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1 Executive Summary
This deliverable aims to demonstrate the developed Intent-Based Dashboard or Visualisation
and Front-End Dashboard as described in the title. It is the output of the “Visualisation and
Front-end Dashboard” task of 5G-ERA project and describes the implementation of the
dashboard that will enable the use of the Machine Learning (ML) tool developed for the
better resource management of the network. Although User Interfaces (UI) from the Use Case
(UC) executors existing in order to control and communicate with their robots, there is no UI
for the 5G-ERA’s unique ML tool for resource usage prediction based on the user’s intent and
providing better performance, Quality of Service (QoS) and Quality of Experience by the
dynamic control of the network resources. The network orchestrator, Open-Source MANO
(OSM) has its own dashboard however, that dashboard only shows the network resources
and the results of the ML tool can’t be integrated onto that interface as it is very restrictive
and can’t be suitably customised for the application.
According to the Grant Agreement (GA), the front-end dashboard is designed and
implemented to utilize the platform’s tools and provide visualisation of intent-based
networking. By capturing the requirements and technical specifications, the detailed lowlevel design of the front-end dashboard was developed. A map of the descriptive list of all
the use cases regarding the system functionality and requirements was created and the lowlevel design of the technical architecture of the front-end system was developed and
approved by the end-users upon initiating the implementation process.
In this deliverable, the design principles followed for the development of the Graphical User
Interface (GUI), are described along with software implementation guidelines. Use case
actors were engaged to ensure that the UI is user friendly and that it is equipped with the
necessary functionality. Cross platform solutions, such as ASP.NET Core framework, were used
for the dashboard development, ensuring the application robustness, higher performance,
portability, improved quality and easy maintenance.
It is very important to say that actual customisations in terms of how the data will be
presented, the types of charts to be used and the specific data to be shown will be edited
during the trials in order to provide a complete and more accurate customisation of the IBD
to fully satisfy the UC executors.
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2 Introduction
5G-ERA project aims to conduct field trials in four vertical sectors including Public Protection
& Disaster Relief (PPDR), transport, healthcare and industry 4.0 as the show cases. The project
has as an objective to develop relevant reference NetApps and prototype them for each of
the Use Cases (UC) to verify the innovations of the project’s experimental facilities and
demonstrate advances on 5G Enhanced Robot Autonomy across vertical sectors.
In alignment and with relevance to the overall project, and the approach followed to
achieve the objectives, the dashboard is a web-based solution which will be the main User
Interface (UI) and a visualisation environment for the UC owners to setup information about
their UCs, and scenarios but also to enable the monitoring and real-time graph data
presentation, of the experiment’s execution.
The scope of this deliverable is to describe the steps followed, the technologies utilised, the
collection of the user requirements and their consideration for the implementation of the
Intent-Based Dashboard (IBD) and its deployment to the cloud to eventually be used in the
field trials and ensure proper operation, concept verification and usability testing.

2.1 Mapping 5G-ERA Outputs
Purpose of this section is to map 5G-ERA’s Grant Agreement (GA) commitments, both within
the formal Deliverable and Task description, against the project’s respective outputs and
work performed.
Table 1: Adherence to 5G-ERA GA Deliverable & Task Descriptions

5G-ERA GA
Component
Title

5G-ERA GA Component Outline

Respective
Chapter(s)

Justification

Deliverable
D2.2
Visualisation
and
frontend
dashboard

Visualisation and frontend dashboard

Chapter 3
As described below
&4

Task
In this task, the front-end dashboard
will be designed and implemented.
Compared to existing UI from OSM, the
Task
2.5. UI will be focused on utilising platform’s
Visualisation tools and visualisation of intent-based
networking. By capturing the
and
requirements and technical
Frontend
specifications from Work Package 1
dashboard
(WP1), the detailed low-level design of
the front-end dashboard will be
developed. Produce the low-level
design of the technical architecture of
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the front-end system to be approved
by the end-users upon initiating the
implementation process. Define the
GUI design principles to be followed,
along with the software
implementation guidelines to be used
in its development. Engage use case
actors to ensure that the UI is user
friendly and that it is equipped with the
necessary functionality. Select the
appropriate type of user interface
components required, such as
widgets, gauss controls, fusion charts,
statistics and maps (where those are
needed) along with the navigation
structure, which will be used in the
implementation of the dashboard.
Following the design, implement a
web-based dashboard.

designs as well as
the
final,
implemented and
published version of
the IBD. Moreover, it
gives an overview of
the architecture of
the IBD and the
technologies used
for
its
implementation.
Finally,
the
connectivity of the
dashboard with the
database and the
equivalent
communication
procedures
are
demonstrated.

