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Summary 
 
 
One approach to target system level problems caused by the increase of urban mobility is to 
improve the mobility behaviour of individuals. By assessing mobility behaviour on an individual 
level, personalized directions can be derived and used to motivate citizens to make their 
contribution to improve urban mobility for all. With most people carrying a mobile phone in their 
pockets, one promising way to implement this strategy is to provide a mobile app that records 
mobility patterns while people are on the move and gives suggestions for mobility improvements. 
The tripzoom app combines mobility recoding with incentive mechanisms and social community 
features to make people move better. This document reports on the design of the tripzoom 
mobile app from both, the user perspective as well as from the technical perspective. 
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1. Introduction 
 
One goal of the SUNSET project is to investigate how mobile mobility monitoring, incentives and 
social networking can be combined to motivate users to change their daily mobility behaviour 
and to make it more sustainable. The tripzoom system has been designed to test drive such 
combinations and to gain insights from running living labs in several European countries. This 
report documents the final design and implementation of the mobile client part of the tripzoom 
client-server system. 
 

1.1 Goals 
 
The mobile tripzoom app has to collect and communicate objective mobility data and 
subjective travel information of citizens. It has to support personalized, mobility-related 
notifications and provide the front-end of the tripzoom incentive system, motivating people to 
change their behaviour for the better. Finally, the mobile application connects travellers with the 
rest of the tripzoom community to foster communication and competition regarding urban 
mobility via social networks.  
 

1.2 Main Results and Innovations 
 
The main result of the work reported here is the design and implementation of the mobile 
tripzoom app that records mobility patterns through continuous location sensing and processing. 
Its major technical innovation is the energy-efficient Sensing Machine. This abstract machine 
realizes energy efficient sensing strategies that enable the precise capture of citizens’ travel 
behaviour without negative impact on their mobile phones’ battery performance. A further 
innovation is the design of a service that tightly integrates an incentive mechanism with social 
community features. This improves the performance of the incentive mechanism by applying the 
social power of communities and increases the self-awareness of users regarding their mobility 
behaviour.  
 
The tripzoom app contributes an essential part towards realizing the SUNSET innovation of a 
social mobility service that motivates people to travel more sustainably in urban areas. It also 
contributes to the calculation of mobility patterns and impact analysis by collecting data 
stemming from mobile sensing, manual experience sampling and usage recording. 

1.3 Approach 
 
The tripzoom app was developed in two distinct phases. The first phase established an initial 
design and implementation that was mainly informed by pre-existing work and a set of initial 
requirements extracted from the SUNSET scenarios [1]. That initial design, the corresponding 
requirements and the UI mock-ups are documented in Deliverable D4.1 [2]. In a second phase a 
more tight development approach was established that resulted in a number of successive 
intermediate versions of the tripzoom app that added specific functionality and improvements 
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to the base system that was established in the first phase. Each of these intermediate versions 
was released to a dedicated group of evaluators consisting of project members not involved in 
the actual system development. The resulting evaluation reports were analysed by the technical 
leads of the tripzoom development team and resulted in a set of formal bug reports and 
additional tasks assigned to different developers for the next iteration. All task and bugs were 
tracked with a project management system. This development approach established in the 
second phase ensured that the initial, mostly technically motivated design, was verified and 
complemented by input from potential users and other stakeholders to guide the development 
towards the needs of the living labs. 
 

1.4 Document Structure 
 
This report is organized in three parts. First we document the tripzoom mobile app from the users 
perspective in Section 2. This includes a description of its features (Sect. 2.1) as well as the 
documentation of the UI design principles and process (Sec. 2.2). In the second part, Section 3, 
we provide the technical perspective, introducing the implemented functionalities (Sect. 3.1) 
and the system architecture (Sect. 3.2). This section also documents the development process 
and the tripzoom releases (Sect. 3.3) together with a summary of the evaluation outcomes per 
release and final technical assessment (Sect. 3.4). Section 3 closes with a technical outlook (Sect. 
3.5). The last part of the report provides the link to the initial mobile app design [2] by a review 
and verification of the original requirements (Sect. 4). Finally, we close with concluding remarks 
summarizing our findings and lessons learned in Section 5. 
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2. The tripzoom App 
 
The tripzoom mobile app [3] provides the main interface to the tripzoom 
system. It was carefully designed to minimize the users disruption. As 
recording of the personal mobility patterns in urban environments is one of 
the main goals of the app, it is important to motivate users to keep the 
app running 24/7. The app also needs to give users an overview of the 
data that is actually sensed, deduced and collected to establish a 
certain level of trust in the system. Furthermore, the tripzoom app serves as 
the interactive communication channel between the system and the user 
to push challenges, rewards and experience sampling questions as well as to allow 
communication between users of the tripzoom community. Section 2.1 describes the mobile 
app from the user’s perspective in the form of a user manual. Section 2.2 documents the UI 
design process, highlighting some of the guiding UI principles and rationales that were applied. 

2.1 User Perspective 
 
This section describes what users can see and do using the tripzoom mobile app. It provides an 
overview of the features of the app from a user’s point of view. After giving an overview of the 
user registration and login process, the section is organized according to the structure of the 
mobile interface (see the description of its rationale in Section 2.2). The functionality is organized 
in four main tabs of the interface: Community, Friends, Me, and Settings. 
 

2.1.1 Overview 
 
Figure 1 shows the application icon on the screen of the iPhone emulator and the splash screen 
with the logo and tagline that appears on app start-up. At first launch of the app, the user can 
choose to login with an existing account (created, e.g. through the tripzoom Web portal1

 

) or to 
create a new account directly on the mobile. New accounts require the user to provide the 
following pieces of information. 

• username: a string uniquely identifying the user within the system; (must be of a minimum, 
admin configurable, length; no special characters allowed) 

• display name: an arbitrary string representing a user’s publicly visible name 
• email: a valid email address (an activation email will be sent) 
• password: an arbitrary string (must be of a minimum, admin configurable, length) 

 
The user interfaces for login and registration also offer common portal functionalities such as 
recovering a lost password. The mobile and Web portal accounts are automatically linked and 
the created credentials can be used on either platform. 
 
Before a newly created account can be used, an email is sent to the specified email address in 
to validate the address and to reduce the risk of automatic account generation. This 
mechanism can also be used to limit the new registrations to a set of known people, e.g., for a 
controlled Living Lab evaluation setup. 
                                                      
1 http://www.tripzoom.eu 
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As social connections and the integration of social platforms are a core principle of the tripzoom 
system, it is also possible to register and to log in using external social networks, exemplified by 
the “Register with Facebook”- and “Login with Facebook”-features. These features use an 
OAuth-based mechanism that allows users to re-use their existing Facebook account to register 
for tripzoom and to log in (without having to give away their Facebook password to tripzoom) 
instead of having to create an additional account for tripzoom. 
 
