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INTRODUCTION

Smart lighting is already around for several years. Since the introduction of led lighting, 
the digitisation of lighting systems has started. Not only because with led lighting the 
options for lighting colour and intensity are increasing, but also because it is much easier 
to integrate them in ICT based systems or Internet of Things applications. Digitisation 
provides endless opportunities for smart urban lighting. Although technical development 
is ongoing, the major problem in the market uptake is not technical — although the lack of 
stable technical systems in early projects did cause reluctance in adoption. In practice, both 
the demand and supply side are struggling with the added value of smart lighting. On the 
demand side, municipalities and site managers often cannot imagine which applications 
are possible and therefore experience difficulties expressing a specific need. On the supply 
side, a lack of open, interoperable systems hampers the offering of integrated, proven 
applications. Basic solutions for smart lighting, focused on energy saving, such as presence 
detection to enable dimming when no people are around, are more and more used, but 
further ‘smartness’ that addresses needs beyond the basic functionality of illumination is still 
in its infancy. There are barely any implementations that go beyond the ‘pilot’ stage. 

This deadlock in the lack of demand and the lack of supply can only be broken through 
larger-scale projects that embrace new functionalities to bring value to the end-users. In this 
publication, we aim to unravel “smartness” in smart lighting by developing viable use cases 
and translate those into scalable systems. TU/e LightHouse is involved in various projects 
that aim to identify urban stakeholders’ needs and use these insights to develop desirable, 
technically feasible and economically viable use cases. This is not a straightforward path 
to success, as we encounter many issues on the way. Nevertheless, the insights provide a 
good base for a framework for smart urban lighting that aims to help both the demand and 
supply side uptake meaningful smart lighting applications. 

In chapter 1, we start with an introduction to smart urban lighting: what is it and what can it 
do. Chapter 2 focuses on the first value of smart lighting: to improve efficiency and reduce 
energy and operational costs for municipalities. Chapter 3 and 4 elaborate on the second 
value of smart lighting: to create extra added value for citizens’ well-being. In chapter 5, 
we then unravel the smart lighting system by presenting the functional requirements for 
the system’s technical components related to the different needs. Chapter 6 evaluates 
the framework for smart urban lighting by exploring the impact on energy-saving and 
other effects. We conclude in chapter 7 with the next steps for all stakeholders involved to 
implement smart lighting.

6 Smart Lighting

This publication is based on the 
knowledge gained in the Interreg NWE 
SMART-SPACE project and the smart 
lighting network of OVLNL.
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Smart urban lighting is a subject on which many people 
have an opinion. Some consider it as a very desirable 
development and look forward to its implementation. 
Others believe it is a hype or see risks related to security 
or privacy. Some approach it from a technical point 
of view, others from an economic, management or 
maintenance perspective. Each of these viewpoints is 
relevant, and therefore needs to be taken into account. 
This chapter explains the notion of smart urban lighting 
and the required elements for a smart lighting system.

We use the term ‘urban lighting’ to ensure a holistic, 
integrated view of outdoor lighting: public lighting (e.g. 
street lighting), private lighting (e.g. facade lighting) and 
indoor lighting that affects the outdoor space (e.g. shop 
window lighting).

DEFINING SMART LIGHTING

In a previous project with the knowledge network on 
smart lighting of the Dutch association of urban lighting 
(OVLNL.NL), the search for a definition for smart urban 
lighting proved not to be straight forward¹. A common 
definition of ‘smart cities’ in the European context is: 
Effective integration of physical, digital and human 
systems in the built environment to deliver a sustainable, 
prosperous and inclusive future for its citizens (source: 
BSI Standards Publication). Roughly translated: 
improving quality of life with technology. 

1. SMART URBAN LIGHTING

Source: 
Strategic Roadmap 2025 of 
the European Lighting Industry 
- Lighting Europe2
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Lighting Europe defined a strategic roadmap2, which 
also relates the value of lighting to quality of life (see 
figure on previous page). In three steps, the value of 
light for society increases:
1. Implementation of LED lighting will decrease energy 

consumption;
2. Adding intelligence to the system will enable further 

sustainability;
3. Developing human centric lighting will further 

increase the use of light for well-being.

In this publication, we aim for smart urban lighting 
that adds value by addressing people’s needs in the 
area concerned in an energy-efficient way.

Smart urban lighting requires an integrated system, 
combining hardware (lighting, sensors and actuators) 
and software (algorithms and controls)3. It connects all 
parts of the system and integrates different components, 
products, and systems to work together as one.

The smart urban lighting applications are human-
centric and can adjust to the actual local needs. They 
acknowledge public space as being everybody’s living 
environment and therefore provide full accessibility for 
all public space users and ensure privacy and security of 
data.

Currently, several pilots and smaller areas are equipped 
with smart urban lighting. However, it proves to be 
challenging to go beyond a limited scale and a single 
supplier towards large, interoperable systems.

By providing a framework for smart urban lighting, 
we aim to provide clear descriptions of use cases and 
related functional requirements, so the barriers for 
municipalities are lowered, and they can embrace the 
new functionalities. At the same time, the framework 
provides insight for companies on the requirements 
related to the use cases to prepare the scaling up of the 
technical systems.

1  https://www.ovlnl.nl/netwerken/smart-lighting (in Dutch)
2  https://lightingeurope.org/images/160404-LightingEurope_Roadmap---final-version.pdf
3  https://research.tue.nl/en/publications/service-design-based-on-smart-urban-lighting
4  https://waag.org/en/article/roadmap-digital-future

Smart urban lighting adds value 
to users of public spaces by:

• providing the right light at the 
right moment, in the right place 
and with the right atmosphere;

• enabling people to use and 
enjoy public space and realising 
a higher level of well-being;

• in an energy efficient way.

The digitalisation of the urban lighting system creates – 
as a sort of physical internet – all kinds of opportunities 
and at the same time brings in new issues that have to 
be addressed and organised. This new technology has 
only a small visible face: the lamp poles, which look 
the same as traditional systems for most people. But 
underneath is much more technology, where devices 
are connected and information is gathered, linked, 
controlled and optimised. As De Waag has pointed 
out in its Roadmap Digital Future4, this poses new 
challenges, requiring new approaches to design and 
organisation to ensure that the system positively impacts 
citizens’ lives and does not become a ‘big brother’ 
solution. Smart urban lighting — as we envision it — aims 
to make public space safe, inclusive and with fair use for 
everybody.

SMART LIGHTING SERVICES

Smart urban lighting aims to provide services for the 
people in the street. These services should support 
what people would like to do outside and cover a wide 
range of applications. Services can create attractive 
atmospheres to increase the ambient quality. They can 
increase people’s safety by highlighting pedestrian 
crossings. They can contribute to healthy living 
environments by redirecting traffic to improve local 
air quality, and they can provide interactive games for 
leisure activities. Services can also support municipal 
processes such as maintenance and asset management 
with self-diagnostics of the system, or efficiency 
optimisation, such as reporting actual road conditions 
for snowblowers. 

These are just a few examples of an endless list of 
(future) service opportunities. Such services require an 
integrated system where different technologies and 
elements cooperate and communicate together. The 
visualisation on the following page presents the smart 
lighting system with all its elements.

SMART LIGHTING SYSTEM

Infrastructure

The basis of the system is the infrastructure that 
connects and supports all other technology. It provides 
connectivity for power and data, either wired – 
through power and internet cables – or wireless using 
technologies like RF, LoRa, GSM, Bluetooth, WiFi, LiFi or 
other means. These connections need to be secure and 
reliable to ensure the services are always available and 
safe. 

Lighting

Lighting includes all light sources in public space. This 
covers all urban lighting such as the regular street 
lighting, special elements, such as facade lighting, 
lighting integrated into street furniture, light strips in 
the pavement and temporary features such as seasonal 
lighting elements. But also, private lighting is an 
essential factor in the total design of lighting scenes. All 
lights sources need to be taken into account to ensure 
the right light levels and atmosphere are realised. 

Depending on the available lighting elements, different 
lighting scenes can be designed, varying in intensity and 
colour. These lighting scenes may change over time, 
to the real-time use of the space. The more flexibility 
is built into the system, the more dynamic the lighting 
design can be.

Controls

The lighting system is operated through controls. A 
simple control is switching power at a central location, 
but controls may also be more sophisticated with 
sensors and communication software.

Infrastructure
(energy & connectivity)

Lighting
(public lighting & special elements)

Controls
(sensors & software)
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Visualisation of smart urban lighting 

Lighting
(public lighting & special elements)

Controls
(sensors & software)

Data Management
(system data & platform services)

Infrastructure
(energy & connectivity)

Elements of the system

A growing number of Internet of Things (IoT) appliances 
is becoming available and can be integrated into the 
smart lighting system, like sensors to monitor air quality, 
weather conditions, energy consumption or diagnostic 
information on the system and intelligent cameras to 
monitor the presence, speed and direction of people. 
In smart lighting systems, the sensors provide local data 
for real-time monitoring and, in more advanced systems, 
they activate specially designed lighting scenes suited 
to the specific situation.  

The communication platform links the input from all 
physical components and devices and controls the 
lighting scenes. For instance, if the presence sensor 
detects a person, the signal is given “on”, and the 
required lighting scene is turned on, programmed for 
either a given timeslot or until another trigger is noticed. 
The smooth transition between lighting scenes and the 
priority of scenes, for instance, in case of emergencies, 
is also programmed here.

