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ABSTRACT

In recent years, GPS-enabled device, which facilitate people to
record their outdoor movement with GPS logs, has become
prevalent in our daily lives. In this paper, we build a platform,
referred to as GeoLife, where people are enabled to visualize and
manage their GPS logs as well as associated photos on Web maps
for life-logging and life-sharing. The GPS logs from each person
are not only used to exchange life experience among multiple
users but also leveraged as a kind of cues to trigger the owner’s
memory about past. Further, given the fact that people usually can
roughly remember a past event rather than the exact time and
location of the event, a spatio-temporal search function is
proposed to support subjects’ recall of past experience. By
performing a user study, we find evidences that the GPS log data
do improve p e 0 p lmemorg about past beyond natural
remembering, and search function is more effective than normal
browsing method to help users connect to their past.

Categories and Subject Descriptors

H.4.3 [Information System Application]: Communications
Applications — Information browsers H.5.2 [Information
Interface and Presentation]: User Interface. 1.5.2

General Terms
Management, Design, Experimentation.

Keywords
GPS log, geographic location, GeoLife, spatio-temporal indexing,
life-logging, Web Maps.

1. INTRODUCTION

Over the past decades, many GPS-based applications emerged on
the Web as GPS-enabled device becomed prevalent in our daily
lives. Recently, with the increasing popularity of Web maps like
Google map and Live map, quite a few Web applications
[11[21[3][4][5], which help users visualize their GPS log data and
associated multimedia data on the maps, have received
considerable attention. Overall, these applications can be
partitioned into two categories, multimedia-data-centric and GPS-
data-centric applications. The former such as Flickr and WWMX
[6] focuses on the content of multimedia data, e.g. photos, geo-
tagged by stand-alone GPS point location, while the later [1-5]
pays more attention on GPS track log and regard multimedia data
taken along the track as a kind of tag. Both of the two categories
of applications attempt to stimulate userS passion on contributing
data to the systems so that people are more convenient to share
each other’s life experience over Web maps.

Although, the application scenario mentioned above looks
reasonable and promising, many people would still like to
challenge what p e 0 p io@vation on uploading GPS data is.

Intuitively, given the prosperity of Blog, it is not hard to
understand that more and more people would like to show their
life experience with others. However, whether the benefit users
get from these applications is sufficient for supporting its long-
term development is still a question that needs to be answered.

In this paper, we describe a GPS-track-log-centric system, referred
to as GeoLife [7][8][9], which visualizes people’s GPS track log
and associated multimedia data for not only sharing life
experience among people but also memorizing each person’s past
events. The contributions of this work lie in that:

1 By using GPS track as well as the associated multimedia data
on Web maps, we exploit a life-logging scenario where users
can gain more personal benefits.

I A spatial-temporal search function is leveraged to facilitate
users’ ability to connect to their past.

9 A user study is performed to explore the effectiveness of
GPS track log on triggering users’ memory of past
experience. The study also distinguishes the capability of
search function from normal browsing method on supporting
user’s recall of past.

The rest of this paper is organized as follows. We summarize the
related work in Section 2 and describe the architecture of GeoLife
in Section 3. After report some results of user study we performed
in the Section 4, we draw our conclusion in Section 5.

2. RELATED WORK

Multimedia data centric Web applicationFor better archiving
and browsing photos, in many communities like Flickr and
WWMX [6], users are allowed to tag photos with the
corresponding locations where they are taken on Web Maps. In
these applications, users care more about the content of photos or
videos than the related geographic location. The main difference
between GeoLife and them is that in GeoLife users pay more
attention on the geographic information extracted from a GPS
track which is a sequence of location, while the geo-tagged
multimedia data is leveraged to make the plain GPS track more
informative and fancy.

GPS track log sharing applicationsMany online GPS track
sharing applications alexclagd
f or u2hbrovifles a public space where users can exchange
plain GPS track log files by posting literal descriptions of the
original creator and ot her3]
improves the user interface by displaying the uploaded GPS track
log on a digital map and marking the positions where the user has
taken an image. It also computes basic statistics of the track,
including | ength, dat el] sonodly
presents tracks and images on map, but also allows users to add
their own tags to describe t
“relaxing”. Users can s ebasedc
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search function is
can get from these applications fall in life experience sharing. In
other words, users contribute to other persons and get benefit
from others. Based on their own data, no personal service is
available for people themselves. The major difference between
GeoLife and these systems is in that we not only provide GPS
track exchanging scenario but also exploit service to support each
person to recall personal past based on his/her own data.
Moreover, we employ spatial-temporal search function to
facilitate users’ ability to retrieve GPS track and recall past
experience effectively.

Life logging system In many life-logging projects like
MyLifeBits [10] and SenseCam [11] etc., using images, audio,
videos and so on, users are allowed to capture everything that
ever happens to them to protect the step-by-step deterioration of
p e o prhei@ory®f past experience. Though location is implicitly
deemed as an important cue and has been recorded in some life-
logging systems, no work explicitly and specifically investigate
how much this geographic cues can help people link to their past
experiences or suggest how to leverage the geographic cues more
effectively and efficiently. The work reported in this paper is a
part of GeoLife and also a step to figure out the problem
mentioned above.

