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Executive Summary 

¢Ƙƛǎ ŘŜƭƛǾŜǊŀōƭŜΣ 5пΦм ά±ŜǊǘƛŎŀƭǎ 9ȄǇŜǊƛƳŜƴǘǎ ς LƴƛǘƛŀƭΣέ ǇǊŜǎŜƴǘǎ ǘƘŜ ƻǳǘŎƻƳŜǎ ƻŦ ǘƘŜ ŦƛǊǎǘ ǇƘŀǎŜ ƻŦ ƛnternal and 
third-party trials and pilots (T&Ps) within the 6G-PATH project. Building upon the reference architecture and 
testbed infrastructure described in D2.1 and D3.1, this report provides a comprehensive overview of the imple-
mentation and validation of a representative set of vertical use cases across agriculture, education, health, and 
smart cities. Each vertical scenario has been systematically validated through controlled lab setups, real-life field 
trials, and showcasing events, ensuring alignment with the technical goals of the project and the targeted Key 
Performance Indicators (KPIs) and Key Value Indicators (KVIs). 
 
The internal experimentation activities involved detailed setup and deployment of communication infrastruc-
tures, edge platforms, and domain-specific sensors and applications. Across use cases such as remote drone-
assisted irrigation, eXtended Reality (XR)-based classroom learning, remote health training via immersive media, 
and smart city logistics and coordination, dedicated testbeds provided by partners like FOKUS, UMA, KAU, and 
ORO enabled end-to-end experimentation. Each trial was followed by a structured evaluation phase including 
technical metrics (e.g., throughput, latency and jitter) and qualitative feedback from end-users and stakeholders, 
underlining both the technological readiness and societal relevance of the envisioned 6G services. This will feed 
directly into WP6, where a thorough assessment of the results will be performed. 
 
In addition to internal pilots, this report also covers the integration of third-party projects selected through the 
first open call of the 6G-PATH program. Ten projects, spanning domains such as agriculture, public safety, and 
advanced network management, were on-boarded and aligned with the 6G-PATH experimentation framework. 
Each third-party initiative was supported through interfacing design, experimentation planning, and KPI/KVI-
driven validation, contributing valuable external feedback to the platform and reinforcing the project's open 
innovation model. 
 
Altogether, this deliverable captures critical lessons learned from the first experimentation cycle and offers con-
crete recommendations for evolving the technical components described in WP2 and WP3. It sets the stage for 
the second phase of experimentation and for further refinement of the 6G-PATH architecture toward large-scale 
validation of 6G verticals across Europe. 
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1 Introduction 

The 6G-PATH project has the goal to validate and evaluate 6G innovations on testbeds running internal trials and 
pilots from different domains: smart cities, education, health and farming. The project involves also 3rd party 
Open Call projects for extending the list of initial testbeds, extensions and use cases (UCs). Figure 1 provides an 
overview of the interfaces between the vertical use cases, testbeds and 3rd party joining projects from the open 
calls. The current deliverable reports on the activities related to the performed internal use case laboratory test-
ing, trials and pilots as well as the results and lessons learnt from these activities. As the projects from the Open 
Call #1 (OC#1) have already started, this report includes also the ongoing activities inside the Open Call #1 win-
ners. 

 

 
Figure 1: 6G-PATH use cases and testbeds distribution 

 
Both the initial (or internal) experiments (trials and pilots), as well as those from the joining projects are designed 
ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŘŜǾŜƭƻǇƳŜƴǘǎ ŀƴŘ ǊŜǎŜŀǊŎƘ ƻǳǘǇǳǘǎΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ŀƛƳ ǘƻ ǇǊƻŘǳŎŜ ƳŜŀǎǳǊŀōƭŜ ǊŜπ
sults to enable quantify the performance of the use cases under test. For this purpose, the 6G-PATH experimen-
tation framework defined in WP2 and implemented in WP3 has been used for the execution of the trials and 
pilots in WP4. 
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1.1 Relation with other 6G-PATH Reports 
 
The D4.1 ά±ŜǊǘƛŎŀƭǎ 9ȄǇŜǊƛƳŜƴǘǎ ς Lƴƛǘƛŀƭέ ǊŜǇƻǊǘ ƛǎ ŎƭƻǎŜƭȅ ŎƻƴƴŜŎǘŜŘ ǿƛǘƘ ǎŜǾŜǊŀƭ ƻǘƘŜǊ ǊŜǇƻǊǘǎ ŀƴŘ ƳƛƭŜǎǘƻƴŜǎ 
in 6G-PATH. It builds on the Data Management Plan (DMP), documented in the initial version in D1.2 and the 
midterm version in D1.4, which defines the handling of datasets used in the experiments. The use cases intro-
ŘǳŎŜŘ ƛƴ 5нΦм άtƭŀǘŦƻǊƳ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ǾŜǊǘƛŎŀƭǎ ς Lƴƛǘƛŀƭέ1 provide the basis for the internal and third-party 
ŜȄǇŜǊƛƳŜƴǘǎ ǊŜǇƻǊǘŜŘ ƛƴ 5пΦмΦ ¢ƘŜ ǘŜǎǘōŜŘǎ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴǎ ŘŜǎŎǊƛōŜŘ ƛƴ 5оΦм ά6G-PATH experimentation envi-
ronment ςLƴƛǘƛŀƭέ2 serve as the experimentation environment where these trials are executed. In parallel, D5.1 
ά/ŀǎŎŀŘŜ CǳƴŘƛƴƎ ŀƴŘ ǘǊŀƛƴƛƴƎ ǘƻ ǘƘƛǊŘ-parties ςLƴƛǘƛŀƭέΣ ŜȄǇŀƴŘǎ ƻƴ ǘƘŜ ƛƴǾƻƭǾŜƳŜƴǘ ƻŦ ǘŜƴ ǘƘƛǊŘ-party extensions 
that complement the vertical experiments. The dissemination and communication activities captured in D7.3 
ά5ƛǎǎŜƳƛƴŀǘƛƻƴΣ /ƻƳƳŜǊŎƛŀƭƛǎŀǘƛƻƴ ŀƴŘ {ǘŀƴŘŀǊŘƛǎŀǘƛƻƴέ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ǘƻ ǎŎŀƭŜ ǘƘŜ Ǿƛǎƛōƛƭƛǘȅ ŀƴŘ ƛƳǇŀŎǘ ƻŦ ǘƘŜ 
experiments reported in D4.1. Furthermore, milestones MS6.1 and MS6.2 provide the first validation framework 
and preliminary evaluation of internal experiments, ensuring alignment with WP6 activities. Together, these re-
ports establish a consistent flow from use case design, to testbed integration, to experimental execution and 
validation. D4.1 therefore acts as the pivotal link between architecture definition, experimentation, external en-
gagement, and communication. 
 

