns. The company was able to 

significantly lower the costs of outsourced 

maintenance. 

 

 predicting and analyzing network outages 

Smart meters are capable of transmitting data at 

shorter intervals, for example every 15, 30 or 60 

minutes, some can also establish constant two-

way communication. They also allow for remote 

operating tasks and enable recording of very 

long events. Sorting events into categories that 

contain information about the process to which it 

relates allows for more exact forecasting, grid 

failures become much more predictive. The 

combination of smart meter data coupled with 

data from ADMS and SCADA systems enabled 

Elektro Ljubljana to do real-time analysis of grid 

downtime. 

 

The integration of smart metering systems in micro 

networks  can be switched from preventive planning to 

predictive maintenance and enables support for the 

operation of meters, as the meters detect the presence of 

unwanted harmonic components in the current network, 
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which help identify and eliminate the source of the 

problem. Sample recognition can be carried out by using 

methods and algorithms for transmitted smart meter data 

or by incorporating pattern recognition techniques into 

the measuring devices itself. 

 

The methods used for smart metering system data will be 

used to find patterns and identify the information that 

smart metering devices provide to us. Prediction of the 

future values of the state of measuring devices in the data 

stream will be based on the models learned from the 

previous values. We know that the values of the variables 

in the data stream are constantly changing, so the learned 

models will be short-lived and developed with algorithms 

that allow for fast learning. 

 

The discretization of values is appropriate for the 

development of algorithms which means changing the 

numerical values into discrete values, based on 

predefined intervals. The choice of the discretization 

process is very important, as determining the intervals 

and the number of discrete values affects the results of 

the machine learning algorithm. 

 

We can use equidistant discretization for the data of 

smart metering systems. By equidistant distribution, we 

divide events into values based on the same lengths of 

intervals. The length of the interval is calculated as the 

difference between the maximum value and the minimum 

value, divided by the number of discrete values. The 

limits of the intervals of discrete values are determined 

on the basis of the length of the interval. In this way, we 

determine the discrete values according to the predefined 

limits of intervals. 

CONCLUSION 

On the basis of testing of algorithms over the data of 

smart meters it will be established, whether the 

approaches envisaged are correct and whether the 

baseline methods for managing these data are correct. 

With the further definition of the models, the need for 

additional data will arise, which will give us more precise 

results and forecasts of failures of smart meter devices. 

 


