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GICDL GIC Data Layer 
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CSBDAEE CSB BDA Engine Executor 

CSBDSS CSB Decision Support System 
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1 Executive Summary 

The primary goal of the RETENTION project is to develop an integrated platform that gathers and analyses 

health-related data flows, with further analysis of day-by-day Heart Failure study participantsΩ activities. Such 

continuous data collection and processing will later provide the input for personalised interventions that 

support the healthy and independent living of the study participants. Within this context, the proposed 

RETENTION architecture aims to bring together state-of-the-art privacy-preserving technologies, big data 

analytics technologies and mechanisms for managing usage data relevant to the RETENTION study indicators, 

to create the foundation upon which all these components depend and enable the RETENTION solution to 

deliverer evidence-based personalised interventions for Heart Failure study participants (patients) by: (a) 

continuously monitoring and collecting medical, clinical, physiological, behavioural, psychosocial, and real-

world data of the patients, (b) analysing these data using innovative model-driven big data analytics, 

statistical, artificial intelligence and machine learning techniques, (c) detecting patterns in the HF disease 

progression and the quality of life of the patients, (d) cross checking and validating them against the clinical 

literature, and (e) offering transparent, explainable and verifiable decision making capabilities that leverage 

the evidence produced by the underlying data analysis. 

¢ƘŜ w9¢9b¢Lhb !ǊŎƘƛǘŜŎǘǳǊŜ ǘƘŀǘ ŀŘƘŜǊŜǎ ǘƻ ǘƘŜ άtǊƛǾŀŎȅ ōȅ 5ŜǎƛƎƴέ ǇǊƛƴŎƛǇƭŜ όDŜƴŜǊŀƭ 5ŀǘŀ tǊƻǘŜŎǘƛƻƴ 

Regulation - GDPR) forms a solution that allows study participantsΩ data (e.g., personal health records, usage 

devicesΩ/sensorsΩ data, notifications to be generated) to remain under the control of Pilots participating in 

the RETENTION study (i.e., 6 clinical centrees in Greece, Italy, Germany and Spain), while still allowing the 

further utilisation of the data in the context of big data analytics considering the privacy, and the limitation 

of (hardware) resources to perform complex machine learning analytics. Knowledge (ML models and their 

applicability) to be produced can be made available to the RETENTION Pilots, can be applied to subsets or 

specific patients, and assist clinicians in their activities. 

This deliverable that presents all high-level components of the RETENTION solution, complies with actions of 

the DoA and the proceedings of Deliverable D3.1 (end user requirements), generating the architecture of the 

RETENTION solution to achieve project aims including the integration of the developed solution into clinical 

practice: i) managing usage data generated by devices and sensors, ii) administering patientsΩ medical data, 

iii) introducing and executing ML models for continuous learning, iv) providing personalised suggestions 

previously approved (vetted) by clinicians, v) presenting such functionality and results to end-users in a 

meaningful and user-friendly manner. Considering that health data are recognised as a special category of 

personal data (GDPR) and, as such, safeguards must be put in place to support the effective protection of 

them, in addition to the techniques to be applied (e.g., pseudonymisation, limitation of access encryption) 

the whole functionality (data integrity and the solution integrity as a whole) is to be protected (continuously 

monitored) by state-of-the-art security/privacy assessment mechanisms. In this context, this document deals 

with identifying the components and their utility within the platform, the main dataflow interactions, and 

security/deployment design decisions along with them. It also includes an overview of the main blocks of the 

RETENTION platform, that is: 

¶ Global Insights Cloud (GIC) 

¶ Clinical Site Backend (CSB) 

¶ Patient Edge (PE) 

¶ Participant Devices (PD) 

Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǘƘŜ Dƭƻōŀƭ LƴǎƛƎƘǘΩǎ /ƭƻǳŘ όDL/ύ ǇǊƻǾƛŘŜǎ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǇǊŜǾƛƻǳǎƭȅ 

anonymised data, statistical and machine learning analysis and model training considering them, and the 
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utilisation of the results of analyses (e.g., training machine learning models for predictions, processing in a 

higher level to evaluate policy making decisions). The GIC pools anonymised patient data from all pilot sites 

and in turn leverages advanced forms of global data analytics that will result in models learned from the data 

which will underpin evidence-based interventions. The GIC consists of the Big Data Analytics Engine 

(GIC@BDAE) that parses data (i.e., FHIR and non-FHIR data, models) stored in the Repository 

(GIC@Repository) and feed it further to the Model Specification Tool (GIC@MST), a component that manages 

machine learning models. The Disease Insights is an extension of the GIC@MST that allow data scientists to 

better understand and evaluate via visual aids the previously created models. The Decision and Policy 

Support (GIC@DPS) is a tool that utilises the outcomes produced by data analysis to form and evaluate 

interventions at a public health policy level which are actions that address specific policy objectives. The 

Dashboard (GIC@Dashboard) is the component that supports all interactions between GIC end-users and 

services in the backend based on the role assigned to the end-user by the Role-Based Access Control (RBAC) 

capabilities defined within the Security Component (GIC@SC). GIC@SC administers the authentication of the 

different types of end-users supported via Role-Based Access Control (RBAC), allows secure and authorised 

machine-2-machine (m2m) transactions to be ǇŜǊŦƻǊƳŜŘ όōŜǘǿŜŜƴ Dƭƻōŀƭ LƴǎƛƎƘǘΩǎ /ƭƻǳŘ ŀƴŘ Clinical Site 

Backend), and handles aspects of the pseudonymisation process. 

The Clinical Site Backend (CSB) is the infrastructure (one per Clinical site) that supports all clinical side 

operations. In particular the management of the ŎƭƛƴƛŎŀƭ ǎƛǘŜ ǎǘǳŘȅ ǇŀǊǘƛŎƛǇŀƴǘǎΩ όIC ǇŀǘƛŜƴǘǎύ ōŀǎƛŎ 

information (i.e., personal data, personal identifiers, authorised clinicians, informal or formal caregiver(s) or 

relatives), their initial administration and baseline assessment (i.e., personal health record, questionnairesΩ 

answers) along with medical data of each visit, the management of devices/sensors and the monitoring of 

their utilisation (devicesΩ/sensorsΩ usage measurements, transmissionsΩ metadata). The supported 

functionality will provide a clinical overview of each patient, as well as statistical comparisons via descriptive 

analytics and personalised predictions by the application of trained ML models. All RETENTION parameters 

(i.e., FHIR data, non-FHIR data) are stored in the Repository (CSB@Repository) to constitute the best available 

evidence, based on which ML trained models (as suggestions/hints), and in the end clinicians, consider 

configuring the triggering of personalised interventions. Each CSB instance consists of the Big Data Engine 

Executor (CSB@BDEE), a component responsible for managing descriptive analytics and the latest variant of 

any trained ML model to support personalised predictions, the Decision Support System (CSB@DSS), a rule-

based system that enhances the ability of clinicians to take decisions (i.e., generated personalised 

interventions) according to pre-set rules, and the Dashboard (CSB@Dashboard) that provides the visual tools 

to allow clinicians to have the full profiling and monitoring of the patients to provide them with personalised 

treatment, and other mechanisms for all user roles supported. As with GIC, the Security Component 

(CSB@SC) supports the end-user management via a Role-Based Access Control (RBAC) to comply to data 

minimisation, pseudonymisation for de-identifying data and then transmitting them to GIC for further 

analysis, transparency in processing of personal data, secure machine-2-machine transmissions so that all 

sub-components communicate through a secure environment, and other appropriate technical (and 

organisational) measures to ensure security (i.e., confidentiality, integrity and availability) of data at all states 

(i.e., at rest, in processing and in transit). In addition to the above, a continuous Security and Privacy 

Assurance solution will comprise an integrated framework of models, processes, and tools to enable the real-

time, continuous security and privacy posture assessment of the RETENTION deployment. 

Both the GIC and the CSB (one instance per clinical site) constitute the RETENTION cloud infrastructure where 

all study participantǎΩ data are eventually stored (anonymously and pseudonymously respectively) and 

analysed using Machine Learning algorithms according to endpoints (clinical questions) defined by the clinical 

researchers. 
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The Patient Edge (PE) constitutes the layer of the RETENTION solution that deals with all smart (m)IoT devices 

and sensors installed at the home of each HF patient who will participate in the RETENTION clinical study. 

Each PE instance is referring to the personalised smart ecosystem dedicated to each of the monitored 

patients that embeds a variety of devices and sensors to collect RWD from the individual patients and the 

environment. The software sub-components of the PE are the Mobile Application (MobileApp), installed in 

the smartphone and paired with devices to be provided to each of them, that supports the continuous 

monitoring of the patient via the collection of medical, behavioural, psychosocial, and real-world data for 

him/her, and the Local Home Gateway responsible for gathering data from home sensors and their 

transmission to the CBS that the patient is associated with. 

Types of devices and sensors that will be handed to the patients are: i) a Smartphone, ii) a Weight Scale, iii) 

a Smartwatch, iv) a Blood Pressure Monitor, v) an Oximeter, and vi) a pair of Bluetooth Low Energy (BLE) 

supporting a home temperature sensor, a humidity sensor, and the Local gateway. 

The infrastructure of the RETENTION solution (i.e., CIG, CSB, PE) establish a hybrid hosting model to support 

automated continuous integration and delivery all the way through an uninterrupted process, ensuring (Best-

effort delivery) that RETENTION solution will be up and running. To support this goal, an infrastructure 

lifecycle management will be adopted to successfully handle the capacity of the available resources and their 

optimisation, based on the resource forecasting. As part of the infrastructure monitoring, most of the system 

modules will be executed in virtual assets (virtual machines). 
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2 About this Document 

¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ά5оΦн w9¢9b¢Lhb !ǊŎƘƛǘŜŎǘǳǊŜέΣ ǘƘŜ ǎŜŎƻƴŘ ŘŜƭƛǾŜǊŀōƭŜ ƻŦ ά²tо- RETENTION 

Clinical and System Requirements & PlatforƳ 5ŜǎƛƎƴέΣ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǿƻǊƪ ŀƴŘ ǘƘŜ ƻǳǘŎƻƳŜǎ ƻŦ ά¢ŀǎƪ оΦо- 

w9¢9b¢Lhb tƭŀǘŦƻǊƳ !ǊŎƘƛǘŜŎǘǳǊŜ ϧ 5ŜǎƛƎƴέΣ ŀƴŘ ŦƻǊƳǎ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭ ŘŜǎƛƎƴ ŀƴŘ ŀǊŎƘƛǘŜŎǘǳǊŜ ŦƻǊ ǘƘŜ 

RETENTION project, developing a conceptual architecture adhering to the identified end-user requirements 

(presented in D3.1). It presents the overall architecture of the RETENTION platform, including the general 

representation of the architecture, detailed component descriptions that constitute the architecture, along 

with functionality and access interfaces of the RETENTION Patient Edge (Edge), the RETENTION Clinical Site 

Backend (CSB) and the RETENTION Global Insights Cloud (GIC) instances, the main components that 

constitute the RETENTION platform. 

 

 Role of the deliverable 

The scope of the deliverable is to introduce the detailed architecture of the RETENTION platform with the 

aim to coordinate the implementation of the various technical components that constitute it. All supported 

hardware and software components, the interactions between them, the interfaces to the users and any 

other needed elements, will be thoroughly described in this document. The document is based on the DoA 

of the RETENTION, and the user requirementsΩ elicitation (presented in D3.1), that defined the functional and 

non-functional requirements of the platform and main use cases to be supported. 

Dedicated meetings and two workshops (see Appendices 6 and 7) with the participation of both technical 

and clinical partners have been performed to gather directions and feedback towards the finalisation of this 

deliverable. The outcomes of those determined priorities and technical aspects to be supported by the 

Platform, were in particular: 

¶ the functionality constraints and capabilities to drive the Platform development 

¶ to identify the security layer of the architecture to ensure adherence to the Privacy by Design 

principle and in general GDPR compliance 

¶ to specify the interfaces and structural relations between different components of CIG and CSB 

¶ to define the dependencies between components based on their interfaces 

¶ to identify data flows, access control, data storage 

The resulted RETENTION architecture is based on these requirements identified. In this context, secure 

interactions and privacy of data were considered as of high importance during the design stage. 

 

Although the architecture was thoroughly designed, and all aspects of the system are based 

on the most reasonable current industrial-strength solutions to support requirements defined 

(in D3.1), still there is a probability of new (currently not supported) requirements to emerge 

during the project to serve new needs. Depending on the differences in relation to the version 

of the architecture reflected in the following, if significant differences occur this deliverable 

will be resubmitted, or in case of minor component-related changes those will be reported 

within the relevant (to each component) deliverable. In any case, all changes/amendments 

will be documented and justified. 
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 Relationship to other RETENTION deliverables 

This document constitutes the basis of most of the deliverables of the RETENTION project. The presented 

architecture will drive the work of WP4, WP5, WP6, WP7, part of WP8 and part of WP9, and will be the basis 

of: 

¶ the Platform itself 

¶ the technical evaluation of the system (together with the RequirementsΩ Document) 

¶ the D4.1 RETENTION Data Model, which generates the design & specification of the RETENTION 

Data Model, enabling the exchange, storage and processing of the heterogeneous data aggregated 

and generated ŘǳǊƛƴƎ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ƻǇŜǊŀǘƛƻƴ 

¶ the D4.2 RETENTION Data Management enabling mechanisms version 1, and D4.3 RETENTION Data 

Management enabling mechanisms version 2, which describe RETENTION data repositories and 

data transfer and handling mechanisms (initial and final)  

¶ the D5.1 RETENTION Analytics & Decision-making enabling mechanisms version 1, and D5.2 

RETENTION Analytics & Decision-making enabling mechanisms version 2, which describe the 

delivery of the models, processes and components enabling the analytics, decision-making, and 

data and model sharing capabilities of RETENTION platform (initial and final)  

¶ the D6.1 RETENTION Interfacing, Device Federation and Visualisation components version 1, and 

D6.3 RETENTION Interfacing, Device Federation and Visualisation components version 2, which 

describe the RETENTION Mobile Application, Gateway, and smart devicesΩ federation, as well as 

CSB and GIC dashboard and visualisation components (initial and final) 

¶ the D6.2 RETENTION Security & Privacy by design enabling mechanisms version 1, and D6.4 

RETENTION Security & Privacy by design enabling mechanisms version 2, which describe the 

Security & Privacy mechanisms, including the two Continuous Security and Privacy Assurance 

Platform variants (initial and final)  

¶ the D7.1 Integrated RETENTION platform version 1, and D7.3 Integrated RETENTION platform version 

2, which include the delivery of the first (and second) version of the integrated RETENTION platform 

involving the first (and second) release of all components of WP4, WP5 and WP6 (initial and final) 

¶ the D7.2 Report on integrated RETENTION platform version 1, and D7.4 Report on integrated 

w9¢9b¢Lhb ǇƭŀǘŦƻǊƳ ǾŜǊǎƛƻƴ нΣ ǿƘƛŎƘ ŀǊŜ ǊŜǇƻǊǘǎ ŘƻŎǳƳŜƴǘƛƴƎ ǘƘŜ ƛƴǘŜƎǊŀǘŜŘ ǇƭŀǘŦƻǊƳΩǎ όŀύ 

functionalities and any amendments made to the original architecture and design, (b) outcomes of 

platform testing and (c) installation, deployment, and usage guidelines for the platform (initial and 

final) 

¶ the D8.4 RETENTION Clinical & Technical Assessment & Validation Report version 1, and D8.6 

RETENTION Clinical & Technical Assessment & Validation Report version 2, which describe intra- 

and inter-Clinical TrialΩs assessment & validation, and the platformΩǎ technical validation reports 

(initial and final) 

¶ the D9.3 Communication, Dissemination, Impact Creation, Exploitation & Standardisation Report 

(interim), and D.9.5 Communication, Dissemination, Impact Creation, Exploitation & 

Standardisation Report (final), which describe dissemination, communication, impact creation, 

exploitation, and standardisation activities for the first half and second part of the project. 
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 Structure of the document 

The structure of this deliverable is as follows: 

¶ Chapter 1 provides the Executive Summary. 

