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1. Introduction

Image collections have seized upon the latest advances in technology, using computers and the
Internet to offer unprecedented access to these visual resources. Image search engines attempt to give
access to a wide range of online images available on the Web. The goal of image search is to return
relevant and useful images based on the user’s query. However, searching for images is somehow
different from searching for text-based documents, mainly explained by the exceptionally subjective
nature of images. Over the years, several studies (Fidel, 1997; Jorgensen and Jorgensen, 2005; Jansen,
2008; Ménard, 2009) stated that the image retrieval process has ignored several fundamental user issues,
including the disparity between text and image retrieval. Actually, the same searching tools and their
functionalities are used for both types of resources. For example, image searching is offered by general
search engines, such as Google or Yahoo!, and by many specialized search services devoted to non-print
or multimedia material. These engines allow users to browse multiple pages of results and provide
various filtering options to increase search success.

However, the quality of image search engines’ results notably depends on the significance of the
textual information surrounding or associated with the images (e.g., filename, nearby text, page title or
tags within the HTML code). It is also related to the users’ ability to formulate their queries. Inevitably,
image searchers are often overwhelmed by massive amount of results they receive searching with a simple
query such as “monkey,” “business” or “Tiger Woods.” Even if search engines currently offer
functionalities that are well-designed, these are not particularly well adapted to image searching and
browsing. Moreover, most image retrieval is still limited to monolingual search results, that is, image
queries are performed in only one language or, at least, a language familiar to the image searcher. This
limitation immensely influences the relevance of the results.

This paper presents the third phase of a research project that aims to develop of a new bilingual
interface called SINCERITY (Search INterfaCE for the Retrieval of Images with a TaxonomY). In the
two previous phases, a best practices review was performed in order to acquire knowledge of the existing
image search functionalities and to assess how they could be integrated in the development of a bilingual
search interface dedicated specifically to images (Ménard and Smithglass, 2014). In the second phase,
we investigated the roles and usefulness of these search characteristics and functionalities for the image
search process in a bilingual context from the user’s point of view, since image searchers are viewed as

informants who can help Web designers fill gaps with their knowledge



(Ménard et al., 2013; Ménard and Khashman, 2014). The combination of the exploration of best practices
for image retrieval, the analysis of the behaviours and needs of real users when searching for images
provided the foundation for the initial design of the search interface that will be developed in the ultimate
stage of the research project.

The paper is structured as follows: Section 2 surveys previous studies in image access;
Section 3 describes the methodology used for the initial design and development of the search interface;
and Section 4 concludes the paper with suggestions on how the search interface will be tested, as well

as future directions for the research project.

2. Related works

Studies on Web search engines reach in scope from technical developments to investigations on
the social impact of these tools. Some studies (Goodrum and Spink, 2001; Spink and Jansen, 2004)
provided valuable insight about query characteristics performed by image searchers. Other studies related
to Web search engines (Machill et al., 2004; Jansen and Spink, 2006) took into account typical user
behaviours as possible sources of information to design better interfaces. Some search engine evaluation
studies (Bar-Ilan, 2004; Bar-Ilan et al.,, 2006) tested search engines through comparing their ranked
results lists. Approaches to display results from many diverse angles have been examined (Thelwall,
2004; Ginsberg et al., 2009). The literature offers abundant evidence on online image searching
processes. In addition, the preceding studies provided valuable insight into approaches and algorithms
interrelated to search interface design, including the future users’ point of view. Additional studies,
however, are needed to investigate how image searchers diverge from text-based searchers.

During the previous phase of this research project, we examined 159 resources provided by four
types of organizations (libraries, museums, image search engines and stock photography databases).
Search functionalities offered by text-based systems and content-based image retrieval systems have been
explored (Ménard and Smithglass, 2014). This examination of existing image retrieval tools aimed to
determine what type of functionalities are made available to their users in order to facilitate image
retrieval in a multilingual context. This review of best practices was a crucial stage in the interface design
because it provided the basic guidelines and characteristics necessary to improve the image retrieval
process. All the major image search engines reviewed offer a similar practice for image retrieval:
keyword-based query resulting in a grid of image thumbnails. Various query refinements are available,
including image size, aspect ratio, colour and different kinds of content (e.g., illustrations, or images
containing a face). Image retrieval can also be performed in a multilingual context. Several search

engines give limited access to multilingual documents and integrated translation mechanisms



and functionalities in order to support searching in more than one language. Likewise some search
engines offer monolingual searches in a number of languages, coupled with a machine translation
software that translates the resulting Web pages into English or other languages (Bar-Ilan and Gutman,
2005).