2.2 Deliverable Overview & Report Structure
In this section, a description of the Deliverable’s structure is provided, outlining the respective
Chapters and their content, as follows:
•

Chapter 1 and 2 includes the executive summary and general introduction on the
objectives of the Task T2.5 in relation to the 5G-ERA project outputs and the main
contents of the first Deliverable D2.1 of this Task. Moreover, it presents the links to other
deliverables either using other deliverables as an input to this one or vice-versa.

•

Chapter 3 describes the activities planned under Task 2.5 and time planning.
Moreover, it includes the design principles and the mapping with the UCs
requirements.

•

Chapter 4 provides the initial mock-up designs as well as the actual final, implemented
and published version of the IBD. Moreover, it gives an overview of the architecture of
the IBD and the actual technologies used for its implementation. Finally, the
connectivity of the dashboard with the database and the equivalent communication
procedures are demonstrated.

•

Chapter 5 Provides a conclusion on the dashboard’s functionalities, capabilities and
the implementation approach adopted in the project.

2.3 Links to other project outputs
This section briefly shows how the work reported in this deliverable contributes to the general
development pipeline of the project.
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Table 2: Contributions of D2.2 from and to the rest of the project deliverables.

5G-ERA GA Component
Title

Deliverable
Chapter(s)

Contribution & Link Value

INPUTS from other deliverables utilised in this report
D1.1 Use case scenarios
definition
and Chapter 3
evaluation specification

Specifications and requirements of the Use
Cases.

D1.2
5G-ERA
architecture, protocols
Chapter 4
and
performance
indicators

Connectivity
of
the
dashboard
methodologies to obtain and store data

D2.1 Machine Learning
(ML)
toolboxes
and
Chapter 3
semantic models for
intent-based networking

Output of ML toolboxes will be used as IBD input.

and

OUTPUTS from this report utilised by other deliverables
D4.1/4.2
middleware
version

5G-ERA
initial/final Chapter 4

Connectivity of the dashboard to initiate the ML
toolbox through the middleware.

D5.1
5G-ERA
Open Chapter 3
Testing
Framework
Chapter 4
Integration and Testing

Integration of all 5G-ERA’s components to a
complete system.

D6.1 5G-ERA showcases Chapter 3
in PPDR & healthcare
Chapter 4

Customisation of the IBD for specialised use case
needs during trials.

D7.1 5G-ERA showcase Chapter 3
in transport
Chapter 4

Customisation of the IBD for specialised use case
needs during trials.

D8.1 5G-ERA showcase Chapter 3
in manufacturing
Chapter 4

Customisation of the IBD for specialised use case
needs during trials.
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3 Implementation Approach
Although the possibility of utilizing the eBOS platform has been investigated, due to the opensource approach favoured both by the European Commission (EC) and the consortium, the
IBD was prepared from scratch with the intention to provide a pure open-source IBD that
addresses the 5G-ERA needs using technologies that can be easily dockerised and deployed
and including it eventually, on the open-source GitHub repository. The concept of 5G-ERA is
to create a ML tool that could predict the resources required for each task and evaluate
whether OSM will be capable to complete the proposed task. Therefore, an Intent-Based
Dashboard is needed that would give the user the functionality to choose a possible task
and run the ML tool to see beforehand the prediction whether OSM and the robot itself is
capable to perform that task.
This chapter provides detailed information about the design principles and methodology of
the IBD including planning of the necessary activities, a mapping with the requirements
collected by the use case executors, technologies used, general features supported by the
IBD, integration with the UCs and UI designs.

