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Abstract :

The main emphasis of this master thesis project s to
provide a qualified answer to the problem statement:
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physical interaction with, water on a public pump track, whi
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Metropolis project centered around creating playful
interactions between users of a pump track in Roskilde
and the lighting, the thesis serves to support the
realization of the project in two aspects: the selection of
appropriate components (primarily lighting system,
fixtures and sensors), and the development towards
using light to simulate the movement of, and interaction
with water on a pump track. The solution consists of two
main elements; Visual Expressiorand Layers The visual
expressiomlescribes the basic representationof water
through pixels. The layers consist of afunctional layer
responsible for sufficient visibility of the riders, an
aesthetic layeresponsible for the general appearance of
the area, and abehaviouralayer, responsible for the
playful direct inte raction and indirect interaction on the
pump track. Different water codes were developed and
tested in Unity. From observations, three characteristics
were necessary for simulating the movement of water:
smooth and continuous intensity transitions, large
variations of intensities, and unpredictability.

Through thorough analysis the different components for
the project were selected. The performance of the
selected sensor for the project (2D laser scanner) was
evaluated based on a test setup imitating the real
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1. Introduction

1.1 Project Background

1.1.1: Lighting Metropolis

2 A0K GKS 321Kt 2F 0S0O02YAy3a (GKS 62NI RQa tSIFRAy3 A

Copenhagerfeastern Denmark and Skane) has initiated thefliidded project- Lighting Metropolis.
Regions, mnicipalities, private businesses and universities are collaborating to develop and

showcase innovate lighting solutions, to attract and retain international investments, companies and

tourism. The overall aim of Lighting Metropolis is to strengthen thgoirtant role lighting can play
in promoting safety, accessibility, identity, health, and education for people in cities.

1.1.2: Musicon Path

Amongst theapproximately 20 projectthat is currently undergoing in Lighting Metropolis, one of
the projects,Musicon Pathwas initiated by the interest of Roskilde Municipality to create a
attractive, direct and eventfldiking and pedestrian path between Roskilde Station and the new
district of Musicon Roskilde. The 1km long path between Musicon and Rosk#tierSis currently
used by a large segment of the people at Musicon.

TheMusicon Pattproject was initiated in august 2016, and is as composed of three main partners:

Roskilde Municipality By, Kultur og Miljg, DONG Enerdyity Light and th&ightingDesign master
programat Aalborg University Copenhagen.

| did my internship in the period from August B3december 2016, and has singnuary 2017
been involved in the realization of the project in coherence with the three aimoggtioned
partners ancelectrical and lighting engineer Frederik Waneck Borello from AF Lighting.

1.2 Goals

hyS 2F (GKS @AraArz2ya 2F adzaalO2y Aa (G2 LINBY2GS
road users: people on bikes, pedestrians, skaters etc. By constrtletindusicon Paththe aim is to
invite people to bike or walk between Roskilde Station and Musicon, instead of taking the car.

As the Musicorpath project is part of the Lighting Metropolis Project with Roskilde Municipality
as the main client and prog¢ leaders, it is important to understand their intention, visions and
expectations for the project.

Sy @A

The lighting design project was initialized with a couple of meetings in September 2016 with the goal

of conveying and defining the scope of the projant to share expectations between the main
project partners, Roskilde Municipality (Gunilla Rasmusgeaject leader), DONG Energy (Tine
Byskov Sgndergaarautdoor lighting consultant), and AAU CHEighting Design (me and Esben
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Oxholm Bonde studerts). The individual objectives along with the shared objectives agreed upon
from the meetings, were gathered in a collaboration agreement document. Seendlix 1.1
Collaboration reement Document.

Along with the collaboration agreement, informationdathoughts about the project was gathered
during a walk through the path to Musicon (soonrlde Musicon Pathby the project leader Gunilla
Rasmussen from Roskilde Municipality. This walk provided a broader perspective of the context of
the path and the ofectives from the previous mentioned collaboration agreement.

Based on the collaboration agreement and the walk with Gunilla Rasmussen, the information
relevant to the development of a lighting design for the path was narrowed down to three main
goals anda number of sulgoals:

The lighting design on the Musicgath needs to:

1. Invite people to use the path
a. Invite people to use the path
b. Guide people along the path
c. Invite people to stay and play at the squares
d. Give the path an identity

2. Be innovative
a. Beable to notify users on the path about events at Musicon
b. Function as a Living Lab

3. Be sustainable

The list below will cover the sugpals required for accommodating the above mentioned main
goals:

Invite people to use the path
- The lighting design nés to invite people to use the path. This concerns particularly the
segment of users who tend to drive by car or take the bus. The lighting needs to have
gualities that can change the minds of this segment.

Guide people along the path
- The path to Musicofrom Roskilde Station has several turns and it not intuitive for people
the first time they walk the route. The lighting design needs to guide the users by signifying
directionalityand to stress the turns to ensure that no users walk or bikes in thegvron
direction

Invite people to stay and play at the squares
- Half way through the path, the path crosses through the pa&kadhusparken. In this area,
the municipality has planned to build several installations for different activities. With the
main there beingbike play and learningnultiple biking tracks will be built, including a
pump track and a bike track for leang traffic. The lighting design needs to promote these
activities and help make people interested to stop and usebservethe activiies. A
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common interest among the proj¢ memberswas that the lighting should be directly
interactive with the users in this area.
Give the path its own identity
- By providing the path with a clear identity, it is predicted that the knowledge of the path i
spread more extensively, and will become more unique. The lighting design along the entire
path and at the seven squares nesdtd be identified as a common theme, creating a
coherent identity to the entire path.

Be innovative
- As a prerequisite for anyighting Metropolis Project, the lighg solutions havéo be
innovative. To keep the budget low, it is however necessary to make the lighting design
innovative by combining existing technologies in a new way. An example of this could be to
use existingdminaires and sensors in a way that has not been done befoeating a new
type of interaction.

Be able to function as a Living Lab
- The purpose of Lighting Metropolis is not only to develop new and innovative lighting
solutions, but the level at whiclve can observe and learn from these new solutions, is just
as important. This way, the lighting solution should be constructed with the purpose of
becoming a kind of Living Lab at which citizens can provide valuable feedback.

Be able to notify users othe path about events at Musicon
- The lighting design needs to have the capability of changing when certain events are
happening in Musicon. This way, people walking through the path, will be better informed,
helping to bridge the gap between Roskilde Btatand Musicon.

Be sustainable
- For the sake of the environment and to keep the budget at a minimum, the lighting design
needs to havdow energy consumption.

1.3 Initial Problem Statement

During my internship at Lighting Metropolis, the main objextivas to come up with an overall
lighting design concept for the Musicgrath, accommodating the goals mentioned above. Thus, the
initial problem statement serves as the overall guidefimethe project defined as;

oHow can a playful, innovative, intert@ve and sustainable lighting design concept, invite
people to use the Musicdnll (i K K ¢

Aalborg University Copenhagen 8
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1.4 Context Analysis

Prior to engaging in the design process, it is essential to understand the underlying context of the
project. Thus, the followmg section will disussthe projectin relation to its larger contexand the
plans for the Musicon pathalong with its users.

1.4.1 Larger Context

The municipality of Roskilde is planning to create a path running from Roskilde Fjord (in the

northern part of the city), irough the city center, continuing through the Musicon area and
Dyrskuepladsen to Viby, south of Roskilde. The Musicon Path is the second stage of this larger

path project. The main objective of the Musicon Path is to provide a direct, safe, aesthetic and
AYyiSNBaGAy3a 02yySOilAz2y FT2N) GKS aaz2Fdé NBIFR dza SN
Musiconarea and Roskildegain station (figure 1).

1.41.1Musicon

Musicon is a new city district, south of the center of Roskilde, which have been under
development since the end of 2007 and is expected to be fully developed in 2030. Prior to the
emergence of Musicon, the area has since 1890 been used for agriculture, as an industrial area
and a junkyard. The primaindustrial usage of the ardwas revolvedround gravel pit and
production of concrete.

The main vision of Musicon is to shape a community that allows a great diversity of different
cultures,residentialand altural-and leisure activities, in order to create a vibrant environment.

With an emplasis on promoting a creative and environmeritandly community, the area

enables visitors and citizens to engage in a large variety of different activities such as dance,

theater, music, museums, art and indoor/outdoor skating. While founded underathe4 of;

creativity, play and learninghe vision of Musicon is to shape a community that is densely used,
RAZNAY3I Y240 K2dz2NB 2F (KS RMasioon tlaadepldt@OiPy A a T dz)
23 | ROA f whe¢ra e avenalh goalsafermulated as;

A musical and creative district
- adzaA 02y Ydzad oS olFlaSR 2y GKS INBgAYy3I KdzYly |y
to collaboration and merge ideas and knowledge.

Life before the city- and the city with life

- Musicon must have acity throughout most of the day. Different applications should be
mixed and temporary activities should create variability, ideas and knowledge through
experiments.

Experimental construction and industrial traces

- Buildings and urban spaces in Musicon stitnd eventful and challenge the visitors. Musicon
has a raw and industrial expression, and projects will build further on the traces in the area.

Aalborg University Copenhagen 9
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A laboratory for sustainable traffic

- Musicon must be a laboratory for sustainable traffic. Musicon must tfeebest conditions
for pedestrians, cyclists, skaters, and bus and car parking must be the least prominent in the
urban environment.

An environmentfriendly district

- Musicon must focus on innovative and sustainable solutions. Impacts of undesirable
substances and greenhouse gases must be limited through the usage of new and experimental
knowledge.

When the final plans for Musicon has been established (expected in 2030), it is expected to
contain 650 residences, 5.500 m2 detail, minimum of 2000 creatwkplaces, 33.000 m2 for

culture, 32.750 m2 for education, 15.000 m2 for hotels. 6.000 daily cyclists and 9.000 pedestrians
are expected to use the path between Roskilde train station and Mus{Btem og Udviklim,

2015

An important signifier for Msicon is the way in which the area has utilized water during the years.
In the early years it was used for industrial purpose in the process of creating concrete, and in
2008, the area implmented a very innovative system faxinwater(Roskilde: Storm Wat Skate

Park, 2017)The system was built to lead local drainage from Rabalderstraede to a nearby human
made lake. The innovative part of the system is that it is constructed for two purposes: firstly, to
lead the water down the street and further on togHake, and secondly, to allow local users to

use the pipe as a half pipe for skating utility when water is not present. This way of combining a
water system with a skating utility, ésvery unique feature dflusicon

Aalborg University Copenhagen 10
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ROSKILDE FJORD

ROSKILDE
STATION

-~ SPR.RINGVEJ

-~ RABALDER PARKEN

MUSICON
DET REKREATIVE
POSTINDUSTRIELLE LANDSKAB

VIBY

Figure 1: Overview of the context of the path. The Musicon Path is part of a greater path from Roskilde
Ringpark to Viby.

1.4.2 Musicon Path

With the broader perspective on the project, acquired through the section above, the following
section will look furtherrito the plans for the path and the different users that will use it.
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1.4.2.1Path

As a means of guiding the users through the Musicon Path, the route and squares with different
activities have been identified and presented by Roskilde Municipality. The of the path and

the location ofsquares can be seen in figure 2

The path runs from its starting point at Roskilde Station. As it continues down Kggevej (a road of
high level of traffic), it turns and runs along Knudsvej( a residential street)resshies halfway

down Knudsvej, it turns left and continues along Thorasvej (also a residential street). As it crosses
Gormsvej (residential street), it runs through a small passage of green area which leads to the
park- Raadhusparken. Further down the gar merges with Eriksvej (residential street) and goes
through a small green passage until it reaches and crosses Sgndre Ringvej (a road of high level of
traffic) and ends in the Musicon argaee appendix1.2)

1.4.2.2Spots

The spots are mainly located at intersections:
- Spot 1: intersection between Kggevej and Knudsvej
- Spot 2: intersection between Knudsvej and Thyrasvej
- Spot 3: small green passage leading up to Raadhusparken
- Spot 4: near the wrestlinglub building in the middle of Raadhusparken
- Spot 5: intersection beteen Raadhusparken and the small passage leading up to Sgndre
Ringvej
- Spot 6: in the middle of the small passage and leading up to Sgnde Ringvej
- Spot 7: intersection of the path and Sgndre Ringve;.

Spot 4

\ Spot 2
n Th, 25Ve/

Figure 2: overview of the Musicon Path and the 7 spots along its course
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1.4.2.3Spatial context

To get a better understandingf the spatial perception of the path as it stands today, thoughts and
observations were written down, assembled and formulated fromraeseof site observations in

figure 3 The site observations were conducted with the purpose of identifying spatiditans

that affect the perception of the space for the users. This essdéiments such as traffic

interference, width of the passage, directionality of the passage, level of nature vs level of concrete.
With a referenceo figure 3 there seem to be drastic change going frospot 1 and spot 7 with
hightraffic roads to spot 2,3 and 6 witlesidential areas, with narrow passagesspmt 4 and 5 at
Raadhusparken, which offer a wide open green sptie low levels of interfering traffic.

high - e

Intersecting traffic

low | e —

high e S

Interactivity m——— T

high =
Perception of speed \T\M4—J/' T
low
wide -
Perception of width
narrow - ' B
direct S
Directionality EE—
| | | |

Figure 3the figure above illustrates the 7 chosen spots along the Musicon Path. Based on the different charts, it is

visible that there seem to be a varying degree of intersecting traffic. As most of the spots have interfering traffic and

high directionality, spot4 and 5, which are located in Raadhusparken changes character and becomes a much more open
and inviting space.

1.4.2.4Users

In the process of developing a meaningful lighting design for the path, it is crucial to get insights as
to which kind of userare using it, when are they using it, and why.

Based on the assumption that most people who will use the path is travelling to or from the Musicon
area, the type of users can be narrowed down to four diff¢ér@ategories (musicon.dk).

Aalborg University Copenhagen 13
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Work

With a large variety of companies
situated in Musicon, this group of
people utilize the path to go to
and from work. This entails two
segments:

the people who work in Musicon,
and the people how lives in Musi-
con and are working in another

city

Culture

This segment of users involve
people who come to the area for
cultural events such as exhitions
at RAGNAROCK, concerts at Para-
mount, theater performances
and other events in geneal

Education

The two main educational sys-
tems, Roskilde Tekniske Skole
and HTX, situated in the soutern
part of Musicon, draws students
to the Musicon area.

Leisure

Being a significant part of the
Musicon area, leisure activities
draws a large variety of users to
the area for skating, dancing,
playing music, performing all
types of arts, climbing, acting and
SO On.

02/06/2017

Table 1: Four overall user groups in the area of Musicon were identified.

The illustration belowfigure 4)shows the estimated hours that the respective ugeoups will use
the path. The hours of interest for this project are the late hours, so it seems thaeth@ethat
will be most exposed to the lighting will be people who come there for leisure activities or for
cultural activities.

Figure 3: User occupancy hours, estimated based on information on musicon.dk
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1.4.2.5ContextSummary

The Musicon path is part of a bigger path project which will lead citizens from Roskildetd-)ditaly.

It will be responsible for a direct and safe, but also an interesting and eventful path between
Roskilde Station and Musicon. To understand the greater vision of Musicon, key visions and
characteristics were also mapped out and presented. In essdviusicon is a community that is
genuinely interested in shaping a district of creativity, diversity, growth, collaborations across
different fields, arts, sports and education. Another essargignifier for Musicon is the
environmentfriendly mindsetand the long history of utilizing the water in the area.

The initial plans for the Msicon path project weralso covered, giving insight into the route of the
path and the designated spots. A series of field observations of the path revealed a gradarage ch

in level of interfering traffic, width of the path, nature and directionality along the path

Along with the construction plans, offering numerous activities, and the theme of theBileglolay

and learning Raadhusparken seems to be the appropriglce to invite people to stay and play.

Four types of users were recognized, involving people who work in Musicon, the people who come
there for cultural events, the people who come to Musicon for leisure activities, and the people who
come there for edaational purposesi useroccupancy time table wasstablished based on

estimated hours for each activity (leisure, work, educatiod aulture).Results indicate that the two
user groups (leisure and culture) have the most releeanchisproject, as peple of these

respective groups tend to be around the Musicon area during the afternoons and-niglst being

more exposed to the lighting.

1.5 Expectations

During the first meetings with the Musicgrath member in September 2016, my position as a
AAUlighting design student was discussed. Since we were two students on the task, it was agreed
upon, that our individual work should be synchronizable and not interfere with and overlap each
other. Due to my medigechnical background, my primary interesagvwithin the field of interactive
lighting. Thus, while there was a common consensus amongst the project member that the level of
interactivity should be centeredn Raadhusparken, | receivéite task of coming up withra

interactive lighting concept faspot 4 or spot 5n Raadhusparkdfigure 2, while the other student

had to come up with an overall concept for the whole path. It was, as mentioned above, essential
that we were on the same page, ensuring clear coherence between the two concepts.

1.6 Idea generation and concept development

A significant insight into the nature of tleverallproject, from the perspective of both Musicon,
Roskilde Municipality and the users, gave valuable data to help narrowing down the initial problem
statement to a morespecific problem statement. With an emphasis on directly interactive lighting in
Raadhusparken, the middle of the Musicon Path, the potentials for this were further investigated.
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1.6.1 Raadhusparken

The previous mentioned stdpoal for Raadhusparkehike-play and learnindpecame an important
inspirational factor for developing a lighting concept. Despite having yet to be built, the park is
expected to be an attraction for all users who wish to use their bike for more than just
transportation, along with sers who find it pleasurable to observe them.

1.6.2 Pump track

Among the five different bike lanes
that will be built h Raadhusparken, a
200m longpump track in the middle
of the park is expected to be the mair
attraction due to its position in the
middle of the park and due to its
proximity to the Musicon Path
enabling users to easily take a detoul
on their way to or from Musicon.

With the large segment of young
LIS2LX S a2y @BKIESTE ¢
riders,roller-skatersetc.) in the
Musicon area, thisymp trackis
estimated togeta lot of attention

from this user groupn particular. As
figure 4shows, these userswho use
the area for leisure activities, will be
more likely to stay in the area in the
afternoon/night hours.

With proper lighting, thipump track
could potentially bea useful place for
these users anthe generabublicto
hang out and skate/bike aften the
later hours. Due to the above
mentioned observations and the big
potential in the area, the pump track
became my main focus.

Figure 4 (sti til Musicon n.d)
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1.6.3Water

The theme that was developddr this particular part of the overall projeatias inspired by

adzaA 02y Qa 2y 3 KAifdl BriiBust@afpurpedes dsk méaysdf poodudirgy NJ
concrete, and later as a means of developing a s@wad innovative water drainage system built in a
shape which allows local skaters/bmx to use it as afhipk.

1.6.3.1Symbolism

In a symbolic sense, water can in many ways be associated with the spirit of Musicon: dynamic,
diverse, adjusting and eveghanging unless no force/energy is applied to it. It is the energy that is
put into the community of Musicon which makes it alive and vibrant. Each user of Musicon affects
the community in one way or another.

This is essentially the effect that thenslgolism should have on the user make them feel, not

only as a part of the community, but also as an important contribution to the community.