Other visible features during this process include the ability to read the Terms of Service and how 
tripzoom will treat data that is collected through the mobile app. To ensure that people 
understand what kind of data is gathered, stored, and processed within the system, a dialog 
pops up after a successful login that requires the user to accept that the app reads and stores 
(either locally or on the server) personal data such as travel behaviour (locations and trips) and 
personal information (profile data). 
 

 
 
Once a user has logged into the system, the four main user interface sections are visible in the 
form of four tabs: Community, Friends, Me, and Settings. These cover the most important aspects 
of the app: comparison of the users’ own behaviour to that of the all tripzoom users (the 
tripzoom community), social connections to specific tripzoom users invited by the users as 
‘friends’, information about the users themselves, and the possibility of editing settings such as 
profile information or privacy directives. The details will be explained in the respective 
subsections. Figure 2 and Figure 3 show the main pages of these sections implemented as tabs in 
the mobile UI. 

 
 

Figure 1: App Start and Registration 
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Additionally, tripzoom uses the notification mechanisms of the mobile platform to push real-time 
information to the users and catch their immediate attention. Examples of the use of such 
notifications can be seen in Figure 3. 
 

• the social components have been used by another user who has invited the current user 
as friend (notification #1) 

• the experience sampling components have been used by a Living Lab coordinator to 
send an experience sampling question to the user as an individual or as part of a group 
(notification #2) 

• the incentive market place components have detected that the user has managed to 
achieve a challenge and has sent a reward to the user (notification #3) 

 
These notifications are used as entry points into the app whenever an interesting event has 
occurred. In the example shown in Figure 3, the user selected one of the notifications after 
which the app is automatically started and accordingly provides a UI to answer the received 
experience sampling question. 
 
 
 
 
 
 
 

 
 

Figure 2: Community, Friends, Me 
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2.1.2 Community 
 
One of the mechanisms employed within tripzoom to motivate people 
to change their mobility behaviour towards a more sustainable way of 
transport is to compare the users’ mobility behaviour with that of 
others. This comparison was implemented in two ways. First, the users 
are informed of the travelling behaviour of other users that they have 
explicitly invited as tripzoom ‘friends’. Second, the app provides a nice 
and quick overview of how the user compares with respect to the 
whole tripzoom community. 
 
The performance comparison with the community is visualized within the Community tab (Figure 
2). To provide the user with a quick way of checking their performance relative to the tripzoom 
community, the app offers corresponding graphical visualizations. Figure 4 depicts the icons 
assigned to four different metrics used by the community comparison feature. 
 

• visualizing travel cost with a sad to smiling pig(gy bank) in 11 steps; a smiling pig indicates 
that the user spends less money on travelling than the average community user 

• visualizing CO2 emission with a green to red gauge in 11 steps; an arrow in the green 
area indicates that the user emits less CO2 by travelling than the average community 
user 

• visualizing health with one to five rowers with 0-10 oars in a rowing boat; more than 5 oars 
indicate that the user improved in healthy behaviour 

• visualizing earned points with a notebook with 0-10 stamps; the more green items appear, 
the more points the user has earned with respect to the average community user 

 

 
 

Figure 3: Settings, Notifications, Experience Sampling 
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In addition to the graphics, an accompanying text is displayed providing some explanations 
and a numeric representation of the user’s current standing within the community according to 
the specific metric. 
 
 

 
 

2.1.3 Friends 
 
As discussed in the previous section, it is important for tripzoom that 
people can track, compare, and share their progress in travel behaviour 
with other people. In addition to the whole community (for which only 
anonymized, aggregated data is made available), users can also 
access data of specific other people. As is customary in today’s social 
networking applications, people can invite other users as ‘friends’, see 
Figure 5, left. The result is that each user has a list of users displayed in the Friends tab. Several 
actions can be performed on this list (Figure 5, centre) such as sorting according to CO2 emission 
or achieved points. Users who have accepted the friend request – and allowed the current user 
to see their live location – can also be displayed on a world map. 
 
A user can easily add friends by first searching for them (according to display name and other 
public profile fields such as home town), and then inviting them. However, friendship within 
tripzoom is symmetric, i.e. it has to be accepted by both parties. For that reason, the friends list 
also shows a section of invited friends (people the user has invited) and unconfirmed friends 
(people who have invited the user). Users receiving a friendship request are notified by email 
and using the mobile app’s notification mechanism as explained in Section 2.1.1. 
 
The Web portal offers some complementary functionality such as inviting people who are not 
yet part of the tripzoom community by entering their email addresses or by granting tripzoom 

 

 
 

Figure 4: Visualization of User Performance 
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access to a user’s external accounts such as Gmail or Facebook. In the latter case, tripzoom 
allows selecting a set of people in the user’s address book or friend’s list and sends an invitation 
to all of them. 
 
It is of course possible to revoke an invitation (by deleting the invited friend) or rejecting an 
invitation (by deleting the unconfirmed friend). Accepting friend requests gives immediate 
access to the mobility data that the persons have granted their friends. 
 
A principal feature of the friend list is that the enlisted people can grant the user access to their 
own travelling behaviour on a fine-grained level (see Section 2.1.5 on privacy settings). Thus, in 
contrast to the community views, users can check and compare concrete mobility data of their 
friends (Figure 6). Example data contain information about last trips, total distance travelled, 
overall money spent, and points achieved within the last week. 
 

 
 
 
 
 
 
As this data is highly personal and users might want to share these items more selectively, a 
mechanism has been implemented that lets users classify their friends in a unidirectional way into 
different categories (Figure 6, right). Each of those represents a subgroup of ‘friends’ and 
specific settings for sharing can be applied to each of them (see Section 2.1.5 for more details). 
 

 
 

Figure 5: Friend Invite, Sorting, Map 
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2.1.4 Me 
 
Next to comparing one’s own data to other users or the community, 
the appropriate display of a user’s own data is of major importance 
within the app. Thus, in the Me tab, various visualizations are available 
to display, browse through, and also correct collected data or provide 
additional information. The most important types of information in use 
are the following. 
 
