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Aim of the project

SMART-SPACE aims to facilitate the uptake of smart

lighting in small/mid-size municipalities to enhance
energy-efficiency and reduce CO2 emission.

by
Implementing smart lighting infrastructure in 8 pilot sites
Starting from use needs and wishes
Improve energy use and liveability in public space
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What is Smart Lighting?
Smart pUinC Iighting * enabling people to use and enjoy

DATA MANAGEMENT & p u b I ic S pa ce

PLATFORM SERVICES

/ e providing the right light at the right

Data management

moment, the right place, and with
the right atmosphere

e realising a higher level of
Controls g g

(sensors & software)

air quality

weather conditions SFRVICES We I I - b e I n g
Z?aegrggsc;i)cnisnl:(;ﬁ:i:;m maintenance, efficienc y
Lighting A 8 RN _ .
(public lighting including __ ' e * integrating sensors and software
special elements) : ) 8.8 ) 3
controls
* adjusting to the actual local needs
* realising efficiency energy
consumption
Infrastructure

(energy & connectivity)
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Approach

Investigating Co-creating Replicability System Installing Monitoring

citizens needs use cases & Relevance requirements Smart Lighting & Evaluation
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Approach

Investigating
citizens needs

Cool wall session

e Playful way to collect insights from citizens and other stakeholders
e (Citizens as experts of their living environments

e Start a dialogue through a simple question:

 “What are pleasant or unpleasant places in the area?”

Why are they (un)pleasant? (needs)

What is there to improve? (opportunities)
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Approach

Co-creating
use cases

* The pilot sites are analysed and 8 use cases are developed with local stakeholders, the
municipality and experts

* Creating story boards of interactive use of smart lighting
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Use case example: Supporting event experiences on Liberty Square in Tipperary
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33 desired scenarios are designed as a basis for the smart lighting system in these places
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Approach

Replicability
& Relevance

Replicability by validating the use cases in 10 follower cities

Relevance of smart interaction: 3 clusters of anticipated use
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A — Improving safety for all road users

Activity:
passing-by, cycling, driving or commuting

Wants:
feeling safe when going from a to b in an efficient
and comfortable way

Need:
to orientate and detect (potential) hazard

Lighting:
provide sufficient illuminance on the road with
acceptable spread and reduce glare

Safe walking & cycling along mixed traffic roads (R-roads) in Thurles
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B — Enhancing leisure experiences

Activity:

enjoying life outside for different activities, such
as shopping, sports, strolling along, sitting in the
park or visiting events

Wants:
doing different activities with an enhanced
experience

Need:
an attractive public space that enables the
activity

Lighting: Lively urban space evoking (social) activities in the Victorialaan, Oostende

illuminate the vertical elements with the right
amount of sparkle
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C — Increasing security for nightlife

Activity:
night life experience where safety and security
are important issues

Wants:
support police or camera surveillance as well as
de-escalate aggressive behaviour

Need:
(their perception of) safety

Lighting:
balanced spatial illuminance (no hard shadows) o A
with small spread of luminance’s (adaptation Perceived safety at the night life area Sint-Nicolaasplein in Sint-Niklaas

CCTV) and avoid glare in line of sight
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Approach

System

requirements

System design Smart public lighting

DATA MANAGEMENT &
PLATFORM SERVICES

* Interaction levels for use
 Module design for system

* Functional requirements

r
§

INFRASTRUCTURE
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Interaction levels in Smart Lighting

* Personalised effect
Decisions based on learning
* Historical data for improvement system

5 Intelligent

* Dynamic scenes with localised effect

4 Interactive - Multiple triggers or use actions

* Monitoring data

Lt

* Multiple static scenes

3 Reactive * Single trigger or sensing ,‘
* Logging data I
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Smart Lighting System components

Lighting Controls Data management Infrastructure
* Public lighting * Sensors * Management * Connectivity
* Special elements * Software * Ownership * Energy
* Lighting scenes * Scene selection * Accessibility
* Privacy
* Analysis
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Interaction levels and requirements for Smart Lighting System