The symbolitinks are illustrated below (figure .6)

MUSICON GENERAL USER PUMP TRACK USERS “ON WHEEL" OBSERVING PEOPLE
“ON WHEEL"”

- creative community - part of the unity - rhythm - community in itself - copi ivity ™ "

- environmentally focused - influences the community - flow - harmonic flow in motion = Zel.teslzgvtir;egaacg\g?:nzsefsg]:f-

- unity by engaging - understanding of physics/ - applies energy to the area ing relations between skat-

- interconnected - one activity of one user can in- kinetic energy by skating (physical and social ers and their physical sur-

- shared knowledge fluence the whole community - wave form energy) roundings

- dynamic - oscillation b

- observing with interest (social

- innovati m p
innovative water syste community)

SYMBOLIC REPRESENTATION

Figure 5: The symbolic link between water and the community of Musicon, its users and the pump track.

1.6.3.2Interactivity

Another important reason for choosing water asancept for the lighting desigmas that water is

highly interactive and responds in different ways tfietent forces. This was deemed to be an

important element of the lighting in&&dhusparken, to allow interaction between users of the area,

and the lightingF YR Ay KK@OEGB8IBIS&LIX S (G2 adre yR LXI&¢

An additional layer that potentially couldld value to thanteractionis if different speeds of the

dzZaSNE 2y GKS LlzYL) G4N¥Y O] O2dZ R 0SS (NI} OSR® | AIKSNJ
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2y (KS 61 GSNES SKAOK s2df R NBadg G Ay + JINBFGSNI ¢
a way for users to play with different speeds, or even compete with each other by comparing visual
effect.

1.7 Final problem statement

Based on substantial research within the context of the project and the different visions and goals
for the path andRaadhusparken, a lighting concept for the pump track in the middle of the Musicon
Path and Raadhusparken was developed, narrowed down to the final problem statement, as follows;

fHow can we use lighting to simulate the movement of, and physical interaction with, water on a public
pump track, while ensuring sufficient visibility?0

2. Thesis approach/methodology

¢KS FLIINBIFOK 2F (KA& (GKSarAa Aa G2 FLILXE& | &aLINYE
mainly consist of two parts; apractical part YR | aaAYdzZ F GA2y ¢ LI NI® ¢KS
purpose of identifying the proper components for the project. Since the interactivity planned for this
project (detecting positions of users on the pump track) is new in the field of interdigfiuang,
thoroughly examining and evaluating the potential components (primarily sensors, but also
luminaires) is a necessity.
CKS daAavydzZ FdAz2yé LI NI 2F GKS LINRP2SOG gAaftt 1 NBST
I & Ft dzA R € he GgBtKThedphygiddl adpgct will involve analysis of water motion and how
water reacts to different forces, while the technical aspect will involve how to program this behavior
GKNRdzZZK fAIKGAYID . & | LILX @Ay ( fpurposedstddtEA &k YSRA |
experience in the practical approach of executing a project like this.

z

SYySIGK Aa Iy AffdzZAONIGAZ2Y 2F K2g L 4SS Y& GKS&A
G§SOKy2t23& IyR YSRAlF (GSOKy2fz23&é & yR aRSaAAIY | LI
Media Technology Designapproach
®
]
Architecture Lighting Technology Theory Praxis
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3. Problem analysis

In an attempt to anwer the final problem statementhow can we use lighting to simulate the
movement of, and interaction with, water on a public pump track, whikigng sufficient

@A & A dhe prabled &nalysis withoroughly examine the underlying topics that has an influence
on the problem.

The analysis will be approach by first presenting some inspiring projects that has worked with water
simulations and position detection of users in public. Subsequently, thlysia will present the
project specifications, including drawings of Raadhusparken and the pump track.

The next step in the analysis will examine the human relation to water in terms of health and well
being. Subsequently it will investigate the naturhhracteristics of water behavior along with
references to known watgeshenomena With an emphasis on human perception, the analysis will
then examine the perception of blue (for water), to gather knowledge on the potentials and risk of
using this colorThis will entail both emotional responses, physical respoasédshe effect it can

have onour perception of space. A closer look at the skating community in Musicon, BMX cycling
and the characteristics of pump tracks will then be conducted, to get &bettderstanding of the
context behind pump tracks and the people involved with them. For the practical element of the
project, the analysis will also investigate which types of luminaires can be used to simulate the
motion of water, along with which kinof sensors technologies have the capacity to detect exact
positions of users on a pump track.

3.1Project specifications:

This section will provide ailef overview of the plans for Rdhusparken and the pump track, along
with general specification fahe project.

3.1.1Plans for the pump track:

Figure 7 showthe course of the pump track. The estimated start of the construction of the pump
track is august 2017. The course of the path will have different curves and bumips ill be

further elaboraed inpump track) Around the pumpvill be built small grassy hills along with some

of the equipment for activities mentioned above (balance course). The track will be 200m long, 2.5m
wide and will be built in asphalt. The exact course and shape of tienpight change, adirt

builders(the company thatwill build it), will build it on the spot without official drawingSee

appendix for additional drawings (16)
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Figure 6 (Raadhusparken, in the middle of Musicon Path. The pump track
can be seen curving around the Wrestling Club.

3.1.2Lighting on the pump track:

The lighting on the pumprack will be installed after the pump track has been built. To save
money, Roskilde municipality has decided to cut half of the budget off for the lightiegning,
instead of lighting the whole pump track as initially planned, the lighting installatitbonly

concern the left part of the track(from picture aboveyhich is estimated to be 80m long. The
budget for the installation is 300.000 kr.

3.2Related Projects/inspiration:

After extensive research, it became evident, that no current reselaastbeen done regarding
lighting on a pump track, or how to simulate water through lighting. That being said, a variety of
lighting projects have been involved with the simulation of water. This section will investigate
some of these projects to providebasis for the lighting potentials in simulating flow of water.
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G 9 T SA ( 2Pistd |Aetzctivo

Projection mapping on floors is now a relatively
common technique in theealm of interactive lighting
technologies. The advantage of projection mapping is
the great amount of details that can be conveyed
through the projected pixels, allowing complex
scenarios to unfold. This projecEfeito Agua (water
effect), byBraziliancompany Piso Interactivo, applies
codes for projecting the movement of water. The
projection is interactiveso as people walk pass it, the
water will react in accordance.

' YAGSNES 2F 21 GSNItI NIAOtSa
wS a A RS & TdamLB2 Jagan 2017

With the purpose of enhancing the experience of
nature, the digital art colldove, teamLab will during

the summer season of 2017 transform trees, lakes and
rocks into interactive art pieces in theari Daimyojin
Shrine nature parkAmong various pieces is the
Universe of Water Particles on Rock in which Resides a
God which is annstallation that projects a waterfall,
controller by an algorithm that imitates water flow.

a2 1 £ 0 K&mod Stalio i £

InWalk the LightdA & A G2 NJ 2F GKS adziSdzyQ
Road tunnel, control the light by how they move

through the tunnel. Avand of white light follows the

visitor. As one person passes, the white light jumps to

the next visitor. On both sides of the white band,

strong colors are pushed and pulled along the tunnel,

forming an ambient lighting effect that is associated

withthe2 3SNI} f f So66 |yR Fft2g¢g 2F (K
During the day, there will be a shift in hue and saturation of these colors, as they respond to the

flow of directionality among the visitors.

§ dzy Abap.pH.

For the VelaeCity Global 2016 cycling confe in

Taipej the Londorbasedstudio aimedo show the

relationship between air quality and mobility by

combining a pump track with a lighting installation.

[22LJPLI Qa (g2 (22LAYy3A g22RSYy L
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with LEDs as riders pass them, while theddights at both endssimulating human lungs and the
branching structure of treeschange color according to the quality of air around them.

3.3 Human response toater

Most of us can relate to the calming sensation of walking along a coastlineaori®r, observing

the ever changing picture and listening to the characteristic sounds. The human attraction to water
is a wellknown phenomenonWhile we are very aware of the feeling, not much research has been
done to know whywater has such an incrdale effect on usA recent study by mane biologist

Wallace J. Nichols, (Wallace 2Qtdsearches the neurological, psychological and emotional changes
our brains experience in the presence of watdichols explores the sensory appeal of watgving

usan indication of how sight, sound, feel and even smell and taste of water affect us on an
incredible deep and raw level.

While health benefits of green spaces are well known from research @rRbgch and the Kaplans

(Ulrich1991) amongst others, theé8 &4SSY (G2 o6S I t1F 01 27F -MBaSI NOK NE

effect that rivers, lakes, the sea and urban water installations have on our health and wellbeing.
Professor Michael Depledgnd his team attempted to dig further into this topic in 2012. Afte
funding the European Centre for Environment and Human HEBIFEHH), the team launched the
Blue Gynproject, with the purpose of studying health and wellbeing benefits of aquatic
environments(Depledge2012)

They approached the topic by repeatingched w2 ISNJ ! f NAOKQa SIF NX e adiddzRA:

test participants photos of different landscapes. By assessing the level of stress at each picture,
Roger Ulrik was able to demonstrate that the stress level was lowered proportionally with the
amountof greenery in the image. By introducing water i2tbe images, Michael Depledge found

that people showed a strong preference for more and more water. Michael Depledge then repeated
0KS aiddzRe g A traf fodaiteing iy squailed tdcdrials rannthgough the city, and once
again people hugely preferred the urban environments with more water inéf@epledge2012).

Images with green spaces received positive response, but images of both green and blue got the
most favorable response of all. Thate did a second study whigtaseven more conclusive. They
used data fromNatural Englangdwhere they examined anonymous sedported health data by area

in England, to see if the health varied with proximity to water. The research revealed that the close
people lived to the coast of England, the healthiezythwere. There were also linketween level of
health and other aquatic environments like lakes and rivers.

Ph. D. student and lead researcher at tii@tional Marine AquariumDeborah Cracknell, hatudied
GKS KSIFIfidK STFSOiGa 2y ! 1 KSAYSNsRiaaquatiuindad/ ia I yR
tanks (Cracknell 20).3Despite having her main emphasis on the biodiversity aspect, which is the
level of marine biota in the water, she found thatqme showed an increased level of wellbeing
(based on positive effects on mood, heart rate and blood pressure) from just watching the aquarium
without fish. This all leads to the question: what is it about water that affects us in such a significant
way, that it improves our wellbeing and health?

Marine BiologisSir Alister Hardy suggested that the answer lies in our instinctive nature, as human
beings have evolved in close contact with nature up until 200 years ago. It is only since then that
people havebeen increasingly removed from oceans and foreldisry1960).
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3.4Water characteristics

In order to understand how to simulate water, the initial part of the analysis will look into the
characteristics of water behavior.

3.4.1Basics of waves

As a lasis for understanding water behavior, it is necessary to understand the basis for waves in
general. A wave, in any type of shape (sowldctromagnetic, radioyind, water etc.) consists of
parameters such as:

- wavelength (the length of one oscillation),

- amplitude (the distance from equilibrium to crest/trough),

- wave period (the time of one oscillation),

- wave speed (the speed in which the wave is travelling),

- Crest (the top of the wave),

- Trough (the bottom of the wave),

- Wave height (the distance fronndugh to crest)

- Frequency (number of oscillations per unit time)

elevation crest

amplitude
AN | A
X
‘\\ trough

-
wavelength

Figure 7 (Amplitude n.d.) The illustration presents the basic characteristics of waves.

In the two pictures below it is shown how these parameters differ,asheling on the scenario.
In figure 9 a mild wind is causing waves (capillary waves, explained further down) of low
amplitude and small wavelengthis figure 10the amplitude of the wave is much higher, along
with the wavelength.

Figure 9: Low amplitude and small Figure 10: High amplitude and long wavelength
wavelength capillary waves gravity waves
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The behavioof water waves is fully dependent on external forces such as wind, ships and rain
etc., but to understand how these forces can trigger different types of waves, it is essential to
grasp the continuous forces that are applied to the water molecules.

3.4.2 Continuous forces on water

3.4.2.1 Surface tension

A watermolecule which is in contact with a neighboring wateolecule is in a lower state ohergy
than if it were alone (PerlmgnThe water molecules inside the ocean, for instance, have the
maximumamount of neighbors as it can have, but at the surface of the water, the boundary
molecules are lacking neighbors (compared to the interior molecules) and will thus contain more
energy. This energy is what makhe molecules stick together at the surfacesferred to as
cohesion(as depicted in Figure LIThis phenomenon is known &apillary vaves(figure 12) a
certain type of wave that is influenced by the surface tension. A mild wind or wateteds can
trigger such wavescausingippleson thesurface of the water.

Figure 12: Capillary Waves

3.4.2.2 Gravity

Similar to all other objects on earth, gravity pulls on water as well. When enough energy is applied to
water, causing wavelengths beyond 10 cm, the type of wave triggered isaéfter asgravity-

waves For oscillations to exist and to propagate, gravity forces any displacements of the surface to
be pushed back towards the meanrface level equilibrium What causes the oscillation is the

kinetic energy gained by the fluid o1s jpath back to its rest positiortausing it to overshoot, and

thus being displaced again (Perlmam®85.

While this is somewhat intuitive to comprehend, understanding why this forces the gravity wave to
move horizontally is a bit more challenging.grasp this, one needs to understand the horizontal
forces at play. When a wave of water rises above the surface, the added weight of this wave creates
a pressure that is locally higher than normal, which as a result accelerates/pushes the fluid away
from the place, piling it up at the nearby trough, which generate a new surface some distance away
pushing the wave forwardRuisin 2009

In most cases, the types of wave that we see when observing the ocean, is a mixdteeityf
wavesand capillarywaves, referred to agyravity-capillary wavess illustrated below:
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Figure 13: Gravity-capillary waves

3.4.3Loss of energy:

The amplitude of waves gradually becomes lower as energy is lost due to fatbras, internal
friction, air resstance andy energy dissipatiodue to the divergence of the direction of
propagation. Shortewavelengths aréosing energy more rapidly over distances than longer
wavelengths. As a consequence, the dominaavelengths of the spectrum awenteredaround
the longwavelengths, capable of lasting far longerd over greater distances (Ruisk903.

3.4.4 Group waves

An interesting aspect of wave propagation is that
the energy carried by waves does not always trav|
at the same speed as crests and troughs. Favityr
waves, for instance, the accumulated energy
velocity is halflhe wave speed of each wave
(Ruisin, 2005)In a wave consisting of multiple
components, different wavelengths are present at
different locations, altering energy distribution andcy e 14: Group waves: A water drop creates a

speed foreach wave. In the exampie figure 14a wave formation outwards.

force on the water triggers a gravity wave outwara.

{AyOS t2y3SN) ¢ @St Sy3aika KFEFS || KAIKSNI gSt20A0e@
the group velocity, since the group velocity has a lower rate.
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3.4.5Wave Interference:

When two or more correlated waves of the same type are present at the same point, the waves are
referred as beinguperposedand are forming an interference pattern. This is the effect you can
observe from rain dropsen the water surfacas depicted in figure 18Vhen this occurs, the

resultant amplitude at that particular point is equal to the vector sum of the ampliguafehe

individual wavegfigure 15)Ockenga, 2011).

vf\v/\v/\vf\v AN ANVANIVAN
INNINNE RS8O0

LVARVERVERVERV/ \VARAVERVERV/
Figure 15(interference n.d): Wave
interference.

Figure 16: Group waves from multiple water
drops interfere and form an interference
pattern

3.4.6Water scenarios:

As an inspirationdr simulating water, this section will look further into different water scenarios. By

Gol GSNI a0OSYyIFNR2&£3X YSIEYyAyYy3a RS4indiféranywaysashaliedrlt G A 2 vy a
of different forces. One water scenario which has already beerrithescis the behavior of water

that unfolds when a water drop hits the surface of the water.

Rain

rain hitting the surface of a lake, the appearance of a'p;-o
the water changes as the waves interfere wétlich i
other, as visualized in the above sectivave
interference.

Boat

Another water sceario that we can all relate
to is the result of a boat sailing through the
water. As the boat applies pressure on the
surface of the water, the pressure distuiles
outward around the boat and forms foams
due to air being entrained in theater.
Depending on the weight and speed of the
objects sailing through the water, the amoun
of foam and the amount of time the foam
lasts will change in accordance. The more
energy applied, the more foam and the longer the foam will last, leaving a longer trail.

Figure 18 (Luxuo 2016): Boat Scenario
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Current

Water currentsare usually a result of gravijtgolar heat
or wind.* Currents in water can be seen from the
ocean coasts as a results of solar heat anutiyvi
whereas water in floods is influenced by gravity. A
commonality is that the force is dragging the water in
one direction. An interesting fact about the speed of
the travelling current and the speed of wind, is that, i
the wide oceans where winds hagan reach high
speed, the speed of the travelling water current will
accelerate until it reaches the same speed as the wi
The moment it reaches similar speed, the water can
longer retrieve energy from the wind, and will thus
stop accelerating. In flmds, the current of the water is
influenced by the width of the passage. The current
seem to slow down and diffuse in many direcsas it
reaches open areas, whereas it accelerates wthen
passage becomes more narr@Ruisin).

Figure 18 (Gangajal n.d.): Water current.

3.5Human perception of lne:

Along with the waterconcept, comes the discussion of using blue light in the public sphere. What do
we associate with the color blue? How do we physically/emotionally respond to it? How well do we
see the world and each other under blue light?

On ar emotional level, blue is the most universally favored color in the visual spectrum. Due to the
ocean and sky, it is perceived as a constant in our lives, andbaareing calming effecCerratq
2012).Thoughthe perception of blue (and any other co) is largely influenced bylture and prior
experiencesthere are some common associations to the color blue, which is widely agreed upon.
The color is used for clear communication and often repnesantelligence and efficiency (Cerrato,
2012).Thisis why offices often are colored blu¢o raise the productivity. It also often represents
quality, tradition trust and responsibilitywhich explains why politicians often choose to wear the
color. Opposed to red which stimulate a physical reactigreivple, blue has lite physical influence
on ugCerratqg 2012.. Strong blue will excite clear thought whereas lighter softer blue will calm the
mind and aid concentrationWright, A. 2015).

The wavelengths in the visual spectrum range from the smateelengths of higher energy (blue

to the longer wavelengths of lower energy (red). This difference in energy results-thicchef all

visible light being considerddgh-energy visibldHEV)2 NJ & 0 t (@e8)EA laigk \Bfiety of

research have stied the effect from receiving light rays in thEEVspectrum, and these researches
have for instance shown that the blue light has a positive effect on concentration, alertness, memory
and cognitive functionHEV rays have also been discussed rigoramishe topic of circadian

! https://earth.usc.edu/~stott/Catalina/Oceans.html
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rhythm. Harvard researchers conducted an experiment comparing the effecd dioburs of

exposure to blue light to exposure of green light. The blue light turned out to suppress the melatonin

level for about twice as long as theegn light, shifting the ciraiian rhythm by twice as

muchWWright, A. 2015) Light rays in the HEV spectra are beneficial during daytime to maintain a

healthy circadian rhythmbut as the research indicathe light can also have a negative effect on a
peNE 2y Qa8 OANDFIRAIFIY NKeldKY AT o0SAy3d &adzonaSOi G2 G272
biological fatigue. Constant exposure to blue light at night, through TV and cellphones is part of the

NBI &2y &2 YLl yeé LIS2 LISackRaY)Me corBesiencEsydatsbksledpthds S LJ

been linked to increased risk for depression, as well as dialaet@gardiovascular problems(Sack,

2007).

Because blue light, which has a shedvelength and high energy, scatter more easily than other

visible lidnt, it can be harder to focus under blue light. This is duehtmmatic aberrationywhich

describes the processes in which light rays refract differently in the eye depending on wavelength,

causing them to converge before others in the eye and to be placenorcorresponding locations

of the two eyes. Thishenomenon is typically evident &fue haze (Faulbéraround objects in

bright light (snow and sun e.g). When you are looking at a computer screen or other digital devices

that emit significantamoun & 2 F o0f dz§ f AIKGX GKAA dzy F20dzZaSR QA &
compared to other colors.

