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Abstract. Cities are among the most complex entities created by humans. Even
though humans are the designers and main users of these entities, we are still
trying to understand and transform the urban environment in order to improve our
well-being and enjoy a better life. In this context, we suggest the novel idea of
simulating this complex world by adopting "social sensing" and "crowdsourcing"
concepts which have the potential to initiate a paradigm shift in urban simulation
design. Based on the concept of crowdsourcing, we present a human-agent based
urban simulation, which directly feeds citizens’ intentions and activities into the
simulation in real-time. This work is based on previous research dealing with
urban sensing. We integrate previous ideas to our platform that simulates urban
sustainability by sensing user activities. The specific research tasks of our
simulation environment are : 1) sensing inhabitant’s acceleration and location
data, 2) transforming the raw data into CO2 emission information, and
3) designing user interaction in order to induce mass participation. To secure the
mass participation, we envision the user interaction using diverse social network
services and enhancing a user-friendly interface, and adopting a gamification idea
implementing entertaining elements.

1.

Introduction to crowdsourcing urban simulation

A simulation system generally imitates real things in order to gain insight into
their functioning based on identified rules and conditions [1]. Building up a
simulator for entangled urban activities is quite a challenge due to the complexity
of urban environments. Therefore, for urban simulation various urban modelling
approaches have been developed and applied over the past six decades (Figure 1).
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Microsimulation1 was developed in the 1960s, and since the 1980s, the emergence
of cellular automata2 and multi-agent simulation (MAS) techniques have created a
proliferation of modelling approaches [2]. The present urban modelling
approaches are still struggling to reduce the gap between virtual simulation
environment and the real world environment, since the behaviour of citizens is
frequently unpredictable and continuously changing.

Fig. 1. Historical trend of urban simulation modelling [6] and
the emerging idea for urban simulation by crowdsourcing.

Therefore, we claim that the direct participation of citizens induces a
paradigm shift from rule-based simulation to human-agent based simulation and
will help to cope with urban complexity within the simulation. This
crowdsourcing3 simulation environment will enhance the accuracy of the
simulation and solve the complex problems in fundamental ways by reflecting
human intention and social trend directly.
1 Microsimulation are computer models that operate at the level of the individual behavioral entity.
It tries to simulate the behavior of individuals over time. Microsimulation can either be dynamic or
static. If it is dynamic the behavior of people changes over time, whereas in the static case a
constant behavior is assumed.
2 Cellular automata: cellular automaton (pl. cellular automata, abbrev. CA) is a discrete model
studied in computability theory, mathematics, physics, complexity science, theoretical biology and
microstructure modeling. It consists of a regular grid of cells, each in one of a finite number of
states, such as "On" and "Off" (in contrast to a coupled map lattice). The grid can be in any finite
number of dimensions. For each cell, a set of cells called its neighborhood (usually including the
cell itself) is defined relative to the specified cell (Wikipedia)
3 Crowdsourcing: The term "crowdsourcing" is a neologistic portmanteau of "crowd" and
"outsourcing", first coined by Jeff Howe in a June 2006 Wired magazine article "The Rise of
Crowdsourcing" (Howe 2006). Howe explains that because technological advances have allowed
for cheap consumer electronics, the gap between professionals and amateurs has been diminished.
Companies are then able to take advantage of the talent of the public, and Howe states that "It’s not
outsourcing; it’s crowdsourcing" (Wikipedia).
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Figure 2 shows the concept of the proposed crowdsourcing simulation
platform, in which humans drive the simulation instead of virtual agents that react
to predefined algorithms. People can participate in the simulation with their
mobile devices that provide location information, and share related information
through social networks such as Facebook, Twitter, and Youtube.

Fig. 2. Paradigm shift of an urban simulation design from MAS
(Multi-agent simulation) to CMAS (Crowdsourcing multi-agent simulation).

1.1.

Urban sustainability

Considering the subject of the crowdsourcing simulation, we have started with
"urban sustainability", one of the most pressing issues in current urban research,
largely depending on the intentions of each individual citizen who decides to
adopt sustainable technologies and to execute emission- and energy-aware
activities. Therefore, among the diverse urban sustainability elements, we have
focussed on energy use and CO2 emissions.
1.2.