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

Lighting Controls Data management Infrastructure

Interaction level

. . Bi-directional
Scene selection and local dynamics X X X
K § . Continuous data collection for high speed
° by multiple triggers or user actions k K s
nte I e nt . . learning and improvement of system communication
and personal profiles, adapting § L L
performance and increasing impact within system

settings based on learning and to the cloud

Dynamic scenes with localised

effects
. . L . Bi-directional
Scene selection and local dynamics Monitoring data from multiple high speed
° within scene activated by multiple sensors to create the right . p K
4 |Interactive : . !  sensc e the rig S -
triggers or user actions (real-time — interaction (dynamics within the

within (local)

‘fast’) scene) and scene selection
system
Bi-directional
3 Scene selection activated by single Monitoring data from single sensor communication
trigger or sensor (real-time — ‘slow’) and active scene within (local)
system

Multiple static scenes

No
Switching of scenes based on communication
2 schedule (time and/or calendar) in (local switching)
control software
Regular data collection (not or
integrated in the system) on patterns
one-way

communication

to light sources

(individual or in
groups) for
switching

On/off via clock-timer

One static scene .
in control software
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System requirements A — Improving safety for all road users

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

Improving safety for all road users

Interaction level

"E Learning system to maximise activities outdoor and increase safety

g,b and comfort of road users, learning from historical data (e.g. use
5 o= patterns and -near- accidents) to adapt settings and anticipating on

o) real time input

)

=

o) Anticipating with local adaption of lighting on real-time input:

_2 e Creating a brighter area around pedestrians or cyclists, by

'b" detecting their presence, speed and direction
4 ©

[}

fd

=

Special scenes to enable an overall lower light intensity:

* Presence of people: creating a temporary walking or cycling lane

* Adapting to changes in emitted light by other sources (e.g. shops,
facades) to ensure good overview at the lowest light level
Presence of obstacles: creating a brighter area around parked cars
or unloading vans to warn cyclists

Adapting the lighting settings to weather conditions

interreg
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Lighting

General

Tunable white light to
enable a wider range
of special scene
designs (to allow
optimal designed
settings for all

cir ), or

Special elements

Special lighting
elements (or
luminous/reflective
elements) to create

coloured light to mark
dangerous situations.
All able to dim deeply
and create bright
areas

(Cool) white light at low
intensity, high colour
rendering and low
contrast (no dark
shadows) in immediate
vicinity and
surroundings to provide
good overview

scenarios,
e.g. indicating
walking/cycling lanes

Other light sources
(facade lighting, shop
windows, etc) at low
intensity to avoid
contrasts

Controls

Software

Scene selection and
local dynamics by
multiple triggers or
user actions and
personal profiles,
adapting settings
based on learning

Scene selection and
local dynamics within
scene activated by
multiple triggers or
user actions (real-
time — ‘fast’)

Scene selection
activated by single
trigger or sensor (real-
time — ‘slow’)

Switching of scenes
based on schedule

(time and/or
calendar) in control
software

On/off via clock-timer
in control software

Sensors

(Near) accidents

Speed & direction
of pedestrians and
cyclists

Local weather
conditions

Presence and
location of people
and vehicles

Light emitted by
other (private)
light sources

Data management
System data Other

Continuous data
collection for

learning:

* Use patterns

* (Near) accidents

* Speed and speed
differences

* Active scene

Surveys to collect data
on perceived safety
and comfort

Monitoring data from

multiple sensors:

* Use patterns

*  Weather
conditions

*  Active scene

Monitoring data from
sensors:

* Use patterns
* Light patterns
*  Active scene

Initial measuring as
input for scene design
and scheduling:
* Use patterns
Light emitted by
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System requirements B — Enhancing leisure experiences

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

Interaction level

U
Intelligent

H
Interactive

nterreg B
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Enhancing leisure experiences

Personalised experiences by connecting online user profiles and

personal data to select scenes and learning from results:

e Personalised shopping routes

* Personalised training, e.g. interval training and high score ‘show’

e Turning events into personal experience by e.g. special shows
related to favourite team, or special x-mas shows.

