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Abstract

Al algorithms application to medical data has gained relevance due to their powerful benefits
among different research tasks. However, medical data is heterogeneous and diverse, and these
algorithms need technological support to tackle these data management challenges. KoopaML
enables users to unify medical data, especially DICOM images and apply Al algorithms to
them in a straightforward way through an online web application. This work presents a new
feature in the KoopaML platform: a Machine Learning platform to assist non-expert users in
defining and applying ML pipelines. The feature comprises the reception, storage, and
management of DICOM images. These images are received through a connection with a PACS
(Picture Archiving Communication System) system already configured by users on the
platform and, after storing the images, it is possible to apply Al algorithms to them and make
modifications or annotations.
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1. Introduction

Digital Imaging and Communications in Medicine (DICOM) is the standard for representing,
storing, and communicating medical images and related information. It has become one of the most
popular standards in medicine. Initially, DICOM was used to communicate image data between
different systems. Actual developments of the standardization enable increasingly more DICOM based
services for the integration of modalities and information systems [1].

The potential of artificial intelligence (Al) in healthcare has become evident in recent years with an
increasing number of publications using Deep Learning (DL) and Machine Learning (ML) techniques
for automated analysis of clinical data. Artificial intelligence systems have been shown to achieve
performance quite like clinical experts by providing clinical decision support tools. For example,
several Al applications are being proposed to store and manage DICOM images in any healthcare sector
due to the motivation driven by the large variety and amount of clinical and imaging data and the
potential benefits of Al solutions at different stages of patient care.

To be able to store and manage DICOM images in the healthcare sector, significant amounts of
platforms have been created, with the goal of easing the exploitation of these new paradigms. This is
the case of KoopaML, an application developed in previous research to allow users to train their own
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ML models and analyze and interpret the results obtained without having expert knowledge on the
subject by creating and executing ML pipelines visually. Another of the examples is CARTIER-IA, a
platform for storing, managing, and unifying medical data and images [2]-[4].

Medical imaging ecosystems usually use imaging machinery and communication systems (PACS)
as central medical imaging depots. However, most PACS configurations are optimized to support a
single departmental workflow and do not easily adapt to new, retrospective, or prospective image
analysis workflows for clinical or research purposes. Accessing a large collection of images from a
PACS, as required for artificial intelligence (Al) modeling, often requires repetitive manual work to
retrieve and post-process thousands of studies.

This work presents a new feature in the aforementioned KoopaML platform, where DICOM images
will be stored, managed, and processed by providing an interoperable architecture with external PACS.
One of the motivations for applying this feature to the application was to unify data from different
sources and organize them into a more user-friendly structure.

The rest of this paper is structured as follows. Section 2 outlines related applications and works to
assist users in DICOM images and artificial intelligence algorithms. Section 3 outlines the platform and
its main features. Finally, section 4 presents the conclusions derived from the work.

2. Related works

Over the years, DICOM has established itself as the leading standard for imaging data management in
Picture Archiving and Communication Systems (PACS). Whith DICOM software, a subject’s image
data is viewed and analyzed by clinicians in hospitals as well as in clinical research.

Consequently, the poverty of interfaces for system integration has been identified as a key problem
in clinical trials where systems still operate independently [5], [6]. The demand for workflow-
optimized, integrated image-based systems for clinical studies is increasing [7], for example, for
deciding whether to include or exclude subjects from clinical trials or rare disease registries [8]. Almost
370 free DICOM software projects are currently listed in the “I Do Imaging” database, so finding the
optimal viewer is becoming a challenge, especially for research applications [9].

Many of these software projects are used today by healthcare personnel in medical centers such as:

e OsiriX. This is a multidimensional image navigation and visualization software for the
visualization and interpretation of multidimensional and multimodality image sets, such as
combined PET-CT studies. The software design is based on leading the user to perform the
specific and complex tasks of navigating through large image data sets in a simpler way. An
important and challenging aspect of this project's development was integrating technologies
such as OpenGL, VTK, ITK, DICOM Oftis, Papyrus and QuickTime, which are cross-
platform C/C++ toolsets [10].

