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Abstract — The digital camera came to revolutionize the 
world of photography. Not only because of the ease with 
which we can get instant feedback of the photographs we take 
by viewing them directly on the camera, but also because of 
the rapid sharing, made possible among various digital 
devices. Therefore, there is a tendency for a high and rapidly 
growing number of photo sets that we collect. 

However, when we want to share or create a photo album, 
we just want a representative portion of the existing set. 
Though there are some tools that try to solve the problem of 
creating this smaller set, these are mainly oriented to the 
management and organization of it and not for the creation of 
these new sets in a flexible way.  

The work presented here is a solution for the automatic 
summarization of a photographic collection and an interface 
for interactive manipulation of the outcome and the remaining 
photographs. This solution uses metadata gathered through the 
EXIF file from each photo, and information of its content such 
as presence of faces and quality according to the analysis of its 
histogram. 
    The results obtained in the tests proved to be encouraging. 
The automatic construction algorithm of sets was well 
received by users and the application interface was found to be 
an asset to the further handling of the assembly. The features 
offered and the ease with which users were able to create their 
representative subsets show that our solution has a higher 
level of usability comparing to the methodologies and tools 
used regularly to achieve the same goal. 

 
Index Terms— Digital Photography, Album, Photo 
collection, Representative set, Vectors of characteristics, 
Interactive Grouping 

 

I. INTRODUCTION 
It is increasingly evident that technology invades our 

homes, transforming our daily lives. Whenever we travel or 
something important and remarkable happens in our lives, we 
tend to record it photographically. The emergence of new 
next-generation devices and systems that enable the storage of 
huge amounts of information has made it even easier to collect 
photographs. Today, we can do it using our mobile phone, 
tablet, digital camera or other new systems that are being 
developed. 

Due to this facility, we consequently obtain large 

photographic collections, which makes it difficult to select a 
representative subset of photographs that, in a certain way, 
better represent what we are trying to highlight. An example 
of this are those huge collections that depict trips or most 
memorable moments of people's lives and become difficult to 
share with relatives or friends because of the high number of 
pictures contained therein. 

Despite the existence of solutions that enable a 
photographic organization upon multiple features, this does 
not show to be effective regarding the realization of 
representative subsets in an easy, efficient and attractive 
manner for the user. 

The work here presented results from solutions developed 
in the fields of presentation, organization and creation of 
photographic representative collection subsets as well as the 
results of tests that have been made with potential users. 

In this solution we propose the development of components 
capable of analyzing a set of photographs and generate a 
representative of the same summarization, taking into account 
such features as the timing and content of the photo (e.g. 
color, presence of faces). 

Our solution has been developed with concern to be as 
modular as possible. Thus, it is divided into six major 
components: 
 

• Photo Collection - Component responsible for 
creating the thumbnail referring to images that are 
imported by the user. 
 

• EXIF extraction - Component responsible for 
extracting information from the EXIF of each photo. 
 

• Contents information extraction - Component 
where the information is extracted from the content 
of each image in terms of color: histogram, 
predominant color. 

 
• Automatic Summarization - component where is 

made an automatic collection summarization. 
 

• Photo management algorithm - where component 
groups are made using the characteristics of 
photographs as the presence or absence of faces in 
the image, the predominant color, etc. 



 
• Interface - Interaction component to the user, where 

it can interact with the representative subset that was 
been created and provide for their organization or 
change. 

 
In this paper, we propose a system from which it becomes 

possible for the user to create a representative subset of a 
photo collection, with the option to interactively change the 
result, making the process faster and more flexible.  

The rest of the paper is organized as follows: in Section 2 is 
made an analysis around the work already developed in the 
areas of grouping photographs, organization and 
summarization of photographic collections and clustering 
algorithms used in the field of data mining. Section 3 presents 
questionnaires and results, conducted in order to answer some 
issues that have been raised after the analysis of existing 
solutions, and whose answers have proved to be fundamental 
to give the best response to some requirements of our solution. 
Section 4 presents Memento as a solution. A system 
description and its components is made, as well as major 
decisions. A thorough explanation of the main algorithms used 
is made, and it is also in this chapter that we present the 
solution interface. In section 5 it is reported the results of tests 
carried out to potential users of the system, in order to 
determine the utility and its acceptance, both in functionality 
and usability, and section 6 concludes the paper. Alternatives 
are also discussed and suggestions made to improve this work. 