¶ Chapter 2 is about this document and presents its role and relation with other RETENTION 

deliverables, the structure, and an overview of the User RequirementǎΩ document. 

¶ Chapter 3 describes the RETENTION conceptual and detailed architecture. It starts by presenting 

the overall architecture starting from an overview, continuing with the relevant diagrams and 

justifications, and then continues by providing a complete description of each of the platform 

components. It specifies sub-components, giving a purpose, an overview, and a description to all 

layers that constitute the Platform (i.e., the GIC, the CSB, the PE and the devices/sensors). 

¶ Chapter 4 describes the purpose and the overview of the platform infrastructure deployment. 

¶ Chapter 5 summarises the conclusions derived from the work presented in this document. 

¶ Chapter 6 provides the relevant references. 

¶ Chapter 7 provides the appropriate appendices to the document. 
 

 Brief Overview of User RequirementsΩ Document 

Design-wise, the Platform constitutes of 3 layers: 

¶ The Global Insights Cloud (GIC) supporting the management of analytics, 

¶ The Clinical Site Backend (CSB) providing mechanisms for (each) clinical site clinicians to manage and 

ƻǇŜǊŀǘŜ ƻƴ ǇŀǘƛŜƴǘǎΩ ŘŀǘŀΣ ŀƴŘΣ 

¶ The Patient Edge (PE) gateway where all the patient-associated devices/sensors reside and are being 

operated. 

RETENTION has as a technical aim to integrate heterogeneous medical devices and sensors, smartphones 

ŀƴŘ άǎƳŀǊǘ ƘƻƳŜέ ŜǉǳƛǇƳŜƴǘ όŀƭƭ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ tŀǘƛŜƴǘ 9ŘƎŜ ƭŀȅŜǊύΣ ǘƻ ŜƴŀōƭŜ ǘƘŜ Ŏƻƴǘƛƴǳƻǳǎ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ 

from the everyday life of the RETENTION study participants, which will be later transmitted to the CSB and in 

turn to the GIC, to be analysed and obtain the evidence needed for vetted (by clinicians) personalised 

interventions promoting their health status. RETENTION will leverage big data analytics and learning 

capabilities, allowing for large scale analysis of the collected data, to generate this type of evidence required. 

To address this scope, the deliverable D3.1 provided a basic understanding of the mechanisms that 

RETENTION Platform must support, as seen from the point of view of the end-users, focusing on the 

requirements of clinicians, patients (or carers), data scientists, and administrators.  

Considering the primary target group of the RETENTION end-users to be supported (Heart failure -HF- 

patients), a patient-centric design methodology has been followed via surveys and interviews conducted 

during the 1st year of the project with clinical partners to make sure that all their needs, within the scope of 

the RETENTION project, would be supported. As a result, several clinical use cases and procedures identified 

provided the fundamentals upon which the RETENTION Platform architecture has been formulated. 

Parameters considered were the RETENTION clinical study characteristics and the related risk factors, 

including the detailed list of variables resulting from current clinical practices and state-of-art research that 

should be monitored. In particular, in accordance with the Clinical Protocol (presented in D8.2) and the user 

requirementsΩ analysis (presented in D3.1), the main set of variables to be monitored includes: 
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¶ Vital signs (blood pressure, heart rate, oxygen saturation). 

¶ Activity tracking (steps, meters walked, other type of activities, continuous HR monitoring at 

baseline and during activity, time to recover). 

¶ Sleep (hours of sleep, sleep patterns and quality). 

¶ Possible symptoms (fatigue, dyspnoea, oedema, orthopnoea, appetite, dizziness). 

¶ Medication adherence. 

¶ Nutrition information (body weight, body composition, nutrition score). 

¶ Possible depression symptoms. 

¶ Cognitive status. 

¶ Environmental variables (temperature, humidity, pollution) via home sensors or other external 

services. 

¶ Ventricular assist device related variables (flow, power, pulsatility Index, alarms, etc.) via external 

services, photos, or questionnaires. 

5оΦм ŀƭǎƻ ŦƻŎǳǎŜŘ ƻƴ ŘŜŦƛƴƛƴƎ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŦǳƴŎǘƛƻƴŀƭ ŀƴŘ ƴƻƴ-functional requirements from technical 

perspective (e.g., interfacing capabilities, supported interactions, compute and networking capabilities), 

conducting an up-to-date analysis of the pertinent technological landscape and the identification, 

specification, and prioritisation of system requirements for it. In addition, and considering the serious 

security threats, potential security vulnerabilities, and the privacy of the collected data within the EU 

regulatory landscape, security requirements cover areas such as end-user management, authentication, 

authorisation, and role-based access control (RBAC) management, pseudonymisation, logging mechanisms 

for auditing purposes, GDPR requestsΩ management and continuous monitoring via security and privacy 

assessments. As an end-result, D3.1 provided the set of non-functional and functional requirements which 

were identified, and categorised in terms of basic functionalities, usability, performance, availability, and 

reliability, legal and ethical, security and privacy, data and data exchange and scalability such as the following 

categories: 

¶ Authentication/Authorisation: use cases defined on which flows user identification and m2m 

validation is required, as well as role-based access to the data collected/generated and services. 

¶ Privacy: since RETENTION involves the management of personal data, data stored will be 

pseudonymised within the context of the CSB instances and anonymised within the context of the 

CIG instance. 

¶ Data acquisition: 1st version of data sources, structures, and acquisition rate was defined. 

¶ Data flows/services: workflows to support the clinical monitoring of patients (continuous 

monitoring and collecting medical, clinical, physiological, behavioural, psychosocial data), the 

analysis of this data (using model-driven big data analytics, statistical and machine learning 

techniques), the detection of patterns in the HF disease progression and the quality of life of 

patients, the analysis of all those results and the support of rule-based personalised interventions. 

The resulted use-cases target the three primary groups of RETENTION end-users: 

I. the patient (study participants) (PE), 

II. the carer (or caregiver) (PE), and 

III. the clinical team (clinician or clinical expert) (CSB ς GIC) 
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Still, functional, and non-functional requirements cater the basic needs of all other end-user groups to be 

supported, in particular: iv) administrator (CSB- GIC), v) data scientist (GIC), vi) policy maker (GIC), vii) tech 

support (CSB), and viii) (GDPR) auditor (CSB- GIC). 

Considering the patients and the interactivity to medical devices, personal wearables, and smart home 

sensors, based on the feedback provided by RETENTION clinical partners, the smartphone device was 

recommended as more appropriate for the purpose (in comparison to a tablet). Via a mobile application, the 

patient will be able to review his/her measurements and submit them to the CSB, receive reminders (e.g., 

about their medication) and personalised alerts because of individual data analysis. The smartphone with 

Wi-Fi connectivity in place (perquisite for study participation) will support fast communication to the 

responsible for monitoring clinical team (per Pilot), and enhanced data acquiring capabilities since the usage 

data measured and collected by devices/sensors, and the questionnairesΩ answers, will be structured, 

annotated and timestamped prior of their transmission in order to meet the specific technical specification 

for the 2 types of repositories to be used (a FHIR and non-FHIR one). 

All patient indicators will be monitored and based on a predefined period, while rule-based 

interventions/alerts can be created and transmitted to those individuals. Specifically for critical use cases 

(e.g., adherence to treatment), in cases of metrics indicating critical deviation from expected values, 

notifications will be sent to both the associated (to the individual) clinicians (CSB end-users) and to those 

specified as persons to be notified in such events (e.g., informal, or formal caregiver(s), relatives, non CSB 

end-users). 

Since interoperability to external Personal Health Record (PHR) system will not be considered during the pilot 

phase due to security restrictions imposed by hospitals, during the first phase of the RETENTION project all 

clinical Personal Health Record (PHR) parameters will be inputted by the clinicians. M2m interoperability can 

be implemented under specific terms and agreements between the pilot organisations and the RETENTION. 

Based on the user requirements, a range of different use cases and scenarios are described. This approach 

provides the opportunity for the end-users to describe how they conceive the use of the platform. The 

outcome of this process is summarised in the following table (Table 1). 

 

Table 1: Summary of use cases (as per D3.1 Requirements) 

Category 
Use case code 
(in D3.1) 

Name 
Importance 
(priority) 

/ƭƛƴƛŎƛŀƴΩǎ ǳǎŜ ŎŀǎŜǎ RTCL01 Creation of patient and data 

visualisation 

Mandatory 

RTCL02 Patient-doctor interactions Mandatory 

RTCL03 Alarms Mandatory 

RTCL04 Event record Mandatory 

tŀǘƛŜƴǘΩǎ ǳǎŜ ŎŀǎŜǎ RTP01 Daily data entry Mandatory 

RTP02 Special variables Mandatory 
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RTP03 Special events Mandatory 

RTP04 Automatic messages Mandatory 

/ŀǊŜǊΩǎ ǳǎŜ ŎŀǎŜǎ RTCA01 Daily data entry Mandatory only for 

LVAD patients 

RTCA02 Automatic messages Mandatory 

Risk assessment 

generated by AI 

RTBD01 Risk assessment generated by AI Mandatory 

Technical staff use 

cases 

RTS01 Dashboard End-user moderated 

registration 

Mandatory 

RTS02 Dashboard End-user login Mandatory 

RTS03 Manage end-user account information Mandatory 

RTS04 Associating a device ID to a patient Mandatory 

RTS05 Configuring a device and App Mandatory 

RTS06 Managing Public health policy decision-

making models 

Mandatory 

RTS07 Performing GDPR compliance check Mandatory 

Based on these definitions, the following representative use case diagrams illustrate the expected behaviour 

of the to-be-developed services. 
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/ƭƛƴƛŎƛŀƴΩǎ ǳǎŜ ŎŀǎŜǎ 

 

Figure 1Υ /ƭƛƴƛŎƛŀƴΩǎ ǳǎŜ ŎŀǎŜǎ 
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tŀǘƛŜƴǘΩǎ ǳǎŜ ŎŀǎŜǎ 

 

Figure 2Υ tŀǘƛŜƴǘΩǎ ǳǎŜ ŎŀǎŜǎ 
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/ŀǊŜǊΩǎ ǳǎŜ ŎŀǎŜǎ 

 

Figure 3Υ /ŀǊŜǊΩǎ ǳǎŜ ŎŀǎŜs 

Example of an ML analytic: Risk assessment model 

 

Figure 4: Actors interacting with an ML model 
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Technical staffΩǎ use cases: 

 

Figure 5: Technical stuffΩǎ use cases 
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3 RETENTION conceptual and detailed architecture  

The purpose of the system architecture activities is to define a coherent, comprehensive solution to the 

RETENTION platform, based on principles, concepts and properties that are related and functional to each 

other in a logical way. In the following, a detailed description of the architecture of the RETENTION system is 

provided outlining the conceptual model, logical diagrams, and descriptions of each component that 

constitutes it. 

 

 RETENTION actors 

The supported use cases (defined in D3.1, briefly presented in previous section) are associated with different 

end-user roles. We identified the following: 

¶ System Administrator or IT/administrative staff: it refers to those responsible for the setup and 

reliable operation of the RETENTION Platform (GIC, CSB and MobileApp and Local Home Gateway). 

They should be able to ensure that the uptime, performance, resources, and security of the 

computers they manage meet the needs of the other users. The administrator may require access to 

the system components and to the registries accounting for the behaviour of the RETENTION 

Platform. Also, they manage the end-usersΩ accounts of GIC and CSB.  

¶ Clinician: it refers to a health care professional that works as a primary clinical case manager of a 

patient. A clinician diagnoses and treats patients (associated to a clinical site). The clinician uses the 

RETENTION platform (CSB) to increase the level of evidence-based practices and care plans and has 

access to all patients associated to his/her organisation. 

¶ Patient: it refers to the patient who gave consent to participate to the RETENTION study (RETENTION 

study participant). He/she interacts via the Mobile application to provide usage data and feedback, 

and to acquire guidance or information about the treatment and the trajectory of personalised care 

plans. 

¶ Carer (Caregiver): it refers to people providing formal or informal care (family caregiver, a respite 

caregiver, a home caregiver, or a primary caregiver) to the patient who needs extra help (acts on 

behalf of the patient). 

¶ Data Scientist: it refers to a professional responsible for collecting, analysing, and interpreting the 

overall amount of data collected by the GIC. 

¶ Healthcare policy maker: it refers to someone who exploits the statistical report and analytics 

resulting from the GIC to create policies and plans, especially for the good of a territory or 

community. 

¶ (GDPR) Auditor: it refers to the role that is responsible for administering audits to the RETENTION 

platform (with the help of the admin, the DPO, and other project officials). 

¶ Tech support: assisting the clinician only in the task of monitoring the usage data transmission 

monitoring (metadata). 
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 Overview 

The Architecture is based on a 3-Layer model (arises from a structured IoT architecture, modified for the 
RETENTION project): 

Global Insights 
Cloud 

The GIC functions as the main Big Data repository that hosts the Big Data analytics 
engine and services to support the policy making, offering to the Data scientist, clinical 
expert, or healthcare policy maker the tools to take the necessary decisions about 
Heart Failure disease management. 

Clinical Site 
Backend 

The CSB offers to the clinicians the tools to monitor their patients, gather their 
medical and usage data όŜǾƛŘŜƴŎŜύ ŀƴŘ ǘŀƪŜ άƛƴŦƻǊƳŜŘέ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ ǘƘŜƳΦ 

Patient EDGE a) A mobile application and b) the home gateway, support the continuous monitoring 
of patients and the collection of real-world data associated to them. 

 

Those layers interact with each other via secure channels, while data exchanges involve pseudonymised or 
anonymised data to ensure full data protection even in the case of a data breach. Briefly, the role of each 
layer is: 

¶ Dƭƻōŀƭ LƴǎƛƎƘǘΩǎ /ƭƻǳŘ όDL/ύΥ ŀ ŎƭƻǳŘ ƛƴǎǘŀƴŎŜ ǘƘŀǘ ƛǎ ŎƻƳƳƻƴ ŦƻǊ ŀll RETENTION deployments and 

which is responsible for managing anonymised data & model ingestion and training, global analytics, 

and the generation of insights. Upon completion of best (performance-wise) trained models, those 

will ōŜ άǇǳǎƘŜŘέ ǘƻ ǘƘŜ Clinical Site Backend instances for application. 

¶ Clinical Site Backend (CSB): per hospital backend instances of the platform, responsible for patient 

data management, local decision making, execution of analytics & interventions.  

¶ The Edge (Gateway, Mobile Application, and home hub): a set of components deployed at the 

ǇŀǘƛŜƴǘǎΩ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ƳŀƴŀƎƛƴƎ ǘƘŜ ŘŜǾƛŎŜǎΩ/sensorsΩ usage data, questionnairesΩ answers and 

personalised notifications and alerts. 

