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Abstract  

The paper covers opportunities for application of Machine Learning and other mathematical/statistical models and artificial intelligence 
algorithms in a geographic information system developed for monitoring of renewable energy sources. The system adopts concepts of 
crowdsourcing and heterogeneous data in order to provide the most complete set of necessary data possible to be used for analysis, research 
and decision making by individuals, companies and state entities of Kazakhstan. 
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1 Introduction  

Geographic Information Systems (GIS) are becoming in-
creasingly popular in many areas of industry, governance 
and administration [1-4]. GIS represent not only systems for 
data acquisition, storage and representation, but also tools 
for analysis of the data, extracting information and insights 
from it using machine learning and other mathemati-
cal/statistical models. 

  
FIGURE 1 Data-Information-Insights model [5] 

Raw data is usually easy to obtain and in many cases 
freely accessible. However extracting knowledge from the 
data is a much more complicated problem. What can be 
considered knowledge in GIS for monitoring energy sources? 
In this case, knowledge is something that can be used for 
decision-making and practical applications, unlike raw data 
or information, which cannot be directly used in real-life 
activities. For example, wind maps of Kazakhstan during 
different seasons and statistical data regarding climate in the 
area during past decades is just data/information. However, 
from this data it is possible to extract actual knowledge with 

actual practical utility – for example, the most optimal lo-
cation for wind turbine electricity generators, recognize cri-
tical areas, in which energy issues are possible due to seaso-
nal climate changes, etc. 

The aim of the paper is to elaborate on possible applica-
tions of Machine Learning and other models for data extrac-
tion in Energy Source Monitoring GIS [6], as well as outline 
problems related with crowdsourced data and heteroge-
neous data and suggest solutions. 

2 Machine Learning models application to analysis and 
decision making 

Machine learning is a vast branch of Artificial Intelligence, 
which studies different algorithms and models capable of 
gathering experience from existing data (learning) and 
which can then be applied to solving a number of practical 
problems, such as recognition, predictions, clustering, etc. 

 
FIGURE 2 The changes of the number of publications in the Machine 

Learning domain (Obtained by using Google scholar - 

https://scholar.google.com/) 
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One of the most profound ML models is Artificial 
Neural Network (Figure 3).  

 
FIGURE 3 The number of publications in the Neural Networks domain 

(by Google scholar - https://scholar.google.com/) 

At the last time ML research domain has obtained "а 
new breath". The numbers of publication is essentially in-
creased (Figure 2). Researches apply ML methods to solve 
wide class of problem from robotics and to augmented 
reality and cyber-physical systems.  

This mathematical model was developed as an attempt 
to simulate behavior of a human brain and neural system. 
Given a set of data Artificial Neural Networks are capable 
of searching for correlations, dependencies and patterns in 
the data during a process called training. After successful 
training ANN is able to generalize the experience obtained 
from the data and be able to recognize (or predict) unknown 
objects/data. In contrast with other algorithms, for example 
linear regression, neural networks are capable of easily 
solving multi classification problems. 

However, Machine Learning includes a number of other 
algorithms and models, which can be more fitting for speci-
fic problems, such as: k-nearest neighbors algorithm, linear 
regression, decision trees, support vector machines, etc. 

As mentioned earlier, the Energy Source Monitoring 
GIS is aimed not only as a tool to store and represent data, 
but also as a tool for decision-making. Let us consider the 
problems, which can be solved using Machine Learning 
algorithms and models. 

One of the problems, which can be solved by the GIS 
system is recognizing the best locations for a certain type of 
electric generator (wind turbine, hydro-electro station, ther-
mal power plant, etc.). There are a lot of factors to consider 
and it can be difficult to build a formal deterministic model 
to solve this problem. Some of the factors are: economic 
feasibility, availability and sustainability of the utilized na-
tural resource, ecological considerations, existing infra-
structure, legal issues. Some Machine Learning models, 
such as Artificial Neural Networks can be developed to be 
capable of evaluating decisions based on past experience 
and propose optimal solutions with given restrictions. 

Another thing to take into account when making deci-
sions regarding energy resource is future estimations. Each 
power plant and power line has some margin of safety, all 

infrastructure and industry tends to deteriorate over time, 
which first leads to decrease in power output and degrada-
tion of currency quality (stability, compliance with technical 
standards, etc.), and at some point the plants/infrastructure 
either need to be significantly renovated or closed. In addi-
tion, most of the ecological-friendly sources of power 
(winds, rivers, etc.) can vary strongly from season to season 
and even during a particular season serious fluctuations of 
weather a possible. 