However, in terms of energy consumptidaiye light is very beneficial. This is becaligkt sources
that have greater power at the shevtavelength end of theisible spectrunproduce a perception of
higher brightness at the same illuminan@oyce, 2004 p 434).

3.6 Perception of depth:

It was first noted by Goethe in higabenlehre(Theory of Colors), how colors influence on our
perception of depth that weencounter in our daily lives our ability to understand the three
dimensional space around us, and our ability to differentiate close objects from objects farther
away. InFabenlehrerGoethe recognized blue as a receding color and yellow/red as a pmotrud
color (Faubert, 1994) Thestudy of chromostereopsisin which the perception of depth is conveyed

in two-dimensional color images (comparing pairs of colors), has later confirmed this theory of short
wavelengthgblueturquoise) as being perceived éurther away.
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3.7Pump track users

Since the purpose of this project isdesigna lighting solution for a public pump trackhis section
will take a closer look into the kind of users who would be most inclined to use the pump track.

3.7.19reet sportCommunity of Musicon

Pump tracks are often an integrated part of skating parks, and is thus an attraction streleé
sportcommunity as it provides similar curved concrete surfaces as halfpipes etc. Thespodet
community in Musicon ist®ng, as the area contains great facilities for BMX riders and skaters. This
entails an outdooskate parKRabalderparkeras visalizedin figure 13, an indoor skate &l (Hal

12), and an indoor BMX race track.

B ::; A i o
Figure 20: Based on information gathered on the official Musicon Website?, along with early
observations, age seems to be a determining factors for the level of motivation to exercise street sports
in Musicon, and seems to range from early childhood to early adulthood.

3.7.2Field observatins and street interviews

In order to identify essential characteristics of the street sport communityMirsicon, street
interviews and observations were conducted @ite in
Rabalderparken and Hal {BMX racing hal). -
With an operended approach tryig to identifying g
characteristic behavioral patterns of a group 2
skaters/BMX racers, skaters were observed over a ti
period of 1 hour in Hal 11. During the observation perig®
field notes were written down, and subsequently assess
through content andysis (Krippendorff 2004) Semi §
structured interviews were subsequently conducte
SYLKI &aAl Ay3 iKS LI NJi A
skating/cycling and which factors they consider md
important for their motivation to skate.

Figure 21: BMX hal in Musicon

Based on the interviews, it seerttzat the motivation for
this group of people to skate/ride, can be assembled down to two main reasons:
- 0KS aSyalairzy GKS& 3ISG FNRY (jogSreetodjiflowy G a St F
AYRSLISYaRES y OS¢

2 www.musicon.dk
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- the social aspect of being a part of largemmunity with shared interests.

The social aspect was likewise very evident through the observations, showing a very coherent,
friendly and positive atmosphere. Common traits among the skaters/riders was that they expressed

sheer joyfulness during, buspecially after they had been on the pump track. While on the track,

they seemed to be fully occupied by what is in front of them. Their engagement was very visible in

their facial expression while riding/skatingexpressing a strong concentration, bus@ a sense of
determination. The determination to continue a prosesf trial and errorwas seen in many

instances during the 1 hour observation session. This seemed to be fueled by positive comments

from other riders, especially the older, more experiedaiders. From the observations, it was also

learned, that there is a certain degree of competitiveness in the community as well. While most of

GKS NARSNAR &4SSYSR (G2 FAYR 22@& Ay 2dzad aONHzA &aAy3
their levd tothe KA A KS&adzX Ffyz2ad FrLEffAy3a Ay &a2YS OFraSao !
riders, were that they checked their time after each ride assess and compare their performance

with themselves and their fellow riders.

3.7.3BMX racing

From a pofessional aspect, pump tracks are originally made for BMX cyclists. The BpbXtracing

- is the sport associated with pump tradk essence, BMX racing is all about speleging the

fastest over a designated distance. Athletes target to achievegmduce a perfect movement

pattern. This is experienced as a sensatiofiaf, at which the athlete is able to transfer all energy

via the bike into the forward direction, a sensation of a technique where the whalg becomes

one with the bike lakamura, 2001). The sensation dfow is often associated with the act of cycling,
a1lFGSo02FNRAY3 2N 20KSN) GellSa 2F aoKSSt (22f aé¢od

While the BMX/skateboarding experience often revolves around learning tricks, the purpose of a

pump track is instead to see hawuch speed you can generatgthout using the pedalsisan

expert BMX ridesaid in an early intervieva | Y SELISNASY OSSR LizyLd G4 NF O1 NAR
his/her momentum to generate speed, can at any time beat an unexpedeitmr who IS using the

pedal€. The motion which keeps the mom@m going throughout the tracls called thgoump

motion,ad 1 SOKY A Ol f £ & OKI f 1 825 3 A W3 which I8 pediighied By Qustiing @ S E K
the bike downward during the lower curve of the pump trdfigure 22), and pulling the bike

upward during the higher curve of the pump tradigure 23. The upper body maintains somewhat

the same height throughout both motions.

— v e

Figure 22: At the trough of Figure 23: At the crest of the

the pump track, the rider pump track, the rider pulls
pushed the bike downward the bike upward
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2.8.4 Pump track

02/06/2017

The shape of a pump track is designed to utilize ashnofithe kinesthetic energy and gravity from

the bike as possible, to generate a forward motion. Despite having numerous different shapes, there
are some basic principles as to what constitutes a good pump track. Good dig fenest of the
shape)will be close together with smooth, curved transitions between each jump. The slope at the
launch stage should accelerate in steepness to help push the bike in the air. The landing should be
situated somewhat high and the slope should be steep to keep the pundptgythm for the next

jump. Figure 24shows how the pump track can enable the rider to gradually reach higher speeds

0 KNRdZAK2dzi GKS
2dzYL¥X XS 6KAOK A&
accompanied by a mellower landing.

i NI O1

The anatomy of jumps

There is infinite variation in the shapes and sizes of jumps, but the same
basic principles apply everywhere. Good dirt jumps will be close together
with smooth, rounded transitions to help with pump and flow, but jumps on
a downhill course could be very different, usually designed to be ridden at
high speed. Here is a basic introduction to some aspects of jump design.

dzy G A ¢

i

Table-top (has a flat top)

) Double (has separate take-off andﬂ
landing ramps). Gap can be severe or
smooth and rounded.

Tra @ T
ks : P - e
/ \ gy
30 o =
- AN Step-up (landing is higher than take-
Take-off Landing off). Again, gap can vary.
smooth, rounded transitions between jumps
2 P —~a
= ; S— s 7 5
R v [T~ -4 i

Roll-in Roller / Pump bump Set-up jump

Small

The ap|
nicest if thers's a
i1 with little
or na pedalling.

Used to gat speed with-
out pedaliing, and starts
the rhythm of the line.

Figure 24: The shape of the pump track (Rora, 2009)
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The pump track that will be built in Raadhusparken, will however, likely not contain completely
similar shapes as the above mentioned. Thesmmn for this is that the pump track should be

applicable to the general publid £ £ 2 6 A y 3
NRffSNDBTEI

G22ta¢sz &adzOK | &

LS2Lx S
RSa

2F y2 LINA 2N SELISNA
2NJ &1 0So02FNRas (2

steep cuves and will not be as challenging. The image below illustrates how the pump track is likely
going to look like (despite not having any official drawings of it).

Figure 25 (pump 2015): As visualized in the illustration above, the position of the back is particularly

important for riding the pump track properly
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3.8 Luminaire analysis:

To get more insight into possible ways of illuminating a pump track, this section will illustrate
possible light scenarios and explain the pros and cons of each. Theispély® solutions are
heavily influenced by feedback from the project members, entailing parameters such as prior
experience, vulnerability towards vandalism and priiee section will conclude on the luminaire to
use for the project.

3.8.1Groundrecessed LED strip:

The initial idea for lighting the pump track was to use groteckessed LED
strip along both sides of the track. With the purpose of simulating water
behavior, this was deemed as a useful solution, as it would allow for a large
varietyof different visual expressions, due to its magnitude of pixels. With
60 pixels per meter, this would enable 960 piiglall (60 x 80 x 2)

throughout the 80 meter
pump track.

Figure 26: Ground
recessed LED strips

During my internship period, | was working on
addressing LED pixels amockup of the pump
track. The experimentations became a tool for
inspiration, and gave meaningful feedback as to
possible interactions and visual expressions. In tHe
figure 27, | experimented with the idehat the Figure 27: Experiment with addressable LED
. strip on mock-up of pump track.

lights would be dragged down towardset troughs

of the pump track similar to how water would act.

Evaluation:
Pros: The solution would provide the pump track with a large variety of possible expressions,
with the help of 960 pixels. The lights would stress a clear border between the paokpand the
rest of the park creating intimacy.
Cons: For the LED strips to illuminate the pavement of the pump track, they would have to
be placed above ground level to enable the right angle. This would require an additional
construction alongsidéhe pump track. With the main criteria for the lighting being that it should
y2id AYGSNFSNE gAGK GKS dzAaSNRAE FoAfAdGEe (G2 NARS Al
become an obstacle for the riders. An additional note from the prajeembers was that aligning an
LED strip alongside such a curved surface could become too big of a challenge.
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Another type of lighting solution that wassessedvas LEEZhips mounted in the asphalt.

Evaluation:

Pros:Aeshtetically, and from a programming perspective, this is the
solution that could get closest to the appearance of water movement, as it
adds a second dimension to the previous solution. This would allow the
movement of water (light) to not only be directetbagside the pump

track, but also in perpendicular direction.

Consit can be discussed, whether the scarce illuminance on the pavement
that these LED upght would provide, is adequate for safe and secure
movement on the track. Additionally, from a @iace, the effect of the

lighting would be minimal. In a correspondence with Frederik Bo¢&ko

Figure 28: In-ground up Lighting, Frederik pointed out that the solution would likely be too

lights expensive to execute.

3.8.3 Pullert lights

Another type of luminaire that was ¢é&edinto was pullert lights.

Figure 29: Dialux experiment with pullert lights on the pump track

Evaluation:

Pros Using pullert light would easily enable sufficien
visibility of the users, and could, if placed close enough to e
other, provide a decent variety of visual expressions.

Cons Duing a meeting with the project member,
SEASNVE and Stig Nielsen (road engineer, Roskilde
Municipality) pointed out an important point for the area of
the Musicon Path: vandalism is a common thing. Stig

. . Figure 30: Dialux experiment with
Aalborg University Copenhagen pullert lights on the pump track. 33
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expressed his experience with public luminairesaskitde which have been accessible from ground
level: They get vandalized by a number of young groups in the area.

3.8.4 Spotlights
The lastighting type that was assessags spotlights.

Pros:Amongst the above mentioned lighting
solutions, this shution is the most secure one for ensurin
sufficient visibility and safe movement of the riders on t
pump track. Additionally, spotlights would be mounted
high up in the air, making them far less accessible to thé
people committing vandalism. Another jportant
consideration was that the lamp post holding the spotlig
would also be able to be placed at a distance to the pu

track - preventing it from becoming possible obstacle for Figure 31: Possibility of spot lights
. . . . for the pump track

the rider. In one of the project meetings, it was also

stressed by TinByskov Sgndergaard that this solution would also be the cheapestailmsving for

a bigger budget for the sensors and system.

ConsaA less attractive part of this soloti is that spotlights are fairly common in the public,
S0 its visual appearanci (static state) has certainly been seen before. Additionally, due to the
rather far distance from the pavement which the spotlights require, the resolution (amount of lights)
throughout the pump track would be quite restricted, allowing for a very limited 2 dzy’ & 2 F &G LA ES
to work with compared to e.g. solution 1 or 2.

3.8.5Summary

As it turns out, according to prior experience of Stig Nielsen (the road engineer of Roskilde
Municipality- responsible for public lighting in Roskilde), vandalism is aspicad issue in the
Musicon area. He stressed, during multiple meetings that he recommends mounting city light
beyond three meters, to ensure that they are not accessible to the public. In other words; he
strongly suggested not to mount lights near thegmnd. Acknowledging this issue, there was a
common agreement amongst the project members, that spotlights were the right soluion
solution that would also prioritize sufficient illumination on the pump track, and a safe movement
without physical obstdes (luminaires) close to the track.

3.8.6Sensor analysis

With the pursuit of identifying the proper sensor technology for detecting positions of multiple
people on the track, this section will go further in depth with which relevant technologies are
available to this day, followed by an assessment of their advantages and disadvantages.
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The technologies that will be examined entail pir sensors, regular and thermal cameras, ultrasonic
sensors, 2D laser scanner and LIDAR sensors. The sensors wilubteduzdsed on their range,
precision, reaction time, power consumption, maintenance, sensitivity to environmental factors,
vulnerability towards vandalism and price.

3.8.6.1PIR(passive infrared)

The most commonly applied motion detection sensohis pirsensor.

It is recognized in many applications in our daily lives, and serves as

trigger for opening doors and tomg on lights when we entersit

detection area. The way it works, is that constantly receives and e 4
interprets infrared radiation/amient temperature. As all living objects ‘ 'V
emit infrared radiation, the sensor is able to sense a difference in d\_/
radiation the moment a person walks in, which will then send a sign: .
onto the light or door or some other application. Figure 32: pir-

- Pros: The sensor is verlyeap and is generally very compact, sensor
which makes it possible to fit into virtually any device. The lenses of outdoor versions of pir
sensors can accommodate the harsh ultraviolet rays of the sun. The sensor is very energy
efficient, as it absorbs energy frothe incoming infrared radiation. It responds aptly to
human motion and can get adjusted to body temperature.

- Cons: As the pisensor registersehangeA Y A Y FNFI NBR N} RAIF GA2y> AG R
presence of an object, but rather the motion. Thyh it can withstand sun rays, other
environmental factors such as snow, dirt and heat can degrade its performance. The
detection range of the pir sensor is not very Iqng@ to 5m).

3.8.6.2 Cameras

An effective way of registering people can be throagtamera. Cameras \(: )
are often used for security purposes, due to the high amount of informati = 'l‘,
that the camera provides. With the help iofiage processintand software

suchas openCY it is possible to analyse the activity in front of the camer:

based @ information of change in pixels. By defining the characteristics (Figure 33: Camera

size and shape of people in pixels, the program will automatically trigger

when a person walks inside the scope of the camera.

- Pros: The advantages of cameras are vast in regards éctileg presence and motion of
people. Througlimage processing, it is possible (as explained above), not only to detect a
person, but to detect a large variety of people, their positions, speed and direction
simultaneously.

- Cons: While there are manydenical advantages of using cameras for detection of presence
and motion of people, there are just as many if not more disadvantamethe context of

®image processinig processing of images using mathematical operations
‘isa library of programming functions mainly aimed at #t&@ak computer vision
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public spaces. Cameras in public are often used for the purpose of survetiaocgoring
areas whee crimes tend to occur. This could have a bad influence on the public perception
of the space, along with the feeling of being observétteatening the perception of

privacy. From a technical viewpoint, cameras are also very sensitive towards suntigirean
computationally demanding.

3.8.6.3 Ultrasonic

Another sensor technology that will be evaluated is the ultrasonic sensor. As
the word infers (sonic), the sensor uses soundwave to measure the distance to
an object. It measures distances by siwgdout a sound wave at a certain
frequency and listens for that sound wave to bounce back. By recording the S
elapsed time for the sound wave to bounce back, it is possible to calculate the
distance between the sensor and the object. Ultrasonic sensoragpied in Figure 34:

a wide range of indoor and outdoor applications, ranging from proximity LSJ'eTrr]iSO?”'C

sensing on cars to production lines.

- Pros: Ultrasonic technology is very accurate in measuring distances to objects. The sensors
are resilient against environmental factwgch as direct sunlight, dust, dirt, humidity, fog
and material colors, making it a very robust sensor. Additionally, the sensor is relatively
inexpensive.

- Cons: While the sensor is resilient against many environmental factors, it cannot completely
abstract from interfering noises. On top of that, its ability to detect is affected by shape,
density and texture of objects, resulting in some objects causing inaccurate readings. The
detection range of the ultrasonic sensor is limited, due to the physicswfdswaves
travelling out in a cone shag®assa 2010)Thus, most ultrasonic sensors operate within
the range of maximum 10m.

3.8.6.42D laser scanners (2D LIDAR):

The possibilityf using &D laser scanner wadso examined.
The way in which a 2Ddar scanner works, is that it scans an
area by steering a laser beam within a certain angle of inter
and at acertain frequency (laser 201 By measuring the time
taken by the pulse to be reflected off the target and returnec
to the sender, the devicis capable of measuring distances a
every pointing direction. 2D laser scanners are widely applierigure 35: 2D laser scanner
for industrial purposes such as metal processes, mechanica.
civik and electricalengineering, or within the field of robotiego constantly monitor ol®cts and
check for potential collisions etc.
- Pros: 2D laser scanners have the capacity to detect distances far beyond the ultrasonic or pir
sensors, and are able to detect multiple objects simultaneoudlie to its capability of
measuring distances avery pointing direction. Reaching scanning frequencies of up to 60
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ms, the device has a very fast reaction time. In terms of its rigidness towards interfering
environmental parameters, 2D laser scanners which are built for outdoor environments are
able towithstand ambient illuminances of up to 80.000 lux, can withstand large temperature
variations, and are resistant to shock and vibration.

- Cons: 2D laser scanners do not function well under direct sunlight. Though prices vary, 2D
laser scanners are relatly expensive. The laser scanner will not be able to detect objects if
they are occluded by another object.

3.8.6.5Lidar (light detection and ranging)

A lidar sensor works under the same principle as the 2D scaringr
scans areas in three dimensmimstead. This technology has reached
high popularity over the last yearsvith the acknowledgement of its high
precision and incredibly long ran@&rcmap, 201} It is widely used to
make highresolution maps, with applications in agriculture, archelo Figure 36: Lidar
geography, geology, seismology, atmospherics physics, but also servisensor

a technology for control and navigah for some autonomous cagsc.

- Pros: Theidar technology has the capability to create riade high resolution distance
calculations with or without moving objects. Similar to the 2D scanner, it has the ability
detect multiple moving objects simultaneously, and to differentiate them by size, shape,
speed etc.

- Cons: Due to its long range, speed and precision, the Lidar technologygsitikxpensive,
and might extent the needs for this project.

3.8.6.6Summary

In an attempt to identify the appropriate sensor solution for this project, the aboeationed

sensor technologies were taken into account. Consideratizeare made in term®f placement:

Could a single sensor of long range, like the 2D laser scanner, pointing down the path of the pump
track - be able to fulfill the task? Or should there be multiple sensors, like pir or ultrasonic sensors,
placed along the pathpointing acoss the path? Or should there be placed a sensor high up in the

air, like the Lidar, pointing down at the path?

A general opiion amongst the project membes & G KIF & GKS adSyaz2NhBR aKz2dzZ R
as possible, especially during daytime. yrsbould not require a 10 m tall mast to point down, or be
constructed on the pavement along the path. As pointed owtrialysis of luminaire typevandalism

is a widespread issue in Roskilde, so the sensors should not be within reach of the general publi
Integrating one long range sensor in one of the lamp post was also discussed, but due to the issue of
occlusion people being in the way of each othelt was decided that integrating the sensors in the

lamp posts along the path was ideal. The pungelkris only going to be 1.5 m wide, so the scenario

of occlusion would happen rarely from that perspective.