The following diagram (Figure 6) illustrates the Conceptual Architecture of the RETENTION Platform. Each 

component is self-reliant and has a specific function in the whole operation of the system. Architecture will 

be described in detail by the 4+1 model. 
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Figure 6: Overview of the RETENTION Architecture and actors operating within each layer 
 

The RETENTION Platform will attain a level of man-machine interaction of the highest standards to enable 

user-friendly interactions for handling the complexity of workflows and their outputs, coping with the output 

of complex models, the verification of those via the visualisation of the knowledge encoded, and presentation 

of interventions.   

To cope with this complexity, the design of the user interface will adhere to the following basic design 

principles: 

¶ Provide simple and intuitive interfaces,  

¶ Adhere to modern design principles (e.g., responsive web design, best practices for colour-coding, 

form design and data table design, mobile app usability best practices), 

¶ Use of a modern framework for smartphone development with cross development on both well-

established platforms, 

¶ Follow all the provisions of the grant agreement (DoA). 

 

 RETENTION Architecture 

The following figure (Error! Reference source not found.) illustrates all high-level components of the system, 

which will be introduced in the next sections in more detail. Components are mainly interconnected via REST 
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!tL ƛƴǘŜǊŦŀŎŜǎΣ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ƛƴǘŜƎǊŀǘƛƻƴΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ά!ǊŎƘƛǘŜŎǘǳǊŜ ŘƛŀƎǊŀƳέ ǎǳōǎŜŎǘƛƻƴ Ŏƻƴǘŀƛƴǎ ǘƘŜ ƎŜƴŜǊŀƭ 

architecture description. 

 

Figure 7: the RETENTION architecture 
 
 

 

As defined in D2.2, the whole RETENTION solution (GIC and all 6 CSB instances) will be hosted 
at a computer room located in ICCSΩǎ premises (Athens, Greece). A CSB can be deployed within 
a clinical site infrastructure, provided that technical and operational requirements are met. 

 

 Architecture Diagram 

The previous figure shows the overall RETENTION architecture. As can be seen, there are three main layers: 

i) the Global Insights Cloud, ii) the Clinical Site Backend, and iii) the Patient EDGE. The main purpose of these 

and their components is to accumulate, store and analyse the data gathered from different sources. Each 

Dashboard allows to input data and operate upon services provided. Both Dashboards are interacting with 

other components via REST interfaces. The REST layer provides the interfaces not only for the Dashboard but 

for m2m connections such as those triggered by the Mobile Application and the Local Home Gateway. 

Additionally, REST services provide interaction capabilities to the BDA engine and Data Repository with the 

different repositories reside in GIC or CSB. These repositories hold all information retrieved from devices, 
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sensors, mobile phones, and the BDA engine itself. Each instance of CSB interacts with the Local Home 

Gateway and the Mobile application (for those patients associated to the client site that operates the CSB) 

again through REST interfaces. The Local Home Gateway is the subsystem accumulating inputs from house-

bound sensors, while the Mobile Application deals with the medical and non-medial (health and fitness) 

devices. This type of information is pre-processed (e.g., timestamped, aggregated, associated with a unique 

identifier for each participant) and sent to the CSB via REST services in compliance with GDPR rules. 

Interactions between those components, as well as authentication at the Dashboard(s) are secured by the 

Security Component, while end-user account information is held inside it. 

CǳƴŎǘƛƻƴŀƭƛǘȅ ǇŜǊ ƭŜǾŜƭ ŀƴŘ ŀŎǘƻǊΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŀōƻǾŜ ǘǿƻ ŘƛŀƎǊŀƳǎΥ 

¶ Patient (PE): 

o Data collection level: Devices and sensors are connected (paired) via a) the mobile application 

and b) the edge gateway that collectively act as the patient EDGE. 

o Patient operates devices and sensors and transmits (effortless) usage data to the CSB.  

o Patients and carers (on behalf of those unable to operate themselves) have access to the Mobile 

application, can provide feedback (via questionnaires) or photos, chat (functionality will not be 

activated in the framework of the RETENTION trial study to avoid bias), and receive personalised 

notifications, depending on ǇŀǘƛŜƴǘΩǎ ŎƻƴŘƛǘƛƻƴ. 

Carer: may act on behalf of a patient. 

¶ Clinician (CSB): 

o Clinicians manage personal health record and questionnairesΩ data for those patients they are 

supervising, and view via the high level and detailed visualisations, the device/sensorsΩ usage 

data being transmitted into the CSB. 

o Data stored in each CSB will be pseudonymised. Only designated clinicians have access to author 

medical and personal data of CSB patients. 

o Trained models can be applied to obtain a prognosis about several health indicators. In addition, 

the system will also generate suggestions to be considered by the clinicians relevant to the 

triggering of personalised interventions. 

 

¶ Administrator (CSB and GIC): 

o Manages end-user accounts (e.g., accepts/rejects registration requests). 

o Is held accountable for answering to GDPR requests raised by study participants. 

 

¶ Data analyst (GIC): 

o Manages ML models (the whole ML pipeline) and triggers the broadcasting to all CSB instances 

of those considered of best performance. 

 

¶ GDPR Auditor (GIC): 

o Views GDPR request(s) issued by patients and whether they have been responded to. 

 

¶ Healthcare policy maker (GIC): 

o Reuses outcomes of the ML analytics to create and evaluate health policies and plans. 

 

¶ Tech support (CSB):  
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o Monitors the usage data transmission and triggers communications for technical assistance over 

the phone or email. 

The following image (Figure 8) illustrates the physical view of the RETENTION Architecture. The virtual 

machines can run independently. 

 

Figure 8: Physical view of the RETENTION system 
 

The άǇƘȅǎƛŎŀƭ ƳŀŎƘƛƴŜέ associated with each RETENTION clinical site is completely and logically independent 

module that can be used, moved, expanded, or contracted according to needs specified. 

 

 Components Description 

The next sections introduce the different components identified above, and present to the readers an 

analytical description of their utility and how they fit the overall architecture. Their detailed interfaces are 

specified in the respective appendices. Cross-cutting, security-related components are described in section 

3.5.5 Security Component) and Appendices. 

 

Enriched technical descriptions of all components forming GIC, CSB and PE will be presented 

during the forthcoming deliverables of WP4, WP5 and WP6. 
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3.5.1 Global Insights Cloud (GIC)  

The first module, named as the RETENTION Global Insights Cloud (GIC), will pool anonymised patient data 

from all sites (CSB instances) and will support the advanced forms of global data analytics that will result in 

trained ML models which will underpin evidence-based interventions. This module supports incremental 

forms of data analysis, necessary when new data sets become available to the GIC and the model verification 

capabilities envisaged for the platform, as well as the analysis of the findings for the purposes of public health 

decision making. Once models are trained, those can be transferred to the second (middle) module 

(RETENTION Clinical Site Backend) to be applied and generate suggestions/hints to be considered by the 

clinicians for triggering personalised interventions. The GIC is composed from the following modules that 

interact with each other: 

¶ Dashboard that allows end-users to set up and execute ML workflows, and in turn validate the 

resulted models (through the Analysis Workflow Validation tool), and broadcast those of best 

ǇŜǊŦƻǊƳŀƴŎŜΦ Lǘ ŀƭǎƻ ǇǊƻǾƛŘŜǎ ƛƴǘŜǊŀŎǘƛƻƴ ŜƭŜƳŜƴǘǎ ŦƻǊ ǘƘŜ 5ŜŎƛǎƛƻƴ ϧ tƻƭƛŎȅ {ǳǇǇƻǊǘ ŎƻƳǇƻƴŜƴǘΩǎ 

functionality. To provide these functionalities, the Dashboard behaves differently based on the role 

assigned to the end-user by the Role-Based Access Control (RBAC) capabilities of the Security 

Component. 

¶ Model Specification Tool that manages machine learning models; Disease Insights, an extension of 

the Model Specification Tool which allows the data scientist to understand and evaluate better the 

previously created models. 

¶ Big Data Analytics Engine (BDAE) that parses, filters data and feeds the Model Specification Tool. 

¶ Decision and policy support is a service that capitalises on the results gained during the ML 

workflows to assist the evaluation of health policies that account those as (success or failure) criteria. 

¶ FHIR and non-FHIR repositories where anonymised data are stored, and model data are registered. 

¶ REST API support inner and outer (previously authorised by the Security Component) 

communications with GIC components and CSB. 

¶ Security Component supports the authentication and authorisation processes, along with 

mechanisms to protect services and data flowing from/to the GIC (data in transit) as well as while 

data reside within repositories (data at rest). 

 

3.5.1.1 GIC Dashboard (GIC@Dashboard)  

The GIC Dashboard (or Dashboard & Visualisation component) offers user friendly visualisations and 

interfacing features tailored to the specific information and functions taking place at the global backend 

(features presented in the following Table 2). 

 

Table 2: GIC Dashboard features and specification 

Component Title GIC Dashboard 

Objectives / Brief 
description  

The GIC dashboard and visualisation component will serve as the entry point for 
clinicians, researchers, policy and decisions makers, and auditors in the healthcare sector 
to the collected data sets and trained models. This data includes pseudonymised health 
related and monitor-related data from various sources as well as statistics that will be 
presented in a multipurpose interface addressing the needs of targeted stakeholders. 
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Technical pre-
requisites and 
requirements  

REST APIs are required to fetch/submit data. 
The visualisations will be offered Ǿƛŀ ŀ ǳƴƛŦƛŜŘ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴ ōŀǎŜŘ ƻƴ !9DL{Ω 
Advanced Visualisation Toolkit (AVT). End-users will only need a browser to access the 
GIC@Dashboard.  

Actors The actors of the component are: 
- GIC Admin 
- Clinical expert/Data Scientist 
- Policy maker 
- GDPR Auditor 

Interactions Inputs  Input of the component must be provided as an API or via some other method, e.g., 
direct access to the relevant data. The component will offer interaction with different 
types of users, therefore role-based access to different parts of the interface will be 
realised. 

Interactions Outputs  Outputs of the component are the triggered events based on user actions that can 
include: 
- storing data in GIC repositories 
- trigger other GIC components (e.g., disease insights component) 
- export or visualise data in meaningful manner 

Data format inputs (preferably) in JSON format 

 

3.5.1.2 GIC Model Specification Tool (GIC@MST)  

The Model Specification tool serves as a prerequisite framework to allow the GIC Disease Insights and the 

GIC BDA engine to run. This framework provides processes for feeding the BDA engine with different types 

of data and supports the transmission of trained ML models to the CSB instances. To serve this purpose, it 

exposes services for managing and training ML models, while their outputs later are to be stored in the GIC 

repository (Data Models / Model Registry) and handled by the BDA engine processes. It also provides insights 

ŦƻǊ ƳƻŘŜƭǎΩ prediction performance and model explanation (AI explainability) (features presented in the 

following Table 3). 

 

Table 3: Model Specification tool features and specification 

Component Title Model specification tool 

Objectives / Brief 
description  

This module provides and ex pose the functionalities to train/test models using data 
from non-FHIR/FHIR database on GIC 

Technical pre-requisites 
and requirements - 
hardware 

Existing VM with minimum 16G RAM, 150 G Hard-drive, 8CPU-cores 

For large datasets and specific ML algorithms, the training process can take sometimes 
hours or even days and may consume the existing CPU/RAM resources 

Technical pre-requisites 
and requirements - 
software 

Linux based OS (ex. Ubuntu 20) 

Docker 20.10.7, Docker-compose 1.25.0 (minimum) 
The model specification tool will install from docker compose file, Jupyter notebook 
server 

The training part will be added as a separated service in the same docker compose file, 
using the kernel gateway feature provided by Jupiter 
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Actors Jupyter notebook kernel gateway docker container 

Database 

Interactions Inputs  Database -> Jupyter kernel gateway Notebook 

Notebook takes the training data from the Database 

Interactions Outputs  Jupyter kernel gateway Notebook -> Database 

Notebook saves into Database the trained models 

The training models are serialised as pickle files  

Data format. Input: JSON Database Data  

Output: binary (pickle) files containing the trained model 
 

Main role of the GIC@MST tool is to create and manage the ML models that will be stored in GIC registries. 

In following figures (Figure 9 and Figure 10), two sequence diagrams are provided: a) for model creation and 

b) for model structure understanding. By using GUI tools exposing these mechanisms, the data analyst can 

take optimal decisions in proposing one model versus another. A series of machine learning algorithms will 

be tested (test-and-error), and we shall select/keep the most successful (in terms of performance) ones. The 

evaluation process will be based on selected metrics utilising the GIC Disease Insights module. 

 

 

Figure 9: Sequence diagram for a) Model training 
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Figure 10: Sequence diagram for b) Model insights 
 

3.5.1.3 GIC Disease Insights (GIC@DI)  

The GIC Disease Insights is a module that resides in the GIC and supports the data analyst with the provision 

of various explanations regarding the models previously trained (mainly the performance of the trained 

model created with GIC@BDAE). Serving this aim, this module will provide means for model understanding 

and visualisation of its inner structure and behaviour, offering also explanation (AI explainability) and 

trustworthiness for the black box of the machine learning models (features presented in the following Table 

2). 

 

Table 4 : Disease insights features and specification 

Component Title Disease insights 

Objectives / Brief 
description  

This module will provide means for model understanding and visualisation of its inner 
structure & behaviour 

Technical pre-
requisites and 
requirements  

Model specification tool 

Models that have been trained previously + metadata results from training process 
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Actors Jupyter notebook containing ML algorithms 

5ŀǘŀōŀǎŜ ǿƛǘƘ ǇŀǘƛŜƴǘΩǎ Řŀǘŀ 

Interactions Inputs  bƻǘŜōƻƻƪ ǎŀǾŜǎ ƛƴǘƻ 5ŀǘŀōŀǎŜ ŀƭƻƴƎ ǘƘŜ ƳƻŘŜƭǎΣ ǘƘŜ ƳƻŘŜƭΩǎ ƳŜǘŀŘŀǘŀ ǘƘŀǘ ǇǊƻǾƛŘŜǎ 
ƛƴǎƛƎƘǘǎ ό/ƻƴŦǳǎƛƻƴ aŀǘǊƛȄΣ ƻǘƘŜǊ ƳƻŘŜƭΩǎ ǇŜǊŦƻǊƳŀƴŎŜ YtLǎύ 

Interactions Outputs  Notebook will provide the modelΩǎ ƳŜǘŀŘŀǘŀ ŦƻǊ ŦǳǊǘƘŜǊ Ǿƛǎǳŀƭisations (GIC@Dashboard) 

data format Input: Filters to restrict data request. Example: for specific use-cases only some models are 
relevant and thus should be considered. 

Output: metadata attached to the specific model in a JSON format 
 
 

3.5.1.4 GIC BDA Engine (GIC@BDAE)  

The Big Data Analytics Engine provides the means of communication and transfer of information between the GIC repositories and the Model 
specification tool. It handles data integration by distributing data and computation, and by efficiently supporting the model training process strongly 
interconnected with the Model Specification Tool. The GIC@BDAE utilises several strategies that will help succeeding at the training of the models by 
distributing the data to the ML algorithms within GIC@MST. This component also supports the pre-processing of input data, before serving the 
resulting dataset to the ML algorithm (features presented in the following  

Table 5). 

The GIC@BDAE has the technical capacity of handling large quantities of data (Big Data) through various 

mechanisms such as paging or using other algorithms found in libraries such as Spark (Matei Zaharia, 2016). 

Depending on the storage environment (best candidate: Spark data processing framework that can quickly 

perform processing tasks on very large data sets) it offers different modalities to connect to several Big Data 

sources. 

 

 

RETENTIONΩǎ technical team is currently experimenting with the Spark framework. This 

solution will be tested and validated in next phases of the project. Performance metrics will 

be compared with other potential alternatives, prior of deciding upon the final choice as for 

the open-source data processing framework to be utilised. 

