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Abstract

Current technologies have created new methods of monitoring and organization of the problems in our society,
in particular, those arising from the cities. In order to become more connected with the environment and to find
solutions to daily problems, such as traffic, pollution or energy consumption, several research, and development
projects that focus on these issues were developed. The existence of an intelligent platform for the monitoring
and control of the city could be of considerable benefit in the development of the ecosystem at the level of a
city. Such a platform, that proposes the development of intelligent services at the level of the towns, is CitiSim.
The purpose of the CitiSim platform is to allow users to take management decisions even in critical situations
or emergency, on the basis of data provided by the sensors. The expected results shall include the creation of a
3D visualization tool for the monitoring and control of the city and the use of techniques for viewing enhanced
publication and reality enhanced publication. For the implementation of the details at CitiSim platform
architecture has been used as middleware ZeroC Ice. The chosen programming languages for the
implementation of the prototype are Java, JavaScript, and Python. The libcitisim library has been introduced
into the system architecture to provide access to the lower level events of a smart city to simplify the
development of new services. It will also be available the service for emergency cases simulation which will
use special devices for 3D visualization and augmented reality. The devices used for visualization of 3D
equipment are 3D glasses that allow you to view the models of buildings and escape routes. The development
with 3D models will be done using Unity Engine that uses C# and Unity Script—a JavaScript-based language-
as developing language.
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1. Introduction

Over the past years, with population growth, our society has faced new kinds of problems,
which imply traffic congestions, air pollution, deteriorating infrastructures, difficulties in
waste management, the decrease in non-renewable resources. In cities and, especially,
megacities, the quality of life depends on some types of factors, such as traffic, citizens’
safety, sustainability, local administration or energy consumption.

These complex challenges have triggered lots of cities around the world to find smarter
ways to manage them, defining the new concept of “smart cities” and making significant
advancements in this direction by using modern technology. A city can be called “smart”
when investing in human capital, social, energy infrastructure, communications, transport,
emergency services, etc. are designed to be sustainable in time and when it can ensure a
high standard of living supported by a performant and involved administration.

Communication systems, in a smart urban space, must work perfectly so that they can
analyze and decide at any time to solve all problems of any nature. Using low-power
sensors, wi-fi networks, digital surveillance, automated data processing, and public service
management systems are just a few examples of digitization and opportunities for smart
cities. Among the parameters that will define a smart city in 2020, we mention: smart
lighting equipment, intelligent surveillance, smart and automated buildings, smart and
connected medical devices, biometry, eHealth, e-education, eGovernment, sensor networks
for digital resource management, intelligent transport, mobility with redundant emissions
(De ce orase inteligente, 2018).

One of the approaches to the smart city requires an 10T (Internet of Things) platform that
will be managing and enabling diverse technologies, systems, services and applications.
This platform is a framework for integration, communications and an intelligent decision-
making process (Smart City platforms - the Intelligent Core of Smart Cities, 2015). Such a
platform is CitiSim whose aim is to design and implement a new generation platform for
the Smart City ecosystem. CitiSim is a 3D visualization tool created for smart city control
of the infrastructure and powerful monitoring. In order to develop a better understanding
of the events in the city and to create a natural interaction, augmented virtuality and
augmented reality will be considered as visualization techniques (CitiSim, 2018).

The paper is organized as follows: Section Il provides an overview of Smart City
management solutions available on the romanian market, Section Il describes the
architecture of the CitiSim platform, Section IV presents the common framework, and the
final Section concludes the paper.

2. Related work

Cluj IT (Cluj IT, 2018) is a cluster that has created an ecosystem for developing services
and software products by sharing knowledge and ideas with other organizations and
businesses in the public or private environments. Cluj IT provides urban services in the
following fields: public administration, traffic and mobility, public security, health and
education, culture ,and entertainment, tourism, utility infrastructure, energy, work and
housing etc.



These services are provided and implemented by several IT organizations, that are actively
involved in this process. The level of involvement of the organizations in the context of
smart city consists in providing: access control systems, systems for managing public
procurement processes, modeling systems and virtual space navigation, hybrid cloud
solutions for video communications and online collaboration, infrastructure and smart
traffic software, smart parking systems, solutions and systems for cultural and educational
institutions, smart solutions for recreational activities and tourism development, virtual /
augmented reality, intelligent brokerage platforms to supply the city with environmentally
friendly products, Middleware platforms for intelligent WSN sensor networks, monitoring,
control and energy management, smart power grids and city health.

