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1. Objective

Technological advances, such as GPS devices and smartphones, have had numerous
impacts in the realm of travel surveys. These advances bring both challenges and
opportunities as we work to balance the potential to collect nearly unlimited amounts of data
with the need to not overburden transport survey participants. This paper addresses the
steps currently taken to manage this balance in the context of the Future Mobility Survey
(FMS), a smartphone based travel survey being developed in the Singaporean context.

2. Methodology

The FMS survey (Cottrill et al, forthcoming) uses a combination of a downloadable
smartphone app, available for Android and iOS, and an online prompted recall survey to
collect both demographic and travel data from participants (Figure 1). Data collected from
the smartphone application are uploaded to a central server, mapped, automatically cleaned
and analysed and made accessible to the participant from the project website, where he or
she is asked to provide detailed travel information via a prompted-recall survey.
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Figure 1: Survey architecture

In developing this system, we have worked to balance participant burden and data accuracy.
Achieving this balance has entailed a three-part strategy: first, we have carefully developed
the app for ease of use, non-intrusiveness and low power consumption; next, we



implemented data analysis techniques that aim to prepare the web interface in such a way
that the user needs minimal interaction; finally, we designed the web interface to become as
intuitive and visually pleasant as possible in order to engage the user in activity validation.
Developing, implementing and testing this strategy has provided considerable advancement
in the use of ICT to support and enhance activity and travel data collection.

2.1. Smartphone application design

The key role of the smartphone devices in our project is to act as data loggers. Overall, the
FMS platform is designed to allow other types of devices to upload data to the server, such
as dedicated GPS loggers or older phones. Thus, our app is deliberately “silent” in the sense
that nothing at all is expected from the user besides making sure it is running. However,
since the Apple App Store requires availability of some minimal visible functionality, we
included simple stats such as total amount of data collected and a map-based visualization
of recent traces. For coherency, we assumed the same design for the Android version. In
any case, the interface is designed to minimally influence travel behaviour and avoid
distracting the user with any interaction.

In Figure 2, we provide a few snapshots of the current interface.
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Figure 2. Smartphone app interface

A crucial challenge of this kind of technology is battery consumption, mainly due to the use
of the GPS sensor. Effectively, this can become the major source of burden for participants
while recording their trips and activities. On the other hand, since it is only available
outdoors, the typical amount of GPS data collected during the day for a normal user is
relatively small compared to the 24 hours of a day. As a result, a logger with fixed frequency
GPS sampling will systematically fail to “get the first fix” (GTFF), which itself demands high
battery consumption. Another limitation of fixed frequency is that the GTFF process needs
some time to converge to a position estimate, a period that depends on many factors, such
as number of visible satellites and their geometry, almanac correctness, ambient noise or
sensor quality. So, if not enough time is given for each GTFF attempt, the logger will keep
failing and the data will be poor while still draining the battery.

We apply two techniques to minimize this problem, namely, using the accelerometer for
detecting “still’, or no-movement, stages (thus, GPS will not be needed) and what we call
“phased sampling”. The concept is the following: we collect intensive GPS data (1Hz) for a
continuous period of time and then deliberately sleep for a period. In this way, the number of
GTFF processes will be much smaller than fixed sampling, while providing adequate time for
location estimation. After a period of fine-tuning, current configurations used are 3 minutes
for collecting, 2 minutes for sleeping.



2.2. Data analysis

The data analysis component serves to transform the logged raw data into understandable
information for the user. It is particularly focused on inferring stops, modes and activities.
Figure 3 shows the general process followed.
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Figure 3. Data analysis process

The algorithms used in each step vary. The “process raw data” step consists of a series of
scripts for cleaning, composing and temporally aligning the incoming data for use in the
subsequent analysis steps. The “stop inference” applies a rule-based algorithm in two
phases: first, it matches spatial/temporal windows (Hariharan and Toyama, 2004) to the data
to obtain candidate stops; then, it uses wifi and GSM data to merge stops, particularly using
accelerometer information to detect “still” periods (where, although the GSM is “jumping”, the
user has remained in the same place). This step also uses past validation information to
match a user’s recurrent places (e.g., home, work) with GSM signatures and adds/removes
stops based on mode detection results (e.g. there must be a stop for change mode/transfer
between any two different modes).

The “mode inference” step applies a machine-learning algorithm, support-vector machine or
SVM (Cortes et al, 1995), to accelerometer and GPS data to identify the mode out of the set
of car, bus, subway, walk, bicycle or motorbike. Finally, the “activity inference” matches the
historical data, namely the previous validations, to current stops to identify recurrent
locations. Current development of this module also considers contextual information such as
the Points of Interest or the mode interchange areas.

The goal of the “learning from user validations” step, under development, is to systematically
update these algorithms over time, i.e. perform online learning.

2.3. Web interface design

The third component of our system is the web interface. In this case, the major challenge lies
on the side of the user interaction design. First of all, the notion of an activity diary is
somewhat strange to the layman, thus the first difficulty for any regular user is simply to
understand what to do. We note that, to properly fill the activity diary (i.e. to validate their
data), the user needs to verify the following information:

- Stop locations



- Stop durations (start and end time)

- Activities performed in detected locations

- Travel modes taken between stops

- Costs/options associated with travel modes such as bus number, parking cost or
accompanying persons

The first challenge is thus to communicate what each concept means, explain each
individual task and options, and prompt the user with visual and textual cues to recall the
actual activities and travel. Relying on lengthy tutorials to guide the user is known to have
limited impact so we created a home page (Figure 4) with the essential recruitment
information and links for a quick reference (FAQ) and detailed information (Participate!). We
also provided leaflets, a video and a help line. Finally, we also added a personalized remote
desktop help service that will be described below.
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Figure 4. Opening page of FMS