Advancement of technologies to support crowdsourcing simulation

Despite the evolution in urban simulation methods, most of the simulation
techniques are limited by the degree of contemporary technical development.
Microsimulation for urban environments was developed in late 1950s, however it
has more recently been applied to the formulation of urban models, such as
Master [4] and UrbanSim [5], which rely on the progress of computation and data
collecting technologies [3].
In order to embody the idea of crowdsourcing in urban simulation, we
likewise depend on technical support: We need a smart device to collect
individual activities, a place to share information, and data related to the physical
urban environment. Thanks to the recent technological advances such as
high-performance mobile devices, innovative social network services, and widearea geospatial information systems, we are now able to make a paradigm shift
and propose crowdsourcing simulation platforms (Figure 3).
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Fig. 3. Technical backgrounds and converging areas as basis
for the crowdsourcing simulation platform.

2.

State of Research and its Limitations

So far, we presented the motivation and the components of the crowdsourcing
urban simulation environment. In this section we review four different approaches
that attempt to collect urban data on a mobile platform. Based on the state of
research we have defined the aspects that we consider to be adopted in our
system.
2.1.

CenceMe

"CenceMe" [6] is a mobile application that was designed to collect individual
activities by sensor-enabled mobile device and sharing the information through
the social network services such as Facebook and MySpace. The work also
describes technical limitations, which came from current hardware capacity; for
example sensor accuracy, battery life, and memory and CPU usages. In order to
collect user data, this research had not only experimented with sensing user
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activities but also with user input. The most interesting aspect is prediction of user
trends based on a user’s historical activities. The CenceMe application records
sensing data such as location and sounds, and obtains user inputs such as current
activity. Then the application generates a data matrix to predict further expected
activities. In our context, these ideas and experiments are useful when mining raw
user information collected from sensors.
However, the application was not widely utilized by the public due to the
lack of a clear benefit to the user - it was mainly designed for data collection.
Also, a user-friendly interface that includes data visualisation was missing
(Figure 4). To summarise, the application senses diverse environmental
information, such as location, acceleration, and audio; it connects to social
networks; and creates a historical data matrix available for future predictions. The
limitations are limited user-friendliness and the lack of on-device visualisation
capabilities.

Fig. 4. Snapshot of the CenceMe portal showing user interface.

237

D. SHIN, S. MULLER ARISONA and G. SCHMITT

2.2.

NoiseSPY (2009)

NoiseSPY [7] is a mobile phone application that senses noise levels in urban
environments. The application supports data collection and statistical analysis,
whose results can be visualized on a map in order to better understand urban noise
conditions. The application is a good example for information visualisation of
real-time urban data. The noise data is visualised in three different types
(Figure 5) : grid based choropleth map which is a thematic map in which areas are
shaded or patterned in proportion to the measurement of the statistical variable,
and coloured dot map, and 3D graph on the map. The choropleth map has an
advantage when showing periodical data and statistical average. The coloured-dot
map can effectively support two-dimensional real-time visualisation and can be
applied to minimise required data amounts on mobile devices.
Similar to CenceMe, NoiseSPY is not very concerned with fomenting user
interaction. To achieve the intended goal of urban noise monitoring and mapping,
mass participation is required in order to cover large urban areas. However, the
authors do not suggest any enticing motivation for people to become available as
sensing agents. The work mostly deals with technical issues of sound sensing and
diverse visualisation strategies. To summarise, NoiseSPY senses noise in
real-time and provides diverse visualisations on 2D and 3D maps. Limitations are
the lack of user interaction and motivation, the sensing of noise level (dBA) only,
and missing analyses of environmental aspects.

Fig. 5. Noise level visualization in NouseSpy: Coloured
dot map and choropleth map.

2.3.

Vehicle detection

N. Schuessler and K. W. Axhausen suggest a method for vehicle detection based
on GPS on two different types of mobile devices [8]. The vehicle detection
process has the following five steps : 1) data filtering, 2) detection of trip and
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activities, 3) mode stage determination, 4) mode identification, 5) map matching.
The authors describe the detection algorithm that was used for different
acceleration patterns and levels (Figure 6). The algorithm is based on fuzzy-logic,
well described, and suitable to be easily implemented on other platforms.
Therefore, we plan to adopt the algorithm of the vehicle detection in our system.
To summarise, the work performs mode detection (vehicle, cycle, walking, Urban
Public Transportation). However, it lacks an analysis that includes environmental
aspects.

Fig. 6. Left : Membership functions of the fuzzy variables. (a) median speed,
(b) 95th-percentile acceleration, and (c) 95th-percentile speed.
Right : Fuzzy Rules for Mode Detection [11].

3.