The Intracom Telecom (Intracom Telecom, 2018) Smart City proposition integrates Smart
Infrastructure, Data Transmission & Storage, and Applications & Services, that can help
Smart City organizations such as municipalities, service providers, enterprises, etc., to
better visualize the city of the future. Intracom provides a command and control platform
for powerful 10T and Smart City services. It also supports new verticals in addition to smart
lighting , such as sound, waste, traffic ,and parking. The use case of Noise/Sound Smart
app includes: Real-time information on City map, Security dispatch, Dashboards
presenting the noise level, Automatic notifications sent to Authorities when noise limits
reached or patterns identified (e.g. traffic accident), Sound to image correlation, Public
Transportation plan improvement to reduce Traffic Noise in City Center and EU defined
Noise Levels calculated. For traffic Monitoring Surveillance and they offer Traffic flow
monitoring, Anonymous Traffic counting using Ultrasonic technology, Movement
information by Doppler measurements, People counting using Bluetooth/Wi-Fi
technology, Advanced security through Surveillance, Security on the fence. Smart Cities
offer unique opportunities for monetization via: Dynamic pricing based on Smart service
user/consumer behavior (e.g. for Waste Management), Direct and Indirect revenues
generation (Smart parking, targeted advertising), Objects classification and decision
making using machine learning techniques, Support of multiple Payment Models (Pre-paid
& Post-paid), Flexible charging models (e.g. combination of subscription fees with Pay-
per-Use charges) or Smart service demand (e.g. last parking space).

IndSoft (IndSoft, 2018) promotes the concept of smart city at a national level through ICT
solutions. IndSoft serves a diversified client base, including start-up companies, small and
midsize businesses, Fortune 500 companies, as well as State and Government agencies.
Proprietary automated tools, experienced teams, and best practice processes are the
foundation of IndSoft's core practice areas. The Smart City solutions involve: Smart
Governance, Smart infrastructures, Public security, Smart mobility.

The Smart City projects that are implemented in the city of Brasov include smart lighting,
smart public transportation system (e-ticketing), public security (video surveillance in the
city and schools), integrated technical dispatch, geographic information system. SMART
solutions includes: Sustainable development strategy, Integrated Urban Development
Strategy, Sustainable Development Strategy 2030, Sustainable Urban Maobility Plan,
Sustainable Energy Action Plan 2010-2020, Electronic e-Administration services (Public



lighting network, Municipal networks, Cadastre, Green areas, parks, recreational zones,
Public utility objectives, Urbanism plans, Public and residential parking, Public transport
system) (Brasovul pe harta Smart Cities of Romania. De la viziune la realitate, 2018).

The goal of the Smart City project is to make the public life better, to promote technical
innovation and to improve the efficiency of urban management. The project can be
implemented by using ICTs such as high-speed mobile internet, big data, loT cloud
computing etc. ZTE Smart City 3 provides more innovations, such as Big Data Operations.
This version is people-oriented ,and its goal is to achieve great collaboration by a great
connection. The upgrades of the project include: Cloud Network Map Top Level Design,
Big data cloud platform (UOC). Smart City 3.0 Prospect: Highly developed ICT
infrastructure (Active perception, Perception Crowdfunding, Neural network, Self-learning
Pre5G 400G, LoRa, NB-loT), Standardized open big data (Data Standard, Quality,
Privacy, Security Data API service portal), People-oriented application operation (Public
participation & decision Crowdsourcing & crowdfunding Collaboration of government,
enterprise & citizen). In order for the Smart City ecosystem to work properly, the whole
society needs to engage in the project. For greater data value, the smart cities should be
globally connected (http://wwwen.zte.com.cn/en/, 2018).

3. CitiSim proposed system architecture

The architecture proposed for CitiSim platform should be flexible in order to support
different operating systems (Linux, Windows, Android, etc) and different programming
environments (C++, Java, etc.).