3.1 Task Planning & Activities
This Chapter provides information about the planning activities in Task T2.5 which are related
to the implementation of the IBD, including obtaining of the requirements from WP1 but also
supporting the use case (field trials).
This Deliverable describes the methodology followed from the functional requirements
captured in WP1, to translating them to technical specifications, and utilizing them during
the development of the low-level design of the IBD. Based on the implementation plan, a
three-phase implementation process has been followed, having in mind the requirementsdesign-continuum development approach. This is presented in the following Table 3, with the
involvement of EBOS (as Task Leader) and BringAuto, HAL and Wings (as Task Contributors).
Table 3: Implementation Phases and Task Activities Planning

Phase 1: Requirements Collection
Task Activities
•

Collect
requirements
and define the
technology to
be used

•

•
•

Partners Involved

Collect the UCs requirements
related to the IBD on which the
final user wants to visualize and
make sure they comply with the
Projects’ vision and goals;
Have a general understanding of
the topology, and the type of
data that can be communicated
from each UC;
Understand who the users are and
their privileges.
Define technologies to be used for
the IBD implementation

TWI
LIMITED,
ROBOTNIK,
BringAuto, HAL, Wings

Phase 2: Wireframes and Mock-up Designs
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Task Activities
•

Create a lowlever design,
wireframes
and IBD mockup screens

•

•

Partners Involved

Prepare IBD mock-ups and set up
the basic page structure for the
different pages we need, and the
information that must be included
within each page that has to be
built out;
Take into account the user
experience. In order to create a
user-friendly user interface, we
must take into account the user’s
thoughts and reactions.
Provide these designs to the UCs
and get their approval that
everything is based on their needs.

EBOS

Phase 3: Development
Task Activities
Development
of IBD
prototype
version

Development
of IBD
intermediate
version and
deployment

Partners Involved

•

Initiate the development of the
IBD, based on the previously
approved designs;

•

At this moment the IBD functionality
can be tested in the lab trials on
matter of usability, user interface,
the integration with the UCs and
data presented.
EBOS
The UCs feedback during the lab
trials period will be taken into
consideration
for
the
implementation of the final version
of IBD;

•

•

Development
of IBD final
version and
deployment
•

EBOS

Customisations on the IBD will be
made during the field trials to allow
maximisation of Quality of Service
(QoS) and Quality of Experience
(QoE) through visualising important
parameters in real-time and
through
the
continuous EBOS
Development
&
Operations
(DevOps) cycles.
During the field trials, feedback will
be collected and implementation
improvements and updated/new
KPIs can be addressed.
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3.2 Design Principles
3.2.1 Purpose of the IBD
Based on the overall architecture of the 5G-ERA concept (Figure 1), each UC executor will
have their own Human Machine Interface (HMI) that will control the robots. Additionally,
Open-Source MANO (OSM) will be used for the orchestration of the Software Defined
Network (SDN), which has its own open-source dashboard to monitor the network’s
resources.

Figure 1: Three global sites with DDS servers controlling the traffic, and a SDN controller the network
slices.

The concept of 5G-ERA is to create a ML tool that could predict the resources required for
each task and evaluate whether OSM will be capable to complete the proposed task.
Therefore, an Intent-Based Dashboard was proposed that would give the user the
functionality to choose a possible task and run the ML tool to see beforehand the prediction
whether OSM and the robot itself is capable to perform that task.
Within the context of 5G-ERA, an “Intent” is defined as “Intent reflects a determination of
carrying out a specific task.” It makes sense only when the objective of the subject and
environment of the task is defined. In 5G-ERA, subjects and environment have different
meaning in different circumstances; therefore, intents are separated into two categories.
Namely intent of vertical actions and intent of 5G testbeds resource usages.
•

For intent within a vertical application, tasks assigned to robots are mainly focused on
actions of individual robots and their collective requirements in a local site. The focus
of this intent is on the provision of the capabilities.
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•

For intent within a 5G testbed, it is mainly focused on resource management at global
level, e.g., latency, throughput and Service Level Agreement (SLA) violation. The focus
of this intent is on the provision of the resources.

•

It makes sense only when the objective of the subject and environment of the task
are defined. In 5G-ERA, subjects and environment have different meaning in different
circumstances; therefore, intents are separated into two categories. Namely intent of
vertical actions and intent of 5G testbeds resource usages.

To map an intent from an individual vertical action to a global OSM control policy, there are
four steps (Figure 2):
At the robot level:
•

Map the intent of a given task under the vertical application to sequence of robot
actions (probabilistic-based).

•

Determine the mapping between the selected actions and corresponding resources
on the infrastructure level in a local site (pre-defined static map and probabilistic
distribution of the actions).

