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ABSTRACT 
This paper describes a novel, interactive multimodal framework 
that enables a network of friends to effectively visualize and 
browse a shared image collection. The framework is very useful 
for geographically disconnected friends to share experiences. 
Our solution involves three components – (a) an event model, 
(b) three new spatio-temporal event exploration schemes, and 
(c) a novel technique for summarizing the user interaction. We 
develop a simple multimedia event model, that additionally 
incorporates the idea of user viewpoints. We also develop new 
dissimilarity measures between events, that additionally 
incorporate user context. We develop three, task driven, event 
exploration environments – (a) spatio-temporal evolution, (b) 
event cones and (c) viewpoint centric interaction. An original 
contribution of this paper is to summarize the user-interaction 
using an interactive framework. We conjecture that an 
interactive summary serves to recall the original content better, 
than a static image-based summary. Our user studies indicate 
that the exploratory environment performs very well. 

Categories and Subject descriptors  
H.5.1 [Multimedia Information Systems]: Artificial, 
augmented, and virtual realities, H.5.5 
[Hypertext/Hypermedia]: Navigation, H.5.2 [User 
Interfaces]: Theory and methods, User-centered design 

General Terms 
Algorithms, Design, Human Factors 

Keywords 
Networked media, events, browser, summarization 

1 INTRODUCTION 
In this paper we develop an interactive, exploratory environment 
that allows a network of users to explore multimodal events of 
interest. The goal is to allow users to explore the activities of a 
set of friends. This is an emerging problem in several contexts: 
(a) sharing of media is important in online social-networks such 
as Friendster [4], where a set of friends share a set of multimedia 
experiences. (b) In the continuous archival of personal media 
[9], and an multimodal event browser is key to efficiently 
navigating such a large event set, and help provide insight. 
There has been prior work in event definition (e.g. [6,10]). 
Events have been defined formally as a change in state of a 
system [10]. However, there is no formal relationship of events 

to user context, and additionally there is no notion of a viewpoint 
associated with events. 
There has been prior work in exploring image collections. Prior 
work in [9,12], provides a summary view of media through 
thumbnail display of images. Temporal arrangement of media 
can be explicitly queried for, and similarly other types of 
Boolean queries can be used to search for media effectively. 
However, this visualization provides no information on spatio-
temporal, or semantic relationships amongst media. Displaying 
images as clusters around locations in a map as done in [14], 
gives an idea of how the media are distributed across space. In 
this work temporal relationships between images are lost.  There 
has been much work in creating image based summarizes in 
particularly for videos [8,17]. However, this work does not 
address the issue of summarizing the event browsing experience 
of the large collection of images. If at all, the summary of 
interactions is presented using traditional image storyboards.  
In this paper we develop a simple multimodal event model. We 
use the dictionary [1] definition of an event: something that 
happens. In our framework, events have the following properties 
associated with them: name, location, time, media elements (set 
of images, sounds, text), as well as participants. There are two 
novel aspects to our model – (a) a set of viewpoints is attached 
to each event and (b) the semantic relationship between event is 
dependent on user context. We also develop an event-centric 
user context model, that adapts to user behavior.   
We develop an task-driven event exploration environment – (a) 
visualize what a particular user has done after (or prior) a 
specific event (event conditioning), (b) visualize the event 
sequence that lead to two users to meet (event support) and 
finally (c) for a given user, determine interesting events.  
The environment has three exploration environments – (a) 
spatio-temporal evolution, (b) event-cones, and (c) viewpoint-
centric evolution. Our spatio-temporal visualization combines 
space and time information. We dynamically generate maps 
using online geographic data available in XML format [3], on 
which events related to a selected user, unfold over time and 
space. For each event, it will also create a slideshow of images 
and text. Event cones are snapshot of all the events associated 
with the selected users. The visualization is important since it 
allows a non-linear exploration of events, much like our natural 
thought process. The viewpoint centric visualization allows the 
user to browse the event space by following the individual 
viewpoint through the event space. 
We also present a solution to the problem of summarizing an 
interaction with the exploratory environment. This is done by 
analyzing the user behavior with regard to the events, and 
picking the events most relevant to the user context. The 
resulting summary is presented as an interaction – using the 
viewpoint centric visualization. Our user studies indicates that 
the exploratory environment is very well received.  
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The rest of this paper is organized as follows. In the next section 
we define the problem. In section 3, we define our event model, 
and define event distances. In section 4 we present our model for 
user context. In section 5, we present our event exploration 
framework, and in section 6, we present our solution for 
summarizing the event exploration. In section 7, we present 
experiments, and then we discuss limitations and our 
conclusions.  