II. RELATED WORK 

 Being our goal to build a solution that enables the creation 
of a representative subset of photos from a wider range, it is 
necessary to know how people organize and group their 
photos, as well as to know how people create representative 
subsets with nowadays solutions.  

Stefanie Nowak et al [8] provide a solution to the problem 
of creating photograph subsets automatically from a given 
collection. The authors present an approach focused on 
automatic photo selection and choose those that are most 
appropriate. The system as well as rules out the worst pictures 
also selects the best to include in the summary. The algorithm 
consists of two components. The first, which is responsible for 
extracting information from the photographs, i.e. the meta-
information and the visual characteristics, and a second, which 
aims to develop the photographic summary. 

Similarly, Google1 launched a solution for the problem we 
want to solve: stories, is a service that integrates the social 
network Google+. People nowadays take loads of pictures and 
do very little with them. Some are placed in social networks, 
but most end up in the gallery of our smartphones or in folders 
of our computers without any help. This service tries thus to 
provide an automatic way to tell the story of one point of our 
lives. Whenever the user upload pictures to their Google+ 
account (often this feature is automated in our smartphones), 
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the service tries to create a summary in digital format for a 
particular event, where we can have access to data, as the 
location where the photos were taken, date and time. This 
summary consists of photos that have something in common 
between them or in common with the event that tries to portray. 
To convey the idea that the summary was built and created by 
a person rather than a machine, the selected photos are placed 
with different sizes and display purposes, thanks to another 
service called self-awesome. With the subset created, the user 
can edit and add other multimedia elements, such as a song, or 
change information that has been automatically set, getting 
digitally available for inspection and sharing. 

Although this is an automated service for creating a 
pleasant and organized view of a photographic collection, is 
somewhat limited in creating representative summarizations: A 
user who has a large collection of photographs of a given event 
and that want to summarize it, would get a smaller set of 
photographs representing the same event.  

 
 
 
 
 
 
 
 
 
 
 

Figure 1 – Google stories – Service provided with Google+. 

But how people really organize and group their photos 
according to their needs? It is a fact that the main users of a 
personal collection of photographs are photographers and/or 
their families, who are familiar with its contents since they are 
joint memories or events that have occurred, as stated by Kerry 
Rodden [9]. The needs towards a particular photographic 
collection vary from person to person, according to our level of 
familiarity with this collection. Rodden presents a study in 
order to understand how people organize their digital photo 
collections, and concludes that people are more likely to 
conduct research for photos belonging to a particular event 
than to look for a photograph in particular. It also concludes 
that two of the most important features in the photo 
organization are: automatic ordering, using temporal 
information, and show a large number of thumbnails of photos 
simultaneously. This is because the users are well acquainted 
with their photographic collections and these two features are 
sufficient to allow them to find a particular photo. 

Jesse P. Gozali et al [4] pose the question: "How do people 
organize their photos in each event and how it can affect the 
tasks described, seek and interpret a particular collection?". 
The article in question also features the photographs browser 
Chapters, that helps users organize their events through an 
automated grouping, culminating in the development of small 
groups of photos called Chapters. 



It is argued that users give greater importance to the 
division by chapters than the chronological ordering. The 
criteria used for the ordination of these chapters varies 
according to the following factors: time, subjects 
photographed, location, type of photographs and intention. One 
of the ideas to withhold from the analysis of this article, is that 
the creation of those chapters simplifies the way it tells the 
story of each event looking for a particular photo and 
interpreting photographs with which the user is not familiar. It 
also concluded that most users prefer a particular chapter to be 
ordered chronologically rather than adjusting the viewing of 
this chapter to the entire screen, as well as an overview of each 
chapter using thumbnails. 