1.2 Mapping 6G-PATH Outputs 
 
¢Ƙƛǎ ǎŜŎǘƛƻƴ ŀƛƳǎ ǘƻ άƳŀǇέ ǘƘŜ сD-PATH Grant Agreement commitments within the formal Deliverable and Task 
ŘŜǎŎǊƛǇǘƛƻƴ ŀƎŀƛƴǎǘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜǎǇŜŎǘƛǾŜ ƻǳǘǇǳǘǎ ŀƴŘ ǿƻǊƪ ǇŜǊŦƻǊƳŜŘΦ {ǳŎƘ ƳŀǇǇƛƴƎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ Table 1. 
 

Table 1: Adherence to 6G-PATH GA Deliverable & Tasks Descriptions 

6G-PATH GA Com-
ponent Title 

6G-PATH GA Component 
Outline 

Respective Document 
Chapter(s) 

Justification 

DELIVERABLE 

D4.1Verticals Experiments - Initial 
Reports on the internal and third parties first phase experiments. 

TASKS 
   

Task # & Title Respective extract from 
formal Task/Subtask De-
scription 

Respective Chapters or 
Sections numbers 
within this document 
addressing GA de-
scribed Task/Subtask 

Briefly outline how addressed 
the respective document sec-
tion(s) cover the described GA 
Task activities 

T4.1 Internal trials 
and pilots 

The purpose of this task is 
to deploy and execute the 
project internal experi-
ƳŜƴǘǎΧΣ ǳǎƛƴƎ ǘƘŜ сD-
PATH testbeds and plat-
form. The trials and pilots 
Χ ǿƛƭƭ ŜƴŀōƭŜ ŀƴ ƛƴƛǘƛŀƭ Ǿŀƭπ
idation and evaluation of 
the project's objectives, 
architecture, platform, 

Section 2 Section 2 provides an in-depth 
description of each internal ver-
tical use case, detailing the de-
ployment environments, inte-
gration of 6G-PATH technolo-
gies, lab and field testing activi-
ties, and the associated Key Per-
formance Indicators (KPIs) and 
Key Value Indicators (KVIs). For 
each use case, lessons learned 

                                                           
1  6G-PATH D2.1 report, https://6gpath.eu/wp-content/uploads/2024/12/6G-PATH-D2.1-Platform-architecture-and-verticals-v1.0.pdf  
2  6G-PATH D3.1 report, https://6gpath.eu/wp-content/uploads/2025/03/6G-PATH_D3.1-6G-PATH-experimentation-environment-

initial_V1.0.pdf  

https://6gpath.eu/wp-content/uploads/2024/12/6G-PATH-D2.1-Platform-architecture-and-verticals-v1.0.pdf
https://6gpath.eu/wp-content/uploads/2025/03/6G-PATH_D3.1-6G-PATH-experimentation-environment-initial_V1.0.pdf
https://6gpath.eu/wp-content/uploads/2025/03/6G-PATH_D3.1-6G-PATH-experimentation-environment-initial_V1.0.pdf
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testbeds, and innovations, 
with a focus on the four 
project verticals and their 
respective use cases. 

and practical insights are high-
lighted to inform the future re-
finement of the platform and 
testing methodology. 

T4.2 Third-party 
open calls 
testbeds interfac-
ing and extensions 

¢Ƙƛǎ ǘŀǎƪ ŀƛƳǎ ǘƻ ŜȄǇŀƴŘ Χ 
with 2 additional third-
party testbeds and 10 
third-party testbed exten-
ǎƛƻƴǎΧ ǿƛƭƭ ōŜ ƛƴǘŜƎǊŀǘŜŘΣ 
configured, and tested 
during the first phase ex-
periments, and made 
available to the second 
phase experiments, in-
cluding the required sup-
port to the running experi-
mentations. 

Section 3 Section 3 presents the onboard-
ing and experimentation pro-
gress of third-party projects se-
lected through the first Open 
Call. It outlines the technical in-
terfacing efforts, validation 
planning, and approach in align-
ment with the 6G-PATH experi-
mentation framework. 
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1.3 Deliverable Overview and Report Structure 
 
The structure of the deliverable reflects the multi-layered nature of the experimentation process.  
 
Section 2 presents the activities from each internal vertical use case as well as lessons learned. 
 
Section 3 covers the high level description of the Open Call #1 winning projects and the approach in integrating, 
validating and evaluating their resulting extensions. Section 4 provides consolidated conclusions and cross-work 
package feedback and section 5 provides the references.  
 
The Annex provides a short description of the 6G-PATH experimentation framework that is in more detail de-
ǎŎǊƛōŜŘ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘȰǎ ŘŜƭƛǾŜǊŀōƭŜǎ 5нΦм ŀƴŘ 5оΦмΦ 
 