Data management

Data management is required for the smart lighting 
system. It collects the data from different system 
components, performs data analysis and runs the 
algorithms to select the appropriate lighting scene. 
The data management platform can integrate different 
types of data: 1) the data collected in the system, e.g. 
through sensors; 2) data gathered from other devices, 
e.g. smartphones; 3) data collected from open sources 
such as online weather reports; and  4) metadata that 
describes other data in terms of what data was send 
when and by which source. 

Although systems should adhere to ‘privacy by design’ 
principles, smart systems inherently rely on significant 
data amounts. All this data needs to be managed. A 
lot of data contains (directly or indirectly) data about 
the behaviour of people. In a smart lighting system, 
algorithms are used to recognise patterns in this data. 

This is needed to make services work, but it can also be 
misused for manipulation and influence. The collection 
of data and the use of algorithms, therefore, poses a risk. 
It is crucial to design and embed data and algorithms 
so that authorisation is ensured and authentication for 
access to the system is designed with reliable platform 
security. When sensor data is also made available for 
other applications, a data manifest is needed to define 
data ownership and guarantee privacy. 

IMPACT OF SMART LIGHTING

Currently, energy efficiency and reduced CO2 emissions 
are the main goal for municipalities to implement smart 
urban lighting. However, the opportunities also lie in 
adding value through services. In this publication, we 
make a distinction in two different types of added value:
• Smart lighting for efficiency and sustainability 

Chapter 2 presents how smart lighting can contribute 
to cost savings, energy savings, reduced CO2 
emissions, and operational efficiency.

• Smart lighting for well-being 
In Chapter 3 and 4, we present citizens needs for 
smart urban lighting. The challenge in smart lighting 
for well-being is that such human-centric lighting 
requires citizens and other stakeholders’ involvement. 
Therefore, in chapter 3, we describe how citizens 
needs can be investigated. Chapter 4 describes 
smart lighting interaction levels to explain how smart 
lighting can impact citizens and other stakeholders’ 
well-being. 

In Chapter 5, we indicate how both of these goals 
translate into requirements for the system elements: 
lighting, controls, data management and infrastructure. 
In Chapter 6, using the framework for smart lighting 
created in chapter 4, we elaborate on the impact on 
energy efficiency that both connected lighting and smart 
interaction can have.

Data Management
(system data & platform services)
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Urban lighting is the largest part of most municipalities’ 
energy bill: it can go up to 70% of their total energy 
costs. Therefore, energy efficiency and operational 
efficiency are important drivers for cities to explore 
smart lighting solutions to save costs and become more 
sustainable.

ENERGY EFFICIENCY

Energy efficiency of urban lighting contributes to cost-
saving and reduction of CO2 emissions at the same time. 
It is achieved in two steps:

Step 1: ledification

In this first step, all light sources are replaced by led. 
Due to the higher efficacy of led-technology, the same 
amount of light is realised with less energy consumption. 
This has a direct effect of up to 70% energy savings. On 
top of that, pilot projects have shown that often more 
energy can be saved. Led provides a more even light 
distribution, so lower light levels provide equal visibility 
as traditional light sources, leading to further energy 
saving.

2. SMART LIGHTING FOR EFFICIENCY

Step 2: intelligent system

In the second step, intelligence is added to the system 
to increase sustainability further, e.g. through:
• Dimming schedules to save energy throughout the 

evening and night.
• ‘Light on demand’, with a system that detects people’s 

presence and only provides light (or higher light 
levels) when needed and dims automatically when no 
people or vehicles are detected. 

• Self-learning systems that monitor when people are 
around and adjust the lighting levels to maximise 
energy saving. 

Smart lighting for energy efficiency requires all light 
points to be connected to report energy consumption 
and react to dimming schemes or presence triggers.  
An overview of how this translates into functional 
requirements for the elements of the system is given 
below.

Note: we focus on smart lighting, but we acknowledge that sustainability 
covers more aspects, such as material selection for hardware and circularity.

Lighting Controls Data
Management Infrastructure

Bi-directional  
communication  

between all light points 
and assets in the 
system to enable  

reporting actual energy 
consumption and status

Energy
efficiency

Data collection on 
energy consumption 

per light point and per  
zone to optimise 

energy consumption

Lighting scene(s) with 
good light distribution 
against minimal energy 

consumption - and -  
luminaires with  

connectivity (e.g. 
Zhaga)

Dimming schemes in  
control software -  
and/or - presence 

sensors to enable ‘light 
on demand’

Energy efficiency and the corresponding functionality of the elements of the smart lighting system
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OPERATIONAL EFFICIENCY

Smart lighting can also contribute to operational 
efficiency. Several processes can benefit from 
technology.

Installation & commissioning

Smart lights and drivers can be equipped with GPS 
positioning for easy commissioning and monitoring. 
Software platforms enable each luminaire’s remote 
configuration after installation and easy zoning of 
luminaires in an area, to which different settings can be 
applied (e.g. dimming schedules).

Asset management

Asset management software enables the tracking of 
Asset management software enables the tracking of 
software and hardware updates to the system to make 
configuration management easier. Modifications to the 
system can be automatically tracked and incorporated 
into the system. This provides up-to-date insight into the 
lighting infrastructure without manual effort and the risk 
of mistakes.

Quality management

Remote monitoring of faults and defects in luminaires 
or other hardware in the system and remote diagnostics 

contribute to an efficient maintenance process. 
Operational efficiency can be improved through 
predictive maintenance based on monitoring each light 
point’s actual energy consumption or its burning hours 
to predict end-of-life. 

The information provided by the system can also be 
used to optimise street lighting performance. Uptime 
of the system can be increased through fast response 
reactive maintenance (leading to reduced downtime). 
Automatic adjustment for degradation creates a 
constant light output over the lifetime of the luminaire. 
Monitoring energy consumption of street lighting and 
regulating it can also prevent demand from exceeding 
the power network’s capacity, saving the area from a 
brownout or blackout.

Workflow management

Workflows can be optimised through planning software 
that sends work requests directly to maintenance 
crews, with accurate job instructions (including spare 
parts, material and tools required) to eliminate the 
risk of providing incomplete or false information and 
misunderstanding of the job at hand. This reduces 
labour and rework.

Smart lighting for operational efficiency merely requires 
a software platform and connected assets. The graphic 
below shows what this means for the elements of the 
system.

Operational 
efficiency

Lighting Controls Data
Management Infrastructure

Maintenance related 
information to enable  

scheduling of 
preventive or 

predictive maintenance 
activities

Connectivity of all light 
points to enable 
self-diagnostics 

Self-diagnostics and 
automatic resolving of 

issues - and/or - 
flexibility in zoning for 
upgrades and changes

Bi-directional 
communication 

between all light points 
and assets in the 
system to enable 

reporting actual energy 
consumption and status

FUTURE PROOF INVESTMENTS

Many municipalities and organisations responsible 
for urban lighting face the need to replace their 
assets due to reaching the technical or economic 
lifetime. In many cases, budgets are insufficient to 
go for full-scale city-wide upgrading or adoption of 
innovative solutions. So replacement takes place area 
by area, and in many cases, focuses on just replacing 
the light. Simultaneously, technology is developing 
fast, so sometimes systems procured for an earlier 
project are no longer available when the next area 
is due. This leads to different brands, different types 
of lights and controllers and various communication 
technologies being part of the entire urban lighting 
network. Therefore, it is essential to choose solutions 
and platforms that are flexible so that they can include 
current and future products of different suppliers. For 
example, by selecting lights that provide connectivity, 
such as a Zhaga connector that allows adding 
compatible sensors at a later stage.

For smart lighting, this also includes flexibility for 
replacing systems with newer versions or upgrading the 
system, for example, by integrating new sensors and IoT 
hardware. Even software and data platforms should be 
flexible for upgrades.

A future proof system enables integration of systems, 
replacement and upgrades by newer versions, and 
expansion to other areas of the city.

Opperational efficiency and the corresponding functionality of the elements of the smart lighting system
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Smart lighting offers new opportunities to make public 
spaces more attractive, safer and more enjoyable. 
But how can we avoid just talking about technology? 
And how can we make sure that smart lighting does 
contribute to quality of life? New technologies, such 
as LED, offer new possibilities such as dimming, colour 
variations, light distribution and higher efficiency that 
are used to reduce energy use and light pollution and 
increase people’s perceived personal safety and comfort 
at the same time. However, little is known yet about the 
acceptance of such solutions by the general public, 
nor the effects on perceived safety and comfort. And, 
to start, if any lighting scenario can be designed, then 
where to start and what to aim for? 

This chapter describes how to investigate what people 
want and how to involve them in designing their living 
environment.

Challenges

There is a growing awareness that people should be 
involved in the design of public space. Measuring 
perception and acceptance is necessary to understand 
the appreciation of new possibilities and challenges of 
lighting design. However, Involving people in lighting 
innovation poses several challenges, as presented in the 
image on the preceding page. 

Because of these challenges, the way to involve citizens 
requires innovative research methods. These methods 
connect to smart lighting’s human-centric approach and 
involve all stakeholders in the area as experts on their 
living environment.

3. HUMAN CENTRIC LIGHTINGCHALLENGES WHEN INVOLVING PEOPLE IN LIGHTING INNOVATION

Light is intangible

It is difficult to ask people 
directly about their preferences 

for urban lighting, because they are 
not usually aware of them. And if you 

ask them to describe lighting, they will 
most probably say something about 

the design of the luminaires. The 
perception of light needs to be 

measured using indirect variables.

