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Energy conservation is the effort to reduce the overconsumption of energy by the usage of less energy services. 

Energy conservation could be user oriented or industry sector oriented. One of these sectors is the streetlighting—

major energy consumer in the town—forming nearly 30% of each country’s consumption. Intelligent designed 

management of streetlighting not only reduces the energy consumption of the town, but also increases the public 

safety and the wellbeing. The article focuses the management of IoT for streetlighting in smart city. This is the first 

stage of project “Service management for IoT in streetlighting”. While the basic management principles are efficiency 

and fairness, the requirements of all actors must be defined. On the base of requirements, the authors synthesize the 

management functions with selected granularity. The chosen methodology is unified modelling language (UML): use 

case diagrams. The models are intended to business developers, university professors, and students. 
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Introduction 

Streetlighting is one of the most energy intensive structures in a town and therefore it is economically 

overtaxing for the administration. The conventional approach to streetlighting is inefficient because it does not 

consider the environmental factors as illumination level and traffic flow. Therefore, it is necessary to implement 

information and communication technologies like Internet of Things (IoT) for management of energy 

consumption and operating costs. The term “Internet of Things (IoT)” is coined from Kevin Aston in 1999: the 

network connecting objects in the physical world to the Internet (Gabbai, 2015). Actually, it becomes one of the 

concepts that transform our surroundings more and more intelligent. It is heavily affecting people’s daily lives 

in many domains (Boulaalam, 2019). Sanchez, Elicegui, Cuesta, Muñoz, and Lanza (2013) describe the 

integration of IoT with the traditional utility infrastructures. One of them is the street lighting network. Dizon 

and Pranggono (2022) analyze the implementation of IoT in streetlights, divided into three stages corresponding 

to the three layers described in Lin et al. (2017), Wu, Lu, Ling, Sun, and Du (2010), and Yang et al. (2011). There 

is no layer Business management in these hierarchies which could include: planning money for sensors and 
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controllers, reducing the staff for maintenance and repair, calculating the average price of energy consumption 

per hour, calculating the average expenditure for a year, calculating the energy conservation, calculating the 

savings in kWh and in money, forecasting the adequacy of photovoltaics for energy conservation. In Table 1, the 

three stages in implementation of IoT in streetlights are illustrated. 

This model, however, does not consider the functional areas for management, as it is shown in European 

program for development of communications (RACE) (Magedanz, 1994). This model classifies in detail which 

functions participate in the life cycle of the service: functional areas on OSI (configuration, maintenance, 

performance, accounting and security) and other defined areas (project and planning, installation, provision and 

user control). Figure 1 depicts the functional areas for management of telecommunications according to program 

RACE. 
 

Table 1 

Three Stages in Implementation of IoT in Streetlights [4] (Dizon & Pranggono, 2022) 

1st stage—perception layer 

Wireless Sensor Networks (WSN) to monitor data on the environment 

Light sensors to monitor the light level 

Rain gauge to measure precipitation 

Wind direction vane and anemometer to measure the wind speed and direction 

Water level to measure ground water level for flooding 

Environmental air pollution detector to measure traffic pollution 

2nd stage—network layer 

WSNs able to receive and retransmit data from gateways, ZigBee/WLAN based communication 

protocol used to communicate between neighbouring WSNs, creating a mesh network 

WSN communicates to other gateways creating a larger network 

The use of Wi-Fi and GPS to transmit data from a base station to the cloud which can be 

accessed by a central control and monitoring system 

3rd stage—application layer 

Responsive measures can be taken based on the data gathered 

Alerting authorities if water level is high 

Dimming of streetlights if surrounding level is high 

Monitoring traffic based on air pollution levels 

Monitor air levels for any toxic gas present and will alert authorities if present 
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Figure 1. Functional areas for management on RACE program. 
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Ilieva-Obretenova (2018) shows the application of RACE functional areas for city monitoring by smart 

streetlighting. Disadvantage of the research is the lack of energy conservation assessment. In inteliLIGHT (2023) 

and TALQ Consortium (2023) management systems for streetlighting with IoT are discussed, but man can add 

some new functions. Asif et al. (2022) represent streetlight control system using IP-cameras and deep learning image 

recognition and traffic forecasting. The authors focus on network element management. Service management for 

municipality officer is missing. Al-khaykan, Aziz, Al-Kharsan, and Counsell (2022) prioritize network elements 

(lamps) and their management. Bakri et al. (2022) also evaluate network elements (intelligent controller) and its 

management with deep learning. The service management and the business management are missing. Jagadeesh, 

Akilesh, Karthik, and Prasanth (2015) examine sensor-based streetlights with dynamic and their management. 

