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Urban dashboards visualize information about the measured performance,
structure, patterns and trends of cities. This paper introduces a concept of urban
dashboard as a platform for participation, research, and service development. We
present and reflect the development process of the City Monitor, which is a test
version of an urban dashboard for the pilot cities participating in the SenCity
project. The paper describes and reflects on the concept, structure, and content of
the City Monitor and its participatory and iterative development process, through
a case study. The case study encompasses a pilot implementation of the
dashboard concept in a context of a housing area in the Finnish city of Salo,
where intelligent roadway lighting was tested.
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INTRODUCTION
As the smart city ideology, initiatives, and developments are spreading worldwide, the familiar concept
of a dashboard has been introduced in new interpretations as a core element of various smart city
projects. In general, dashboards can be seen as instruments which display various measurements attempting to describe a system in real time. Thus, city
or urban dashboards, speciﬁcally, visualize information
about the measured performance, structure, pattern
and trends of cities. Urban dashboards provide key information for delivering and improving services, formulating policy, and carrying out long-term planning. Dashboards provide data analytics in diﬀerent
forms to inform both citizens and authorities. Moreover, data can be made open for applications and

employment by individuals or companies for creating services for citizens and new business. (Kitchin
and McArdle 2016)
Before being introduced in an urban context,
dashboards emerged at the turn of the 19th and 20th
century in cars and airplanes. Over the ﬁrst half of
the 1900s, the dashboards found in cars rapidly grew
from a singular instrument to include a speedometer, an oil gauge, and many others. Mattern (2015)
has argued that the current amount of instruments in
cars is mostly an aesthetic and customer-experience
driven issue with little to do with the driver’s functional needs. In airplanes, however, the dashboard,
has become the de facto way of maneuvering a
plane, and thus central to the survival of the plane
and its passengers. (Mattern 2014, 2015)
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In the 1970’s, however, dashboard design made its
ﬁrst forays into the urban context. The government
of Chile designed and implemented a cyberneticsinspired decision support system. Visually, this was
a futuristic-looking operations room in a hexagonal
layout, where walls were used to display data. However, this futuristic presentation of automated data
was still an illusion, with a vast amount of behindthe-screens human labour required to deliver it (Mattern 2014, Medina 2011). Actual aggregation of automated data occurred in the 1980’s, when stock
brokerage ﬁrms began to use the now-iconic multiscreen stock data terminals by Bloomberg. In the
1990’s, aggregating and mapping urban crime rate
data became a central issue for many US cities. Begun
by the then-crime-ridden New York in 1994, other US
cities soon followed suit. Since then, various other
cities around the world have created their own urban dashboards, many of which are publically available on the internet. These include, among others,
the Dublin Dashboard (www.dublindashboard.ie),
the eliko Kalaranna SmartStreet dashboard in Tallinn
(www.eliko.ee/smartcity), and a massive intercity
dashboard in Latin America and the Caribbean
(www.urbandashboard.org).
The existing urban dashboard applications have
lately been the subject of scholarly scrutiny, and as
such, some criticisms have also been presented. Most
of these criticisms seem to revolve around the issue
of the nature of data itself. Speciﬁcally, urban dashboards inherently must operate under the assumption that the real world can be translated into rational, orderly forms of knowledge that can be neatly
visualized and organised; thus, they keep the messiness of the real world out (Mattern 2014; Kitchin and
McArdle 2016). Therefore, if they are used unreﬂexively and in isolation, they can remove cities from
their wide-spanning historical, political, and social
entanglements (Craglia et al. 2004; Mori and Christdoulou 2012).
Thus, due to the complexity of the real world,
dashboards exclude much more data and unquantiﬁable knowledge than they include. Categorically,