3. GEOLIFE
3.1 Architecture

Figure 1 depicts the overall architecture of GeoLife. Users can
upload their GPS log data as well as multimedia data to our
system for personal and/or public use depending on their own will.
For personal use, we help each user archive and visualize his/her
own historical data from which the knowledge such as personally
significant places, life pattern etc could be mined. Further, the
knowledge is leveraged to help users memorize and understand
their past life. If people would like to share their GPS tracks out,
from the public data we learn popular travel routes, hot places and
traffic condition etc. The mined knowledge can be recommended
to users via Web or mobile user interface (UI) when they need
suggestions.
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Figure 1. Architecture of GeoLife

3.2 MyGeolLife

In this paper we focus on describing the personal services GeoLife
provides, called MyGeoLife, and illustrating how these services
support users’ recall of past. As shown in Figure 2, we visualize
each person’s GPS log on the Web maps and tag multimedia files

a j],and it fpcose v i doghd correspondingMliocktibngnehtrektliey are faken for effectively
on “country"” Hevevd, thé majortbénefits iegple .

browsing. People can view the profile of each track and play them
on the map in animation. The profile of a GPS track includes: date
and corresponding weather information, start time, end time,
length, duration, average speed etc. Also, thumbnails of images
taken along the trip are also listed in the profile (see phrases
shown in the information box). Besides, stay point, a place where
a person stays for a while, will also be detected (see the red point
on the track). When the track is played in animation, an icon
representing the user will move along the track on the map. The
information extracted from the track and associated multimedia
data will be shown on the right location timely and sequentially.
All these information are used to trigger people’s memory of past.

|End Polnll | Photos taken here | | Preview the profile of a trajectory | | Select a route from a list |
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Figure 2 Prototype of GeoLife

Figure 3 demonstrates the spatio-temporal search function we
employed in GeoLife. As shown in Figure 3-a), by selecting a
spatial range on a map, users are enabled to find out the GPS
tracks across the given spatial range. Also, as depicted in Figure
3-b), the system will help users to retrieve the GPS tracks
intersecting the temporal interval given by a user. Here, we
concentrate on the concept which employs spatio-temporal search
function to support people’s memory of past rather than the
indexing algorithm. Furthermore, the spatial search can be used
with the temporal search simultaneously to find out the GPS
tracks within a spatial range and intersecting a time span.

Intuitively, people usually forget the exact time and/or location of
a past event while keeping the coarse memory about it. For
instance, an individual may remember he/she has been to WAL
MART couple of weeks ago but forget when. At this time, as
shown in Figure 3-b), the person can offer a loose temporal
interval like Feb. 1% to March 1% as query and leverage the
temporal search to retrieve the GPS track candidates. After
browsing the very track from search results, the person becomes
more capable of connecting to the past event he/she wants to
recall. Likewise, people usually forget the address of a place they
had visited long time ago. At this moment, they only keep the
memory of the location on the city or district level. Hence, as
illustrated in Figure 3-a), by selecting a very large special range
on the possible part of map as query and performing spatial search,
people can find out the candidate tracks. By playing the tracks,
people can get the information they need. If people like, the
temporal search can be combined with spatial search to retrieve a
more precise and accurate search results.
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Figure 3. Spatio-temporal search of GeoLife

4. USER STUDY

4.1 Questions

To explore the usability of My GeoLife on life logging, we
perform a user study based on the built prototype. When
performing the experiments, we should keep the following two
questions in our mind.

(1) Do the GPS track logs and associated images improve our
memory of past experiences beyond what is normally
remembered?

(2) Does the spatial-temporal search function is more effective
than normal browsing method to facilitate people’s ability to
link to personal past.

With regard to the first question, by presenting subjects a set of
questionnaires, we examine the contribution of the GPS track logs
to connect to people’s personal past. Further, we can distinguish
the effectiveness of spatial-temporal search from normal browsing
via counting the number of correct answers people get and time
cost spent on figuring out the questions.

4.2 Experiment Design

Subjecs: 20 male and 16 female people had been invited to take
part in the study. The subjects ranged from 20 to 28 years old, and
had education background from B.S. candidate to Ph. D-holder.
All of them are familiar with taking photos using their own
camera phones. Although without experience in using GPS
receiver, they were able to use the GPS receiver efficiently after a
short period of training. Then, we randomly assign them to two
groups and ensure each group has 10 male and 8 female people.
Subjects are required to carry a GPS receiver assigned by us and
their own camera phone simultaneously for a week. In each daily
life, they are requested to power the given GPS device on to

record the tracks they go through, and take at least 40 images per
day on whatever they like with their own camera phone.