2 PROBLEM STATEMENT 
In this section, we enumerate the tasks needed to solve two 
problems – (a) creating an exploratory interface for a group of 
friends exploring a distributed networked media collection and 
(b) summarizing the user’s interaction with the system, while 
exploring those events.  

2.1 Event Exploration  
We define “exploration of a media collection” in this paper (in 
addition to simply browsing) to imply the following tasks (we 
shall use imaginary users – Alice and Bob):  

 Event conditioning: What has Alice done since a 
particular event? (e.g. party at Bob’s house) 

 Event support: What was the sequence of events that 
led Alice to meet Bob at particular location? (e.g. 
Alice meets Bob at the mall). 

 Interesting events: What are the set of events of 
interest to Alice? Note that interest is user context 
dependent.  

We believe that this list of tasks , while not exhaustive, are most 
common for a group of users .  

2.2 Event interaction summarization  
With increase in the number of events in the system, the users 
will like to view summaries of large event sets. For example, 
Alice should be able to ask the system to give her the most 
important events in her life, related to her hobby – (like flying 
for instance), between the year 1995 to 2000. The number of 
events in the summary will primarily depend on user time 
constraints. For determining the event summary, the semantic 
distance between the user’s profile and the entire event set is 
used to compute the summary events. 
We are proposing a highly interactive exploratory environment, 
where the user will browse many events. Clearly, we need a  
framework to summarize the interaction. The interaction 
summary will be generated using the events browsed by the user 
in the current interaction.  In the following section, we begin by 
formally defining our event model.   

3 EVENT MODEL  
In this section we formally define our event model. In the 
following section we discuss the following: (a) event definition, 
(b) media associated with an event, (c) viewpoints associated 
with events (d) friends associated with user  

3.1 Event Definition  
We use the dictionary [1] definition of an event: something that 
happens. In our framework, event have the following properties 
associated with them: name, location, time, media elements (set 
of images, sounds, text), as well as participants. Note that both 
location and time are specified using a set. Our model of an 
event follows from the fact that every member of a digital 
personal media collection has relevance to a real-life user 

activity – who, when, where, what to some user. General 
definitions of events (e.g. [6]) while important, are not needed in 
our application. In the discussions that follow, we shall use the 
following assumptions and notations. We assume that there are k 
users, N network locations, and a total of M media elements. The 
set of users is designated as U, and the event set as E. 

3.1.1 Media associated with an event    
In our framework, while an event can be associated with many 
media elements, we make the simplifying assumption that media 
elements can be only associated with one event. Given a set of 
images uploaded by the user, an image is associated with an 
event if the media element was captured at the same time and 
place. The location and time can come from a GPS enabled 
digital camera. Images also have same meta-data fields as an 
event, except that they are associated with a single location and 
time. Formally we can define an association function between a 
media element m and an event e:  

 ( , ) ,m e m eTrue if t T l L
A e m

False otherwise
∈ ∧ ∈

= 


                                   <1> 

where tm and lm is the time and location associated with the 
media element, and where Te and Le are the ranges of times and 
locations respectively, associated with the event. Note that in 
our framework, events create a complete partition the media set. 

3.1.2  Friends associated with a user 
Given a network of users, we assume that each user provides a 
list of people whose photos in whom she is interested. When 
such information is not available, we define the set of friends 
(Fu) of a user u, as fellow users’ v who have participated with u 
in at least one event e.  Formally:  

  
{ }| ( , ) ,

. . ( , ) ( , )
( , ) ,

uF v v U C u v

True if e E s t P u e P v e
C u v

False otherwise

= ∈ ∧

∃ ∈ ∧
= 


           <2> 

Where C is the co-participation function that is true when both 
users u and v are present at the same event. The event 
participation function P is true only when the user was present at 
the specific event.  

3.1.3 Viewpoints associated with an event 
Given a set of events, each of the elements in this set can have k 
viewpoints associated with them. By viewpoint, we mean the set 
of media (images, text, and sound) associated with an event, that 
each user submits to the system. This is akin to a personal 
narrative about an event. Note that there is a distinction between 
the number of participants in an event, and the number of 
viewpoints. For instance not all participants might have a 
viewpoint about the event, and someone who hasn’t participated 
in the event might still have a viewpoint about it. Formally,  

  ( ),
( , )

 
True if v V e

P v e
False otherwise

=
∈




                     <3> 

where, V(e) is the set of viewpoints associated with event e. 
With this basic event and viewpoint framework in place, we 
now describe how we calculate event distances.  