When comparing the different types of sensors and their ability to detect people from the side of the
path, it was clear that the best qualifiedrs®or was the 2D laser scanner. The ultrasonic sensor

would not be able to detect the position from that perspective (as it measured distances), the pir
sensor would not provide enough information (as it only detect whether there is motion or not), and
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using a 3D Lidar sensor would be too expensive in cost and computation. With its ability to detect
objects in the range of up to 270 degrees, and distances far beyond the ones required for this
project, the 2D laser scanner was chosen as the appropriate @oluti

3.9Public lghting for pedestrians/cyclists

In the process of designing light for the public, it is essential to understand the basic needs for
pedestrians and cyclists. While not much research has been done for lighting for cydiisisy figr
pedestrians is a wetlocumented topic, and should provide good guidelines. In the resebiwtman
factors in lightingoy Boyce et al. (Boyce 201ittis described that the main objective, in lighting for
pedestrians, is to make sure pedestrians can seera/kthey are, can move safely over the ground,

can assess the risk to personal security and avoid visual discomfort (Boyce p2@5%). In order to
accommodate these needs, Boyce et al. mentions spatial brightness as a critical factor. Spatial
brightness is a measure of level and distribution of illuminance and light spectrum. While no current
studies have yet concluded the effect of ligltributionon pedestrians, the effect of illuminance

and light spectrum has been studied.

It is commonly acknowtged that a high illuminance enhances the visibility and the ability to move
safely around. However, for the sakesaivingenergy consumption, different international

standards have been proposed to set a higher limit for the ithamce. While the staratds for

average horizontal illuminance for pedestrians vary from country to country (Australi@:|0x5and

USA: 3 lux), the European Union has set the range frofrb2ux.(Boyce, 2014.459)It is

important to stress that these recommendation areninia, so the values are likely to exceed the
upper limit in some areas (such as shopping malls).

A study of the speed and manner of movement through a large qbem office under different
illuminances showed that an average illuminance afxidn the pute was required for smooth and
steady movement. This indicates, as Boyce et al. also addresses that the lighting standards might be
setting the bar a little too highi/hile this is for pedestrians, it must be noted thattfe pursuit of
identifying theproper light levels for cyclist, higher illuminance levels are required. Studies of car
parks in urban areas examined the effect of illuminanc@edestrian cyclists and cars, and

concluded that an illuminance in the range of3@ lux is necessary atight sources with higher
scotopic/photopic ratio were preferred (Boyce, 204d. 457).

Another factor that is considered import for public lighting is the ability to recognize faces.
Recognizing faces is associated with a higher sense of securityl(\lwawgithe ability to assess

threats at a distance), but is also associated with better visibility of other people in public. Semi
cylindrical illuminance is used to measure this. Seytindrical illuminance is the average

illuminance on the surface ohaupright half cylinder. (Boyce,201447). Rombauts et al. (1989)
claimed that confident face recognition is not possible beyond 17m and that acsdindrical
illuminance on the face of 25 Ix is sufficient to give confident identification at this dist@oyce

YR wSlFomopdno SEFYAYSR (KS STFSOia 2F RAFFSNBy
detect someone walking towards them, and then to recognize them between a selection of four b/w
photographs. The results showed that the probifpto detect someone approaching reached 90%

at vertical illuminance of-40 Ix on the person.
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Vertical illuminance —

__— Horizontal Illuminance

Figure 37: lllustration of the vertical and horizontal illuminance (Group EDF n.d.)

Despite guiding the lighting designer to achieve appropriate legyrel$ for pedestrians and cyclists,

Boyceetl. RRNF&aasSa (KIFIdG GKSaS NBO2YYSYRIGAZ2Y 2F0Sy 7
GThey certainly provide a basis for ensuring safe movement along a road and provide some guidance

about where the road goebut they (recommendations) do not directly offer guidance on how to
AffdzYAYl S GKS Adz2NNRdzy RAYy 3 SE&eNRIpYRD)YRBoycegfR | @2 A F
al. argue that it takes someone with an eye for the site and an aesthetic sense to creatgactive

and comfortable installation which also meets the lighting criteria.

3.10Interactive and Dynamic lighting in public:

Theemergence of ED based lighting systems have during the past yeardutionized the way in
which lighting designersan shape public spaces with lightifidis is due to the LED being digitally
addressable, enabling immense possibilities for new types of interactions between users and the
lighting through integration of sensors and smart environméKtslley 2007).The field of

interactive lighting has been applied mostly to indoor lightiogceptbut with the development of
more sustainable and robust LED fixtures and systems, the potential for interactive lighting in
outdoor public environment have been largely ieased(Jackson, 2015)

¢CKS 2dziR22NJ t A3KGAY3I R2YFIAY K2gS@SNJ KIFa F20dza SR
ownership to save energy and money focal governments, due tositability to be switched off

when noeone is present. However, the usétbe LED for providing interactive city lighting for

entertainment is as still a fairly unexplorédelley 2007).Interactivity in the public space can

connect people to each otheand to the space in which they are in. The effect of allowing such

interactions is that the lighting changes from what we normally associate public lighting stétic

and boring, to an interestindynamic behavior.

Going from static lighting in the public, to the possible dynamism that the interactive lighting
providesthe notion of timingbecomes increasingly important (Seitinger, 2013ine dependent
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parameters for lighting has up until now focused on approximation of utility of the space in order to
save energy by switching off in unused hours. With the integratianlafge variety of sensors,
detecting data such as wind, temperature, sound, human presence and humidity, it is now possible
to enable far more adaptive and communicative scenarios that convey time dependent information
back to its audience.

Additionalto this, utilizing data from these sensors thrdéulpternet Of Things (IO&hd machine

learning algorithms, the level of knowledge that can be learned from these installations reaches far
beyond what we can imagine todajackson, 2015Pne example of tis could be that the level of
activity detected through motiosensors is collected and anadylz feeding the machine learning
algorithms through a longer period of time. The more data the algorithm receives, the more it learns
about the activity pattern®n site. This knowledge can ideally be applied back to the system,
enabling it to predict level of activity at what time during the day, wesk] month

Interactive lighting as an aesthetic experience

As a guideline for ensuring that future interactiighting design installation attain the effect on the

public as envisioned, Peeters dtdiscusses in his paptre aesthetic experience in interactive

lighting desigid t SSGSNAR HAmMoUO K2 g ndtiéh thathJiIK § S & &gkt ioh 55 S Q:
guality, is something that comes from both a bodily sensed experience and an intellectual

S E LIS NNBeywe, 3984 Dewey argues that in order for an installation to have profound impact

on the public, it must both have an impact on the immediate sengatitevel- achieved through an

aesthetically pleasing design, and on an intellectual leaehieved through associations to earlier

experience (memories, knowledgend dream}. These two processes aiieA Y 1l SNRSLISY RSy i |
inseparablé = Y S| y A ¥@eriénielofithe Aedehkltic cannot be separated from its socio

historical context.

[ AAKGAY 3 NBaLRYyRAYy3I (2 LIS2LX SQa Y2@8SYSyda FyR LN
As this project is investigating potential ways in which people can affect the simulated flow of water,

the interadive element largely revolves around the physical presence and movement of the use

As a reference to sectiomater characteristicgsection 3.4}he forces that the riders of a pump track

would have on water, would be somewhat similar to that of a s@ling through water, applying
tension/pressure on the water along its path. A possible effect to replicate this scenario is to have

light following the rider through the track, and gradually degrading behind himiavé

characteristicsloss ofenergy. To understand the implications of such interactidraving light

following peope in the public Poulsen et alexamined, in his papédfull Scale Experiment with

Interactive Urban Lightin(Poulsen, 2011K 2 ¢ LISRSAGNA I yaQ Y2@SMisgyda OF y
the illumination of a town square. As people walked through the square, the general lighting was

dimmed slightly, and a brighter circle of light would follow them as they walked. An interesting

finding from this experiment as that most of the pedp who crossed the square did not notice the

change of illumination, but the people who could see the square from a distance cletidgd the

effect. Poulsen etladescribes this phenomenon as a notionagfor and observey in which the

actor triggersan effect which is easier recognizable for the observers than the actor himself.

This phenomenon was similarly experienced in a field experiment carried out in November 2016 in
Rabalderstraede, Musicon. The purpose of the experiment was to assess #miglodf using
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was simulated by the test condumt controlling eighth street lights reéime through a smartphone

app. The eight street lights were set to decrease in intensity, from fully lit, to completely off, in 6
different intervalscorresponding to the speed of: walking, slow running, runniast, funning,

cycling and fast cycling. As a person would approach the test area, the test conductor would
estimate the corresponding speed to that of the above mentioned intervals. Every time a person,
moving along the street, would pass a light post, 8h&reet lights would be reset to fully lit. As

he/she continued towards the next light post, the light intensities across the eight city lights would
decrease againbut depending on the speed of the subject, the lights would either reach of point
whereit goes completely off (subject is too slow), or the subject succeeds in reaching the other light
post, before the light goes completely off.

During the experiment it was recognized, as mentioned above, that most of the subjects did not
even realize thathey had an impact on the change of illumination. From observations during the
experiment, it was learned that a possible reason for this could be that the subjects were inclined to
fixate their eyes on the pavement right in front of them. This was espyetha case for people who

were walking, cycling slow, looking at their cellphone, or for people who walked in pairs. The lack of
awareness of their impact on their surroundings can perhaps be characterized to be the result of;
prioritized emphasis on safeovement and increased attention towards social interaction.

An additional factor that was deemed to have a big impact on the results of both the test in
Rabalderstreede, and the teBull Scale Experiment with Interactive Urban Lightives the visual
feedback that the citizens received. Was the interactions clear enough? For the test in
Rabalderstraede it turned out that using street lightghich is mounted high up in the air, resulting

in a wide beam spread and lower contrasts on the pavement, h&idulifes conveying a clear

enough interaction between cause (human movement) and effect (light). It seems that in order to
provide clear enough feedback to cyclist/skaters/pedestrians for him/her to understand the
interaction, the light must be restrictettd smaller areas and higher intensity differences. With

higher resolution (magnitude of sources), and with smaller distances between each source, it is
possible to provide a larger variety of appearances, which as a consequence conveys the interaction
more effectively.

3.11Summary

The analysis examined relevant topics that apply to the final problem statethemt can we use
lighting to simulate the movement of, and physical interaction with, water on a public pump track,
while ensuring sufficientsibilityZ This entailed an examination of the human relation to water, the
characteristics of water behavior, identification of recognized water scenarios, human perception of
blue from both an emotional, physical, spatial and electrical point of viewxamination of the

skating community, the sport that is related to pump tracBMX cycling, and the structural

character of pump tracks. For the practical part of the project, the analysis also investigated which
types of luminaires and sensor couldfilltheir respective tasks of simulating motion of water and
detecting user positions on the pump track.
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In the analysis, it was learned that the mere observation of water has more than a satisfactory effect
on our mood- it can even have a positive iragt on our health and wellbeing. Through the
examination of water characteristics, a number of essential observations were made:

- water is influenced by both gravity and surface tension. Though water is often influenced by
both forces, it is important toidtinguish them from one another, since they shape waves
differently. Gravity waves readar longer distances, elicit longer wavelengths and higher
ALISSRaz gKSNBIFa ad:aNFIFOS 41 @dSa INBE Y2NB NBaLkR,

- Distribution andoss of energy was also identified an important element for simulation a
realistic wave.

- Two interfering waves will either cancel eaather out (if having similar wavelengths and if
they are equally far away from equilibrium on both side), or will agdithaving similar
wavelengths and are on the similar side of equilibrium).

To identify relatable water scenario as inspiration for themes and for the programming phase, three
water scenarios were identifiedrain, boat and current

In the analysis adlepth perception, it was learned that blue is the color in the visual spectrum that is
perceived to be farthest away. For the sake of simulating water, this might actually be an advantage,
as it could enable an additional perception of depth (betweentaaes trough) by adding white or
GdzNJjdz2AaS O2t2NJ+a GKS aONBaild 2F GKS ¢4l @S¢ o
In the examination of human perception of blue, it was learned that blue can elicit alertness and
concentration, but does also have the down effect of inhibiting our circadigitamin (if exposed over

a longer period) and our ability to visually focus. A possible way around these disadvantaged would
be to occasionally add some green or white (red and green) to the light. In terms of circadian
rhythm, it would be a big issue if thighting was exposed consistently to a certaiimber of

people. However, athis installation does not expose the light directly to nearby resident, this is not
considered an issue.

During a field observation of BMX riders in an indoor skating hall siddn, it was learned that the
level of concentration varied largely between the people who were riding the pump track and the
people who did not. It seems that it requires full concentration to ride a pump track, so it might
make more sense to focus ondlmbservers and their experience of the lighting, rather than focusing
on the experience of the riderswvhich is mostly centeredn the mere act of riding the pump track.
Though no official standards fbghting for cyclists in Denmavkere found, reseach suggestthat a
horizontal illuminance of 130 lux and fixtures of higher scotopic/photopic ratio is sufficient in
ensuring visibility of the cyclists on the pump track. Vertical illuminancesl6fldx were found to

be adequate in illuminating thaders, to ensure that they would not just be perceived as shadows.

In the process of designing interactive lighting in public spaces, examples of successful interactive
designs along with recommendations from different researchers engaged in this tapibgkn

identified and aalyzd. An essential finding from this analysis, is that, in order to succeed in
capturing and maintain the general interest of the public, it is a prerequisite to affect the users of

the space on two levelsin aesthetic levelthe general intuitive respond people get from the
installation, andanintelligent level which links the installation to a deeper meaning involving
memoaries, knowledge, associations etc. Additionally, it was deduced, that to use lighting to address
an already existing activity, which in this case would be that act of riding a pump track, it is crucial to
understand that the activity itself is enjoyable for the users. The lighting can accommodate or maybe
even enhance the sensation of riding the track, thawdd at all times omit écoming an obstacl®r

Aalborg University Copenhagen 42



Lighting Deign¢ Master Thesis 02/06/2017

them. The proper solution must then balance between a lighting design that ensures sufficient
visibility, but at the same time can give an aesthetic and meaningful response to the activity on the
pump track.

In the pursuit of identifying the best fit luminaires for the project, multiple solutions were presented
and evaluated. However, one factor turned out to overrule most of the suggested solutiom$act

that vandalism is a rather common phenomenorttha area. Thus, having pullert light, ground
recessed led strips or ground recessed led lights integrated in the pavement were not an option due
to the high risk of being vandalized. Spotlight, however, were considered to be the appropriate
solution, dueto the above mentioned reason, but also because this solution would keep a distance
to the pump track, to omit becoming an obstacle.

Through thorough analysis of possible sensor solutits, an emphasis on factors such as range,
price, response timeapbustness etc.it was learned that 2D laser scanners were best fit to fulfill the
task of detecting people along the track.

4. Component criteria

Prior to identifying the proper component for the project, it is essential to set a series of criteria f
both the spotlight and for the 2D laser scanner. These criteria are formed on the basis of the
analysis, and will ensure that the chosen component fulfills their purpose.

4.1 Spotlight

- The spotlight should:
- Be addressable
- Contain RGB(W) values
- Provice a minimum horizontal illuminance of 10 lux on the pavement
- Provide a minimum vertical illuminance of 4 lux
- Have a high efficacy
- Not cause glare (filter might be required)
- Allow DMX control
- Have a lifespan of more than 40.000 hours.

4.2 2D Lasercgnner

- The 2D laser scanner that that will qualify for the project, should:
- React without significant delays (below 70ms)
- Be able to function properly under outdoor environmental factors, such as:
- Temperatures belowl0 degrees and above 30 degrees
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- Rain/ hgh humidity
- Ambient light above 60.000 Ix
- Last for more than 15+ years
- Be easily installed and reinstalled: to ensure it is accessible if not functioning
properly
- Provide a minimum of three detection fields

5. Design and implementation

After extensive examination of the underlying considerations, pitfalls and possibilities of this project,
involving the aesthetic and interactive part of the project (water simulation), human factors (safe
lighting for cyclists, perception of color) and the pradtigart of the project (examination of

luminaires, sensors, system, placement), it is possible to draw an overall design for the pump track.

¢tKS RSaAdIy O2yOSLII Aa RSOSt 2 LISHw dandve useflighingtdNd G K S
simulate the mogment of, and interaction with, water on a public pump track, while ensuring sufficient
@A a A §adlohgwitethe éhree main goals and their respective-gohls.

Thedesign and implementatiochapter will consist of three parts.
- The first part wilexplain theoverall design conceptvhich will emphasize the aesthetic and
interactive character of the lighting installation.
- The second part will explain why choosing this particular concept benefits the final problem
statement and meets the goals ofefproject.

- Thethird part will explain the practical part of the design. Here, the different components that have
been chosen for the project (in collaboration with DONG, AF, -SE/A&SRoskilde Municipality) wik b
presented, along with information ongtement, height and direction.
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5.1 Concept Design

The design concept will consist of four main elensexisual expressigriayersbehavior and
timing.

5.1.1 Visual Expression

5.1.1.1 Scenarios

Water physics and behavior was examined in the aiglyo strengthen the association to water.
This gave inspiration to potential water scenarios that people could recognize and relate to. Inspired
by this research, four main scenarios were chosen.

Forces applied effect in 3D effect in 2D
- : effectin 1D
mild wind
effectin 1D
water drop

effectin 1D

rain

effect in 1D
boat

Figure 38: Four scenarios are used as a guideline for how water behaves under different stimuli/forces.
Associating these scenarios to how the surrounding area and people on the pump track can apply
iforceso on the installation, the behavior of water in

The scearios were chosen based on the different forces that are applied to the water. These forces
can be related to the forces that will be applied to the pump track and the area around it. The
scenarios will be further elaborated brehavior5.1.6 and tested ithe evaluation chapter (section
6.1.5).

5.1.1.2 Wave design

In the pursuit of simulating water through lighting, and being restricted to one dimension, the color

t he:

AVF2NXYIEGAZ2Y 2y SIFEOK LIAESt 0&LRGfAIKGr0OAsfirst A YLI2 NI |

demonstrated by Goethe in higheory of Colorand later supported by the study of the
chromostereoptic effedf~aubert, 1994)he perception of depth is greatest at the short wavelengths
(blue) of the visual spectrum. As an addition to thigs also commonly acknowledged that dark
objects appear farther away than light objects. In-diensional world, the lower curve of a water
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wave would be further away from the eysuggesting a dark blue appearance, while the crest of the
wave would becloser to the eye suggesting a lighter appearance.

The images below illustrate the basic representations of waves through color. The first image shows
0KS fAIKG g1 geSde ilNdiahina ghégy & agdpliedto the pump track, the second
image show the light wave influenced by low amounts of energy, and the last image show the light
wave influenced by high amounts of energy.

No energy: RGB values = (110,110,256);

Low energy: RGB values =-(8D, 90130,256);

High energy: RGB values =2(ID, 6200,256);

Figure 38: The three illustrations above are
screenshots from Processing 2.0. They show
three variations of energy in the water.

5.1.2 Layers
LYaLIANBR 068 W2KYy 5S¢SeQa y22iAz2y GKIFIG Fy AyGaSNF Of
audience on both an aesthetic and an intelligent level, the pump track will be divitedn

aesthetic layer and an interactive layer. Additionally, a functional layer will ensure sufficient visibility.
Each of them will have different responsibilities.