Liangliang Cao et al [2] present the problem of the 
annotation of photographic collections. By annotation meant 
the photographs classification that is made distincting them 
based on some of its features. 
One of the difficulties in personal photographs annotation is 
related to the possibility of having different quality level, for 
example, the technique composition or resolution. This 
happens because of the possibility of these pictures to be taken 
by different people in different conditions. Another difficulty 
observed is the semantic classification of photographs. A 
natural way for users to organize their collections is to sort 
them by location and date within a folder. I.e. usually 
photographs that are present within the same folder have a 
high degree of similarity, since they were taken on the same 
date or location/event. Not so in general photographic 
collections.  

It is assumed that pictures that exist in the same collection 
have been taken by the same person, under the same 
conditions. This can’t be applied, as mentioned earlier, in 
generic collections where the semantic value, assigned to your 
photos, can result in images with similar characteristics not 
being grouped together. It is also stated that the use of GPS 
data can be useful in photographic organization and in the 
calculation of the probability for a photograph to belong to a 
particular collection. Photos which have been taken in a short 
time and not so distant locations among themselves have a low 
probability of belonging to different events. 

There are many studies that have been done on the 
characterization of photographic collections. Of note [1, 3], 
where it is used low-level features like color. Although with 
significant results, this approach is not effective in complex 
and diverse collections, since it does not exhibits very 
satisfactory results. Without using the user intervention on the 
classification of a collection, a solution was presented: based 
on the similarity between pairs of photos, in order to make the 
automatic process. For this, initial samples are used to allow 
the classifier to have some confidence base to classify the 
remaining photographs of the collection, a process called 
rejection [11]. Then, a function that calculates the probability 
of a particular image to match the same label from another 
photo, selected as sample, used in the previous process, is 
applied.  

The most recent works about the similarity calculating 
between two images using low-level characteristics [5, 6, 4], 

indicates the issue of the existence of a huge discrepancy 
between the high-level semantic and low-level characteristics 
of their photographs. 

The proposed solution supports the use of other features to 
make the process more effective. Low-level features are used 
in terms of color, characteristics in terms of structure, 
invariant to the change of scale (so-called SIFT) together with 
time and location information. 

Using this probability function becomes possible that all 
the information can be integrated in terms of probabilities, 
with the advantage that an assessment can be made even if 
there is missing information. 

 
Mota et al [7] presented an approach that allows the use of 

several techniques for the creation of groups in addition to the 
temporal information, in an independent and flexible manner. 
These techniques are: presence of faces, indoor vs outdoor, 
urban vs nature, global color vs local color, textures and date 
and time information. While this system has been constructed 
with the main objective of developing a solution to automate 
the process of grouping and organizing photographic 
collections, using the same techniques that can be used 
slightly differently in our solution. I.e, it can be used to create 
non-destructive groupings of the initial collection, which 
allows the user to have a quantitative and organized view of 
your collection. 

For summarization of a photographic collection to be as 
representative as possible, it is necessary to resort to objects 
insertion dispersed into groups algorithms, so that the objects 
belonging to the same cluster are more similar to each other as 
possible according to his temporal information. 

We intend to tell the story of the event or events. For this, 
we need an algorithm that easily allows us to select 
photographs that are as representative as possible, according 
to the number of photos that you want. 

 

 
Figure 2 – Available techiques for grouping a collection in 

Agrafo solution. 

There are several categories of clustering, which are: 
unique clustering, overlapping clustering, hierarchical 
clustering and probabilistic clustering. The unique clustering 
algorithms are characterized by allowing only a certain element 
belongs to one and only one cluster. Unlike earlier, the 
clustering algorithms with overlapping allow the same element 
exists in more than one cluster. The Hierarchical clustering 
aims to build hierarchical clusters, ie, it has the functionality to 



join clusters with an iterative mode, where each element 
initially belongs to a cluster. The probablístico clustering uses a 
probabilistic approach. 