3.2 Event Distances  
In this section we describe calculation of event distances in our 
framework.  We first define a distance between two events 
independent of user content. Then, we shall two additional 
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distances – distance between event and user profile and distance 
between two events with respect to a common user profile, that 
depend on a user context model. The user context model is 
discussed in detail in section 4.1. 
Events have the following properties:  who, what, when, where. 
Thus events could be related by space (where), time (when), and 
participants (who) as well as semantically related (what). Now 
we describe calculation of event distances by taking all of the 
above factors into account. Note that all the distances are 
normalized to be between zero and one. In all the following, ei 
and ej are defined to be any two events.  

3.2.1  Context independent event distances     
Distances between events that are context independent are based 
on the four above mentioned properties. The temporal distance 
(when) between two events ei and ej increases with the time 
difference between the two events. This is intuitive because of 
our assumption that as the time difference between events 
becomes larger, they no longer influence each other.   

               
( , ) 1 t

t i j

i j

d e e e

t t t

α− ∆= −

∆ = −
                                                  <4> 

Here dt is the temporal distance,  α is the decay factor, ∆t is the 
time difference between the two events, ti and tj are the times of 
events ei and ej respectively.  
The geographical distance dg (what) between events is defined 
as the distance in miles between their respective locations by the 
maximum mile distance (among every possible pair of events).  

            
max

( , )
( , ) m i j

g i j

d e e
d e e

d
=                   <5> 

Here, dm is the distance in miles between the locations of events 
and dmax is the maximum distance (amongst every pair of events 
in the entire data set). The distance can be easily calculated by 
mapping the event address to the latitude / longitude, and then 
computing the distance between two latitude / longitude pairs.   
The participant distance dp (who) is calculated as ratio of the 
number of common participants between two events, by the 
minimum of number of participants in both events.   

       { }
| ( ) ( ) |

( , ) 1
min | ( ) |,| ( ) |

i j
i jp

i j

P e P e
d e e

P e P e
∩

= −                                <6> 

Where P(ei) is the set of participants of event ei, |P(ei)| indicates 
the cardinality of the set P(ei).  
We define semantic event distance (what) as follows: we use the 
concept distance (ref. equation <14>) to define the semantic 
distance between events. Since every event is annotated with a 
few sentences of text, we first remove stop words and perform 
stemming to reduce each event’s annotation to a set of words. 
These form the basic concepts of the event. Then the semantic 
distance between the two events:   

         
{ }1 1..1

1 1

1( , ) min ( , ) , , ,

( , ) ( , )
( , ) ,

2

n

i j c a b a i b jb ma

i j i j
s i j

d e e d w w w e w e
n
d e e d e e

d e e

∈
=

= ∈ ∈

+
=

∑
  <7>  

where dc is the distance between concepts, and where wi, and wj 
are concepts belonging to events ei and ej respectively. In the 
absence of a priori knowledge of importance of each event 
parameter (who, what, when, where), we assume that all of them 

are equally important. Hence the comprehensive event context 
independent distance dcomp is calculated as follows:  

        1 2 3 4

1 2 3 4

( ), ,

1,
comp i j t g p sd e e d d d dω ω ω ω

ω ω ω ω

= + + +

+ + + =
      <8> 

where ωi are the weights and are assumed to be equal.  
3.2.2 Distance between user profile and any event  
The distance between each event and the user profile is defined 
as the average of the distance between each concept in the event 
and all the concepts in the user profile.  

         { }
1..1

1( , ) min ( , ) , , ,
n

ep i p c a b a i b pb ma
d e U d e U

n
α β α β

∈
=

= ∈ ∈∑  <9> 

Here Up is the user profile, αa and βb are concepts in the event 
and the user profile respectively, and dc is calculated using 
equation <14> in section 4.1.  