5.1.2.1 Functional layer

The functional layer will be responsible for ensuring tiat lighting provides emugh illuminance to
accommodatehe functional needs of the users. In this case, the lighting needs to ensure that the
users can actually ride the pump track. This entails providing sufficient illuminance for the riders to
assess th spatial challenges ahead of them, such as obstacles or changes in directionality or
curvature.
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5.1.2.2 Aesthetic layer

The aesthetic interactive layer will have the responsibility of conveying a general lively and fluent
expression of the lighting itedlation. This is the layer responsible for sparkingitfigal interest of
the users and creating and general ambient appearance.

5.1.2.3Behaviodayer

The interactive layer will be responsible for instigating a playful interaction between the Users o
Raadhusparken, and the visual expression of the pump track. This layer goes beyond the aesthetic
layer, in the sense that it requires the users to assess, experiment with and understand the
interaction. How the interactive layer is designed will dependte amount of activity on the pump
track, time of the day and the amount of activity in Musicon, further explaind&Eimavior(Section

5.1.3

5.1.3Behavioal layer

In the same way that the behavior of water is always a result of external forcegglitiad
installation of the pump track in Raadhusparken will be fudlpendent2 y G KS ' Y2dzyd 2F & ¢
that is applied to the area. The typesafergieghat can have an influence on the installation can be
divided into three categories:
- the amount ofactivity (events) in Musicon,
- the amount of activity on the pump track over time
- the current activity on the pump track

5.1.3.1Indirect interaction

The illustrations below attempts to clarify the approach to the interactive layer. Thoigmifact
interactive, it does not explain how the light interacts directly with the users as they are riding it.
This will be explained in the subsequent section.

TheVibrancy Statscheme(figure 39 will be used as@A Y RA OF (G 2 NJ T 2 Nlghtigavil & A 6 NI y
be. The appearance of these states is inspired byMhedandRain scenarioexplained in section
5.1.3.By calculatig the amount of detections per houthe User Occupangyarameter, visible on
the left side will keep track on how much activity thei® on the pump track, frorhour to hour, and
will communicate this on to the next visitors. Teisicon Evenparameter will keep track on the
level of activity in the Music

on area. The moreactivity,the more vibrancyBy measuring the amount of actiiin Musicon and
amount of activity on the pump traakthe lighting can have 5 overaliates of Vibrancylhestates

of Vibrancyis illustrated through the color codes, afdther explained in figure 39
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User occupancy/

detection over time Musicon events
no users no events

a few users medium events
many users big events

Figure 39: Vibrancy Measurement: The cumulative level of activity/Vibrancy
on the pump track and in Musicon is measured through the color codes
represented above. The more used detected and the bigger events in
Musicon i the higher the Vibrancy

Based on the averageetivity on the pump track and the general amount of activity on Musicon,
different levels of light waves will be created. Tiiae wave in figure 4ihdicates the lowest
amount of activity, whereas the red wave indicates the highest amount of aciimdte; the color
codes do not explain the color of the waves, just the vibrarslfive states have an influence on
the frequencies of the waves, their respective wavelengths and the amplitudes/intensities.

/\/\/\/\/\

Figure 40: Vibrancy states. The different vibrancy states are conveyed through a
change in wavelengths, frequencies and amplitudes.
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5.1.3.2Direct Interaction

Light follows
With the intention of instigating a playful and experimental approach to riding the pump track in

Raadhusparken, the lighting will respond directly to the presence of the users on the track. The
interaction is meant as a reference to theat scenario which forces tension on the water surface
around it and distributes the energy of the waves behind it. As the rider enters the pump track, light
around him/her will increase in intensity. Continuing along the pump track, the wave of light wil
follow the rider and smoothly decrease in intensity behind him/her.

Lights responds
When the state of generdibrancyis above 3 (few users + big event, many users + medium event or

many users + big event), the light will begin to act a little déffidly. This can be thought of as an
additional effect that only occurs when enough activity happenedn the area.
As the rider reaches the end of
the track, a wave of lighwill
be pushed back (figure 3.1
/_/\/\-@f\/\ The wave will respond by
e replicating the sped of the
rider and will start at a high or
medium intensity(depending
on the speed) and gradually
par NS R @% decreasauntil returning to its
Haciidies resting state The higher the
speed of the rider, the longer
the responding wave will last,
e, and the farther it will go.
I As higher speeds generate
more energy, this will be
visually apparent when
comparing the responding
wave from different users. Raadhusparken will be a place of many types of different users, with
varying experiences with riding a pump track, and with vatioud § KS St (22t ¢ ® ¢KS alL
2y GKS LlzYL) 4N} O|l oAff O(Kdzal BRRNFIE GRE PGSBS KA B
that it should become a motivational factor for them to get better. The illustration below
demonstrates the level giotential energy that different types of user can apply to the installation.

Figure 41: as the user reaches the end of the track, a wave of light will
be generated and pushed back
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5.1.5 Timing

Timing is essential for a successful lighting desigithout a well thought through timing of a

lighting installation, the potential pitfalls would beahthe installation will use an unnecessary
amount of energy by illuminating during daytime when the sunrays will outshine the installation, or
at times when the least amount of people are present (during night hours). Despite the obvious
environmental isge in not timingan installation well, the welbeing and comfort of nearby

residents is also at risk. Thus, the lighting installation will follow a set of rules for how muchitit will |
and at what times throughout the day.

As a general rule, the instafion will be turned on from civil twilight (right after sunset) until 1am,
where the use of the path is expected to be at its minimum. Instead of the lighting turning
completely off, it will remain at its lowestibrancy statgsee section 5.1)3dimmeddown to 50%,
ensuring just enough illuminance for people to see and navigate through the pumpAtaglam

the lighting will go back to I, and will again be affected by indirect and direct interaction until
sunrise, where it will turn completely offhese set of rules work well for winter, spring and fall, but
will not apply to theDanishsummer. Here, the light will only be turned on between sunset and lam.

5.2 Goals

To elaborate further on the reasoning behind the concept choices, the originksl god sukgoals
will be presented again, with a subsequent explanation.

1. INVITE PEOPLE TO USE THE PATH

Invite people to use the path

There are many ways to invite people touseralpK ® ¢ KS& OF y yafightingdesigh LJdzf I G S
that guides theimattention, making them either follow the path without consciously knowing why, or

they can be directly attracted by the lighting. However, as for this project, the way in which the
fAIKGAYT GAYyOAGSae LIS2LI ST A & RaadhdsPatkia®ifhe puthp G K S A NJ
track. The lighting will invite people based on their willingness to experiment with and interact with

the installation.

Invite people to stay and play at the squares

The pump track itself is a playful element along the MusRath which will invite people to slow

down or stay for a little. By adding a layer of lightig¢tional layer) the mere attraction for riding

the pump track will increase because the lighting provides the sufficient visibility. On top of this, the
aeghetic layer(see section 5.1.2)f the lighting design will create visual interest by conveying a
sense of vibrant/dynamic appearance. By offering direct interaction between users of the pump
track and the lighting, thdirectly interactive layefsee setion 5.1.2.2)will promote a playful and
experimental approach to riding a pump track.

Give the path an identity
The signified character of the path will be centered around the concefidwfof water, which will

be conveyed through the lighting on tipeimp track Flow of watewill also be the concept of spot 3
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and spot 5, which is currently being developed by fortighting design student, Esben Oxholm in
collaboration with Frederik Borello.

2. BE INNOVATIVE

Function as a Living Lab

The lighting orthe pump track will, on many levels, function as a Living Lab. There are many aspects
of this project which are innovative, but the primary interest of using the area as a Living Lab, is to
see how people react when they realize they can have an impaittteolighting. How do they react?
Dotheytry it once, and never again? Do they stay and have play around? Since this has not been
done before, we really do not know, and cawost likelyonly learn from seeing the effect in real life.

Be able to notify usrs on the path about events at Musicon

The system that will be used in this projésection 5.3.4have the capacity to be notified when
certain events are happening at Musicon, and subsequently convey this information through a
change in appearance dii¢ lighting. In theconcept desigit was explained how the level of activity
happening at Musicon (small eventnedium event big event) could affect the level dibrancy To
convey the message even clearer, a new color theme could overwrite thevidiier theme at
special events, while still remaining its dynamic ligikd appearance

3. BE SUSTAINABLE

As stressed in section 5.1(biming), timing is essential for keeping the energy usage and
environmental impact low. Synchronizing the timing of thgtallation with the day/night cycle
throughout the year will be the basis for ensuring a sustainable solution. On top of that, the lighting
will also be influenced by the amount of activity on the pump track. The less activity, the lower state
of Vibrarcy (section 5.1.3and the lower overall intensity. This will consequently also mean lower
overall power consumption and environmental impact.

5.3 Implementation

After agreeing upon the different criteria for the respective components (primarily lunesai
sensors and lighting system) of the project, and through extensive examination of potential products
available on the market, it was possible to select the adequate components for the project.

It must be noted that the official list of component exts my field of knowledge, as it also entails
details such as wiring, insulation, electrical component for ensuring adequate distribution of current,
boxes for storing the lighting system etc. All these details will be availathe iappendix11.7-
11.13). What will be emphasized in this section is:

- The selection of lamppost: placement, height

- The selection of fixtures: placement, height, direction

- The selection of sensors: special fitting, integration in mildwide, height, direction

- The selection of ligting system

Aalborg University Copenhagen 51



Lighting Deign¢ Master Thesis 02/06/2017

5.3.1Lamp post

Product
The lamp post that was chosen forthe prajec 6 & aAf S g - -
post @170(6.3m)(see appendi1.9). The advantage of this lamp
L2AadG ¢l & CNBRSNAR] .2NBff2Qa L
flexibility interms of placing multiple fixtures and special integratio
of sensors.

w»
<
O«
w»

With respect to the general appearance of the installation in wse ]|
RFef AIKGET GKS FyY2dzyd 2F az2o0ad 0dKS
of the installation, it was decided that the amouritlamp posts u.'
should be kept at a minimum. To accommodate this need, it was e
agreed upon, that the lamp posts should contain both fixtures and o
sensors. Nedgravning getonfundament

Figure 43: Milewide lamp
Placement post 6.3m

The placement of the lamp post was carefully thought over, as it

should both be far enoughvaay from the pump track to prevent becoming an obstacle, should be
close enough for the fixtures to provide the appropriate luminance and distribution, and should
enable integrated sensors to detect people properly. Based on these considerations (whih wil
further elaborated in thesensorsection) it was chosen that the lamp post should be placed 5 meter
away from the pump track. This way, it was considered to be far enough away from the pump track,
and close enough for allowing proper illuminance aetedtion. With 10m between each lamp post,
the total amount of lamp posts for the pump track was chosen to be 7. Originally it was chosen that
there should be 8 lamp posts, but since the fixtures on the last lamp post would likely interfere with
the regula path lighting on the Musicon Path, making them superfluous, it was chosen that 7 lamp
postswould be enough.

To make the lamp posts less receptive towards stickers, the mast will be painteantiitickers

5.3.2Fixture

In his 10 years of experce in the indusy, Frederik BorelloAP stressed early in the projettat
he has beertollaborating with the Italiafixture companyDTSn many occasions, and that they
have a high quality in their product3.hus, a fixture from this company wasesgéd.

Product

Q\

DTS EOS 6 FULL COLOR MEDIUM BEAM was chosen for the project, based on its capacity to use RGB

values its beam angldts rather low power consumption of max 18W, its lifespigg price and its
physical appearancé@ll information on theixture is attached in appendi®{.12).
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Figure 44: DTS EOS 6 FULL
COLOR MEDIUM BEAM (full
detail in appendix 11.12)

Integration of fixtures on Milewide lamp post

6 x Full Color RGBW LED;
2,300 Lumeng 500mA
LED Channels: 4 (Red/Green/Blue/White)

LED lifespan: 50,000 hours (70% lumen output)
DMX 512, RDM and ArtNet

02/06/2017

It was decided that three fixtures per lamp post would be the appropriate number to provide
27T
m). One fixture in the height of 5.7m, one in 5.4m height and ortelirheight.

AfEdzYAylyOS Ft2y3 wmn

YQa

dKS

LJdzY LI G NI Of

The illustration below shows three lamp posts on a linear path, with three fixtures on each.

Figure 45: Luminance on the pavement from EOS
6. (Frederik Borello, AF)

The calculations show that theriteria for minimumhorizontal illuminance

of 10-30 lux defined in section 4.1 were met.

Honeycomb filter

v 200.00

v 175.00

-~ 150.00

LI

125.00

100.00

75.00

50.00

25.00

0.00

To prevent users of the track to experience the sensation of ¢anee
the height of thefixtures are relatively loyy aHoneycomb filterwere

chosen as a filter for the fixture.

Aalborg University Copenhagen

Figure 46: Honey
comb filter: used
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5.3.3Sensor

To select the right 2D laser sensor, a megtivas held witlsales engineer Ken Skov and product
manager Carsten Bruhn from the widely respected an applied German sensor co8igadsensor
intelligence) During the meeting, which was held at AF Lighting, Herlev, different 2D laser sensors
were introduced and demonstrated. From the requirements that we set for the sesor,Skov and
Carsten Bruhn suggested a set of appropriate 2D laser scanners. Based on the discussed advantages
and disadvantages of those sensors, the final 2D laser scanner \eeede

YQa H5

5|C"{ )

S r

Product

With the goal of detecting exact positioning of multiple users on the track,

simultaneously, extensive examination of different sensor technologies

were conducted in the sensor analysis. Based on pros amsl afcthe

different sensorgsection 3.8.6.6 | YR (G KS ONRX i SNXA I

sen®r TIM3612134101 was selecte&ee appendix for more information \

(appendix 1.10). i
With a iesponse time of maximum 67msgatection range of 270 degrees,

an operating range of up to 10 meteits ability to function under ambient ;gt;g;%%f&l
light of up to 80.000ux and temperatures betweef25 and 50 degrees,

this sensor was deemed to have the capabilities necessary for this project.

An additional advantage of the SICK sensoiiftagratedsoftware, S@AS, which makes it easily
manageable and programmable. Through the SOPAS software, it is possible to customize three
detection fields (one for each fixture), and can be set to only detect objects of particular sizes. This
way, the sensor can be programmtdignore interfering objects such as birds, spiders, leafs etc.

Placement and angle

Deciding on the proper height and angle of the sensors was crucial for the laser sensor to be able to
detect users of different heights on the pump track. With the intien of integrating the sensor in

the Milewide lamp post, A 2D representation of the pump track and the Milewide lamp post (as
visualized below), were used to estimate the proper placement and direction.
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expected maximum highestof -
users on the pump track (4m)

Sensor placement 3m

w9

estimated angle -
(19 degrees) (

< expected minimum height of
users on the pump track
(1.5m)

expected maximum height
of the pump track(1.2m) -

expected minimum heigh of
the pump track(0.3m)

Figure 48: Calculating the angle of the TIM 361 2D laser scanner.

Placing the 2D laser scanner in the height of 3.3 meters and with a degree of approximately 19 is
estimated to be appropriate for detecting users of varying heights. Since the pump track has not yet
been built, and we do not have anffigial drawings, the values are estimated based on feedback
from Dirtbuilders (thecompany that will build #. Once the pump track has been built, the angles
might need to be modified to accommodate its task.

Since integrating a 2D laser scanner in a
lamp posts is a fairly new approach to
interactive lighting in public (no similar
projects have been found), a special
solution was necessary. It must be noted,
that | was not responsible for this work.
The solution was solely developed by
Frederik Bored in collaboration with
Milewide. All the drawing are available in
appendix(11.11)

Aben luge (1:4)

Figure 49: The image above illustrates how the SICK-
TIM 361 2D laser scanner will be integrated in the
Milewide lamp post.

® http://www.dirtbuilders.com/
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The sensors have to be established on a special
fitting in the mast. The fittings will be
constructed in a way that allows the sensor ang
to be modified, froml9 degree +5 degrees. As
the sensors have been mounted, they must
detect movements within a 202m wide

detection field along the pump track.

Figure 50: Special adjustable fitting for the 2D
laser to be attached inside the Milewide lamp
post.

5.3.4Lighting Control System

The lighting control system that was chosen for this project is callecdid@sesigner, consisting of a
compact controllerMosaic Show Controll@nd asoftware for programming the light and
interaction, calledVlosaic Designer 2 Softwar8ee ppendix for more information (1L13)

Mosaic Show Controller

For the convenience @NBRSNA |1 . 2 NBf f 2
this control system, the Mosaic Designer system was
chosen. He estimated early in the project that this system
would be able to handle the interaction and visual
expression as explained esign Concept.he controller
supports DMX512 and DM¢er-Ethernet protocols to LED
fixtures, making it able to output directly (DMX512) or send Figure 51: Lighting system:

the data across a network (DMXer-Ethernet). A builin real ~ Mosaic Show Controller

time clock enables the controller to recognize astronomical cu

suchagt 38F 0 ¢ | YR @& dzohhcatdre S RSLisy kay o

Offering up to 2048 channels, this controller has the capacity to control a large amount of fixtures
and their respective RGEV) values.

Mosaic Designer 2 Software

The software provides a framework | .

for creatirg a large variety lighting ... g . g
scenarios. The interface is rather : ™ JASLT] Lol
intuitive, making the programming of
individual pixels a matter of dragnd
drop. A great advantage of the
software is that it also allows for
different types otriggers This Figure 52: Mosaic Designer Software

essentially enalels the integration of

sensor data in the system, which is a prerequisite for making the installation directly interactive.
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6. Evaluation:

TheDesign and Implementaticgection explainedhd G KS FA Yl f  LIM@vcanS® adF G6SY
use lighting to simul@ the movement of, and interaction with, water on a public pump track, while

ensuring sufficient visibilitg¢2as approached, both from a conceptual and practical standpoint. At

this point in the project, all components have been selected (availableperafix11.7), and the

overall concept for the lightingehavior(section 5.1.3andvisual expressiosection 5.1.3have

been presented ioncept design.

CKA&d aSOlAz2y gAftf 32 TFTAdzZNIKSNI AYy R pdiidesiniml K | 84S 3
of how its visual expression is actually perceived and to pinpoint essential programming criteria for
simulating the motion of water. Additionally, a physical test of the sensor will be presented, to see

how well it detects.

Based on the finale probte statement, two research questions have been formulated and will be
evaluated in this section:
- &5 2 S dghtlidoiSsimilar to the movement @f I (1 S NXK ¢

~ A LA = 4

- a52S8a GKS aSyaz2N) RSGSOG SEIFOG LRaAGA2Yy 2F (K

TheEvaluationsection will be divided into tweain sections:
- Simulation and assessment:

- This section will be responsible answering the first research question. The first
aS00GA2y Attt SELX LAY GKS LALIStE-AYyS 2F &AYds
dimensional array of pixels/lights and will examine t&ual expression and
interaction between the users and pixels, from both a programming aspect and from
the aspect of the observer.

- Practical experiment:

- This section will be responsible for answering the second research question. It will
entail a physial experiment with the chosen sensor. The test procedure and results
will subsequently be presented.

6.1 Simulation and assessment:

This section will approach the reseamphestiona R 2 S &novénie& ofight look similar to the
Y2@BSYSyl »yfresertiig$hsahallenges and possibilities of programming this effect on
an array of 21 spot lights. Thersmary and results (see section 6.1.5.4 anti®5) will conclude the
findings.
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6.1.1 Addressing pixels in Processing:

In the process of programmirayl-dimensional @ srpsnssceonramstataine| eceing <21 - o ox

File Edit Sketch Debug Tools Help

representation of fluid motion, the first approach was td
address pixel in Bressing 2.0 The reasoning behind
using this software was that the online community of
processing is wide, so there is a wide range of
documentation and sketclseavailable online. This was
deemed a fast way of trying out different approaches tg
the programming of liquid motion. Additionally, it was
also assessed, that in case a code would work after th
intentions, it would be somewhat straight forward to us
it for addressing lights. The reason for this is that there
not a big difference betweendalressing pixels in an

simlpelnteractionFrameRatetime &4

etup () {
(1200, 600);
s

Figure 53: Processing 2.0 was used for the

arrayand addressing fixtures. early stages of addressing a 1-dimensional
array of pixels.