Lack of standards

There are (still) hardly any 
validated research methods 

for testing and evaluating the 
performance of innovative lighting 

solutions. 

Smart lighting 
solutions are innovative

People are used to certain kinds of 
lighting, often ‘white’, ‘high lux’ or 

static. Smart lighting enables dynamic 
adjustment of the lighting, including 
the use of lower light levels. This can 

lead to reactions like “we don’t want it 
because we’re not used to it” or “we 

don’t really need it”.

Perception is 
personal

People’s perception and acceptance 
are built up of a series of subjective 
variables — for example preferences, 
emotions and past experiences. This 

makes it difficult to separate facts from 
emotions, and to distinguish causes 

and effects.

Lighting is located 
in public spaces

People’s perception of comfortable 
lighting is best tested in real-life 

situations — with the target group on the 
street, because we understand still little 
about the context variables, such as the 
weather, the surrounding environment 

and the possible presence of 
people in the area.

18 Smart Urban Lighting

Smart urban lighting requires 
the involvement of people 
as experts of their living 
environment.

Citizen engagement in smart urban lighting

To engage people in designing their living environment 
and supporting the discussions on an intangible subject 
as lighting, we identify three different aims for their 
involvement at different stages in a lighting design 
project. Each with varying roles for citizens and various 
methods to support them in their role:
• identifying citizen needs
• co-creating use cases
• user experience research



2120 Smart Urban Lighting

IDENTIFYING CITIZENS NEEDS

From the very start, when thinking about the 
implementation of smart urban lighting, residents in an 
area should get a chance to participate in thinking along 
and discussing relevant, innovative solutions. The first 
step in that is to get an in-depth understanding of the 
needs.

Different methods can be used, preferably in a series 
of sessions with residents and stakeholders. These 
also involve different working approaches: interviews, 
discussion groups, workshops and interactive sessions. 
Three tools are discussed in more detail.

Cool Wall session

The Cool Wall (an adapted version from the original 
Cool Wall of the BBC program Top Gear) is a playful way 
to collect insights from citizens and other stakeholders. 
People living, working or residing in the area are asked 
about the experiences, stories, needs and wishes that 
are important to them, using photos of specific locations 
and situations in their living environment. Discussions 
are not yet focused on smart lighting, since in this first 
step the main aim is to gather insights into the needs 
from a broad perspective. A dialogue is started through 
a simple question: 

“What are pleasant or unpleasant places in the area?” 
 Why are they (un)pleasant? (needs) 
 What can be improved? (opportunities)

This is followed by a discussion that seeks to find out 
what is needed to make a location a good place to 
spend time. As well as providing an understanding 
of what people find important in their immediate 
environment, the discussion also provides direct 
information about the opportunities for smart lighting 
applications in the neighbourhood.

Crucial in this approach is to take an effort to meet 
people in their environment, e.g. having a stand in a 
school in the neighbourhood at pick-up or drop-off 
moments, a bus stop or local shop, or by attending one 
of the meetings of the neighbourhood association or 
local events.

The discussions are summarised on small cards and 
placed on the cool wall, being a poster with an axis 
from “seriously uncool” for the things (places as well as 
solutions) that people do not like at all to “subzero” for 
the coolest places and solutions that people do see fit 
for their neighbourhood and situation. Simultaneously, 
the cards are marked on a map of the area to link needs 
and opportunities to specific places and situations.

Examples of rich need descriptions: needs are related to specific places 
and situations and include quotes of residents.

Examples of Cool Wall sessions with residents

Creating rich stories 

Whereas the cool wall is merely a collection tool, where 
individuals are stimulated to provide as many insights as 
possible, it is sometimes also relevant to discuss several 
themes in more depth and create rich stories.

A playful way to support such conversations is with 
the use of interaction tables. In a structured approach, 
people are invited to identify relevant themes for their 
neighbourhood, discuss them with multiple perspectives 
and interpretations, and finally prioritise the outcomes. 
With this tool, consensus can be created with different 
stakeholders on the themes, needs, and locations.

Neighbourhood safari 

A third way to collect insights and needs is to organise 
a hike through the neighbourhood with residents. 
People are invited to show relevant places and situations 
that can be investigated at the spot. Environment and 
context support an in-depth discussion on both the 
problem and potential solutions for the situation.

Results

These methods identify everyday needs, which refer to 
general themes, such as feeling safe at night, feeling 
reassured to be seen in dangerous traffic situations or 
finding ways in unknown areas. However, due to the 
additional information gained in the discussion, the 
needs are related explicitly to spaces and conditions. 
And by using quotes to describe them, other residents 
can easily relate to them.

The interaction tables are part of the PhD research entitled ‘[X] Changing 
Perspectives’ by Philemonne Jaasma of the Industrial Design department 
at Eindhoven University of Technology (TU/e).
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CO-CREATING USE CASES

The identified needs can now be used as inspiration 
to take a step further and design possible desired 
situations.

Use cases are created together with local stakeholders, 
the municipality and experts in smart lighting. The local 
stakeholders provide the information of how space is 
used at different times of the day, different days in the 
week or different seasons, what specific activities are 
done already, or may be done in the future when the 
situation is improved with smart lighting. The experts 
provide knowledge on what would be technically 
possible in a smart lighting solution.

Use case workshop

A workshop is a good opportunity to create use cases 
and scenarios with a wide range of stakeholders and 
perspectives. It is essential to have relevant materials, 
such as pictures and maps of the area and situation. 
The first step is to create and visualise an event-timeline 
and storyboard that describes how space will be used, 
identifying which people, which activities, and their 
desired state: what would people like to do?

Subsequently, this timeline is complemented with 
solutions: how can we make this possible? In detailed 
scenarios, the anticipated use of the space and the 
interaction with lighting is described.

Light sketching session

Studio Philip Ross5 initiated the development of a ‘light 
sketching’ approach for interaction with citizens. This 
project developed an alternative design approach to 
smart lighting. It aims to contribute to Placemaking: 
making public space more meaningful for its users, 
with their input, using light. To achieve this  ‘Light 
sketching’ streetlights were developed that enable 
people to create their own light distributions, colours 
and dynamics, as easy as finger-painting. Through live 
light sketching sessions with residents in their streets, 
we learn about smart lighting value for citizens. By 
asking them to explain why they make certain choices, 
deep insight is gained into how they look at their living 
environment, what they deem important, and how they 
would like to use the space. The citizens immediately 
experience their lighting choices, which makes the 
creative process interactive and engaging. It enables 
them to vividly envision scenarios that support their 
activities in the area.

Results

These methods result in detailed and viable descriptions 
of interactive use. First, it provides an overview of 
the area with different types of use and users over 
the flow of a day and night and the seasons of a year. 
Based on that, different scenarios can be identified 
that are described in more detail, including the related 
constraints and requirements to potential solutions.

5  https://www.studiophilipross.nl

Design: 
Studio Philip Ross

Pictures:
Bart van Overbeeke
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When smart lighting systems are installed, people can 
be engaged to evaluate the impact and to fine tune the 
lighting scenes.

There is still little knowledge about the acceptance of 
smart lighting solutions by the public at large, nor about 
their effects on the perceived safety and comfort levels. 
In addition, it is still not clear whether people appreciate 
a solution to a greater or lesser extent if they understand 
its ecological and social effects. As well as that, smart 
lighting solutions in many cases make use of data. This 
has the advantage of allowing the systems to respond 
to real time data, but may have an adverse effect on 
privacy. 

To evaluate the impact of smart lighting solutions, two 
approaches can be applied. First, we can make use of 
the smartness of the system to collect data on use and 
behaviour by people. Next, to understand how people 
really perceive the atmosphere, perception research is 
used.

Data analytics 

Smart lighting solutions make use of ICT, which also 
allows objective data to be gathered. Together with 
users it can be decided which data are relevant to 
achieve the defined goals, and how these can best be 
analysed. The ethical and privacy-related aspects are 
also taken into account in the research plan.

System data can be used to visualise the real time 
situation, but it enables also the identification of 
correlations between parameters and allows longer-
term effects to be identified. It may show implicit effects 
of lighting i.e. walking and cycling rates, change in 
speed, near-misses, collisions and gives meaningful 
results when it is combined with actual user experience.

USER EXPERIENCE RESEARCH

Examples of a dashboard with system data (Source: Cisco).

Example of longer-term measurements to allow patterns to be recognise, 
in this case of energy usage (Source: Philips Lighting).

Examples of real-time data visualisation of the numbers of people in the 
area (Source: Cisco and Philips Design). Example of research into the effects of different dynamic lighting scenes with measurement of physiological stress.
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Example of research into the perception of comfort and safety in different 
lighting scenes.

Actual user experience 

This research measures the direct effect of light on 
users and their actual response. TU/e LightHouse uses 
a combination of research methods to determine how 
specific lighting scenes make people feel. This is mainly 
done through the self-report of users. Next to these 
subjective appreciations, measurements of physiological 
changes can be made to provide an understanding 
of more objective variables, such as visibility, colour 
recognition or - by heart measurement - actual arousal.