 

Table 5 : BDA Engine features and specification 

Component Title BDA engine  

Objectives / Brief 
description  

This module will provide with the capabilities of interacting with the three types of 
databases (CRUD operations) for two main purposes: 

- Populate input data for model training 

- {ŀǾŜκwŜǘǊƛŜǾŜ ƳƻŘŜƭǎ ŀƴŘ ƳƻŘŜƭΩǎ ƳŜǘŀŘŀǘŀ  

Technical pre-requisites 
and requirements  

Model specification tool 

Easy to scale -> work with SoA DB engine such as Elasticsearch/PostgreSQL etc  

Avoid bottlŜƴŜŎƪǎ ƻǊ ƛǎǎǳŜǎ ƻŦ ǘȅǇŜ άƻǳǘ ƻŦ ƳŜƳƻǊȅέ ǿƘŜƴ ǉǳŜǊȅƛƴƎ Řŀǘŀ -> 
implement either data pre-processing mechanism or paging mechanism  

Actors Database ς provide large quantities of data 

BDA engine ς written functions that run on Jupyter notebook server from Model 
specification tool that ingest the provided data and deliver it to training algorithms  
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Interactions Inputs  Database -> BDA engine 

BDA engine -> ML Model specification tool 

Interactions Outputs  Training models serialised as pickle files + models metadata in a custom format 

data format In ς Data read from database 

Out ς Reduced / Processed data to be delivered to ML model training 

 

3.5.1.5 GIC Decision & Policy Support (GIC@DPS)  

The Decision & Policy Support component will provide a user-friendly mechaniǎƳ ŦƻǊ ǎǳǇǇƻǊǘƛƴƎ άǿƘŀǘ-ƛŦέ ŀƴŀƭȅǎƛǎ for the policy makers, subject to 
the results of the specification of the RETENTION data analytics models (primitive features presented in the following  

Table 6). Based on the early user requirements for the GIC@DPS functionality to be supported that serve to 

guide the GIC system specification, a sequence diagram depicts (Figure 11) the basic function of creating a 

model that adheres to specific rules. 

 

Table 6 : Decision & policy support 

Component Title Decision & Policy Support  

Objectives / Brief 
description  

This module provides the support for policy decision and support mechanism and will 
provide the user with means for policy rules definitions, modelling, testing and saving 

Technical pre-requisites 
and requirements  

Model Specification Tool 

Actors Database 

Model Specification Tool 

Decision & Policy Support Tool 

Interactions Inputs  Database -> Model Specification Tool -> GIC Dashboard 

Interactions Outputs  Policy model handling / Policy outcome analysis 

data format Input: Data read from database 

Output: Policy model analysis and handling 

 

 

Presented features consider an estimate (early design) of the functionality to be supported 

by GIC@DPS considering outputs of ML models. The final version of the component will 

consider the specification of the RETENTION data analytics models (D5.1). 
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Figure 11 : Decision and policy support model/analysis via GIC Policy Maker Dashboard Actions 
 

3.5.1.6 GIC FHIR and non-FHIR repositories (GIC@Data Layer)  

The GIC@Data Layer is consisting of open-source repositories that will host all type of data in a fully 

anonymised fashion, later to serve the role of being input for training the ML models. As such, the GIC@Data 

Layer (both FHIR and non-FHIR repositories) refers to the data storage entities into which data will be 

partitioned for analytical or reporting purposes. The data will be available to the GIC@BDAE to process them 

with the analytics and decision models. Since the GIC@Data Layer will be supplied with data they have been 

previously structured and semantically enriched (within the context of CSB instances), these data repositories 

store structured anonymised data. As with CSB@Data Layer, the organisation of the data will conform to the 

RETENTION Reference Model. Three main categories of data will be stored: 

¶ FHIR Repository: FHIR data (medical data) using LOINC and SNOMED-CT codes 

¶ Non-FHIR Repository: sensorsΩ data, structures accommodating DSS functionality 

¶ Data Models: data representing input/output of model training process and models themselves 
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3.5.1.7 GIC REST API 

The communication between the deployed components will be supported through REST APIs. The REST 

architectural style emphasizes the scalability of interactions between components, uniform interfaces, 

independent deployment of components, and the creation of a layered architecture to facilitate caching 

components to reduce user-perceived latency and enforce security. Each module/component provides REST 

APIs to facilitate the data interactions based on the specifications provided by each component. 

The REST API will be under the auspices of the GIC Security Component. Thus, interactions between 

components via REST services, as well as authentication are secured by the Security Component (GIC@SC). 

Access to services (and data) is only provided once the end-user has been successfully authenticated, and 

has a role granted with this access. The GIC@SC guarantees the appropriate level of security, compliant with 

the GDPR rules. 

 

3.5.2 Clinical Site Backend (CSB) 

The second module, named as the RETENTION Clinical Site Backend (CSB), comprises a set of components 

deployed at the clinical sites responsible for managing and digesting the clinical and other data collected and 

transmitted from the recruited study participants. Each of these clinical sites will operate its own dedicated 

CSB instance, focusing on patient data ingestion as received from the RETENTION Edge instances of the 

monitored patients which, combined with clinical data, will enable the execution of local analytics based on 

ML trained models. Based on the results of these analytics, patient management (personalised) interventions 

can be triggered όǎǳōƧŜŎǘŜŘ ǘƻ ŎƭƛƴƛŎƛŀƴǎΩ ŘŜŎƛǎƛƻns), delivered via the corresponding RETENTION Edge 

instance (the Mobile Application) of each patient. Moreover, fully anonymised sets of data related to 

patients, the executed interventions, and their effectiveness, along with any new (non-verified) intervention 

model will be transmitted to the GIC, for further processing and model refinement. In this context, 

personalised interventions will be registered, stored, and further processed to facilitate backend analytics. 

The CSB supports the clinical side operations. The daily patient check-up (through transmission of 

devicesΩ/sensorsΩ usage data and collected feedback), the initial patient administration and baseline, 

facilitates the visits to the hospital (as arranged by each clinical site), the pairing and monitoring of the usage 

of the devices and sensors handed to patients, and support the monitoring of their health via generated 

aggregated medical indicators. It also supports chat functionality for engaging communication with specific 

patient (functionality will not be activated in the framework of the Retention trial study to avoid bias). 

Clinicians can review descriptive analytics relevant to ǇŀǘƛŜƴǘǎΩ medical condition, apply a ML model to 

acquire a prognosis on a specific indicator, and configure thresholds for triggering rule-based personalised 

interventions. The CSB is composed of the following components that interact with each other: 

¶ Dashboard that provides interaction elements for administrating CSB end-users, patients and their 

medical and usage data, the application of ML models, the configuration of the thresholds triggering 

personalised interventions and GDPR requestsΩ management. Functionality and data are subject to 

access limitations based on RBAC.  

¶ Big Data Engine Executor manages variants of several ML models. 

¶ Decision Support System supports the creation and transmission (to the Patient EDGE) of 

personalised interventions based on a rule-based logic that considers measurable facts from the 

patients. 
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¶ Chat is a module that enables CSB clinicians and patients (or carers) to communicate via text 

exchanges (functionality will not be activated in the framework of the Retention trial study to avoid 

bias). 

¶ FHIR and non-FHIR repositories, where pseudonymised (personal health records, questionnaires, 

usage data, personalised real-world data), personalised interventions and trained ML models 

(Repository for Models) are stored. 

¶ REST API supports inner and outer (previously authorised by the Security Component) 

communications with CSB components and GIC. 

¶ Security Component supports the authentication and authorisation processes, along with 

mechanisms to protect services and data flowing from/to the CSB (data in transit) as well as while 

data reside within repositories (data at rest). 

 

3.5.2.1 CSB Dashboard (CSB@Dashboard)  

Like the GIC@Dashboard, the Dashboard of the Clinical Site Backend (CSB@Dashboard) is the component 

that is responsible for the interaction between the end-user types (roles) supported and the CSB services in 

the backend. The Dashboard behaves differently based on the role assigned to the end-user by the Role-

Based Access Control (RBAC) capabilities of the CSB@SC. The following table (Table 7) presents its main 

features. 

 

Table 7 : CSB Dashboard features and specification 

Component Title CSB Dashboard 

Objectives / Brief 
description  

The CSB@Dashboard component will serve as the entry point for clinicians for the 
monitoring and treatment of their patients 

tŀǘƛŜƴǘǎΩ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ƘŜŀƭǘƘ ǊŜƭŀǘŜŘ Řŀǘŀ from various sources be presented in a 
multipurpose interface addressing (primarily) the needs of clinicians 

CSB@Dashboard will also serve the system administration and technician needs  

Technical pre-requisites 
and requirements  

REST APIs are required to fetch/submit data 

¢ƘŜ Ǿƛǎǳŀƭƛǎŀǘƛƻƴǎ ǿƛƭƭ ōŜ ƻŦŦŜǊŜŘ Ǿƛŀ ŀ ǳƴƛŦƛŜŘ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴ ōŀǎŜŘ ƻƴ !9DL{Ω !ŘǾŀƴŎŜŘ 
Visualisation Toolkit (AVT) 

End-users will only need a browser to access the Dashboard 

Actors The actors of the component include: 
- CSB Admin 
- Clinician 
- Tech support maker 
- GDPR Auditor 

Interactions Inputs  Input of the component must be provided as a REST API 

The component will offer interaction with different types of users, therefore role-based 
access to different parts of the interface will be realised. 

Interactions Outputs  Outputs of the component are the triggered events based on user actions that can 
include: 
- storing data in CSB repositories 
- trigger CSB components (e.g., chat) 
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- export or visualise data in meaningful manner 

data format inputs preferably in JSON format 

 

3.5.2.2 CSB BDA Engine Executor (CSB@BDAEx) 

The BDA Engine Executor (or BDA engine model's executor) is a CSB component supporting the applicability 

of a previous trained ML model to predict the possible future outcomes of a ǇŀǘƛŜƴǘΩǎ (health or wellbeing) 

indicator. The trained models are created within the GIC scope and upon end-user action (data analyst) then 

transmitted to all CSB instances. As such, this component provides means of receiving the latest variant of a 

ML model and applying it ǘƻ ǇǊŜŘƛŎǘ ǇŀǘƛŜƴǘǎΩ ǇƻǎǎƛōƭŜ ŜǾƻƭǳǘƛƻƴ ƻŦ an indicator. The following table (Table 8) 

presents CSB@BDAEx main features. 

 

Table 8 : Model executor tool features and specification 

Component Title BDA Engine Executor (or BDA engine model's executor) 

Objectives / Brief 
description  

Support predictability ǘƘŜ ǇƻǎǎƛōƭŜ ŦǳǘǳǊŜ ƻǳǘŎƻƳŜǎ ǊŜƎŀǊŘƛƴƎ ǇŀǘƛŜƴǘΩǎ ƘŜŀƭǘƘ ōŀǎŜŘ ƻƴ 
training accomplished on GIC 

Technical pre-
requisites and 
requirements  

Database to store/update model  

Actors Database ς managing models trained on GIC 

aƻŘŜƭǎΩ ŜȄŜŎǳǘƻǊ ǘƻƻƭ ς interpret current models + custom metadata 

Interactions Inputs  Database -> Model executor tool 

Interactions 
Outputs  

Update models serialised as pickle files + models metadata in a custom format 

data format Input: 5ŀǘŀ ƭƻŀŘ ƳƻŘŜƭ ŦǊƻƳ ŘŀǘŀōŀǎŜ Ҍ tŀǘƛŜƴǘΩǎ Řŀǘŀ ǘƻ ōŜ ǇǊŜŘƛŎǘŜŘ 

Output: tǊŜŘƛŎǘŜŘ ǊŜǎǳƭǘ ǊŜƎŀǊŘƛƴƎ ǇŀǘƛŜƴǘǎΩ ƘŜŀƭǘƘ ǇǊƻƎǊŜǎǎ 
 

The following sequence diagram (Figure 12) depicts basic functions of transferring trained ML models (from 

GIC to CSB) and its application to a specific case (Figure 13). 
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Figure 12: Transmitting a trained ML model: REST communication between GIC and CSB 

 

 

Figure 13: CSB BDA engine executor Sequence Diagram via CSB Dashboard Actions 

 

3.5.2.3 CSB Decision Support System (CSB@DSS)  

The CSB Decision Support System is an independent, rule-based system that enhances the ability of the 

clinical team to trigger decisions (in a form of personalised interventions) according to rules that will be 
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established by them. This component will model human reasoning and the decision-making process, so that 

measurable facts from the patients (e.g., repeated abnormal temperature and blood pressure 

measurements) will be processed and interventions will be suggested to clinicians for them to configure. The 

DSS may process both raw or aggregated data stored in the CSB repository and may also consider results of 

the CSB@BDAEx (stored in the non-FHIR repository). To trigger an action, DSS considers time parameter, 

ǇŀǘƛŜƴǘΩǎ ǳǎŀƎŜ Řŀǘŀ ǾŀƭǳŜǎ (e.g., pressure, pulse, temperature, VAD data, etc.) to bring to the attention of 

the clinical team. The following table (Table 9) presents CSB@DSS main features. 

 

Table 9: Decision support system features and specification 

Component Title Decision support system 

Objectives / Brief 
description  

To create a rule-based system that will enhance the ability of the clinicals to take decisions, 
by checking data of patients against the pre-defined rules 

The rules are set by the clinical team 

Technical pre-
requisites and 
requirements  

Rules (thresholds) are managed by the clinical team 

Actors 
Clinicians of CSB 

Patients (or cares) receiving the personalised interventions (via the Mobile App) 

Interactions Inputs  
Data from each CSB repositories via the REST API 

 

Interactions outputs 
Messages and suggestions to clinicians 

Personalised interventions 

data format Inputs/outputs in JSON format 

 

3.5.2.4 CSB Chat (CSB@Chat) 

CSB will support basic text chat functionality allowing real-time communications between patients and 

clinicians. This service is not for emergency use. The following table (Error! Reference source not found.) 

presents CSB@Chat main features, while sequence diagrams (Figure 14 : Chat CSB to Mobile Application) 

present the basic message exchanging. 

 

 

Functionality will not be activated in the framework of the Retention trial study to avoid bias. 

 
 

Table 10: CSB chat sub-system features and specification 

Component Title Chat support system 

Objectives / Brief 
description  

A text chat system will enhance the ability of the clinical team to communicate to patients 
(or vice versa) directly 



 

Horizon 2020 Project RETENTION 
GA n. 965343 

 

 

Deliverable 3.2 ς RETENTION Architecture ς v1.0_30/06/2022 
Dissemination Level: PU 

Page 38 of 165 

 

Technical pre-
requisites and 
requirements  

Requires Mobile Application to support this exchange of text data 

Actors 
Clinician to a patient: sending/receiving text messages 

Patient (or carer) to CSB clinician: sending/receiving text messages 

Interactions Inputs  Unregulated text 

Interactions outputs Unregulated text 

data format Inputs/outputs in JSON format 

 

 

Figure 14 : Chat CSB to Mobile Application 
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Figure 15 : Mobile App to CSB 

 

3.5.2.5 CSB FHIR and non-FHIR repositories (CSB@Data Layer)  

As with CIG repositories, those supporting operations of each CSB instance are open-source repositories that 

will host C{. ǇŀǘƛŜƴǘǎΩ Řŀǘŀ όǊŀǿ ŀƴŘ ŀƎƎǊŜƎŀǘŜŘύ, models and interventions. The CSB@Data Layer is 

responsible for collecting and organising all the prospective data that will be stored in the RETENTION 

platform. The Reference Model is the basis for organising all the data, including all the variables that describe 

the minimum requirements of a specific domain. The Reference Model is a hierarchical data presentation 

model like an ontology. The ontology represents the data in the form of entities (e.g. classes) and object 

properties. An Entity-Relationship approach is used for building the ontology. 