The network management is missing. Alabani (2018) comments on the replacement of (high-pressure sodium) 

HPS lamps with LED and the integration of control node (dynamic dimmer). The intelligence is missing in this 

system. Yaichi et al. (2022) recommend smart street lighting system with network management. It needs more 

detailed service management. Askola, Kärhä, Baumgartner, Porrasmaa, and Ikonen (2022) organize network 

element management and the paper lacks network and service management. Arshad et al. (2020) generalize 

evolution and implementation of IoT based smart streetlights. The study needs more detailed management 

paradigm. The recent article has the aim to define requirements for management of IoT for streetlighting 

considering all actors in the process, and the transformation of the requirements into management functions. 

Methodology 

On the base of requirements of all actors, authors define high level management functions by using UML 

(Unified Modelling Language) (Fowler, 2004; StarUML, 2022). UML diagrams are classified in two categories: 

behavioural diagrams and structure diagrams. On the first stage authors use behavioural diagrams and especially 

use case diagrams. Use case is a technic for setting the functional requirements to one system. Use cases trace 

the typical interconnections between the users and the system, providing a description of the way how it is used. 

The authors have still experience with use cases (Ilieva-Obretenova & Chaudhary, 2020). 

Results 

The working conditions of the system for management of IoT for streetlighting are established from some 

actors: network operator (sometimes includes network element operator too), service provider, municipality 

officer, and head of department in the municipality. Network operator manages the classical network for 

streetlighting and IoT network. The provider manages the services (applications) for IoT and uses network 

resources, provided from operator. The officer in municipality has requirements to the provider for services and 

options for service management. For the usage of service management for IoT the officer needs a connection to 

the classical network of streetlighting. The head of department in the municipality has requirements for business 

management. He/she does not need a connection to the classical network of streetlighting. For each actor 

management services must be synthesized. Actors’ requirements to the corresponding management services are 

synthesized from the set theory (Hernandez, 2013; Date, 2003; Garcia-Molina, Ullman, & Widom, 2002). 

For better clarity the network element operator and the network operator are divided, and their requirements 

are defined separately. The sets with actors’ requirements are signified as follows: 

R—set with requirements to the whole system 

Rone—set with requirements of the network elements operator 
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Ron—set with requirements of the network operator 

Rp—set with requirements of the service provider 

Rs—set with requirements of the officer in the municipality 

Rm—set with requirements of the head of department in the municipality 

The set with requirements to the whole system is equal to the integration of all sets with requirements. 

R = Rone  Ron  Rp  Rs  Rm 

There is a surjection between the sets with requirements of the actors (Hernandez, 2003). The network 

elements operator has most of all requirements, i.e., his requirements are the superset. Network operator’s 

requirements are subset of them i.e., the network operator applies only a part of the network element operator’s 

requirements. Service provider’s requirements are a subset from these of network operator. Municipality officer’s 

requirements are a subset from these of the service provider. Head of department’s requirements are a subset 

from these of the municipality officer. 

Rm ⸦ Rs ⸦ Rp ⸦ Ron ⸦ Rone 

The precise requirements to management services are: 

 Rone—Operator’s requirements to network element management 

o Rone1—Requirements for visualisation network element management; They are realised by functions 

for network element management. 

o Rone2—Requirements for automatic interconnections with other layers (management of electrical 

network and service management); They are realised by interconnections between functions for network 

element management, provided to operator, and management functions, provided to municipality 

officer and to electrical network operator. 

o Rone3—Requirements for interconnections between functional areas; They are realised by interconnections 

between functions for network element management. 

o Rone4—Requirements for interconnections between layer network element management and layer 

network element; They are realised by interconnections between functions for network element 

management and functions for network element representation. 

o Rone5—Requirements for interconnections between network element management and network element 

unit; They are realised by interconnections between functions for network element management and 

functions, representing network element units. 

o Rone6—Requirements for visualisation of network element management for a service; They are realised 

by functions for network element management for a service. 

o Rone7—Requirements for interconnections between functional elements; They are realised by 

interconnections between functions for functional element access management. 