Research methods and objectives

The fundamental goal of this research is to build a crowdsourcing urban
simulation platform that induces mass participation in order to simulate urban
sustainability. We particularly focus on CO2 emission levels, obtained from
traffic types, and living conditions. We have examined diverse design issues that
are applicable in our simulation platform, including : 1) sensing and monitoring
urban environment using a mobile phone’s sensor, 2) diverse data visualization
strategies on 2D or 3D geological maps, 3) measuring and visualizing CO2
emission levels derived from traffic conditions, and 4) vehicle detection with
acceleration sensor and GPS data. Using these design issues, we define our
essential objectives as follows :
a. Sensing acceleration and location data, and transforming raw data into CO2
emission levels.
b. Designing an effective user interface, several visualizations of real-time urban
sensing data, and gaming aspects to induce mass participation.
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3.1.

Social sensing and mining urban sustainability

Nowadays, advanced mobile phones, so-called smartphones, are typically
equipped with the following sensors : accelerometer, magnetic sensor, orientation
sensor and location sensor. Figure 7 illustrates the required steps of the data
mining process. At the first stage, we will collect acceleration value. The sensing
of acceleration data will be activated when the location is changed. Vehicle
detection (Section 2.3) can be applied to obtain the vehicle type from raw data
consisting of acceleration data and GPS based location information.
At the second stage, the system will obtain the type of user activities based
on the vehicle types that were used for travel. Meanwhile, the location data will
be transformed into the meaningful information such as home and working
location, based on the correlation between travel times and locations.

Fig. 7. The process of data mining : sensing acceleration and location, translating
vehicle type and location entity, mining CO2 emission level and
urban sustainability by commuting distant.

At the third stage, the information will be rendered in terms of meaningful
urban sustainability indicators. The vehicle type and travel distance will be
translated into the level of CO2 emission from an individual scale to the urban
scale. At the same time, the statistical average of the commuting distance that
came from the defined location "home and working place" will represent an urban
efficiency indicator that can be compared to other cities.
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3.2.

Mass participation

The crowdsourcing urban simulation platform is based on user participation. The
more people participate, the more reliable data can be obtained. In this context, in
order to encourage persons to participate in an academic research project that
requires their effort, time, and shared information, we need to reward their
contribution. We follow three directions in order to induce mass participation :
1) requiring less user input by automated sensing methods, 2) supporting smart
user interfaces and visualizations, and 3) providing the user with knowledge and
entertainment.
In this section we introduce the strategies that can induce user interests for
mass participation.
3.2.1.

Automating user activity detection

It can be a good motivation for users if we provide them with information that
indicates their CO2 emission level without any active interaction and user input.
We will collect acceleration data when the user’s location changes, and the
collected data will be translated into CO2 emission levels combined with location
information. These processes require no user interaction. The mobile application
will run in the background on their phone at regular intervals, and the mobile
phone will deliver user data to the central server. Without any user interaction, the
user will have access to visualizations showing CO2 emission and urban
sustainability.
3.2.2.

Defining a user interface and visualization methods for information sharing

Current smartphones mainly adopt multi-touch interfaces on comparably large
screens for user input. In addition, performance of mobile CPUs is increasing
significantly. Thanks to these advancements, users can directly interact with
graphical representations of large amounts of information. Considering the level
of detail (LOD), all the activities that are sensed from individual users will be
placed on a map. The users become aware of the average level of CO2 emission
in given conditions and LOD, and the individual data can be compared with
others. All of these interactions, including map-based information visualization,
will be considered an aesthetic aspect and simplified for the direct understanding
(Figure 8).
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3.2.3.

Implementing gamification aspects to increase user interest

This application brings the concept of gamification4 into the real environment
simulator in order to induce mass participation. User interests will be encouraged
through the diverse emerging social network services such as Twitter, Facebook,
or Google Buzz. The application will associate with social networking services
that support information sharing to initialize and to encourage people to compete
with each other in order to obtain higher urban sustainability.

Fig. 8. A concept sketch of visualization and gamification. Users obtain their
own level of CO2 emission and can compare with others and other cities.
By playing the required mission, users can increase their gaming
level and thereby contributing to the city’s overall level.

Regarding gamification, we searched for the most effective gamification
concepts and found that Massively Multiplayer Online Role-playing Games
(MMORPGs), currently among the most popular gaming genres, have many
similarities with crowdsourcing simulation and therefore will be adopted in many
aspects. Nick Yee had defined the motivation of the MMORPG listed in the
following table (Figure 9). He also experimented to measure the weights of each
subcomponent by gender, age, and usage differences [9]. The users get their own
gaming score and game level which can be increased by their real activities.
4 Gamification is the integration of game mechanics or game dynamics into a website, service,
community, campaign, or application in order to drive participation and engagement. In particular,
gamification is the application of game technology and game design outside traditional
"gamespaces", and the acceptance of games in non-gaming sectors (Wikipedia).
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Considering the user score, users can also play missions that suggest
recommended alternatives on how to enhance their level by saving CO2 emission
in their real life.