Nowadays, the traditional way to search for images implies two steps: the user enters a query into
a box and results are displayed (Morville and Callender, 2010). Content-based image retrieval (CBIR)
systems were also explored in the previous phase of the research. CBIR is defined as a process that
searches and retrieves images on the basis of automatically derived low-level characteristic features such
as colour, texture and shape (Enser et al., 2007; Jain and Singh, 2011), while text-based retrieval systems
are based on the use of the verbal language to perform the queries (Jorgensen, 2003). Computer
researchers have been working on technologies that would go beyond metadata to determine what objects
are in a picture, and most efforts to date have only been moderately successful. However, our exploration
revealed that CBIR systems are promising but still present some weaknesses (Mehyar and Atoum, 2012).
Most CBIR systems still have a number of imperfections and remain at the experimental stage
(Jorgensen, 2003). Consequently, text-based queries remain the most common way to retrieve images.

Our literature review drew attention to the fact that while search engines have evolved
considerably over the years, so have the image searchers. During the second phase of our research project,
we conducted a survey and interviews in order to investigate image searchers’ needs and behaviours
when searching for online images. The data analysis suggested several interesting implications for the
design of the interface. For example, the analysis of participants’ responses revealed the incontestable
importance of keeping the search interface as simple as possible. The majority of the interviewed
participants mentioned a box where the image searcher can enter a few keywords. However, one of the
main outcomes of this second phase of the project revealed that image searchers still have difficulty
formulating an effortless query that would lead them to the image they are looking for. Moreover, some
respondents candidly admitted they would be interested in using predetermined subject categories to
initiate their queries. Consequently, we hypothesize that including a taxonomic structure to begin the
search process would be an interesting feature to include in our search interface (Ménard and Khashman,
2014). The idea of incorporating a taxonomy to help image retrieval has been suggested by many image
searchers who participated in the exploration of the roles and usefulness of functionalities for image
searching in a bilingual context (Ménard et al., 2013). Very few search engines offer their users the

opportunity to browse a taxonomic structure to initiate their queries.



Furthermore, the data from the survey and interviews illustrated the strong reliance by participants
on keyword-based searching and underlined the lack of interest of the respondents in most content-based
searching (CBIR) methods (e.g., using low-level characteristics such as shapes, colours, etc.). The image
searchers prefer to search with various metadata-based keywords related to the content of the image they
are looking for, the events taking place or people that appear in the picture. Even if image retrieval
systems would greatly benefit from offering CBIR techniques, as reported in the literature review carried
out for this study, image searchers seemed very sceptical about the effectiveness of initiating their search
with a non-textual query, for example, with an image or a drawing. This result is important and explains
why CBIR methods are not included in the search interface we developed.

There are abundant search engines that are currently in existence; however, few support true
cross-language information retrieval (CLIR) that allows users to make queries in one language and
retrieve documents in one or more other languages. For example, many search engines are monolingual
but have the added functionality of carrying out translation of the retrieved pages from one language to
another, for example, Google, Yahoo!, etc. (Zhang and Lin, 2009). Many research projects on query
translation for different language pairs have been conducted in the last decade, as well as on the many
linguistic resources integrated in CLIR systems (bilingual or multilingual dictionaries, machine
translation [MT], parallel or comparable corpora). These linguistic devices all demonstrated advantages
and limitations (Pirkola et al., 2001; Hedlund et al., 2004; Chen and Gey, 2004; Zhang and Vines, 2004;
Xu and Weischedel, 2005). Most CLIR systems use an automatic translation device. Studies revealed
that it usually performs well and can be used for translating queries, summaries and even complete
documents (Bracewell et al., 2008). Consequently, the integration of a query translation device using a
machine translation device seems to be an obvious choice.