Taken together, the deliverable aims to demonstrate the versatility, usability, and openness of the 6G-PATH 
platform, while providing concrete input for the next iteration of technical enhancements and experimentation 
ǇƭŀƴƴƛƴƎ ŀŎǊƻǎǎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƭƛŦŜŎȅŎƭŜΦ 
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2 Internal Trials and Pilots 
This section provides an in-depth description of the internal trials and pilot (T&P) activities conducted across the 
ǇǊƻƧŜŎǘΩǎ ǘŜƴ ¦ǎŜ /ŀses, spanning across four verticals, namely Farming, Education, Health, and Smart Cities. By 
άŀŘŘǊŜǎǎƛƴƎέ ǘƘŜǎŜ ǾŜǊǘƛŎŀƭǎΣ ǘƘŜ ǇǊƻƧŜŎǘ ŀƛƳǎ ǘƻ ŦƻǎǘŜǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳƻǊŜ Ǝƭƻōŀƭƭȅ ŀǇǇƭƛŎŀōƭŜ ōǳǎƛƴŜǎǎ 
cases and technological solutions while enabling the collection of a richer set of KPIs and KVIs. This comprehen-
sive coverage supports a more refined and holistic definition of requirements for the transition toward future 
6G networks. 
The T&Ps followed a phased and systematic approach across all Use Cases (UC), including in-lab validations, 
small- and large-scale trials, showcase demonstrations, and full-scale pilots. These activities were carried out in 
close collaboration with the relevant testbeds and partners, and each was deeply integrated with the 6G-PATH 
platform mainly via the Experiment Lifecycle Management (ELCM) toolkit, directly via InfluxDB3 or other inter-
faces, as described in Annex 1. This integration enabled an automated and standardized approach to metric 
collection and aggregation, ensuring coherent performance evaluation across diverse verticals and deployment 
contexts. 
.ŜȅƻƴŘ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǾŀƭƛŘŀǘƛƻƴ ƻŦ ǘŜŎƘƴƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴǎΣ ǘƘŜ ¢ϧtǎ ŀƭǎƻ ǎŜǊǾŜŘ ŀǎ άƪŜȅέ ŘƛǎǎŜƳπ
ination and exploitation milestones. They provided opportunities ǘƻ ǇǊŜǎŜƴǘ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƛƴπ
novations to a wide audience, including public authorities, end users, industry stakeholders, and the research 
community. Several activities also supported cross-vertical synergies, for example, UC-EDU-3 addresses both the 
Health and Education verticals, while the Smart Cities vertical includes varied subdomains such as industry, mo-
bility, and public safety. 
As summarized in Section 4, the insights and results gathered through these activities provide valuable feedback 
to other work packages, most notably WP2 (Architecture and requirements),WP3 (Testbeds, Platform and Inte-
gration) and WP6 (Validation, Impact and Sustainability), further reinforcing the project's iterative development 
and validation methodology. 
Table 2 provides a summary of the activities performed in each UC, including not only T&Ps, but also, demos, 
showcases, In-Lab tests. The T&Ps are classified as either small- or medium/large-scale. This classification is ap-
plied per UC, rather than following a broad definition, since each UC has very specific requirements. For example, 
in a Smart Cities UC, the scale may refer to the number of devices deployed or the size of the trial area, whereas 
in eHealth UCs it could relate to the number of patients involved. 
The following subsections provide a comprehensive overview of the activities carried out in each Use Case during 
the first phase of T&Ps, highlighting their specific focus, scope, and contribution to the overall objectives of the 
6G-PATH project. 

Table 2: Use Case activities overview 

Use Case Demos and 
Showcases 

In-Lab Tests Small-scale 
Trials and Pilots 

Medium/Large-scale 
Trials and Pilots 

UC-FARM-1 1 3 2 0 

UC-FARM-2 0 1 0 0 

UC-EDU-1 1 1 1 2 

UC-EDU-2 1 1 0 0 

UC-EDU-3 3 2 2 0 

UC-HEALTH-1 3 3 2 1 

UC-HEALTH-2 3 4 1 1 

UC-CITIES-1 2 1 2 0 

UC-CITIES-2 2 1 0 0 

UC-CITIES-3 2 1 1 0 

 

  

                                                           
3  InfluxDB, https://www.influxdata.com 

https://www.influxdata.com/
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2.1 UC-FARM-1 ς Water saving 
The UC-FARM-м ά²ŀǘŜǊ {ŀǾƛƴƎέ ǳǎŜ ŎŀǎŜ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ŀǳǘƻƳŀǘƛƻƴ ƻŦ ƛǊǊƛƎŀǘƛƻƴ ŘŜŎƛǎƛƻƴ-making in an open 
ŀǾƻŎŀŘƻ ƻǊŎƘŀǊŘ ŀǘ ǘƘŜ [ŀ aŀȅƻǊŀ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘŀǘƛƻƴ ƛƴ !ƭƎŀǊǊƻōƻ /ƻǎǘŀΣ ałƭŀƎŀ ό{ǇŀƛƴύΦ [ŜǾŜǊŀƎƛƴƎ рDκсD 
technology, the use case integrates real-time acquisition, transmission, and processing of large volumes of phe-
nological, environmental, and visual data to enable immediate and informed irrigation control. A network of 
battery-powered sensors and actuators will capture information across the soilςplantςatmosphere continuum, 
while drones equipped with agricultural-grade imaging systems will periodically monitor crop phenology. By 
ŎƻƳōƛƴƛƴƎ /{L/Ωǎ ŜȄǇŜǊǘƛǎŜ ƛƴ Ǉƭŀƴǘ ǎŎƛŜƴŎŜ ǿƛǘƘ ¦a!Ωǎ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ŀŘǾŀƴŎŜŘ Řŀǘŀ ǇǊƻŎŜǎǎƛƴƎΣ ¦/-FARM-1 
aims to build a real-time information database that supports efficient, precise, and intelligent irrigation manage-
ment. 
 

2.1.1 Setup and Validation Tools 

Figure 2 presents the deployment of the UC-FARM-1 pilot and the tools used for its validation. The setup inte-
grates aerial, ground, and network components to enable real-time monitoring and control of crop irrigation. 
 

 
Figure 2: UC-FARM-1: Testbed setup 

 
Drone Equipped with Cameras ς The drone conducts periodic flights over the crops, capturing high-definition 
video and imagery to assess plant health, water stress, and growth patterns. Video streaming is handled using 
the FFmepg4 toolkit over the 5G network, which also enables remote drone control. The drone carries a Nemo 
Handy5 (see Figure 3) probe  

                                                           
4  FFmpeg is a powerful, open-source software suite that consists of libraries and tools designed to handle multimedia files, including 

video, audio, and images. It is widely used in digital media production and broadcasting, as well as in applications for video editing, 
transcoding, and streaming. 

5  Nemo Handy is an Android application that enables measuring wireless diagnostics information of air interface and mobile application 

quality-of-service (QoS). 
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Figure 3to measure 5G radio parameters, such as RSRP6 (Reference Signal Received Power) and RSRQ7 (Reference 
Signal Received Quality). 
 

Figure 3: UC-FARM-1: Drone equipped with a 5G router 

 
Sensors ς Ground-level measurements are collected using soil moisture, temperature, light, and nutrient sensors 
(see Figure 4). These sensors are connected to a datalogger, which transmits data in real time via 5G, comple-
menting the aerial imagery with detailed environmental information. 
 