The research is preferably carried out on the spot, if 
necessary, using prototypes or temporary installations. 
This makes it a time-consuming and challenging 
approach since it is difficult to exclude other variables, 
such as weather conditions.
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4. SMART LIGHTING FOR WELL-BEING

The needs identification and use case development 
result in many new opportunities for smart lighting. The 
possibilities seem endless. The future solutions to fulfil 
these opportunities, however, differ in the required 
functional ingredients. In different projects, we have 
identified potential opportunities and use cases for 
smart lighting. To better understand these solutions and 
their distinctions, we have analysed many potential use 
cases and scenarios for the use of smart lighting. 

This resulted in three clusters of anticipated use. These 
clusters refer to the main functionality of the light.

Within these clusters, we identified five different levels 
of interaction between lighting and users. These levels 
are described, starting from the most basic level with 
simple interaction to the most interactive level.

This chapter concludes with the entire overview of 
opportunities in a framework for smart urban lighting.

CLUSTERS OF ANTICIPATED 
USE

Improving safety for all road users

The first cluster of anticipated use entails the most basic 
functionality of light: traffic safety. All types of traffic 
use are regarded, with user groups being pedestrians, 
cyclists, car drivers, and all other traffic users. The use 
can be goal-oriented, like driving or commuting or just 
passing-by on foot or bike. 

All users eventually want the same thing: they want to  
enjoy the ride and feel safe when going from a to b 

efficiently and comfortably. In night-time situations, 
this means they want to see — to orientate and detect 
(potential) hazard — and they want to feel reassured that 
other road users see them.

Lighting can support this by providing sufficient 
illumination on the road with good spread and avoiding 
glare.

Results

These research methods provide understanding of the 
effects of lighting scenarios on a range of parameters, 
such as energy consumption, the time spend by 
people in the area and the amount of social interaction 
between people, as well as an understanding of users’ 
appreciation of a range of lighting scenarios. This allows 
decisions on the initial settings of the system and the 
lighting scenes, as well as modification.

CONCLUSION

To understand potential value of smart urban lighting 
the involvement of people as experts of their own 
living environment is required. At different stages of 
the realisation project, people can provide useful input. 
At the very start, it is important to identify what the 
desires and needs are of people in a neighbourhood. 
During the development, people can be involved in 
co-designing the solutions. When the smart lighting 
system is installed, the impact on comfort and safety can 
be tested and lighting scenes or other services can be 
further adapted in consultation.

The intangible nature of lighting requires supportive 
tools and methods to facilitate the discussions and 
inspire non-experts. In the end, it is an intense and time-
consuming activity, but results will be refreshing and 
citizens feel valued for their opinion.

An example of safety for all road users: Safe walking & cycling along 
mixed traffic roads, where the light on the main road is dimmed down to 
save energy, but it will light up when a pedestrian or cyclist is identified 
and light the path in front of them, guiding them on their way and making 
them visible for car drivers to increase their safety.
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Enhancing leisure experiences

The second cluster of anticipated use contains all kinds 
of leisure activities in public space. People engage in 
various activities to enjoy life outside, such as shopping, 
sports, strolling along, sitting in the park or visiting 
events. People want to do these different activities 
with an enhanced experience and therefore need an 
attractive public space that enables the activity.

Lighting can support this by illuminating the vertical 
elements with the right amount of sparkle. Also, 
particular lighting elements can be added to enhance 
the experience further.

Lighting can support surveillance through balanced 
spatial illumination (avoiding hard shadows) with a small 
spread of luminance’s (adaptation CCTV) and prevent 
glare in the line of sight. Different lighting scenes can 
be used to enhance comfortable atmospheres for 
different size groups and the de-escalation of aggressive 
behaviour.

LEVEL 1: STATIC LIGHTING

At the first level of interaction, static lighting, the lights 
do not adapt to activities on the street or any other 
direct input; only one predefined scene is switched on 
and off.

The very basic functionality of lighting, providing safety 
for all road users, can be realised by a well-designed 
lighting scene that offers a good overview of the area. 
(Cool) white light at low intensity can ensure energy 
efficiency when the design acknowledges high colour 
rendering and low contrast (no dark shadows) in the 
immediate vicinity and surroundings to provide a good 
overview and stress irregularities in the walking and 
cycling surface. Therefore, other light sources (façade 
lighting, shop windows) should also be at low intensity 
to avoid contrasts. At road crossings, the intensity may 
be increased to increase safety further. 

Commuting safely on a busy station square: Providing a good overview of 
the area to support the flows of commuters (pedestrians, cyclists, bus and 
tram-passengers) to/from the train station and avoid collision.

Commuting safely on a temporary cycle lane: Providing visibility of 
cyclists and separating flows in a shared space, with a temporary light 
path for cyclists at the end of the afternoon on school days, to reduce the 
number of accidents and conflicts. 

Lighting can also be used to enhance leisure 
experiences. People do all sorts of activities outdoors, 
like shopping, sports, recreation, enjoying a park or 
having a drink on a terrace. A tailor-made lighting 
scene should be designed for the environment and the 
functionality at hand. To enhance shopping experiences, 
a warm lighting scene will create a friendly atmosphere 
with uniform horizontal lighting at low intensity to 
emphasise the illumination of shops, façades or events. 

Sports activities, for instance, playing in a park or 
running alongside roads, will benefit from good and 
clear lighting to support those activities. A warm and 
attractive atmosphere on a city square with a lighting 
scene that uses the features of the area in a layered 
lighting design, avoiding dark spots, is inviting for 
people to stay on the square and enjoy a stroll or take a 
seat.

An example of enhancing leisure experiences: A lively urban space that 
evokes (social) activities by realising interactive playful lighting elements 
that invite children to play or that enhance the experience of a beautiful 
sunset by copying the lighting colour and temperature to the urban 
lighting.

An example of security for night-life: Increase the perceived safety at 
a pub area, where the lighting is connecting to surveillance and where 
lighting scenes can be used to de-escalate riots with different lighting 
scenes when a riot is detected.

Increasing security for night-life

The last cluster of anticipated use is about security in 
night-life areas. Many cities have public spaces where 
restaurants, pubs, theatres or clubs are attracting 
crowds at night and where night-life experience can be 
enhanced while safety and security are essential aspects. 
Here municipalities often want to support police 
or camera surveillance and de-escalate aggressive 
behaviour so people feel safe and secure.

These three clusters of anticipated use will form the 
basis of the explanation of smart lighting interaction 
levels to provide ample examples of a diversity of 
anticipated use and possible lighting services to support 
that use.
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Night-life areas are provided with a lighting scene that 
creates a warm atmosphere, using the site’s features 
in a layered design with a suitable layout with, e.g. low 
poles and short spacing. Other sources, such as façade 
lighting or decorative lighting, can support the layered 
design to make the area attractive and avoid dark spots 
or high contrasts. To provide security, good visibility for 
cameras and security guards should be realised, with a 
high uniformity to support visibility.

Enhanced shopping experience: Creating a warm atmosphere to attract 
more people in the afternoon and to emphasise the lighting of the shops 
and façades. 

Prolonging the stay: Providing an attractive and warm atmosphere on the 
squares to invite people to stay longer and have a drink or a bite. 

1
Static

LightingLevel Controls Data
Management Infrastructure

No data

No communication 
(local switching) - 

or - one-way 
communication to light 
sources (individual or in 

groups) for switching

One lighting scene with 
uniform horizontal 

lighting at low intensity, 
high colour rendering 

and low contrast to 
avoid dark shadows

On/off via switch or 
clock-timer in control 

software

Concluding: static lighting

Static lighting has only one predefined lighting scene 
switched on and off through hardware or a clock-timer 
in control software.

LEVEL 2: ACTIVE LIGHTING

At the second level of interaction, active lighting, 
multiple predefined lighting scenes are created for 
specific routes, locations, time of the day and seasons 
and follow a pre-programmed schedule.

Safety for road users can be realised by creating 
different special lighting scenes at different timings.

Throughout the evening, lighting scenes with extra 
dimming can be designed to save energy during 
episodes when few people are in the street. In contrast, 
special lighting scenes with bright zones can be used 
in particular areas, such as a bus station during bus 
operating hours. Another example is a crossing, where 
the lighting on the bicycle/footpath levels up and 
down towards a brightly lit intersection, and there is no 
lighting on the main road. Multiple scenes are used to 
maintain the contrast level between the crossing and 
its surroundings while dimming further throughout the 
evening and night. 

Next to particular areas, specific times can be used for 
different lighting scenes, such as special scenes for 
commuters, indicating a wider walking or cycling lane at 
busy times of the day or bright spots nudging people to 
use pedestrian crossings to pass safely.  With multiple 
lighting scenes, including warmer lighting in winter 
times and cooler in summer times, the atmosphere 
can also adapt to seasonal settings. Switching multiple 
lighting scenes will be based on a schedule (time and/or 
calendar) in the control software. 

Commuting safely: Providing good visibility for the flows of commuters 
(schoolchildren arriving by car and bus, through-traffic and delivery 
drivers for shops and bars) to avoid accidents. 

Crossing safely: Providing good visibility of cyclists and pedestrians 
crossing the road to increase their (perception of) safety. With multiple 
lighting scenes that dim further over the course of the evening and 
night, with constant contrast for a brightly illuminated crossing, a bicycle/
footpath levelling up and down towards this intersection and a maximum 
dimmed or no lighting on the main road. 

Static lighting and the corresponding functionality of the elements of the smart lighting system
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Leisure experiences can be enhanced by designing 
multiple, specially-designed lighting scenes that evoke 
people to explore a city centre by highlighting the little 
gems and lovely alleys in different routes that change 
throughout the year. Other occasions, like Christmas 
shopping, local sports games, music festivals, or other 

Christmas experience: Creating a fabulous Christmas experience with 
multiple scenes to change over time to keep it interesting for the entire 
Christmas season. 