The design of the RETENTION Reference Model is driven by the analysis of the files prepared by the clinicians 

regarding ranges (i.e. minimum and maximum values) of parameters of different types of patients (HF, Tx 

and LVAD). According to the Reference Model, each patient is linked with different types of data, each of 

which has one or more parameters. This data will follow the Reference Model specifications, and, hence, the 

CSB@Data Layer involved in the collection and organisation of data. The different types of data are organised 

in broader categories, as it is demonstrated in the following figure (Figure 16). For example, for a Medication 

it is considered by clinicians very important to know the specific pharmacological substance administered, 

the broader category that it belongs to, the dosage amount per day, and the frequency of administration 

(e.g. once or more per day). To support this notion, each variable in the Reference Model has its own value 

range, type, and parent class. The parent class is the category where the variable belongs to. For example, 

ǘƘŜ ǾŀǊƛŀōƭŜ άŜǘƘƴƛŎƛǘȅέ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ Ŏƭŀǎǎ ά5ŜƳƻƎǊŀǇƘƛŎǎέ όǘȅǇŜΥ ƛƴǘŜƎŜǊΣ ǾŀƭǳŜǎΥ ϑмΣуϒύΦ 

The Reference Model is published in the form of an .OWL/.XML format ontology that contains the different 

types of data recorded along with the parameters of specific interest for each one of them. It should be noted 

that the design of the OWL ontology is driven by the analysis of the standards published by HL7 especially 

about the organisation of classes of data and the naming of their parameters. To this end, HL7 standards for 
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medical terminologies will be taken into consideration to enhance the semantic interoperability of the 

ontology based on SNOMED-CT, LOINC, ICD-10, ICD-11 and other terminologies. The terminology used (set 

of core terms or vocabularies) for each one of the specified parameters was also included in this ontology. 

Based on this. OWL document a Relational Database will be also designed for the storage of prospective data. 
 

 

Figure 16 : Indicative Basic Data model 
 

 

The 1st complete version of the RETENTION Reference Model presented in D4.1. 

 

3.5.2.6 CSB REST API 

As with CIG, the communication between the CSB deployed components will be done through REST APIs. 

Respectively, the CSB Security Component will authorise end-users and authenticate interactions between 

CSB components via REST services. 

 

3.5.3 Patient EDGE (PE)  

Each RETENTION Patient Edge (PE) instance, referring to the personalised smart ecosystem dedicated to each 

of the monitored patients, will embed a variety of smart home and wearable (m)IoT as well as wellbeing 

devices, to collect usage data from RETENTION study participants. Moreover, it features the necessary 

ŜƴŀōƭŜǊǎ ŦƻǊ Řŀǘŀ ŀƎƎǊŜƎŀǘƛƻƴΣ ǳǎŜǊ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ŀƴŘ ǇŜǊǎƻƴŀƭƛǎŜŘ ƛƴǘŜǊǾŜƴǘƛƻƴǎΩ ŘŜƭƛǾŜry. The patient Edge 

has two sub-components ŘŜŦƛƴŜŘ ŎƻƭƭŜŎǘƛǾŜƭȅ ŀǎ άtŀǘƛŜƴǘ 95D9έΥ 

¶ The Patient Edge Local Home Gateway (PE Local Home Gateway, or Home Gateway, or EDGE), and 

¶ The Patient Edge Mobile Application (PE Mobile Application) 
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PE Home Gateway will be installed in the homes for local home sensorsΩ data aggregation, pre-processing, 

and transmission to the CSB, as well as m2m communication to/from the CSB (for installing process or other 

basic technical configurations). Since all study participants will be provided with a smartphone which will run 

the PE Mobile Application, this application will be the instrument for gathering usage data and feedback in a 

unobtrusive and trouble-free fashion, and with minimal effort required to operate the devices and sensors 

to be handed as well. All in all, the PE will enable the continuous monitoring of patients and the collection of 

the medical, physiological, behavioural, psychosocial, and real-world data for such patients. 

 

3.5.3.1 Patient Edge Local Home gateway (Local Home gateway - EDGE) 

The handling of (non-medical) sensorsΩ usage data relevant to environmental factors in the living 

environment of the study participants, and in particular data acquisition, storage, and upload to the CSB will 

be handled by the RETENTION Patient EDGE Local Home Gateway (PE Home Gateway, or Home Gateway, or 

EDGE), a component that supports the communication both with home sensors and with the external data 

provision services. For the interaction with the home sensors the EDGE will be configured to work as a local 

ǎŜǊǾŜǊ ǘƘŀǘ ǿƛƭƭ ōŜ ŀƭǿŀȅǎ ǊǳƴƴƛƴƎ ŀƴŘ άŜȄǇŜŎǘƛƴƎέ Řŀǘŀ to be consumed. Since the initial setup of the EDGE 

has been achieved, a Bluetooth connection and pairing will be established between the EDGE and the home 

sensors. Then the data exchange can take place. For the data acquisition the BLE protocol will be applied, 

and the data exchange will occur through the necessary services and characteristics (supported by ǎŜƴǎƻǊǎΩ 

SDKs).  This will enable the EDGE to receive real time data from the sensors. 

The EDGE will be configured for querying paired sensors for data every 1 hour, and subsequently the patient 

living space data (e.g. temperature, humidity) will be frequently transmitted through the day. Initially, data 

will be stored locallȅ ǘƻ ǘƘŜ 95D9Ωǎ ƭƻŎŀƭ ŘŀǘŀōŀǎŜ ǘƻ ŀǾƻƛŘ Řŀǘŀ ƭƻǎǎΦ !ǘ ŀ ǎǇŜŎƛŦƛŎ time, each day, a predefined 

algorithm will run on the EDGE machine to calculate the aggregate values of the daily obtained values (of 

humidity and temperature, e.g., median values). Upon completion of the aggregation, the calculated values 

will be appropriately timestamped, formatted in a .json file in a predefined format, so a POST request to the 

CSB w9{¢ !tL Ŏŀƴ ǘŀƪŜ ǇƭŀŎŜΣ ŀƴŘ ǘƘŜ ƘƻƳŜ ǎŜƴǎƻǊǎΩ Řŀǘŀ Ŏŀƴ ōŜ ǎǘƻǊŜŘ ǎǳŎŎŜǎǎŦǳƭƭȅ in the CSB non-FHIR 

repository. 

For communication with external data services, the EDGE will be utilised to receive the outdoor analytics and 

post them to the CSB. This process will be achieved by utilising the Python Copernicus API, and in particular 

the Climate Data Store Application Program Interface (CDS API). CDS API is a service that provides 

programmatic access to the climate data store datasets (like ERA5 and others). Via this CDS API client, 

requests are possible by providing the necessary input variables such as year, month, day, time, longitude, 

latitude and receiving the requested output variables such as temperature in the specified region. This 

information will be parsed from the data that will be obtained through the API and then a second post request 

will be executed, obtaining all the necessary outdoor analytics (humidity, temperature and air pollution). This 

ƛƴŦƻǊƳŀǘƛƻƴ ǿƛƭƭ ōŜ ŀƭǎƻ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ƭƻŎŀƭ 95D9Ωǎ ŘŀǘŀōŀǎŜ ǘƻ ŀǾƻƛŘ Řŀǘŀ ƭƻǎǎΦ ¢ƘŜ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ŦǊƻƳ ǘƘŜ 

CDS API will occur at least once per day, as per the protocol. In a similar way, other external services can be 

accessed. 

EDGE will be self-contained and will automatically update the system data, without the intervention of the 

patient/carer. The following table (Table 10) presents EDGE main features. 
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Table 11 : Home gateway hub 

Component Title PE Local home gateway 

Objectives / Brief 
description  

Software & Hardware system that connects the home devices/sensors to the RETENTION 
system and cohorts and aggregates usage data 

Technical pre-
requisites and 
requirements  

Connectivity ǘƻ ǇŀǘƛŜƴǘΩǎ ²ƛ-Fi network (router) 

Usage data will be visible only via the application (not available for other installed 
applications) 

To collect World data (based on localisation) from external public services (local area 
weather, pollution information if available) 

Usage data timestamped, associated to patient identifier and aggregated 

Actors Patients and their carers 

Interactions Inputs  
Local devices/sensor data (as transmitted by the device/sensor) 

External device/sensor data (as given by the services) 

Interactions outputs  

Basic on/off and connecting to a Wi-Fi network 

Outputs on the Mobile application and device 

 

data format Inputs/outputs in JSON format 
 

In the following figure (Figure 17), the basic communication concept between the EDGE and the 

functionalities can be observed. 

 

Figure 17 : A basic concept for the communication between Patient Edge and the rest of the functionalities 
 

The EDGEΩǎ ǎƻŦǘǿŀǊŜ ǿƛƭƭ ōŜ ŘŜǾŜƭƻǇŜŘ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƴŜŜŘŜŘ ŦƻǊ end-users that are not 

familiar with technology. Taking this design requirement into consideration, the EDGE will be designed to 

allow for effortless use of its basic capabilities. The component will be plugged and only a few actions will be 
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required to be performed by the end-user for the initial setup. The EDGE will be connected via Ethernet cable 

directly to the router to minimise unnecessary configurations needed for Wi-Fi, and the home sensors will 

be placed next to the EDGE at a distance of less than one (1) meter.  

The basic OS that will be running in the EDGE will be Raspberry Pi OS (Raspbian), which is based on Debian 

OS. Core components will be a range of processes and scripts all having a specific functionality to achieve to 

make the software more robust. Some examples of these functionalities will be ( 

Figure 18 and Figure 19): i) one for the communication with the home device and one for the external 

services, ii) one watch-dog process which will always check if the main processes are running and if not get 

them back on, iii) one process which will store all the acquired data to the local database, iv) one process 

that will be used for posting the data to the REST API, and v) one to check if data have been successfully 

posted or configure the software to try again the next time. Then, sensor-oriented scripts are going to be 

implemented to ŎƘŜŎƪ ǘƘŜ ǎŜƴǎƻǊǎΩ ǎǘŀǘǳǎ ǎǳŎƘ ŀǎ ōŀǘǘŜǊȅ ƭŜǾŜƭΣ ǘƻ ŀǾƻƛŘ Řŀǘŀ ƭƻǎǎΦ ¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻŎŜǎǎ 

will also consider memory management techniques to avoid memory overflow. The software in general will 

be developed in such a way that if any technical problem occurs, the patient will be able to turn the EDGE off 

and on again by pressing only the power button, and the necessary scripts and processes will start working 

normally again, automatically. 

 

 

Figure 

18 : 

Home 

sensorsΩ sequence diagram 
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Figure 19 : weather information sequence diagram 
 

The core programming language that will be used is Python. However, if needed for the different EDGE tasks 

and functionalities C, C++ and shell script will be used. Also, the program will be as interoperable as possible, 

and will enable a direct communication with the other EDGE machine (mobile phone) if information or data 

exchange is needed. 

 

3.5.3.2 Patient Edge Mobile Application (Mobile Application) 

CǊƻƳ ǘƘŜ ǇŀǘƛŜƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜΣ the main avenue of monitoring and interaction with the RETENTION solution 

will be the RETENTION Edge Mobile Application. This purpose-developed application will feature a user-

friendly interface that gathers and transmits usage data to CSB, inform the end-users of the important 

parameters regarding their health and well-being and the management of their conditions, and deliver 

interventions. Examples of such features include highlighting the need to move more often or to avoid going 

out if the environmental conditions pose high risk (e.g., high particle count in the atmosphere), reminding 

pill intake, or facilitating communication with the monitoring clinical staff. These capabilities will augment 

the ones enabled by the Edge Gateway, as the latter will focus on monitoring and interventions related to 

the IoT ecosystem, while the Mobile Application will focus on wearable (bioelectronic) and medical devices, 

as well as on maintaining the RETENTION operation while the user is not at home. The application will 

maintain a high level of abstraction and focus on usability, and to be operated by elderly people or others 

without technical background. 

The application will timestamp, associate to a patient identifier and (in cases of devices/sensorsΩ data) 

aggregate data prior to their transmission to the CSB. The following table (Table 12) presents Mobile 

application main features. Screenshots of early prototype of the mobile application itself are provided in 

Appendix 3. 
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Table 12 : Mobile application features and specification 

Component Title Mobile Application  

Objectives / Brief description 
(mandatory) 

Supports the collection of usage data and feedback from patients or carers 
(on behalf of), as both will login to the system via the app 

The application will connect via secure channel with the CSB 

The patient or carer will be able to easily connect/pair devices with 
compatible BLE technology, to the smartphone and in extent to the mobile 
application 

The application will be able to register the connected device. Also, the 
application will be able to connect to CSB to send/receive data 

Whenever the application starts, it will check the condition of the patient (or 
via the carer) via a basic questionnaire and if the condition is worse, it will 
offer an advance health questionnaire for collection 

The patient or carer will be able easily visualise the data transmitted by the 
CSB (notifications, feedback). The application will offer visualisation of 
ǇŀǘƛŜƴǘΩǎ usage data 

The patient or carer will be able to easily add, modify and submit 
information/feedback on questionnaires and/or surveys 

The patient or carer will be able to easily send text messages to CSB clinicians 
(this text chat service is not for emergency use) 

The patient or carer will be able to send photos, later to be viewed by CSB 
clinicians 

¢ƘŜ ǇŀǘƛŜƴǘ όƻǊ Ǿƛŀ ǘƘŜ ŎŀǊŜǊύ ǿƛƭƭ ōŜ ƳƻƴƛǘƻǊŜŘ ŦƻǊ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŀŘƘŜǊŜƴŎŜ ǘƻ 
treatment (taking his medication timely and as prescribed) 

The application will receive personalised interventions from CSB and display 
them to the patient (or the carer) 

Technical pre-requisites and 
requirements  

When patient uses the Mobile application for the first time, he/she must 
agree to the collection and use of information in accordance with the 
RETENTION policy 

Minimum configuration settings: patient identifier (stored encrypted), IMEI, 
Gmail account (for enabling automatic updates) and Wi-Fi credentials. Those 
should not be erased whenever an update occurs   

The mobile application will be pre-installed on the android smartphone. 
Automatic updates must be supported by default (via Google store) 

Devices/sensors paired (preferably) by using Bluetooth Low Energy (BLE) 

Usage data is timestamped, associated to patient identifier and aggregated 
prior to transmission to the CSB 

Actors 

The patients and the carers 

The CSB 

The connected/paired devices/sensors 

Interactions Inputs  

The patient or career will interact with the system and will add local data as 
needed (ex from the VAD) 

Data will flow from the devices to the mobile application (EDGE) 
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Data will flow for local conditions from external services 

 

Interactions outputs  
FHIR medical data to each CSB via protected API 

Non-medical data to each CSB via protected API 

data format Inputs/outputs in JSON format 
 

In the following figure there is the sequence diagram for the mobile application. Using the mobile application, 

the patient or carer can update his/her data and status, receive information from the system and get useful 

information about his/her health.  