Example of fluid representatipn

Below (Figure 45)s a screenshot from a sketch that applies the amgétaf a 2dimensional wave

to address intensity variations in adlmensional representation of liquid motiofhe colors that

were chosen to represent crest and trough was extracted from the knowledge gained in section 3.6.

Figure 54: Transforming a 2-dimentional wave into a 1-dimensional representation. The low points on the
wave are dark blue, and the crests of the waves entail more white.

Example of interaction
An attempt was made to program tHigiht follows (boatandlight respondgrom the directly

interactive layelsee section 5.1.3). A simple way of simulating the interaction was to make the
program check the mouse position. As the program checks which pixel the mouse position is over,
the intensity of the pixel will increase
fast and slowy decrease afterwards.
Figue 55shows how the kdimensional
array of lights looks as the mouse is
moving rightward.

Figure 55: Experimentation of "Boat effect"(see section
5.1.3)

e https://en.wikipedia.org/wiki/Processig_(programming_language)
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With the purpose of programming thesponsive wavehe program will initiate a wave, if;

1: the mouse position has been checkedo@ach pixel (sensor detects presence at all spotlights)
2: if the detection of the user follows thiéght orderof pixels (user rides through the entire track)

3: if the sequence of detections follow a certain intervéilthe speed of the user is someath
constant)

If all of the above statements are true, the average speed of the user is calculatedesmbasive
waveinitiated.

The reason why this was important to test was that if this effect should be useable in the real
installation, it should nobe able to be triggered unless someone actuiallyding through the entire
track. It should be an incitement to actually ride the entire traBl. checlkgthe order of the
detections and timing between each detection, the program ensures that theteffedd not be
triggered by other factors. With the data of the timing between each detection, the program was
Ffa2 ofS G2 Ot Odz I (i Sthénkssd for ieSesdorBige wavd.LISSRE I g KA C

6.1.2 Addressing LED strip through Arduino

As the inital idea for illuminating the pump track was use LED strips along ipath, experiments
with an addressale LED strip through Arduihwas also conducted in the early stages of the project
(as explained in the section 3.8.The experimentation of défent codes in Processing seemed to
transfer well into the programming language of Arduidisplaying a strip of fluitlke light as

shown in thefigure 27, section 3.8.1

6.1.3 Addressing spotlights in Unity

As it became clear that spotlights were ggito be used on the pump track, programming the
visualization of liquid motion through LED strips and pixels on the computer was not sufficient
anymore. Although the different codes that were usedPincessing anédrduino were still usable,

their visual epresentation (pixels/led chips instead of spotlight) was deemed too far from how it
would actually look in real life. Thus, it was decided, that in order to provide a much more realistic
setup to assess the lighting from, the codes ugetkpresent liquil motion in Processing and

Arduino would instead be used to address spotlights in a virtual environment. This way, it would be
possible to get a much better estimate of how the lighting will look on the pump track, both from
the perspective of riders on ¢htrack, and spectators around the track. The wydstknowledged
3D-programmingsoftware, Unity? has the capability to do so, and was thus chosen for simulating
the lighting scenario. By utilizing a plan drawing of Raadhusparken and the pump tratkala vir
representation of the area was modell@dMaya’ and subsequently imported into Unity, where
textures and lights were addeé. screenshot from the sintation is presented in figure 58howing

the pump track around the Musicon Path.

" http://www.arduino.org/
® https://unity3d.com/
o https://www.autodesk.dk/products/maya/overview
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Figure 56: 3D representation of the interactive lighting on the pump track in Raadhusparken

6.1.4 Simulating interaction in Unity

As this project does not only concern the visual representation of light (water) in motion, but also

the interaction with light (water), @rerequisite for illustrating théehaviofsee section 5.1)3f the

light, is that it is influenced by users on the pump track. To accommodate this command, a variety of
users (represented as spheres) were animated along the track. This wagpbssibe to illustrate

and experiment with how the lighting behavesder different stimuli.

Figure 57: Animated balls (for representing people) were animated along the track. This enabled
experimentation with different interactive lighting effects, and the ability to assess the effects from the
perspective of an observer in Raadhusparken.
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Figure 58: An example of the Boat effect (see section 5.1.3.2) from the perspective of an observer on the
Musicon Path. The ball (person) is moving leftwards and drags lights with it.

Figure 59: An example of the Boat effect (see section 5.1.3.2) from the perspective of a rider on the pump
track.

6.1.5 Unity observations

The purpose behind simulating the motion of lighting in the virtual environment was to caeate

LI F GF2NY F2N) SOFfdz2 GAy3 GKS AyFfdzSyOS 2F RATFTFSNE
area. Does the lighting have the intended effect when observed from the ground? How is the visual

effect from the perspective of the rider? Is the interactivisually apparent? Is it too much?0ro

fast?

Without going too much in depth with the specific water codekich were used and developdor
purpose of this projecthis section will evaluate what can be learned from observing the different

light scerrios(explained irsection 5.1.11.) in Unity. With a reference to the motion of water, this
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evaluation will attempt to identify essential criteria that must be met when the lighting will be
installed on the pump trackn addition, some considerationstalso be inferred from a
programming perspective.

6.1.5.1Current

One of the prerequisites for simulating water was to find a way to simulate curtiet the

appearance of water when being influenced by wind over long distances or when runningadown
river. Multiple solutions were attempted to create this effect. One algorithm that seetneib the

job particularly well creating both flow and natural changes in intensities (amplitudes) was the
Perlin Noisedeveloped by KeRerlin in 1983 (Perlir,985) When applied properly, the algorithm

was able to alter the intensities in a smooth, realistic, but also unpredictable fashion.

The speed of the current turned out to be a really important factor. The higher speeds seemed
digital and unrealistic, ahdid not have that flow appearance that water would have in a similar
setting. Also, due to its algorithmic proposition, the Perlin Noise wave did not create very apparent
AyGSyarde GFENRFGA2yas gKAOK | & | NBhangingitheYr RS § K&
mapping between values and intensities turned out to make a more realistic scenario.

6.1.5.2Rain

In the attempt to program the appearance of rain dropping on the water surface, it was learned that

the level of randomization and timingiimportant. Randomization was used two places in the code:

it was used to randomly pick out spotlights within a certain time interval, and randomly pick a level

of intensity that the light should reach before decreasing back to its low energy/idle stage. Th

worked quite well when the timing was held relatively high (resulting in fewer rain drops), but the
moment the timing was held below a certain interval (resgjtin many rain dropghe lighting

would become unpleasant to observe fromthe ground. 884 G KIF G GKS YIF 3y A ddzRS
(raindrops) should be heldown to maintain a smoother appearance. Another attempt to work

around this issue was to make the raindrops spread out and affect the adjacent spotlights. This

actually resulting in a smoogén appearance, but did not getoder to the appearance of rain.

6.1.5.3Boat effect

With reference to théboat scenarian the design chapterhaving lights follow the rider and slowly
degrading in intensity behind him/her, different codes were assg$ismugh observations in Unity.

In the initial attempt to program this scenario, the light around the rider would instantly jump to a
certain intensity and subsequently fade out behind him. When this scenario was observed in
Processing it looked good, bilite moment it was possible to observe the effect from ground
perspectiven Unity, it was clear that the big jumps in intensities did not express the smoothness of
water. Thus a prerequisite for this effect to work properly was to make smooth transitions
intensities.
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6.1.5.4Summary

In the pursuit of simulating water, and the interaction of different forces on water, multiple steps
were taken. As an initial standpoint, the motion of the light was programmed in Processing by
addressing an array of pilse The wide opetsource community of Processing provided valuable data
and available sketches to approach the programming of liquid with.

As the project progressed and it was commonly agreed upon that spotlights were going to be used, it
became clear, tht in order to properly assess the lighting effects, it was necessary to simulate the
lighting in a different way. Thus, Unity was used to address the light in a virtual environment based
on drawings of Raadhusparken and the so@tome pump track. Wherthe assessment of the

lighting effects were previously based on pixels, the assessments could now be based on a much
more realistic setup in Unity involving physical activity on the pump trec#tbling realistic
perspectives such as from an observer onirthe rider him/herself.

Different lighting scenarios, based on the ones presentddiesign were observed and assessed in
Unity - to see how they influenced the general appearance of the area, and to see how the flow of
the light was perceived. Considg¢ionswere made both from an aesthetic perspective (how it is
perceived) and a programming perspective (how it is coded).

From a general perspective, it was learned that in order to shape a lighting scenario that best
imitates the flow of water, it ismportant that the speed of the current is not too high. Large

intensity differences are preferableas it gives a much more apparent perception of depth.

However, for lowibrancystates(see section 5.1)3small intensity differences could work as well.
Transitions between intensities should be smooth, as it was learned that rapid changes in intensities
appeared unnatural.

Through observations of the interaction between riders on the track and the lighioay éffectc

see section 5.1.3)it was learred that the different speeds of the riders (they were programmed to
contain different speeds), had an influence on the lighting effect. The higher the speed they had, the
longer the wave behind them would last. This gave good indications as to hdwoaheffectwill

look when the installation is done. If it turns out that detecting the speeds of the users will become
too biga programming task, we now knaWwat their different speeds will in fact have an influence

on the lighting, even without actually lkcallating them.

It became clear that the appearance of the lighting was very dependent on the perspective from
which youobservethe lighting. While the effects were very visible for the observers (especially the
people on the Musicon path), the effects menot as apparent from the perspeeti of the riders

as their perspective was fixated on the pavements ahead of them. This corresponds well to the field
observations that were carried out in Musicon (see section 3.7.2), which revealed a noticeable gab
between the level of focus and attentiaf people riding the track and people who did not ride the
track.

6.1.5.5Results

To give an answer to the research questiod A R G KS f A 3K {the answérziust leS R 4 G SN
both yes and no. Some of lighting etfs that was obtained provided the smoothness and variation

that is associated with water, while other cagloked digital and unnatural. Key criteria for the

visual expression of the lighting, was identified. The speed of motion of the water has épbe k
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down. Acommon tendency of the different cod@s Unitywas that they moved way to fast, eliciting

a digital appearance which was not desired. Through trial and error, methods for slowing down the
codes were learned. Another criterion that was ideetifiwas that the intensity transitions had to be
smooth. While this does not necessarily mean that the transitions should be slow, it rather suggest
that a transition from one intensity to another should contain as many values in between as
possible. It wa also learned that large variations of intensities throughout the array of spotlight was
necessary for conveying a sense of depth. From a programming perspective, this issue was
approaches by changing the mapping of values from the algorithms to thesvafuke spot lights.

It seems that the codes that accommodated the above mentioned criteria, actually did the best job
in simulatng water. The Perlin Noise wave turned out to do the job particularly well, as it did have
the smooth transitions, slow spés and high intensity difference, but what made it really stand out,
was its ability to be unpredictable. In the same way as the motion of water is extremely hard to fully
predict and understand, the light on the pump track should move in unpredictabjs.wa

6.1.6Validity of Unity

Since this project used an alternative approach to testing interactive lightimgugh the use of

Unity, the validity of using it astast platform was consulted with the other project member during

a meeting, and throughn interview with Tine Byskov Sgndergaard. After presenting a simulation of
the interactive lighting installation, some general commentaries were gathered from the project
members. A general opinion was that it should not be used to discuss the dediggs uhad

deliberately selected a set of designs that | would benefit from getting feedback on. In concern to
the benefits/disadvantages of simulating such environment, Tine expressdxetlieve it makes

sense when being used for big and innovativeqatsj For small and regular lighting projects, |
0StASPS Al R2SayQid YI{1S aSyaSeo ¢KAa Aa 0SOlFdzasS C
projects, and thus have clear expectation as to what they want and what they will get. For innovative
projeOtila fA1S GKAAa 2ySs L 0StASOS Al A& RAFFSNByLOD
kind of project of interest, a simulation can efficiently communicate the ideas to the customers
providing a frame of referenée® | S+ R O 2 yillelMudidipglity an2l projestan@rber

Jeremy Andrew Dennis expressed that the simulation could actually turn out to be a determining
factor for providing more money for the project, because it can communicate the potentials of the
installation. As it standgght now, the municipality will only cover for half of the pump track, in

order to save money. So receiving additional funds would mean that we could illuminate the entire
pump track. Electrical and lighting engineer at AF lighting and project memtuarir&orello,

expressed that there could also be a risk to simulations/animations like this. Since simulations rarely
provide a completely realistic representation of how it will actually look, false expectations might
arise- which ultimately will leada disappointments when the installation is constructed. His

concern particularly regarded the simulation of the interactivity on the pump track. Programming in
Unity is different from programming in Mosaic Designer, so there is a risk that not all the

interactivity exposed in Unity will be able to be replicated in real life.

Aalborg University Copenhagen 64



Lighting Deign¢ Master Thesis 02/06/2017

6.2 Practical Experiments:

As a prerequisiteX NJ I Y& ¢ SNA y 3 (i K BoedtBeséhsoisBridblelexa& positloR of  a
users on the pump track®his section will present a practl test on the 2D laser scanner, to see
how well it detects.

6.2.1 Testing 2D laser scanner

Prior to permanently mounting the 2D laser scanner to the Milewide lamp post, it was necessary to
see how well the sensor performed in a similar setup as theexplainedn section 5.3.3To do so,
a physical test was conducted outside théiae of AF lighting, Herlenith Frederik Borello.

6.21.1 Setup

To be able to conduct a useful test on the integrated senso
solution, a variety of equipment were oessary. Frederik hac
constructed a prototype for the special fitting d¢fd sensor,
as seen in figure 6With the help of a latter and a wall, it
was possible to position thmast at the right height (where
the sensor height is 3.3m) and slopeitical) as seen in
figure 62 With a laptop and the @PASoftwarewhich
receives and illustrates retime data from the sensor
through anEthernetcable it was possible to set up the
detectionield. The visual output of the SOPA&ware can |
be seen in fige 61- the yellow area signifies that an object :13';
is detected, whereas the green are@m® not detecting any |
objects.

Figure 60: Special fitting for
the 2D laser scanner
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Figure 61: Image of the SOPAS software in action. Figure 62: Sensor setup with the help of a latter,

It is currently detecting an object right ahead, strips and a wall.
visible through the yellow field on the computer.

The last part of the setup was to measure the right field in which the sensor should detect presence.
For this, a measuring wheel wasadl. The measurese illustated in figure 63

detection field 1 detection field 2 detection field 3

®  ug, @

10m

WG

Figure 63: The setup from plan view. The red dots illustrate the boundaries of the detection fields.

Aal 66



Lighting Deign¢ Master Thesis 02/06/2017

_J!.__._.._,, ........ Lignes S e %]

s X
Figure 64: Test setup. Red dots indicate boundaries. Sensor to the right on the latter

6.2.1.2Procedure

The way to test was executed fairly straightforward. Two people were however necessary; one

person for moving around in the area, and one persarofuserving the SOPAS software. By
20aSNPAY3I (KS aSyaz2zNRa NBIAAGNI A2y 2F (GKS Y20Ay
yellow (yellow = on, green = off) when the person was moving around in the respective detection

field. It was just agnportant to observe if the detection field turned off (back to green) the moment

the person would move away from that detection field.

v A LA = s

¢CKS aSyazNnRa FoAfAade G2 RSGSOG Fftt GeLSa 2F dza S
different heights ad positioning small objects in the field areas, and moving in the area in different
speeds.
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Figure 65: The image above shows a cyclist cycling through the 10 meter field of detection. As visible on
the computer in the front, detection field 2 captures his presence and it thus switched to yellow.
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6.2.1.3Results

In general, the practical test of the sensor went really well. The response time Viest soat it was

not possible to register a delay, and it succeeded in turning its respective fields on or off at the right
moments. The range of detection, which was initially estimated to be 10 meter along the path,
turned out to allow detection of upat 12 meters. This could turn out to be an advantage if it will be
decided that the detection field should overlap. To understand the potential challenges of ensuring
that spectators will not interfere with the laser, it was additionally learned that fapbeto do so,

they would have to position themselves closer than 1.5 meter from the track, on the side of the
pump track facing the sensor. However, if people decide to jump up in the air or wave their arms
intentionally trying to interfere with the sital, they would succeed in doing sbhe sensor turned

out to handle watemwithout complicationsAfter setting a fixed size for objects that can be detected

- corresponding to human size from a distance of8n® the sensomid not registerthe waterdrops

on its surfaceThis was an important findiras it shows that the sensor will be able to function even
in humid and rainy days.

7. Discussion

While the design chapter discussed how the movement of water could be approached from an
aesthetic and iteraction perspective, and the implementation chapter demonstrated how the
movement of water on a pump track could be approached from a practical perspective, the
evaluation chapter examined to which extent the design and implementation was able to atm&ver
research guestions:

- Does the sensors enable exact position of users on the pump track?

- Does the lighting simulate the movement of water?

To the first research question, the evaluation of the 2D laser scanner revealed that the sensor did in
fact fulfil its task in detecting peop® positions. However, the laser scanner did have some
limitations. While it measurgthe position of objects in high precision and timing, it is only able to
create three detection fields for the interaction with lightindnigd can turn out to be a disadvantage,

as it will not be possible to measure tbgactposition of objects, but will just register that some

object is within its detection fields. This might make it harder to estimate and predigtclosethe

user is to he next detection field making it harder to create smooth transitions from spotlight to
spotlight.

Another point that must be discussed is toeation of thetest setup Even thougltalculations were
made prior to the test to identify the appropriatngle and direction for the sensor to register users
on a pump tracksee section 5.3.3bhe test was not conducted on a pump track. If the test had been
conducted on an actual pump track, perhaps we would have discovered weaktiesses were
unable todeduce from calculation and the test. Additionally, since the pump track has not yet been
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built, and we do not have any official drawings on it, unexpected curves in the path of the pump
track mightoccurOK I £ f Sy3Ay3 GKS aSyalgNna oAfAGe G2 RSGS

An attemptto answeil KS &3S 02 y R NB doéslthsiidiemdintasdlighi doBiyiulate dhe
movement of watereiwasdone by observing the interactive lighting effects in Unity.

To give a qualified answer to this question, some consideratinst be discussed first. In the
process of simulating water through lighting, it is essential to understand that the complexity of
information in water particles isnmense. Transforming the complexity of information into, as
initially proposed, 970 pixel(see section 3.8.1all the way down to 21 spot lights, it is essential to
ask the question: should the simulation of water prioritize correct physical motion in water, or
correctassociationso water? If correct physical motion of water was to be aitéid by a lighting
system of 2Xspotlights the lighting wold likely be extremely vibrargnd unpleasant to look agnd
would likely not be associated with how we normally perceive watierent and smooth. If correct
associations to water was to be sitated by a lighting system, the correct physics of water might
not apply, but the fluency and smoothness of water would be conveyed and recognized. As the
priority in this project, primarily due to the limited set of pixels available, is to apply thesprop
association$o water motion, it can be discussed whether the light actually simulates the movement
of water, or if it simulates a simplified version of water motion.