Enhancing wandering around: Creating an enhanced shopping 
experience by evoking people to explore the city and wander around 
less familiar areas, with multiple, specially-designed lighting scenes that 
highlight the little gems and nice alleys in different routes. 

events, can be enriched with unique lighting scenes, 
either to improve the experience or to evoke people to 
participate. These specially designed lighting scenes will 
be based on a schedule in the control software but need 
to be updated regularly to stay interesting for people.

In night-life areas, memorable lighting scenes can 
enhance the atmosphere, adapting to other light 
sources to ensure good visibility throughout the night. 
Unique scenes for different events can make people 
feel welcome and say goodbye after an evening out. 
Creating a welcoming and warm atmosphere for 
people to enjoy their stay, with multiple lighting scenes 
throughout the year, adapting to specific events or 
situations, keeps the area lively. Or even going a step 
further by creating an incredible experience to make 
going out a memorable event and tempt visitors to 
return, with a well-timed scene that lights-up objects 
in the street and creates a ‘drawn-in/waving goodbye’ 
experience for people going out.

Enhanced night life atmosphere: Creating a welcoming and warm 
atmosphere for people to enjoy their stay. 

Inviting people to join: Creating a welcoming entrance to the square in 
front of the church entrance to make people aware of the activities on 
the church square and to invite them to take a look and enjoy themselves 
with multiple lighting scenes that highlight the higher elements of the 
church facade (to be seen from the market place) and the side walls of 
the ‘entrance’, changing according to the event or the season. (SN3.6)

Enhanced night life experience: Creating a surprising experience to 
make going out a memorable event, and tempt visitors to return. With a 
well-timed scene that lights-up objects in the street and creates a ‘drawn-
in/waving goodbye’ experience for people going out. (SN1.5)

2
Active

LightingLevel Controls Data
Management Infrastructure

Multiple static scenes 
and dim regimes with  
differences in colour 

and light intensity, use 
of bright areas or 
projections with 

constant contrast

Switching of scenes  
based on schedule 

(time and/or calendar) 
in control software

No data

No communication 
(local switching) - 

or - one-way 
communication to light 
sources (individual or in  

groups) for switching

Concluding, active lighting

Active lighting is based on multiple predefined scenes 
which are activated based on a fixed schedule.

Active lighting and the corresponding functionality of the elements of the smart lighting system
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LEVEL 3: REACTIVE LIGHTING

At the third level of interaction, reactive lighting, the 
lights adapt to real-time inputs with multiple lighting 
scenes suited to the environmental context and 
characteristics.

When establishing an overall lower light intensity, 
safety for road users can be improved by special scenes 
activated by a single trigger or sensor. To ensure a 
feeling of security on a square or in a street where light 
is dimmed down at night-time, a lighting scene with 
good, functional lighting that provides good visibility 
and highlights the commuting or walking zone can be 
activated at all times of the day and night, reacting to 
the presence of people.

Obstacles on the road, like delivery vans, can be 
detected and trigger a lighting scene creating a 
brighter area around the obstacle to warn cyclists and 
pedestrians and avoid accidents during, for example, 
loading and unloading.

Other triggers to change lighting scenes can be, for 
instance, changes in emitted light by other sources 
(e.g. shops, façades) to switch to a scene that ensures a 
good overview at the lowest light level or adapting the 
lighting settings to weather conditions.

Passing-by safely: Good, functional lighting that ensures good visibility, 
reacting to the presence of people at all times of the day and night. 

(Un)Loading and commuting safely: Creating good visibility to avoid 
accidents between loading and unloading delivery vans and commuting 
cyclists and pedestrians, with a brighter area around parked vans. 

Communal living room: Creating a pleasant and ‘homey’ atmosphere to 
invite residents and neighbouring residents to stay, relax and socialise 
together, with special designed lighting scenes that react to the presence 
of people and their activities, and invite others to join in. 

Enhanced nightlife experience: Creating a pleasant atmosphere during 
pub hours to make the area lively and enhance the safety of pedestrians, 
e.g. while moving between places, being picked up or grabbing a cab. 

To enhance leisure experiences, unique lighting scenes 
can be activated to diversify immersive experiences, 
responding to real-time triggers. More people and 
their spreading over a square or park can offer specific 
scenes, creating ‘intimate’ and smaller lighting areas to 
enhance a cosy stay or make a lighting scenario with 
a ‘wider’ overview of the place.  Detecting the type of 
activity that people are doing — for instance, walking 
the dog, sitting together in the park or enjoying sports 
and play — may cause the adaptation of the lighting to 
provide a fitting scene and thereby invite others to join 
in. For specific activities, such as jogging, a running track 
can be activated and use progressive lights as a’ virtual 
hare’ for speed regulation and training. In pub areas or 
city centres, lighting can react to the local sports team’s 
real-time goal to enhance the match experience.

Night-life areas are, in general, places where overall low 
light intensity is welcomed. However, when incidents 
or calamities are detected, light levels need to be 
increased, so emergency services have good visibility. 
Lighting scene management can also enhance the 
night-life experience with multiple lighting scenes that 
change over the night, adjust to the private lighting or 
the number of people, or create slightly brighter pickup 
points for people heading home. Also, by the end of 
the evening, cool or less pleasant lighting scenes or 
increased light levels can be activated when people 
linger around, reacting to the presence (or absence) of 
people and profoundly dim when everybody has left.
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Time to go home: Creating a cool and unpleasant atmosphere to warn 
people subtly that the evening is ending and ensuring they will leave the 
square and avoid lingering around when the pubs are closed. 

3
Reactive

LightingLevel Controls Data
Management Infrastructure

Multiple static scenes 
and dim regimes with 
differences in colour 

and light intensity, use 
of bright areas or 
projections with 

constant contrast

Scene selection 
activated by single 

trigger or sensor (real 
time — ‘slow’)

Monitoring data from 
single sensor and 

activate scene

Bi-directional 
communication within 

(local) system

Concluding, reactive lighting

Reactive lighting adapts in real-time to a single trigger 
with multiple predefined lighting scenes.

Safe walking & cycling along the road: Providing good visibility of cyclists 
and pedestrians alongside a mixed traffic road to increase their visibility 
and safety, with local adaption of the lighting to create brighter areas 
around pedestrians and cyclists. 

Enhancing outdoor activities: Creating a fun and interactive area to make 
it attractive for all residents  to spend time outside and be physically 
active. With specially-designed lighting scenes and playful elements that 
interact with people and their activities to enhance their experience of 
e.g. strolling, cycling, jogging or dog walking. 

LEVEL 4: INTERACTIVE LIGHTING

At the fourth level of interaction, interactive lighting, the 
lights anticipate with local adaptation to real-time input.

When establishing an overall lower light intensity, safety 
for road users can be improved by creating a brighter 
area around pedestrians or cyclists, by detecting their 
presence, speed and direction and anticipate with the 
lights surrounding them.

To enhance leisure experiences, many functionalities 
can be designed to support people in their outdoor 
activities. People or crowds can be guided or nudged 
with dynamic lighting to parts of the area or specific 
places. A fun and interactive space can be created to 
make it attractive for all residents, including families with 
children, disabled, and people with impaired vision, to 
spend time outside and be physically active. This can 
be achieved with specially-designed lighting scenes 
and playful elements that interact with people based 
on their activities to enhance their experience of e.g. 
strolling, cycling, jogging or dog walking. For instance, 
by progressive lighting scenes that adapt their speed to 
by-passers’ actual walking or running speed. Specially 
designed lighting elements can interact with people, for 
example, react to the presence or ‘touch’ or allow users 
to make and display their content for projections. The 
applications are limitless; however, they always need 
adaptation to the specific place and context.

Reactive lighting and the corresponding functionality of the elements of the smart lighting system
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Interactive playing: Creating a fun and lively area that evokes people to 
be active to walk, play or enjoy the sun set experience together. With 
specially-designed playful elements that interact with people, their 
movements and the environment (e.g. sun set experience or a good night 
kiss). 

Enhanced event experiences: Creating a fun and lively atmosphere that 
matches special activities in town (e.g. in the stadium) and guide people 
to places where they can enjoy the liveliness and event experience. With 
multiple, special designed lighting scenes for different events that adapt 
interactively with (groups of) people and/or activities (e.g. score). 

4
Interactive

LightingLevel Controls Data
Management Infrastructure

Dynamic scenes with 
localised effects

Scene selection and 
local dynamics within 

scene activated by 
multiple triggers or 

user actions (real-time 
— ‘fast’)

Monitoring data from 
multiple sensors to 

create the right 
interaction (dynamics 
within the scene) and 

scene selection

Bi-directional 
high-speed 

communication within 
(local) system

Specially designed lighting scenes can increase security 
for night-life, for instance, by adapting the lighting to 
the mood in groups of people or distract attention to 
avoid escalation of aggression. The lights can react to 
the direction of movement (coming in or going away). 
Also, special lighting scenes can support the guards 
in their jobs in case of calamities. Technology can be 
used to detect and locate incidents and de-escalate 
aggressive behaviour. Available escape routes can 
be emphasised through lighting scenes to enable 
smooth evacuation of the area in case of a calamity, 
with an interactive system that detects and reports the 
occurrence and location of incidents to the control room 
and activates the appropriate lighting scene.