Anticipating with local adaption of lighting on real-time input:

* Nudging people with dynamic lighting to other parts of the area

* Guiding people to events

e Adapting the speed of progressive lighting to the actual running
or walking speed

* Allowing users to make and display own content for projections

Special scenes reacting to real-time input:

* Presence and spreading of people to offer a specific scene

* Presence detection to activate a running track with speed
indication by progressive lights ’virtual hare’)

* Detecting type of activity to adapt the lighting and invite others
(e.g. strolling along, sitting in the park)

Reacting to events (e.g. goal)

Lighting

General

(Tunable) white light
to enable a wider
range of special scene
designs, able to dim
deeply and create
bright areas.

Optional addition of
RGB to create special
effects and
atmospheres.

The design of the
luminaires and poles
can support the
experience, e.g.
homely lanterns, cosy
strings, elegancy or
resemblance to
cultural items.

Shopping: low
intensity & contrast
(warm) white for a
warm atmosphere

incl. lighting of shops,
facades or events.
Outdoor activities:
Good lighting to
support activities.

Special elements

Special lighting
elements (sufficient
contrast with general
lighting) to create
interactivity, e.g.
active guiding of
people, playful
interactions with
projections or special
fabulous x-mas
experience or
personalised effects

Special lighting
elements (sufficient
contrast with general
lighting) to create
additional scenarios,
e.g. to guide people or
create special effects

Other sources (fagade
lighting, shop
windows event
lighting) at (slightly)
higher intensity to
make the area
attractive.

Controls

Software

Scene selection and
local dynamics by
multiple triggers or
user actions and
personal profiles,
adapting settings
based on learning

Scene selection and
local dynamics within
scene activated by
multiple triggers or
user actions (real-
time — ‘fast’)

Scene selection
activated by single
trigger or sensor (real-
time — ‘slow’)

Switching of scenes
based on schedule
(time and/or

calendar) in control
software, especially
event scheduling

On/off via clock-timer
in control software

Sensors

Mac/blue tooth
detection (for
personalised
interaction)
Mood / emotion

Speed & direction
of (groups of)
people

User content

Presence, location
and spreading of
(groups of) people
Type of activity
Connection to e.g.
websites (live
sports game
results)

Data management
System data Other

Continuous data
collection for
learning:

* Use patterns
* Emotions

*  Active scene

Monitoring data from
multiple sensors:

* Userinput

* Use patterns

*  Active scene

Surveys to collect user
feedback on
experience

Monitoring data from
sensors:

* Use patterns

* Light patterns

*  Active scene

Initial measuring as
input for scene design
and scheduling:

* Use patterns

* Light emitted by
other sources
(facades, shop
windows, event
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System requirements C — Increasing security for nightlife

Increasing security for nightlife

Interaction level

"E Learning and adapt the scenes to avoid incidents or evacuate the
() area as efficiently as possible, with learnings to increase the

5 é” attractiveness from the number of people, atmosphere, business
o) at cafes and restaurants, personal profile settings.
£
g Reacting to incidents with special scenes to guide people to exits
- of the area, or distract attention to avoid escalation of

4 g aggression, with reacting to the direction of movement (coming
qh, in or going away) or adapting the lighting to the mood in groups
‘E of people.

Increasing light levels when incidents or calamities are detected,
so emergency services have good visibility, with adjusting the
public lighting to the amount of people or to balance with
private lighting using active measurements.

interrey
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Lighting

General

(Tunable) white light
to enable a wider
range of special scene
designs, able to dim
deeply and create
bright areas.

Optional addition of
RGB to create special
effects and
atmospheres

(Tunable) white light
to enable a wider
range of special scene
designs, able to dim
deeply and create
bright areas (e.g. to
draw people into the
area in the early
evening or at exits of
the area at the end of
the evening, or at
calamities).

Optional addition of
RGB to create special
effects and
atmospheres

Night life: low
intensity & contrast
(warm) white for a

warm atmosphere
Security: high
uniformity to support
visibility

Special elements

Special lighting
elements to create
interactivity, e.g.
active guiding of
people to make them
feel welcome, ‘say
goodbye’ at the end of
the evening, or create
clearly visible escape
routes in case of
incidents or calamities

Special lighting
elements (e.g. facades,
or decorative lighting)
included in overall
scene design to make
the area more
attractive and create
special scenes over
the course of the
evening or seasons.