 
Figure 4: UC-FARM-1: Sensors (left). Datalogger (right) 

 
Edge Servers ς Edge servers host the control and data processing environment, including the Mission Planner 
Graphical User Interface (GUI), MAVProxy command-line Ground Control Station (GCS), and the 6G-PATH frame-
work. MAVProxy8 is a command-line Ground Control Station (GCS) that uses MAVLink protocol to control the 
drones. The MAVLink protocol is a communication protocol designed for the control of unmanned vehicles and 
other autonomous systems9. MAVProxy supports precise drone navigation and data retrieval. Custom scripts 

                                                           
6  RSRP is a measure of the received power level in an LTE cell network. The average power is a measure of the power received from a 

single reference signal. 
7  RSRQ serves as a key indicator of the quality of the received reference signal in relation to the interference level in a given wireless 

network. This metric, typically measured in decibels (dB), provides valuable insights into the overall health and performance of the 
network, enabling operators to make informed decisions regarding signal optimization and resource allocation. 

8  MAVProxy is a fully-ŦǳƴŎǘƛƻƴƛƴƎ D/{ ŦƻǊ ¦!±ΩǎΣ ŘŜǎƛƎned as a minimalist, portable and extendable GCS for any autonomous system 

supporting the MAVLink protocol. Also see, among others: https://ardupilot.org/mavproxy/  
9  For further information also see, among others: https://ardupilot.org/dev/docs/mavlink-basics.html  

https://ardupilot.org/mavproxy/
https://ardupilot.org/dev/docs/mavlink-basics.html
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extract KPIs related to drone control, while Wireshark records all network traffic for analysis. Mediamtx10 acts as 
the video server, receiving streams from the drone for immediate processing. 
 
5G Network ς The entire system operates over a private 5G network deployed at La Mayora, with the 5G core 
(5GC) hosted on the edge servers. This architecture reduces latency for drone control and accelerates image and 
data analysis. 
 

 
Figure 5: UC-FARM-1: 5G Radio nodes' locations 

DƛǾŜƴ ǘƘŜ ŦŀǊƳΩǎ пл-hectare size, two radio node locations were selected to ensure coverage of key crop areas, 
including avocado, mango, pitaya, and greenhouse zones (see Figure 5). The first site, EB1, is located on a water 
tank, equipped with a micro antenna in band 77 and a macro antenna in band n40 to compare performance 
across frequency bands. An outdoor cabinet houses the baseband processing system, connected via radio link to 
ǘƘŜ ƴŜǘǿƻǊƪ ŎƻǊŜ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ōǳƛƭŘƛƴƎΩǎ server room. The second site, EB2, is equipped with two band 40 radio 
nodes mounted on a tower, providing additional coverage and redundancy. 
 

2.1.2 Lab Testing and Showcasing 

Lab testing began in March on the 5G private network located at the University of Malaga. During this phase, we 
identified the toolchain required to remotely control the drone, stream video from it, and monitor the perfor-
mance of the remote control and the streaming. Once the toolchain was validated, we organized two small trials 
and one shƻǿŎŀǎŜ ŜǾŜƴǘ ŀǘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŦŀǊƳ ά[ŀ aŀȅƻǊŀέΦ CƻƭƭƻǿƛƴƎ ǘƘŜ ǎƘƻǿŎŀǎŜΣ ǿŜ ŘƛǎǘǊƛōǳǘŜŘ ŀ ǘŀƛπ
lored digital questionnaire, which received a total of 21 responses. 
  

2.1.2.1 {ƘƻǿŎŀǎŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŦŀǊƳ ά[ŀ aŀȅƻǊŀέ aŀȅ уǘƘΣ нлнр 

On May 8th a showcase was carried out (see Figure 6 and Figure 7). The showcase event had a number of over 
30 attendees, which included researchers, small growers, and representatives of larger companies.  

                                                           
10  MediaMTX is a ready-to-use and zero-dependency real-time media server and media proxy that allows to publish, read, proxy, record 

and playback video and audio streams. It has been conceived as a "media router" that routes media streams from one end to the 
other. Also see, inter-alia: https://github.com/bluenviron/mediamtx  

https://github.com/bluenviron/mediamtx
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Figure 6: UC-FARM-1: View of the showcase in the field from the camera of the drone 

 

 
Figure 7: UC-FARM-1: Showcasing 

2.1.3 Performed Trials and Pilots 

During the T&Ps, activities focused on validating the remote control of the drone and real-time video streaming 
over a standalone (SA) 5G network under non-congested conditions. The results of this validation establish the 
baseline for the use case. In the next phase, more challenging scenarios will be tested, including the use of net-
work slicing to mitigate congestion effects. Two small-scaƭŜ ǘǊƛŀƭǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ŀǘ ǘƘŜ 9ȄǇŜǊƛƳŜƴǘŀƭ CŀǊƳ ά[ŀ 
aŀȅƻǊŀέ ƻƴ aŀǊŎƘ мфǘƘ ŀƴŘ aŀǊŎƘ омǎǘΣ нлнрΦ 
 

2.1.3.1 {Ƴŀƭƭ ǘǊƛŀƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŦŀǊƳ ά[ŀ aŀȅƻǊŀέ aŀǊŎƘ мфǘƘΣ нлнр 

Seven participants from UMA and CSIC took part in this first small trial. The objective was to validate the com-
plete toolchain in a real environment. The drone was operated manually, with data acquisition also manually 
triggered (see Figure 8).  
 

 
Figure 8: UC-FARM-1: Drone configuration 
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The drone platform used was a DroneVision X-shaped quadcopter equipped with: 

¶ Raspberry Pi + Navio 2 (Linux navio 5.1.11-emlid-v7l+) 

¶ Two 10,000 mAh batteries. 

¶ Global Navigation Satellite System (GNSS), Light Detection and Ranging (LiDAR), and camera module. 

¶ Netgear 5G SA router11. 

While the drone was initially operated successfully, high communication latency was observed, which ultimately 
led to a crash. Investigation revealed the cause to be routing configuration errors in the edge servers. These 
issues were fixed, but abnormal communication delays were still recorded (cf. Figure 9), providing valuable in-
sights for subsequent trials. 
 

 
Figure 9: UC-FARM-1: Drone control measurements for: (left) jitter and (right) delay 

 

2.1.3.2 {Ƴŀƭƭ ǘǊƛŀƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŦŀǊƳ ά[ŀ aŀȅƻǊŀέ aŀǊch 31st, 2025 

The second trial aimed to validate improvements made after the first test and to evaluate automated opera-
tions. The 6G-PATH framework was used to collect KPIs related to video quality and drone control, while the 
drone followed predefined flight routes (see Figure 10). 
 