Places (Figure 8, left and middle): a place is a location of some dimension that was 
automatically detected to be of importance by the user (mostly because of continuous longer 
stays at that location); for the user, places are characterized and represented by 

• a specific location on the map 
• a name (retrieved from external services such as Foursquare); can be changed by the 

user 
• a type (automatically detected, e.g. ‘home’ or ‘office’); can be changed by the user 
• a duration of stay at that location, both absolute and relative with respect to all places 

of a user 
 
Trips (Figure 7): a trip is a continuous movement from a starting point to a target point; for the 
user, trips are characterized and represented by 

• a starting and an ending point (often but not necessarily one of the user’s places) 
• two timestamps, one at the beginning and on at the end of the trip 
• the duration and distance 
• a modality (i.e. mode of transport such as bike or train, automatically inferred); can be 

corrected by the user 
• additional fields such as objective (e.g. business trip, commuting), role (e.g. driver, 

passenger), and detection quality (visualized by the colour of the modality flag); 
automatically inferred, can be corrected by the user 

 

 
 

Figure 6: Friend Details and Relations 
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Trails (Figure 8, right): a trail is recurring trip, i.e. a trip a user has travelled several times; for the 
user, a trail is characterized and represented by 

• a starting and an ending point (often but not necessarily one of the user’s places) 
• the number of recurrences 
• the average and fastest trip duration, measured over a long-term, configurable time 

interval 
 
 

 
 
 
 

 
 

Figure 8: Personal Places and Trails 

 
 

Figure 7: Trips 
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Mobility Overview (Figure 9): the mobility overview maps the detected travel modalities to a user 
selectable set of parameters such as time or distance; for the user the mobility overview is 
presented as 

• a list of modalities sorted according to a chosen parameter 
• an interface to choose a main parameter (time, distance, cost, emission, lost time) 
• an interface to choose the time interval (2 weeks, 2 months, 6 months) 
• an interface for a second level parameter according to which the data is split, e.g. into 

data during rush hour or not 
 
 

 

 
 

Figure 10: Challenges and Rewards 

 
 

Figure 9: Mobility Overview 
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Challenges (Figure 10, left and middle): incentives represent a central tool for city controllers to 
initiate changes in mobility behaviour of individuals or groups of users; an incentive consists of a 
challenge that describes the task that a user needs to do, and a reward that will be given to 
users who manage to succeed with the given challenge; for the user, the dynamic set of 
challenges is characterized and represented by 

• a title and a description providing details about how to achieve the task set by the 
challenge 

• a time period in which the challenge is open 
• 0-5 stars showing the average rating that this challenge was given by the community; 

each user who received the challenge can rate it 
 
Rewards (Figure 10, right): as soon as a challenge has been accomplished, the user is given a 
reward; for the user, a reward is characterized and represented by 

• the date/time it has been received 
• an explanation as to why it has been received 
• a value representing the number of points the user has been awarded with this reward 

 

2.1.5 Settings 
 
The last tab collects settings that control what data is stored about 
the user, how it is shared with other users, and some general 
settings for the app. The two most important pages within this tab 
represent the user profile and the privacy settings. The first (Figure 
11, left) enables the user to specify additional personal information 
(next to email, username, and a display name required during 
registration) such as real name, birthday, and gender. This is 
currently a subset of the existing profile fields and the Web portal offers additional possibilities, 
e.g. to upload, crop, and store a profile image. Additional information can be added about the 
user’s mobility situation important for the incentive marketplace to best target incentives. This 
includes the home town of the users and whether or not they have access to a car, bike, or 
public transport system.  

 

 
 

Figure 11: Personal Profile and Privacy Settings 
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As this explicitly entered information as well as the implicitly collected data (such as location 
and trips) are highly personal, tripzoom places considerable power about what data is shared 
with whom into the hands of the users themselves. Privacy settings (Figure 11, centre and right) 
allow for fine-grained control over several categories of data. 
 

• User Profile: profile information such as name, birthday, whether user has access to a car, 
etc. 

• Location: the current (“Live”) and past (“History”) location of the user 
• Personal Place: details about the current and other personal places 
• Mobility Profile: the distribution of travel modalities in the last weeks 
• Incentives: the open challenges and achieved rewards 

 
As these data are quite divers and sharing of these might depend on a more particular type of -
connection with other users, tripzoom offers additional specific connection types: colleagues, 
close friends, and family (see Figure 12 for an illustration about the relation between the different 
connection types). Each user can independently and without the other party’s knowledge add 
or remove other people to or from these specific lists. As such, tripzoom offers an implementation 
of the circles concept found in other social networks such as, e.g., Google+, with a restriction to 
three pre-defined circles to keep the number of privacy settings manageable. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 12: Relation Types 
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2.2 UI Design 
 
The design of the tripzoom UI decides what data to display to the users and how. Selecting the 
right level of detail for representing the gathered mobility data is critical. Displaying too much 
detail distracts users by its visual complexity and might even generate confusion by making it 
obvious that the collected data is not fully accurate (which it cannot be as discussed in the next 
section). Hiding details might generate uncertainty on the exact scope of the sensible data 
collected by the app. Regarding the visual presentation of the UI, there is a trade-off between a 
too boring, but serious design that fulfils all platform standards, and an too playful and unique 
look and feel. 
 
The tripzoom app solves the granularity problem of visualized data by letting users navigate 
starting from from data overviews down to very detailed representations. The tripzoom UI 
implements a compromise by sticking fully to the platform standards and offering a clear and 
well-organized navigation structure, but adding a personal touch with a friendly colour scheme, 
positive logo design, and playful, but not distracting app icons and graphics. This visual design 
was complemented by simple and clear label names for all displayed elements to increase the 
overall clarity of the UI. 
 
The navigation principles were already designed in the first phase of development and follow a 
consequent linear design [2].  The app is structured in three main tabs showing information of 
different categories. While originally we planned for the categories Me, Here and Friends (Figure 
13) we later decided to remove the Here category that was foreseen to collect local items 
around the users current location. Instead, we added a Community category, as introduced in 
the previous section, to underline the social character of the app. Each of the three tabs initially 
displays a list of the main items of the category, each with a title naming the item (e.g., places, 
trips, ...) and a subtitle giving an overview of the most interesting (e.g., newest) data 
corresponding to this item (e.g., the latest trip distance). Additionally, badges were introduced 
to highlight important data attributes, often indicating the actual sort criteria of the list (e.g., like 
the date of the items). Each element in those main item lists can be touched to reveal the full list 
of data items of that type (e.g., the actual list of trips for the trips item). The last step of 
navigation is to select one of those items to get all the available item details visualized (e.g., the 
trip origin, destination and CO2 footprint of a trip).  
 

 

 
 

Figure 13: Design Mockups 
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To achieve a friendly and positive appearance of the app a colour scheme was defined and 
applied consistently to all elements facing the users of the tripzoom system like the Web portal 
and the mobile clients. The black colour of the original logo was replaced by a modern blue 
colour and the green colour was tuned towards a more modern and friendly look. The effect of 
applying this colour scheme to the application is apparent by comparing the initial tripzoom 
prototypes (Figure 14), featuring a generic design determined by the underlying platform, with 
the final product introduced in the previous section. 
 
The design of the app icons also followed the overall principles introduced above. It was 
decided early on to minimize the number of icons, not to visually distract and overload users. For 
example, early prototypes came with one icon per trip modality resulting in 13 icons just for this 
purpose. The final tripzoom provides icons only for the main navigation categories as well as for 
the main tripzoom artefacts such as trips, places, challenges, …. In a structured decision process 
the tree metaphor was selected, which indicates sustainability to be used for all three main 
navigation items. It replaced the often used, but generic anonymous person icons used also in 
the early prototypes (Figure 14). Adding eyes to those tree pictograms and selecting the 
constructive watering can over the usual, but kind of destructive, combination of a saw and axe 
for the settings tab contributes to an overall positive impression. However, not to make the 
interface look to disruptive those navigation icons are given as clip arts that are not fully 
colourized, but use just a tint colour, as it is the platforms standard. 
 