Questiomaire: To test users’ memory about past events, we
design a set of questions which consists of 40 questions. These
questions covers typical daily life experience and are not difficult
to remember. For instance, “When did you leave home 8ep.2”.
“Where are you at 3 PM, Septembe@t Meanwhile, the answers
of most questions can be detected from the given cues.

Recall Procedue: Figure 4 illustrates the procedure of the user
study we performed after subjects finish carrying the GPS device
for a week. Three kinds of recall are defined in this study as
follows.

1 Free Recall subjects recall the past life depending on
nothing but their own natural memory.

1 MapImage BrowsindRecall Subject can navigate the GPS
tracks of every single day by clicking the day in a calendar.

1 MapImage Searchin@Recal: subjects can navigate the GPS
tracks within arbitrary time interval or spatial range by search
method.

In the first round of recall test, subjects from both group 1 and
group 2 answer the questions we designed depending on their
natural memory. Then, given the GPS tracks and associated
images over maps, the subjects from group 1 re-answer the same
questions as the first ground by implement Map-Image Browsing
Recall while the subjects from group 2 perform Map-lImage
Search RecallThis test will be performed after a short temporal
interval (three days), intermediate interval (fourteen days) and
long temporal interval (thirty days) respectively after each
subject’s carry day.

First Round Second Round
Natual Recall Map-Image Browsing Recall
Group 1
First Round Second Round

Natual Recall Map-Image Search Recall |

Group 2

Figure 4. Procedure of the user study

4.3 Evaluation

We evaluate the effectiveness of GeoLife on supporting people’s
memory of past by exploring the mean number of the questions
subjects answered correctly. At the same time, by calculating the
time subjects spent on answering the given questions, we
investigate the efficacy of spatial-temporal search in facilitating
users’ ability to connect to their personal past.

Ground Truth: With regard to the ground truth of the given
questions, it is difficultly to obtain since you cannot monitor every
subject all the time. That is a general problem for all such user
studies. In this paper, we tried to get an approximate ground truth.
When subjects participated in the test for the first time, we saved
their answers in the second round as the ground truth. We believe
this type of ground truth is very close to the real ground truth
since in this round all information has been presented to the
subjects and the interval between the test day and carry day is the
shortest among all possible values. In addition, subjects still can
use “not sure” as the alewshwnthiy
case, the answer is judged as incorrect.

[0]



Time Cost Before starting the recall test, all the subjects have
been trained on how to use our system effectively. Subjects are
also notified to complete answering the questions in each round of
each test within 20 minutes. However, even if the subject exceeds
the constraint time, we do not suspend the test but record the time
the subject spends. When subjects participate in the test for the
first time, to keep the quality and credibility of the answers, we
assign a member from our group to proctor the test process and
help test-takers with technical problems related to the system.

4.4 Results

As depicted in Figure 5, overalL, subj ect s
over time no matter what kinds of cues are given whereas the
dropping rate of free recallis faster than other recall manners.
With the support from GPS tracks as well as geo-tagged images,
subjects’ ability to c oddeeseat
degrade too much over time. Meanwhile, we discover that search
method outperforms the browsing method. Given the reality that
people usually can roughly but not exactly remember the when
and where elements of an event, the results is not hard to be
understood. It infers that the spatial and/or temporal search is

beneficial to refine the
memory.
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Figure 5 Mean number of correct answers of each test

In Figure 6, we compare the mean time cost of Map-Image
Browsing Recall with that of Map-lmage Searching Recall
Obviously, subjects spend less time on answering the

questionnaire using the search function than by calendar-based

browsing method. When browsing method is employed, to view

the GPS tracks of a week, subjects become easily frustrated

having to click the calendar so many times and remember each

day’' s <cues
method cost subject more time on answering the question while
search function are more efficient.
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Figure 6. Mean time subjects spent on answering the
questionnaire using browsing and search method
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5. CONCLUSION

In this paper, we described GeoLife, a platform where people can
share other person’s life experience and log their own past life
using GPS data. For personal user, a user's GPS tracks tagged by
multimedia data are leveraged to trigger the person memory about
past and show his/her life experience as well. Thirty six subjects
are summoned to perform a user study where each subject logs
his/her life using a GPS device and a camera phone for a week.
The recall test is implemented after 3 day, 14 days and 30 days
after the last carry day. As a result, we found the evidence that
GPS track log do offereff ect i ve | inks to
Ipe(r:"sosnal pas bey%nrd what is naturally remembered. Further, by
facilitating people to find out the specific GPS tracks from their
own dataset, the spatio-temporal search function is more effective
and efficient to support users’ recall of ?aset. iMro]r?oxéerlz as timdf:

t o

goces by, t e%fﬁcralcy d? BeSchreh fufetion i§ dropped slowfy fhah
browsing method and natural memory.

In the future, we are going to explore the efficacy of pure GPS
track on triggering people’s memory and compare it with pure
image cues. Also, different duration of carry day will also be
peopl e’ s
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