3.2.3 User-context dependent event distance 
The distance between two events changes when conditioned 
with respect to a common user context. We are using the 
intuitive idea that events close to a common context, will also 
become closer to each other conditioned on the common user 
context. For example, consider two events A and B dealing with 
riding bikes and roses respectively. In the case that we have a 
user who is interested in biking as well as gardening, then the 
semantic distance between events A and B conditioned on the 
user, should decrease. Note that the semantic distance between 
the two concepts (bikes and roses) is very large, when computed 
using WordNet – equation <14> in section 4.1. 
The user context dependent semantic distance is calculated by 
multiplying their comprehensive distance (from equation <8>), 
with the average of their distances from the common user profile 
UP. Thus,  

 
( , ) ( , )

( , ) ( , ) ,
2

ep i p ep j p
ce i j comp i j

d e U d e U
d e e d e e

+ 
= •  

 
 <10> 

Note that this also helps maintain the triangle inequality 
constraint i.e. dce(e1,e2) ≤ dep(e1,Up)+dep(e2,Up). This constraint 
would be violated when the two events are not semantically 
related (e.g. bikes and roses as mentioned above).  
In this section, we discussed our event model and event distance 
calculation in detail. In particular we derived context 
independent distances between two events and further derived 
distances between two events when conditioned on user context.   

4 CONTEXT 
In this section we present a definition of context in our system. 
This builds upon prior work on the user context model [15]. A 
key improvement in this paper is that context model developed 
here is event centric, as opposed to being media centric [15]. 

4.1 User Context Models  
The dictionary [1] defines context as the interrelated conditions 
in which something exists or occurs. These conditions could be 
meta data from the events that the user has explored, personal 
information about the user (e.g. “female”, “skiing” etc.), the 
user's past actions, and the tasks she wants to solve etc.  
We have adapted prior work on multimedia context models in 
[15].  The formal model is defined using a concept-net – a graph 
G = <V, E, W> where the nodes vi ∈V represent the concepts, 
the edges eij ∈ E represent the type of relationship (semantic, 
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spatio-temporal, feature-level) between the nodes i and j and wij 
∈ W, specifies the strength of the relationship between the two 
nodes. A concept node is associated with a specific instance that 
could be an image, video, an audio segment, text etc. Thus, the 
context is defined to be the union of concept-nets:  

 
1

k

i
i

C G
=

=U    <11> 

where C is the context, k is the total number of concept-nets and 
Gi is the ith concept-net.  
The user context comprises of concept nets composed from (a) 
the initial user profile that the user inputs (stating her interests, 
background etc.), (b) the event viewing history (that establishes 
what events the user 
has seen) (c) her 
behavior (which 
viewpoints the user 
visited, how much 
time he/she spent on 
each of the media 
elements), (d) her tasks 
(what he/she is trying 
to solve through 
summarization). 
Figure 1 illustrates this 
relationship. 
The initial user context is 
modeled using the textual 
inputs she is asked to 
provide as a part of her user profile - details like gender, 
ethnicity, age, profession, cultural interests etc. The 
relationships between the concepts are given by generalization / 
specialization of WordNet. The user’s context is then the union 
of such concept nets. The context is updated with the event 
viewing history (including textual concepts as well as media), 
the user behavior (amount spent per viewpoint, for each event) 
and the tasks, as the user starts interacting with the system.  
We have shown how to construct a context model that 
encapsulates who the user is, how he interacted with the system 
and what are his tasks with respect to the summary. 

4.2 Semantic Distance between event concepts  
In order to assign importance scores to events towards 
determining which of the events need to appear in the summary, 
we need to calculate the distance of each event from the user 
context. We use a modified version of the implication measure 
defined in [15]. This is summarized in the next two paragraphs.  
Every concept α has two entities associated with it – the parent 
concept, and the children concepts (as given by the WordNet 
hierarchy). Each entity implies the concept with a different 
weight – ω1 (the parent) and ω2 (all the children). Hence the 
implication that the concept α is true given that another concept 
β is true is computed as follows: 

 

2
1

1

1 2

( | ) (  | ) ( | ),

( | ) 1,
1,

k

i
i

I T I parent T I c T
k

I T

ωα β ω β β

β β
ω ω

=

= = = + =

= =
+ =

∑
<12> 

Where I is the implication strength, and k is the number of 
children of the conceptα, ci is the ith child of the concept, and 

where ω1 and ω2 are the weights attached to the implications of 
the parents and the children respectively. The weight ω1 is 
computed to be inversely proportional to the number of children 
of the parent concept, α. i.e.  
 1 1/ ,mω ∝   

where m is the number of children of the parent.  
The distance between the two concepts is determined as follows:  

 