And then on the infrastructure level:
•

Determine the mapping between the required resources from local sites and
available resources (probabilistic based) of the cloud, edge and 5G network.

•

Determine an OSM control policy or reject the planned robot actions (trigger a
replan).

Figure 2: Intent planning sequence
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3.2.2 Mapping with UCs Requirements
In order to ensure that the IBD to be developed will fulfil the requirements of the UC executors,
questionnaires were provided to all of them and their responses were tabulated and taken
into account. This subchapter provides the actual responses from the UC executors and
some explanations on how those requirements were adopted in the development process
of the IBD. Additionally, the data formats and several technical specifications of the data
was also obtained to ensure compatibility of the IBD with the database.

3.2.2.1 Use Cases Requirements
The IBD requirements coming from the UC executors were separated into two categories,
the functional and non-functional requirements. In the functional requirements category, the
focus was towards the capabilities and functions of the IBD whilst in the non-functional
requirements category, the focus was on the business aspect of the IBD. Table 4 & Table 5
show the consolidated functional and non-functional requirements obtained from the UC
executors. It has to be noted here that most of the functional requirements received from
the UC executors, are already included in their already developed HMI and there was no
meaning of implementing them twice in two different dashboards. However, in the cases
where the UC executors wanted to have access to their web-based HMI through the IBD, this
has been taken into account and implemented.
Table 4: Consolidated Functional Requirements.

FUNCTIONAL REQUIREMENTS
Requirement
ID

Requirement Description

Business Function

UR01

To be able to see robot position on the map,
Monitor current robot
status, cell status, alerts and issues/monitor live
position, map and status
data

UR02

To be able to see robot plan (orders) and Monitor and alter current
reprioritize job list
robot position and plan

UR03

Be able to send robot mission/specific station Order robot to navigate
i.e. Remote control
to specific point

UR04

Be able to see log-history of the robot
See history of robot
operations/Track up to date job list/historical
movement and orders
data

UR05

Be able to edit/alter robot plan

Change robot plan

Table 5: Consolidated Non-Functional Requirements.

NON-FUNCTIONAL REQUIREMENTS
Requirement
ID

Requirement Description

NFR01

Monitoring Web Tool and UI application

NFR02

To be able to see robot plan (orders) and reprioritize job list
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Other than just the functional and non-functional requirements of the IBD, some performance
requirements were also obtained by the UC executors. Table 6 below shows those
requirements in relation to the provided data. Another important note here is that in order
for the IBD to be capable to provide those functionalities/capabilities and performances, the
actual data must be provided to the database from the HMIs and the robots allowing the
IBD to only visualise that data.
Table 6: Consolidated Performance Requirements.

PERFORMANCE REQUIREMENTS
Requirement
ID

Requirement Description

PR01

10 minutes of data (see Table 4 & Table 7) must be presented in high
resolution at a time

PR02

24 hours of data must be presented at low resolution at a time

3.2.2.2 Data Types
Other than looking at all the requirement types of the IBD, the UC executors provided
information on the data types that will be uploaded to the database. This is critical
information allowing the proper design of the back-end of the IDB that will reach out to the
database and request the data in a specific format that the front-end of the IBD be capable
of visualising. Table 7 below shows the consolidated data formats that will be provided to the
database as well as the uploading rates of that data.
Table 7: Consolidated Data Specifications & Devices.

Data Specifications & Devices
Description

Comments

What is the source of the data you want to Robots/ 6 Degrees of Freedom (DoF) robot
exploit? (Vehicles, Robots, Plants, IoT Devices) arm/Sensors / Internet of Things (IoT)
Devices
What
kinds
of
devices
are
collecting/producing data from?

you Global Positioning System (GPS) sensor,
Camera, Inertial Measurement Unit (IMU),
2D Profiler, RGB Camera, Depth Camera

What is the type of the data you want to Raw data (Image, Video, Laser), Robot
exploit? (Images, Videos, Raw/Tabular data)
Joint Positions, Speeds and Alerts, Images,
3D Point Clouds
What is the data format?