The K-means [10] is a unique clustering algorithm and is 
one of the most used in the Data Mining area. Before starting, 
the algorithm needs the number of clusters k wished to be 
specified. With this value k are selected randomly k points to 
act as centroids of the clusters. After this selection, are added 
to each cluster, the other points in space that have not been 
selected yet. The choice of the cluster to which will be added a 
certain point takes into account the distance to the centroid. 
Thus, to the cluster with the centroid that has the lowest 
distance to the point to add, it will be added that same point. 
The following algorithm steps involve the creation of k 
clusters and recalculate the centroid. The algorithm is repeated 
with the addition of points, ending when convergence is 
achieved between clusters. This sequence is shown in Figure 
3. 

 

Figure 3 -K-means algorithm – Algorithm demonstrations2 

The hierarchical clustering algorithms [10, 13] are broken 
down into two types: agglomerative and divisive. 
Agglomerative approach is a "bottom-up" which consists in 
the initial formation of N clusters, where N is the number of 
existing dots, that is, one cluster for each element. With 
further algorithm, the clusters are undergoing various mergers 
to achieve a single global cluster bringing together all the 
elements. Divisive is a "top-down" approach and the process 
is the reverse of the previously presented. Initially it creates a 
single cluster containing all the elements. Subsequently they 
are held several divisions until each cluster contains only one 
element. With the built binary tree, the final step of the 
algorithm consists of a cut in the level of the tree that is most 
appropriate to the situation. 

This algorithm is presented as extremely advantageous 
compared to others in the organization and structure of data, 
being quite easy to obtain data that have larger or smaller 
distances with respect to each other. However, it presents 
itself as a too complex algorithm and inefficient when faced 
with situations where there are large amounts of data. Most of 
these solutions are betting on the importance of data such as 
the date and time for grouping and organizing photographic 
collections. 

This type of organization is the most used by users and 
consequently is present in most applications, having the 
advantage of being very similar to the paper collections 
methodology. However, this proves to be a rather limited 
approach because there can be no date and time information 
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on photographs, whereupon users limited in relation to the 
organization of collections. However, if we combine this 
information with other data that we are able to extract from 
photographs, the organization may become an interesting and 
effective process. In our system, disadvantages such as the 
need to introduce priori the number of clusters, as with the K-
means algorithm, does not become a problem, since the 
number of clusters may be defined taking into account the 
number of pictures that user wishes that his summarization 
contains. Although most of their disadvantages are not 
problematic as to affect our system, it has the great 
disadvantage of not being deterministic, which is not at all 
intended to our solution. 

So we decided to take the approach presented by the 
algorithms of hierarchical clustering, since, taking into 
account the requirements of clusters of our system, they are 
presented as the best option. The data mining technique has 
the clustering functionality to insert dispersed objects into 
groups (called clusters), so that objects of a same cluster are 
more similar to each other, according to a given defined 
criterion. 

III. PRELIMINARY STUDY 
Before the start of construction of our solution for 
summarization of photographic collections, we held a 
questionnaire in order to understand and know the habits of 
potential users. 

For this, we conducted a survey which was made available 
and disseminated electronically. We received 78 valid 
responses. 

It was possible for us to draw some conclusions about the 
behavior of our potential users about the tasks to take and 
organize photos: There is a lot of people that does not create 
representative subsets of their photographic collections due to 
the time taken in the selection phase.  

Most people take pictures one or more times a week, using 
your smartphone. According to the collected answers, the 
percentage of people who create representative subsets of their 
photographic collections is much smaller than the percentage 
that comes to a simple organization. Users considered the 
categories "City" and "Faces" as the main ones to filter your 
collection during the construction phase of a subset, and 
features "What tells the story of the event or lived moment" 
and "Presence of certain persons "as the most important 
characteristics to tern the construction of a subset. 

IV. MEMENTO – THE SOLUTION 
The solution proposed uses and combines some of the 

techniques and existing algorithms by adding photos selection 
modes of a given collection and a flexible interface to user 
needs. 

The design of the architecture has been made around a 
modular system, wherein each component does not depend 
directly on the other, making easy the task to modify any 
functionality. 