e AMIDE. This is an open source, an easy-to-use software tool for visualizing and analyzing
multimodal volumetric medical images. The package’s ability to simultaneously display
multiple data sets (for example, PET, CT, MR) and regions of interest is on-demand data
rescaling in the program. Data sets can be freely moved, rotated, displayed, and analyzed as
the program automatically performs the necessary interpolation from the original data. In
summary, AMIDE is a platform where your ideas and algorithms can be easily disseminated
to the medical and molecular imaging research community [11].

e MantisGRID. This tool is an inter-institutional initiative of Colombian medical and
academic centers that aims to provide medical grid services for Colombia and Latin
America. MantisGRID is a GRID platform, based on an open-source grid infrastructure that
provides the necessary services to access and exchange medical images and associated
information following the DICOM standards and level 7 health standards [12].

e MRtrix3. It is an open source, a cross-platform software package for medical image
processing, analysis, and visualization, emphasizing brain research using diffusion MRI. It
is implemented using a fast, modular, and flexible general purpose code framework for
accessing and manipulating image data, allowing efficient development of new applications,



while retaining high computational performance and a consistent command line interface
between applications [13].

And although more platforms focus on DICOM image management, this work will focus more in-
depth on two software tools framed in the Cardiology Department of the University Hospital of
Salamanca, Spain. These applications are KoopaML and CARTIER-IA, the former being the one that
will be the most emphasized and whose internal structure will be discussed.

2.1. KoopaML

KoopaML is a system framed in the Cardiology Service of the University Hospital of Salamanca to
ease the application of machine learning in the medical domain without the necessity of having
programming skills [14].

The first version of the platform provides main features such as a graphical user interface to design
and execute ML pipelines visually. To create a new pipeline, the system provides an empty workspace
with a toolbar containing the potential tasks that can be included in the Machine Learning workflow.
These tasks are connected by sockets related to their inputs and outputs. These connections need to be
compatible to work if a task requires a dataset as an input, only those tasks that output a dataset can be
connected. On the other hand, KoopaML also offers the possibility to visually explore the input dataset
and model evaluation results. This feature takes advantage of the automatic generation of information
dashboards by domain engineering and metamodeling [15]-[17].

However, possible improvements and validations of this platform were detected based on the new
needs derived from the user-centered approach followed for its development. During the evaluation of
this platform, users some features that could be included in the platform so that the use of Artificial
Intelligence could be extended to DICOM images [18].

2.2. CARTIER-IA

The Cartier-1A platform unifies structured data and medical images, specifically DICOM images, to
support researchers and physicians in the analysis associated with different studies, with a particular
focus on supporting the applications of artificial intelligence algorithms in images. The CARTIER-IA
platform can be seen as a technological ecosystem that supports all data-management related tasks
(including structured data and medical imaging collection) and enables both healthcare professionals
and data scientists to apply Al models to the stored images [4].

The platform relies on different technologies and frameworks which are integrated using a client-
server architecture. The technology employed to implement this client-server approach as a web
application is Django, a Python-based web framework [19]. The web application is also connected
through web requests to other services, such as a REDCap instance to manage additional projects and
information [20].

Finally, to implement the integrated Al environment, the back end is supported by libraries such as
OpenCV and TensorFlow, to enable the execution of deep learning models and other Al-related scripts.

3. Integration of imaging data with Al techniques

To integrate the new functionality into KoopaML, a new workspace was devised, separating the
Machine Learning workspace from the DICOM workspace as it was crucial to avoid a cluttered
interface. In addition, the substantial differences between structured data require different treatments
depending on the type of input.

Therefore, users will be able to choose between creating a Machine Learning project and a DICOM
project. If the project created is of the second type it is necessary to add a configuration section to
manage the Picture Archiving and Communication System (PACS) to allow KoopaML application to
request images from the configured servers.

When a new DICOM project is created, users will be shown the images it has stored in that project
and, to which it can apply the different Machine Learning algorithms found in the system. These



algorithms can be stored by the application administrators and the users is asked for a series of
characteristics such as weight files to be able to apply the algorithms to the DICOM images. These
algorithms are loaded into the platform by authorized Al experts, making them accessible to non-expert
users [21].