The access of the CitiSim services from third parties to the Internet is done using
REpresentational State Transfer (REST). The core service implementation of the internal
middleware should be flexible enough to support security issues, scalability, flexibility, etc.
The proposed architecture of CitiSim is presented in Fig. 1.
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Fig. 1. CitiSim conceptual architecture

loT Layer: This is the layer where the information is collected from sensors/actuators.
Each sensor will register in the message broker through an interface as a publisher and will
call the message broker in order to interface periodically with its values and the metadata
about reading (e.g., Timestamp, quality of reading, Expiring time, etc.). The actuators will
implement a simple interface to change the environment. For the simulation plane, the same
method will be used for the simulation algorithms. A service from the upper layer doesn't
distinguish among real and simulated data. Nevertheless, timing and critical aspects should
be taken into consideration (Zhou, 2018).

The mobile user apps enable the users to access the information which CitiSim platform
will provide. The component will be used to show information about the traffic.
Core Layer: This layer represents the CitiSim (CitiSim, 2018) platform itself. It is used if
a city runs a single instance of the core layer in to support the rest of the services.

The main components of this layer are:

Message Broker: The main component of CitiSim system architecture is the message
broker, used for the distribution of information (sensor information, raw data, events, etc.)
among the smart services and core layers. Using this broker, each service has to subscribe
to the specific topics and also has to publish the generated information. Topics are logical
buses where information is published. They are using different interfaces which define the
different types of messages. For example, several sensors are sending information from the
10T layer, which is related to true/false information and are sending the following interface:



void notify (Metadata data, string source, bool value). All the services, which are interested
in this type of information will need to implement the notify method for every service;

Filter Service: The filter service is defined to subscribe to specific topics in order to scale
properly. This way, only the information which passes all the filters defined by their
relevant services will be communicated. The filters are set up on the subscription phase;

Property Service: The property service is devoted to store semi-static/static properties of
services/devices in an instance of CitiSim platform. For example, the manufacturer of
specific actuators, the last revision of an extinctor, the position of a smoke sensor are
examples of the information which can be accessed/stored through the property service.
The information will be stored by the property services in a data store;

Persistent service: The persistent service is subscribed to all the topics from the message
broker and stored in a data store. This service will compact and store information about the
city;

Semantic KB: Semantic KB is a knowledge database which will store the following types
of information:

(1) relations of concepts and vocabulary in a current city. The semantic information is
common for any developed city. The services will use the vocabulary for its interfaces,
metadata, etc.;

(2) rules regarding traffic and pedestrian;

(3) service description of the instances in this instance of CitiSim.

Scheduling service: The scheduling service will define the new desires expressed by a user
or service and the complex behaviors to the deployed services. For example, the
authorization to go inside of a building will be done by using several methods (personal
identification number (PIN) code, facial recognition, radio-frequency identification (RFID)
tag, etc.) according to the deployed infrastructure. This service can link to access the
methods with the Access/Authorization service dynamically under an access request done
by the user;

Semantic Service: The semantic service will manage the information at the semantic level
and will integrate other domains along with CitiSim domain;

Manager Tool: The manager tool is used for monitoring the CitiSim platform (state of the
devices/services);

Adapters: The adapters are modules which interconnect CitiSim domain (together with
the semantic service) along with other domains (e.g. Sofia2 services, MQTT devices, etc.).
domains: (e.g. Sofia2 services, MQTT devices, etc.).

Urban modeling layer: The urban modeling layer will store structural information about
the city. The main components of this layer are:



Visual Wiki: Visual Wiki includes information (including multimedia) about the city using
different formats;

Urban model as a service: This component is a repository which stores different models
with information about 3D building models, urban furniture, supplies model (energy grid
layout, water grid layout, etc.), street layer. The three initial repositories will be a Point of
Interest (CitiSim, 2018) repository with specific information about cultural buildings,
monuments, etc. devoted to tourist applications. The main idea is to offer the information
through an API to build visualizers which can access the information remotely and can also
provide information updates by a push model (e.g. water leak and affected area, street cut
by some unusual event, etc.).

Smart service layer: The smart service layer provides services related to the stakeholders
of a Smart City. Firstly it takes the collected information from the core layer and then it
uses the urban model layer to provide the services.