MQ Telemetry Transport (MQTT) broker or
Kafka bus, Numerical arrays, Structured
data (text, severity, timestamp...), 3D RGB
Points, Images

What is the privacy level of the data you want Private
to exploit? (Private, Public)
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Would you like services to provide real–time Real-time, Real time for Quality Assurance
data processing or batch data processing on (QA) and batched for ML
the datasets? (Real-time, batch)
Can you give an estimation of the volume of 14.60 KB/s (laser scan 2D) 9.50 MB/s (point
your data (e.g. per day/month/year)
cloud 3D) 90.46 MB/s (color image raw)
2.80 MB/s (color image compressed)
5KB per second minimum
MB per day
10 MB per minute while running
What is the frequency of your data? (How Once per 5 sec (to be defined for each
often will you collect data)
Use Case)
50Hz
100Hz
Which are the software systems/ IT tools/ Apps/ MQTT broker or Kafka bus (data transfer)
Technologies involved
Real Time Streaming Protocol (RTSP) video
streaming

3.2.3 IBD Structure
The IBD is divided into four sections, each of which serving the four points of the sequence
explained above. In this subchapter, those four sections will be demonstrated in more detail.

3.2.3.1 Action Sequence Generation
The first section of the IBD is the Action Sequence Generation. This section will provide a list
of possible tasks to be requested by the robot in the UC whilst each UC can have different
set of tasks with different subsequent actions. Each task is broken down into various actions
in a specific sequence to complete the task. Subsequently, each action will require a certain
amount of robot resources. Therefore, the user should be able to choose a task from the list
and a dropdown list will show up displaying all the action sequence to complete that task.
This section will communicate with the database and the middleware to provide the chosen
information to the ML tool that will Analyse the historical task execution and success records
whilst estimating the probability (confidence) of action sequence for the intended task. The
ML tool will generate a probabilistic list of actions to complete the task based on historical
data.
Additionally, this section of the IBD will be used as an input to the ML tool in order to
understand what is the intended task and the subsequent action sequence. It will be
capable to provide feedback coming from the ML tool and the database in general, in terms
of logs, alarms, errors as well as updates on the current topologies, local and global sites.

3.2.3.2 Resource Usage Estimation
The second section of the IBD is the Resource Usage Estimation. This section shows the
predicted resources needed to complete the chosen task from the Action Sequence
Generation section. Essentially, this section provides the output of the ML tool in terms of
Central Processing Unit (CPU), storage, latency and throughput requirements for the specific
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task. Moreover, this section will provide information on the specific UC sites, any feedback,
logs, alarms and errors allowing a thorough understanding of the estimation by the user. The
output of this section will be used in the ML tool to analyse the resource usage for
performance management, which is the 3rd section of the IBD.

3.2.3.3 Resource
Usage
Management

Analysis

for

Performance

In the Resource Usage Analysis for Performance Management section of the IBD, the
resource usage estimation calculated by the ML tool in the previous section, will be used as
input. This section will analyse the historical resource usage, traffic load and channel qualities,
to estimate the probability (confidence) of satisfying the intent. The ML tool will take into
account three main variables:
1. Intents (requirements, e.g., range of CPU usage, latency, throughput, a set of numbers)
2. Historical data about channel quality, traffic load, etc. (time series)
3. Historical data about CPU usage, latency (time series)
The output presented in the IBD will be the probabilistic distribution (confidence) that the
intents can still be satisfied in the near future (k-step ahead).

3.2.3.4 OSM Control Policy Generation
Finally, the last section of the IBD will be the OSM Control Policy Generation. This section will
have as inputs the resource usage estimation and the resource availability prediction in order
to analyse the historical resource usage, traffic load and channel qualities, to estimate the
probability (confidence) of satisfying the intent and return whether the intent is accepted or
rejected by OSM. Additionally, a link to the OSM (Grafana) Dashboard will be provided.
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4 Dashboard Description
As described in the previous section, after the collection of the UC requirements and the
description of the design principles, initial mock-ups were prepared and shared and
approved by the UC executors and the rest of the 5G-ERA consortium.

4.1 Mock-ups
Initial mock-ups were designed both in the light and dark mode as shown in the figures below.
In both cases, the 4-section design principles were implemented. IBD is supposed to be a
web-based IBD that can be accessed anywhere by anybody that has access to it.

Figure 3: Mock-Up Designs - Dark.