Fig. 9. The subcomponents revealed by the factor analysis,
Motivations of Play in MMORPGs [13].

Moreover, research in psychology shows that ecologically concerned people
do not seek economical advantages but rather the general satisfaction of knowing
that they are doing something worthwhile and beneficial (e.g., [10, 11]).
Similarly, Vining [12] found that people who transported materials to a local
recycling drop-off site described moral and altruistic motives for recycling, and
Nielsen and Ellington [13] suggest that recycling is understood as altruistic
behaviour guided by norms. Recycling is costly to the individual because it
demands time and energy to save, sort, and deliver recyclable materials. There are
no immediate or individual rewards for recycling; however, they know what
benefits will be brought to society as a whole in the future [14]. Therefore the
crowdsourcing simulation platform shall be notified as an environmental
movement for future urban sustainability.

4.

Conclusions and contributions

The process described in this paper proposes a framework that employs
widespread smart phones to compute urban sustainability values. The phone’s
acceleration and location data is used to deduce the modes of transportation.
Further, combined location and time stamp data attempts to recognize the current
activity (e.g., work, home, etc.). Using the vehicle type and location activity, the
framework can compute urban sustainability values, such as what amounts of
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CO2 emission are generated or a measure of how well is the city designed for its
inhabitants’ commuting requirements.
The framework exploits that cities are continually changing and adapting to
the needs of its inhabitants. Urban planners attempt to measure and improve the
city‘s environment based on up-to-date information. The aforementioned
framework uses real-time and real-world human activities. Thus, it provides a
unique form of social sensing that is able to capture the latest tendencies and
activities occurring within the city. It shows not only the current usage trend of
transportation but also its historical changes. Moreover, urban planners can be
provided with additional detailed information such as commuting-to-work
transportation patterns and entertainment-activity patterns as well as measures of
commute efficiency based on actual time and location data. The detailed
observations can help steer urban development to lower CO2 emissions, to
improve or reduce commute distance, and even to provide media façades for
informing the public about city activities.
In order to achieve the mentioned simulation environment, we must find a
way to induce mass participation so as to secure simulation credibility. We
accomplish mass participation by performing automatic sensing of activities,
providing several map-based visualizations coupled with simple intuitive touchbased user interfaces, and implementing gamification and competitiveness aspects
to further encourage user interest.
Generally, people care about climate change, but don’t understand how to
connect their daily actions to the bigger picture. The user can review trips they
have taken and look at estimates of the transportation modes used and of CO2
emission. People will be able to observe their personal contribution to the global
warming problem and they will realize their city’s status compared to other cities
– hence, the proposed application will enhance awareness of CO2 emission. The
platform also gives a chance to compare their urban sustainability values with
those of others and to take self-satisfaction by experiencing an altruistic
contribution to the environment. Furthermore, people can utilize the application
as a simulator in order to predict their individual or their cities’ sustainability
(Figure 10).
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Fig. 10. People utilize the application that derived from this research to enhance their
CO2 emission-aware life. The simulation platform also gives a chance to compare
their sustainability with others and to take self-satisfaction by experiencing
altruistic contribution on the simulation platform. Through the simulation
platform, people will be enlightened of the urban sustainability.

In future systems, we expect that user data will be collected and delivered to
a central server in order to analyse and evaluate urban sustainability. We can
analyse urban sustainability based on real human behaviour, and also compare to
the level of urban sustainability of other cities. To evaluate the notion of mobile
phone crowdsourcing, we propose two assessment criteria. The first criterion is
comparing the CO2 estimates produced by our framework to ground truth
emission for a known set of vehicles and activity patterns. While the objective of
our framework is not to produce a highly-accurate prediction of CO2 emission,
we strive for ensuring similar values are produced. The second evaluation
criterion is to measure how well the tool is adopted. This can be quantitatively
evaluated by the number of users – the more people participate the more precise
we can simulate and visualize the urban environment. Finally, our framework will
be suggested as a new paradigm for urban simulation that reflects the
complexities present within an urban environment including the continually
changing thoughts and trends of its inhabitants. It will also be a good example for
emerging crowdsourcing concepts that combine mobile devices with social
network services.
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