( )2

1 ( | ),

( | ) / ,

( , ) ( | ) ( | ) / 2,

U

U

d I T

d T d f f

d d d
α β

α β

α β

α β α β β α

= − =

= = •

= +

 <13> 

 where dU is the un-weighted distance between the two concepts. 
fα and fβ, represent normalized knowledge priors for concepts α 
and β. The priors are used to re-weight the distance. These could 
be set by the user, as part of her context model. We easily make 
the distance symmetric.  
The above distance measure assumes the sense of a word to be 
the one that is most likely to be used. This information is 
obtained from the tag count of each word sense. However, this 
would lead to errors in cases where the event was annotated with 
a word whose sense was not the most popularly used one. For 
example, an event annotated with the word “party”, would lead 
to its sense of “political party” be picked rather than the 
intended sense of a celebration. Hence we use the tag count of 
each sense of a word to calculate the probability of each sense of 
the word, and thus modify the distance measure as follows:   

, , 2
1 1

( , ) ( , ),
n m

c i i i j
i j

d p p dα βα β α β
= =

= ∑∑                  <14> 

where, concept α has n senses and concept β has m senses. The 
probability of occurrence of each sense of the word (pα) is 
calculated in the following manner:  
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,

,
1

,i
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i
i

t
p

t

β
β

β
=

=

∑
 <15> 

where tβ,i is the tag count of the ith sense as given in WordNet 
[13]. We have described how we calculate distances between 
two semantic concepts. Concepts in the user profile evolve with 
time due to the user interaction. Now, we will describe how 
concepts get added to the user profile, depending on how the 
user interacts with events in the system.  

4.3 Concept evolution 
In our system, concepts get added to the user profile as the user 
interacts with events. We use a leaky bucket model from [15] for 
modeling evolution of context.  Concepts automatically acquired 
by the system into the user profile are slowly lost over time at a 
fixed rate, unless they are reinforced by the user visiting related 
events. This concept reinforcement is analogous to forming 
associations of a current event with an earlier event that 
generated feelings of a similar experience. 
The weight of concepts in the user profile grow and decays 
exponentially with time. Concepts that don’t get reinforced 
periodically are lost. We used the growth and decay equations 
given in [15], to calculate concept weights based on time spent 
by the user in each event.  
We have discussed how we model events and user context in our 
system, calculation of semantic distance between concepts and 

tasks behavior

profile  event history

user context 

Figure 1: User context: The user 
context model is composed of –
(a) profile (b) event history (c)
behavior and (d) tasks 
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concept evolution in the previous sections. In the following 
section we will describe our event exploration framework.  

5 EVENT EXPLORATION   
In this section we discuss our event exploration interface, by 
breaking it down into two sub-problems – (a) task-based media 
selection (b) media presentation.  

5.1 Task based media Selection 
In the task-based media selection sub-problem, we select a 
subset from the entire media collection that enables the user to 
efficiently perform each task described in section 2.  
Now for each of the tasks described in section 2, we now present 
our solution to the media selection problem. Given the user set 
U, media set M, event set E, current user u, the set of friends Fu 
of u, we describe below a set of exploratory tasks that a user 
would like to perform. Then we present solutions to find a 
subset of the media set to perform the task. As before, let use 
two imaginary users Alice and Bob. 

5.1.1  Event conditioning 
What have Alice’s friends done since (or prior) to a particular 
event? (e.g. party at Bob’s house). The set of media elements 
that need to displayed will involve those in events that Alice’s 
friends participated after the specific event. Note that not all 
media elements that belong to events in which Alice’s friends 
(Fa) participate are relevant. This is because they can contain 
people that are of not interest to her. Formally, the conditional 
media set Sb, given a specific event b is defined as follows:  

 
{ }
{ }

| . . ( , ) ,

| . . ( , ) ( , ) ,
b a e b

b b a

P e e E f F s t P f e t t

S x x M e P s t A e x W x F

= ∈ ∧ ∃ ∈ ∧ ≥

= ∈ ∧ ∃ ∈ ∧
<16>  

where, Pb is the set of events that occur with Alice’s friends 
after event b, and where Sb is the set of media elements and 
where the W function is true if any of Alice’s friends (Fa) are 
present in the who field of the media element; te and tb are the 
times associated with events e and b respectively. A slight 
change (te ≤ tb) to equation <16> will help her determine media 
elements prior to event b. 

5.1.2  Event support 
What were the sequence of events that led Alice to meet Bob at 
particular event? (e.g. Alice meets Bob at the Mall). The set of 
media elements that need to be displayed are those occurred 
prior to the current event, and which contain either Alice or Bob 
in them. Formally:  

 
{ }

{ }

| ( , ) ( , ) ,
{ , },

| . . ( , ) ( , ) ,

c e c

c c

P e e E P Alice e P Bob e t t
U Alice Bob
S x x M e P s t A e x W x U

= ∈ ∧ ∨ ∧ ≤

=

= ∈ ∧ ∃ ∈ ∧

<17>  

where, c is the event where the two meet, Sc is the media 
elements to be displayed.  