The survey and interviews we conducted prior to the interface development revealed that most
image searchers formulate queries only in their native language when searching for images. Nevertheless,
a majority of respondents expressed interest in the possibility of retrieving images associated with words
from different languages. Consequently, our search interface model facilitates searching for images
indexed in two different languages (English and French), giving the image searchers the opportunity to

easily access a variety of visual resources, regardless of the image indexing language.

3. Methodology

3.1 Image database and indexing process



In the summer of 2011, 14 people agreed to give copies of their photos to the IDOL image
database (Images DOnated Liberally). A total of 8,932 images was first collected and reduced to 6,015
by removing duplicates. Subsequently, all images have been indexed using TITARA (Taxonomy for
Image Indexing And RetrievAl), a taxonomy created for the indexing of ordinary images (Ménard, 2012).
The development of TIIARA was based on an extensive analysis of existing specialized terminology
used by professional indexers to describe images, as well as the tags employed by regular Internet users.
This exploration was undertaken to determine how these terminologies could be integrated in the
development of the taxonomy. An evaluation of 150 vocabulary resources that organize and describe
images (libraries, museums, search engines and commercial websites) was carried out. This examination
of best practices for the organization of digital images used by indexing specialists and non-specialists
alike was a crucial step, since it provided the basic guidelines and standards for the categories, formats
of terms and relationships to be included in the new bilingual taxonomy (Ménard and Smithglass, 2012).

Two graduate students (an English and a French native speaker) from the McGill University
School of Information Studies, with the necessary indexing skills, were chosen to index the IDOL image
database using TIIARA. The indexing process had two main steps:

1) Image visualization and selection of the main ‘subject’. Since the primary goal of the
indexing policy was to encourage precision, only the main subject and/or concept needed to
be identified when visualizing the images.

2) Translation of the main ‘subject’ into an indexing term chosen from the TIIARA main
categories (English or French version) at the level of the most specific available term .

To check the reliability of the indexing, an inter-indexer consistency test was conducted on the
basis of 300 images (5%) randomly extracted from the IDOL database. The two project indexers achieved
a consistency rate of 65%. Of the 300 images, 195 images were indexed with the same English and
French terms, 105 images with different English and French terms. This result is consistent with the rates
generally observed (Lancaster, 2003; Ménard, 2008). The test did highlight some gaps in TIIARA that
would need to be addressed, but the results were sufficiently encouraging to justify asking the indexers
to proceed to the next stage, indexing the entire IDOL image database. At the end of the indexing process,
all images from the IDOL image database were indexed with two (one English and one French) TITARA

subcategories as shown in Figure 1.



IDOL-1752
English indexing term: Flowers (L3)

French indexing term: Nature (L1)

IDOL-5817

English indexing term: Weddings and
commitment ceremonies (L4)

French indexing term: Mariage et
cérémonie d’engagement (L4)

Figure 1. Examples of images and indexing terms associated with them



3.2 Implementation

The implementation of SINCERITY shown in Figure 2 is the result of the following

requirements that were defined during the earlier phases of the research:

®  Multilingual indexing

n  Taxonomy-based browsing

m Customizable user interface

Query translation between French and English

m  Scalability to large image collections

sincerity

| Frangais

You searched: tree OR arbre (x)

Search

\tree
MTranslate query to French

Browse by subject
- . Abstract ideas
- .. Arts and entertainment
- . Daily life
“ .. Nature
- .JAnimals
4| Plant kingdom

. = .lTrees

. Rocks and minerals

- ./ Weather and natural phenomena
.- ../ Objects and equipment

- .l Places

- ./ Work

<12 3 45 > displaying 1 to 20 of 93

English: Trees English: Trees
French: Arbre French: Arbre

English: Trees
French: Arbre

> 1J B %
English: Trees
French: Arbre

English: Trees
French: Arbre

Enéllsh: Trées
French: Arbre

Figure 2. SINCERITY user interface

English: Trees
French: Arbre

English: Trees
French: Arbre

The strategy of using open-source software components as much as possible for the solution was

chosen for the advantages of this approach: low initial cost and accessibility to evaluate and develop

enhancements independently and driven by research objectives rather than financial viability.