The icons categorizing the main objects of the tripzoom universe, like places and trips, were 
designed as simple abstract line arts in full colour carefully extending the overall blue, green, 

 
 

Figure 14: Early Prototypes 
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white colour scheme. A first step was to rethink the proper naming of those categories. For 
example, the very technical term “regular trips” covering the trips that tripzoom identified as 
being followed on a regular basis by a user, while working well together with the more general 
category “trips” identifying all recorded trips, was replaced by the more friendly sounding term 
“trails”. Next, as the result of several brainstorming sessions conducted by sketching and 
discussing ideas on paper, an icon concept per category was selected (Figure 15). For example, 
the challenge to design a symbol for the concept “trips” that is generic enough to cover all 
possible modalities without a specific bias to one of them was resolved by using a plane as 
visualization of a modality of transportation that is not available in urban environments. To turn 
that simple plane symbol into a playful symbol that hints for sustainability, the main focus of the 
project, finally a paper plane was selected. 
 

 
 
At a rather late stage in the development of the mobile app, it was decided to communicate 
the individual mobility performance of a single user in relation to that of the full tripzoom 
community using simple abstract visualizations (see Figure 4), similar to the visual designs 
proposed by UbiGreen [4] for the very same purpose. For each of the four performance 
indicators computed by the tripzoom system (i.e., costs, CO2, health, points) one design was 
identified that has a strong relation to the corresponding indicator and could clearly identify 11 
separate steps of performance (0-10). Additionally, the designs needed to clearly identify marks 
for the 0%, 50% and 100% performance with respect to the community. Especially, the 50% mark 
is important to clearly communicate that an individual performance is actually better or worse 
than the average performance of the tripzoom community. This requirement is clearly not 
fulfilled by the UbiGreen visualizations. For example, the immediate idea of representing the 
costs by a pile of coins would not work out in that respect. How would one identify the 50% and 
100% marks? How would one make clear that the pile of money corresponds to actual costs or 
savings? Again, after the initial selection of the design concept, the final graphics were 
produced. In this case, it was decided to use hand drawings and not computer edited line 
drawings, to make the look of the visualization even more personal. Those hand drawings were 
then digitalized and carefully colourized on the computer (Figure 16). 
 
 

 
 

Figure 15: Icon Design 
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Figure 16: Graphic Design 
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3. Building tripzoom 
 
The tripzoom system consists of a typical client-server structure. Most of the user management 
and data processing is done on the server side [5,6,7]. In this section we focus on the technical 
aspects of the mobile client. The mobile client was developed separately for the iOS as well as 
the Android platform to reach out to a large user base, given their current market shares. 
Because one of the main functionalities of the client is to sense the mobility of users, it was 
decided early on in the project to build both clients with native code as the Web/HTML5 
techniques available at that time did not support detailed access and configurations of the 
sensing infrastructures. As the APIs provided by both platforms are considerably different, 
tripzoom implements different sensing strategies for iOS and Android. 
 
In the following, we first list the technical functionalities implemented by the tripzoom app in 
Section 3.1. The architecture of tripzoom and the major components of the app are detailed in 
Section 3.2. Section 3.3 provides a short reflection on the development of the system, followed 
by user and technical evaluation results per release in Section 3.5. This section closes by pointing 
out options for further development. 

3.1 Functionality 
 
To achieve the functionality described in the previous section from the user perspective, the 
tripzoom app needs to implement a number of functionalities. These can be grouped in three 
areas, namely features establishing the communication with the server side, a graphical user 
interface providing the interface towards the user and the mobility-sensing infrastructure. While 
the first two are typical for thin-clients, the third one goes clearly beyond the scope of a typical 
thin-client. 
 
Communication 
The tripzoom app needs to be able to send mobility data sensed on the mobile phones to the 
server back-end for further processing and distribution. However, tripzoom is also able to receive 
push messages from the server backend to notify users on newly available challenges, received 
rewards or friend invites.  Not only for legal reasons, all communication has to be secured. The 
tripzoom server provides a classical token access scheme that allows the mobile clients to 
access the server on behalf of their users without the need for user credentials. After users gave 
their consents, the clients can communicate with the platform using encrypted messages, until 
this consent is revoked. 
 
User Interface 
The user interface of tripzoom, described in the previous section, allows visualizing and adjusting 
personal profile information, privacy settings, incentive structures and mobility data. It also let 
users compare their mobility behaviour with that of friends as well as the whole tripzoom 
community, only restricted by the privacy settings of the data owners. Finally, the user interface 
provides a back channel from the system to the user via notifications that can be triggered by 
the system automatically or manually by an operator to distribute experience sampling 
questions, friend invites or incentives. The tripzoom user interface has been localized to all Living 
Lab countries (UK, The Netherlands, and Sweden) as well as Germany. 
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Sensing 
The sensing subsystem of tripzoom is responsible to collect mobility data from mobile phone 
sensors as well as externally connected sensors (currently ANT+ foot pods and bike sensors are 
supported on Android OS). As mobility sensing is an energy intensive process in general, the 
sensing strategy has to be dynamically adjusted based on the user’s activities. Further, the high 
amount of data resulting from sensing has to be pre-processed to eliminate noise and 
redundancy before sending it to the server, as data communication is also energy intensive. 
 
Besides the functionalities listed above, the tripzoom app also implements some internal 
bookkeeping functions like usage recording to support later analytics of the system performance. 
Furthermore, for easy access within and beyond the Living Labs, the tripzoom app is distributed 
via the app stores provided by Apple and Google. 
 

3.2 Architecture 
 
tripzoom follows a classical client-server architecture offering a service infrastructure that 
provides a set of core mobility and social networking services guarded by a security layer (Figure 
17). Users mainly interact with one of the smartphone clients as described in the previous section. 
Additionally, the tripzoom server provides a Web portal for the mobile users to view their profiles 
online. City controllers can make use of a city dashboard view that provides access to citywide 
mobility information and incentive control. Finally, 3rd party services such as the social networking 
applications Facebook and Twitter expand the reach of tripzoom information and allow for 
personalized sharing of mobility information. 
 

 
 

3.2.1 Server 
 
The server side of tripzoom provides some central functionality like the collection and 
interpretation of the users’ movement data to build mobility profiles. Furthermore, it delivers core 
services including incentives, mobility monitoring, and basic social network services. The server 
part is implemented as a distributed system of six core components, building on standard Web 
Service technology featuring loose-coupling between components, clear application 
programming interfaces, and independence of platform and programming language. The six 
core components provide the following functionality. 
 