 
Figure 10: UC-FARM-1: Usage of predefined routes for the drone 

 
The drone platform used was a DroneTools Hexacopter MiniCondor (cf. Figure 11)  

Figure 11equipped with: 

¶ Raspberry Pi + Pixhawk V6X 

¶ One 18,000 mAh battery 

¶ GNSS, LiDAR, and camera module 

                                                           
11  A Netgear 5G SA router acts as a portable hotspot connected to 5G networks, allowing the establishment of a Wi-Fi network for 

serving multiple devices. 
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Figure 11: UC-FARM-1: Drone teleoperation during second trial 

During this trial, communication performance, specifically delay and jitter, was significantly improved (see Figure 
12 and Figure 13), with results closely matching those obtained in laboratory conditions. This confirmed that the 
corrective measures implemented after the first trial were effective. 
 

 
Figure 12: UC-FARM-1: Second trial - MAVlink jitter measured during the teleoperation of the drone 
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Figure 13: UC-FARM-1: Second trial / MavLink delay measured during the teleoperation of the drone 

  



D.4.1 Verticals Experiments - Initial 

΄ Ψ'-PATH  Page | 30  

2.1.3.3 KPIs and KVIs validation results summary 

Key Performance Indicators 
Table 3 shows the average of the measurements collected during the trials and the showcase. In total 25 flights 
were executed successfully.  

Table 3: UC-FARM-1: KPI summary 

KPI Name Targeted 
Value 

Device/connec-
tion Details 

Measured 
Value 

Comments 

Video Resolution 4K video 
transmis-
sions 

Ffmepg based 
metrics 

1980x1080 Resolution of the video delivered by 
the drone camera using a 5G con-
nection 

Frame rate 20-30 fps Ffmepg based 
metrics 

30 Number of frames per second 

Video bit rate 15-30 
Mbps 

Traffic is captured 
via Tshark12 and  
analysed / ffmepg 
metrics 

0.897 Mbps Transmission rate of the encoded 
video. Represents the amount of 
data transmitted per second for the 
video stream from the drone to me-
dia server. 

Dropped frames 1%-3% Ffmepg metrics 0.2% Percentage of discarded frames 

Total upload bitrate Bps Ffmepg metrics 1.2 Mbps Total bitrate of the RTSP13 stream 

Jitter 10-20 ms Mavlink protocol 20.33 ms Jitter 

Drone control 
throughput 

>1Mbps Traffic is captured 
via Tshark (drone) 
and analysed 

67.74 kbps Measures the data transmission rate 
specifically allocated for controlling 
the drone remotely (Average) 

Packet loss 1%-2% MAVlink protocol 0% Percentage of lost packets in com-
munication 

Drone control la-
tency 

40ms ς 
50ms 

TIMESYNC com-
mands over 
MAVlink protocol 

44,74 ms Maximum latency in the communi-
cation with the drone 

Central Processing 
Unit (CPU) load 

 MAVlink protocol ~20% To monitor the processor usage of 
the flight controller to see the effect 
in the rest of KPIs 

Battery current  MAVlink protocol 0,3 A To monitor the current consumption 
to see the effect in the rest of the 
KPIs 

RSSI, SRSQ, RSRP, 
SINR 

 Nemo Handy RSRP:-
82dBm 
RSRQ:-10dB 
SINR: 33 dB 
RSSI:-
55dBm 

Radio propagation conditions (aver-
age) 
 

Downlink peak user 
data rate 

 Iperf14 267 Mbps Max. achievable data rate for serv-
ing a single user (downlink) 

                                                           
12  TShark is a network protocol analyzer. It lets you capture packet data from a live network, or read packets from a previously saved 

capture file, either printing a decoded form of those packets to the standard output or writing the packets to a file. TShark's native 
capture file format is pcapng format, which is also the format used by Wireshark and various other tools. Also see, among others: 
https://www.wireshark.org/docs/man-pages/tshark.html  

13  Schulzrinne, H., Rao, A., Lanphier, R. Westerlund, and Stiemerling M. (2016). Real-¢ƛƳŜ {ǘǊŜŀƳƛƴƎ tǊƻǘƻŎƻƭ ±ŜǊǎƛƻƴ нΦл όwC/ тунсύΣ 

https://datatracker.ietf.org/doc/html/rfc7826  
14  Iperf is a tool for network performance measurement and tuning. It is a cross-platform tool that can produce standardised perfor-

mance measurements for any network. The Iperf has client and server functionality and can create data streams to measure the 

https://www.wireshark.org/docs/man-pages/tshark.html
https://datatracker.ietf.org/doc/html/rfc7826
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Uplink peak user 
data rate 

 Iperf 47 Mbps Max achievable user data rate for a 
single user in the uplink 

Round Trip Time 
(RTT) latency 

30ms - 
40ms 

Round trip time 
latency 

39 ms Ping 

 
 
Figure 14 and Figure 15 compare the delay results obtained during laboratory testing and field trials. The field 
results show greater variability, with occasional large spikes that are currently under investigation. For 16 of the 
25 flights, overall performance remained consistent, reliable, and closely aligned with laboratory measurements. 
 

 
Figure 14: UC-FARM-1: Measurements collected during the lab testing 

 

 
Figure 15: UC-FARM-1: Measurements collected during the field testing 

Key Value Indicators 
To assess perceptions and potential impact of 6G technology in agriculture, a total of 21 online questionnaires 
and 10 stakeholder interviews were conducted. No Focus Group Discussions (FGDs) were possible at this stage, 
but they are planned for the larger trial in October 2025. 
 

                                                           
throughput between the two ends in one or both directions. Typical Iperf output contains a time-stamped report of the amount of 
data transferred and the throughput measured. For further information also see:  https://iperf.fr/iperf -download.php  

https://iperf.fr/iperf-download.php
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a. Questionnaires:  
The demographic profile of respondents revealed that: 

¶ Age: Majority between 25ς35 years (66.7%), followed by 18ς25 years (14.3%). 

¶ Education: Most held a university degree (66.7%), and 28.6% had a doctorate. 

¶ Ethnicity: Predominantly White (66.7%), followed by Latino/Hispanic (16.7%). 

¶ Gender: Balanced distribution ς 52.4% female, 47.6% male. 

¶ Geography: Most respondents were from Spain (86.4%), with smaller proportions from American 
countries and other nationalities. 