 
 



A – Architecture 
 
 
 

 

 

   Figure 5 – Memento architecture 

 
    As shown above, the architecture of the solution is divided 
into six main components: photographic collection, EXIF 
extraction, content information extraction, automatic 
summarization, Photographic management algorithm and 
interface. 
 
B – Information Extraction 
 
   The information relating to an image is obtained from your 
EXIF and your information in terms of color. Then we present 
the mechanisms for collecting this information. 

 
1. Date and time information – If i tis not possible to 

extract from the existing date and time information 
present in the EXIF image, is considered the date of 
the last modification. 

 
2. Presence of faces - It is made one classification in 

each image on one of two groups: with or without 
faces. The algorithm is applied by only looking for 
skin color with regard to the RGB color space, the 
HSI and YCrCb, converting to the three different 
color spaces, it seeks to identify the ranges of 
characteristic values of a human flesh tones. This 
process is performed for each pixel of the image, and 
at the end the number of pixels where the colors have 
been identified corresponding to the face of a person 
is counted, for the three color spaces.  

 
3. Moment of the day – We combine information 

collected through the EXIF: Date and time 
Information and ISO. 

 
4. Color – To distinguish color photographs of black 

and white ones, we recorded the number of color 
pixels that exists. Thus, identifying a pixel that 
contains the channels Red, Green and Blue with 
values equal between each other this is characterized 
as a black and white pixel. Otherwise it is considered 
as color pixel. At the end of the process, if there are 
any color pixels (> 5% of the total number of pixels) 
the image is characterized as color. 
 
• Quality – Regarding that quality as a somewhat 

subjective characteristic which varies from user 
to user, we decided to use histogram analysis of 

each image as the mean to sort images according 
to their quality. In photography using a 
histogram we can see that the image is properly 
exposed, the type of light was hard or soft and 
what settings work best on a given machine. In 
RGB color space, each pixel in an image has a 
color produced by combining three primary 
colors. Each of these colors has a gloss value 
ranging from 0 to 255 in a digital image with 8-
bit depth. In our solution we use the balance of 
the "shadow" zone and "high light" zone (shown 
in blue and green in Figure 6, respectively) of the 
histogram to classify the quality of a photograph. 
Initially a calculation of the number of pixels in 
the green zone ("Shadows") and the blue zone 
("highlights") is made. Next, subtraction is made 
between the number of pixels in the blue zone 
and the number of pixels in the green zone. The 
resulting absolute value of the subtraction is 
divided by the total number of pixels and the 
following process takes place: 
 

• If the calculated number is less than or equal to 
0.25 is considered as a photograph with good 
quality. 

 
• If the calculated number is greater than 0.25 and 

less than or equal to 0.75 is considered as a 
picture with medium quality. 

 
• If the calculated number is greater than 0.75 is 

considered as a picture with poor quality. 
 

5. Similarity – To calculate the similarity between the 
user imported images, we introduce the concept of 
Content based image retrieval (CBIR). In order to 
avoid a manual annotation of images we resort to a 
search of the images based on their content, where 
they are indexed by their visual content. 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 6 – Considered areas in the calculation of the 

difference of existing pixels in the histogram. 
 
The color characteristics are the most visual features used 

in image retrieval, as they are easier to extract compared to 



other like texture and shape, being independent of the size and 
orientation of the image. 

In our solution we use the color moments algorithm [33] 
that uses the color characteristics of each image to see how 
similar are two images. Color moments is a measure of the 
distribution of color in a given image, and these are computed 
in the same way of that so called central moments for a 
probability distribution. The color moments encode 
information in terms of color and in terms of shape, making 
them a good measure of extraction in cases of poor light 
conditions. Thus, three color moments are calculated for each 
color channel. 

In an image retrieval system based on content feature 
vectors are built in order to describe a given image. In the 
algorithm used in our solution, the following calculations for 
each color channel are performed: 

 
• Mean (1) – The average of the color existing in the 

image.  
= !

!
!
!!!! p!" (1) 

 
• Standard Deviation (2) – Calculated by the square 

root of the variance of the color distribution. 
 

