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Pollinators play a key role in biodiversity conservation, since they provide vital services to both natural ecosys-
tems and agriculture. In particular, bees are excellent pollinators; therefore, their mapping, classification, and
preservation help to promote biodiversity conservation. However, these tasks are difficult and time consuming
since there is a lack of classification keys, sampling efforts and trained taxonomists. The development of tools
for automating and assisting the identification of bee species represents an important contribution to biodiver-
sity conservation. Several studies have shown that features extracted from patterns of bee wings are good dis-
criminatory elements to differentiate among species, and some have devoted efforts to automate this process.
However, the automated identification of bee species is a particularly hard problem, because (i) individuals of
a given species may vary hugely in morphology, and (ii) closely related species may be extremely similar to
one another. This paper proposes a reference process for bee classification based on wing images to provide a
complete understanding of the problem from the experts' point of view, and a foundation to software systems
development and integration using Internet services. The results can be extended to other species identification
and taxonomic classification, as long as similar criteria are applicable. The reference process may also be helpful
for beginners in this research field, as they can use the process and the experiments presented here as a guide to
this complex activity.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The well-being of human populations of the world depends, among
others, on the so called ecosystem services. These services can be defined
as the benefits people obtain from ecosystems and they can be divided
into four categories: supporting systems, such as nutrient cycling and
seed dispersal; provisioning services, such as food, water, minerals and
others; regulating services, such as pollination and carbon sequestration;
and cultural services, such as ecotourism and recreational experiences.
That is why the worldwide loss of biodiversity has been amajor concern
at least since the last century, and itwas recognized as such by theUnited
Nations (Brundtland, 1987). It brought to attention that population, en-
ergy, industry, food security, and human settlements, are connected to
the loss of species and genetic resources. Different factorsmay cause bio-
diversity depletion, such as destruction and reduction of natural habitats,

pollution of ground water and of the atmosphere, and global warming
(Sala et al., 2000).

Pollination is a key ecosystem service that represents a very impor-
tant tool for environment conservation (Daily, 1997). A serious decline
of the pollinator populations is being noticed since the end of the 20th
century (Buchmann et al., 1997). It has recently been suggested that
the main causes to this decline are linked to the rapid expansion of
human activities, such as loss and fragmentation of natural habitat, ag-
gressive agricultural practices, pathogens and climate changes (Potts
et al., 2010; Schweiger et al., 2010). In particular, bees aremajor pollina-
tors; therefore, their preservation helps to promote biodiversity
conservation.

Identification of bee species is part of their preservation. It may be
obtained by studying, processing, and analyzing images of bee wings
(Bueno et al.; Giannini et al., 2011). Several studies have shown that fea-
tures extracted from patterns of wing venation are good discriminatory
elements to differentiate among species of insects (Francoy et al., 2008,
2009; Nielsen et al., 1999; Schröder et al., 2002;Weeks et al., 1997). The
use of geometric morphometrics is very helpful, since it applies a set of
computational techniques for analyzing shapes with applications in
species identification, in genetic variability, among others.
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However, automated species identification is a particularly hard
problem and the entire process related to image acquisition, plotting
of landmarks, feature extraction and statistical analysis is still mostly
manual, demanding a considerable amount of time. Therefore, the de-
velopment of auxiliary tools for bee identification is of great importance.
They can reduce thework load for the small number of taxonomists that
spend a long time identifying species for non-taxonomist scientists.
Morphometrics, DNA barcode and cuticular hydrocarbons are impor-
tant alternatives to assess biodiversity, enriching the information
obtained in alpha taxonomy (Francisco et al., 2008).

This paper presents a reference process for automating bee identifi-
cation based on their wing images. Reference processes provide a
complete understanding of the problem from the experts' point of
view (Bass et al., 2003). In Internet-based software systems, as is the
case with most biodiversity databases and tools, system development
and integration are greatly improved by using SaaS, Software as a
Service, and Cloud Computing (Fox and Patterson, 2012). Reference
processes represent an adequate approach for the development of
systems in this scenario because the steps and the communication
among different steps are clearly identified.

The reference process is divided into four main sub-processes,
namely image acquisition, digital image processing, classification, and
validation. Image acquisition is the step in which wing images are ob-
tained and stored. Live bees or dissected bee wings may be used in
this step. Digital image processing is the second step, its purpose is to
recognize landmarks and to extract relevant and discriminatory fea-
tures so that bees can be classified. In the classification step, classifiers
have the extracted features as input and they decide which species
each wing image belongs to. The basic criteria for initial classification
are defined by experts in the field. Though they do not always agree
about which criteria should be applied in each case, an approach must
be chosen in order to perform the classification sub-process properly.
The last step is validation; it comprehends the interactions with users,
researchers and experts to decide whether the criteria for classification
should be revised, or classification results are acceptable, or if further
analysis should be performed.