Questionnaire items were rated on a 1ς5 scale (1 = lowest/worst; 5 = highest/best). Average scores ranged from 
3.88 (Cost Savings in Phenology Monitoring) to 4.67 (Water Saving Sensors), indicating generally positive percep-
tions of 6G technology in agriculture. 
The Top 5 highest-rated areas were: 
¶ Water Saving Sensors - 4.67 (very high appreciation for 6G-enabled water efficiency) 

¶ Interest in Water Optimization - 4.48 

¶ Automated Irrigation Importance - 4.43 

¶ Remote Control - 4.40 

¶ Interest in Implementing 6G - 4.38 

 

Areas related to new job creation, labour cost reduction, impact on small producers, and business expansion 
received slightly lower, though still positive, scores, suggesting these are perceived as secondary benefits com-
pared to water efficiency and automation. 
 
b. Interviews 
Interviews were conducted with key agricultural stakeholders, including: 

¶ President of ASAJA15), ƎǊƻǿŜǊǎΩ ŀǎǎƻŎƛŀǘƛƻƴ όҔоΣллл ƳŜƳōŜǊǎύ 

¶ Director of R&I, TROPS16,  cooperative (largest subtropical fruit producer) 

¶ Director of Innovation, Cajamar17 bank 

¶ Manager, HuertaValle18 seed company 

¶ tǊŜǎƛŘŜƴǘ ƻŦ ŦǊǳƛǘ ƎǊƻǿŜǊǎΩ ŀǎǎƻŎƛŀǘƛƻƴ όDǊŀƴŀŘŀ Ҍύ 

¶ Several small- and medium-scale growers 

Overall sentiment toward 6G in agriculture was highly positive. Key perceived benefits included: 

¶ Cost savings (e.g., yield prediction). 

¶ Energy savings (reduced manual labour). 

¶ High data processing capabilities across the production chain. 

¶ Attracting younger generations to agriculture, countering the current trend of ageing orchard managers. 

¶ Addressing connectivity gaps in rural areas. 

Two major concerns emerged: 
1. Ease of use ς systems must be simple to operate for non-technical users. 
2. Economic accessibility ς cost must be manageable for small and medium producers. 

 

                                                           
15  See: https://www.asaja.com/   
16  See: https://www.lei-lookup.com/record/959800SWB7ZWJH58CZ78/  
17  See: https://www.cajamar.es/en/particulares/  
18  See: https://www.huertadelvalle.org/  

https://www.asaja.com/
https://www.lei-lookup.com/record/959800SWB7ZWJH58CZ78/
https://www.cajamar.es/en/particulares/
https://www.huertadelvalle.org/
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2.1.4 Lessons Learnt 

Early laboratory testing proved essential for validating the remote control toolchain, video streaming capabilities, 
and performance monitoring. This preliminary phase significantly reduced technical issues during both the real 
trials and the final showcase. Trials in real agricultural settings highlighted the influence of environmental factors 
such as terrain, weather, and vegetation density, which can affect connectivity and sensor reliability. It became 
evident that testing under actual field conditions is necessary to assess system robustness. One of the main 
challenges encountered was integrating 5G connectivity into the drones, as the initial drone model used did not 
support 5G.  
This required verifying 5G connectivity prior to the trial and ensuring proper reachability between the Edge and 
the drone. In parallel, feedback gathered through questionnaires provided valuable insights into usability, per-
ceived value, and potential improvements. Engaging end-users such as farmers and technicians early in the pro-
cess proved instrumental in tailoring the solution to their real operational needs. 
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2.2 UC-FARM-2 ς Smart vineyards 
¢ƘŜ ά{ƳŀǊǘ ±ƛƴŜȅŀǊŘǎέ ǳǎŜ ŎŀǎŜ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ƳƻŘŜǊƴƛǎƛƴƎ ǾƛƴŜȅŀǊŘ ƻǇŜǊŀǘƛƻƴǎ ōȅ ƭŜǾŜǊŀƎƛƴƎ ŀdvanced technol-
ogies such as Edge computing, satellite imaging, private 5G/6G networks, and Artificial Intelligence (AI)/ Machine 
Learning (ML) algorithms. The aim is to optimise key aspects of vineyard management, such as irrigation, crop 
monitoring, and machinery coordination, by enabling data-driven decision-making, reducing manual labour, and 
improving resource efficiency. This use case is aligned with broader goals of sustainable agriculture and climate-
aware farming, targeting both productivity and environmental impact. 
 
YŜȅ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ {ƳŀǊǘ ±ƛƴŜȅŀǊŘǎ ŀǊŎƘƛǘŜŎǘǳǊŜ ƛƴŎƭǳŘŜ ¢ŜǊǊŀǾƛŜǿΩǎ όό¢9wύ /ǊŀǘŜǎ19, Edge computing nodes 
with private network connectivity, alongside a centralised management platform (Aquaview20) view) that deliv-
ers water usage optimisation and actionable insights. Complementing this setup are autonomous aerial and 
ground vehicles (Autonomous Aerial Vehicles (AAVs) and Automated Guided Vehicles (AGVs)) integrated through 
a machinery tracking and awareness solution provided by OneSource (ONE). This orchestrated ecosystem is de-
signed to function under varying connectivity conditions, from off-grid deployments to fully interconnected sce-
narios, making it highly adaptable to different vineyard environments. 
The use case was initially designed to include a range of real-world trial and pilot activities, conducted under 
diverse deployment conditions to validate both the technological capabilities and operational benefits of the 
proposed solution. These trials were expected to demonstrate practical performance in aspects such as autono-
mous monitoring, dynamic irrigation control, and machinery coordination, providing valuable insights for 
broader adoption and refinement of the system. 
 
However, due to internal organisational challenges within TER, it was not possible to carry out the planned field 
trials and pilot activities during this phase. Instead, validation efforts were limited to a controlled lab-testing 
session, where the full solution was technically validated in a non-operational environment. While this reduced 
the scope of insights compared to initial expectations, the underlying issues have been identified, and mitigation 
actions are being implemented to ensure future reliability and readiness. As part of the ongoing planning for 
Phase 2, significant adjustments are being made to not only address these challenges but also to reinforce and 
expand the upcoming trial activities, with the goal of compensating for the limited results achieved so far and 
ensuring stronger impact and demonstrability in the next project phase. The in-depth plan and updates to the 
UC will be reported in D2.2. 
 

2.2.1 Setup and Validation Tools 

2.2.1.1 Infrastructure setup 

For this initial experiment, all systems were assembled and integrated in-house. The systems used were: 
¶ TerraviewOS Edge device: image processing 
¶ hb9Ωǎ 9ŘƎŜ ŘŜǾƛŎŜΥ ŘǊƻƴŜ ƛƳŀƎŜǊȅ ǊŜŎŜƛǾŜǊ 
¶ DJI Mavic 3M drone21: source of images 
¶ Satellite modem (Starlink): connection to core cloud 
¶ OAIBOX22 5G SA: 5G network connectivity 

 

2.2.1.2 Technical Setup 

The integration and test were setup according to the diagram from Figure 16. 

