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Preface

It gives us great pleasure to introduce this collection of papers that were presented
at the following international conferences: Image Processing, Computer Vision,
and Pattern Recognition (IPCV 2020); Health Informatics and Medical Systems
(HIMS 2020); Bioinformatics and Computational Biology (BIOCOMP 2020); and
Biomedical Engineering and Sciences (BIOENG 2020). These four conferences
were held simultaneously (same location and dates) at Luxor Hotel (MGM Resorts
International), Las Vegas, USA, July 27–30, 2020. This international event was held
using a hybrid approach, that is, “in-person” and “virtual/online” presentations and
discussions.

This book is composed of seven parts. Parts I through III (composed of 21
chapters) include articles that address various challenges in the areas of Image
Processing, Computer Vision, and Pattern Recognition (IPCV). Parts IV and V
(composed of 29 chapters) present topics in the areas of Health Informatics and
Medical Systems (HIMS). Part VI (composed of 14 chapters) includes articles in
the areas of Bioinformatics and Computational Biology (BIOCOMP). Lastly, Part
VII (composed of 4 chapters) discusses research topics in the areas of Biomedical
Engineering and Sciences (BIOENG).

An important mission of the World Congress in Computer Science, Computer
Engineering, and Applied Computing, CSCE (a federated congress to which this
event is affiliated with) includes “Providing a unique platform for a diverse com-
munity of constituents composed of scholars, researchers, developers, educators,
and practitioners. The Congress makes concerted effort to reach out to participants
affiliated with diverse entities (such as: universities, institutions, corporations,
government agencies, and research centers/labs) from all over the world. The
congress also attempts to connect participants from institutions that have teaching
as their main mission with those who are affiliated with institutions that have
research as their main mission. The congress uses a quota system to achieve its
institution and geography diversity objectives.” By any definition of diversity, this
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vi Preface

congress is among the most diverse scientific meetings in the USA. We are proud
to report that this federated congress had authors and participants from 54 different
nations representing variety of personal and scientific experiences that arise from
differences in culture and values.

The program committees (refer to subsequent pages for the list of the members of
committees) would like to thank all those who submitted papers for consideration.
About 47% of the submissions were from outside the USA. Each submitted paper
was peer-reviewed by two experts in the field for originality, significance, clarity,
impact, and soundness. In cases of contradictory recommendations, a member of the
conference program committee was charged to make the final decision; often, this
involved seeking help from additional referees. In addition, papers whose authors
included a member of the conference program committee were evaluated using
the double-blind review process. One exception to the above evaluation process
was for papers that were submitted directly to chairs/organizers of pre-approved
sessions/workshops; in these cases, the chairs/organizers were responsible for the
evaluation of such submissions. The overall paper acceptance rate for regular papers
was 17%; 12% of the remaining papers were accepted as short and/or poster papers.

We are grateful to the many colleagues who offered their services in preparing
this book. In particular, we would like to thank the members of the Program
Committees of individual research tracks as well as the members of the Steering
Committees of IPCV 2020, HIMS 2020, BIOCOMP 2020, and BIOENG 2020; their
names appear in the subsequent pages. We would also like to extend our appreciation
to over 500 referees.

As Sponsors-at-large, partners, and/or organizers, each of the following (sepa-
rated by semicolons) provided help for at least one research track: Computer Science
Research, Education, and Applications (CSREA); US Chapter of World Academy
of Science; American Council on Science and Education & Federated Research
Council; and Colorado Engineering Inc. In addition, a number of university faculty
members and their staff, several publishers of computer science and computer
engineering books and journals, chapters and/or task forces of computer science
associations/organizations from 3 regions, and developers of high-performance
machines and systems provided significant help in organizing the event as well as
providing some resources. We are grateful to them all.

We express our gratitude to all authors of the articles published in this book and
the speakers who delivered their research results at the congress. We would also
like to thank the following: UCMSS (Universal Conference Management Systems
& Support, California, USA) for managing all aspects of the conference; Dr. Tim
Field of APC for coordinating and managing the printing of the programs; the staff
of Luxor Hotel (MGM Convention) for the professional service they provided; and
Ashu M. G. Solo for his help in publicizing the congress. Last but not least, we
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would like to thank Ms. Mary James (Springer Senior Editor in New York) and
Arun Pandian KJ (Springer Production Editor) for the excellent professional service
they provided for this book project.

Athens, USA Hamid R. Arabnia
Boston USA Leonidas Deligiannidis
Chofu Japan Hayaru Shouno
La Plata Argentina Fernando G. Tinetti
Hammond USA Quoc-Nam Tran
Savannah, Georgia, USA Ray Hashemi
Savannah, Georgia, USA Azita Bahrami
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Evolution of Convolutional Neural
Networks for Lymphoma Classification

Christopher D. Walsh and Nicholas K. Taylor

1 Introduction

Lymphoma is a haematological disease that is the tenth most common cause of
death in the United Kingdom, with an overall incidence rate of approximately 18.3
cases per 100,000 people [1, p.3]. There are several subgroups of the disease. The
two most common are Hodgkin’s Lymphoma, which has approximately four known
subtypes and Non-Hodgkin’s Lymphoma, which has many more. The World Health
Organisation revised its report on the classification of Lymphomas in 2016. They
currently recognise over 60 subtypes of Non-Hodgkin’s Lymphoma [2, p.2376].
Treatment usually involves immunotherapy, chemotherapy or radiotherapy either
individually or in combination. Over recent decades, the survival rate of Lymphoma
patients has improved dramatically. This improvement has taken place due to a
better scientific understanding of the biology of the disease that researchers are
rapidly transforming into type-specific and individualised therapies [1, p.4].