In order to make decision in such ever-changing and 
unpredictable environment, prediction is a very important 
factor. It needs to be taken account in order to better estimate 
economic feasibility and to create a sustainable, fault-free 
infrastructure even in critical situations: such as long-term 
negative weather conditions and lowered power output due 
to deterioration of certain power plants. 

Overall, machine learning algorithms are a great tool for 
informed decision-making in such complex environment, as 
energetic infrastructure. 

3 Problems of crowdsourcing and heterogeneous data 

One of the main features of the project is using crowdsour-
cing for gathering information. Although this method allows 
collecting vast amounts of information with low expenses 
and overhead, there are some problems related to it, which 
have to be addressed. 

Crowdsourcing is used to solve big amount of relatively 
simple problems such as collecting and processing of data. 
Everywhere where we can divide the task onto the simple 
elements and collect them together after processing that 
crowdsourcing allows obtaining good results. 

The significant applications of crowdsourcing are Gala-
xy Zoo project of NASA (www.galaxyzoo.org), games Fol-
dit, Spectrals devoted to system biology (fold.it, 
http://lxsrv7.oru.edu/~alang/) and so on. For example, the 
Galaxy Zoo project transforms a potentially mundane, but 
difficult computer vision task (classifying images of gala-
xies) into a challenge. Foldit presents protein folding as a 
sort of three-dimensional puzzle, where players are invited 
to shake and wiggle the three-dimensional structure of 
proteins in order to and the most stable conformations.  

One of the problems is deliberately or accidently invalid 
data. Since everything and everyone can become source of 
information, there is always big probability of mistakes due 
to human factor, data format issues or deliberate providing 
of knowingly incorrect data. 

This can also be addressed using machine learning models, 
such as K-NN, which allow recognizing anomalies. If some 
of the parameters of crowdsourced data differs substantially 
from the data present in database, such object can be recog-
nized as anomaly and be excluded from the database. 

Another problem is duplicates. Due to different reasons, 
same object (power plant) can appear in two or more diffe-
rent sources, but due to data heterogeneity, different data 
format and errors the two object in database will not be 
completely the same, although they would both represent 
the same real-life object (power plant). Therefore, it is not 
possible to just check for duplicates by column-to-column 
comparison. 
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The proposed solution is using clustering methods, such 
as K-NN, which allow recognizing groups of similar objects 
(clusters). If such model is properly configured, it can allow 
recognizing duplicated in the DB, although the two (or more) 
objects might be not 100% equal. 

Another issue with the system is heterogeneous data. 
Most of the Machine Learning algorithms are well deve-
loped to work with homogeneous data – when every object 
has the same list of parameters. However when we work 
with crowdsourcing and heterogeneous data, some informa-
tion may be missing or be in different format for different 
objects. This issue has to be addressed by either interpola-
ting the data or creating models, which are capable of wor-
king with incomplete parameter set. There are developments 
in this direction: for example, C4.5 Decision Tree algorithm 
[7] is capable of working with incomplete data. 

4 Suggestions 

Although the discussed Machine Learning models are ca-
pable of solving the problems, in such complicated envi-
ronment a pure Machine Learning algorithms, without any 
mathematical model describing fundamental processes in 
the system may not be able to provide the desired quality of 
decision-making assistance. 

The solution is mixing formal mathematical model for 
calculation of fundamental processes in the system (interpo-
lation of weather data, economic feasibility calculations, 
electric currency analysis, etc.) with Machine Learning for 
analysis and decision making. 

5 Conclusions  

The paper covers the issues, which came up during develop-
ment of Energy Source Monitoring GIS and proposes 
Machine Learning models as a solution for some of them. 

One of the goals of the GIS is providing tool for decision 
making and extracting real practical knowledge from 
crowdsourced heterogeneous raw data. It includes problems 
of recognition and prediction, which can be addressed using 
Machine Learning algorithms. 

Another issue is invalid data from crowdsourcing and 
incomplete data or different data format due to hetero-
geneity. This problems are also possible to be addressed 
using Machine Learning models. 
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