The services can be implemented and modeled according to different use cases. From the
currently defined use cases, the smart services which will be performed are:

Pollution, Energy ,and Infrastructure monitoring service: The monitoring service will
provide information about a specific domain and will enable the control of the specific
devices. In the case of energy, the monitoring service will enable/control/operate specific
devices which can turn on/off the energy infrastructure;

Cultural agenda: This service will introduce information about the cultural event from a
central point. The central point will be the primary source of information for apps,
visualizers, etc;

People monitoring: The key idea of this service is to estimate, from different sources of
information (e.g. video analysis, sensors, access services, etc.), the occupancy of different
areas at specific times. This service will store, with different accuracy, the number of
people in particular areas;

Traffic monitoring: This service will gather information about the traffic conditions in the
street layout;

Emergency service: The emergency service will follow a set of steps when is detected a
specific emergency. For example, the emergency service will provide the evacuation paths
according to the type of the emergency and the status of the infrastructure;

People Simulation model: The people simulation model will provide information
regarding simulations of movements of virtual people. For example, this service can be
used to observe and estimate the evacuation time of people in case of an emergency.

The set of services of the smart service layer is not closed, according to the evolution of
the project, it could be possible to split services in more functional one or implement new
services if needed.



Finally, the virtualization layer will provide to final users (companies, citizens, mayor,
etc.) the information regarding different aspects of the data managed in the CitiSim
instance.

4. CitiSim common framework

The objective of the CitiSim platform is to provide a service development and event
processing environment, specifically tracking, analyzing and solving where applicable (e.g
emergencies). To identify relevant events and to respond more quickly to citizens' needs,
the complex event processing method is used, which analyzes data from multiple sources.
The figure below shows schematically the route traveled by sensor data collected from the
bottom layer to the upper layer where these data are analyzed and where a decision is made
in accordance with the occurrence.

[ Consumer (analysis, other loT clients) ]

Service layer (REST API)

Storage layer (Database)

Transport layer (Message Broker)

I CEP layer |

4p

| Transport layer (Message Broker) |

|Sensor layer (temperature, humidity, etc.)|
Fig. 2. The flow of information from the sensor layer to the consumer layer

The server that stores event data sends alerts to WebSockets. A flow representation between
the CitiSim components can be seen in Figure 3.
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Fig. 3. Data flow between components

The modules of the CitiSim platform and the technologies with which they were developed
are depicted in the figure below.

1
Visualization services Monitoring services Processing services
1

Fig. 4. Modules of the CitiSim platform

Modules grouped by the technology used are:

e Applications server (PUI Server) and Middleware: developed in the Java
programming language. JSON, CSV, XML, and also uses JavaEE, Spring ,and
PUI;



e Complex Event Processing: Developed with the WSO2 framework and Siddhi
language;

e General Database: PostgreSQL and SQL;

e Web clients: Developed with PUI client technology in JavaScript;

e Message Broker: ZeroC Ice using RPC. Supports: C#, C++, JavaScript, Java or
Python.

Middleware is an API that acts as a communication method to the application server or
other clients. Accessing data and synchronizing it with the messaging broker is simpler and
improves the quality of service and security.

The six 10T interfaces are common to the smart service layer and are dedicated to the
Sensors:
o the Observable interface allows services to be linked in a set, so the service
schedule can provide these customers with these;
o the DigitalSink interface is designed for digital value sensors and two-way
actuators (for example, on / off, true / false);
o the DataSink interface is dedicated to sensors with a complex data structure;
o the AnalogSink interface is the equivalent to the DigitalSink but with a float
value;
e EventSink generates the events and their details that will be inserted into the meta
parameter (for example, the fire alarm);
e The AccelerometerSink is a type of interface for accelerometers.

All information will be used to create the 3D model and to view all items corresponding to
emergency situations, rooms, corridors, emergency exits, using smart glasses.

The emergency simulation will give users first-aid instructions when they use an
Augmented Reality device by following the help instructions displayed on the device
screen.

5. Conclusions

CitiSim is the ideal solution when it comes to smart city platforms because it supports the
development and simulation of intelligent services within a common framework. In order
to demonstrate the usefulness of the platform and the services it offers, more applications
will be implemented in the field of smart energy, smart mobility, and smart emergency.
Smart City is on the rise and has a huge impact on the economy. The benefits of CitiSim's
exploitation are to the society represented by citizens and the economy, in terms of market
values. The major innovation of CitiSim want to provide the first Smart City-specific
platform to monitor in real time, and in 2D/3D a large infrastructure of the city and that
enables to interact with users by developing/testing added-value and customized services
in an agile and simple way.
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