Figure 4: Mock-up Designs - Light.
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4.2 Final Designs
4.2.1 IBD Implementation Technologies
Once the initial Mock-ups were approved by the UC executors and the rest of the
consortium, the IBD was developed and published (https://5gera.ebostechnologies.com/).
IBD development can be separated into two parts, the back-end and the front-end. The
back-end is responsible to communicate with the database to obtain and format the data
whilst the front-end is responsible to visualise the data.
The back-end of the IBD was developed using .NET CORE [1] 3.1 framework and C# and has
been published through EBOS’ servers. The main purpose of the back-end is to connect to
the database through an Application Programming Interface (API) and obtain the required
data. Once the data is obtained from the database, the format that the data must have to
be pushed to the front-end is also edited by the back-end. Additionally, the back-end is
responsible to connect to the SQL server that has all the user login information with assigned
access levels and site access. The main idea is that specific users will have different access
levels, i.e., one user can only be an observer and another user can have higher authorisation
levels with full access to the IBD. Moreover, the users can be categorised in the 4 different
UCs hence, depending on the account, the user can see the data from a specific UC.
The front-end was developed using HTML, CSS JavaScript and jQuery technologies. The frontend is responsible to obtain the formatted data from the back-end and present them in a
specific format/way e.g., graphical representation of the data. In other words, it generated
an HTML code with the formatted data coming from the back-end, that will create the
graphs and gauss controls the user can see. These figures and controls will eventually be
customised during the field trials when the UC executors will know exactly what they want to
see and how.

4.2.2 User Authorisation
As explained above, users have their own login details and each account will have various
authorisation levels and access to specific UCs. Once the user logs in to the IBD, the webbased IBD is shown for the linked UC to the specific account and the specific access rights.
Each user will have his/her own access rights, specific UC, access to specific controls and
these will be stored along with the user’s login details. In terms of login security, the
authentication security system from .NET Core framework (Microsoft) is used.

Figure 5: Login page.
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Figure 6 & Figure 7 below shows the two different versions (different data and type of graph
under the resource usage estimation section) of the same IBD depending on the account
rights whilst again respecting the 4-sections design principle. It has to be noted here that
since at this stage there are no real data to present, dummy-data have been used and the
graphs chosen are just to demonstrate the capability of the dashboard to show different
data in different ways.

Figure 6: IBD user “5G-ERA”.

Figure 7: IBD user "marios".

Other than just the 4-sections described in sub-chapter 3.2.3, IBD has a navigation pane on
the left (Figure 8). Once again, this version of the navigation pane is just to demonstrate the
capability of the IBD to be customised and specific tabs that will enhance the UC executor’s
QoS and QoE, will be added or modified during the trials.

23 of 33

H2020 -101016681

- ERA

D2.2 - Visualisation and frontend dashboard

Figure 8: Navigation Pane.

4.2.3 IBD Visual Customisations
Other than the authorisation levels and direct link of an account with a specific UC, the
developed IBD is capable for some visual customisations from the user such as the light or
dark mode as well as the choice of changing the background colours.

Figure 9: Final Design – Light mode.
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Figure 10: Final Design – Dark mode.

4.2.4 End User Dashboard Access
Although IBD was not intended to replace the proprietary HMIs of the UC executors and the
robot users, based on the obtained UC requirements, it was proposed that such privileges
would be very useful in the execution of the trials. However, due to the significant complexity
of re-developing the HMIs and the unnecessary use of project resources, it was decided that
the IBD and the other web-based HMIs can be merged through the use of iframes as a virtual
portal from the IBD to the HMI of each UC executor. In terms of logging in to the UC executor’s
HMI, currently the user needs to login again to the HMI however, the aim is to use tokens in
order to eliminate the HMI login step. In terms of security, the same level of security
implemented for the IBD login, will be valid for the HMI too. Figure 11 below shows the portal
from the IBD to the existing BringAuto’s, web-based HMI already merged in the published
version of the IBD.
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Figure 11: Portal from the IBD to the BringAuto's web-based HMI.