                                                           
19  Also see, for example: https://www.linkedin.com/posts/terraviewos_edge-edge-solution-activity-7104553716854202368-9gxl  
20  Also see, inter-alia: https://www.aqua-view.eu/  
21  Also see: https://ag.dji.com/mavic-3-m  
22  Also see: https://www.oaibox.com/  

https://www.linkedin.com/posts/terraviewos_edge-edge-solution-activity-7104553716854202368-9gxl
https://www.aqua-view.eu/
https://ag.dji.com/mavic-3-m
https://www.oaibox.com/
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Figure 16: UC-FARM-2: Technical setup 

The drone on the far left-hand side captured imagery and uploaded it to an object storage endpoint (MinIO) 
ƘƻǎǘŜŘ ƻƴ ǘƘŜ hb9Ωǎ ǎȅǎǘŜƳΣ ǿƘƛch was running on their edge device. Once all images were successfully trans-
ferred, a notification was sent to the TER edge device. This notification was received by the Layer Manager (LM), 
a component from ONE, operating on the TER device. Upon receiving the notification, the LM downloaded all 
imagery, via 5G, from the object storage system and subsequently initiated the image processing workflow.  
 

2.2.1.3 Measurement and validation Tools  

To ensure the effectiveness, reliability, and scalability of the smart vineyard solution, TER employed a compre-
hensive validation approach combining automated testing frameworks and simulation environments. The vali-
dation process focused on end-to-end functionality, scenario-based assessments, performance benchmarks, and 
robustness testing, covering a wide range of operational conditions relevant to precision agriculture and vineyard 
irrigation. 
Moreover, ONE employed a proprietary automated metric collection system that published all data through the 
ELCM via InfluxDB23. 
  

                                                           
23  Influx DB is a time series database (TSDB) developed by the company InfluxData. It is used for storage and retrieval of time series data 

in fields such as operations monitoring, application metrics, Internet of Things (IoT) sensor data, and real-time analytics. More infor-
mation can be found, inter-alia, at: https://en.wikipedia.org/wiki/InfluxDB 

https://en.wikipedia.org/wiki/InfluxDB
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2.2.2 Lab Testing 

To validate the integration and functionality of the smart vineyard solution, a lab-based testing session was car-
ried out in a controlled environment. The primary goal of this session was to verify the end-to-end (E2E) work-
flow, from data acquisition at the edge to image processing and analysis, under conditions simulating a real-
ǿƻǊƭŘ ŘŜǇƭƻȅƳŜƴǘΦ ¢ƘŜ ǎŜǘǳǇ ƛƴŎƭǳŘŜŘ ŀ ¢9wΩǎ ŜŘƎŜ ŘŜǾƛŎŜ ŀƴŘ hb9Ωǎ ŜŘƎŜ ƴƻŘŜ όFigure 17),  
 

 

connected via a private 5G network based on the OAIBox platform (Figure 18), with Starlink providing backhaul 
connectivity. 
 

 
Figure 18: UC-FARM-2: Private 5G network 

As described in Section 2.2.1.2, a drone was used to capture a set of vineyard imagery (Figure 19), which was 
autonomously uploaded to Ob9Ωǎ ŜŘƎŜ ǎȅǎǘŜƳ όFigure 20).  
 

 
Figure 19: UC-FARM-2: Drone used during the lab tests 

 

Figure 17: UC-FARM-2: ONE's Edge Device (Left) with Satellite Uplink (Starlink, Right) 
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hƴŎŜ ǘƘŜ ƛƳŀƎŜ ǘǊŀƴǎŦŜǊ ǿŀǎ ŎƻƳǇƭŜǘŜΣ ŀ ƴƻǘƛŦƛŎŀǘƛƻƴ ǿŀǎ ǎŜƴǘ ǘƻ ǘƘŜ ¢9wΩǎ ŜŘƎŜ ŘŜǾƛŎŜΣ ǿƘƛŎƘ ƛƴƛǘƛŀǘŜŘ ǘƘŜ 
processing pipeline. This included image stitching, quality checks, and metadata extraction, for crop evaluation. 
Lastly, the results were pushed to the TerraviewOS hosted in the cloud (Figure 21). 
 

   
Figure 20: UC-FARM-нΥ hb9Ωǎ 9ŘƎŜ ŘŜǾƛŎŜ ǊŜŎŜƛǾƛƴƎ ŘǊƻƴe imagery (left), Image processing at TER's Edge Device (right) 

 

Figure 21: UC-FARM-2: Processed imagery on TerraviewOS (cloud hosted) 

The lab test successfully validated the interoperability of the system components and demonstrated the stability 
of the private 5G network and satellite backhaul in supporting real-time data exchange. Despite being limited to 
a lab environment, the testing provided important insights into system behaviour and confirmed the technical 
readiness for future trials in real vineyard environments. 
 

2.2.3 Lessons Learnt 

While the lab testing successfully validated the technical functionality of the solution, several important lessons 
emerged regarding the planning and execution of real-world trials. One of the main challenges encountered was 
the identification and securing of a suitable vineyard environment that met both technical and operational re-
quirements. Finding a location with the right crop type, infrastructure, and stakeholder interest proved more 
difficult than anticipated and significantly delayed the trial planning. 
Additionally, aligning stakeholder availability, including landowners, local partners, and technical teams, posed 
logistical hurdles. Organizing and coordinating on-site events required substantial lead time and commitment, 
which was complicated further by internal organizational issues that affected resource allocation and decision-
ƳŀƪƛƴƎΦ ¢ƘŜǎŜ ŘŜƭŀȅǎ ǳƭǘƛƳŀǘŜƭȅ ƭƛƳƛǘŜŘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŀōƛƭƛǘȅ ǘƻ ŎŀǊǊȅ ƻǳǘ ŦƛŜƭŘ ŀŎǘƛǾƛǘƛŜǎ ŀǎ ƻǊƛƎƛƴŀƭƭȅ ŜƴǾisioned 
during this phase. 
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To address these challenges going forward, several mitigation measures are being implemented. These include 
earlier engagement with external stakeholders, including vineyard owners and local authorities, to secure com-
mitments well in advance. Contingency plans are also being developed to allow for alternative locations and 
more flexible scheduling. Internally, improved planning procedures, clearer timelines, and dedicated personnel 
for trial coordination will be put in place to prevent similar disruptions. These steps aim to ensure that Phase 2 
activities can fully compensate for the limited field validation performed so far, while building on the technical 
readiness achieved in the lab tests. 
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2.3 UC-EDU-1 ς XR rural schools 
UC-EDU-1 explores the integration of Extended Reality (XR) in rural Romanian schools, leveraging 5G/6G infra-
ǎǘǊǳŎǘǳǊŜ ǘƻ ōǊƛŘƎŜ ǘƘŜ ŘƛƎƛǘŀƭ ŘƛǾƛŘŜ ƛƴ ŜŘǳŎŀǘƛƻƴΦ ¢ƘŜ ǳǎŜ ŎŀǎŜ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘ ōȅ CǳƴŘŀǚƛŀ hǊŀƴƎŜ όhwhCύ ƛƴ 
collaboration with local schools and technology partners under the 6G-PATH project. The aim is to validate how 
immersive XR-based learning can enhance student engagement, support digital inclusion, and deliver scalable 
educational innovation in underserved areas. 
 