However, lymphoma does not easily fit into the standards developed for diag-
nosing solid cancers and requires a different approach to diagnose and classify.
Haematoxylin and Eosin (H&E) stained biopsies are the only starting point for
the histological diagnosis of suspected lymphoma [2]. Because of the difficulty in
diagnosis and typing of these biopsies, the National Institute for Health and Care
Excellence (NICE) and the National Cancer Action Team (NCAT) have laid down
strict parameters for the classification of a tissue sample. They specify that sample
typing should only be carried out by specialists in haematopathology. They require
that a team of these specialists are assembled to serve each geographical region and
cross-validation performed to ensure an accurate diagnosis. NICE and NCAT also
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specify that no more than 62 days must elapse between the patient presenting with
symptoms and the commencement of treatment. Per the standards set by the Royal
College of Pathologists, this means that the classification of these biopsies can take
no more than 10–14 days from the time the sample taken from the patient.

The original guidance specified that each specialist pathology team covered a
region with a population of 500,000. In 2012 due to NHS restructuring, NCAT
issued an update that increased the population covered by each group to two million
[1, p.5]. Due to the specialist knowledge required, tight deadlines for classification
and increasing pressure on the NHS, it is recognised that, at present, not every region
can meet the guidelines. Fewer can offer specialist diagnostics for all diseases within
the lymphoma spectrum. Therefore, an automated and reproducible methodology
could help to meet these standards.

In recent years, artificial neural networks (ANNs) have met and in some
cases surpassed human-level accuracy at image recognition tasks. Several new
network architectures have emerged that brought about this revolution; in particular,
Convolutional Neural Networks. This improvement in accuracy indicates that ANNs
have become increasingly relevant for medical image classification. There have
already been encouraging successes in diagnosing solid cancer biopsies which
merited the investigation into the application of ANNs to Lymphoma diagnosis and
inspired this work.

2 Related Work

2.1 Artificial Neural Networks in Medical Diagnosis

Recent developments in deep neural networks along with a general increase
in available computing power have presented a significant opportunity for the
development of automated medical diagnosis. The following is a brief review of
some of the relevant material to this work.

We found no prior work that expressly set out to investigate the effectiveness
of lymphoma classification based on histopathological diagnosis using ANNs
optimised with evolutionary algorithms. One of the closest pieces of work was
a paper titled “Bioimage Classification with Handcrafted and Learned Features”
published in March 2018 by L. Nanni et al. [3]. The paper investigated the
effectiveness of a general-purpose bioimage classification system. They used and
compared several methods of classification, mainly support vector machines, a
hybrid convolutional network and support vector machine and purely convolutional
approach. The networks were pre-trained on prior image data and repurposed to
biological image classification. It is particularly relevant as one of the datasets used
to test the classifier is the same as in this work. This allowed us to compare the
test accuracy of our work with a human pathologist and another system with a
similar goal. L. Nanni et al. tested their bioimage classification system on image
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data from source datasets ranging from 120 × 120 to 1600 × 1200 pixels. They pre-
processed their data to reduce and standardise the dimensions to 128 × 128 pixels.
The purely convolutional approach resulted in a validation accuracy of 71.20% on
the lymphoma biopsy dataset [3, p.8].

Artificial Neural Networks have also been used in many other medical imaging
tasks recently, one of the papers we reviewed was titled “Combining Convolutional
Neural Network With Recursive Neural Network for Blood Cell Image Classifica-
tion” by Liang et al. published in July 2018. Their work investigated the possibility
of using recurrent neural networks to model the long-term dependence between key
image features and classification. They combined a convolutional neural network
and recurrent neural network to deepen the understanding of image content in
sizeable medical image datasets. They pre-processed the data by rotating some of
the images to increase the number of training instances. This approach achieved a
validation accuracy of 90.79% [4, p.36194].

Another application of ANNs to medical diagnosis was “Applying Artificial Neu-
ral Networks to the Classification of Breast Cancer Using Infrared Thermographic
Images” by Lessa et al. [5], published in 2016. They used multilayer feedforward
networks with a FLIR thermal imaging camera to investigate the possibility of
employing ANNs to identify breast cancer from the thermal data alone without using
penetrating scans. Image masks were applied to the data to pick out specific regions
of interest and remove unnecessary data and also converted the images to grey-scale.
This approach achieved an 85% validation accuracy [5, p.1].

The success of Convolutional Networks in the reviewed work warranted further
investigation into their application to Lymphoma classification, and to what extent
Evolutionary Algorithms could optimise them for that task.

3 Approach

We aimed to test the feasibility of automatic classification of lymphomas using
ANNs. Given the necessity for accuracy in classification, we also proposed to use
Evolutionary Algorithms to optimise the Neural Networks. Therefore the research
questions we sought to answer in this work were:

1. Can Artificial Neural Networks classify the subtype of a non-Hodgkin’s lym-
phoma biopsy at a validation accuracy similar to experienced human patholo-
gists?

2. Can Evolutionary Algorithms improve the network metrics of ANNs designed to
classify non-Hodgkin’s lymphoma?