5.1.3 Interesting events:  
What are the set of events of interest to Alice? An event is 
deemed interesting to a user, if the semantic distance between 
the meta-data description of an event and the user profile is less 
than a certain threshold. In our present implementation, we use a 
simplification – an interesting event is one that took place at a 
location visited by the user, or if the event contains at least one 
friend. Formally: 

 { }| . . ( , ) ,v v e vI e e E f F s t P f e l L= ∈ ∧ ∃ ∈ ∨ ∈ <18>  

where Iv is the interesting event set, Fv is the friend set of user v, 
and Lv is the location set (i.e. these are all the locations visited 
by the user v), and where le is the location of the event e. 

5.2 Media Presentation  
We now discuss the media presentation framework. After 
selecting the task-centered media, the next step is present it in an 
optimal manner. The primary goals while developing our media 
presentation techniques were as follows:   

 They should allow users to explore relationships 
amongst themselves and their friends. 

 They should enable users to understand how events 
unfold time and space.  

We discuss three novel presentation schemes in this section – (a) 
Spatio-temporal evolution, (b) event cones. (c) Viewpoint based 
evolution  

5.2.1 Spatio-Temporal Evolution   

This visualization will address the task of event conditioning, as 
well the interesting events task. Prior work in [9,12] , show 
collections of digital media organized either by space or time. 
Our visualization expands on these by combining space and time 
information. We dynamically generate maps using online 
geographic data available in XML format [3], on which events 
unfold over time and space. Media associated with events appear 
at different locations, ordered in ascending or descending 
temporal order (as chosen by the user). The spatio-temporal 
visualization scheme is shown in Figure 2. 
The interaction begins by the user selecting a friend. The system 
responds by showing the spatio-temporal events, over time and 
by location. Since each event is associated with a collection of 
media elements, we present them (images, sounds and text) as a 
slideshow over time. The time assigned to rendering the images 
associated with each event is estimated using comprehension 

temporal transition arcs 

selected user 

slideshow 

Figure 2: Spatio-Temporal evolution of digital media in 
our system. Once a user selects a person from the 
network, the system shows the events that the user 
participates in, over space and time.  
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times estimates using visual complexity as in our prior work 
[16] event The temporal transitions between locations is 
indicated using arcs, and saturation of the arc color is used to 
indicate time (the most recent arc is the most saturated). 
We now present the solution to the problem of visualizing 
interesting events. We begin by displaying all the events 
associated with selected user. When the user moves her mouse 
over a specific event location, then all the friends of the selected 
user are who participated in the same event are highlighted in 
green. The other friends of the selected user, who participated in 
other events at the same location, are highlighted in purple.  
The user can click on each highlighted user – clicking on the 
friends highlight in green, will result in spatio-temporal 
evolution for that person, starting with the current event.  

5.2.2 Event Cone 

In this section we present our solution to the task of event 
support. While the spatio-temporal evolution does enable us to 
understand what happens to a person over time, it doesn’t allow, 
it doesn’t allow us to develop a proper understanding of the 
event relationships. 
We browse a photo collection in a non-linear manner (i.e. we do 
not follow temporal order). Pictures trigger memories – and we 
pose queries – “What happened to my friend Alice after that 
day?,” or “What led to Alice and me meeting at that event?.” 
While they can be answered by constructing and executing 
complex Boolean queries and then searching amongst the 
matching images, our visualization attempts to provide a 
summarized snapshot of time and space. We call such a 
summary – event cone.  
When the user selects  her event of interest in the spatio-
temporal browser, an event cone of that event is shown, which 
shows how different friends of the selected user who 
participated in the event, came together at that point of time, and 
also what happened to them afterwards. Each user has a distinct 
path and is individually colored. When the paths intersect, they 
imply that the friends meet.  