4.3 IBD Architecture & Database Connectivity
The general architecture of the IBD is based on the standard Model-View-Controller (MVC)
approach (Figure 12). The model component is responsible to store data and its related logic.
The model represents data that is being transferred between controller components or any
other related business logic. Moreover, it manipulates data and writes data to the database
or uses it to render that data. It communicates with the view component and responds to
instructions from the controller to update itself.
The view component is responsible for the presentation of the data, i.e., the front-end. Views
are created by the data collected from the model data. A view requests the model to give
information so that it re-sends the output presentation to the user. The view also represents
the data from charts, diagrams, and tables.
Finally, the controller component is responsible to handle the user interaction. The controller
interprets all user inputs, informing the model and the view to change as appropriate. A
Controller send’s commands to the model to update its state. Furthermore, the controller also
sends commands to its associated view to change the view’s presentation.
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Figure 12: Model-View-Controller Architecture [2].

The actual architecture of the IBD is shown in Figure 13 below. In this implementation, another
component is introduced, the business logic that is responsible to communicate with the
database’s API and obtain the required data. Although the API development is not part of
this deliverable’s work, some description is provided in Annex 1.

Figure 13: IBD architecture and connectivity to the database.
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5 Conclusions
In this deliverable, the design and implementation procedure of the IBD has been described
and documented. This deliverable is the output of the Visualisation and Front-End Dashboard
task of the 5G-ERA project.
The deliverable provides a detailed mapping of the 5G-ERA outputs in relation to the IBD, a
deliverable overview as well as the links to other 5G-ERA outputs. Furthermore, it includes a
detailed analysis of the implementation approach adopted towards the development of
the IBD including task planning and design principles taking into account the purpose of the
IBD within the 5G-ERA framework. IBD can be divided into four main sections namely, the
Action Sequence Generation, the Resource Usage Estimation, the Resource Usage Analysis
for Performance Management and the OSM Control Policy Generation.
Furthermore, the deliverable provides a thorough description of the initial mock-up designs,
the final designs of the IBD and demonstrated the current features/functions as well as the
portal capability to access the UC executors’ HMIs through IBD with the use of iframes. Finally,
the deliverable provides a description of the IBD’s architecture and how it is connected to
the database through an API.
It is important to state that although the IBD has been fully developed and connected to the
database, actual data are not yet available and will only be available after the
implementation of the field trials. Hence, choices on the graph types, specific features and
customised visualisation approaches will be implemented during the field trials allowing a
precise and UC-tailored Front-End fulfilling all the requirements of the UC executors.
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Annex 1
API Description and Demonstration
The purpose of the API is to allow the Robots to retrieve, insert and update data into the Redis
storage. More precisely the API is sending the request from the robot to the system and
sending the system response back to the robot, we could say that the API acts as a
middleman between the robot and the system. The API has the functionality to retrieve
various data types as it is required for the project, such as ReJson, RedisGraph, and
RedisHash. In oder to support all the data types, additional modules for each data type had
to be installed.
The image below represents the Dockerfile from which the Redis-server container is created.
Using the Redis modules feature(redislabs/redismod) gives the flexibility to choose what
modules of Redis (RedisSearch, RedisGraph, RedisML, et cetera) one requires to utilize for
their Redis-server, allowing to accommodate all these modules and data types in a single
Redis container.

Figure1: Dockerfile
Furthermore, the API structure is divided according to the data types, each data type is
implemented in a separate repository as follows:
•

RedisJson data type methods will be implemented in RedisJsonRepository

•

RedisHash data type methods will be implemented in RedisHashRepository

•

RedisGraph data type methods will be implemented in RedisGraphRepository

RedisJsonRepository can perform the following CRUD operations: GET, CREATE, UPDATE, and
DELETE for each entity that requires storing the data in a JSON format. CREATE and UPDATE
operations can be both executed within a single HttpPost method. For demonstration
purposes, we created the RobotStatusJson entity that stores the data in a JSON format.

30 of 33

H2020 -101016681

- ERA

D2.2 - Visualisation and frontend dashboard

RobotStatusJson API Controller.

Figure 2: RobotStatusJsonController
Executing the GET operation.

Figure 3: GET method result
Executing the UPDATE operation.

Figure 4: CREATE/UPDATE method
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Result of the UPDATE operation.

Figure 5: UPDATE method result
Executing the DELETE operation.

Figure 6: DELETE method result
RedisHashRepository can perform GET operations for each entity that requires storing the
data in RedisHah format. For demonstration purposes, we created the RobotStatusHash
entity that stores the data in a RedisHash format.
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Executing the GET operation.

Figure 6: GET method result
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