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Abstract. There is a need to develop an integrated computational platform that
will contain both datasets and multiscale models related to bone (modelling),
cancer, cardiovascular diseases, and tissue engineering. The SGABU platform is
a robust information system capable of data integration, information extraction,
and knowledge exchange, with the goal of designing and developing suitable
computing pipelines to give accurate and adequate biological information from
the patient's molecular to organ level. Datasets integrated into the platform are
directly obtained from experimental and/or clinical studies and are mostly in tab-
ular or image file format. Multiscale models range from models that can be de-
scribed using partial or ordinary differential equations, to complex models that
use finite element modelling. The majority of the SGABU platform's simulation
modules are built as Common Workflow Language workflows. This implies cre-
ating a CWL implementation on the Functional Engine Service backend and cre-
ating an acceptable User Interface. The key advantage of SGABU platform is the
utilization of new, contemporary, modular, and unique technology for various
levels of architecture.

Keywords: computational platform, multiscale modelling, user-friendly inter-
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1 Introduction

The goal of multiscale computational modeling is to link complicated networks of ef-
fects at multiple spatial and/or temporal scales. These networks, for example, frequently
include intracellular molecular signaling, crosstalk, and other interactions between
neighboring cell populations, as well as higher levels of emergent phenomena across



different tissues and collections of tissues or organs interacting with each other through-
out the body [1]. Powerful computers and effective humerical tools make it possible to
solve complex biological issues in actual geometries and in remarkable detail within
short time. Globally, education and research in this field are of considerable interest.
All of this motivates the development of a rapid and resilient system that integrates
multiscale models from different fields to aid medical professionals in decision making,
while maintaining accuracy and precision.

1.1  Literature review

Certain useful biomedical research platforms have arisen. For example, PANBIioORA is
a modular platform that standardizes biomaterial evaluation and enables pre-implanta-
tion, personalized diagnostics for biomaterial-based applications [2]. The SILICOFCM
platform is a revolutionary cloud-based in silico clinical trial solution for the design and
functional optimization of total cardiac performance, as well as monitoring the efficacy
of pharmaceutical therapy [3]. The Bioengineering and Technology (BET) platform
fosters innovation, advances research, and connects the greater interdisciplinary com-
munity participating in translational bioengineering [4]. It is primarily concerned with
the needs of the cancer research community.

However, to the best of our knowledge, there is no platform that incorporates multi-
ple domains and mixes models from various modeling fields. Furthermore, there are no
platforms that are dedicated to both research and education at the same time. The goal
of the project "Increasing Serbia's Scientific, Technological, and Innovation Capacity
in the Domain of Multiscale Modeling and Medical Informatics in Biomedical Engi-
neering (SGABU)" [5] is to create a platform that will include examples from four dif-
ferent fields: cardiovascular, cancer, tissue, and bone modeling. Motivated by this latest
idea and aforementioned demand for having a user friendly and adaptable platform that
suits the needs of the students, researchers, but also doctors and specialists, SGABU
platform is proposed to integrate multiscale models and datasets from four different
fields (cardiovascular, bone, tissue and cancer modelling).

2 Materials and Methods

The integration of multiscale models is performed according to standardized proce-
dures, which enables secure delivery of all applications to anyone with an Internet-
connected device and a browser. All data, analytical tools, and techniques generated
under the SGABU project framework should be findable, accessible, interoperable, and
reusable (FAIR principles), not only for practical reasons but also to encourage an open-
science attitude. The FAIR principles serve as a guideline for data producers and re-
searchers to ensure that their data is as interoperable as feasible. Individual tools should
be standardized in their organization and interconnection. This entails packaging soft-
ware using Linux container technologies like Docker or Singularity, and then coordi-
nating workflows and pipelines with domain-specific workflow languages like WDL
(Workflow Description Language) and CWL (Common Workflow Language).



We used Common Work-flow Language® as a specification pathway for all of our
processes when developing the SGABU platform backend. It makes use of Docker con-
tainers as fundamental building pieces to give a concise explanation of any scientific
procedure. In the following sections, we will demonstrate how to construct a typical
CWL process using pre-existing software components.