 
 

Figure 17: Architecture 
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• Personal Mobility Store (PMS): Collects raw measurements from mobile clients and pre-
processes them to be input to algorithms for mobile pattern detection. 

• Mobility Pattern Detector (MPD): Receives data from the PMS and employs sophisticated 
algorithms to detect patterns for individuals, groups, places, regions, routes, or vehicles 
such as bus lines or a taxi. 

• Relation, Identity, and Privacy Manager (RIP): Provides a homebuilt social network 
implementation and organizes the privacy policies of users based on their social relations 
or ad-hoc groupings computed by the MPD. 

• Social Network Connector (SNC): Connects the internal social network (RIP) with existing 
social networks such as Facebook or Foursquare, to facilitate user registration, 
information sharing (e.g., a notification on the successful completion of an incentive), 
importing contacts, or showing visualizations from the MPV. 

• Incentives Market Place (IMP): Provides a platform to offer incentives in the form of 
rewards, recognition or real-time feedback to encourage travellers to improve their 
travel behaviour with respect to the system’s and an individual’s objectives. The IMP 
matches available challenges with mobility patterns from the MPD, individual user profile 
and preferences from the RIP, general transport information, and can publish 
performance and events using the SNC. 

• Context Harvester (CH): Harvests all information required to populate the user’s buddy list 
from all server-side components, such as the IM for the user profile, the PMS for the last 
location and trips, the MPD for mobility patterns and the IMP for rewards gained with 
incentives. 

 
The security layer uses OAuth,2

 

 a simple mechanism to publish and interact with data that needs 
access control. OAuth is a de facto standard used by many systems such as Facebook or Twitter.  

 

3.2.2 Mobile App 
 
The mobile devices of tripzoom users are used as clients to provide mobility data on one hand 
and to present mobility information and incentives to guide the mobile user’s travel behaviour. 
Correspondingly, the mobile client is composed of components for secure communication with 
the server as described above, graphical user interface and mobile sensing. 
 
A security and communication component is responsible for authenticating mobile users to 
access their sensitive personal mobility data and to synchronize the mobility, incentive, and 
social network data between tripzoom mobile clients and the tripzoom server. Upload and 
download links to push data to and query data from the tripzoom server are implemented by a 
communication manager module. Another important component to keep the users up-to-date 
and to be able to request their feedback on the spot is integrated in a mobile notifications 
component. This is used to published new incentives, inform about earned rewards, and to send 
experience sampling questions.  As it is based on the respective mobile operating system’s 
notification mechanism, it can deliver messages even when the phone is in sleep mode. 
 
The social connector and UI component provides the user interface showing the users’ mobility 
profiles (mobility profile visualization), live status of their friends (buddy status and social 
networking), and receive incentives towards a healthier and more sustainable mobility 
behaviour (incentive presenter). 
 

                                                      
2 http://oauth.net 
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3.2.3 Mobile Sensing 
 
tripzoom senses, gathers, and analyses data retrieved from mobile phone sensors to detect or 
deduce the 4 Ws of personal mobility: when do people move, where (via which route), with 
whom, and using which modality (bike, car, etc.). The goal is to get an overall mobility profile 
per traveller covering a 24/7 period. The use of mobile phone sensors and battery power has to 
be carefully balanced with the measurement accuracy to be achieved. Mobility sensing and 
mining is split into three stages (Figure 18).  
 
 

• Mobile Sensing: Location data are the key 
to construct a person’s mobility profile. 
Various data sources from a smartphone’s 
sensors need to be gathered, outliers must 
be removed, and data transmission 
optimized. 

• Trip Recognition: This continuous but often 
noisy location data has to be categorized 
as a series of static periods and trips with 
potentially different travel modalities. To get 
the actual route of the trip, the location 
trace is mapped onto the road or rail 
network. 

• Pattern Mining: Location points and traces 
are examined to identify frequently visited 
places and regular trails such as a 
commuting path. This information is crucial 
for isolating trips that will have the largest 
impact on the user’s mobility behaviour 
when changed. 

 
 
In the following we concentrate on the Mobile 
Sensing stage that happens on the mobile clients. 
The Trip Recognition and Mobility Pattern Mining 
stages are processed on the server infrastructure and are described in [5]. 
 
The mobile sensing component is responsible for gathering mobility sensing data from sensors, to 
pre-process the data thereby removing redundant and low quality measurements, and then to 
upload them to the tripzoom server. Some sensing data elements such as location and battery 
level can be obtained from on-board mobile device sensors. Other data can be incorporated 
from external sensors, such as step counters or bike sensors. Currently, the tripzoom mobile apps 
support a range of sensors based on the ANT+ protocol 3  such as the Wahoo Cycling 
Speed/Cadence Sensor.4

 
 There are four sub-components in the mobile sensing pipeline. 

                                                      
3 http://www.thisisant.com 
4 http://www.wahoofitness.com 

 
 

Figure 18: Mobility Sensing 
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• Data Collector: Gathers raw measurements from built-in mobile device sensors as well as 
externally connected sensors. 

• Pre-processor: Applies algorithms to reduce the noise and size of the gathered data, to 
recognize stationary and travelling situations, and computes initial trip modalities based 
on the gathered data and the type of the corresponding sensor source.   

• Location Updater: Decides when to upload the sensing data to tripzoom servers and 
uploads them when appropriate.  

• Sensing Manager: Activates, deactivates and adjusts the available sensors and sampling 
rates to optimize energy consumption as well as data quality.  

  
Information from mobile device sensors (GPS, Wi-Fi, and GSM measurements) is combined into 
one location model that can deal with the varying accuracy of location measurements. These 
location signals contain a lot of noise and outliers. Especially, the accuracy of GSM data is 
usually low and the reported locations may be hundreds of meters away from the actual 
locations of the phone. 
 
The location update combines location transmission to the tripzoom server with noise removal 
and data reduction. For a smartphone with GPS, Wi-Fi, and GSM location sensors (in case of Wi-Fi 
and GSM, locations are computed by a central service provider like Google or Skyhook based 
on the sensing data provided by the smartphone), tripzoom registers a location change listener 
to continuously receive location data.  
 

 
 
Our approach considers four scenarios for a location update. If, as shown in Figure 19a, the new 
location q is far away from the old location p and the following location r, but the time 
difference is little (i.e. the calculated speed from p to r through q is high), the update q is 
considered an outlier. Subject to further empirical studies, we use 50m/s as the threshold of bad 
data selection. Figure 19b depicts a common scenario that the new location q’s error range is 

 
 

Figure 19: Location Update 
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much worse than that of p. A common example is that p is given by Wi-Fi or GPS, while q is a 
GSM location. Since the error ranges of p and q overlap, q will be discarded as a low accuracy 
and unnecessary location update. The map matching process on the server side will 
compensate for the missed location measurements. If the new location q is more accurate (as is 
depicted in Figure 19c) or q’s error range does not overlap with the previous location p (as in 
Figure 19d), the new location q is accepted as a good location update and sent to the 
tripzoom server for further processing. 
 