Other sources (fagade
lighting, decorative
lighting) to create a
layered design to
make the area
attractive and avoid
dark spots or high
contrasts.
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Note: higher levels also need the functionality of the lower levels

Controls

Software

Scene selection and
local dynamics by
multiple triggers or
user actions and
personal profiles,
adapting settings
based on learning

Scene selection and

local dynamics within .
scene activated by

multiple triggers or

user actions (real- .
time — ‘fast’)

Scene selection
activated by single
trigger or sensor (real-
time — ‘slow’)

Switching of scenes
based on schedule
(time and/or

calendar) in control
software, especially
event scheduling

On/off via clock-timer
in control software

Sensors

Mac/blue tooth
detection (for
personalised
interaction)

Speed & direction
of (groups of)
people

Mood / emotion

Presence, location
and spreading of
(groups of) people
Detection of
incidents

Light emitted by
private light
sources

Data management
System data Other

Continuous data
collection for
learning:

* Use patterns

* Mood/emotions
* Incidents

* Evacuation

progress
*  Active scene

Surveys to collect user
feedback on

Monitoring data from
multiple sensors:

* Use patterns experience
* Incidents
N — q c ication with

Active scene security control room

Monitoring data from
sensors:

* Use patterns

* Light patterns

*  Active scene

LIGHT
HOUSE

/ expertise in smart lighting & smart cities

EINDHOVEN
UNIVERSITY OF
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Approach: next steps

Installing

Smart Lighting

Pilot site lighting design 5l A% /‘f g ; f\ i
Smart Lighting System design \ s
Implementation i
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Approach: next steps

Monitoring
& Evaluation

Monitoring over time
* Energy use
e Light quality

* C(Citizens perspective
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Potential impact A — Improving safety for all road users

Improving safety for all road users

Interaction level

on real time input

U
Intelligent

H
Interactive

interreg A
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Special scenes to enable an overall lower light intensity:

* Presence of people: creating a temporary walking or cycling lane

* Adapting to changes in emitted light by other sources (e.g. shops,
facades) to ensure good overview at the lowest light level

* Presence of obstacles: creating a brighter area around parked cars
or unloading vans to warn cyclists

23

Learning system to maximise social activities outdoor and increase
safety and comfort of road users, learning from historical data (e.g.
use patterns and -near- accidents) to adapt settings and anticipating

Anticipating with local adaption of lighting on real-time input:

e Creating a brighter area around pedestrians or cyclists, by
detecting their speed and direction

e Adapting the lighting settings to weather conditions

SN1.6

SN3.5 SN3.7

T12.1 MC1.1

SN1.4 MR1.1

TT2.3 0S1.4

0S1.1 0S1.2

Primary effects

Additional savings by learning
from historical data and
adapting scenes and scene
selections to further decrease
energy consumption and
emissions while maintaining
safety.

Additional savings by dimming
in absence of people,
integration of other light
sources in total lighting design.

Moreover, an overall lower
intensity is achieved by creating
local bright spots or zones
when and where needed.

*

Additional savings by further
dimming in additional scenes
for specific situations.

Use of reflective markings as
guidance on rural roads
rather than providing lighting.

Allowing lower overall lighting
intensities by well designed
lighting scene (low contrast,
good overview, stressing

irregularities).

Smart Space: Needs & requirements for Smart Lighting

Energy saving

Secondary effects

Additional decrease in car use
because cycling and walking is
actually safer, because cyclists
and pedestrians are better
visible.

Additional decrease in
emissions because the visibility
of pedestrians and cyclists will
nudge car drivers to drive
slower.

*

Decreased car use and more
pedestrians and cyclists,
because the increase of feeling
of safety and comfort.

Less emissions because
dimming on main roads will
nudge people to drive slower.

Other impact

Increased health with more
active residents.

Increased social cohesion,
because people spend more

time outside together.

Increased traffic safety and less
accidents.

*

Increased social safety with
more people in the street.

Safe, pleasant and attractive
public spaces.

Less light pollution and
therefore increased comfort
and sleep quality in adjacent
houses.