 

Figure 20 : Mobile Application sequence diagram 
 

Heterogeneous patient-related data will be monitored, collected, and analysed in real time at the various 

CSB instances via the PE. More specifically, these will include: 

¶ Real-time Prospective DataΣ ŎƻǾŜǊƛƴƎ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ǇŀǘƛŜƴǘǎΩ t9 ŘŜǇƭƻȅƳŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ 

data from their smart watches, physiological/bioelectrical sensor data, mobile device data, smart 

ƘƻƳŜ ǎŜƴǎƻǊ ŀƴŘ ŀŎǘǳŀǘƻǊ ŘŀǘŀΣ ŀƴŘ ǇŀǘƛŜƴǘΩǎ environmental parameters. The data are related to the 

continuous monitoring of the patient and his/her compliance to treatment, as well as to the effects 

of the undertaken interventions. 
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¶ Periodically Updated Data, covering data collected and analysed through medical assessments and 

questionnaires via the PE (standardised and/or extended as required for the purposes of the project) 

conducted by medical experts. The data will be self-reported from questionnaires given to the 

patients, via typical medical data available to the healthcare providers managing the patients (e.g. 

patient medical history, aided by validated questionnaires), as well as pertinent closed clinical trial 

data, where available. 

 

3.5.4 Participant Devices (PD)  

To achieve the types of data analysis to serve the aims of RETENTION, (m)IoT devices and sensors will operate 

ǿƛǘƘƛƴ ǇŀǘƛŜƴǘǎΩ ŜƴǾƛǊƻƴƳŜƴǘǎ ǘƻ ŜƴŀōƭŜ ǘƘŜ Ŏƻƴǘƛƴǳƻǳǎ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǇŀǘƛŜƴǘǎ ŀƴŘ ǘƘŜ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ǘƘŜ 

physiological, behavioural, psychosocial (raw/aggregated) data in an easy, unobtrusive, and non-invasive 

way. 

The devices will be paired with the Mobile Application (that acts as a data collector) by using Bluetooth Low 

Energy (BLE) (or smart Bluetooth) technology that provides considerably lower power consumption operating 

for a longer period1 while maintaining similar communication range as older Bluetooth devices. RETENTION 

provides and connects different types of devices measuring values such as blood pressure, body 

temperature, glucose, body composition, heart rate, weight. The types of devices supporting the 

requirements defined (in D3.1) are: 

¶ Device #1 ς Smartphone 

Since the Mobile Application is considered as a core technical component of the RETENTION solution, 

the smartphone that has this application installed will have the following technical characteristics: i) 

OS: Android O/S equal or greater than Android 10, ii) RAM: 3GB or more, iii) sufficient CPU power 

and multitasking capabilities (8-core phone), iv) Local storage more than 64GB. 

¶ Device #2 - Weight Scale 

The smart weight scale that will measure study participants body weight, will have the following 

technical characteristics: i) equipped with digital electronic scale, ii) support Wireless connectivity, 

iii) enough battery life to last for long periods, iv) SDK or API to report data to the application. 

¶ Device #3 ς Smartwatch 

This device will provide data of activity (steps, distance, stairs), sleep (hours and quality) and heart 

rate monitoring. Technical requirements: i) SDK or API to report data to the application, ii) support 

Wireless connectivity, iii) synchronisation of collected data each time a new event is triggered 

¶ Device #4 - Blood Pressure Monitor 

This medical device will support the blood pressure and heart rate monitoring. Technical 

requirements: i) SDK or API to report data to the application, ii) support Wireless connectivity, iii) 

synchronisation of collected data each time a new event is triggered. 

¶ Device #5 ς Oximeter 

¶ The oximeter will provide oxygen saturation, heart rate, and changes in vital signs (pulse, blood 

pressure). Technical requirements: i) SDK or API to report data to the application, ii) support Wireless 

connectivity, iii) automatic data gathering iii) enough battery life to last for long periods. 

                                                           

1 .ƭǳŜǘƻƻǘƘ Ǿǎ .ƭǳŜǘƻƻǘƘ [ƻǿ 9ƴŜǊƎȅΣ ǿƘŀǘΩǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜΚ https://elainnovation.com/en/bluetooth-vs-bluetooth-
low-energy-whats-the-difference/  

https://elainnovation.com/en/bluetooth-vs-bluetooth-low-energy-whats-the-difference/
https://elainnovation.com/en/bluetooth-vs-bluetooth-low-energy-whats-the-difference/
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¶ Device #6 - Bluetooth Low Energy (BLE) home temperature/humidity sensors 

The home sensors will be used to generate and transmit temperature and humidity measurements. 

¶ Device #7 ς Local gateway (hub) 

The local gateway is the device that will be connected to the home sensors and in turn transmit data 

to CSB and communicate/subscribe to external services to receive weather/  pollution data. Technical 

requirements: the EDGE PC will run on a Raspberry Pi 4 Model B 4GB, equipped with Broadcom 

BCM2711, Quad core Cortex-A72 (ARM v8) 64-bit SoC @ 1.5GHz, 4GB LPDDR4-3200 SDRAM, 2.4 GHz 

and 5.0 GHz IEEE 802.11ac wireless, Bluetooth 5.0, BLE, Gigabit Ethernet, 2 USB 3.0 ports; 2 USB 2.0 

ports. 

 

3.5.5 RETENTION Security Component  

To support the aim of the RETENTION, the technical solution (involving both the CSB, the GIC and the EDGE) 

must support the integration of heterogeneous devices and sensor later to enable the continuous data 

collection from the study participants, and to analyse the collected data using novel data analyticsΩ 

technologies. The security  component supports a) monitoring the security of all operations, preserving the 

privacy, and providing the data subjects and b) full control of knowing by whom and how their data are being 

processed in a verifiable way. Adhering to this, in addition to administrative procedures in place (presented 

in D2.2) to ensure that personal data are processed fairly and transparently, this section provides a technical 

description of the Security Component and encompasses the security and privacy mechanisms to be 

implemented, thǊƻǳƎƘ ǘƘŜ ǇǊƛǎƳ ƻŦ ǘƘƛǎ ŎƻƳǇƻƴŜƴǘΩǎ ǳǎŜ ōŀǎŜŘ ƻƴ ǘƘŜ security and privacy requirements 

(defined in D3.1). 
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Figure 21 : RETENTION Security Components  
 

Confidentiality, integrity, and availability are the three main cybersecurity principles of any security control 

(Neuman, 1977). Confidentiality is the property where, unless usersΩ processes or devices are authorised to 

access, information is not disclosed (i.e., data and resources are protected from unauthorised access). 

Integrity entails guarding against improper information modification or destruction, including data 

authenticity (i.e., data is protected from unauthorised changes to ensure that it is reliable and correct). 

Availability means ensuring timely and reliable access to data (i.e., authorised end-users have access to the 

systems and the resources they need). Each of these three principles involves relevant protection 

mechanisms, which are described below, as they are derived from the various standards such as Common 

Criteria Evaluation Methodology (CEM) (ISO/SEC, 2009), and the Open-Source Security Testing Methodology 

Manual (ISECOM-OSSTMM, 2010), and related research efforts (Hatzivasilis, 2016). 

The intended to be implemented mechanisms will comply with the Privacy and Security-by design principle, 

the notion by which security and privacy measures and enhancing technologies (PETs) are being embedded 

directly into the design of a system. On this axis, and given the legal obligations imposed by the General Data 

Protection Regulation (EU, 2016), data minimisation, pseudonymisation, transparency in the processing of 

personal data, and other appropriate technical (and organisational) measures are considered at an early 

stage of the platform design to ensure that GDPR requirements are met. This way it is possible to preserve 

the anonymity of big data (i.e., devices/sensors usage data, medical history, analytics, interventions stored 

in the Repository), the confidentiality of any personal data, and Personal Identifiable Information (PII) (i.e., 

IDs association records, and Dashboard end-users profile information stored in the Security Component), the 
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privacy and the integrity of data (KPI-3.1, KPI-3.2, KPI-3.3) according to state-of-the-art guidelines (e.g., 

encryption guidelines of NIST (NIST, 2020), role-based and application-level security access control, Secure 

Sockets Layer, Denial-of-Service Prevention). 

A. Pseudonymisation via IDs management 

Data protection is a critical issue for the RETENTION platform (CSB and CIG) and for this reason, data 

minimisation, authentication, and other security and privacy aspects are materialised with an in-between 

(REST API, Cloud components, RETENTION mobile application, and Home Gateway) component. The Security 

Component provides mechanisms that perform pseudonymisation and IDs associations, used for the 

authentication and authorisation of Cloud RESTful API to protect the transmission of any (sensitive or not) 

data, and it is also utilised for the management of privacy-related requests to demonstrate compliance with 

the GDPR. In this respect, the RETENTION Mobile application (Mobile app) that periodically ingests data from 

the everyday life of the study participants (i.e., heterogeneous sensors, assistive medical and mobile devices) 

to the CSB@Repository, has data protection mechanisms in place to provide security both while data are 

ŦƭƻǿƛƴƎ ŦǊƻƳκǘƻ ǘƘŜ aƻōƛƭŜ ŀǇǇ όŘŀǘŀ ƛƴ ǘǊŀƴǎƛǘύ ŀǎ ǿŜƭƭ ŀǎ ǿƘƛƭŜ Řŀǘŀ ǎǘŀȅǎ ǘŜƳǇƻǊŀǊƛƭȅ ƛƴ ǘƘŜ ǎƳŀǊǘǇƘƻƴŜΩǎ 

internal database (data at rest). IDs management, and personal data and PII removal techniques used were 

introduced in (Basdekis, 2019) and properly enhanced to meet RETENTION needs. IDs management involves 

the following basic processes:  

¶ Each pseudonymised usage data record (i.e., sensors/devices usage data) transmitted by the Mobile 

app or Home Gateway to the CSB will be marked with a non-identifiable External pseudo-Id (Pseudo-

Id1), utilised for associating and pairing all devices handed over to a study participant. The way this 

external pseudo-Id is stored in both Mobile app and Home Gateway local storage is such that it 

Ŏŀƴƴƻǘ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ƛŘŜƴǘƛǘȅ ƛƴ ŎŀǎŜ ƻŦ ŀ ƭƻǎǎΣ ǎƛƴŎŜ ƴƻ ƻƴŜ Ƴŀȅ ƛŘŜƴǘƛŦȅΣ 

directly or indirectly a subject. Upon reception, IDs will be replaced with another Cloud-generated Id 

(Pseudo-Id2), while PIIs will be stored in Security Component and then removed altogether from the 

record (the usage data part is allowed to be digested by the CSB Repository) (Figure 22). 

¶ The Pseudo-Id1 that is provided by CSB, will be used to configure the responsible for transmitting 

usage data devices (i.e. smartphone or tablet, and Home Gateway) that will be given to a particular 

study participant, before handing them over to him/her. CSB@SC will maintain the association 

between the Pseudo-ID1 and Pseudo-ID2. Thus, the data in the CSB repository will be pseudonymised 

at rest. The Pseudo-ID2 will be used in the context of analytics being executed within this CSB scope. 

Vice versa, when a message is about to be transmitted by the CSB to a specific study participant, the 

generation considers at first the Pseudo-Id2, later, to be replaced by the Pseudo-ID1 prior to the 

transmission to the specific smartphone been given to the patient participant. 

¶ The ID replacement process to be performed by the CSB@SC is carried out also during every REST 

trigger that transmits data from/to the CSB@Dashboard. 
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Figure 22: Pseudonymisation process supported by the Security Component in both CSB and GIC 

B. Data transfer 

Personal data transfers are not anticipated in the context of RETENTION project. However, any transfer of 

personal data which are undergoing processing or are intended for processing after transfer to a third country 

or an international organisation shall take place only if, subject to the other provisions of the GDPR, the 

conditions laid down are complied with by the controller and processor, including for onward transfers of 

personal data from the third country or an international organisation to another third country or another 

international organisation. All provisions shall be applied to ensure that the level of protection of natural 

persons guaranteed by the GDPR is not undermined. Whenever RETENTION solution (CSB) processes 

personal data, this action will take place in the ICCSΩǎ server room (Greece). In no case resulted in the data 

leaving the EU (ICCS acts as Data controller). 

C. Data integrity 

Data integrity will be achieved by a variety of data protection methods including backup and replication, 

auditing (of access logs, GDPR requests status, etc.), data and input validation, duplication removal, and 

access controls. 

D. Data minimisation 

Authentication and authorisation, present the basic logic of how an end-user can log in into the system, as 

well as on how we can get the user info. Nevertheless, not only we should have that info but also, we should 

define an access control mechanism of how we apply this information. 
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Role-based access control (RBAC) refers to the idea of assigning permissions to end-users based on their role 

within an organisation. It is less prone to error because of its simplicity and manageability instead of assigning 

each user permissions. Based on user requirements, users are grouped and then each group is assigned a 

role. Afterward, each user is assigned one or more roles and each role is assigned with one or more 

permissions. The benefits are the following: 

¶ create a systematic, repeatable assignment of permissions. 

¶ easily audit user privileges and correct identified issues. 

¶ quickly add and change roles, as well as implement them across APIs. 

¶ cut down on the potential for error when assigning user permissions. 

¶ integrate third-party users by giving them pre-defined roles. 

¶ more effectively comply with regulatory and statutory requirements for confidentiality and privacy. 

In the possibility that there are overlapping roles, the permissions that the user has is the union of the 

permissions of each role the user has, since RBAC is an additive model. 

Access to the anonymised data in the GIC@Repository and those pseudonymised ones kept in 

CSB@Repository (in particular personal data and PII are stored encrypted within CSB@SC), will be granted 

through the realisation of RBAC to identified (In D3.1) end-user roles, limiting/preventing the access/process 

of Dashboard services (i.e., indirectly to data and information stored in the repository and to all other 

components) to what is directly relevant and necessary to accomplish a specified purpose. 

In terms of services and how triggering them is controlled, all Restful APIs will need to first obtain a secure 

token from the Security Component. The authentication manager will utilise the WSO2 Identity Server and 

API manager (technical details presented in the following section WSO2 Identity server). The former builds 

agile, extensible CIAM solutions (by using the XACML rules) and the latter is a complete enterprise-class API 

management solution that combines easy, managed API access with full API governance and analysis. Each 

REST will check whether a specific end-user has access to a specific REST within a context (e.g., clinician: 

create a patient, clinician: associate a device, data analyst: create an analysis). The API Manager will be used 

by each REST service and will invoke an additional Header named "X-JWT-Assertion". This header contains 

an authentication and authorisation token that contains information about the identity of the end-user that 

has invoked the REST API. The developer of the API will use the token to verify that the user that invoked the 

REST call holds the relevant permissions. In addition, via the Security Component, limiting the access of each 

user on specific Organisation-based data will be accomplished (during the initial data gathering). In that 

sense, end-users of each pilot site (i.e., a different instance of CSB) will be able to have access to 

pseudonymised data (i.e., personal health records, usage data) only to study participants of their 

site/organisational unit. The system administrators will be able to manage end-users and perform actions 

such as system monitoring, services health checks, etc. In that sense, clinicians will have access only to 

relevant views of the Dashboard that relate to the pseudonymised medical history of study participants of 

the organisation they monitor, while technicians that will support the pilots, will have access to mechanisms 

for managing and monitoring the devices. Following this notion: 

¶ CSB end-users (CSB internal roles such as Administrator, Clinician, Tech support, Data Scientist, 

Auditor) will be registered via the authentication manager. 

¶ Mobile app and Home Gateway that trigger m2m REST API will be associated with a study participant. 