To keep the amount of data to be processed and transferred small (thus reducing energy 
consumption, storage space, and transfer times), location updates within a certain threshold 
distance are also discarded as these add little information for the subsequent route 
reconstruction.  
 

3.2.4 The Sensing Machine 
 
Besides data transmission, a considerable amount of energy is consumed by the actual sensing. 
Especially the high-quality location sensing using the GPS sensor is costly in that respect (see 
Figure 20). Also Wi-Fi sensing takes considerable energy, especially during the scanning phase 
and during the communication phase where the locations of Wi-Fi beacons are resolved into 
locations remotely. The task of the Sensing Manager is to keep sensors turned off as much as 
possible without loosing important mobility data. Especially while a user is not moving 
considerable, e.g., during the night or during office work, it pays off to turn off all unnecessary 
sensing processes.  
 
As depicted in Figure 21, continuous sensing with the GPS sensor will result in the users phone 
being out of battery after about 7 hours (without any further use of the phone). This is not 
acceptable. Therefore, GPS is usually turned off once no significant movement can be detected, 
having the sensing machine working in one of two distinct modes, En Route and Static. However, 
a mechanism has to be provided to turn on GPS again once the user starts moving again. 
Usually this is done using a combination of Wi-Fi and GSM scanning to detect changes in the 
observed base stations. Further, it is important to let the processor sleep by releasing any 
wakelock. However, also with this technique it is rather difficult to achieve continuous sensing 
spanning a full day without having the user to recharge the phones battery. This is mostly 
because each Wi-Fi scan takes a significant amount of energy too.  
 

 
 

 
 

Figure 20: Power consumption of GPS, WiFi and GSM sensing (from [8] with permission) 
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A further refinement of the two state Sensing Machine into a three state machine, adding a 
state that turns off even the Wi-Fi and GSM scanning while the user is completely inactive (eg. 
the phone is lying on a table during office work or during the night). Again, it has to be assured 
that the system power states activated by the Sensing Manager correspond to the actually user 
activities as precisely as possible. While the user is En Route the Sensing Machine should be fully 
working, i.e. taking regular GPS samples (see Figure 22). As soon as it is in the Static state, not 
making significant movements, the system should be in Stand By mode with the GPS turned off 
and only Wi-Fi and GSM scanning turned on. If finally the mobile phone is not moved at all, the 
system should even turn down the scanning for access points and only senses for movements of 
the phone itself. Movements of the phone are usually detected using the 3-axes accelerator 
sensor available on most modern phones. However, reliable movement detection requires 
regular accelerator sampling over a certain time period. Therefore we started to experiment 
with replacing activity detection by orientation-change detection using the magnetometer 
sensor. This only requires the regular gathering of one sample per period from which a 
orientation vector can be computed and compared with the previous one. If the orientation 
change is significant, decided by comparison with some threshold, an activity during the period 
can be deduced [8]. 
 

 
 
 
 

 
 

Figure 21: Energy-efficient Continuous Sensing 

 
 

Figure 22: User Activity and System Power States 
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3.3 Development Process 
 
The development of the tripzoom system was split into two distinct phases. The first phase 
established an initial design and implementation mainly informed by pre-existing work and a set 
of initial requirements extracted from the SUNSET scenarios [1]. This initial design, the requirements 
and the UI mock-ups are documented in the SUNSET deliverable D4.1 [3].  
 
In a second phase a tighter and integrative development approach was established to ensure 
a goal-directed SUNSET system development. This included a more detailed planning and 
coordination of the technical development and the evaluation activities that clearly indicated 
what service and feature would become available when and which scenarios would be 
supported at what time. This development process was organized in a number of successive 
release and evaluation phases and corresponding intermediate versions of the tripzoom app. 
Each target release was well specified in terms of features and services to be implemented. The 
development of each release was planned for about 4 weeks followed by one week of 
evaluation. At the end of the development phase, the technical leads did a release check that 
resulted in suggestions on evaluation goals to the evaluation leads. The evaluation leads 
planned and coordinated the evaluation of each release and produced a detailed evaluation 
report. The technical leads used this report to refine the definition of the next release. The 
technical software management tool Redmine supported the release management. 5

 

 This 
development approach established in the second phase of system development ensured that 
the initial, mostly technically motivated design, was verified and complemented by input from 
potential users and other stakeholders to guide the development towards the needs of the 
Living Labs and to build up confidence inside and synergy and alignment across the whole 
project team. The following outline gives an overview of the defined tripzoom releases with a 
focus on the mobile client part. 

R0: Baseline 
 
R1: App Rollout, Privacy & Passive Sensing 

• Mobile registration 
• User administration 
• Privacy management 

 
R2: Profile Control, Buddies & Personal Trips 

• User privacy settings 
• Trip detail display 
• Mobility impact visualization 

 
R3: Basic Incentives & Traffic Info 

• Basic incentives 
• Experience sampling 
• Context harvesting 

 
R4: More Incentives & Living Labs Monitoring 

• Localization support 
• Trip overviews 
• Notifications 
• Low-level battery efficiency optimizations 

 
                                                      
5 http://www.redmine.org 
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R5: Social Incentives & Living Labs Control 
• Graphic design 
• Mobile buddy list 
• Incentive improvements 
• New tripzoom portal integration 
• Improved battery efficiency adding the Sleeping state 

 
R6: Trip Tagging & Social Network Communication 

• Facebook login  
• Social Network friend invites via Facebook, Twitter and Email 
• Usage recording (analytics) 
• Extended incentives with ratings 
• Community tab 
• Further improved battery efficiency using the magnetometer sensor 

 
R7: Scalability & Stability 

• Final UI 
• Localization for Living Lab languages 
• Parameter tuning 

 
Regarding the development of the Sensing Machine discussed in Section 3.2.4, the following 
release can be identified to implement important variants that achieve quite different technical 
evaluation results as discussed in the next section. 
 
R0-R3: Two State Machine 

• Initial 2 state machine (Standby and Working), see [2] for details 
 
R4: Implementation Improvements 

• Reduced number of wakelocks 
• Switched to bulk upload at trip end 

 
R5: Three State Machine (Accelerometer)  

• Adds Sleeping state using accelerator sensing 
 

R6: Three State Machine (Magnetometer) 
• Replaced accelerator-based Sleeping state with magnetometer-based one 

 

3.4 Evaluation 
 
An independent team of evaluators as described above evaluated each of the tripzoom 
releases. The focus of these evaluations were on user-level functionality and usability testing to 
 

• make sure the system is step-wise improving and extending towards a level which 
matches stakeholder expectations 

• provide a first check on missing functionality or usability issues prior to going live in a Living 
Lab setting 

• create confidence in the added value of the system 
• create better understanding for the non-technical project team members in the 

technical design choices and existing challenges  
• provide input (directions, choices and requirements) for the technical team 
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The main activity was to prepare and conduct mini experiments (use case-based assignments) 
with a set of test users, who test and evaluate the added features of the release in question. 
These mini experiments build on a number of well-known user evaluation methods such as 
standard usability testing, cognitive walkthrough and others. 
 
