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Snapping photos or videos on a smartphone makes recording visual memories convenient, but what isn’t captured may still be
meaningful in retrospect. In this paper, digital mementos are automatically generated for participants using the Rewind system,
which assists the recall of location-based minutiae. Rewind is a video-like medium describing people’s daily excursions using
a sequence of street-level images determined by self-tracked location data. The Rewinds are color-processed to reflect seasonal,
time-of-day and weather characteristics. Through two user studies with a combined 40 users, Rewinds were shown to be used
as memory artifacts, and are especially meaningful in the many situations when photos or videos are not available. The small
cues in Rewinds evoke longer fragments of memory tied to nostalgic routines or significant events, and the sequence of images
provide a first-person perspective of remembrance for users. While they are more generic and can possess inaccuracies, Rewinds
give people anchors for memories that feel like their own that are used to craft a narrative for that day. Rewind strikes a balance
between automatic logging and manually-curated memories by personalizing it in meaningful visuals and consolidating an
otherwise overwhelming amount of data.
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How much do you remember?

Drop JSON file here
or

Choose file

Fig. 1. A walk-through of the Rewind-generating prototype used for the second study. Users can load their location data
(left), select a day (middle) and interact with their Rewinds (right).

1 INTRODUCTION

Capturing a memory is a fundamental part of human nature. Not long ago, we chronicled our lives through journals
and diaries. This was followed by the point-and-shoot camera, which could be carried around when we expected
to obtain visual mementos. Now smartphone cameras are always nearby, ready for an opportunity to capture
both the unexpected and the mundane. Evolving along these lines, this paper introduces Rewind, a prototype of
automatically-generated digital memories shown in a first-person perspective.

While a camera can explicitly capture a snapshot of a moment, that one snapshot is only a small part of life’s many
experiences. In fact, treasured memories often happen in transit. Even the most mundane events can be a source of
nostalgia: warm aromas of cardamom and cinnamon amidst restless chatter at the local market, sounds of autumn
leaves crunching underneath footsteps on a Sunday stroll downtown, droplets of morning dew resting gingerly
atop freshly-cut grass on the way to work. A simple photograph lacks this type of context, as on-site experiences
captured through lenses may not be as memorable [26] than the quieter en-route experience in hindsight [4].

Our goal is to encapsulate these experiences without burdening the user—without cellphones, body cameras,
or microphones that may detract from the moment, or having to decide if a moment is worth remembering. The
Rewind system takes users’ passively-tracked location data and slices it into routes based on timestamps, after
which sequences of street-level images (Figure 1) are stitched together to recreate what a person might have seen
at a past point in time. These rapid visual sequences are displayed in an interface that allows users to watch a replay
of their routes from a day of their choosing. Simply enabling passive location tracking on one’s mobile device is
sufficient to later rewind and revisit a moment in the past. Once this becomes reality, how do people interpret these
Rewinds, which are both visually generic yet personally specific?

With Rewind, we apply a framework for exploring fundamental questions about the human experience. Normally,
it is difficult to ask someone about parts of their past that they do not entirely recall, as they cannot remember
exactly what they do not remember. However, we can also investigate what happens when what they remember
is not what they are shown.

Using timestamped location data, we investigate whether a contextual digital memory can help surface different
experiences, and what value that may have for the users. Perhaps these Rewinds, sequences of images moving
back and forth, can help the forgetful recover past experiences or find new meaning in them. This could be done for
people who are already tracking their location intentionally (using a smartphone app like Moves or GPSLogger),
or for the many people for whom location tracking has been enabled by default (as on many Android phones).

Here, we report on two consecutive user studies with Rewind. In the first user study, we created ten single-trip
Rewinds from the two-week tracking period for each participant. We examined if participants were able to identify
their trips from their Rewinds and what factors would affect their judgments. Based on participants’ feedback, we
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created three sets of filters for Rewind to add in temporal variances, which include seasonal, weather and time-of-day
effects. In the second study, we used Rewind to generate daily trip artifacts, and conducted in-depth interviews with
the participants to understand how Rewinds affected people’s memory. In many cases, participants lacked any photos
or videos, and Rewinds were the only source of memory media available. The data from the studies was then qualita-
tively analyzed. Thisresulted in a set of findings about appropriation, interpretation, typicality, and the medium itself.

The two main contributions of our work are: 1) findings from two user studies that shed light on how memory is
mediated by automatically-generated representations of the past, and 2) the design and investigation of the system
for generating Rewinds.