σ! = (!! (p!" − E!!
!!! )!)     (2) 

 
• Skewness (3) – The third color moment is the 

skewness. Calculates how asymmetric is the 
distribution of color, and provides information about 
the shape of the distribution of color. 
 

S! = (!! (p!" − E!)!!
!!! )!

     (3) 

 
After we get the three values calculated above for each 

color channel (RGB), the descriptor vector is constructed for 
the image under analysis. As shown in Figure 7, on the first 
three positions values of the three calculations performed for 
the red channel (R1, R2, R3) are placed. The process is 
repeated for the remaining channels: green (G1, G2, G3) and 
blue (B1, B2, B3). 

 
 
 

Figure 7 – Descriptor obtained for each image - Color 
Moments. 

 
After obtaining the vectors of each image, is calculated the 

similarity between user-imported ones. This calculation is 
based on the Euclidean distance (4), which is in turn 
calculated between vectors of two images. In order to avoid 
building a table of distances, for each calculated distance, 
between the two images, is checked if this is smaller than a 
certain threshold (established in our solution at 50), and if this 
condition is verified, the information that these two images are 

similar to each other is saved. Another check is made during 
the same run with a lower threshold (set to the value 10), in 
order to determine whether two images are virtually the same 
image. Basically, this is done to ensure that during the 
clustering process, the algorithm always avoid to select 
pictures with a very high degree of similarity. 

 
d !,! = d !,! =
(q! − p!)! + (q! − p!)! +⋯+ q! − p! ! =

! (q! − p!)!!
!!!            (4) 

 
C – Automatic Summarization 
 

We use the hierarchical clustering algorithm for automatic 
creation of the representative subset. 

There are two types of hierarchical clustering: 
agglomerative and divisive. In both there is an organization of 
data in a hierarchical structure based on a nearby matrix. We 
decided to adopt a agglomerative bottom up approach because 
on the divisive approach is necessary to consider 2N−1 − 1 
possible divisions of two subsets of a cluster of N elements, 
which is computationally very heavy. The agglomerative 
clustering starts its process with N clusters, each of which 
includes exactly one element. Next, a series of merge 
operations is performed so all objects are aggregate in the 
same grouping. 

For the implementation of this algorithm there are methods 
to quantify the differences between two clusters: Average 
linkage clustering, Single linkage clustering and Complete 
linkage clustering. 

With the Single linkakge clustering method it can result on 
heterogeneous clusters. The Complete linkage clustering 
approach is an good option to adopt, given that forces the 
creation of spherical clusters and consistent diameters. 
However the creation of clusters with consistent diameters is 
not a requirement of our summarization process, since that 
when we have a huge amount of pictures of a same day that 
we want them to stay in the same cluster, even if this results in 
the creation of clusters with different sizes. The Average 
linkage is considered the middle of the other two methods. 

Despite the ability to create heterogeneous clusters, we 
adopted the Single linkage clustering method to be the one 
whereby we can acheive the best results, taking into account 
our objectives. 

 
D – Summarization algorithm 

 

 

 

 

Figure 8 – Descriptor obtained for each image - Color 
Moments. 



Consider the example of a user who decided to create a 
representative subset of 8 photographs of his photographic 
collection containing originally 20. 
      The process of creating a representative subset is 
constituted by the following steps: 
 

1. Organization by date and time - User-imported 
photos are ordered by date and time. All the 
clustering process uses as characteristic the time 
information, for calculating the distances between 
pictures. 
 

2. Mapping into clusters - If the user wishes that your 
subset have a number of shots equal to the number of 
imported images to the system, the process is 
finished. Otherwise, each downloaded photo is 
mapped to a cluster, ie, for each picture a cluster is 
created, as shown in figure 9. A cluster can be 
viewed as a container that holds one or more objects. 
This step is part of the hierarchical clustering 
algorithm. 

 
 

 
Figure 9 – Clusters set.  

1. !Nearby matrix calculation -  A key step of the 
hierarchical clustering algorithm is the construction 
of the initial distance matrix. The date and time 
information of each photo is previously converted 
into a single integer3 so as to facilitate the 
calculations. Thus, given the integer, the difference 
module of these values among all the photos is 
calculated. The result of these calculations is stored 
in a matrix, as exemplified by Table I. It is 
understood as distance between clusters the distance 
between the elements that these clusters contain. 