 Ron—Operator’s requirements to network management 

o Ron1—Requirements for visualisation of network management; They are realised by functions for 

network management, provided to operator, on functional areas. 

o Ron2—Requirements for automatic interconnections with supreme actor-provider; They are realised by 

interconnections between functions for network management from operator and functions for 

management of service provider. 

o Ron3—Requirements for interconnections between functional areas; They are realised by interconnections 

between functions for management of network profile. 
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o Ron4—Requirements for interconnections between layer network management and layer network 

element management; They are realised by interconnections between functions for network 

management for a service and functions for network element management. 

o Ron5—Requirements for interconnections between layer network management and layer network 

element; They are realised by interconnections between functions for network management and functions, 

representing network elements. 

o Ron6—Requirements for visualisation of network management for a service; They are realised by 

function for network configuration for a service. 

 Rp—Provider’s requirements to service management 

o Rp1—Requirements for visualisation of service management; They are realised by functions for service 

management, provided to provider on functional areas. 

o Rp2—Requirements for automatic interconnections with supreme actor-municipality officer; They are 

realised by interconnections between functions for service management from provider and functions 

for management of officer’s profile. 

o Rp3—Requirements for interconnection between functional areas; They are realised by interconnections 

between functions for management of service profile. 

o Rp4—Requirements for interconnections between layer service management and layer network 

management; They are realised by interconnections between functions for service management, 

provided to provider, and functions for network management, provided to operator. 

o Rp5—Requirements for interconnections between layer service management and layer network element 

management; They are realised by interconnections between functions for service management, 

provided to provider, and functions for network element management, provided to operator. 

 Rs—Municipality officer’s requirements to service management 

o Rs1—Requirements for visualisation of service management; They are realised by functions for management 

of officer’s profile. 

o Rs2—Requirements for automatic interconnections with supreme actor-head of department in 

municipality; They are realised by interconnection between function for management for officer and 

function for management of head of department’s profile. 

o Rs3—Requirements for interconnection between functional areas; They are realised by interconnections 

between functions for management of officer’s profile. 

o Rs4—Requirements for interconnections between layer service management for officer and layer 

service management; They are realised by interconnections between functions for service management, 

provided to the officer, and functions for service management, provided to provider. 

 Rm—Head of department’s requirements to business management 

o Rm1—Requirements for visualisation of business management; They are realised by functions for 

management of head of department’s profile. 

o Rm2—Requirements for interconnection between functional areas; They are realised by interconnection 

between functions for management of head of department’s profile. 

o Rm3—Requirements for interconnections between layer business management and layer service 

management; They are realised by interconnections between functions for business management, 

provided to the head of department, and functions for service management, provided to the officer. 
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Figure 2 depicts surjection between the elements of requirements sets. 
 

 
Figure 2. Surjection between the elements of requirements sets. 

 

On the next step the synthesized actors’ requirements are transformed into management functions. Each 

function is represented as use case, corresponding to management functional area from Figure 1. The functions 

for service installation, provided to service provider (ServiceProvider) are the following: 

Function IntroServ(x) offers service introduction. 

Function ArrangeF(x) outlines service feature arrangement. 

Function InstallServProf(x) defines service profile installation. 

Function ConfigureServ(x) states service configuration. 

Function MaintainServ(x) identifies service maintenance. 

Function SecureServ(x) summarizes service security. 

Function AccountServ(x) explain service accounting. 

Function PerformServ(x) express monitoring of service performance. 

Figure 3 shows UML diagram of use cases for service installation. 
 

 
Figure 3. UML diagram of use cases for service installation. 
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Conclusion 

Energy conservation, reduction of carbon emissions, and of light pollution are key issues of modern society. 

Administration of these processes needs balancing mechanism for rights and duties between all actors. The article 

represents the synthesis of requirements to IoT management for streetlighting for each participant. On the next 

step the requirements are transformed into high level management functions for each layer of IoT network and 

for each functional area from the lifecycle. The functions are illustrated by use cases for functional area 

installation on layer service management. The future work includes development of use case diagrams for all 

functional areas on all layers inclusive business management, considering the geographical characteristics and 

climate changes by planning energy conservation. 
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