Through observation of the lighting effects in Unity, the second research questisattiempted to

be answered. Did the lighting achieve the goal of simulating water motion? As mentioned above, the
answer might be rephrased wid the light simulate a simplified version of water motidif
evaluation of the lighting effects in Unity slied that some codes did in fact achieve a great
association to water movementrevealing fluency, smoothness, variation, interaction with the
users, and unpredictability.

Even though the results of the observations indicate that especially the Perdia wavesucceeded

in simulating, at least a simplified version of water motion, a question must be dséedwell can
simulations in Unity be trusted in terms of evaluating interactive lighting scenarios? This question
might be more and more relevant tsh, since the popularity of incorporating virtual reality and 3D
interactive simulation seem to increase drastically in the realm of interactive lighting. Though the
advantages of testing interactive lighting projects in 3D interactive simulations/aninsalike this

are immense (cheap, fast, does not require a real field test with all equipment, does not require
people to trigger the interactivity, can be distributed easily and vastly, can be easily modified
without having to physically move luminairesgt its reliability must be discussed. As Frederik
Borello pointed out in a meeting with the Musicon Path project memb@&i3 simulations can also
have a downside: they can form certain expectation to a project which will be hard to meet in the
physicalworld, which as a consequence will lead to disappointments when the installation is
installed.

In a project like thiswhich requires something as specific as interactive lighting on a pump track,
alternatives to using Unity for testing would be to actyahstall light on a pump track and test it on
the users. The amount of effort that would have to be put into realizing such a test setup would by
far exceed the amount of effort in simulating it. Thus it must be concluded that, as Tine Byskov
Sgndergaargointed out in annterview See appendix 1.14), the usefulness of applying a software
like Unity to simulate and test lighting scenarios, largely depends on the scale and level and
innovativeness of the project.
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8. Conclusion

The final problem stateenmt, which was extracted from the overall goals and visfonthe Musicon
Path, was:

AHow can we use |lighting to simulate the movement o
public pump track, while ensuring sufficie

In an attenpt to achieve a qualified answéo this, the report approachethe questions from two
perspectives; a practical perspective and aida perspectiveThe practical part of the project
concerned identifying the appropriate components, while the design gamterned how to
simulate light as water in theontext of apublic pump track, but also to come up with general
criteria for thebehavior of the light.

The design element of the project approached the problem statement by reseattigdgiman

relation to water in terms of health and wellbeing, the natural characteristics of water movement,

the emotional, psychological, physical and spatial response to the color blugkatiag community

in Musicon, BMX cycling, the characteristics of pump trguldslic interactive lighting and lighting

for cyclists and pedestrians. With the knowledge of the overall goals and visions for the project along
with a profound understanding of the above mentioned factors, it was possible to develop a design
concept.

Thedesign concept was based ur elements:Visual expressighayers Behavior and Timing
TheVisual Expressiomnasresponsible for the overall design basis $onulating water and
constitutedof two elements:Scenarioswhichuseswater scenarios as &ference to the behvior of
the light. This entailedhow wind affects water, how rain affects water and how a boat affects
water. The second element in thdisual Expressiamas Wave DesignTheWave Desigidescribes

the design parameter for simulatingnaave though colors in one dimension.

The layers consisted offanctional layerg responsible for sufficient visibility of the usees)
aesthetics layec responsible for sparkingndnterest and conveying a general lively and fluent
expressio, and abehavioral layer responsible for the playful element of interacting direct or
indirectly with the pump track.

The behavioral layer veadivided into two elementdndirect interactioranddirection interaction

The indirect interactiorronstituted of a scleme that calculates the level of energy that is applied to
the pump track. The more energy it has, the livelier the lighting willThes layewasassociated

with the rain and windeffect explained irvisual expressioiMore energy will be associated it
higher wind speedsaind scenariopnd more rainr@ain scenari® which will be conveyed through
the light. Thelevel of energy is dependent on amount of activity in Musicon, and the calculated
average activity on the pump tracgo in essence, the moeetivity in the area, the more energy is
generated and the livelier the light will be.

For the direct interaction, the light will respond directly to the geace of the users. As reference to
the boat scenarig the light willfollow the user and slowlyafjrade behind him/herf enough energy
is applied to the area, a wave will be pushed back as the users reach the end of the pump track. The
length of the wave will be based on the speed of the users.
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The timing element will be responsible for keepihg tight installation synched with the changing
day/night cycle throughout the year, minimizing the energy consumption and light pollution.

The design concept provided a ruleset for the water behavior of the installation. In the pursuit of
evaluating theextent to which it was possibkimulate the described water scenarjdbke

interactive lighting scenarios were simulated in Unity where the effects of diffecemtes were
assessed, from the perspective of the rider on the track and from the perspedtareobserver on
ground.Though it was not possible to claim that the lighting scenarios simulated wagehis is
largely subjectivethe observatios provided essential criteria for the visual expression of the
lighting. The speed of motion of thehigneeded to be kept low, intensity transitions had to be
smooth, variations of intensities throughout the array of lights was necessary for conveying a sense
of depth, and the behavior of the light had to be somewhat unpredictable. From a programming
pergective, it was learned that, amongst many different code, a codedttthe simulation
particularly well, wa the Perlin Noise algithm, developed by Ken Perlin in 1989.

The practical element of the project, which was done in collaboration withiRedWunicipality,

Dong and AF lightingegarded how to identify the appropriate components for the project. With

the intentions of creating an interactive lighting installation opudlicpump track that responds to
the movement ofits users the challege was to identify the appropriate fixtures to simulate water
and provide sufficient visibility and to identify the appropriate sensors for detecting positions of
people on the track. An extensive research and analysis of different sensors technolahies an
luminaire solutions were carried out. Diewidespread issugwith vandalism in the areaf

Musicon, road engineer of Roskilde Stig Nielsen strongly suggested keeping fixtures and sensors
above 3 meters. With additional intentions of keeping a distaidde pump track to prevent
becoming an obstacle, it was decided that spot lights were the appropriate solutbite the

fixture solution was identifiedelatively early in the project phase, the sensor solution was a bit
more challenging. Througdystematic researchof sensor technologies in the analysis, 2D laser
scanners seemed tioe the appropriate technology. By integrating them in the lamp posts for the
spot light, along the pump track and directing them toward the track, the sersémrgldbe ableto
detect multiple users on the track simultaneously. This was tested in an experiment at AF lighting,
Herlev.After developing a prototype for a special fitting for the sensor in the lamp post,

calculating the appropriate height and distance of teesors to the pump track, the test was set

up. Results of the test showed thatedpite afew limitations,the solution worked, and that the 2D
laser scanner was capable of detecting with high precision

All'in all, the practicatlementof the project seceeded in identifying the appropriate components

for the task, taken all aspects (such as context, users, vandalism, visibility, interactivity, aesthetics,
robustnessmaintenance sugainability etc.) into account, and the design element of the project
succeeded in digging deep into the behavioral character of water and provided a ruleset for the
water behavior of the installation along with essential programming criteria for simulating water.
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9. Future work

Testing visuals and interactivity

To get nore widespread feedback on the interactivity and visual effects, | am planning on testing
visuals at the next meeting with the Musicon Path group. At this mediithuilders- the company

that will build the pump trackwill also be there. The peopleoim Dirtbuildersare experienced BMX

riders (pump track users) and might thus hayeeaspective on the installatiothat we have not

thought about. The test will be conducted with the use of virtual reality (VR). @sinfyisrift,

Samsung gear or HTC vitlee project members an®irtbuilderswill be able to observe and assess a
small number of selected visuals in a virtual environment. As they put on the head gear, they will be
FoftS (2 aSYGSNE (GKS GANIdzZ t Sy A ddesigndions = € 2 21
around the area. The test should give, as mentioned above, some feedback on a selected number of
visuals(codes), but should also provide feedback on the use of VR as a testing platform.

Preparing for installation

As the construction of th pump track will be finished sugust2017 (has not yet been clarified), the
lighting installation will be installed subsequently. Roskilde Municipality has hired me to do the
installation and programming of the DTS EOS 6 fixtures and the TIM 361ckaseerssensors. |

0StASOSs GKIFG Ay 2NRSNI F2NJ YS (2 YSSi Yeé LINR2SOi

| need to attain some more knowledge prior to the installation phase. This knowledge entail;
- Getting more familiar with the lighting systeMosaic Designer and its ability to incorporate
sensor data to change the outcome of the lighting.
- Studying the scripting language of LUA, which is the language that Mosaic Designer supports.
With knowledge of this programming language, | will have amgtter possibility of
making the interaction more complex and unpredictable. In an ideal scenario, | will be able

G2 YSIadaNB LIS2L) SQa &LJSS RespoysBRwadsn®theleetai A y F2 NJ

generalVibrancy(section 5.1.3 but also calculing average activities on the pump track.
- Getting more familiar with the potentials of incorporating mathematical formulas generally
acknowledged for describing, measuring amglializindiquid flow. This entail particularly;
- 9dzt SNRa Sljdzr iA2ya

- Naviers2153 6SEGSyaArzy FTNBY 9dzZ SNRA Sljdz GA2y:

- Buoyancy equations
- Examining how to simulate complex compositions of fluid motion without being too

O2YLdzii F GA2yttte SELSyarAdSed aidakia SyidbAt aFl |

Living lab

When the whole pump track ar@ht installation has been built, the purpose is then to use the
installation as d.iving LabThis will be an interesting phase, as it will involve an alternative approach
to lighting designs in public. Instead of merely installing it, the approachdaggdose the installation

to the publicandto assess their reaction. Do people understand it? Are they attracted to it? Do they
actually use the pump track on their way to and from Musicon? Do they use it as a leisure activity?
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Who are using it? Why theni?o they find pleasure in the interactivity? Do people find pleasure
from observing the interaction and the general dynamism of the lighting? How Migttthg, which
NBI OGa (2 ke adin@NBndheifekjBreme? Are the people usiegridck
distracted by the dynamism of the lighting? Will it succeed in attracting real conscious
experimentation, or merely serve as an atmospheric visual play of light?

The type of interaction that the installation allows is a new approach to interaligiigng in the

public (none of the project members know any installation similar to this), and thus not much
knowledge has been gathered about its potentials. While we can try to hypothesize good answers to
these questions, the reality is, we do not knawtil the installation has been installed.

Another element that will be assessed after the project has been realized, is vandalism. As earlier
mentioned, the area has a bad reputation of vandalism, so equipping a lighting installation with
relative expense sensor might turn out to be a mistake. However, our believe is that, by building an
installation that really adds value to the space, and becomes an attraction even for the young
generation of users who commit vandalism in the area, their incitementitothe installation will

be minimized.
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11. Appendix

11.1 Collaboration Agreement

o Lighting
Metropolis

Samarbejdstilkendegivelse om udvikling sprojektet "Musicon-stien’ mellem Roskilde Station of

Musicon

Rasl:ilde Hommune Aalborg University Copenhagen
By, Kultur og Miljo Lighting Design

EAM-nummer: STSE00TS34534 [Inds=t CVRIEAN nummear]
Radhusbuen 1, 4000 Roskilde [Inds=t Adresse postnummer]:
Gunills Rasmussen Georgios Triantafyliidis
gunillzsr@roskilde. dk ghifcreate asu.dk

DOMG Energy

City Light

CVR-nummer: 20214414
Teknikerbyen 25, 2530 Virum
Tine Byskow Sandergaard
tinsci@dongenangy. dk

1. Projekiets formal og f=lles udviklingsmal er st udvikle og realisers Musicon-stien som et
demaonstrations projekt for belysning, deer innovativt ved at anvende eksisterends teknologier pa mye
mader

= ar beredygtigt i forhold til energiforbreg o vedligeholdelse
= fungerer som Living Lab ved st undersoge interaktioner mellem inteliigent behysning of
brugemes sdf=rd

2. Partnemes sehst=ndige udviklingsmal for Projekiet og verks=tielse af kompetencer.

»  Roskilde Kommune forventer via Projektet at 3 realiseret behysning p3 Musicon-stien -

fokuserst pi 7 krydsningspunkter -, der:

= tilfarer ruten =n s=dig identitet, som bygger op til ankomsten til Musicon

= fungerer som pejlemarker og derved tydelig vejvisning, der pd en dragende méde ledar
besogends 3d stizn

»  inviterer til ophold og leg underveis pd ruten

»  varsker- med en =ndring af belysningen -, ndr der foregdr begivenheder p3 Musicon/
Dyrskuspladsenog

= &r nemt og relativt billigt at vediigeholde og anvends {energiforbreg) o overholdar
retningslinjer for behrsning pa offentlige arealer i forhold til tthed og hanverk

Roskilde Kommune forventer desuden at f3 re-designet! videreudviklet eksisterende

behysning p3 2 pladsdannelser pi Rabalderstrede, samt at det samlede projekt vil fungers

som et intersssant Living Lab for professionslle og dermed som potentish besagsmal.

Roskilde Kommune vil bidrage til st opnd dette i kraft af onganisationens:

LTINSy H The Capital Raglon
KRt ooat- Skl of Denmark HFL"'
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= arfaring, kompstencer of viden indenfor wdvikling o anl=g af byrum og sti-of
vejanl=g samt trafikplanl=gning

»  lokalkendskab, kontakter til omradets brugers samt viden fra forudgdende brugerdialog
o udviklingsarbejde herunder specifikationsr i forhold til b2hov, ansker, akonomiog
tidsramme

= arfaring of kompstencer indenfor overordnet projektledelse, der vil biive anvendt til st
faciliters samarbejdet, lede fil konklusionsr undsrvejs | processen of overholds
tidsplansn

+  erfaning og kompetencer indenfor formidling, der vil biive anvendt til at kommunikere
projekiet overfor det samlede Lighting Metropolis-samarbsjds

= arfaring of kompstencer til 3t vurdere lasningsforslag i forhold til behov o kontekst,
der i projektet vil blive anvendt til st give feedback ps studerendes arbejde i hver fase

« AAL forventer via Projekist st opnd at:

» undersege og analysere angdende innovation, baredygtighed, living lab, interaktion,
brugernes deltagelse, Roskildes identitet, brugerprofiler, tilg=ngelig teknolegi, akonomi
etc.

» formulers et tema og overordnet design for de T nedslagspunkter p3 Musicon-stien

= udarbsjde specifikke design (f.eks. =n prototyps, =t specifikt design forstaf de 7
punkter, specifikke belysnings-scenarier for pladsdannelser pd Rabalderstrade eller
fokus pd et af aspekiems i design-temast)

& mere teknisk viden om DMX-programmering

producsere anslyser, som kan blive anvendt i design og evalusring
evaluere og vurdere forskellige design o formulere problemstillinger
designe mader at engagere mennesker til at deltage of interagere sociakt
udgive of formidle resultaterns af forskningsn

AAL) vil bidrage til st opnd dette i kraft af organisationens. erfaring, kompetencer og viden

indenfor:

= =n forskningsbasearst tilgang of skabselss af ny viden of opdagelser, hvilket i projekist vil
blive anvendt til at definere de problemstillinger, Living Lab'et skal undersage og teste

. Sieteknokogi

= syalsrngsmatedsr

» DOMG Energy forventer via Projektet at opni:

= bredere kendskab og efaningsr med nye mulighedar, produkter og losningsr inden for
intelligent behesning i 1:1 hrsprojekter

= kendskab og erfaning med stablering af framtidens inteligents behrsning
&t bidrage tilinnovation og wdvikling af inteligent hs
at deltage i og bidrage til konkrete cases p3 Musicon-stien til egen udvikling og udvikling
af produkt! lasning til fremtidens kundeopgaver.

= atudgive of formidle resuliater af projekist

DOMG Energy vil bidrage til 5t opnd dette i kraft 5f organisationens:

»  erfaring, kompetencer og viden indenfor r3dgivning i forhold til valg af produkter,
projektsning, stablering og drift af behrsningsanl=g, styring, Sman City m.v.
arfaring, kompstencer of viden indsnfor projekt- of arbejdsledelse
erfaring, kompetencer og viden indenfor installation (Montarer, Operatar ) og as5st
management {7}

»  breds of solide netverk af underentreprenarer of leverandorsr.
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= viden om typiske produkter ifht. egenskaber, priser og vedligeholdslse og evne til at
vurdere nye produkter pi baggrund af tilgEngelig data

3. |dentificering af parter med nodvendige supplerende kompetencer for at nd projektets f=lies

udviklingsm3l og leverancer:

1. 2-3 lysdesign-virksomheder {smv'er} til 3t designe balysning pd nogle aff alle de 7 punkter pd
stizn

2. Se=as NVE, som driftsansvarlig, til at kvalitetssikre design i forhold til tilslutning til overordnet
vejbelysning o efterfalgende drift

3. eventueh lysdesignr3dgiver til at kvalitetssikre og give AAL-studerende feedback pd
projektforsiag til ysdesign af et eller flere af punkteme pa stien { enten smv elier AF)

4. eventush vicksomheder, dar kan wdvikle prototyper ilille skals, til testning af idé il applikationS
intelligent belysning for installering

Samarbejdstilkendagivelsen ar ikke juridisk bindends, og en pant kan derfor tr=de ud ved begrundst ansks
herom.

De navnte parter tilkendegiver hermed at ville indga et udbudsfrit OF|-samarbejde i Lighting Metropolis-regi
om &t skabe udviklingsprojektet ‘Musicon-stien’, der 53 vidt muligt

. tager wdgangspunkt i borgemes behov og ansker
. er et triple hel-samarbejdes (dvs. et samarbejde mellem kommunalregion, virksomhbed, universitst)

* &r lzndegr=nseoverskridende mellem danskisvenske sktarer

. invohverer sma og mellemstore virksomheder (SMVer) og/eller startups
. skaber nye metodsr, losningsr og produktsr

&r innovativt

* skaber arbejdspladsar.

Samarbejdstilkendsgivelsens pansn

Roskilde Kommunsa Aalborg University Copenhagen
Gunillza Rasmussen Georgios Trantafylidis

[Skriv Dato, Underskrift] [Skriv Dato, Underskrift]

OONG Ensngy

Tine Byskov Sandsrgsard

[Skriv Dato, Underskrifi]
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11.2 Drawings
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11.3 Conclusion from fall semester

The conclusion from the Musicon Path project was that there should be an emphasis on the middle of the
path- Raadhusparken. | would be responsible for the lighting design on the pump track (spot 4), while
Esben Oxholm would be responsible for spot 3 and 5. The common theme of water was agreed upon to
be the overall theme for the lighting.
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11.4 Official Project Description

LIGHTING DESIGN ON THE PATH TO MUSICON ¢\

Site: 1 km route from Roskilde station to Musicon

Project owner: Roskilde Municipality

Realisation: 2017-18

A,

The Musicon path
The path is being created as part of the urban development of
Musicon to make a better and more attractive connection be-

tween Musicon and the station and city center.

The vision of Musicon is to create a creative urban area with
companies, culture, education, shopping and housing. Important
elements in the strategy are events, temporality, events and
co-creation with the users. To make the route most interesting
and active there will - along the path - be build a pump track, a
playground for cyclists and a court for ball games.

. = TR
e M.

3 |77 e .
The lighting design

The lighting design will focus on 3 different target groups by

adressing these groups in 6 different spots on the route.

Using interactive lighting and working with ‘flow’ and ‘water’ as

the overall theme, the design must aim to:

* make the path interesting to move along on everyday basis
on the way to work or education [(daily users/ spot 2, 3 and 5/
indirect interaction responding to time and season)

* motivate to spend time on the pump track on the way to
leisure acitivities (frequent users on wheels/ spot 4/ direct
interaction responding to movement)

¢ work as clear way finding on the way to events (cultural
guests/ spot 1 and 6/ indirect interaction responding to a
calender announcing events)

All together the lighting design will be used as a living lab inve-

stigating the interaction between lighting and users.