2 RELATED WORK

The role of technology in memory has long been studied by HCI researchers, as the presence of lifelogging ap-
plications has allowed users to passively track ubiquitous personal data [20]. Prior work has manifested such
lifelogging applications in several forms, through automatically recorded photos [31], video-based systems [35],
multimedia diaries [10], data visualizations [33], and more. The result of such applications is a detailed output
of events, numbers, or behaviors that ultimately result in piecing together a user’s habits. Elsden et al. label this
particular phenomenon as the quantified past, documenting one’s history through exact, concise particulars: “It
is ‘8,773 steps’, rather than ‘around 9,000”” [7]. Elsden et al. enumerate various characteristics representative of a
quantified past, such as passive, third-party recording, quantitative and objective measurements, and that applications
should be removed from the past as remembered, as representations of personal data in such applications usually
deviate from a firsthand experience of what we see, feel, and remember.

By giving users more direct agency to interpret their own data, we expand on these lifelogging characteristics.
Street-level images allow us to exploit location history data to create a non-invasive, personally-removed record
of a user’s whereabouts. While these images themselves are arguably subjective and lack ’quantitative’ qualities,
the Rewind system supports objectivity. We extract qualitative images from a series of points on a map, strung
together by time and location proximity. Lastly, Rewind supports reduction and abstraction. Its use case is not
prescriptive; while certain qualities of one’s Rewind over time may imply certain behaviors (how often one would
walk to a certain coffee shop, or how many times someone would take the same route to the gym), the user is free
to abstract their own sense of the record. Specifically, we test the utility of these characteristics in establishing
certain affordances for designing lifelogging systems such as Rewind. As such, our contribution is novel in that
we actively build on past provocations and suggest alternate ways to interact with lifelogging devices.

In experimental studies using the wearable camera, Microsoft SenseCam [14], researchers have shown that even
mundane activities adopted some form of sentimentality over the course of just one week. Moreso, when images
were displayed in rapid succession to simulate a stop-motion video, participants noted transitions between images.
Single images did not stand alone as sole representatives of an event, rather, it was the sum of the images that
revealed insights to the user [22]. In this manner, SenseCam violates some of Elsden’s representative characteristics.
While wearing a body camera, SenseCam users are made consciously aware that they are recording a first-person
perspective of their activities. Likewise, some participants deliberately sought to capture different aesthetic rep-
resentations of their environment [12]. The variability of user-generated content reflects concepts of agency, as
these creative interventions highlight the different affordances of this digital object.

Using such devices to support different, yet specific purposes is not unique to SenseCam. In studying smart
journaling practices, Elsden et al. [6] interviewed frequent journalers to see why they chose to document their lives
using various forms of lifelogging applications. One user in this study maximized the affordances of two memory
recording applications, using each separately for different purposes—either to curate a photo platform for other
family members, or to privately journal everyday feelings.
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Such themes of agency and personal curation are similarly present in other lifelogging applications. In particular,
Gulotta et al. [11] created four low-fidelity systems in order to study digital archival methods. This study revealed
that people did not want to remember things that the memory systems would often bring to light. Often this
happens when the system does not allow for personal curation or personal contextualization. To what extent, then,
do these systems have a right to inform users about their history?

Like Gulotta et al’s work, we explore these questions of personal agency and curation with Rewind. Various
design decisions in the making of Rewind establish the system as a unique curatorial agent by using street-level
images. With a low amount of contextual data, Rewind prompts users to construct their own interpretations and
responses to how such autobiographical events are portrayed by a third-party system. Like similar lifelogging
studies [8, 13], we aim to facilitate a personal connection between Rewind and its users. In doing so, we have created
a visual memento, defined in previous work by Thudt et al. [33] as “visualizations of personally relevant data for the
purpose of reminiscing, and sharing of life experiences.” This common goal of providing a new way of reminiscence
reinforces the purpose of Rewind, and thus redefines the relationship between the system and its user.

Since Rewind’s conception, a similar built-in street view sequence feature has been incorporated into Google
Maps Timeline [16], in which a thumbnail shows street-level photos corresponding to its location. Rewind extends
this by adding in personal contextual data such as weather and time-of-day filters with the objective of representing
more closely what the user saw through their own eyes. Likewise, in Google+ Stories [30], location coordinates are
extracted from a user’s photos and overlaid on a map. The interactivity of the photo album allows users to simulate
the experience of a trip, rather than just simply a series of photographs. Rewind takes this a step further by testing
the extreme case where no personal photos are available, and everything is generated purely from timestamped
location data that has been collected in the background. We wanted users to feel like Rewinds were their own, all
the while using images from public datasets such as Google Street View.

Moreover, we diverge from related SenseCam studies. While we do study mundane day-to-day personal records,
the user-generated content is in our case not present within our literal media record. Our study provides a more
nuanced perspective of how users may display authorship within these systems—despite not actively recording
their experiences, and despite such experiences being filtered through a third party. Rewind is novel in this respect;
it exercises a space in digital lifelogging technologies that considers the agency, authority, and ownership in
mediating one’s memory of an event versus what is automatically recorded by a third-party.