Even with the above information and other types of material (a leaflet and video), the task is
still understandably challenging for the vast maijority of users given the amount of information
that is required from them to confirm/change. We designed several user interface proposals
that considered aspects such as grouping (all stops together; individually; grouped by tours),
sequencing (stops, activities, mode; stops, modes, activities, etc.), validation mode (on the
map, using textual interface), icons, colors and font sizes. We then conducted usability tests
for the different web interface versions. We summarize a few of the key findings:

- Understanding the continuity of time is essential, particularly that each activity/trip
starts when the previous trip/activity ends. Previous simplified interfaces that only
showed times for either activities or trips were deemed incomplete/confusing;

- Unless the traces have high quality, their visualization on the map can become
confusing. GSM or low quality GPS data can become quite “jumpy”. After trying other
intermediate solutions (e.g. represent the trace precision with different line types;
only show high precision), the least disturbing solution was found to be adding a
“show traces” option;

- The ability to understand the map varies widely among users; this implies that the
text descriptions need to be as self-explanatory as possible;



- The task of deleting stops/trips is much easier than adding them. As a result, we fine-
tuned the stop detection algorithm to generate more false positives than false
negatives. This generates more stops than what we would intuitively desire but the
interface burden is lower than otherwise;

- Users are sensitive to font size as well as to amount of information on the screen,
especially in the first uses of the interface;

- Elaborate interface features, such as right-click, mouse-hover feedback or drag/drop
are inappropriate for a vast amount of the public so we restricted ourselves to more
traditional solutions.

In Figure 5, we show the current activity diary interface as the user sees it after selecting the
validation day.
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Figure 5. Activity diary main screen. The day started at 08:39am (after arriving to that
location the day before at 17:12) with a car trip to stop 2, followed by a 1 minute walk to stop
3, etc.

The task is to click on all the “Validate” buttons in the intended order and edit or confirm
each stop/activity and trip. Figures 6 and 7 show the validation of stop 1 and the subsequent
trip, respectively.



Date Selection Add Non-Travel Activity
| Map | Satellite

<

%, 1l
@ Start 17:12° i
ik & n ; Rty Validate
a < End 08:39  Home 4
£ I
g £
;f & -,g Start Time End Time
G
§ Yong Loo L | 17 || 12 #| ofPreviousday +| |08 *|| 39 4| ofCurrentday # |
¥ et Lin School (=}
é’ of Medicine &
b &
UOB ATM H Non-Travel Activity
B Kent Rid - Please select the type(s) of activity that
"g best describes what you did here
o o™ %
= %, DHGERERED

) 4
gl © ECROESEEE
. Z
; I 500 70 ey i N
cacpen]e by -
IS 000 t Mapkiata ©2013 Goagle, Mapi T Tale Atias - Terms of Use' Reporta map eror

Some traces may be incorrect due to low accuracy data Continue
Hide Traces

08:39 Travel
End 08:47  Car/Van

Validate

Address, landmark or postal code...
' e HBHO &= 29 ow
Figure 6. Validating stop 1

= -
g
+

Date Selection Add Non-Travel Activity

= o . i %u
<

=, ]
. S0, Start 17:12"  Activity o
L u v Validate
=z End 08:39  Home
|
ol 4
g £ 8 [| Start 08:39 Travel = okdate
g : o
g Yong Loo ! End 08:47 Bus ;
= it Lin School & ]
i of Medicine E]
i &
2 Travel Activity Additional information
uos ATM H
Kent Rid How many people travelled with you? Bus type
't'ﬁa @o O1 02 O3 Oa Ose () public bus
oy ® it g =
S Grorgs® (_) sehoal bue
7y Please tell us how you travelled here () Company bus
% 2 = *) Shuttle b
’*e un, g FEEEONEOR O
2 s, Bus number

606
Conale [299mS ey . .
=SS 000 1o Mapkats @2013 Google, Mapi T:Tgle Atiss - Tarms of Use’ Report a map error o1l
Some traces may be incorrect due to low accuracy data -
Hide Traces

Address, landmark or postal code... "

Figure 7. Validating a trip

Finally, we reiterate the fact that, for the majority of the users, the learning curve can still be
steep. In response to this, we added a new feature that allows for remote desktop help,
based on the Firefly® technology'. With this feature, the user can provide an FMS
representative (the “helper”) temporary remote access to her FMS page within the browser.
The helper can then either use a chat window or call the user to guide her through the

! http://usefirefly.com/



interface. The helper can see the user's FMS page and highlight certain pre-defined areas.
To initiate the process, the user only needs to click on the “need help?” button on the left-
hand side of the window (Figure 8). Then, she can either talk to the helper immediately (if
available) or schedule a tutorial session (Figure 9).
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Figure 8. Accessing Firefly based help.
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Figure 9. Scheduling a help session.

3. Conclusions

At the time of this writing, FMS is running in Singapore, with a targeted sample size of 1000
subjects. The findings and decisions reported here correspond to an on-going process
currently being thoroughly tested. Upcoming publications shall bring a more conclusive and
verified set of conclusions, particularly in comparison with the Household Interview Travel
Survey (HITS 2012), a traditional type of survey simultaneously being run in Singapore.

Our iterative process of testing, improving and refining the system revealed that
implementing a smartphone-based activity survey requires various trade-offs in order to be
palatable to survey participants and useful for data collection purposes. In this paper, we
report on the critical needs to develop a comprehensive survey platform that respects this
balance.



The ubiquity of advanced technologies in the mobile environment reveals great potential for
expanding data collection methods. Taking advantage of such potential, however, will
require careful attention to competing needs. This paper presents a comprehensive
approach for the development of a basic data collection platform that may be modified or
expanded for use in a variety of contexts or situations.
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