5.2.3 Viewpoint Based Evolution  
In this section we present our visualization scheme that allows 
for viewpoint based exploration of events. The idea that users 

desire agency [7] – users proactively interact with the system to 
control the flow of story, is incorporated in this visualization.  
We construct an exploratory environment that provides users 
with different ways to navigate through the same event space.  
As discussed in section 3.1, every event has a set of viewpoints 
associated with it Users are presented with a dynamic 
visualization that lets them explore events based on the 
viewpoints associated with them. Initially, media associated 
with the selected user’s events (according to the time range 
chosen by the user) appear on locations in the map.  Figure 4 
illustrates this. (Note that we have not included snapshots from 
the application since the images were too small to communicate 
the idea well).    
As seen in the illustration below, the k viewpoints associated 
with an event, are displayed around it. Also the set of supporting 
events for the current event and one succeeding event (i.e. for 
the currently selected viewpoint) are shown.  The set of 
supporting events for each event are calculated as the union of 
all events that support each of the k viewpoints of the event .  
Now users can select view points around the current event, to 
see a slideshow of media associated with the event (and the 
selected viewpoint). Also supporting events and succeeding 
events for each event, changes according to the chosen 
viewpoint. The user can change the current event at any time, by 
simply clicking on any event (supporting as well as future 
event). Then, the system creates the supports and future events 
for this new current event. Note that the viewpoints associated 
with this new current event will be different. 

Thus this is a very dynamic environment that allows users to 
explore events/viewpoints in a non linear manner. The time 
spent by the user per event is logged in order to add concepts 
associated with the events to the user’s profile. This information 
is used to summarize the events and the user’s interaction, as 
described in the following section.  

6 SUMMARIZATION  
We describe in this section how we summarize the interaction 
the user had with the system, while browsing events. The same 
principles apply while summarizing events as well.  

ev
en

ts
 

two friends  
meet again 

selected event

time → 

Figure 3: An event cone. This is a snapshot of all the events 
associated with the selected users. The events are ordered 
along the vertical axis and the horizontal axis shows time.  

viewpoints 

Current Event  

next event 
(viewpoint 
dependent) 

supports 
(viewpoint 
independent)

slide show  

Figure 4: Viewpoint based exploration: Every event has 
a set of supporting events and one succeeding event, 
according to the currently selected viewpoint. The user 
can dynamically change the viewpoint, thus changing the 
slideshow associated with the viewpoint, as well as the 
future event. 
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6.1  Interaction Summarization  
We use the context model described in section 4.1 in order to 
summarize event interaction. We present the summary itself as 
an interaction. This enables users to revisit events in a manner 
similar to their original interaction, rather than seeing a passive 
slideshow of summary events, or a story board of important 
media from the events. The summary events are computed in the 
following manner, assuming that (a) the user provides k, (the 
number of events  she wants in the summary) and the time range 
of the events he wants to summarize  (b) the user has interacted 
with the event space that he wants to summarize. The interaction 
summary can be created in the following steps:  
Building context model: Concepts are added to the user profile, 
weighted by the time she spent in each event. The memory 
model described in section 4.3 is used to grow and decay 
concept weights.  
Selecting top level summary events: The top k events are picked 
by decreasing order of distance from user profile. The distance 
between each event and the user context is calculated using 
equation <9>.  
Selecting semantically related support events: In order to 
determine the supports of each event, we need to determine the 
conditional distance between two events. This is the pair wise 
context dependent event distance formula (ref. equation <10>), 
to find m other related events that are close to the top k events 
picked above.  These m events act as supporting events to the 
events in the summary. This step has a two fold purpose. First, it 
increases the coherence of the presentation by providing support 
to understand why a particular event occurred; also it provides 
the user interactivity.  
We eliminate redundant supports in the following way. We 
examine the supporting events and check if there are supports 
that support multiple events, if so they are picked for the 
summary presentation. Also for events ek that have more than 
one support, we remove those supports that if they directly or 
indirectly support other supporting events of ek. The events 
chosen thus are presented to the user as an interactive summary, 
using the viewpoint based evolution scheme, described in the 
previous section. Note that the user has the choice to explore 
media within each event.   

6.2 Event Summarization 
Thus we have seen how user’s interaction with the events can be 
used to summarize their interaction. If instead we would like to 
summarize that occurred in a certain time-range – say all parties 
that Bob attended between 1997-2000, we do as follows.  
For event summarization, we follow the same steps as above , 
except that this time we are summarizing events that the user 
hasn’t interacted with , based on information in her basic profile 
and his interaction with some other events (if any). So if there 
are events that are semantically related amongst events that the 
user has seen already, and the event set she wants to summarize, 
they would still appear in the summary, because we use a 
context dependent event distance formula (ref. equation <10>). 
For example, if Bob wants to view a summary of Alice’s event 
set and Bob’s user profile says he is interested in travel, then an 
event in which Alice traveled around Europe would be selected.  

7 EXPERIMENTS 
We designed a pilot user study to test if our interactive system 
was able to achieve the goals stated in section one. The system 

was implemented with processing [5].  Five users were chosen, 
out of which four were graduate students at ASU and one  
working professional. Two users provided the set of digital 
media used in the experiment.  The numbers in bold indicate that 
the results were significant (using the t-test) at 95% or better. 