issues which are not somehow quantiﬁable must be
left out. Furthermore, the indicators are not objective and value-neutral; they are produced, chosen
and presented under certain assumptions. Therefore, dashboards are necessarily informed by their
designers’ normative understandings of what should
be measured and examined (Drucker 2013). These
underlying assumptions can be further obfuscated if
data are utilized as composite indicators, which combine several individual indicators. Dashboards also
produce meanings, generating novel understandings of what the city is (and what it ought to be).
Therefore, the design decisions built into the dashboards have political consequences. Finally, the quality of the data naturally determines the quality of
the information that users can receive from the dashboard. (Kitchin and McArdle 2016).
Overall, dashboards can provide and foster useful insights, allowing a one-glance access to critical
information concerning cities; however, it is important for designers to openly reﬂect on the design decisions that have been made. Furthermore, it is important to highlight and explain the origins of the
data that is visualized, so that users might judge for
themselves the quality of the information. Also, as urban dashboards are such potentially powerful tools,
the participation of citizens and various stakeholders
in their design and use should be addressed and reﬂected upon.
Following these notions, the aim of this paper is
to introduce an urban dashboard as a platform for
participation, research, and service development. In
the following sections, we present and reﬂect the
development process of the City Monitor (Kaupunkimonitori), which is a test version of an urban dashboard for the pilot cities participating in the SenCity
project.
The SenCity project is building a smart LED lighting and digital service platform in six cities in Finland.
The project pilots smart outdoor lighting in diﬀerent
kinds of urban environments. The SenCity activities
focus on three aspects: 1) to study users’ needs and
experiences of intelligent lighting, 2) to develop and
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test new technologies such as sensing, data analysis
and communication needed for user-centric designs
and services, and 3) to generate business opportunities for smart, data-based services. In the pilots, the
aim is to employ lighting infrastructure as a service
platform - an IoT backbone - in intelligent cities. Together, separate pilots in six cities around Finland create a living lab ecosystem for developing and testing innovative solutions in the future. The SenCity
project group consists of collaborating research institutions, cities, and companies in lighting and ICT
ﬁelds.

OBJECTIVES AND METHODS
The paper describes and reﬂects on the concept, structure and content of the City Monitor
(www.sencity.ﬁ/ﬁ/kaupunkimonitori) and its participatory and iterative development process, through
the description of a case study. The case study encompasses a pilot implementation of the dashboard
concept in a context of a housing area in the Finnish
city of Salo, where the SenCity project has tested intelligent roadway lighting.
In the case study area, presence sensitive roadway lighting, adapting both to the motor vehicles
using the road and to the measured traﬃc density
along it, is being tested. Users’ experiences of the
lighting have been collected with the help of questionnaires from the community of about 1000 households using the road in their daily traﬃc as well as
from other interested inhabitants of the city. The
evaluation has been accomplished in three parts.
These are connected with diﬀerent phases in the development of the lighting system, the publicity of
the project, and how much information is published
about it. For information sharing needs we have
designed and developed a test version of an urban
dashboard - the City Monitor for Salo. Besides getting
valuable feedback of the users‘ experiences about intelligent lighting, we can analyse the inﬂuence of the
shared information on users’ experiences, attitudes
and values. Moreover, participants can evaluate the
development of the dashboard and give us feedback
concerning it, including their needs and wishes as

potential users.
In the paper, the epistemological issues of dashboards are scrutinized especially in the context of this
case study. The design challenges and development
and participation process are explored and reﬂected
upon. The relevance and applicability of diﬀerent
types of data, the suitable visualization and analytics methods of data, and the functional opportunities of the dashboard are discussed. The analysis of
the questionnaire results concerning the feedback of
intelligent lighting solution as well as of the test version of City Monitor will be published later in another
articles. The test version of the dashboard will be
opened in June 2017 and the feedback will be collected during three weeks.
Methodologically, the basis of our research can
be found in traditions of research-by-design, qualitative and participatory research and technological
research. In addition, our research can be deﬁned
as transdisciplinary research, referring to Gibbons et
al. (1994). The research subject concerns various research disciplines such as research of lighting design
and experience, architectural research, engineering
and HCI (Human-Computer Interaction). Typical to
all of these disciplines is that their research problems
are not usually set within a one singular disciplinary
framework. Additionnally, the research problem and
knowledge production operates within a context of
practice. In the research process, the framework of
methods is being developed and modiﬁed throughout the process to respond to the needs of research
and to the research questions.