Morphological analyses are performed in the process. They help
with bee identification by defining and extracting homologous land-
marks and relevant and discriminatory features (such as shape, color
and patterns) from thewing images, so that bees can be classified. Land-
marks are extracted from Cartesian coordinates plotted at intersections
between veins on the bee wing.

The reference process is presented in BPMN, Business Process
ModelingNotation (White andMiers, 2008). BPMN is a standard to sim-
plify the understanding of businesses. It provides a graphical notation to
facilitate performance and collaboration studies, allowing the identifica-
tion of gaps and potential improvements.

BPMN permits bridging the gap between business process design
and implementation. BPMN is an agreement between multiple model-
ing tool vendors to use the same notation for the benefit of end-users,
and it is supported by many of the largest software companies in the
world (BPMN Information Home, 2013). It is also applied by several
companies to model their businesses, being one of the most accepted
notations by the community (Intalio Business Process Management
System Home, 2013). The education community and the aerospace
and defense, business service, and construction and operations indus-
tries are among their main users.

A BPMN-based process can also be automatically converted into BPEL,
Business Process Execution Language. This feature is very desirable for in-
tegrating software services on the Internet because it addresses the inte-
gration of REST-compliantweb services andotherweb services compliant
to W3C standards, which are the majority of services available on SaaS-
based systems in the cloud. In order to properly apply BPMN, in this
paper bee classification is considered as the business.

The application of reference processes to this problem certainly con-
tributes to its clarification while the knowledge gained with this work

allows improvements in the development of software methods and
packages for bee identification and classification. The main steps of
the reference process were implemented in order to assess its viability
and the viability of digital image processing to this problem. The results
are presented as case studies, showing its effectiveness. If similar com-
putational techniques can be applied, the approach presented here
may be extended to the identification and taxonomic classification of
other species, as long as their own characteristics are well defined,
extending the contributions of this work. Finally, as it is presented, the
reference process may be very helpful for beginners in this research
field, as they can use the process and the experiments presented here
as a guide to this complex activity.

2. Reference processes and BPMN

Themain purpose of this paper is to establish the foundations to con-
struct software systems for automated bee identification based onwing
images and digital image processing. A recommendation to achieve this
challenge is to design reference architecture for this domain (Bass et al.,
2003). A reference architecture can be defined as a set of engineering
and design principles within a specific domain. It defines the structure
of the system, the responsibilities of system components, and templates,
among others, mapping themain functionalities thatmust be addressed
by the software system. Reference architecture offers a basis for devel-
oping specific software architectures; because the main issues of the
domain are already identified and dealt with, the architect only needs
to invest time and effort in the adequacy of the reference architecture
for each specific implementation.

Mapping the detailed information contained in an existing standard
or model is necessary to define a reference architecture (Bass et al.,
2003). This can be obtained by a reference process. Reference processes
document and formalize current practices and the experts' knowledge
about a subject (Bass et al., 2003), proving to be a reliable guide in the
identification of existing gaps and failures, and of extra work and im-
provements needed in the informal processes adopted (Santana et al.,
2008). They represent important tools for the software architect be-
cause they have the ability to capture and to summarize the knowledge
in a relatively simple way, as an ordered sequence of business activities
and supporting information (White, 2004). They can also be applied to
construct specific processes for each application. In service oriented ar-
chitectures, it is usually recommended to design processes to identify
the system issues, such as communication requirements (Huhns and
Singh, 2005). Since this work considers SaaS and Cloud Computing as
a natural part and the future of biodiversity information systems, a ref-
erence process is recommended to achieve the desired purposes.

In order to present the reference process, a notation is required.
BPMN is a standard developed to provide a flow-chart based notation
understandable by all business users (White, 2004), including business
analysts, technical developers responsible for implementing the
technology, and business people. Business Process Modeling (BPM)
comprises the activities of representing, analyzing and improving the
process of an enterprise, in order to achieve better levels of quality
and efficiency.

A software package to design processes in BPMN is called BPMS,
Business Process Management System. There are several of these
systems available that implement the same notation (BPMN
Information Home, 2013; Bizagi, 2013). The differences among BPMS
packages are mainly related to functionalities other than design, such
as performance evaluation and process analysis. Since the purpose
here is only to design and to introduce the process, most of them
would be suitable. The Bizagi Process Modeler™ was chosen to design
the reference process for bee classification presented in this work be-
cause it is a free, standard-based, BPMS, which would thus be easily ac-
cessible by the biodiversity community.

Another advantage of BPMN is the existence of resources tomap the
graphical representation of a process to a services instantiation and
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