Microsoft Translator
Web Service PHP Proxy
jQuery
Ajax-Solr HTML/CSS
Apache Solr jsTree
Sincerity Taxonomy in JSON

Figure 3. SINCERITY components

Figure 3 shows the main components of the SINCERITY implementation. The Lucene search
library has been used to build image search utilities for the Windows operating system (Ng, 2008).
However, given the research context of image searching on the Web, the decision to embed the
SINCERITY interface in a web browser rather than a Windows interface made sense. Developing
SINCERITY using HTML/CSS that runs on a browser ensures that the interface is accessible across
operating systems and could be moved onto the Web in the future.

Apache Solr! is a well-known open-source search server built with the Lucene search library at
its core. Solr was chosen as the indexing technology for SINCERITY. Among the many features of Solr,
the following were particularly important: proven scalability, an active open-source community,
extendible plug-in architecture, flexibility and adaptability of the indexing configuration. Solr runs as a
stand-alone search server that is easy to use through HTTP with other programming languages. The use
of Solr made the addition of French and English word stemming relatively straightforward, for example.

Much research in image indexing is focused on CBIR. Even though CBIR is currently not a
requirement for SINCERITY, the potential to easily include these indexing techniques in the future is a
technological consideration. Choosing Apache Solr as a search server provides the additional advantage
of the potential to leverage CBIR technologies, such as the LIRE open-source library (Lux and
Chatzichristofis, 2008), recently made available as a Solr plug-in.?

The SINCERITY end-user interface is implemented with the AJAX-Solr JavaScript framework
for creating user interfaces to Solr.? This framework uses jQuery* Ajax to pass and retrieve search results

from Solr, based on end-user search and browse queries. Moreover, jQuery is the foundation



library for the jsTree plug-in® used for implementing the interactive browse tree for the taxonomy. The
taxonomy was encoded using JSON format so that it would be compatible with jsTree.

Lastly, the requirements included the need to optionally translate user queries between English
and French before passing them to the search server. The Google Translate web service requires a
monthly payment for any usage, while the Microsoft Translate® web service is free for up to 2 million
characters per month. Sending the translation web service requests to the translator requires a PHP proxy
due to the authentication routine involved in Microsoft Translate as well as the browser security

restrictions preventing cross-domain JavaScript.

INCERITY User Interface

Subject Browse (English) Subject Browse (French)

Search (English) Search (French)

Translate query
\ 9 (Microsoft Translate) e /
INCERITY. lndex\¥ \ / \ / \$

English taxonomy terms French taxonomy terms
(unstemmed) (unstemmed)
Yy Yy_ .
English & French taxonomy terms English & French taxonomy terms
(English stemmed) (French stemmed)

Figure 4. SINCERITY user interface and its Solr indexes

There is a scarcity of research papers describing the indexing implementation details of
hierarchical faceted search applications (Ben-Yitzhak et al., 2008). Solr’s facets are flat, so the indexing
of hierarchical taxonomies with Solr involves indexing the taxonomy paths for each image.

In order to keep the implementation of the taxonomy navigation as simple as possible, the
taxonomy structure was encoded in JSON and rendered with jsTree. Figure 4 shows how the main
functions on the end-user interface relate to the Solr index. The Subject Browse in English and French is
implemented by linking the jsTree interactive tree with the underlying English and French terms indexed
in Solr without stemming. All of the taxonomy levels are included in this unstemmed index, allowing the
user to drill down to more specific terms. For example, the index for an image with the hierarchy “Daily
life > Food and drink > Alcohol” would contain all three of these terms. The category names in the
taxonomy are almost entirely unique, and thus the jsTree implementation needs only to send the final

term, “Alcohol” in this example, to obtain the appropriate results. In case of terms that



might repeat in more than one place in the taxonomy, jsTree sends the additional search parameters
consisting of the more general terms, in the example, “Daily life” and “Food and drink.”

User search queries are sent to their respectively treated indexes in Solr. Thus, the French-
language interface queries against the French-treated index in Solr. English terms are also included in
this index, making it possible for the end-user to make an English query even though they are on the
French interface. However, given that the terms are stemmed as English on the English interface only,
the search results could be better in some cases when the interface language matches the query language.
For example, if the user types in “designing” on the French interface, they will not get any results, because
retrieval depends on English stemming: there are images actually indexed with the English term
“Designed products.” The same query on the English interface will perform the appropriate stemming
and so retrieve the relevant images.