VISION OF A CITY DASHBOARD IN THE
CONTEXT OF THE SENCITY PROJECT
In this section, the concept of City Monitor is described and related to the general aims of SenCity
project.
Besides the three basic functions of a city dashboard - information sharing and analysis; control of
systems; and development and business - we want
to highlight two further functional levels of the City
Monitor: participation and research. Thus, provid-
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ing information is not seen only as a one-way process from city to citizens but as an interactive, bidirectional learning process where inhabitants - the
users of the pilot areas - can give feedback and information concerning local conditions, services, plans,
and development, and where city authorities can obtain valuable insights into contexts and users‘ experiences. This social and contextual user knowledge, however, can also be valuable for other users
of the pilot areas and, moreover, for the companies
involved in developing services. In the course of our
ongoing project, as well as in other development
platform projects in Finland, some challenges in generating truly useful smart city services and feasible
business models on IoT have emerged; one critical
factor seems to be the lack of understanding of users’
needs and behavior and a missing link between technology hype and user experience (Pihlajaniemi et al.
2016). Thus, in the City Monitor and in the whole
SenCity platform, research about users’ experiences
and needs occupies a central role. The dashboard is
employed as a tool for gaining feedback of the pilot
installations and experiments with them. In addition,
the whole design and implementation process of the
urban dashboard can be seen as an iterative research
process where participatory methods are applied.
In our vision, the ﬁnal city dashboard for the
SenCity project operates on many levels and has
several aims. It has a public layer, which provides
information for citizens about the pilot areas including, for example, environmental data, on-going
processes and activities. The administrative layer is
meant for city authorities and for diﬀerent organisations of the city, and it is intended to enable the control of systems’ operation, to aid their decision making, and to develop, for example, maintenance processes and render environments more safe, sustainable and economic. The third layer is opened for third
parties, for those companies that pilot cities invite to
use the platform and give permission to analyse and
apply generated and collected data in order to develop new services and applications for citizens and
business ecosystems based on the data.

In contrast to many famous examples of realized urban dashboard projects, which present the city as a
large scale entity which is benchmarked and branded
globally, in the City Monitor, the focus is on scrutinizing and visualizing the individual local contexts in depth, in order to enable local development
and community participation. We see this in-depth
participatory, contextual, and research-oriented approach is, on the other hand, as the very value which
would attract also international partners and companies to employ the generated development platforms and create international collaboration.

DEVELOPING AND TESTING THE CITY
MONITOR
The development of the City Monitor for Salo is an iterative, participatory process, where users’ involvement and research analysis is employed in formulating the content, user interface and visual expression
of the dashboard. It is still an on-going process, however, and at this point, we want to reﬂect on and share
its status. We discuss the realized dashboard from the
following viewpoints: 1) Information content: What
kind of information is shared? 2) Presentation methods and technologies: How is the information visualized? 3) Participation and research: What methods
are used in involving users and in research activities?

