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Abstract  

Wireless sensor networks, inter-machine communication system (Machine-to-Machine - M2M) and broadband networks based on new 
communication protocols that provide high speed and reliability of inter-machine connections will become the technological basis for big 
scale monitoring. Combining such disparate technologies within smart grids and using GIS for visualization presents strong interest for 
researchers both in terms of system architecture, economic indicators and security. Paper focused on the discussion of  the elements of new 
technologies that could be used to develop system of monitoring renewable sources. We also briefly considered examples of monitoring 
systems and technology aspects that lies at the basis of such systems. 
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1 Introduction  

Today, according to experts, there is no reasonable alter-
native to the development of renewable energy sources and 
energy efficiency, as decarbonization of the energy sector 
will allow to avoid the catastrophic consequences of global 
warming. In the best case scenario of development it is 
planned to reduce the demand for oil (30%), coal and gas 
with the overall growth of energy supply by 60%. By the 
year 2050 the share of use of fossil fuels will be slightly 
more than 40% of the total energy [1].  

Country resources status control provides reasonable 
decision making both in the field of state regulations, and 
for the benefit of sustainable and safe development of the 
territory. Construction of such a system requires integrated 
application of a number of modern concepts and infor=ma-
tion technologies (Cloud computing, Big Data, Data Mining, 
machine learning, etc.). 

It is feasible to make the system design based on geog-
raphic information systems (GIS) technologies, by supple-
menting it with the corresponding functionality, allowing to 
analyse the opportunity of using one or another energy 
generation technology for a particular area, relevant risks, 
economic costs, environmental impacts, etc. Such an intelli-
gent system can become the basis the next generation of 
electronic government  system (the intellectual electronic 
government – smart-government), where, along with provi-
sion of information services to the population, multidimen-
sional data analysis and visualization systems and decision-
making support systems will appear. 

2 Technological basis of monitoring systems 

The system of monitoring and decision-making support at 

different levels is necessary for decision-making on the use of 
various mechanisms of state regulation in the transition to 
renewable energy sources and taking into account other types 
of energy and non-energy resources. Modern systems of such 
level are constructed on application of several mutually 
supplementing technologies and systems: technologies of 
artificial intelligence and machine learning, the multi-agent 
systems, systems of data collecting and processing, including 
big data, systems of grid and cloud computing, geo infor-
mation systems (GIS), communication subsystems etc. 

2.1 COMMUNICATION SUBSYSTEM 

Communication subsystems can be built on the basis of 
broadband access technologies that are actively developed 
at the moment to meet the needs of monitoring systems by 
providing a very small time delays in the network (remote 
sensing, traffic control, process control, etc.), high levels of 
reliability of the network (monitoring critical infrastructure: 
electricity transmission grid, industrial control, management 
and smart home or town, telemedicine) and fast data 
transmission of varying size - standard network 5G [2].  

By experts estimates the 5G networks should provide [3] 
 the possibility of growth of the transmitted data more 

than 1000 times in each service area by increasing 
the spectral efficiency using new RF bands and 
heterogeneous networks (specific bandwidth per unit 
area of the coating ASE = 1,5 ... 60 Gbit / s / km 2) 

 an increase from 10 to 100 times the amount of 
connected subscriber devices (up to 300 thousand on 
the access node); currently, the LTE technology 
provides up to 200 subscribers per cell with velo-
cities 100/50 kbit / sec; 

 An increasing from 10 to 100 times the standard 
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speed of transmission on the client side; 
 An increase to 10 times the battery life for low-

power client devices; 
 An decrease to 10 times the delay in the net «end-to-

end» (less than 1 ms compared to 10 ms in LTE). 

New wave form

Small Cell

Massive MIMO
3D MIMO with 
vertical 
sectorization

 
FIGURE 1 Key technologies of ITM Advanced 

These parameters are planned to be achieved by the 
introduction of a number of modern technology and impro-
ve the quality of radio frequency resource (Figure 1): 

 New radio interface with small cells (New Air Inter-
face (Small Cells)) relying on new forms of oscilla-
tions (new wave form), new forms of duplexing, 
lightweight link-layer protocols (Light MAC), hi-
gher order modulation, effective methods of 
compensation-interference (Interference cancella-
tion / utilization), multidimensional antenna systems 
(Massive MIMO - Multi-user Multiple-Input Mul-
tiple-Output [4]). 

 New architecture of radio network (New NW Archi-
tecture) - distribution and management in a heteroge-
neous architecture HetNet, reconfigurable radio and 
network elements 

 Radiofrequency resource - the use of high frequency 
bands including millimeter-wave, the new regime of 
licensing, spectrum sharing, the combined use of the 
spectrum inside and outside the premises. 