7.1 Evaluation of Presentation Schemes 
To evaluate our system’s presentation schemes, users were 
asked to evaluate the system’s quality (through criteria such as 
ease of use, picture organization, ability to solve tasks etc).  
Each user was asked to pick a answer on a scale strongly 
disagree – strongly agree (1-7). Table 1 and Table 2 summarize 
the result of this study. Our results show that the browsing 
system was very well liked, and each of the visualization 
schemes solved the tasks (described in section 5.2) that they 
were best suited to solve. Users were also asked to rank the three 
visualizations on overall preferences and ease of use. The 
viewpoint centric visualization was preferred, but also 
considered more difficult to use than the others. This could be 
due to the non linear nature of the of the viewpoint interaction.  

Table 1: user feedback evaluating the interface 

Exploration Score  

I like this browser 6.4 / 7.0 
This browser is easy to use 5.2 / 7.0 
I am satisfied with the picture organization 6.6 / 7.0 
A month from now, I would still be interested in 
using the application  6.6 / 7.0 

Table 2: User study evaluating the effectiveness of the 
visualizations with respect to specific tasks  

Tasks Spatio 
temporal 

Event 
Cone 

Viewpoint 
based 

Can determine how people 
met at a certain place/time  5.4 / 7 6 / 7 5.4 / 7 

Can determine what 
happened to someone after 
a certain event  

6 / 7 6.8 / 7 6.4 / 7 

Can determine other 
persons who have events 
in locations of interest. 

5.4 / 7 6.2 / 7 7 / 7 

7.2 Evaluation of the summary 
We now describe the experimental setup to our interactive 
summarization schemes. We conducted two sets of experiments, 
that compared the interactive scheme with the traditional image 
storyboard as well as compared different interaction schemes. 
We first determined if an interactive summary was preferred to a 
traditional image storyboard. We created an image storyboard 
by by ranking events on the time spent and picking the cluster 
center of the event’s photographs to generate the storyboard. 
Users were asked to state their preference between the story 
board and the optimal interactive summary. All users preferred 
the interactive summary.. 
We evaluated our optimal summarization scheme in the 
following way. We generated three summaries – summary one 
(optimal), summary two (temporal) was generated using 
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temporal distance between events (equation <4>) instead of the 
corresponding semantic distance (equation <14>). Summary 
three (random) was generated by picking events at random. 
Users were asked to compare all three summaries, in terms of 
whether the events in them were semantically related.  Table 3 
shows the results.  
All users except one stated that summary one was the best in 
terms of bringing out semantically related events. This occurred 
because the events picked at random for that user, happened to 
be semantically related by coincidence. 

Table 3: User study results evaluating the interactive summaries 

Summarization Optimal Temporal Random 

Events in the 
summary  are 

semantically related 
6.4 / 7 4.8 / 7 2.8 / 7 

The information in 
the interactive 

summary is related to 
the information 

viewed 

6 / 7 5.2 / 7 3.4 / 7 

8 LIMITATIONS OF CURRENT WORK 
We would like to enumerate the limitations of this work:  

 Sense Disambiguation: Since events are annotated 
with keywords, there are errors in picking the senses 
of those words. Although, we use tag count 
probabilities to address this issue, a more robust model 
is needed.  

 Common Sense Reasoning: The context model uses 
concepts whose weights grow and decay according to 
his interaction with events. Our semantic distance 
depends upon WordNet but ignores common sense 
relationships [2] amongst events. 

 Event structures: We do not analyze relationships or 
temporal structures amongst events. 

9 CONCLUSIONS 
We now present our conclusions. In this paper we have 
developed an multimodal event browsing tool, that allows a 
network of friends to share experiences.  
We have developed a  simple event model that incorporates the 
idea of a viewpoint. We developed event distances that 
incorporates user context. We also presented user context 
models. We developed three novel event exploration schemes – 
(a) spatio-temporal evolution, (b) event cones and (c) viewpoint 
centric browsing. Finally we developed an interactive summary 
to summarize a large event set.  
The user studies indicate that the exploratory event browsing 
environment is very much liked.  The results indicate that the 
viewpoint centric interaction was preferred. We also showed that 
optimal interaction summary was better liked than other 
interactive summaries; it was also preferred to the image 
storyboard by all. We plan on doing the following – (a) 
developing new collaborative annotation techniques to assist 
photo upload, and (b) use tangible media interfaces [11]. 
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