Notably, even if in the unlikely event of malicious access to CSB@Repository is achieved, or data are leaked 

by administrator negligence, still will not be possible to reidentify study participants, since the association 

between participants Pseudo-Id1 and Pseudo-Id2 is stored in encrypted fashion in separate storage. 
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The procedures are accompanied by other security aspects covering the whole range of components, such 

as: 

¶ Token-ōŀǎŜŘ ŀŎŎŜǎǎ ǘƻ w9{¢Ŧǳƭ !tLΩǎΦ 

¶ Protected logging system for monitoring data access to the Security Component data. 

E. Storage limitation 

Pseudonymous data (as a whole) will become anonymous when the separately stored IDs association records 

will be deleted. Thus, after the completion of the RETENTION project, data kept in CSB@SC will no longer be 

needed to conduct the research (e.g., analytics, interventions), and consequently will be erased and not 

further used for any data process. 

F. Fair data process 

Data collected are provided by the study participants voluntarily, in accordance with well-defined informed 

consent procedures, goals of data processes, and individual rights. In principle, usage data and resulting 

analytics and interventions do not consider any personal, discriminative references. As such, there is no risk 

of discrimination due to data processing conduct in the context of the RETENTION. 

 

Table 13: GIC@Security Component features and specification 

Component Title GIC (or Cloud) Security Component: GIC@SC 

Objectives / Brief description  

Cloud Security Component is the component that enables authentication 
and authorisation at the RETENTION cloud (GIC) so that all components can 

communicate through a secure environment. The GIC@SC will use security 

standards to expose the cloud APIs securely for consumption. 

Technical pre-requisites and 
requirements  

Docker or Kubernetes for component deployment 

Actors 

M2m: CSB that invoke Cloud APIs 

GIC@Dashboard end-users: Administrator, Data Scientist/Clinician (or clinical 
expert), Healthcare policymaker, GDPR Auditor 

Interactions Inputs  
GIC@SC is the API Gateway that exposes the services to be consumed so the 
interaction inputs are those of the exposed components. 

Interactions outputs Same as Interaction inputs 

Additional Information  
The GIC@SC in order to expose the APIs it needs those APIS to be specified 
in OPENAPI format.  

Table 14 : CSB@Security component features and specification 

Component Title CSB Security Component: CSB@SC 

Objectives / Brief description 
(mandatory) 

CSB@SC is the component that enables authentication and authorisation at 
the CSB so that all components can communicate through a secure 

environment. The CSB@SC will use security standards to expose the cloud 

APIs securely for consumption. 

In addition, CSB@SC will provide the pseudo anonymisation mechanism to 
be utilised upon patient data (Patient management). In this context, 
supports the management of patient objects (i.e., initial creation, update, 
read, delete), as well as the management of device association of them. 
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Lastly, it handles GDPR requests issued by study participants. 

Technical pre-requisites and 
requirements (mandatory) 

Docker or Kubernetes for component deployment. 

Actors 

M2m: Devices (smartphone/tablet, and Home Gateway) that invoke CSB 
APIs 

CSB@Dashboard end-users: Administrator, Clinician (or clinical expert), Tech 
support (assists clinicians in device management), GDPR Auditor 

Interactions Inputs (mandatory) 
CSB@SC is the API Gateway that exposes the services to be consumed so the 
interaction inputs are those of the exposed components. 

Interactions outputs(mandatory) Same as Interaction outputs but the data will be pseudonymised 

Additional Information (optional) 
The CSB@SC to expose the APIs needs those APIS to be specified in OpenAPI 
format. 

 

Security Component (the application architecture for both CSB and CIG of which is presented in the following 

Figure 23) consists of different off-the-shelf (OTS) components. For Identity Access Management (IAM), the 

WSO2TM identity server2 (WSO2 IS) which is a leading open-source software identity server will be deployed. 

For authorisation and data pseudonymisation, the WSO2 API-Manager (APIM) is an OTS component 

responsible for handling those. In the following sections, a more detailed description of the Security 

Component components is provided.  

 

Figure 23: Application architecture of CSB@SecurityComponent 
 

The WSO2 IS provides secure identity and access management by managing the identity of the end-users 

efficiently and by centralising their administration and monitoring. WSO2 IS enables extensible customisation 

to fit the needs of the RETENTION project, even though it is an OTS product. WSO2 will be used by both CSB 

and CIG administrators to manage the end-users through both its management console and its RESTful API. 

Apart from the registered end-users, WSO2 IS can be used as an identity provider for third-party systems that 

                                                           

2 https://wso2.com/  

https://wso2.com/
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have their own set of users. WSO2 Identity Server is an API-driven open source IAM based on SCIM3. OAuth2 

and OpenID connect provide the notion of claims, which are extra information that we can ŀŘŘ ǘƻ ǘƘŜ ǳǎŜǊΩǎ 

profile to suit the goals of the project. In this context, during the creation of a study participant a unique 

Pseudo-ID (Pseudo-ID1) is generated for each. This Pseudo-ID is then used for data pseudonymisation by 

WSO2 API manager. 

The W{hн !tL aŀƴŀƎŜǊΩǎ Ƴŀƛƴ ŦŜŀǘǳǊŜǎ ŀǊŜ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ w9{¢Ŧǳƭ !tLǎΣ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ƎƻǾŜǊƴŀƴŎŜ 

policies, and access control with OAuth2. It supports OpenAPI (formerly Swagger) specifications and manages 

throttling, access level, and integration with various identity providers. It secures, protects, manages, and 

scales API calls by intercepting API requests and applying policies, such as throttling and security, using 

handlers, and managing API statistics. Upon validation of a policy, the Gateway passes Web service calls to 

the destination backend. If the API call is a token request, the Gateway passes it directly to the WSO2 Identity 

Server (Figure 24). 

 

Figure 24: Message Flow  
 

Messages that reach the Gateway are processed as follows: 

¶ When a request hits the API Gateway, it is received by the Transports module, which is responsible 

for carrying messages in a specific format. The transport provides a receiver and a sender (for 

receiving and sending messages accordingly). 

¶ The receiving transport selects a message builder, based on the message's content type, and uses 

the selected one to process the message's raw payload data and convert it into a common XML, 

which the Gateway mediation engine can then read and understand. 

¶ The request is passed through a set of handlers that applies the quality of services on the request 

message, enforces security, limits request rate, and applies transformations on API requests if 

applicable 

¶ After all the requests are routed to the backend endpoint, a message formatter (selected based on 

the initial message's content type) is used to build the outgoing stream back into its original format 

based on the message. 

                                                           

3 http://www.simplecloud.info/ 
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¶ The transport sends the message out of the Gateway. 

In RETENTION, the WSO2 API-Manager Gateway will be the only exposed REST interface of cloud and CSB, all 

other components will expose their rest interfaces only on a private subnet. By utilising this approach, we 

guarantee that we provide authentication and authorisation to the RETENTION services. During the 

deployment of the CIG and CSB, each RESTful service of the components that will be exposed will be assigned 

with roles that the user needs to have to invoke the rest service. After the initialisation of the REST services 

a sequence of how the REST call can be invoked is depicted in the following image (Figure 25). 

 

Figure 25: Authentication and Authorisation sequence 
 

¶ During the login phase of the end-user, the user gets an authentication token. As already mentioned 

as soon as APIM receives a token-related call, it redirects it to the IS. 

¶ Later, when the user makes a REST call to the RETENTION Component it also uses the authentication 

token. 

¶ The APIM then will get the end-users info (i.e., claims, roles) from IS. 

Then based on the defined roles specified APIM will decide if the user can invoke this service. If so, then APIM 

will proxy the request to the SB-Cloud component.  

 

3.5.5.1 RETENTION Continuous Security and Privacy Assurance Platform 

The RETENTION Continuous Security and Privacy Assurance Platform (RETENTION SPAP or SPAP), an instance 

of the Security & Privacy Assurance Platform developed by SPHYNX, is a subcomponent responsible for 

monitoring, testing, and assessing the runtime operations of GIC and CSB platforms. This subcomponent will, 

through an Event Captor Module developed for the purpose, audit critical components and processes of the 

infrastructure while leveraging monitoring mechanisms developed in the context of the project. Based on 

that input, the component will provide an evidence-based, certifiable view of the security posture of both 

platforms, with accountability provisions for changes that occur in said posture and the analysis of their 

cascading effects, supporting the runtime checking based on sets of associated claims and assessments. Also, 

the methodology and procedures for the automation of security certification are part of this component, 
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providing different certification models tailored to, e.g., specific security standards, service level agreements, 

or legal and regulatory obligations (e.g., GDPR).  

The real-time, continuous assessment of the security posture of the organisation's platform will be enabled 

by a purpose-built Event Captor Module using Elasticsearch (ELK stack), which will be responsible for 

aggregating the required evidence from multiple sources related to the operation of individual components, 

as well as the overarching processes where these components are involved in. Several built-in security 

assessments addressing the Confidentiality ς Integrity ς Availability (CIA) principles among custom metrics 

ǘƘŀǘ ǿƛƭƭ ōŜ ǘŀƛƭƻǊŜŘ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŎƻƳǇƻƴŜƴǘǎ ǿƛƭƭ ōŜ ǳǘƛƭised, leveraging an evidence-based 

approach, to provide security assurance assessments with certifiable results. A high-ƭŜǾŜƭ ǾƛŜǿ ƻŦ {t!tΩǎ 

architecture is presented in the following figure (Figure 26). 

 

Figure 26: Security & Privacy Assurance Platform High-level architecture. 
 

The SPAP is comprised of five primary modules: 

¶ /ȅōŜǊ {ȅǎǘŜƳ !ǎǎŜǘ [ƻŀŘŜǊΥ ¢ƘŜ ŎƻƳǇƻƴŜƴǘ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǊŜŎŜƛǾƛƴƎ ǘƘŜ ŎȅōŜǊ ǎȅǎǘŜƳΩǎ ŀǎǎŜǘ ƳƻŘŜƭ 

for the target organisation. This model includes the assets of the organisation, security properties for 

these assets, threats that may violate these properties, and the security controls that protect the 

assets and is based on an Assurance Model. 

¶ Vulnerability Analyser: The Vulnerability Loader is responsible to identify known vulnerabilities of 

assets defined within an organisaǘƛƻƴǎΩ asset model. This component automatically constructs the 

Common Platform Enumeration (CPE) per asset and then retrieves its Common Vulnerabilities and 
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Exposures (CVE(s)) by searching in a local copy of the National Vulnerability Database (NVD). This 

copy is continuously updated by utilizing an in-house component that fetches the latest known CVEs 

from NVD's JSON files. 

¶ EVEREST: A runtime monitoring engine, built-in Java, that offers an API for establishing the 

monitoring rules to be checked. This module is composed of two submodules: (a) the monitoring 

database and (b) the monitor. The role of the module is to forward the runtime events from the 

ŀǇǇƭƛŎŀǘƛƻƴΩǎ ƳƻƴƛǘƻǊŜŘ ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ Ŧƛƴŀƭƭȅ ƻōǘŀƛƴ ǘƘŜ Ƴƻnitoring results. 

¶ Event Captors: The Event Captor is a tool that, based on collected data and triggering events, 

formulates a rule or a set of rules and pushes the latter towards the monitoring module for 

evaluation. Data and events are mostly collected through Elastisearch based on lightweight shippers 

(namely Beats), such as Filebeat, MetricBeat, PacketBeat, etc., that forwards and centralises log data. 

Data can also be collected through Logstash, an open server-side data processing pipeline that 

ingests data from a multitude of sources transforms it, and then sends it to ElasticSearch. The Event 

Captor is initiated through the respective REST calls from the monitoring module. 

¶ Dynamic Tester: The component responsible for initiating the testing assessment. The module 

consists of two components: (a) the dynamic tester or manager and (b) the dynamic testing tool. 

 

This section provided the initial version of the privacy and security mechanisms supported by 

the Security Component, to encompass initial descriptions of assets developed, as well as 

their rationale and interoperability. This description paves the way to the forthcoming D6.2, 

in which more features will be added to provide further insights and strengthen the security 

and privacy mechanisms. 
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4 Platform Infrastructure Deployment  
 

 Purpose 

The integrated platform of RETENTION supports a hybrid hosting model, to support project and future 

extensions of the platform. As described in the relevant sections of this document, the main components 

that will be deployed on the infrastructure will be CSB and GIC. GIC will be hosted on a private cloud 

infrastructure, located at ICCSΩǎ server room. CSB instances are planned to be hosted by the pilot sites. In 

case this is not feasible for any pilot site, they can be hosted at ICCS, in a separate environment, to comply 

with the architecture of the platform. 

 

 Overview 

Provides the foundation to facilitate execution of applications and services. Such technologies range from 

bare metal to serverless and enable organisations to realise the benefits of cloud computing. In RETENTION, 

we will implement the following three technology options for cloud deployment: bare metal, VMs, and 

containers. The selection will be done case by case, evaluating the best solution for each component of the 

platform. For modules that are part of microservice-based modules and are stateless and immutable, 

containers orchestration will be implements (such as Docker containers). 

For RETENTION project, the network infrastructure design is a critical component of the project success, as 

it will be the backbone service of the whole platform. The network infrastructure design must meet the 

specific configuration requirements and network management needs for the following devices: 

¶ Structured Cabling 

¶ Servers 

¶ Firewalls 

¶ Routers and Switches 

¶ Rack and Stack 

¶ Automation 

¶ DNS 

The infrastructure that will be built for the purposes of the project will provide a continuous monitoring of 

the network infrastructure to ensure it is always up and running. An infrastructure lifecycle management will 

be adopted, to successfully handle the capacity of the available resources and optimise them, based on the 

resource forecasting. As part of the infrastructure monitoring, most of the system modules will be executed 

in virtual assets (virtual machines), so tools to monitor the activity and performance of the VMs will be used. 

All the modules will require to pass a series of tests to verify that they fulfil their purpose before they are 

used in the production. Unit and integration tests will be part of the acceptance criteria to include a 

component in the final system. Extensive testing in a sandbox environment will be performed before the 

integration of each component to the hosting services. 

Regarding the requirements for high availability (a feature which provides redundancy and fault tolerance) 

the goal is to ensure that the service is always available even in the event of a failure. To ensure this several 

servers will be set up in a cluster, so that if one server fails the others will continue processing and take on 

the processing load of the failed server. They will also provide several backup internet connections to ensure 
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the services are still accessible on the internet. An automatic failover mechanism will be installed, to assure 

the uninterrupted service provision in the cases of device malfunctions. Regarding other hardware fault 

tolerance requirements, RAID setup for the hard drives will be implemented in the servers. It will provide 

redundancy and fault tolerance, along with a positive impact on performance. 

Hardware requirements  

¶ Data storage and hosting will be in a single location, serving all the clinical sites. The RETENTION 

hosting setup will require a minimum of three hosts, all with access to the Internet and with an 

individual fixed public IP address. These can be either physical server computers or virtual machines 

running in a self-hosted data-centre infrastructure. 

¶ Each computer host must have the following minimum specifications: i) 4 Core CPU, 4 vCPU or 

equivalent, ii) 64 GB of RAM for the backend hosts, iii) 1 TB SSD. 

¶ Regarding the network, all hosts must be in the same subnet, each with a fixed public IP address, and 

must be connected to the Internet to get updated and to communicate with the Edge Mobile 

Application and the Edge Gateway. The minimum specifications for the network are: i) 1 GB Ethernet 

(internal network), ii) Latency max 50ms (internet), iii) 100 Mbits/second for bandwidth (internet), 

iv) Fixed public IPs (one for each host). 

 

 Integration & Testing  

Upon completion of the applications development, the installation of the main systems components and 

their corresponding interconnections will follow (applications and systems software). Therefore, the 

readiness of the system, its adaptability, its flexibility in the integration of requirements, and the clinical team 

needs, will lead to the successful development and completion of the project through the critical success 

factors. 