When the user activates the runtime query translation with Microsoft Translate, the results of the
translation are queried against the Solr index with the appropriate language. Thus, if the user enters
“house” on the English language interface with the “translate query” set, the interface will query “house”
on the English stemmed index and the result of the translation (“maison”) on the French stemmed index.

Besides the prepared taxonomies in English and French, the interface needed the functionality to
translate custom user queries before sending them to Solr for retrieval. There are a few technologies
available to choose from for this purpose, including the Google Translate API.” The Microsoft Translator
service was chosen. It is a statistical machine translation system that integrates human translation to
improve the quality of the translation, made available to the public by Microsoft since 2007 (Wendt,
2010). The reasons for choosing the Microsoft Translate service for SINCERITY include the following:

n Well-documented AJAX API

n  Cost-free for under 2 million characters per month

1 Robust system that can translate and detect 45 languages
In addition to the technical availability and no initial cost, Microsoft Translate performed comparably to
other translation systems when tested with English-to-French translation of user-generated content, and
even surpassed other systems significantly with the English-to-German language pair (Roturier and

Bensadoun, 2011).



4. Conclusion and further work

The context of use of the proposed model is that of image search and browse tasks through a
collection of images, indexed with multiple languages, on a personal computer, commercial website or
the site of a museum or a special collection. SINCERITY is a research prototype for testing the usability
of a search and retrieval tool for collections of images indexed in more than one language, at the level of
everyday familiarity with objects and events.

The current implementation does not make use of the language detection feature of Microsoft
Translate. Instead, the assumption is made that users enter queries in the language matching that of the
selected language of the interface. If testing reveals this assumption to be problematic, the language
detection features of Microsoft Translate could be used to detect if the user entered a French-language or
English-language term, and only then sending the query to the appropriate index in Solr.

The images in SINCERITY are indexed with only one taxonomy path per image. Therefore, no
attempt was made to provide additional relevancy ranking within each path. User testing could reveal the
need for additional relevance ranking and sorting of search results. The addition of this functionality
would require reindexing the images with multiple taxonomy paths per image or the addition of content-
based search parameters.

In the next phase of the research project, we plan to continue improving our prototype, in terms
of both performance and aesthetics. A two-phased user testing strategy will be conducted to ensure that
the final product is clear, comprehensive and consistent. The first stage of user testing will consist of a
group of image searchers formulating queries to retrieve a sample of images using the interface. A
questionnaire will be developed in order to gather the comments of the users. Unstructured interviews
will also be conducted to deepen our knowledge of the ins and outs of the search interface. Upon
completion of this first evaluation, the search interface will be refined according to the comments and
suggestions received.

The second stage of testing will entail an evaluation of the performance of SINCERITY,
involving a usability test under experimental conditions. An exhaustive simulation of the retrieval process
will be performed. From the image database, a sample of realistic image retrieval tasks will also be
determined to serve as topics that can be submitted as queries to retrieve images in order to eventually
evaluate the retrieval performance supplied by the new search interface. The objective of this testing is
to ask a representative sample of image searchers to complete typical image retrieval tasks using the new
interface in order to measure the degree of effectiveness, efficiency and user satisfaction. The interface

testing is expected to identify the usability inconveniences of SINCERITY



that may not be revealed by less formal testing (Sproull, 2002). The experiment will also aim to evaluate
the structure of the interface and the quality of the translation.

The search interface model is intended to be an innovative and powerful tool for image searchers
who are looking for ordinary images or other types of images. Eventually, documentary images related
to a specific area (e.g., sports news, medical imaging) or artistic images (e.g., museum objects, famous
works) could be included in the image database if we were able to obtain a better understanding of the
best approach to adopt to optimize image retrieval.

Other languages could eventually be added to SINCERITY in order to offer members of other
linguistic communities equivalent image retrieval opportunities and subsequently bridge the information
divide that still exists. The methodology proposed by this project could also be applied to other types of
documents, such as audio files or videos, for example, in order to study how to index and retrieve these
multimedia documents and make the necessary suggestions to improve their organization and, eventually,

their retrieval.
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