Safety: Ensuring safety on the entire square by a supporting the guards in 
their jobs with technology to detect and locate incidents and de-escalate 
aggressive behaviour, as well as lighting up available escape routes to 
enable smooth evacuation of the square in case of calamity. 

Concluding, interactive lighting

Interactive lighting anticipates with dynamic lighting 
scenes to real-time input from multiple triggers or 
sensors.

Interactive lighting and the corresponding functionality of the elements of the smart lighting system
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At the fifth and highest level of interaction, intelligent 
lighting creates a personalised effect, and the system 
makes decisions based on self-learning algorithms and 
historical data.

The dynamic lighting system can be programmed 
to automatically adapt settings to real-time input to 
increase road users’ safety. For instance, in the case of 
fog, the system can decide to adjust the luminance level 
of the lighting. The system can also learn from historical 
data. For instance, specific use patterns or analysis of 
near-accidents and their circumstances can make the 
system anticipate undesired situations.

A self-learning system can also maximise activities 
outdoor and enhance leisure experiences by creating 
personalised experiences. For instance, by connecting 
online user-profiles and personal data, lighting scenes 
can be made for personalised shopping routes, taking 
you along gems in the city to explore. Also, personalised 
training can be realised, like interval training on your 
running speed, with a high score ‘light show’ at the finish 
when you improve your personal record. Events can be 
turned into immersive experiences by special shows 
related to favourite sports-teams, or by creating special 
Christmas shows.

LEVEL 5: INTELLIGENT LIGHTING

Intelligent lighting can maximise security for night-life by 
learning from past incidents and adapting the lighting 
scenes to avoid incidents and aggressive behaviour 
by creating an atmosphere that influences the crowd’s 
emotions. Also, effective and efficient evacuation 
scenarios for an area using the lighting system can be 
realised. 

Concluding, intelligent lighting

Intelligent lighting uses self-learning algorithms to 
increase system performance and creates personalised 
effects.

Intelligent
5

LightingLevel

Self-creating dynamic 
scenes with 

personalised effects

Controls
Scene selection and 

local dynamics by 
multiple triggers or 

user actions and 
personal profiles, 
adapting settings 
based on learning

Data
Management

Continuous data 
collection for learning 
and improvement of 
system performance 

and increasing impact

Infrastructure

Bi-directional 
high-speed 

communication within 
system and to the cloud

Intelligent lighting and the corresponding functionality of the elements of the smart lighting system
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FRAMEWORK FOR SMART  
URBAN LIGHTING

The resulting framework describes the five interaction 
levels and the corresponding functionalities of the 
elements lighting, controls, data management and 
infrastructure. Intelligent5

4

3

2

1

Interactive

Reactive

Active

Static

INTERACTION LEVELS
Lighting

Self-creating dynamic 
scenes with 

personalised effects

Dynamic scenes with 
localised effects

Multiple static scenes 
and dim regimes with 
differences in colour 

and light intensity, use 
of bright areas or 
projections with 

constant contrast

One lighting scene with 
uniform horizontal 

lighting at low intensity, 
high colour rendering 

and low contrast to 
avoid dark shadows

Controls

On/off via switch or 
clock-timer in control 

software

Switching of scenes 
based on schedule 

(time and/or calendar) 
in control software

Scene selection 
activated by single 

trigger or sensor (real 
time — ‘slow’)

Scene selection and 
local dynamics within 

scene activated by 
multiple triggers or 

user actions (real-time 
— ‘fast’)

Scene selection and 
local dynamics by 

multiple triggers or 
user actions and 
personal profiles, 
adapting settings 
based on learning

Data
Management

No data

Continuous data 
collection for learning 
and improvement of 
system performance 

and increasing impact

Monitoring data from 
multiple sensors to 

create the right 
interaction (dynamics 
within the scene) and 

scene selection

Monitoring data from 
single sensor and 

activate scene

Infrastructure

No communication 
(local switching)

or

one-way 
communication to light 
sources (individual or in 

groups) for switching

Bi-directional 
high-speed 

communication within 
system and to the cloud

Bi-directional 
high-speed 

communication within 
(local) system

Bi-directional 
communication within 

(local) system

Note: higher levels also need the functionality of the lower levels

The lights create a personalised effect, and the 
system makes decisions based on self-learning 
algorithms and historical data

The lights anticipate with local adaptation to 
real-time input

The lights adapt to real time inputs with multiple 
lighting scenes suited to the environmental 
context and characteristics

Multiple predefined lighting scenes are created 
for specific routes, locations, time of the day and 
seasons and follow a preprogrammed schedule

The lights do not adapt to activities on the street 
or any other direct input, there is only one 
predefined scene that is switched on and off
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5. REQUIREMENTS FOR SMART LIGHTING

The previous chapter’s framework gives a high-level 
insight into the functions smart lighting systems will 
need to provide on each level. In this chapter, we aim to 
provide a more in-depth insight into the requirements 
related to these functions. We will present that for each 
of the four elements of the system: lighting, controls, 
data management and infrastructure and will use the 
interaction levels to describe the requirements. We start 
the descriptions from the bottom level, the static level, 
and built up to level 5 because the requirements build 
up: each higher level also requires the lower levels’ 
functionalities.

LIGHTING

The smart lighting use cases make use of dynamic 
lighting that changes over time. We identify different 
kinds of dynamics on the five levels of interaction. 

The first level, static lighting, has no dynamics. The lights 
do not adapt, and there is only one predefined lighting 
scene. That lighting scene should create the desired 
atmosphere at the given location by setting all available 
luminaires (urban lighting and special elements) at the 
required intensity - the intensity may differ per luminaire 
or element. A well-designed scene creates a suitable 
atmosphere with uniform horizontal lighting at low 
intensity and high colour rendering. High contrasts 
in the immediate vicinity and surroundings should 
be avoided to support visibility and provide a good 
overview of the space. For road users’ safety in all places 
where people move around, an overview of the area 
and the detection of irregularities on the surface are 
vital requirements. Especially in the security for night-life 
scenes, uniformity is an essential requirement for the 
security cameras’ visibility. Other light sources than the 
urban lighting, such as façade lighting, shop windows or 
event lighting, should have a slightly higher intensity to 
create an attractive atmosphere. In areas where people 
tend to stay longer, such as night-life areas or shopping 
areas, particular lighting elements or decorative lighting 
can create a layered design to make the site attractive.

Active and reactive lighting make use of multiple static 
lighting scenes, each creating a different atmosphere. 
The desired atmosphere is realised through scene 
selection for other times of the night, seasons, special 
events, etc. For this ability to accommodate different 
lighting scenes, the lights need to be dimmable, but 

Lighting
(public lighting & special elements)

Infrastructure
(energy & connectivity)

Data Management
(system data & platform services)

Controls
(sensors & software)

ELEMENTS OF THE SYSTEM
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CONTROLS

The smart lighting system is operated through controls 
that enable switching between different lighting scenes: 
communication software and sensors that collect triggers 
for the control system.

Static lighting has no specific requirements. The lights 
are simply switched on and off.  Active lighting is slightly 
more advanced with multiple scenes following a pre-
programmed schedule. This requires software and 
connected lights, which then also enables control of zones 
or individual lights.

Reactive and interactive lighting introduce sensors to 
activate the scene selection. In reactive lighting, this is done 
by a single trigger or sensor that provides relatively simple 
data on which the software starts the appropriate scene. 
This can be the presence, location and spreading of (groups 
of) people or the detection of incidents. The reaction 
speed should be sufficient to achieve a ‘real-time’ effect. 

Interactive lighting makes use of multiple sensors, which 
provide different data at different intervals. The software 
needs to be able to interpret this data and activate the 
appropriate lighting scene. Moreover, at this level, local 
dynamics can be activated, for instance, by detecting 
the speed and direction of road users to trigger specific 
luminaires. The software needs to be more advanced 
since it integrates data from various sources (e.g. sensors, 
weather information) and uses algorithms to control the 
lighting. This real-time interaction requires high-speed.

Intelligent lighting also uses triggers from multiple sensors 
and integrates these with other input, such as smartphone 
apps in which users (e.g. emergency services, municipal 
officers or citizens) can influence the system directly or 
through personal profiles with preferences. Also, more 
sophisticated sensors allow the detection of specific user 
actions as input for scene selection. The system uses more 
advanced algorithms to control the lighting to create real-
time interaction at high speed (milliseconds).

Intelligent5

4 Interactive

3 Reactive

2 Active

1 Static

REQUIREMENTS

Controls

On/off via switch or 
clock-timer in control 

software

Switching of scenes 
based on schedule 

(time and/or calendar) 
in control software

Scene selection 
activated by single 

trigger or sensor (real 
time — ‘slow’)

Scene selection and 
local dynamics within 

scene activated by 
multiple triggers or 

user actions (real-time 
— ‘fast’)

Scene selection and 
local dynamics by 

multiple triggers or 
user actions and 
personal profiles, 
adapting settings 
based on learning

Intelligent5

4 Interactive

3 Reactive

2 Active

1 Static

REQUIREMENTS

Lighting

Self-creating dynamic 
scenes with 

personalised effects

Dynamic scenes with 
localised effects

Multiple static scenes 
and dim regimes with 
differences in colour 

and light intensity, use 
of bright areas or 
projections with 

constant contrast

One lighting scene with 
uniform horizontal 

lighting at low intensity, 
high colour rendering 

and low contrast to 
avoid dark shadows

preferably also tuneable to adjust colour temperature 
(cool white/warm white) or even colour (RGB/RGBW) 
depending on the scene designs. The lights should be 
able to dim deeply and create bright areas to enable 
sufficient variety in the scenes, e.g. to create bright spots 
to attract people’s attention. The transitions between the 
different lighting scenes should be smooth, meaning 
that the lights’ reaction time should be reasonable and 
aligned, and the lights need good dimming curves. 
When unique lighting elements are used, such as 
projections or decorative lighting, these should be 
smoothly integrated into the scene design and adjust 
accordingly.