Sharing information with the City Monitor
In the SenCity project, testing solutions of intelligent
lighting in urban contexts is in a central role. In Salo,
we carried out a ten weeks’ testing period during the
winter-spring season in 2017, where we involved a
housing area community as participants in giving us
feedback of their experiences. Thus, the core content of the City Monitor is a presentation of intelligent
lighting in the Kalkkimäenrinne street that housed
the SenCity project pilot. In this way, our participants, as well as other citizens of Salo, could learn
how the newly installed LED lighting was operating,
while they were taking part in our research and evaluated lighting. The lighting and energy section introduces, what kinds of control methods were used,
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what were the diﬀerent kinds of lighting behaviors
that were applied during the winter-spring months,
and how much energy each of them was using. This
is information, which was, for research purposes, kept
in secret in user evaluation in order to not inﬂuence
participant experiences.
Even though dashboards usually visualize realtime information, in this case, we have chosen to simulate historical data from a single chosen day (Feb
8 2017) in later winter. This is due to timing; if
one wants to illustrate the behaviour of an intelligent lighting system, it is impossible to do so during
summer months while outdoor lights are completely
turned oﬀ except for a couple of hours in the dead
of night, because of the vast amount of natural light
at night in northern latitudes. Thus, we have chosen
a date during which dark period extends to the active period of the day, and illustrate three diﬀerent
versions of tested lighting control methods using the
passive infrared (PIR) sensor data collected from the
luminaire poles.
This data, which indicates the presence of car
traﬃc along the street, is used to simulate lighting
behaviour and energy consumption of the test area.
The tested control methods were: 1) Daylight level
based control: The street lights were on at 100 % level
when there was not enough daylight and turned oﬀ
during the bright period of the day (from 8:20 - 17:30);
2) Presence based dynamic control: Lighting was controlled so that always around a moving car, lighting
was brightened to 100 % and in the other parts of the
street, lighting level was kept in 20 % (stand-by level).
The lighting followed the same timing as in daylight
based control being available during the dark period
of the day; 3) Presence and traﬃc-density based dynamic control: Besides having the same functions as
in daylight and presence based control, the system
also analysed the amount of PIR sensor alarms during 10 minutes periods and with pre-deﬁned reference values, decided whether the traﬃc was dense,
moderate or low. This inﬂuenced lighting control so
that with dense traﬃc, the stand-by level of light was
highest (70 %), with moderate traﬃc 40 %, and with

low traﬃc 20 %. However, always around the car, the
lighting was brightened to maximum 100 % level.
In addition to lighting, we implemented presentations of other available data concerning the Salo
area. Street camera views with street level temperatures indicates the driving conditions. This was not
from the same street but from a similar type of road
nearby. Weather information of Salo describes current weather type and temperature of the air. In
one section of the dashboard, the events and activities
that happen in each day in Salo area, were presented
on a map. In addition, we wanted to include participatory and social information in the City Monitor to be
available. This was realized in this pilot version simply
with a live Twitter feed plug-in.

Presenting information:
visualization
methods and technological solutions
As our emphasis in the pilot dashboard was in presenting information about lighting, we concentrate
in this section mostly on describing how this information was visualized. Furthermore, intelligent lighting
behaviour is an element which is seldom included in
city dashboards and presenting it includes many interesting challenges. One challenge is related to the
dynamic behaviour of light. How to present complex
behaviour, which combines several types of logic, as
in control version 3, and make it legible? In our case,
the behaviour is related to a time range of 24 hours indicating the patterns of traﬃc density. However, the
dynamic changes due to the presence of cars occur
within seconds. In which way could the dashboard’s
user comprehend changes in lighting in both of these
time scales? On the other hand, lighting is an immaterial element of environments, which is experienced
as part of complex three-dimensional material contexts of the real world, by users of environments acting and moving in space.
We solved this challenge through our design,
where we combined dynamic visualization of the
lighting behaviour and scalable charts presenting
the average lighting and energy consumption levels (see Figure 1). The visualization of adaptive light-
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Figure 1
Screenprint of the
simulation of
intelligent lighting
in Kalkkimäenrinne.
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Figure 2
Relation between
sensors, scenes and
actuators
(luminaires)

ing behaviour was realized in the form of a dynamic
light map, presented on the aerial photograph of
the housing area with dynamically altering illustrations of light distribution along the routes. A light
map is a 2D drawing type used by lighting designers
in describing the visual impression of lighting conﬁgurations in urban environments. In an earlier research project in University of Oulu (Adaptive Urban
Lighting), the concept of a dynamic light map was
developed for a design tool VirtuAUL for simulating
the behaviour of adaptive lighting (Österlund & Pihlajaniemi, 2015). In the same project, a real time presentation of adaptive lighting behaviour in a park
was realized with a similar kind of technique for a
web-based mobile service describing urban information (Pihlajaniemi, Österlund and Herneoja, 2014). In
the City Monitor, the aim was to create a dashboard
interface, with which users could themselves change
between diﬀerent control types and zoom to diﬀerent time spans of the chosen date. Besides dynamic
light map simulations and lighting and energy consumption level charts, the dashboard included textual descriptions of each lighting control type and instructions how to use the simulator.
A lighting control ecosystem called LightSense
was used to generate simulations of diﬀerent lighting
behaviors on the City Monitor. The LightSense, developed by VTT Technical Research Center of Finland, is
capable of simulating lighting functionalities based
on simulated time of day and sensor events.