LIGHT
HOUSE

/ expertise in smart lighting & smart cities
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Potential impact B — Enhancing leisure experiences

Enhancing leisure experiences

Interaction level

Personalised experiences by connecting online user profiles and

personal data to select scenes and learning from results:

e Personalised shopping routes

* Personalised training, e.g. interval training and high score ‘show’

e Turning events into personal experience by e.g. special shows
related to favourite team, or special x-mas shows.

Anticipating with local adaption of lighting on real-time input:

* Nudging people with dynamic lighting to other parts of the area

* Guiding people to events

e Adapting the speed of progressive lighting to the actual running
or walking speed

e Allowing users to make and display own content for projections

S

Special scenes reacting to real-time input:

* Presence and spreading of people to offer a specific scene

* Presence detection to activate a running track with speed
indication by progressive lights ’virtual hare’)

* Detecting type of activity to adapt the lighting and invite others
(e.g. strolling along, sitting in the park)

* Reacting to events (e.g. goal)
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TT2.6 0S1.3

MC1.3 SN1.3

T72.2 MC1.4

Smart Space: Needs & requirements for Smart Lighting

Primary effects

Decrease in energy
consumption by lowering the
general lighting level in the area
enabled by using the special
lighting elements to ensure a
good atmosphere.

Increase (maybe neutral): extra
lighting and extended burning
hours, (potentially
compensated with dimmed
general lighting in quiet times).

Decrease in energy
consumption: by lowering the
general lighting level and
ensuring high homogeneity in
entire street (public and private
lighting).

Dimmed general lighting at
lower lighting intensities
compensates for the extra
lighting (facades and other
lighting elements).

Provide only light were it is
needed. E.g. on large squares:
facades rather than pavement.
On boulevard: romantic setting
with columns or trees lit rather
than on facades and pavement.

Energy saving

Secondary effects

Decrease in car use because the
attractive public space make
more people walk and cycle.

Less emissions because of
avoiding annual installation and
removal of festive (e.g.
Christmas) lighting.

Slight decrease in car use by
making it more attractive to
come on foot or bike.

Other impact

Making people more aware
that less lighting is not
necessarily bad: this can be an
example that can lead to
further reduction of lighting
levels throughout town.

Increased health: more active
residents.

Increased social cohesion:
people meet each other
outside.

Extra and returning visitors.

Avoiding annual installation and
removal of festive (e.g.
Christmas) lighting.

Increase liveliness of public
space and increased health:
residents spend more time

outside.

Social safety: more people in
the street.

Returning shoppers/visitors.

LIGHT
HOUSE

/ expertise in smart lighting & smart cities
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Potential impact C — Increasing security for nightlife

Interaction level

U
Intelligent

H
Interactive

interreg

Increasing security for nightlife

Learning and adapt the scenes to avoid incidents or evacuate the
area as efficiently as possible, with learnings to increase the
attractiveness from the number of people, atmosphere, business
at cafes and restaurants, personal profile settings.

Reacting to incidents with special scenes to guide people to exits
of the area, or distract attention to avoid escalation of
aggression, with reacting to the direction of movement (coming
in or going away) or adapting the lighting to the mood in groups

of people. @

Increasing light levels when incidents or calamities are detected,
so emergency services have good visibility, with adjusting the
public lighting to the amount of people or to balance with
private lighting using active measurements.

TT2.5 SN3.4

SN1.5 SN3.6

SN3.2 SN3.3
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Primary effects

Potential savings by real time
adjusting and compensate for
private lighting and special
lighting elements allowing
lower overall lighting levels to
ensure a good atmosphere.

*

Neutral energy consumption:
savings on general lighting
levels need to compensate for
the private lighting and special
lighting elements

25 Smart Space: Needs & requirements for Smart Lighting

Energy saving

Other impact

Increased atmosphere and
safety by special scenarios that
react to moods of people to
increase the entertainment
level and react early to starting
disturbances and avoid
escalation through
interventions.

Increased safety in calamity
situations by special scenarios
(e.g. to highlight exits).

Increased health: sleep quality
of residents in adjacent houses
because of special scenarios to
make people leave the area
faster after closing time and
avoid lingering around.

x*

Increased liveliness.

Attractive area (returning
visitors).

Increased social safety: more
people in the street.

LIGHT
OUSE

/ expertise in smart lighting & smart cities

TU/e

EINDHOVEN
UNIVERSITY OF
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