TABLE I.  NEARBY MATRIX IN THE HIERACHICAL CLUSTERING 
ALGORITHM 

 
2. Dendogram construction – On this stage the 

construction of the dendrogram is made. This 

                                                             
3 An integer is a number that can be written without 

a fractional component. 
 

construction is an iterative process of creating a new 
cluster from two existing ones, until there is only one 
cluster. This fusion is accomplished by consulting the 
nearby matrix where the two clusters with the 
minimum distance between them are selected so as to 
create a single integrating both elements. After this 
merger, the nearby table is updated: The new cluster 
is added to the table and the gap with other existing 
clusters is calculated in accordance with the Single 
linkage clustering method. Participants of the merger 
clusters are removed from the table and the process is 
repeated until there is only a single cluster. Figure 10 
shows the dendrogram at the end of the construction 
process. 

 
 
 
 
 
 
 

 
Figure 10 – Dendogram built.  

3. Cutting dendogram - With the dendrogram built, we 
entered the stage where we resort to successive cuts 
in it. As cutting is meant splitting a cluster into its 
two constituent clusters, or the inverse of the melting 
process. The number of cuts that it takes depends on 
the number of photos that the user want your 
representative subset has.  
 

1. Selection stage - The dendrogram cutting process 
results in a list of clusters. Denote this list as List 
"father clusters". On this list, a sequence of processes 
is initiated. Before starting this sequence, another list 
of clusters is created, initially empty, that will contain 
the clusters that are finally selected. We denote the 
latter list as "final clusters". At the end of the process, 
each list element "final clusters" is mapped in the 
respective picture. The resulting photo-set is the 
representative subset created automatically by the 
solution. 

 

D – Management algorithm 
 

With representative subset automatically built, the 
management of selected photographs and those who were not 
selected is made. This management involves grouping 
processes depending on the categories of each photo. This is 
done in order to offer a greater experience in organizing and 
presenting the results to the user. 
Some concepts are introduced: 
 

1. Container - In order to separate pictures that have 
been selected of pictures that have not been, a group 

Fotografia  A B C D … 
A 0 0,5000 0,7500 1,2340 … 

B 0,500 
 

… … … … 

C 0,7500 … … … … 
D 1,2340 … … … … 
… … … … … … 



of containers were created in our solution, in order to 
facilitate the organization of photographs to the user. 
We created three containers: Summary, Standby and 
Excluded representing the set of photographs that are 
selected for the representative subset of the set of 
photographs that were not selected for the solution in 
the automatic process and the photo set that the user 
does not want to be present in the subset, 
respectively. 
 

2. Categories – It is possible to group the photos of 
each container depending on the selected category. 
The existing categories in our solution are: 

 
a. Existence of faces; 
b. Moment of the day; 
c. Existence of color; 
d. Picture quality by on the histograma data; 
e. Similar photos. 

 
Once we activate a certain category, the container in 
which we find ourselves is automatically organized 
by groups. In the case of faces category, are created 
two photo groups: Those with faces and those without 
faces. In the similar category, there are created similar 
groups of photos together. We believe that this 
behavior is useful for the user to easily change the 
representative subset. 
 

E – Interface  
 
Idealizing the structure of the interface of our solution, it 

was placed as main objective the creation of something simple 
and easy to use for the average users. Create a representative 
subset as soon as possible is on of the main objectives and 
contributions of our solution. All the flow between screens 
was thought to only provide essential information so that a 
user can create your subset without great effort, with the 
option to manipulate and/or change it easily. 

 
1. Structure 

 
In all screens there are three areas: 
 
Header – Zone that is present in all screens, containing the 
tool logo and help options, about and settings. 
 
Adaptive zone – Zone that adapts according to the screen on 
which the user lies. 
 
Footer – Zone that adapts according to the actual screen. 
Specially designed to present the possible actions to be 
executed. 
 