The LightSense lighting controller manages the
events based on publishing and subscribing to them.
In the case of controlling Luminaire 1, as represented
in Figure 2, the luminaire has subscribed two scenes:
PIR scene 1 and the Traﬃc scene. Scenes subscribe
events published by the sensor level. Luminaire conﬁguration includes a list of subscribed scenes, their
priority values, and all the settings relevant to that
particular scene, for example, luminaire brightness
and color temperature. When multiple scenes are
active at the same time, the settings related to the
one with highest priority, take place.
The scenes may be active at all times or be activated only when needed. The traﬃc calculation
scene, which in this case is set as a low priority scene,
runs all the time in accordance with the traﬃc levels
based on traﬃc calculation events. PIR scenes are activated when a PIR event occurs. The scene stays active for a duration which has been set at the PIR scene
conﬁguration.
In the Salo pilot, a Finnish company Lumine
Lighting Solutions Oy delivered the intelligent lighting control in Kalkkimäenrinne street. In the City
Monitor simulations, all the passive infrared (PIR) data
collected by the Lumine’s system during the selected
testing day (8.2.2017) was used. The sensor events
were listed as comma separated values for each 41
luminaires. The sensor events were converted into a
format interpretable by the LightSense lighting controller so that it could simulate the lighting situations
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as they were performed in real life by Lumine’s system.

Figure 3 represents an excerpt of the semicolon separated data fed to the LightSense controller. First value
represents the node or event happening at the day,
and time is seen as the second value. First row having the value of 555 has a special purpose. It represents a moving average of the total number of vehicles passed through the pilot area. The moving average has a range of 10 minutes. Other three rows represent PIR sensor events and the time they occurred.
The accuracy of the simulation depends on the
speed it is run. For quick demonstrations, the simulation can be accelerated 1000 times, simulating a
full day in 1.5 minutes. However, at this speed, simulation artefacts occur in individual luminaire levels,
i.e., at some points, some luminaires may have been
turned oﬀ when they should have been on. This generates approximately a 10% error to the total simulation. The simulations used in the City Monitor have
been accelerated to double speed, which generates
no errors at all, and a full day can be conveniently simulated during out of oﬃce hours.
Figure 1 represents the results of the simulation
visualized as a dynamic interactive web page. The ﬁgure above visualizes the Kalkkimäenrinne pilot area
and intelligent lighting on a map, the ﬁgures below show the average lighting level and energy consumption of all the luminaires in the test area during the day, as a percentage of the maximum level.
In the upper chart, user can zoom to a desired time
span. The image above the chart represents the state
of all the luminaires at a time of day the user has selected by hovering a mouse cursor over the lower
chart. When a user moves the cursor over the values on the chart, a tooltip shows an average lighting
level, in this case 61 %.

The simulator generates data in JSON format, which
represents the state of all individual luminaires at every second in the day. The data is inserted into a MongoDB database in four resolutions: raw data for every
second, and averaged data by 10 seconds, a minute,
and 10 minutes intervals. The data is served from the
back-end so that the majority of the data is queried
in 10 minutes resolution. The data selected by a user
is retrieved from the database in the best resolution
available. In the Figure 1, the selected area is so small,
that in this case, the data is retrieved in 1 second resolution.
The other types of information were visualized
with diﬀerent techniques. The Finnish Transport
Agency (Liikennevirasto) provides an open interface
that can be used to access street camera images, trafﬁc ﬂuency information, automatic traﬃc measurement information and real time weather station data
in JSON format. We have selected one camera in the
Salo region that shows the visual road and weather
condition as well as air and road temperatures at the
same location. The weather data and the image is
reloaded every ﬁve minutes.
The City Monitor also provides information on
the current events in the city. The city of Salo provides many web pages and RSS feeds where the information can be harvested. The city monitor shows
the events for each day on a map as well as in a list
form. Each event has a link to the original event page
on the web pages of city of Salo for further information.
The lighting simulation, street camera view and
the city event map were created as separate web
pages, which were imported on the dashboard page
using HTML iframes. The iframes allow incorporating basically any other web page on another web
page, as in this case, on the main Sencity City Monitor page running on WordPress. Because of the resolution constraints, the City Monitor shows a grid of
smaller, but usable preview views, which the user can
enlarge for better usability.
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Figure 3
Excerpt of the data
fed to LightSense
controller

