Modeling and Simulation of a Smart Street Lighting System
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Abstract. Smart cities comprise highly dynamic, complex and software-
intensive systems planned and created to cope with problems inherent to the
increasing world population, such as need for life quality in cities, intense traf-
fic, and sustainability. Owing to such complexity and dynamics, static notations,
such as Unified Modeling Language (UML) and Systems Modeling Language
(SysML), are often unable to support a precise conception, planning and de-
sign of those smart cities. In turn, the combination of traditional modeling and
simulation (M&S) could leverage the design of such systems by enabling the
analysis of both structure and behavior aspects still at design-time. The main
contribution of this paper is offering evidence to support the premise of M&S
be a promising paradigm for software engineering, including in smart cities do-
main. We report findings on a study carried out for assessing, via M&S, two ar-
chitectures for a Public Street Lighting System (PSLS) of a smart city. The first
architecture uses a hub as intermediator between luminaries and PSLS. The
second architecture uses software-intensive luminaries connected to the PSLS
using publish/subscribe architectural style. Preliminary results show that the
publish/subscribe architecture delivers a greater degree of correctness than the
former. Additionally, we conjecture that the adoption of M&S can foster the
identification of smart cities behaviors and the identification of, at design-time,
properties that could be noticed only after the system has been already deployed.

1. Introduction

The world population is expected to reach 8.5 billion by 2030. Currently, half of humanity
lives in cities [Khatoun and Zeadally 2016]. The accelerated development of cities brings
several problems related to the unplanned growth of urban areas [Carvalho et al. 2018].
Consequently, innovative technologies should be created to guarantee a better qual-
ity of life for population and optimize the management of resources and infrastruc-
ture [Pla-Castells et al. 2015]. Smart cities depend on advanced data processing with
the objective of contributing to the social, environmental and economic needs of so-
ciety [Yinetal. 2015]. Software solutions can optimize city operations and services
through connecting citizens and providing comfort and security [Kumar et al. 2018].
However, modeling and developing software for smart cities face additional challenges,
since smart cities are (i) complex systems and (ii) highly dynamic [Picone et al. 2012,



Manzano et al. 2019], i.e., the entire city architecture continuously change due to sys-
tems that join and leave the system during its operation, such as autonomous cars that
join or leave the traffic system, or mobiles and drones that can be turned on or off, joining
and leaving the city system.

To deal with such complexity and dynamics, models are essential. By means
of abstraction, models enable the engineer to focus on the important aspects of a sys-
tem [Selic 2003]. However, current practices of software engineering recommend the
use of UML and SysML, which present important drawbacks in regards to represent
of internal structure and the system’s behavior, as well as in the interoperability with
other systems [Debbabi et al. 2010]. Those notations are thus unable to represent the
characteristics of smart cities systems, such as interoperability between independent
systems, sustainability, real-time monitoring, historical data, mobility, availability, pri-
vacy, sensors and distributed processing, service composition and integrated urban man-
agement, social aspects, flexibility and extensibility [da Silva et al. 2013]. On this di-
rection, simulation has been successfully used in several disciplines, such as econ-
omy, biology, social sciences, and also in software engineering, to support the visu-
alization of the dynamic structure and behaviors of systems. Simulations can antic-
ipate, at design time, failures and behaviors that could potentially occur at run time
[Franca and Travassos 2013, Manzano et al. 2019].

The main contribution of this paper is providing evidence of the important ad-
vances that the interplay between modeling and simulation (M&S) can bring to software
engineering. By using M&S, we performed modeling, simulation, and comparison of
two architectural alternatives for a software-intensive subsystem of a smart city: a Pub-
lic Street Lighting System (PSLS). This study was developed in partnership between a
university and a prefecture technology department. The aim of this research was to in-
vestigate whether the use of simulation could provide insights about the structure and
behavior of this software-based system. By observing its behavior in two architectural
alternatives, the stakeholders could decide on the better solution for being implemented
and deployed in a real smart city project being carried out still at design-time. Preliminary
results reveal that a publish/subscribe architecture was able to deliver all the expected re-
sults. The remainder of the paper is organized as follows: Section 2 briefly introduces the
foundations of our research. Section 3 presents the Public Street Lighting System (PSLS).
Section 4 details the research methodology and experimental design of our study. Section
5 discusses the results. Finally, Section 6 brings the conclusions and future work.

2. Public Street Lighting System

The PSLS is part of a smart city project currently developed as an innovation project of
Aparecida de Goiania city, in Brazil. PSLS project seeks, through systems interoperabil-
ity, to support strategic actions to be undertaken depending on events that occur in the city.
The improvement of public lighting network through the implementation of an automated
operation gives the system conditions to be an important social management and smart
city mechanism. The addition of software in PSLS could bring the following advantages
and functional possibilities: (i) reduction in energy consumption, (ii) changing light col-
ors in case of accidents to notify drivers; and (iii) festive occasions, showing country flag
colors in lights.