Interactive and intelligent lighting introduces local 
dynamics within the lighting scenes. This requires 
that some lights react to triggers in the system to 
create a direct local lighting effect. To ensure these 
user interactions are a high-quality experience, the 
reaction time of the total system needs to be fast (within 
milliseconds range), so also the lights need to be able to 
react fast. The quality of the experience is also strongly 
influenced by the transitions from one lighting scene to 
another, so the light’s smooth adaptability is required. 

The design of luminaires can support the experience 
on all interaction levels, for instance, homely lanterns in 
residential areas or classical designs for historical city 
centres. Retrofitting LEDs in existing designs is often an 
option. However, when designing the desired lighting 
experience at a location, the lighting poles’ positions 
and distribution should be taken into account. The 
diffusion of LED lights differs from traditional lights and 
influences light distribution equality at surface level. 
Since LED luminaires are mounted on existing poles in 
many cases, diffusion and light distribution should be 
taken into account when designing the lighting scenes. 
In some cases, it may be worthwhile to wait with the 
installation until a more considerable renovation takes 
place in the area, so also the position of the light points 
can be adjusted at reasonable costs.
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INFRASTRUCTURE

The infrastructure provides the connections for 
the system, both in terms of electrical power and 
communication with the devices (lights and sensors). 

For static and active lighting, no data connection is 
required. The lights can be switched on or off through 
the power line or local level switching if the lighting 
scene includes several zones. However, in many cases, 
remote control software is used already, often using 
wireless connections to each luminaire or a group of 
luminaires through a cabinet or segment controller. In 
such settings, one-way communication is sufficient to 
control the lights. However, if the software is also used 
for smart maintenance, bi-directional communication 
may be needed to obtain the lights and drivers’ 
information.

With reactive, interactive, and intelligent lighting, 
sensors are integrated into the systems, which means 
two-way communication is required to send the sensor 
data to the software platform and control the platform’s 
lights. This can be done locally for reactive lighting, 
where only a straightforward sensor is used. Interactive 
lighting requires a high-speed connection to ensure a 
real-time interaction between the users and the system. 

For intelligent lighting, connections can also be made 
with the cloud when data from other (personal) data sets 
is required.

Intelligent5

4 Interactive

3 Reactive

2 Active

1 Static

REQUIREMENTS

Infrastructure

No communication 
(local switching)

or

one-way 
communication to light 
sources (individual or in 

groups) for switching

Bi-directional 
high-speed 

communication within 
system and to the cloud

Bi-directional 
high-speed 

communication within 
(local) system

Bi-directional 
communication within 

(local) system

Intelligent5

4 Interactive

3 Reactive

2 Active

1 Static

REQUIREMENTS
Data

Management

No data

Continuous data 
collection for learning 
and improvement of 
system performance 

and increasing impact

Monitoring data from 
multiple sensors to 

create the right 
interaction (dynamics 
within the scene) and 

scene selection

Monitoring data from 
single sensor and 

activate scene

DATA MANAGEMENT

Smart lighting systems that work with multiple lighting 
scenes and sensor input require data management. With 
static and active lighting, no data is used in the system. 
Nevertheless, it may be useful to collect data as input to 
the static lighting scene’s design.  For instance, to know 
exactly where people walk or cycle and ensure adequate 
lighting in those areas. Or, when dimming schedules 
are used (active level), it may be useful to regularly 
collect data to check if dimming takes place at the right 
moment. But such data does not have to be collected, 
processed or stored in the system.

For reactive lighting, a single sensor is used to activate 
the appropriate lighting scene. Minimal data collection 
is required at this level, as the system can react directly 
when a certain threshold is reached by activating the 
related scene. The monitoring of the status of the sensor 
may be required to avoid malfunctioning with poor 
connections. 

For interactive lighting, a proper data management 
system is required to ensure the data from multiple 
sensors is collected, combined and the algorithms can 
run to select the appropriate scene and realise the 
dynamics within the scene. The status of each sensor 
or other input (e.g. data from the internet) should be 
continuously monitored, and the different intervals at 
which information is obtained from the sources need to 
be integrated into a single decision-making algorithm. 

Intelligent lighting requires continuous data collection 
to create a learning system. The aim is to monitor the 
design’s impact on the parameters it aims to improve 
(e.g. energy-saving, social cohesion). The system, 
therefore, collects additional data (on top of the 
functional data) to be able to learn and improve the 
performance. Also, user data may be part of the system, 
so the data management systems will also need to 
comply with privacy and security regulations.
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CONCLUSION

The use cases with different interaction levels set other 
functional requirements for the smart lighting system. 
The more interaction is required, the ‘smarter’ the 
system will need to be. This means integrating more 
components and aspects, handling more data, and a 
higher speed for real-time interaction. 

When smart lighting is implemented for energy and/
or operational efficiency, the speed of interaction is less 
relevant. However, to obtain all assets’ status, even on 
static or active levels, bi-directional communication is 
required, and all assets need to be connected and able 
to share data.

Note: some systems already offer higher functionality than may be 
needed for the aspired interaction level. In this publication, we aim 
to understand the minimum requirements for the levels. Having an 
‘overqualified’ system will only ensure it is more flexible for future 
adaptations or extensions.

6. IMPACT OF SMART URBAN LIGHTING

Chapter 2 described how smart urban lighting can be 
used to improve efficiency and reduce both energy 
costs and operational costs. In chapter 4, we have also 
indicated the extra added value that smart lighting can 
offer for people’s well-being. An important aspect is 
how much impact these solutions really can have. This 
chapter will investigate the effects on energy-saving and 
other aspects, such as health, well-being, or social safety. 

We start this chapter with the potential impact of 
connected lighting, which enables energy and 
operational efficiency. After that, the potential impact of 
adding smart interaction is described.

CONNECTED LIGHTING

The impact on energy consumption or CO2 emissions 
of smart lighting for energy- or operational efficiency 
includes several direct and indirect effects.

Smart lighting for energy saving can save energy by led 
lighting and combination with intelligent controls. How 
much can be saved depends on the starting conditions 
(e.g. the type of light sources used before) and the 
context of use. For example, in areas where people 
are walking their dogs all along the evening, it may be 
better to go for a fixed dimming scheme than increase 
the light level at each presence detection. In quiet areas, 
light on demand may be more efficient.

Overall, smart lighting saves energy when well-designed 
lighting scenes are applied, providing a good overview 
at low contrasts, and dimming schedules are used. 
Dimming schedules also reduce light pollution. 
However, when quality is considered necessary, 

less energy may be saved. For example, predictive 
maintenance can lead to increased uptime, and a 
burning light consumes more energy than a faulty one. 
When the light output is kept constant, older luminaires 
will use more power to generate the same amount of 
light as newer ones.

Smart lighting for operational efficiency provides 
secondary energy savings. Predictive maintenance 
allows better planning of maintenance activities, 
reducing the number of vehicle movements for 
maintenance purposes, such as system inspection 
rounds or repairs. This also means there will be fewer 
disturbances in the city (e.g. traffic jams or accidents).

SMART INTERACTION

Smart interaction, as described in the use cases in 
chapter 4, adds the opportunity to further provide the 
right lighting at the right time, with additional energy 
efficiency. We will describe potential energy saving on 
the five interaction levels for each of the three clusters 
of anticipated use (improving safety for road users, 
enhancing leisure experiences and security at nightlife). 
We make a difference in primary effects (direct energy 
savings in the system) and secondary effects (further 
energy savings outside the system itself). Also here, the 
actual savings are dependent on the starting conditions 
and the context of use. For each of the use cases, we 
also indicate other potential impacts (safety, health, well-
being, environmental), for this value may sometimes be 
even more relevant than energy efficiency.



5352 Smart Urban Lighting

Improving safety for all road users 

Street lighting has always been aiming at improving 
safety during the night.  At the first level (static lighting), 
a well-designed lighting scene seeks to provide a 
good overview of the area and any irregularities in the 
surface at the lowest light level, reducing energy use. 
High contrasts are avoided, so when, for instance, lights 
in shop windows or facade lighting are not too bright, 
the urban lighting can be dimmed further down. Using 
several lighting scenes during the day and night (active 
lighting) can further reduce energy use. Secondary 
effects of dimmed lighting scenes can be fewer 
emissions, for cars are nudged to drive slower, or people 
might even be more willing to go on bike and foot 
because the feeling of safety and comfort has increased. 

By adding smartness to the system (reactive and 
interactive lighting), scenes are further tuned to provide 
light only when needed by anticipating people’s 
presence or absence. Also, when required, brighter 
spots can be created for special attention, but only 
where needed. At the highest level (intelligent lighting), 
the system learns and adapts for optimal energy 
efficiency and road safety.