The triple helix partnership

The lighting project is being developed in collaboration between
the municipality, Dong Energy and Aalborg University Copen-
hagen formalised through an OPI-agreement. The partnership
intends to involve more partners related to lighting design/
engineering and visual art/ graphic design.

£ A0

The official project description extracted from the conclusion made from the fall semester.

11.5 Time Table

MUSICON-STIEN
TIDS- OG PROCESPLAN

Seneste opdatering: 04.04.2017 v/Tine

Faser/uge

12 13 14 15(piske) 16 17 18 19 20 21 Deltagere

OPSTART

Opstartsmede

28-Feb

Kontrakt

07-Mar

KONCEPT

Mgde, afKlaring af

15-Mar

Simon, Esben, Frederik, Tine, leremy, Stig og seasnve

Mgde, valg af koncept

20-Mar Simon, Esben, Frederik, Tine, Jeremy, Georgios

KONKRETISERING

Mpde, valg af hardwara-koncapt 03-Apr Simon, Eshen, Frederik, Tine, Jeremy, Georgios

Mpde, aflklaring af komponentvalg 27-May Simon, Esben, Frederik, Tine, Jeremy, Georgios, Stig og seas-nve
TEST ing og armaturer)

Mpde, konklusion pa test 01-May simon, Esben, Frederik, Tine, Jeremy, Georgios
STYRING

Mode, konklusion pa styring

10-May Simen, Esben, Frederik, Tine, leremy, Georgios

BESKRIVELSE

Mgde, aflevering

Esben, Frederik, Tine, leremy, Georgios
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11.6 Additional drawings of the area

== tivt for cykling » ] . [\-t‘w;n*r)

| = (fmBessti som symbol i
| termoplast pd bel=gning
- keses fra nord mod syd)

- cm, 53 biler far 2 S ::I’::u lgeﬁ,
***' vigepligt -~ H ..,9.
cenass . 1

D27.1 (fellessti] RS
pélavgaloe -

1 he [
€22.1 (indkarsel forbudt) T,
med undertavie med )

o Pilvgalge
| ovrtmasd

y K : i | N
g oA N\
{ D27.1 (fasllessti) ."i sst
- 1 o

tilladt til spejderbus”
ALY

1-2 pullerter, s3
indkorsel med bil
forhindres

) = p27.1

i (fellessti som symboli
Y / termoplast pd belegning
v e - keses fra nord mod syd)

o/ Tvargdende
opmaerksomhbeds-

B opmsrksomheds-
striber i OB

Aalborg University Copenhagen

82



Lighting Deign¢ Master Thesis 02/06/2017

Aalborg University Copenhagen 83



02/06/2017

Lighting Deign¢ MasterThesis
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1 Generelt

Roskilde Kommune har haft onske om at etablere lysprojekter | syv punkter pd
Musicon-stien, men har senere bestemt kun at realisere tre af de syv projekter som
tre individuelle belysningsanlag. Belysningsanieggene er navngivet Punkt 3 (Lysport
nord), Punkt 4 (Pumptrack) og Punkt 5 (Lysport syd).

Afsnit 2.4 indehoider en principtegning for opbygningen af de tre belysningsaniaeg.
Der skal anvendes komponenter . stykhisten (bilag).

2 Belysningsanizeg
21 Punkt 3 (Lysport nord)

Ved lysport nord skal der etableres traebelysning vha. nedgravede projektorer | terraen
samt scenografisk belysning vha. nedgravende lyspunkter | stien,

». 57 Punkt 4 (Pum lysni

Langs pumptracket skal der etableres interaktiv belysning vha. projekterer pd master
med integrerede detektorer.

Belysningen programmeres sdledes at projektorernes lysniveaver varierer, ndr
detektorerne registrere bevaegelse langs pumptracket.

Nojagtig placering af masterne er nedvendig for at kunne detektere effektivt og derfor
skal pumptracket etableres inden masternes endelige placering kan angives.

2.3 Punkt 5 (L rt syd

Ved lysport syd skal der etableres trasbelysning vha. nedgravede projektorer i terraen
samt scenografisk belysning pd stien vha. projektorer pd master langs stien.

S7950aL00 | v O-ArDe)aeb - G M Ge-Shan_ L Ske 2
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2.4 Principtegning for Punkt 3, 4 0g 5

-
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2.5 Projektgrer for traebelysning i Punkt 3 og 5

Der etableres nedgravede projekterer for tre=belysning. Projektererne skal etableres i
tilherende montagehuse, og der m3 ikke forekomme niveauforskel mellem
projekterernes overkant og overkant af det tilstedende terrzan.

Ved nedgravning af kabler omkring treser er det vigtigt at der passes pa trezernes
rodnet, og derfor m3 der ikke graves rundt om trazernes stamme under trasets krone,
dvs. at hvis der skal graves under kronen, m2 der kun graves ind mod traet stamme
og ikke p3 tvaers af eller rundt om stammen! Gravearbejde under tre=ernes kroner
udferes som hindgravning.

Projektgreme skzl placeres jf. lysdesignerens / tilsynets afsatninger p3 stedet.

Projektereme skal indstilles jf. lysdesignerens / tilsynets anvisninger p3 stedet.

2.6 Lyspunkter for scenografisk belysning i Punkt 3

Der etableres lyspunkter integreret i stiens nye bel=gning. Lyspunkterne skal
etableres i tilhgrende montagehuse, og der m2 ikke forekomme niveauforskel mellem
armaturets overkant og overkant af den tilstadende belagning. Fra PWM-moduleme i
styreskabet skal der fores ét armaturkabel frem til hvert lyspunks.

Lyspunkterne skal placeres jf. lysdesignerens / tilsynets afszetninger p3 stedet.

2.7 Master for projektegrer i Punkt 4 og 5
For projektorer i skal der etablerers 6,3 m Milewide master. Masterne skal males med

antisticker maling séledes at det er besvaerligt at sz=tte klistermarker pd masterne.
Valg af RAL-farve skal aftales inden bestilling.

Master for Punkt & skal yderligere leveres med luge og 3bning for detektorer. Lugen og
3bningen skal vaere som p3 prototypen dog uden rude. Lugen skal vaere 35 mm hoj,
100 mm bred og udferes med center i 3,3 m hejde.

For opstilling af masterne etableres der praefabrikerede betonfundamenter af Type 4
(500 x 500 x 1100 mm). Fundamenterne skal nedgraves mead overkant 300 mm under

s dbCCi-RevD-Arbcidabzakrvelac_Sciyaning_Musicon-alicn_1 Side § of 12
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terr=n, og de skal orienteres, sdledes at masteluger og detektorer kan orienteres i
den aftalte retning.

Mastermne og fundamenterne skal placeres og orienteres jf. lysdesignerens / tilsynets
afsetninger p3 stedst,

2.8 Projekterer for scenografisk og interaktiv belysning i

Punkt4 o0g 5

Projektarerne monteres vha, rustfrie (44) MB balte og skiver pd Milewide mastebeslag,
Armaturkablerne skal fieres ind | masten via. membranmuffer der etableres 5 om over
mastebeslagene. Projektarerne vendes saledes at armaturkabler mellem mast og
projelter bliver 52 kort som mulige. Fra stremforsyningen i styreskabene skal der fares
&t armaturkabel frem til hver projekter, Der anvendes sikkerhedsskruer for fastgarelss
af projektarer pd master, Forste projekter skal placeres med center 30 cm fra overkant
af masten og de sfterfolgende projekterer skal placeres med 30 on mellemmum.

Projekteremne skal placeres pd masterne jf. lysdesignerens [ tilsynets afvisninger.

Projektarerne skal indstilles if. lvsdesignerens / tilsynets anvisninger pa stedet,

2.9 Detektorer for interaktiv belysning i Punkt 5
Detelrzorerne skal etableres pd specizlbeslzag i
macterne, Beslagens skal udferes siledes at

detektoreme vippes frem owver, i an vinks| af
ca. 13°, hvilket skal kunne justeras +/- 5 2.

M2 detektorerne er monterst skal de 5 m foran
masten, kunne detekters bevagelse indenfor et
cz. 10-12 m bredt detekteringsfelt pd langs
pumptracket,

Fra styreskab 4.1 skal der fremfares &t instzllationskabel til hver detektor,

I de nederste masteluger skal der etableres IPES forgreningsddser med forskruningar
for samling af detektorkablerne og installationskablarne fra styreskabet.

I detektorerne etableres ogs3 LAN-ksbler til programmering af detekroreme, Nir
detektorerne er programmeret skal LAN-ksblerne beskyttes med smd RAYCHEM
RayGel d3ser,

Der anvendes sikkerhedsskruer for fastgorelse af projekeerer pd master samt luger
foran detektorer.

srosudboei-aovi-arkcidaboabirrslas_Saning_ Muakcan-atizn_1 mide ot 12
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2.10 Lysfordeling for interaktiv belysning i Punkt 4

Grafikken viser 3 master pd en lige straakning, med 3 projekterer pd hver mast.
Armatur = DTS EOS 6 Medium Beam

Hoyde = 5,7 m (Tl hojre for masten) / 5,4 m (Tl venstre for masten) / 5,1 m (Frem
for masten)

Afstand mellem master = 10 m

Afstand fra center af master til centerlinje af pumptracket = Sm

Belyst omride = ca. 70 x 6 m som folger pumptracket
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3 Skabe

3.1 Generelt

For de tre belysningsanlaeg skal der etableres et faelles el-skab med maler samt ét til
to styreskabe for styringskomponenter mv. til hvert belysningsaniaeg.

Skabene skal vaere udfort i IP65 og IK10, og vaere udstyret med Ids for MS-nagle, og
der skal leveres 3 stk. medfoigende MS-nogler.

For montage af komponenter skal der | skabene etableres totalisolerede montage-
/bagplader.

3.2 El-sk
Der etableres et el-skab til forsyning af de tre belysningsaniaeg.

El-skabet udstyres med integreret maler eller alternativt maler | eget skab.

El-skabet skal forsynes fra SEAS-NVE's kabelskab nr. 101, som er placeret pd Eriksve)
ud for nr. 42A,

I skabet skal der etableres folgende:
1 stk. milertavie (placeres alternativt | eget skab)
1 stk. gruppetavie for DIN-skinne monterede lysstyringskomponenter

3 stk. 4-polede gruppeaforydere med 16A D01 neozed smeltesikring (én for hvert
belysningsaniaeg)

1 stk jordelektrode (kun ved anvendelse af metallisk skabskabinet)

33 Generelle komponenter i styreskab nr. 3, 4.1 09 5
I styreskabene skal der generelt etableres fplgende:

1 stk. gruppetavie for DIN-skinne monterede lysstyringskomponenter
1 sti. jordelektrode

1 stk. overspandingsbeskytteise Klasse 2+3

1 stk. fejistromafbryder HPFI

1 stk. 4-polede gruppeafbryder med 10A DO1 neozed smeltesikring

1 stk. astronomisk ur for teend og sluk af 4-polet kontaktor for “nat sluk”
1 stk. 4-polet kontaktor for “nat sluk” af hhv.:

Stremforsyningerne til lyspunkterne tilsluttet | styreskab 3.

- Nedgravningsarmaturerne tilsluttet | styreskab 3 og 5.

- Stikkontakter for stramforsyning til projektarer tilsluttet | styreskab nr, 4.1,
42095.

1 stk. stikkontakt for tiislutning af eksternt udstyr f.eks, computer

SP95LALOO L e Bty Sing_MusKon-sTien_1 Sige 8 o 12
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1 st 48V stremforsyning for lysstyringsmodul elier POE-switch
1 stk. Mosaic lysstyringsmodul

1 stk. 12V stromforsyning for SMS-modul

1 stk. SMS-modul

34 Saerlige komponenter i styreskab nr, 3

I styreskab nr. 3 skal der ud over de generelle komponenter etableres foigende:
2 stk. 24V stromforsyninger for lyspunkter

3 stk. PWM-moduler for lyspunkter

1 stk. 24V stromforsyning for vejrdetektor

1 stk. vejrdetektor

3.5 Szerlige komponenter i styreskabnr. 4.1 0g 4.2
Armaturkablerne for projektarerne m3 maksimalt vaere 50 m lange, og da man Ikke
onsker have styreskabe midt p3 pumptracket, er man nodt til at etablere 2 stk.
styreskabe (nr. 4.1 og 4.2), et | hver ende af pumptracket.

I styreskab nr. 4.1 skal der ud over de generelle komponenter etableres folgende:
2 stk. stikkontakter for tilslutning stromforsyning for projektarer

3 stk. Mosaic indgangsmodul

1 stk. POE-switch for stromforsyning af lysstyringsmodulerne

2 stk. Constand Current stremforsyning (nr. 1 og nr. 2) for projekterer (tilsluttes i
stikkontakter)

1 stk. 24V stremforsyning for detektorer og overdragsrelaeer
21 stk. 24V overdragsreleer for detektorer

I styreskab nr. 4.2 skal der etableres folgende:

1 stk. jordelektrode
1 stic. stikkontakt for tilslutning stremforsyning for projekterer
1 stk. Constand Current stremforsyning (nr. 3) for projekterer (tilsluttes | stikkontakt)

STO5UALO0 3 My O-Arta)o et WOG_ MUK O -siea_ L SKe s a2

Aalborg University Copenhagen 92



Lighting Deign¢ Master Thesis 02/06/2017

3.6 Saerlige komponenter i styreskab nr. 5

I styreskab nr. 5 skal der ud over de generelle komponenter etableres folgende:
1 stk. stikkontakt for tilslutning stromforsyning for projekterer

1 stk. Constand Current stremforsyning for projekterer (tilsiuttes | stikkontakter)
1 stk 24V stremforsyning for vejrdetektor

1 stk. vejr-detektor

3.7  Generel fortrddning i styreskab nr. 3,4.1 09 5:

L1 anvendes til forsyning af nedgravningsarmaturer,

L2 anvendes til forsyning af hhv. stromforsyninger til lyspunkter, stromforsyninger til
detektorer for pumptracket samt stikkontakter for stromforsyninger til projektorer.

L3 anvendes til forsyning ar stikkontakt for tiislutning af PC, astronomisk ur, kontaktor
samt stromforsyninger til lysstyringskomponenter, SMS modul og evt. vejr-detektor.

L1 og L2 skal taendes og slukkes af kontaktoren for "nat sluk” via det astronomiske ur.
L3 skal vaere permanet taendt.
SMS-modulets udgangsrelae 1-7 skal tilsluttes lysstyringsmodulets indgange 1-7.

3.8 Generel fortrddning mv. i styreskab nr. 3 og 5§
Vejr-detektorernes 0-10V signal tilsluttes pa lysstyringsmodulets indgang 8.

Sensorer for vejrdetektoren skal placeres udvendigt pd skabet og kapsles mod
vandalisme f.eks. vha. en U-profil etableret over sensoren,

3.9 fi ning | kaben
Arbejdsbeskrivelse del 2 beskriver fortr8dning og adressering af hhv. lyspunkter i
stien, projektorer p§ master og detektorer | master og udarbedjdes af AF Lighting ifm.
etableringen.

S795 e O- AL ot A Mscon-sTien_ 1L Sde 100112
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3.10 SMS-styring

Inden indkeb af de 3 stk. SMS moduler skal der udarbejdes ny firmware, hvilket
udfores af leverandoren. Med den nye firmware skal SMS modulerne understotte
folgende funktioner:

- Kun ét udgangsrel md kunne aktiveres ad gangen
- Modulet skal aktivere relae 1, ndr man sender “1*
- Modulet skal aktivere relae 2, ndr man sender “2*
- Modulet skal aktivere rel 3, ndr man sender “3"
- Modulet skal aktivere rela 4, ndr man sender "4*
- Modulet skal aktivere relae 5, ndr man sender “5*
- Modulet skal aktivere rela 6, ndr man sender “6*
- Modulet skal aktivere rela 7, ndr man sender “7*
- Modulet skal aktivere relae 8, ndr man sender "8
- Efter stromafbrydelse skal modulet skal starte op | samme stilling som det
havde for afbrydelsen,

4 Kabler

Fra kabelskab nr. 101 til el-skabet, skal der etableres stikledning som NOIK 4 X 16
mm? CU,

Fra ei-skabet og frem til styreskab nr. 3, 4.1 og 5, skal der etableres NOIK S G 2,5
mm? CU.

Fra styreskabe nr. 3 og 5, og frem til og imellem nedgravnings projektorer, skal der
etableres NOIK 3 X 2,5 mm? CU

Mellem styreskabene nr. 4.1 0g 4.2, skal der etableres NOIK 5 G 2,5 mm? CU samt
DMX vejrbestandigt kabel.

Mellem styreskab nr. 4.1 og hver detektor | masterne ved Punkt 4, skal der etabeires
NOIK 5 X 2,5 mm? CU

Fra styreskabene etableres der specielkonfigurerede armaturkabler pd 50 m fra
armaturproducenterne til hhw. lyspunkter | stien og projekterer pd master.

5 Kabelror mv.

Generelt skal kabler i terraen fremfores | @50 mm kabelror nedgravet | 70 cm dybde.
Kabelror skal udferes ude skarpe buk og skal fores helt op | skabene.

Ved master skal kabelror fores helt ind | masterne via praefabrikerede huller i
fundamenterne. Kabelrorene afsiuttes 10 om under de nederste luger | mastemne,

Kabler for lyspunkter | stien | Punkt 3 skal fremfares hver for sig | individuelle 20 mm
PEX-rpr. Der kan evt. etableres en brond for opsamling af kabler mellem styreskabet
0g lyspunkterne,
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El-arbejdet skal udfores iht, gaelde love og regler, herunder Faellesregulativet,

Staerkstromsbekendtgorelsen, Taviebekendtgerelsen DS/EN 61439 og Vejdirektoratets
AAB Vejbelysningsmateriel,

Der skal udfores taviedokumentation samt EF Overensstemmelseserkizering for hver
tavie.

Taviedokumentation skal indeholde en dispositionstegning med placering og
navngivning af komponenter, en komponentliste og et kredsskema over
komponenternes som forbindelse | belysningsanlasgget.

Der udarbejdes | ovrigt dokumentation Jf. Roskilde Kommunes og SEAS-NVE's krav
hertil.

For verificering af elinstallationernes udforsel skal der udfores el-beregninger for
samtlige elinstaliationer, herunder varmetabs beregninger for tavierne inden udfersel.

Ved anvendelse af metalskabe skal der etableres udligningsforbindelse samt eksterne
vandalsikre antenner for SMS modulerne,

For Punkt 4 skal det inden udforsel verificeres, at detektoren placeret laengst fra
styreskabe nr. 4.1, kan traekke overdragsrelaserne | skabet.

Alle komponenter skal etableres jf. fabrikantens anvisninger.
Arbejdet skal generelt udfores efter god hindvaerksmaessig skik.
Der skal anvendes materialer af egnet og hoj kvalitet.

Belysningsanieggene skal indstilles i samarbejde med lysdesignerne og tilsynet, og
entreprenaren skal medbringe lift til brug for indstilling af projektererne.
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11.9 Milewide Lamp post
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https://www.sick.com/de/en/detectionrand-rangingsolutions/2dlidar-
sensors/tim3xx/tim36312134101/p/p369447
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