The evaluations were prepared and planned by an evaluation coordinator. Using an evaluation 
protocol, the team defined one or more questions (e.g. are users able to manage their privacy 
settings), selected and executed the evaluation method, defined the test group, created 
assignments for the test group, directed and guided the test users and collected the feedback. 
Finally, the evaluation team created concise overall evaluation reports. A summary of the 
findings releases R1 to R6 are given below. 
 
R1 (heuristic evaluation, 2 evaluators) 

• Confusion on registration vs. authentication in the mobile registration dialog (suggestions 
for improvements were provided) 

• In some cases user registration failed (bug reports have been filed) 
• Not all trips were recorded 
• Battery usage is substantial 

 Intended main services provided, but need improvement. 
 
R2 (combination of heuristic evaluation and cognitive walkthrough, 5 evaluators) 

• Lack of help or user documentation 
• Non-intuitive/inconsistent terminology 
• Poor detection accuracy of trip data (esp. modality) 
• Lack of synchronization between mobile app and Web portal 

 Intended main services provided, subject to some usability issues. 
 
R3 (combination of heuristic evaluation and cognitive walkthrough, 5 evaluators) 

• Incentives and Experience Sampling questions not properly distributed and no reward 
received 

• Living Lab coordinator is not able to monitor incentives properly 
• Living Lab coordinators had difficulties in entering experience sampling questions 

 Release 3 is found to be not fully capable of fulfilling the intended main services. It is 
suggested to offer incentive templates to Living Lab coordinators and allow trendy and 
innovative naming of incentives. 

 
R4 (combination of heuristic evaluation and cognitive walkthrough, 4 evaluators) 

• The app failed to generate (useful) mobility profiles 
• Login via external Social Networks not yet supported 
• Still fails to deliver registered experience sampling questions 

 Release 4 is found to fulfil 3 out of 6 intended services. 
 
R5 (heuristic evaluation, 3 evaluators) 

• Still evaluators were not able to receive experience sampling questions 
 Release 5 is found to fulfil 3 out of 4 intended services. It is suggested that similar to the 

incentive templates, templates for experience sampling questions are provided to Living Lab 
coordinators. 
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R6 (combination of heuristic evaluation and cognitive walkthrough, 4 evaluators) 

• Mobility performance comparison with the community was evaluated to be visually 
attractive and intuitive to understand 

• Connection to external social networks worked now to some extend 
• Battery consumption of the app is no longer deemed a major problem 
• Reliability of incentive and experience sampling not high enough 
• Accuracy and reliability of personal mobility monitoring needs to be further improved 

 Release 6 is found to fulfil all of the intended services 
 

R7 (heuristic evaluation, think-aloud and experience interview, 5 “friendly” end users) 
• Registration and installation process was evaluated to be acceptable and eased 

through the availability in the app stores 
• Fully localised app was found to have intuitive terminology in the local language 
• The help documentation on the Web site was found supportive 
• The City Dashboard was evaluated to be ready for the Living Lab operations, but needs 

improvement on reliability and stability 
 Release 7 is considered end user ready 
 
Figure 23 gives some development statistics that indicate the scope of each release as well as 
number of issues that were identified by the evaluators. Besides the system evaluation from user 
and operator perspective we also conducted the technical evaluation of key aspects of the 
tripzoom system. The most serious issue identified by the user evaluations was the energy 
spending of the app. Therefore, we developed and analysed several variants of the Sensing 
Machine (see Section 3.2.4). Figure 24 compares four key releases of tripzoom in terms of battery 
life on the Android OS platform. This data results from experiments were users were carrying a set 
of phones (same hardware and OS software) running different versions of tripzoom over some 
period, recording their usual working day mobility patterns (e.g. sleeping, commuting ca. 30m to 
work, office work, commuting back home, leaving home for shopping nearby, staying home, 
sleeping).  
 

 

 
 

Figure 23: Development Statistics 
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It turned out that already the small technical improvements implemented in R4 (bulk data 
upload and elimination of processor wakelocks) gained a considerable amount of lifetime 
compared to R3. However, the biggest savings could be gained by introducing the state 
Sleeping to the Sensing Machine in R5 using the accelerometer sensor. Small decrease in battery 
life of R6 compared to R5 can be explained by some parameter tuning to achieve a 
considerably better latency of the Sensing Machine transitions, resulting in improved accuracy 
of the overall mobility monitoring. In separate experiments we have shown that realizing the 
Sleeping state using the magnetometer sensor is considerable more energy-efficient than relying 
on the accelerometer sensor and its more complex processing. Some more technical results are 
listed in Table 1 supporting this argumentation. For example, the missing start distance indicating 
the latency of wake-up state changes of the Sensing Machine is largely improved in R6, also the 
effect of this improvement is not as significant to users of the full system as in any case the map-
matching results are used on server-side to correct those gap, also resulting in better estimates of 
the departure times. 
 

 
 
 

Table 1: Power consumption vs. trip start detection 
 

 R3 R5 R6 
1% battery drain 12m 35m 30m 
Missing start distance 200m 550m 70m 
Wakelock held 100% 15% 15% 
Network location requests 3800 500 500 
GPS requests 400 310 350 
Server communication 20 10 10 
Uploaded locations 250 200 270 

 
Figure 24: Real World Battery Life 
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3.5 Outlook 
 
The evaluation results documented in the previous section highlighted two major technical 
hurdles for the development of continuous mobility sensing apps like tripzoom. One is the 
energy-efficiency of the location sensing and the other is the accuracy of general location 
sensing and modality detection. In general, accuracy can be traded for energy-efficiency to 
some extend as we indicated above. An idea not yet explored in tripzoom is to spend some of 
the saved energy on recording activity patterns on the mobile clients using the accelerometer 
sensor. This additional information together with a multi-dimensional location data analysis, best 
connected via a decision tree that allows for step-wise refinement of the modality decision 
could complement the server-side modality detection that is mostly based on one-dimensional 
speed analysis and successful map-matching. Figure 25 shows the result of the analysis of a trip 
that besides average speed takes speed variation within a 90 seconds sliding window into 
account. For this trip it clearly shows different 2D regions for the three successive user modalities, 
waiting for in the tram, driving the tram and walking. Of course, this cannot be easily generalized 
as for example the corresponding 2D regions for bus and car trips do considerably overlap. 
 