 
 

2. Representative subset manipulation screen 
 
The second screen that the user has access after the automatic 
creation of representative subset, as shown in figure 12, has 
the main objective to focus the user on a single photograph. In 
the previous screen and when the user is not in the selection 
mode, after pressing a given image a new screen is displayed. 
On this screen it appears the previously selected image 
enlarged with all the relevant data related to it, collected by 
the solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11 – Memento – Page with the representative set 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 – Representative set manipulation screen 

V. EXPERIMENTAL EVALUATION 
Throughout the development of our solution, we made two 

different experimental evaluations that allowed us to draw 
some conclusions, both in terms of user experience as of the 
developed algorithm behavior. 

In the experimental evaluation performed to our low-
fidelity prototype, it was possible to validate some decisions in 
terms of user experience of the solution and in terms of the 
effort required to the user to solve certain tasks. With some of 
the results obtained previously, thought screens were 
eliminated, in order to reduce the effort and time required to 
solve a particular task. It was also possible to see what kind of 
information these users felt more need to be present in the 
solution interface. 



 
than in the previous assessment. In this evaluation, the users 
said that the summary that has been hand built by themselves 
done with some care and rigor, satisfying their quality levels. 
Still, we note with satisfaction that the summaries created with 
smart algorithm were presented as the second higher quality 
ones, allowing the user to build representative summarizations 
faster than the manual method. 

Regarding the trend of these users to create or non-
photographic summarizations, 50% of these said they 
sometimes do it in order to reduce the number of photographs 
of their collection or to stay only at the most important 
moments. perchance 30% said they did not do it due to time 
and work needed to expend on the creation of a manual 
summary form. These responses come against the problem we 
identified about the need for a large time interval so that a user 
can create a representative summary, in a manually manner. 
Thus, by Memento, we present an alternative tool to the 
manual method, which allows the user to get a summary with 
suggestion selection and further handling without spending a 
lot of time making it, and that is our main contribution. 

The difficulty experienced by users in carrying out the task 
of moving pictures between containers allowed us to realize 
that there were some problems with the user experience of our 
solution. In this task, it was not easy to understand for users 
the "select" labeled button functionality existing on the left 
side of the screen, which means that some users stayed 
stopped to look at all sides of the screen in order to try to 
understand how could move the photos. 

An average of 81.25 in the system usability scale was 
obtained. 

As the creation of a summarization from a particular 
photographic collection can be a subjective process and it 
varies depending on the tastes and objectives of each user, we 
intend to offer, with our solution, greater flexibility in its 
creation. 

Thus, it is intended, in essence, this to be a solution that 
will help people organize and create subsets of existing 
collections, not relying only on automatic processes, but also 
with the intervention of the user himself in the final result. 
 

VI. CONCLUSIONS AND FURTHER WORK 
 

With the study of several existing solutions to address the 
problem presented, we conclude that these, although 
containing organizational mechanisms and creating subsets of 
collections, do not offer the user a flexible and intuitive 
mechanism to optimize the task of summarization. 

Our solution consists in a modular architecture where each 
module has clearly defined responsibilities, including an 
interface that allows the user to enjoy all the existing features 
in the solution. These features consist of grouping by 
categories Photographs user-defined collection for 
summarization, such as time information of each photograph, 
resembling content and the color of each picture, the definition 

of the number of photos to exist in this subset and selecting 
photographs. 

This work can be seen as a starting point for new solutions 
or potential improvements to our system presented here. So 
we highlight some aspects that can be improved in future 
work, always keeping the main objective of building 
representative photographic summarizations: 

 

 Clustering algorithm and selection of the most 
representative photographs - The system was developed 
with the aim of facilitating the task of changing the clustering 
algorithm to use, as the rest of the pictures selection process. 
Thus, and maintaining the same interface to the user, our 
system can be easily improved. A possible improvement 
would be to optimize our visual interface to all kinds of 
devices, an increasing need in our time. 

 New features - There are certain features that may be 
added to provide a better user experience. Features such as 
categories and used algorithms, by which a user can filter the 
resulting representative subset from an automatic 
summarization. 
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