In general, creating a CWL process consists of three separate steps:

1. Containerization,
2. Creating a CWL tool out of Docker image, and
3. Merging the tools into a CWL workflow.

Existing computer models for bone modelling, cancer modelling, cardiovascular dis-
eases modelling and tissue engineering with patient specific databases are integrated.
The main aim is to: (i) develop robust information system capable for data integration,
information extraction and knowledge sharing, (ii) design and develop proper compu-
tation pipelines to provide valid and sufficient biomedical information from the molec-
ular to organ level of the patient, (iii) produce sophisticated mathematical models to
predict the progression of the diseases, their relation with the collected biological mark-
ers and, desirably, tolerance/resistance to various drug families and the existing risks to
the patient. The integration process can be divided into two main subtasks:

1. Integration of the datasets,
2. Integration of the multiscale models.

Integration of the datasets. Depending on the requirements, datasets can be given
in a simple form, represented as tabular data, while most of the datasets required further
tuning carried out by front-end developers employing technologies such as Angular,
Plotly.js, Paraview Glance, etc. Angular [6] is one of the most popular forntend devel-
opment tools for creating single page dynamic apps. The SGABU platform may be
utilized on any device thanks to automatic screen adjustment (responsiveness). Plotly.js
[7], which is based on JavaScript, may be used to visualize certain data. The advantage
over other visualization tools is the variety of graphs available, such as maps, pie charts,
bar charts, bubble charts, and so on. Plotly.js has several features such as plot download
as a PNG, zoom, pan etc. Datasets can also be downloaded in their original form, which
is in accordance with Open Science policy [8].

Integration of the multiscale models. The majority of the SGABU platform's sim-
ulation modules are built as Common Workflow Language (CWL) workflows. This
solution is an obvious choice since it makes use of Docker containerization and a stand-
ardized manner of describing inputs, outputs, and intermediate outcomes, resulting in
intrinsic findability, accessibility, inter-operability, and reusability (FAIR principles).
The effort involved in offering CWL-type processes is divided into two main actions:
creating a CWL implementation on the FES (Functional Engine Service) backend and
creating an acceptable user interface (Ul). The second activity consists of developing
the Ul elements as proper workflow input forms with validation of numeric values,
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filetypes, etc. as well as output visualization tabs with tabular views, interactive dia-
grams, 3D views, and animations.

3 Results and Discussion

Homepage of SGABU platform is depicted in Fig. 1. Each investigated field section is
divided into subsections - datasets and multiscale modes. After accessing any of the
modules, the help page opens automatically to point the user towards the guidelines of
how to use a specific model/dataset, together with the theoretical background and ref-
erences for further reading. The access to the Biomaterial corrosion module in the Bone
Modelling section on the SGABU platform is provided through the main dashboard.
This module will serve as an example of integration of one model on the platform.
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Fig. 1. SGABU platform homepage

3.1  Use case of a model — biomaterial corrosion

The model of corrosion has been developed based on Cellular Automata (CA) theory
and the methodology of the model and main research results are published in [9]. In
this paper we focus on the methodology for integration of one such model within
SGABU platform.

The computational modelling of multi-pit corrosion in medical implants based on
cellular automata (CA) is divided into two sub-models - pit initiation and growth mod-
els, where the evolution of cell CA each occurs through a series of synchronous updates
of all cells, governed by a set of rules. Since the visualization of corrosion is presented
in image, the state of each cell will be in an interval 0 — 255, meaning an 8-bit image
(un-corroded cell has the value of 0 and totally corroded cell the value of 255). This
means that we look at the surface and look at where the corrosion pit will appear (cor-
rosion pit initiation) and how it will develop (corrosion growth model). User Interface
for CorrosionPit example is shown in Fig. 2.
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Fig. 2. User Interface for CorrosionPit module

The window is divided into 2 sections. The basic execution unit in SGABU is a work-
flow. In the left section of the window, users are able to see names and status of the
workflows. Possible statuses of the workflow are:

Not yet executed
Terminated
Running
Finished OK
Finished Error

In the right section of the window, users can create new workflows for this submod-

ule. Each of the forms needs to be filled out in order for simulation to run. Users are
expected to fill out the following forms:

Workflow name

pH value

Potential of the metal

Potential of the solution

Absolute temperature

Concentration of the reaction species
Diffusivity of the reaction species
Charge of the reaction species

Time of simulation

All forms except for Workflow name are numerical and value ranges are provided for
the users. The exception handling is integrated into the user interface (Ul) of the
SGABU platform. Specific examples can be seen in Fig. 3 (a. Empty forms, b. Non-
numerical forms, c. Out of range values).



Add new workflow

There are errors on the form. Please fix them!

Workflow name l (0] ]

Workflow name is required

pH value l 7.4 w/l

Value range: 7 - 10

Potential of the metal l 0.23 v J

Value range: 0.1-1V

Potential of the solution I 0.2 v l

Value range: 0.1-1V

a. Exception handling — empty forms

Add new workflow

There are errors on the form. Please fix them!

Run
Workflow name [ Example v }
pH value [ d 0] ]

Value range: 7 - 10

Only Numbers are allowed

Potential of the metal [ 023 J]

Value range: 0.1-1V

Potential of the solution [ 0.2 v ]

Value range: 0.1-1V

b. Exception handling — non-numerical forms



Add new workflow

There are errors on the form. Please fix them!

Workflow name ‘ Example v ‘

pH value ‘ 14 @’

Value range: 7

The ph

ue must be between

and 10

Potential of the metal ‘ 0.23 v ‘

Value range: 0.1-1V

Potential of the solution ‘ 0.2 v ‘

Value range: 0.1-1V

¢. Exception handling — out of range values
Fig. 3. Exception handling

Once everything is correctly filled, the workflow can be started. The user can monitor
the current status of the workflow in the left section of the window (Fig. 4).

# Name Status Created
All v Reset fiter
1 Example C. RUNNING 07/11/23 21:03:22 ‘i‘

Fig. 4. Running the workflow

At the beginning we assume no corrosion, meaning the first step is the black image (all
zeros). After that, in pit initiation model, each cell x is associated with an initial poten-
tial state /(u,t) = I(u,t —1) + «a attime t. For each un-corroded cell w, initiation
potential state values in its Von Neumann neighbourhood together with its own is con-
sidered I(u,t) + YI(u + §; t) and if that sum divided by 3 overcomes the threshold
value, then a corrosion pit is initiated at cell u and its corrosion state S(u, t) is setto a
small positive number between 3 and 5. For the next time steps, pit initiation model is



applied on the uncorroded cells again, and at the same time pit growth model is applied
on the cells where corrosion has been initiated with formula:

S(t+1,x) =St x) + ky fIS(E)] + ko i fISE x + )] + ks X F[S(6,x + d;)] + Ky Q)

where ¢; = (0,-1),(1,0),(0,1),(-1,0), d; = (1,1),(1,-1),(-1,-1),(-1,1) for
i,j = 1,2,3,4. This means that we use Moore neighborhood to describe how the sur-
rounding cells influence the cell of interest. Coefficient k, is described as:

ky = A x (pH — 7)? X step(4, 8.5) X e?M™%s x (1/T)XCXD X z 2

In these eq. 4 is a discount factor ranges from 1 to 3; pH is the pH value of the
solution; step (4, 8.5) is a function with value 0 between 4 and 8.5, and 1 otherwise;
¢@u and @g are the potentials of the metal and solution, respectively; T is the absolute
temperature; C is the concentration of the reaction species; D is the diffusivity of the
reaction species; z is the charge of the reaction species. The parameters k,, ks and k,
are in similar forms as k,, but with different discount factors.

Different environmental factors are included in the model to describe their effect on
the corrosion. Inputs to the corrosion pit model with allowed ranges and default values,
as well as adequate unites are given in Table 1.