Another effect is increased social cohesion and health, 
for people to spend more time outdoors together, 
because of safer, more pleasant and attractive public 
spaces.
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Enhancing leisure experiences 

Enhancing leisure experience through smart lighting 
often evokes the idea that it will only increase energy 
use since additional sensors, controls and data 
management are required. However, when designed 
carefully, with the anticipated benefit in mind, the light 
will only be provided where needed and consider other 
light sources, such as facade lighting and private light 
sources by shops, bars or restaurants.

With reactive and interactive lighting, multiple specially-
designed lighting scenes can support that even further. 
Integrating festive lighting, like Christmas lighting, into 
the smart system can impact energy consumption and 
avoid the annual installation and removal of a separate 
system. Additional or new lighting scenes for other 
events or festivities can easily be programmed in the 
smart system that stays available all year long.

Another effect is the number of returning visitors, 
shoppers, and sports(wo)men who use the space more 
often because it is more safe, pleasant and attractive. On 
top of that, the playful interaction scenarios can make 
people aware of lighting and show that less lighting is 
not necessarily harmful or dangerous. This is an essential 
trigger to the acceptance of further reduction of light 
levels, also in other parts of the city.
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Increasing security for nightlife 

Increasing security for nightlife will most probably not 
lead to much energy efficiency at the static or active 
lighting levels. Good visibility for cameras and security 
guards is needed, which often means that higher light 
levels are required to compensate for private lighting. 

With added smartness to the lighting system, for 
instance, with reactive and interactive lighting, the 
light level can easily be increased when, for example, 
incidents or calamities are detected. This also implies 
that it can be further decreased when an intimate, cosy 
atmosphere is desired.  Overall this real-time adjustment 
of the lighting can lead to more potential savings.

Whereas the primary effects on energy efficiency 
might be limited in this use case, the other impacts are 
more prominent. The improved atmosphere can lead 
to increased liveliness, and the design of particular 
scenarios for crowd management can improve safety in 
calamity situations, for instance, supporting a smooth 
evacuation. For residents in adjacent houses, their sleep 
quality might be improved by making it unattractive for 
people to linger around all night.
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7. IMPLEMENTING SMART URBAN LIGHTING

In the previous chapters, we described several use cases 
for smart urban lighting, the system’s requirements, 
and the potential energy-saving and other impacts. 
This provides input to start with smart urban lighting 
projects. We want to emphasize that the uptake of smart 
urban lighting is a joint effort. It requires the active 
engagement of municipalities as well as companies. It 
also requires some new activities that have not been a 
standard part of urban lighting projects. This chapter will 
explain what actions are needed, who should take up 
responsibility, and provide some guidelines on how to 
start implementing smart urban lighting.

TIPS FOR MUNICIPALITIES

Smart urban lighting differs significantly from traditional 
lighting and will bring in new roles and responsibilities. 
To start preparing, a few things can be considered:

Broaden the scope

First, municipalities will need to clarify their own goals 
and ambitions. These can be broader than just urban 
lighting or energy saving. Connections can easily be 
made to traffic and road safety or health and healthy 
lifestyles. The use cases indicate the broader value of 
smart urban lighting and can be a base for cooperating 
across domains and integrally rethink urban space. This 
can improve political support and/or budget.

Think ahead

Led lighting equipment will typically be operational 
for 20 - 30 years. As indicated, developments in smart 
lighting go very fast. Any new investment should be 
made future proof. To enable future proof investments, 

an overview is needed of the current lighting assets and 
their energy consumption, the related infrastructure, 
replacement plans and developments in the urban area. 
Such an outline will show where lighting projects can 
be expected in the foreseeable future and what kind of 
use cases could be relevant in those areas. It allows the 
municipality to move from ad hoc projects to a more 
integrated view of the total (smart) lighting system 
and possibly combine budgets from separate plans 
and take advantage of the lower costs for larger-scale 
investments. 

Stay flexible

Also, current choices should be made future proof. 
For instance, by choosing a telemanagement system 
that can connect to other systems and accommodate 
all common types of additional hardware. In this way, 
the system can be easily extended in the future. The 
flexibility to work with a diversity of suppliers and to be 
able to choose products enables selecting the best fit 
for the location and local needs.

Local but integrated system

If the use cases teach us something, it is that needs can 
be made very specific on a local level: a neighbourhood, 
a shopping area, an industrial zone or even a street or 
typical crossing. Addressing specific locations helps to 
identify the real added value for that location. However, 
as mentioned before, it is important to make sure that 
choices for the solutions fit in a broader scope and are 
integrated into a city level lighting system. An integrated 
system that also includes functionalities that are not 
necessarily related to lighting (e.g. 5G, EV-charging) will 
also prevent a messy, cluttered public space.
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Ensure the right competences

Smart urban lighting introduces new aspects and, 
therefore, requires other competencies than traditional 
public lighting. Municipalities will need to be aware of 
this and ensure adequate training of their staff. Also, 
they need to choose suppliers (e.g., installation and 
maintenance companies) with the right competencies to 
ensure an integrated smart lighting system that provides 
interoperability of all components.

Engage citizens

Further, we emphasize the importance of an inclusive, 
multi-stakeholder approach. First, to help specify the 
desires to the specific local contexts. The use cases 
in this publication can help as a tool to discuss the 
opportunities and provide examples for non-experts. 
Second, implementing new solutions is easier and 
more rewarding when people feel ownership over 
decisions made. Early involvement can prevent not only 
discontent, but also improve the solutions. Especially 
stakeholders in the area such as bar owners, shop 
owners and owners of important buildings can play an 
essential role in making public space a nicer, safer and 
better place.

TIPS FOR COMPANIES

Smart urban lighting systems are built up from many 
different components that need to be integrated into 
one system to create the desired functionality. Even 
though some companies offer an integrated system 
for urban lighting, there will always be functionalities 
that will need other components or services. Or clients 
might want to choose several solutions for the reasons 
mentioned before. To make sure smart urban lighting 
will be taken up in its full potential, companies could 
work on better integration by taking a few things into 
account:

System interoperability

Companies need to understand how their product or 
service will be integrated into a smart lighting system 
and their role in the total system. Standards are at this 
point only partly available, so designing interoperable 
systems is a still key challenge. We recommend 
companies to embark on standards such as Zhaga 
D4i and others. Companies should also be aware of 
colleagues’ developments in the field to keep insight 
into other technical components and their separate but 
interrelated dependencies.

Privacy by design

A critical aspect of smart lighting systems, where 
municipalities fear the most, is collecting data in public 
space. Here, companies can play an essential role by 
ensuring their solutions embark on privacy by design. 
We would like to emphasise that in most solutions, 
data collection in public space is not necessary. By 
embarking on edge computing, local ‘smartness’ can be 
designed not to require sharing or storing data with the 
system or the cloud.

Integrated system adapting to local needs

Corresponding the advice for municipalities to think 
local in the roll-out of smart lighting, the installers or 
system integrators of smart lighting can also benefit 
from using a use case approach to solutions. Even 
though the use cases address particular, local needs, 
these needs are not unique and may apply to other 
cities and situations. Every town has a shopping street, 
a pub area or a road crossing where local citizens might 
experience similar needs. A modular way of thinking for 
the development of system components, addressing use 
cases, and staying flexible to adjust to local situations 
might be a way to build a repertoire of solutions that 
municipalities will recognize for their value.

TIPS FOR DESIGNERS

Lighting designers play a crucial role in translating the 
functional requirements derived from the user needs 
in the use cases to the lighting scenes and technical 
solutions. For traditional urban lighting, lighting 
designers are seldom required: engineers can correctly 
calculate the light distribution with selected lamps and 
fixtures to ensure the regulations are met. However, 
smart urban lighting uses more advanced lighting 
scenarios. Designing the right atmosphere in various 
lighting scenes, with colour temperatures, light colours, 
intensities and variations in beams and directions, is a 
relatively new profession. This is already the case for 
more diverse static scenes, but additional aspects like 
smooth transitions between scenes are essential factors 
for a high-quality experience when lighting becomes 
dynamic. 

TIPS FOR RESEARCHERS

Most of the use cases offer potential energy savings and 
other effects, such as improved health and well-being, 
safety or environment. However, evidence of this 
potential impact is limited. Further research is required 
to obtain independent data on energy savings and other 
effects and more in-depth insight into the acceptance 
of smart urban lighting by people. Research is needed 
to contribute to evidence-based decision making in the 
future.

A COMMON LANGUAGE 

This publication aims to enable the uptake of smart 
urban lighting by bridging the gap between demand 
and supply-side by providing all stakeholders with a 
common language and a framework for smart urban 
lighting to understand the opportunities that lay ahead. 

The framework for smart urban lighting, presented 
on page 42, provides a simple way to address smart 
lighting in a modular way. It was build up from simple 
and commonly used systems at level 1 up to more 
complexity and embedded intelligence at level 5. In 
this publication, we have used the structure of the 
framework to describe anticipated use in potential 
use cases at all different levels and the technical 
requirements that are then needed to realize the use 
cases. 

We sincerely hope this contributes to a better 
understanding between all stakeholders and prevents 
projects from failure because different languages are 
used or activities are overlooked.

We look forward to living in and visiting cities with smart 
urban lighting that genuinely contributes to the quality 
of life.

Future research

Some of these aspects are further investigated in 
the Interreg NWE SMART-SPACE project and will 
be covered in future publications, among others;

• Roadmap — a technology roadmap for smart 
urban lighting and implementation guidelines

• Toolbox — a set of tools to conduct user 
experience research
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