 Intelligent and adaptive networks - the stochastic and 
adaptive using of network resources, the detection of 
the available spectrum and its use on the principles 
of cognitive radio, self-managed and automated net-
work (SDN - software defined  network) 

2.2. GEO-INFORMATION SYSTEMS 

Another important task is to visualize large data for decision 
making by humans [23]. 

For data analysis by a human, its (data’s) convenient 

representation is in the form of spatial system, often tied to 
geographic coordinates, that is the use of GIS [5]. 

Currently developed and used are several multifunc-
tional GIS, including web-based (MapServer, MapFish, 
GeoMixer, ArcGIS, Google Maps API). Each system has 
some advantages and specific characteristics (Table 1).  

For example, one of the most popular paid GIS (ArcGIS) 
provides an opportunity to develop custom applications that 
work with spatial data and support client-server technology 
[6]. GEOMixer contains an application programming inter-
face (API) that allows you to represent data from different 
sources [7].  

In turn, MapFish is an open source product. MapFish 
uses the popular Python web framework Pylons [8]. Map-
Server is positioned as a development environment. It sup-
ports programming in different languages (Perl, PHP, Java, 
C, Python, etc.) and works in an environment of different 
operating systems [9].  

3 Examples of monitoring and integration systems 

Note that the idea of renewable energy source monitoring 
using geographic information systems is not new. Such 
systems have a social and industrial demand. These systems 
are developed in Russia [5, 10], the United States and other 
countries. The systems include data for resource assessment 
of RES technical specifications of installations, economic 
and social preconditions and nature preservation aspects [11] 
and are divided into local, regional, national and global. 

In [11] presents an approach to the creation of web-
based system based on cloud platform for the integration of 
heterogeneous spatial information for solving environmen-
tal monitoring coal mines. It is noted that due to the large 
extent on the territories, point forms of measurements, a 
significant delay of event registration and the lack of a uni-
fied picture of the environment, the work on the assessment 
of the environmental status do not give satisfactory results. 
It is proposed to use cloud technology to meet the challenges 
of distributed data processing. Components that are invol-
ved in the system: cloud service Google App Engine, 
authentication service Google Users API, the mapping 
service Google Map API, database management system 
PostgreSQL. Data are collected by using crowdsourcing 
methods. Authors suppose to collect technological data, 
spatial ecological data, continuously updated by remote sen-
sing data (radar and hyperspectral pictures). Analytical pro-
cessing can be built using the data from other sources (a 
meta descriptions and cloud services are used). Computa-
tional module is formed as a tree. The "movement" on the 
tree initiates computing activities. 

Perhaps the most powerful system to date is the "Renewab-
le resources map and data" by the National Renewable Energy 
Laboratory U.S. (NREL) [12]. The presence of such a labora-
tory reflects the increasing social demand and the economic 
interest in the availability of resources describing portals. 

In Kazakhstan, there are currently no analogs for foreign 
Renewable Energy GIS. Unlike Russia, where there are GIS. 
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TABLE 1 GIS Comparison table 

Parameters MapServer MapFish GeoMixer ArcGIS Googe Maps API 

License type  Freeware 
Freeware  

(GNU GPL v3) 
Shareware Proprietary Freeware 

Country of 
origin 

USA France, Switzerland Russian Federation USA USA 

Developer University of Minnesota Camptocamp SA RDC ScanEx ESRI Google 

Documentation 
English: user and 

developer level 

English, French: user and 

developer level  

Russian: user and 

developer level 

English, Russian: user and 

developer level 

English, Russian: user and 

developer level 

Comments 

Basic scaling and 
navigation functions, map 

legend. Supports SDL. 

Extends using HTML-
templates and MapScript. 

Supports symbols (dots, 

lines) and labels. No 

AJAX. 

Framework. Targeted on 
creation of RIA. Based 

on Pylons. Client part 

uses extended versions of 
OpenLayers, GeoExt and 

ExtJS. Has the “Studio” 

interface for control over 

web-applications. 

Requires a flash 
enabled browser. API 

– interface for custom 

application 
development, allows to 

integrate projects 

created in Web-GIS 
into third party 

websites and connect 

additional modules 
and services. 

ArcGIS consists of main 

components such as ArcGIS 

for Desktop (ArcView, 
ArcReader, ArcInfo, 

ArcEditor), ArcGIS for 

Server, ArcGIS Engine, 
ArcPad, ArcObjects. 

ArcGIS provides to the 

developers all the required 

tools to create custom 

applications for different 

platforms. 

