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U ovom radu su predstavljene servisi za pracenje rada distribuiranih PV sistema u okviru
pametnih sredina. Pri radu PV sistema razlicite grupe problema se desavaju, a fokus ovih servisa je
na problemima nastalim pri smanjenoj efikasnosti distribuiranih PV sistema u pamentnim sredinama.
Prikazani su detalji implementacije servisa, integracije u pametnim sistemima sa velikim brojem
korisnika, kao i pojedinosti koris¢enja FOG computing arhitekture.
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This paper presents the services for monitoring of the different operations of the distributed
photovoltaic systems in the smart environments. During the operation of PV systems, different groups
of problems may occur, and the focus in this work would be on the services that track the problems
that have been related to the reduced efficiency of the photovoltaic system in the smart environments.
The implementation of services, integration in the large-scale smart system, and specified details of
the FOG computing architecture are presented.
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1 Introduction

This research is addressing the problems related to the detection of the faults in the PV system
operation, resulting in reduced power production. The presented approach is based on the correlation
in the operation of the group of locally deployed PV systems. Considering the fact that the output
power of the individual PV systems is not correlated, our approach is based on the estimates of the
solar irradiation obtained as a result of each PV system-side processing services. The concept is sup-
ported through the expected correlation of the estimated irradiation values obtained from the PV in-
stallations in the close proximity area, while operating under the defined environmental conditions.
The integration of data processing services in distributed environment according to the architectural
solution based on fog computing concept is also given. The presented approach is applicable in the
large-scale integration scenarios expected in the applications found in urban environment, smart city
concept, integration of DER, etc.

2 Related work

There are many studies available in literature, addressing the general challenges regarding the
integration and application of renewable energy sources in the urban and remote microgrid systems
[1-3]. Although the majority of studies is mainly focused on energy-related integration issues, [4]
give the prospects for other industrial, commercial and household applications. Control and manage-
ment applications and methods applicable the large-scale PV installations were identified in [5] as
essential. In that regard, the system ability to support the third-party access for custom application
development was found as a requirement of the PV system monitoring equipment in order to support
such a applications. However, in order to integrate such applications and services the system level
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design must comply to the scalable architecture capable to handle large scale data processing under
the real-time or near real-time constraints. As an extension of cloud-based computing, fog computing
approach introduces many benefits toward these requirements [6]. The idea of the fog computing is
to add a hierarchy of elements between the core cloud services and network edge devices, to meet the
challenges regarding real-time data processing, scalability, reliability, security and high performance,
in open and interoperable way [7]. The fog-based approach at the architectural level enables hierar-
chically organized data transport, integration of locally connected end-devices, data aggregation,
large scale upload capabilities in vertical communication, horizontal service integration [8].

Several innovative concept that are capable to integrate the proposed functionality regarding
the monitoring of PV installation in the urban environment are identified as a smart city concept and
community microgrid solution [9-11].

3 Concept details

The presented solution is given in the form of two parallel processes, implemented as a group
of services, where the first process compensates the effects of immediate physical, installation and
operational properties, while the second one is performed in the form of long and mid-term process.

The integration of data processing services in distributed environment, according to the adopted
fog computing architectural approach is presented on figure 1. Physical deployment is organized ac-
cording to tiered architectural style [7]. The utilized methods for data processing are encapsulated as
service components that reside on the different tires of system architecture.
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The simplified system-level architecture for the integration
of data processing services

The particular node functionality varies based on its role and position in N-tiered fog an archi-
tecture. The nodes at the edge of the network infrastructure located at tier 1 collect or provide the data
for/from connected end devices at tier 0. In general, their operation includes data aggregation, data
gateway functionality, protocol conversion, communication with connected transducer devices pre-
sent at residential level. The data communication with end devices is supported through different
wired and wireless communication technologies [7]. Different network types, organized in the form
of HAN, BAN, which are deployed and operated within a small local area are supported at the tier 1
Following the complexities of the network itself, the nodes at the higher tier (Tier 2) are focused on
data filtering, edge analytics, and support for time-critical processing services, integrating the wider
area entities like large buildings, factories and enterprises. The wider district area that combines more
individuals’ units is sustained in the higher tier layer (Tier 3) providing e.g. gateway functionality to
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the cloud core services. The nodes closer to the network core are capable for extensive processing
and communication, supporting higher-level analytics and data aggregation by transforming the data
from lower tiers into useful information bringing intelligence for the target applications.

Aggregation and compensation services at lower tiers (tier 1 and tier 2) provide the compensa-
tion of immediate effects on the irradiation estimate through the processing of data acquired at the
tier 0. Since the data acquisition is continuously executed, the processing is performed regarding the
data collected in the defined sliding time-window. The time-window settings ((e.g. 1 month time
interval)) at tier 1 and tier 2 are selected in order to compensate the influences of mid-term and long-
term PV system operation.

The end result of tier 1 and tier 2 aggregation and correction services is the estimate of the solar
irradiance at the ideally positioned panel surface, under the ideal operational conditions. This value
is invariant on the physical, installation and operational conditions in the local proximity area sur-
rounding the particular tier 2 node in fog architecture. The details regarding the operation of individ-
ual system services are presented in the following section.

4 Conclusion

The framework for the automatic detection of fault operation of PV installation in the urban
environment has been evaluated. The methodology is supported through the expected correlation of
the estimated irradiation values obtained from the PV installations in the close proximity area. The
details regarding the implementation of proposed methodology in the form of distributed data pro-
cessing services has been given. The proposed flexible and scalable architectural solution based on
fog computing concept enable the integration of PV system monitoring services as a part of distrib-
uted large-scale application. Since the maintenance operation is mainly performed periodically, the
methodology provides several benefits regarding the monitoring and management of photovoltaic
distributed resources.
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