In addition, the DICOM workspace also allows users to modify images using different editing tools
to measure, annotate, crop, zoom, pan, shift and segment, among others (Figure 1).
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Figure 1: Toolbar of the DICOM images editor.

3.1. Architecture

Regarding the connection between KoopaML and any of the PACS that would be configured in the
tool, the following structured has been followed (Figure 2).
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Figure 2: Communication scheme between systems.

First, a connection has been made between the HTML template and the Python file of the KoopaML
platform by making a request through the Django framework in JavaScript. Secondly, the different
responses are made to finish the connection between KoopaML and the configured PACS. The first of
the tools will request different data from the second one and this one will answer with the necessary
data. Once the form data has been collected, it is broken down and then sent to the PACS so that it can
receive the corresponding DICOM images, returning to the initial HTML template the number of
images that this platform has received whit the data collected from the form.

In this way, a satisfactory connection is achieved between KoopaML and the different PACS that
the users configure in the different projects and later storage of the DICOM images that the user has
selected for later management of these.

To connect to these PACS, the first thing users must do is to configure this system. The platform
contains the option to configure these external entities from which the images will be collected for
subsequent management and storage. If a user wants to configure an entity, he/she must indicate its
name, I[P address, the port where it is located and, optionally, a description of the system.

Mostrar 10 v Elementos Buscar
Titulo de la . Configurado
entidad P Puerto Descripcion por Conectar Eliminar

Cartier 127001 8002 Entidad PACS de la que se extraeran las imagenes rubenFS (None)
DICOM Conectar =

Mostrando elementos1-1de1 Anterior 1

Figure 3: List of configured PACS entities



Figure 3 shows the list of PACS entities configured in DICOM projects. As can be seen in each of
the entries of the list the option to connect and delete the entities is given.

If the user wants to connect, user will be redirected to a screen where images collected from that
PACS can be added to the project. In this screen it will be possible to search by patient data as well as
by projects or studies to which the DICOM images we want to search belong. As you can see, the screen
displays the information corresponding to the PACS entity to which the tool is connected. And once
the search has been performed, a pop-up window will be displayed with the number of images that have
been stored in the project you are in.

3.2. Application of Al to imaging data

One of the features that were proposed to be integrated in KoopaML was to provide a friendly
interface to apply Artificial Intelligence algorithms and open its uses for non-expert users and offers
benefits of these algorithms without the need to leave the platform to apply them.

This feature allows researchers to upload their Artificial Intelligence scripts to the platform and make
them available to other users. Only researchers with privileges will be able to add new algorithms which
must be thoroughly tested by the researcher who uploads them to the platform before integrating them
to ensure reliable functionality, since leaving the functionality to upload Artificial Intelligence
algorithms to any of the users have this capacity, and they must be Machine Learning experts. In this
case, the algorithm metadata is very important to properly integrate the algorithms within the platform
because it provides information about the algorithm output (a modified image, a set of measurements,
a segmentation mask, ...), its application (since its application may be limited to specific DICOM
modalities) or other parameters depending on the output.
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Figure 4: Apply Al algorithms button.

To integrate an algorithm into the platform, it is necessary to provide the model trained previously
and the script that makes use of this model to allow its invocation by the platform’s Artificial
Intelligence algorithm. Once an algorithm has been integrated into the platform, a button will be
available in the image editor to apply an algorithm selected from those available for the current image
(Figure 4). When the user confirms the request, the platform will produce the result, depending on the
type of algorithm output, which could result in the display of a new image.

Figure 5 shows the application of a segmentation algorithm to a DICOM image. Image segmentation
consists of dividing an image into as many regions as objects and background it contains.
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Figure 5: Example of Al algorithm application



4. Discussion and Conclusions

This work presents the continuous improvement of a platform for creating Al-driven pipelines in the
medical domain, namely KoopaML. The first version of the platform obtained good comments, but
some new features were required to support other complex tasks in the medical context, one of which
was the possibility of storing DICOM images received through PACS systems and their subsequent
management.

Being able to receive DICOM images from other file systems and image communication (PACS)
gives the platform several advantages such as increasing flexibility or making connections between
others easier. In this way, users will have the possibility to analyze the DICOM images in a simple way
and apply Artificial Intelligence algorithms or edit the images in a way that do not need help from the
experts.
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