Using of APIs provides 

possibilities of access to 

position of user, routing on 
the map, visualization of 

hyper space data, adding 

three dimensional images into 
application and etc. The 

Google map API could used 

in the Internet exclusively 

Development 

language 
C/C++ Javascript; Python .NET, Flash C#, Visual Basic, Python JavaScript; Python 

API language 
Java, .NET, Perl, PHP, 

Python, Ruby 
Java; JavaScript; PHP; 

Python; Ruby 
JavaScript JavaScript; Flex; Silverlight JavaScript 

Available 

OGC services 
WMS; WFS WMS; WFS WMS 

WMS, WCS, WFS, WPS и 

WMTS 
OGC KML, WMS, WFS 

Work with 

tiles 
No Yes Yes Yes Yes 

Current 
version 

6.4.1 from 02.01.2014 2.2 from 09.03.2012 2.0 from 16.03.2014 10.2 from  30.07.2013 Version  3 from 01.02.2013 

Official 

address 

http://www.mapserver.or

g 
http://www.mapfish.org http://geomixer.ru/ http://www.esri.com 

https://developers.google.com

/maps/ 

Projects on hydro resources for individual areas, an atlas 
of solar energy resources and a climatic database, as well as 
a portal for Renewable Energy sources [13], the information 
base of Kazakhstan presented poorly. There is a wind atlas 
[14], but other sources of renewable energy are apparently 
not represented in the form of web resources 

Large-scale monitoring systems are built using remote 
sensing technologies on Earth’s surface. Examples include, 
in particular, environmental monitoring systems [15], the 
wind and solar energy monitoring system [16, 17], as well 
as the above-mentioned NREL. In Kazakhstan the issue has 
received considerable attention [18]. 

In particular, much attention is paid to environmental 
issues in the mining industry. In [18] discussed the task of 
developing of the GIS for space monitoring farming opera-
tions, the productivity estimation of arable land, geoinfor-
mation modeling of air pollution in the city and the system 
architecture. System is based on two types of GIS – moni-
toring and engineering simulation. 

However, many of these systems consider only some 
aspects of monitoring and direction as separate, often unre-
lated systems. The task of combining heterogeneous infor-
mation resources is one of the important scientific problems 
and actively discussed in the scientific community. One of 
the approaches in building a platform for the implemen-
tation of access to heterogeneous information resources 
implemented in the SB RAS [19]. 

In work [19] was described a technique for the integ-
ration of distributed heterogeneous data sources based on 

loosely coupled distributed subsystems. The platform, na-
med authors ZooSPACE, designed for virtual integration of 
heterogeneous databases. Infrastructure of system is imple-
mented on an arbitrary number of loosely-coupled compo-
nents. Interaction is based on network-layer protocols TCP 
/ IP-based technology SRW / SRU and Z39.50 that have the 
significant potential for integration of data from different 
databases.  

The system functioning is provided by set of LDAP 
servers that store the configuration information in the form 
of a single hierarchical database. All LDAP server are repli-
cated. Server systems are based on the previous results of 
the authors. They provide interfaces to access data by proto-
cols SRW / SRU and Z39.50 and provide interaction with 
the database server. Supports the ability to redirect requests 
to other servers, including outside the system. In addition to 
these servers, the system includes monitoring subsystem, 
gathering statistics, and providing administrative and cus-
tom web interfaces. Components of the system are imple-
mented by PHP language in the Apache server environment. 
A pilot project consists of four nodes (ICT SB RAS, NSU, 
SPSTL, Tomsk Scientific Center, Russian Academy of 
Sciences) and provides access to 60 data sources containing 
more than 40 millions of records. 

4 Conclusion 

Monitoring of the country's resources status allows the 
making of informed decisions in the field of government 
regulation and the sustainable and safe development of the 
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territory. To develop such a system a complex application 
of some modern concepts and information technologies is 
required (Cloud computing, Big and heterogeneous Data, 
machine learning, next generation of communication pro-
tocols and other). 

For decisions on the use of various mechanisms of state 
regulation in the transition to renewable energy sources and 
the use of other useful resources a decision support system 
at national and regional levels is necessary. 

Such an intelligent system can become the basis of the 
next generation of electronic government (intellectual e-go-
vernment - smart-government) where, along with the provi-
sion of information services to the public, systems for the 
analysis and visualization of multidimensional data and de-
cision support will appear. 

For the implementation of the system is necessary to sol-
ve some important problems related to the detailed system 
architecture, services, data collection and processing, func-
tionality provided to users, aggregation of heterogeneous 
data and methods of their storing.  

Some successful examples of monitoring systems are 
discussed above. These realizations show us the several 
ways to construct of system architecture and integration dif-
ferent technologies. 
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