 
 

 
 
 
 

 
Figure 25: Sliding Window Modality Detection 
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4. Requirement Verification 
 
As first step towards the tripzoom app, a list of requirements [2, Sect. 4] was extracted from the 
overall SUNSET use cases and scenarios [1]. Two types of requirements were collected, system 
requirements addressing system features and technical requirements addressing technical 
details. The former were linked to system features, while the later were mostly refinements of the 
identified system requirements. Identifiers of system requirements start with the prefix SR, while 
those of system requirements start with a capital TR, followed by a running number. 
Requirements related to the mobile app were split into those addressing the mobile monitoring 
(T4.1), the social sharing (T4.2), as well as the incentive mechanisms (T4.3). The following three 
tables (Table 2, Table 3, Table 4) list requirements that are obviously fully realized by the tripzoom 
app as described in this document (see [2] for full requirement descriptions). 
 
 

Table 2: Fulfilled Mobile Monitoring Requirements 
 

T4.1-SR0 Application Registration 
 The registration of the application is required and users have to provide consent to the 

application to handle their personal data on their behalf 
T4.1-SR1 Location Traces Measuring 
 The mobile application should continuously gather location measurements in a way that 

allows to reconstruct the geographical traces the user took 
T4.1-SR4 Notification Support 
 The mobile application has to support a notification mechanism such that the server can 

push information to dedicated users 
T4.1-SR6 Experience Sampling 
 Users shall be able to push feedback messages to nearby users, social networks or the 

SUNSET portal and answer questions received from the SUNSET platform 
T4.1-TR0 Application Configuration 
 The application needs to be configurable to the users devices and needs 
T4.1-TR1 Quality of Location Measurements 
 The density and precision of the location measurements taken have to be good enough to 

allow for a precise reconstruction of the path the user took 
T4.1-TR2 Energy Efficient Trace Detection 
 The trace gathering has to be done in a very energy efficient way to allow the user to run 

the phone at least one full day without charging. 
T4.1-TR3 Mobility Detection 
 The mobile application has to recognize periods were the user is stationary and does not 

move significantly and periods were the user is making significant location changes 
T4.1-TR4 Data Processing and Fusion 
 Data from different sensors need to observed, interpreted and fused already on the mobile 

client to make informed decisions on the dynamic selection of the best sensing strategy 
T4.1-TR5 Server Connectivity 
 A central component responsible for the communication towards the server simplifies the 

optimization of data communication to avoid unnecessary data communication and to 
minimize the energy use 

T4.1-TR6 Energy Efficient Activity Detection 
 The activity detection has to be done in a very energy efficient way to allow the user to run 

the phone at least one full day without charging 
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Table 3: Fulfilled Mobile Social Sharing Requirements 
 

T4.2-SR1 Trip Visualization 
 The mobile application should visualize (recent) trips made by the user 
T4.2-SR2 Modality Visualization 
 Mobile application / Mobile Mobility Profile Visualization 
T4.2-SR3 Buddy Location 
 The Mobile Buddy List should provide an overview of the location of friends 
T4.2-SR4 Buddy Sustainability Ranking 
 The mobile buddy list should provide a ranking of buddies based on, CO2 emission, 

kilometers travelled by bike, public transport 
T4.2-TR1 Mobility Profile Visualization 
 The mobile application should visualize the mobility profile of the users 
T4.2-TR2 Buddy List 
 The mobile application should visualize the profiles, locations and modality choices of friend 

grouped within a container 
 
 

Table 4: Fulfilled Mobile Incentives Requirements 
 

T4.3-SR0 Display Shelf 
 The mobile application should let users view a list of indicators showing user’s progress in 

achieving green trips and higher ranking among SUNSET mobile users 
T4.3-SR1 Point Scheme 
 The mobile application should offer “event-triggered” bonus/extra points to a user at the 

right place and time 
T4.3-SR2 On-the-go Bonus 
 The Mobile Buddy List should provide an overview of the location of friends 
T4.3-TR0 Application Configuration 
 The application needs to be configurable to the users devices and needs. Users should be 

able to search for or browse the available incentives as well as arrange them in a certain 
order. Basic information filtering should be available.  

T4.3-TR1 Incentive Visualization 
 The Incentive Market Presenter should display the different information related to the 

incentives and user-specific incentive information 
T4.3-TR2 Communication   
 This shall address communication between  

1) user and mobile device – allow users to redeem incentives and give feedback/rating   
2) mobile device and server – retrieve and receive information from the server, this include 
available incentives and on-the-go incentives.  Also, pass user-specific incentive 
information back to server, such as redeemed incentives, rating on incentives. 

 
 
The requirements listed in Table 5 are not or only partially realized by the mobile tripzoom app. 
The first one, T4.1-SR2 was realized by data-mining processes incl. map matching on the server 
side. However, as we argued in Section 3.5, the quality of modality detection could be improved 
by taking mobile client side activity information into account. This links it to the partially realized 
activity detection requirement T4.1-SR5. As part of the Sensing Machine, activity detection is 
realized to a certain extend as it allows to differentiate between the Inactive, Static, and En 
Route states. Finally, requirement T4.1-SR3, Live Monitoring, was rejected due to the high-energy 
consumption of the transmission of small data packages is causing (see Section 3.4). Instead it 
was agreed between developers and evaluators that data transmission at trip end would be 
good enough to fulfil the overall goals of the app. 
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Table 5: Only Partly Realized Requirements 
 
T4.1-SR2 Modality Detection 
 Location traces have to be annotated with the corresponding modality like “by 

bus” or “by car” 
T4.1-SR3 Live Monitoring 
 Monitoring results have to be reported almost instantly to a central system 

component 
T4.1-SR5 Activity Detection 
 Activities of users like “biking” or “in a call” have to be detected and pushed to 

the server 
 
 
Finally, three additional requirements were identified during the evaluation phases and have 
been realized by tripzoom. One is the requirement to secure the communication between server 
and client to prevent for example the classical man-in-the-middle attack. This was realized by a 
combination of securing communication via ssh and the OAuth protocol. The second is that a 
technically complex app like tripzoom should come in a user-friendly package. The previous 
section detailed how this additional requirement is realized. The last requirement was resulting 
from the initial evaluation of the app by the living lab coordinators. As these coordinators are 
also responsible for the recruitment of the living lab participants, they pointed out early that an 
app localized to the corresponding language would ease its take up in the living labs. So 
localization of all UIs was identified as rather important and finally realized by release R7 of 
tripzoom. 
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5. Discussion 
 
In this paper we documented the mobile tripzoom app from the user as well as the technical 
perspective. We documented in detail the development and rationalities of the UI design as well 
as the Sensing Machine, one of the key technical innovations resolving the energy-efficient 
sensing issue. As main conclusion we would like to stress that building an app that continuous 
measures mobility of users is still technical challenging and therefore expensive, not comparable 
to those simple, mostly HTML5-based apps available today. However, we proved that such an 
app could be developed without compromising the battery usage of nowadays phones too 
much. One additional thing that is difficult to achieve with such a complex technical app is to 
give it a simple face towards the user. There is the tense between the need for visualizing all of 
the recorded sensitive private data to raise the trust level on the one hand and a playful UI on 
the other. 
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