Table 1. Inputs for the corrosion pit model

Name of the Label  Description Unit Range Default
parameter value
pH value pH  pH value of the solution / 7-10 7.4
Potential of change in a corrosion sys-

the metal P tem (?f the metal v 01-1 0.23
Potential of change in a corrosion sys-

the solution %5 tem (?f the solution ’ v 01-1 02
Absolute T AbsquFe temperature of K 297.15 -313.15 310.15
temperature the environment (24°C - 40°C)
Concentra- Concentration of one of the

tion of the re- C species participating in a M/dm3 0.1-05 0.2
action species corrosion reaction

Diffusivity of The rate of diffusion-con-

the reaction D trolled corrosion of reac- m? /sec 0.1-0.5 0.3
species tion species

Charge of the

; Ch Iting f th
reaction spe- z arge resu |ng rom the Faraday 0.1-0.5 0.2
cies reaction of species

Time of sim- Number of time steps to

. . . / 1000 100
ulation run the simulation




Results are displayed in the form of images and analysis of the resulted images that
represent the corrosion in time. The model describes adequately the multi-pit corrosion
pit initiation and growth. Fig. 5 shows the corrosion states at four different time steps,
where black indicates uncorroded cells and white indicates fully corroded cells.

S Step 2 _330R3 SStep4 SStep5

Fig. 5. Corrosion states (every 20 iterations are plotted)

After the workflow has been successfully executed, a user can visualize the results
on the platform itself. The results window, includes the following sections:

e Overview of the input parameters (Fig. 6)
¢ Results in the table form (Fig. 7),
o Results in the form of figures, following corrosion steps in time (Fig. 8).

Workflow Example results

Inputs Resulits Steps

PH Potential of the  Potential of the Absolute
value metal solution temperature
74 0.23 0.2 310.156

Fig. 6. Inputs section — table form
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Workflow Example results

Inputs Results Steps

results.txt
Step0  Step1 Step 2 Step 3
Mean 0 0 3.76215 10.9426
Standard deviation 0 0 3.77803 9.81423
Skew NaN NaN 0.132853 0.0342759
Corroded area (%) 0 0 51.55 59.305
Kurtosis NaN NaN 1.25303 1.54321
Energy 1 1 0.292049 0.194695
Entropy -0 -0 2.28213 3.39195
Power 0 0 4.54831e+10 3.45691e+11
Contrast 0 0 0 0.0101508
Wavelet features (S1) 0 0 2.98982 8.70658
Fig. 7. Results section — table form
Workflow Example results %
Inputs Results Steps
States Step 5
< >

Fig. 8. Steps section - figures
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The results can also be downloaded in the form of figures and txt files. In order to
estimate quantitatively how the corrosion has progressed in time, we calculate statisti-
cal measures presented in textual file:

Mean corrosion (calculated based on histogram probability as the average grey value

Standard deviation (describes the spread in the data, which is related to the contrast)

Skew (measures the asymmetry about the mean value in the distribution)

Percentage of corroded material (sum of the corroded pixels (all non-zero values)

divided by number of pixels and multiplied by 100)

Kurtosis (shows whether the data are peaked or flat relative to a normal distribution)

o Energy (in the case of corrosion image, this feature indicates the degree of corrosion
at the pit level)

o Entropy (entropy of each sub-band provides a measure of the image characteristics
in that sub-band)

o Power (indicates the texture property in an image and in this case, the level of cor-
rosion itself)

o Contrast (difference between maximum and minimum pixel intensity in an image)

o Wavelet features (calculated through the processes of singular values decomposition

(SVD) and first two eigenvalues are reported).

4 Conclusions

There is a need to create an integrated computational platform that would include da-
tasets as well as multiscale models relating to bone (modeling), cancer, cardiovascular
disorders, and tissue engineering. SGABU platform represents the first platform of its
kind that integrates both multiscale datasets and models. The main impact of the pro-
posed methodology is the established e-infrastructure capacity and designed protocols
for integrating novel multiscale solutions into a platform that will be scalable and ca-
pable of adopting new ideas and solutions, and capable of accepting research chal-
lenges. Future development would be directed towards faster calculations of the models
on the platform, as well as even better user-platform interactivity.
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