To this end, we provide a response to critiques of lifelogging systems, as some have argued that such an approach
is neither necessary nor useful [32]. Though technology gives users the ability to capture their daily activities in
extensive detail, users rarely review or reflect on these materials. While lifelogging applications aim to provide
a useful tool for remembrance and personal reflection, such moments remain recorded yet untouched. Rather, we
incite an alternative use of lifelogging systems: the qualified past, rather than the quantified past [7].

3 THE REWIND SYSTEM

The Rewind system is a prototype to engage recollection with only self-tracked location data. Rewind combines
user location history data with ready-to-use, location-based metadata that can be easily found online. This in-
cludes locative media, such as street-level images, local time, and local season and weather information. By using
external sources to retrieve much of this metadata, users only need to input their personal timestamped loca-
tion logs to use the Rewind system. The software and the online demo is made open source and available at
github.com/brownhci/Rewind.

The user’s provided geolocation data is used to retrieve sequences of street-level images, which are images
captured from the ground (as opposed to aerial images), and stitched together to form the interactive medium,
Rewind. For Rewind, the street-level images were sourced from Google Maps, i.e. Google Street View, but are
also available from Bing StreetSide or OpenStreetCam; Google Street View images were initially chosen as it was
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most easily accessible and had broad coverage. However, early prototypes of the Rewind system also revealed a
surprising element to the content of the images themselves, as rich, detailed memory representations and personal
agency felt within the system contradicted Rewind's passively-recorded, nondescript nature.

Rewind applies color mapping to account for time of day and season in which the sky and ground area are
processed separately, individually mapping each pixel to temporal attributes. Animated weather e ects account
for the weather on the speci c days the Rewind is taken from, such as rain or snow. The end result is a smooth
visual road trip that can be played like a video clip.

To use Rewind, users rst download their location history as a JSON le using Google Takeout, and then upload
it to the Rewind web application. After their data is processed, users are able to select a day for which to view a
Rewind by using a calendar widget on the sidebar. Once a Rewind loads, it can be played, paused, and scrubbed
using a slider. The sidebar also contains a Look Around button, which opens &86® of the current frame
of the Rewind. This works by checking the longitude-latitude values of the current frame of the Rewind, and opens
a Street View link that allows users to pan around at will.

3.1 Sequence Creation/Generation

The nal prototype of the Rewind system incorporates design changes based on patrticipants' feedback from the
rst study (see Section 4.2). In this version, the system generates an interactive video-like medium instead of a
scrubbing interface that moves back and forward in time, as users expressed di culty in segmenting Rewinds from
one another chronologically. The changes in this version were informed by user feedback from our rst user study.
After users load their location logs into Rewind, the system segments the location logs by date and then marks
dates that have su cient location data on a calendar. Once the user selects a date, Rewind nds the rstlocation
using a simpli ed k-means clustering algorithm based on velocity, and determines commute points to the second
location by loosely applying the concept of the extracting algorithm proposed by Kirmse et &Ll. It repeats this
process until all data from the selected day are exhausted. The system then sequentially retrieves Google Street View
images to Il between each commute point and stitches together the images as frames in a playable clip. Rewind
uses a modi ed version of StreetViewSequengk & library which pulls and combines data from Google's Street
View Image API with route data from the Google Maps API. The retrieved images are then drawn onto an HTML5
canvas. Since routes are classi ed based on speed, they only comprise of locations traversed when in transit. Thus,
movement indoors is not captured in the Rewinds. All retrieved images have the same pitch and heading values;
this makes a Rewind appear as though the user is moving straight down a street from the viewpoint of a driver.
Although there exist more sophisticated (but slow) algorithms that reconstruct images based on time of day
and season, Rewind uses a simpli ed approach of RGB and HSV color space mapping to process these hundreds
of images in real-time so the user only has to wait seconds instead of hours. As the street-level images of a given
route have been retrieved with the same dimensional parameters and optical orientation, spatial information of
each image is largely similar (e.g. the sky normally resides in the upper third of the image, but could occupy more
than half of the image at times) (Figure 2). Thus, sky and ground regions could be approximated by generalizing the
observed geographicalinformation of theincoming images. For seasonal changes, arange of HSV values is estimated
for vegetation classi cation and those HSV values that fall within the range are adjusted for desired seasonal
e ects (Figure 3). Similarly, for creating nightly events such as sunset and evening scenes, sky colors are modi ed
using the same technique. Then two linear brightness and saturation lIters are applied locally and globally. As an
example of creating the evening scene, the incoming street-level images are segmented into three major areas: 1) the
approximated sky region, 2) the non-sky region in the approximated sky region, and 3) approximated Ground region.
RGB values of each pixel were down-scaled based on the region the pixel is classi ed in. Some unrealistic artifacts
appear (like white foliage on trees in the winter) as a trade-o to using this technique which is not object-aware.
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