Software problems are much more difficult and much more costly to find and fix as the delivery-completion 

time of a product approaches. For this reason, it is necessary to constantly confirm the "quality" of a software 

product, in terms of its functionality and performance. Confirmation of the quality of a product includes 

procedures, such as the creation of "scenarios" to test the behaviour of the system, the entry of test data, 

the control of special procedures, and so on. The application software quality assurance methodology is 

briefly described below. The software quality control process is one of the most important activities of the 

project. 

 

Software-hardware integration  

For the integration, a staged approach is uses, as follows: 

Stage 1: Installation 

To organise the installation, the following steps will be followed: 

¶ Virtual or On-site inspection of the infrastructure that will be used 

¶ Study of installation requirements of the individual applications and scheduling of actions 

¶ Creation and preparation of virtual machines 

¶ Creation and generation of docker containers from each partner 

¶ Gather the required docker containers for the installation 
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¶ Installation of the software stack in the available infrastructure 

¶ Integration of the system 

¶ Customisation of software for integration in the network environment 

All modules will be implemented at this stage: 

¶ GIC 

¶ CSB 

¶ EDGE  

At the end of the phase, the initial environment of the above applications will be configured for every module 

(GIC, CSB and EDGE). 

Stage 2: Configuration and Adjustments 

At this stage, the necessary adjustments and configurations of the Applications will be made, in relation to 

the requirements of the individual services of the RETENTION System. The system and the application 

software customisation teams will deal with the configuration and adjustments that the system needs to 

function correctly as described in this document and the requirements. The Application Customisation and 

Design will consider the operational procedures of the project, the needs of the clinical team and needs of 

the system, and they will be mainly concern: 

¶ the target user groups and the rights that will be assigned to them 

¶ the roles they will play during the operation of the system 

¶ the particularities of the clinical teams 

¶ the particulars of the offered infrastructures 

¶ the objectives of the project (as declared in the DoA) 

¶ the organisation and Administration of the project, and 

¶ any other elements that emerge during development, stage 1 

At the end of stage 2, a configured and ready system is offered to the users for testing. 

 

Integration technology 

The technical team has chosen Docker (Docker, 2011-2022) as the underlining integration technology to be 

used for the system. The following Docker containers are required (Table 15): 

Table 15: RETENTION docker containers 

Logical subcomponents  Module Total No. of containers 

GIC Dashboard  GIC 6 

Model specification tool GIC 6 

Disease insights GIC 6 

DBA Engine GIC & CSB 7 

DB-data (FHIR and non-FHIR) GIC & CSB 7 

Data models GIC & CSB 7 

DSS CSB 6 

CSB dashboard CSB 6 

Security component CSB CSB 6 

Security component GIC GIC 1 
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REST API GIC 1 

REST API CSB 6 

Testing 

The testing will be performed by conducting detailed tests and system performance tests and will be based 

on Scenarios and data prepared by the technical team and will be a complete guide for the process and 

testing of the systems. The following testing subtasks are scheduled to be performed (Figure 27): 

¶ automated unit tests by each technical partner 

¶ automated application and interfacesΩ tests by each technical partner 

¶ integration tests by the technical team 

¶ system test 

¶ user acceptance tests, will be conducted with the clinical team and selected patients, as advised by 

the clinicians 

 

Figure 27 : Testing scheme 
 

Unit testing 

Developers that control the individual program units/sections and the corresponding testers, will have the 

first go for testing the individual subsystems of RETENTION. The programmer/tester checks that the program 

starts and executes its functions, validates the data entered on the screen or creates new entries in the 

database. The Unit Testing process certifies that the design and integration of all components of a subsystem 

or system, from the lowest level of analytical design to the highest level of Architecture, fully meets the 

requirements and their role in the development of the final system. 

The testing process is scheduled to consider technical characteristics of the deployed RETENTION solution; 

thus the compatibility and interoperability of the different subsystems or components it consists of. The 
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anticipation is that the solution is 100% functional, efficient and covers the requirements of the RETENTION 

project. 

Application testing  

In this part of the tests, the individual applications will be tested against the testers and an automated test 

procedure that will ensure that the same results will be achieved with every revision of the system. The 

business logic is tested here, for coherence, consistency, and correct logic flow.  

Integration testing 

It is the next level of testing, aiming to confirm that individual program segments can communicate. Checks 

that the user can connect and navigate from one screen to another successfully. This level does not focus so 

much on the business logic of the operations but mainly on the robustness / reliability of the system. The 

Integration Testing process takes place in the physical space where the major subsystems of each (major 

deliverables) are installed. The key components are listed and derived from the basic system design. In 

integration testing, it is directly ascertained whether the subsystem operates in accordance with the design 

and requirements and the possibility of its cooperation with other subsystems of the project is certified. 

Part of the Integration Test is the control and certification for the safe and accurate transfer of data between 

subsystems when they are interconnected and operational. 

 

System testing 

The System Test proves to the technical team that the system operates according to their understanding of 

business requirements. This is a complete test of all functions / subsystems by the Project team. The result 

of control at this level is to ensure that the system meets operational requirements. The system testing 

process refers to the whole system now when it is installed and operates in a pre-pilot phase and is 

distinguished in two levels. The first without data and the second with test data which are not going to be 

used in normal operation. The System Test will include the following: 

¶ Examine the system with data, carefully processing the data and extracting correct and expected 

results. 

¶ Confirmation and certification that user requirements are fully met, and the system has the expected 

supply and operation. 

¶ Stress Test at the level of simulating an exceptional load of the system with virtual users. In this case, 

the strength and tolerance of the system to multiple processing requirements and its response times 

are also monitored. 

¶ Reliability checks, including tests and checks for system availability. 

 

User Acceptance test 

It proves to the end users that the system works according to their own vision for their business 

requirements. In this phase, users use the program to process business processes and check for the 

correctness of the result. The entry of data on a screen and their processing by the system must be consistent 

with the DoA and the requirements document. The focus of the tests at this level is the efficient and correct 

execution of the business processes and they are not interested in possible system failures because it is the 

job of the tech team to correct all the problems that will arise during this phase. 
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In addition, the performance of the system is important and not only its proper operation, with the typical 

example of completing the actions in the desired time. It is noted that this phase is the last opportunity for 

end users to verify the correctness and functionality of the system before its final adoption. 

 

Deployment 

In the deployment phase, the system will be given to the clinical teams and the patients/carers to start filling 

with the real data. The system will be deployed in two phases: a) in phase one the system will collect data 

from all the groups, without passing any info to the patients, feeding in the meantime the AI models, and b) 

in the second phase, it will be able to fully support the clinical teams and their respective patients. 

 The main components of deployment are shown below: 

¶ Availability. The system will be available to clinicians and their patients as specified in the functional 

specifications. The critical components of the system shall be available the users 24x7x365. During 

this time, the system shall provide 99.5% or greater availability for all critical functions. Automatic 

failover of critical components (as required to support the given availability) shall be provided. 

¶ Security. The system will be fully secured, as outline above. The security of the system and the 

protection of sensitive personal data, in full compliance with the GDPR, is a basic requirement of the 

project, and an important factor in user management and other requirements. For the whole 

duration of the project, data will be managed as per the requirements of GDPR (The General Data 

Protection Regulation 2016/679) and/or any other applicable legislation. Some elements of this data, 

such as details of Patient Records, will be categorized as Personally Identifiable Data, i.e., information 

that can be used to uniquely identify, contact, or locate a single person or can be used with other 

sources to uniquely identify a single individual, will be only available to the clinicians and strictly 

restricted to anybody else. The data shall be used only for the purpose for which it is requested to be 

utilized, including and applicable to system admins and operators. 

¶ Operations and Support (Operations). Operations and support will be conducted by each clinical site 

with full support from the technical team. The technical team will support the sites, that the sites will 

support the patients. Operational support will include two kinds: a) support from each ǎƛǘŜΩǎ 

personnel to its patients, and b) from the technical team to the site personnel (clinical or technical) 

and/or patients as second level support.  
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5  Conclusions 

The current deliverable presents the initial reference architecture for the RETENTION Platform, by offering a 

detailed description of all components (modules) of: 

1. the Global Insights Cloud, 

2. the Clinical Site Backend,  

3. The Patient EDGE components and devices. 

¢ƘŜ Dƭƻōŀƭ ƛƴǎƛƎƘǘΩǎ /ƭƻǳŘ (CIG) supports the data analysis, the ML model training, and the production of 

high-performance models. The GIC consumes anonymised data from CSB sites later on to transmit back the 

output of ML analysis (trained models) to advance the formations of evidence-based personalised 

interventions. 

The Clinical Site Backend supports the daily patient check-up, the data gathering (i.e., initial patient 

administration and baseline, devicesΩ/sensorsΩ data), applies ML models and triggers previously vetted (by 

clinicians) interventions. 

The Patient Edge enables the continuous monitoring of patients via the collection of usage data they produce 

(medical, physiological, behavioural, psychosocial, and real-world data), and provides means for collecting 

feedback and presenting suggestions. 

The infrastructure to support this solution is based on VMs and Docker containers and the system will be 

cloud based. A description of integration of the system and the testing procedures was provided. 

Representative mockups of the intended to be developed interaction elements are presented in the 

appendices. They focus on providing easy to use intuitive user interfaces, considering the diverse 

backgrounds and needs of the different users (patients, caregivers, and clinicians). 

The results of the two co-design workshops that were held to optimise design views and workflows are also 

presented in the appendices, in the form of workshop reports.   

In conclusion, this deliverable provided an understanding of the RETENTION system, as seen from the 

technical point of view, focusing on the modules and sub-modules it consists of. This work will drive the 

activities of WP4, WP5, WP6 and WP7. 
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7 Appendices 
 

Appendix 1: Global Insights Cloud Dashboard Mock-Ups (GICDBA) (AEGIS) 

Model Overview: List of available models. The user can preview or edit an existing model. 

Use Case: RTBD01, RTS06 

 

  



 

Horizon 2020 Project RETENTION 
GA n. 965343 

 

 

Deliverable 3.2 ς RETENTION Architecture ς v1.0_30/06/2022 
Dissemination Level: PU 

Page 68 of 165 

 

Model Configuration: The model creation and configuration environment. It also supports the training of 

the models. 

Use Case: RTBD01, RTS06 
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Model Insights: Elaboration on model insights, the variables, the KPIs and the overall performance of the 

elected model. 

Use Case: RTBD01, RTS06 
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Appendix 2: Clinical Site Backend Dashboard Mock-Ups (CSBDBA) (AEGIS) 

Pateints Monitoring: The frontend screen of the CSB includes the patient searching  area and the 

monitoring details of the patient. 

Use Case: RTCL01, RTCL02 

 



 

Horizon 2020 Project RETENTION 
GA n. 965343 

 

 

Deliverable 3.2 ς RETENTION Architecture ς v1.0_30/06/2022 
Dissemination Level: PU 

Page 71 of 165 

 

 

 



 

Horizon 2020 Project RETENTION 
GA n. 965343 

 

 

Deliverable 3.2 ς RETENTION Architecture ς v1.0_30/06/2022 
Dissemination Level: PU 

Page 72 of 165 

 

 



 

Horizon 2020 Project RETENTION 
GA n. 965343 

 

 

Deliverable 3.2 ς RETENTION Architecture ς v1.0_30/06/2022 
Dissemination Level: PU 

Page 73 of 165 

 

 

 

 



 

Horizon 2020 Project RETENTION 
GA n. 965343 

 

 

Deliverable 3.2 ς RETENTION Architecture ς v1.0_30/06/2022 
Dissemination Level: PU 

Page 74 of 165 

 

Display Patients: List of all patients, facilitating the edit of each profile and the association with specific 

device. 

Use Case: RTCL01 
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Add new patient: ¢ƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ŀ ƴŜǿ ǇŀǘƛŜƴǘΩǎ ǇǊƻŦƛƭŜκŀŎŎƻǳƴǘ 

Use Case: RTCL01 

 

9Řƛǘ tŀǘŜƛƴǘΩǎ ǇǊƻŦƛƭŜΥ ¢ƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǇŀƎŜ ƻŦ ŀ ǇŀǘƛŜƴǘΩǎ ǇǊƻŦƛƭŜ 

Use Case: RTCL01 
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Device Association: Assignment of a spare device to existing patient. 

Use Case: RTCL01 

 

Pateints VistisΥ [ƛǎǘ ƻŦ ŀƭƭ ǇŀǘƛŜƴǘΩǎ Ǿƛǎƛǘǎ ŦƻǊ ŦǳǊǘƘŜǊ ŜŘƛǘƛƴƎΦ 

Use Case: RTCL01, RTCL02 

 

 

Add Pateint VisitΥ 5ŀǘŀ ŜƴǘǊȅ ŦƻǊƳ ŦƻǊ ǎǘƻǊƛƴƎ ǇŀǘƛŜƴǘΩǎ Ǿƛǎƛǘǎ ŀƴŘ ŀƭƭ ǊŜƭŀǘŜŘ ŘŀǘŀΦ 
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Use Case: RTCL01, RTCL02 
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Model Selection: Insights of patientΩǎ ŘƛǎŜŀǎŜ ŜǾƻƭǳǘƛƻƴΦ 

Use Case: RTCL01, RTCL02, RTBD01 
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Notifications: List of all recent notifications. 

Use Case: RTCL01, RTCL02, RTCL03 

 

 

Events Records: List of all recent events. 

Use Case: RTCL01, RTCL02, RTCL03 
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Appendix 3: Patient Edge Mobile Application Mock-Ups (PEMA) (DM) 

 

Introduction Screens 

Welcome and Language: 

 

Use Case: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry  
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User name and password: 

 

Use Case: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry 
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Change password: 

 

Use Case: 
 

¶ RTS05: Configuring a device and 
App 
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Main screens: one-line ς Large buttons and pop-up menus 

Landing page (message screen that contains important messages from all subsystems): 

 

Use Case: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry carer 

¶ RTP04 Automate messages patient 

¶ RTCA02 Automated messages carer 
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Measurements menu: 

 

Use Case: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry carer 

 

  



 

Horizon 2020 Project RETENTION 
GA n. 965343 

 

 

Deliverable 3.2 ς RETENTION Architecture ς v1.0_30/06/2022 
Dissemination Level: PU 

Page 85 of 165 

 

Other (functions) menu 

 

Use Case: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry carer 
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Connected devices screen ς the patient/carer will not be a able to add or remove devices. (Only the admin 

will have the password or how to access the add/delete devices). 

 

Use Case: 

¶ RTP04 ς Automatic messaging patient 

¶ RTCA02 Atomatic messaging carer 

¶ RTS04 Associating device it to patient 

¶ RTS05 Configuring device and App 
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(offline) message screen to the clinical team 

 

Use Case: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry carer 

¶ RTP04 Automate messages patient 

¶ RTCA02 Automated messages carer 

¶ RTP03 Special Events 
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medication screen (will follow the allocated day slots: ex. morning, noon time, night): 

 

Use Case: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry carer 

¶ RTP04 Automate messages patient 

¶ RTCA02 Automated messages carer 
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VAD input screen (activated for VAD patients only ς manual input): 

 

Use Case: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry carer 

¶ RTP02 Special variables 

¶ RTP03 Special Events 
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Image screen (a patient or carer can take a picture and upload it to the system, for viewing from the clinical 

team) 

 

Use Cases: 

¶ RTP01 ς Daily Data Entry patient 

¶ RTCA01 Daily data Entry carer 

¶ RTP02 Special variables 

¶ RTP03 special events 

  








































































































