The project for the PSLS development involves: 1) software creation; 2) the im-
plementation of this software in specific hardware; and 3) hardware deployment in the
environment, distributed geographically in the city area, aiming at (i) greater security and
appreciation of local historical and cultural heritage; (ii) to make the system own energy
consumption more efficient and sustainable; (iii) real-time event monitoring and take im-
mediate action; (iv) control of lighting intensity in municipal public roads; (v) measuring
and storing information on actual energy consumption; and, (vi) to record the behavior
changes of the components, making them available in real time.

3. Simulation Model Description

The in-silico experiment was conducted according to Franca and Travassos guidelines
[de Franca and Travassos 2016]. Our study consists of simulating part of an Smart Pub-
lic Lighting System (PSLS), responsible for changing the behavior of the luminaires lo-
cated in the vicinity of traffic accidents, thus providing an alert zone for drivers traveling
through this region, avoiding further accidents. We modelled a hub architecture initially
proposed by the secretariat of innovation and technology of Aparecida de Goiania, hence
from this initial modeling was perceived some possible improvements. To have a second
architecture as comparison, we modeled an architecture using the publish/subscribe ar-
chitecture that could also meet the system needs. We validated both architectures with the
prefecture team and specialists.

The objective of this study is to evaluate the functional suitability of two proposed
architectures, specifically dealing with functional correctness, which comprises the degree
to which a product or system provides the correct results with the degree of precision
required [ISO/IEC 2010]. We establish the following research question (RQ):

RQ: What is the degree of functional correctness of each of the architectures?

Rationale: this question evaluates whether the proposed architectures are able to
meet the needs and requirements established by technology department of the Aparecida
de Goiania city, demonstrating that the system behaves and generates the results desired.

Metric: functional correcteness: measured by the relation between the number
of luminaires that changed their behavior due to an accident, and the total number of
luminaires that should have changed their behavior within the warning area.

The DEVS (Discrete Event System Specification) formalism was used, we also
used the MS4ME! M&S environment, which offers a restricted English interface to gen-
erate models and graphically simulate systems behaviors and structure. The simulation
took for 1 min and 54 seg in Processor Intel Core 17-5500U CPU @ 2.40GHz, with 8 GB
of RAM Memory, HD of 500 GB, and running Ubuntu 18.04.2 LTS 64 bits. During the
simulation, all data will be sent to the OCC, and were stored in text files. Based on these
data, we checked the total number of luminaries that changed their behaviors comparing
them to the expected number according to the established criteria of 150 meters alert zone
in order to assess the functional correctness.

Results. We selected 15 points among 45 accident points located in the city, where 5
of them are the ones covered by cameras, to create the figure 1. From the analysis of

Thttp://www.ms4systems.com/pages/ms4me.php



the results obtained through the simulation related to this points, the chart shows the
comparison between the quantity of luminaires that should have changed their behaviors
to form the warning zone of 150 meters around the accident point and the total quantity
of luminaires that really changed their behavior in the simulation of both architectures in
the occurrence of a reported car accident. In some accident points, no luminaries will be
able to change their behavior due to the fact they are far from the 150 meters of distance
from the accident point and so the expected number of luminaries will be 0, which is the
case in the points 3 and 5. Besides that, in nine points, both architectures were able to
change their behavior according to the expected result. In 4 points the hub architecture
was not able to change the behavior of all luminaries as it was expected. We calculated
the functional correctness from the obtained results of all the accident points against the
expected results. The hub architecture obtained 75.69% of functional correctness, due
to the fact it failed to change the behavior of some luminaires in 12 accident points.
The publish/subscribe architecture obtained 100% functional correctness, it was able to
change the behavior of the luminaries of all accident points.
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Figure 1. Comparison of the number of luminaries that changed their behavior in
each architecture

4. Conclusion and Future Work

This paper presented a modeling and simulation of a Public Street Lighting System
(PSLS), which intends to use software to change the behavior of public luminaries as
a result of critical events that can bring risks to the population, such as car accidents. It
was proposed two possible architectures to the PSLS system: one of them using the pub-
lish/subscribe architectural pattern where the luminaries connect directly to the PSLS and
the other using hubs as intermediates between the luminaries and the PSLS. Both architec-
tures were implemented using DEVS to simulate and evaluate the functional correctness
of each one. The simulation results have shown that the publish/subscribe architecture
was able to deliver all the expected results in addition to obtain more availability and
easiness in its implementation whereas the hub architecture had problems related to the
distance of the accident point in relation to the its cover radius, furthermore it can con-
stitute a problem because it will be unique point of failure. the hub architecture can also
increase the manual labor due to its implementation difficulties.



As future work, we intend to model and simulate other PSLS functionalities, such
as storing and measuring information about the real energy consumption to allow to trig-
ger the team in the field to fix possible incidents or problems, updating the OCC about the
situation status. Other possible future work is to alter the system to deal with the traffic
light systems, allowing it to integrate the systems together in order to improve car traffic
when there is the occurrence of a car accident.
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