Participation and research
In the City Monitor, participation and research are intertwined. In this pilot version, we encompassed two
web-based questionnaires in order to involve users
to develop both the future lighting design for the City
of Salo and the city dashboard.
The user enters the lighting related questionnaire
through that section of the dashboard, where the
simulations are located and information about lighting solution is provided for the users. The questions
were related to the general attitudes about lighting
in urban environments and speciﬁcally to the three
tested control methods of lighting. Additionally, we
asked feedback of the simulations and the visualization methos of lighting and energy information in
the dashboard: Were the simulations and graphics
illustrative and clear? Did they help the user to understand the function and behaviour of lighting in
Kalkkimäenrinne street? Did they help the user to understand the relation of lighting to energy consumption? How could the presenting of information be
developed? As the participants for our research had
already been evaluating the realised lighting control
options in the real world, we were also interested in
learning whether this given knowledge has an inﬂuence on their opinions about the solutions.
The other questionnaire was meant for developing the City Monitor itself with the feedback from the
users. The questions were related to the participants’
use of digital technology in everyday situations and
to the idea of a city dashboard. What kind of information would the participant like to gain through the
City Monitor and what kind of information should not
be presented there? What kind of thoughts does this
kind of presentation of real-time knowledge about
the city raise in the participants? We were also interested to learn in what ways the participant would like
to interact and communicate with the City Monitor.
We also asked the participants to evaluate the pilot
version’s usability and presentation methods.
The questionnaires were realized with Google
Forms tool. Besides these structured means of giving
feedback, which was going only to the researchers at

this point and not to be published as such, there was
a possibility to publish comments visible for other
users in the City Monitor, as tweets.

DISCUSSION
At the moment of writing this paper, we are still in the
process of launching the City Monitor. We are hoping
to get a high participation rate and a good sample for
our research to aid the development further.
In the pilot version, all the elements of the City
Monitor vision were not yet realized. The dashboard
was operating only on the citizen layer, which was
meant for sharing information, participation and research. In addition to this, the complete city dashboard would have an administrative layer for city authorities and a third, business layer for companies.
In this way, the same data could have three forms
and three purposes within the city dashboard, which
would operate as a development platform. For example, PIR sensor data of an area can be transformed
to visualizations of ﬂows of people, or, like in our
case, to simulations of smart lighting behaviour. On
the citizen layer this is shared as information. On
the business layer, companies can gain or purchase
the access to the generated and stored data, in order
to analyse it and develop applications and services,
both for city authorities and citizens. On administrative layer, the city authorities can beneﬁt from the
analysed data which aids the decision making and
development of maintenance processes, for example.
New technological solutions, such as smart lighting, are often unfamiliar for users and city authorities
and hard to comprehend as complicated systems.
This may hinder testing and applying new solutions,
and exploiting them commercially. New means of
communication and visualization are needed, such
as the simulator for smart lighting presented in this
paper. We hope that it can in an interactive and illustrative way to help users to discover themselves the
inﬂuence of diﬀerent control methods on the illuminated urban environment and on energy consumption of lighting.
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In addition to the highly research-oriented participation methods - the questionnaires - which we used in
this pilot version, other more lightweight methods to
involve users could be applied within the City Monitor. These could activate inhabitants to look after
their own urban environments and to take responsibility of it, for example by adding feedback or notice of defects on the map, or by giving hints of nice
spots or events in the neighbourhood. In our vision,
the local-context-oriented nature of the City Monitor
would encourage users to take possession of their
own city, in the virtual and in the real.
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