2.3.1 Setup and Validation Tools 

2.3.1.1 Infrastructure Setup 

The infrastructure for the pilot was designed to simulate classroom conditions in rural schools and validate the 
deployment of XR educational technologies within the 6G-PATH architecture.  
In the small trials, XR headsets (ClassVR) were installed and tested in two schools ς /ƻǊōƛƛ aŀǊƛ ŀƴŘ {ƛǘŀ .ǳȊŇǳƭǳƛ 
ς alongside existing school Information Technology (IT) equipment. The infrastructure also included local Wi-Fi 
access points configured to reflect conditions of limited or fluctuating connectivity often present in rural envi-
ronments.  
For the large-scale trials, this setup, depicted in Figure 22, was expanded to accommodate real-time classroom 
sessions with multiple users, integrating local connectivity with remote cloud and edge components of the 6G-
PATH platform. 

 
Figure 22: UC-EDU-1: Setup High Level Topology 

The testbed components and capabilities are: 

¶ 5G testbed, SA coverage Bucharest 5G LAB. 

¶ 3GPP roadmap availability. 

¶ 3GPP Rel.1624  with 5G SA and end-to-end slicing Enhanced Mobile Broadband (eMBB)/ Ultra-Reliable 
Low Latency Communication (URLLC). 

¶ 5G radio sites (gNBs25) installed in 5G LAB Bucharest. 

                                                           
24  See: https://www.3gpp.org/specifications-technologies/releases/release-16  
25  A gNB (gNodeB) is a node in a cellular network that provides connectivity between user equipment (UE) and the evolved packet core 

(EPC). A gNodeB is the functional equivalent of a base station in a traditional cellular network. A gNodeB is responsible for radio 

https://www.3gpp.org/specifications-technologies/releases/release-16
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¶ Infrastructure as a Service IaaS26 (IaaS), Container as a Service27 (CaaS), Graphics Processing Unit (GPU) 
and Orchestration. 

¶ EDGE28 computing.  

¶ 5G SA Data Network Names (DNNs29). 

¶ IP-FABRIC30 Network. 

¶ Security/Cyber-Security functions (Firewall-FW, LMT, Web Application Firewall-WAF). 

¶ Platform components connected to the 5G testbed. 

¶ Network and services monitoring framework; including power monitoring & analytics in CaaS 
environment. 

 

2.3.1.2 Technical Setup 

The Bucharest 5G Lab testbed is equipped with the latest generation of software and hardware solutions for 5G-
New Radio (NR) and 5G Core Network, including open-source tools for monitoring. Moreover, they include an 
advanced programable network solution based on next-generation Data Centre IPFABRIC and Management and 
Orchestration (MANO31) functions. The Cloud Native infrastructure provides both a Kubernetes and an Open-
Stack cluster with generous available resources and high-speed networks (10/25GBps). Both testbeds support 
dynamic orchestration of the network functions, dynamic slices implementation for end-users, 5G SA network 
services intelligent connection to EDGE computing nodes, eMBB (1500Mbps/150Mbps Downlink (DL)/ Uplink 
(UL)) and URLLC with URLLC with <3ms one-way delay using a spectrum of up to 100MHz in the N78 band. The 
setup is suitable for intensive and capacity services, demanding use cases (eXtended Reality (XR)/Virtual reality 
(VR)/Augmented Reality (AR), Digital Twin (DT), Vehicle to Everything (V2X), etc.), as well as indoor or outdoor 
environments. 
hwhΩǎ рD [ŀō ǘŜǎǘōŜŘ ƛǎ ōŀǎŜŘ ƻƴ ǾƛǊǘǳŀƭƛȊŜŘ ƴŜǘǿƻǊƪ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŦƻǊ ōƻǘƘ рD ƻǇǘƛƻƴǎΣ ǘƘŜ Non-Standalone 
(NSA) and Standalone (SA) variants. For the NSA variant, the 5G Labs are connected to the commercial LTE Core 
Network. 
The NSA Core architecture is based on the (virtualised) Evolved Packet Core (vEPC) solution from Ericsson, de-
ployed in an OpenStack infrastructure ς Orange IaaS. The existing core architecture can support broadband con-
nectivity featuring configurable DL/UL throughput values up to ~1Gbps for DL and ~100Mbps for UL. For this 
existing core architecture, the 5G services are manually configured, by using dedicated QoS, traffic prioritization, 
private APNs and network provisioned capabilities in terms of throughput, as the main service that can be served 
is eMBB. 

                                                           
communication with UEs in its coverage area, known as a cell. A gNodeB may be a physical entity, such as a tower, or it may be a 
virtual entity, such as a software defined radio (SDR). The deployment of gNodeB stations across urban and rural landscapes illustrates 
the continued evolution of mobile networks from 4G LTE to 5G NR. This transition not only provides improved speed and reliability 
but also fosters new opportunities in digital transformation across various sectors. Through the support of innovative applications 
such as augmented reality AR), virtual reality (VR) and expaƴǎƛǾŜ Lƻ¢ ƴŜǘǿƻǊƪǎΣ ƎbƻŘŜ. ƛǎ ƛƴǎǘǊǳƳŜƴǘŀƭ ƛƴ άŘǊƛǾƛƴƎέ ŀ ƴŜǿ ŜǊŀ ƻŦ ŘƛƎƛǘŀƭ 
experiences.  Moreover, gNodeB's capacity for high-speed data transmission and improved network coverage ensures that telecom-
ƳǳƴƛŎŀǘƛƻƴǎ Ŏŀƴ άƪŜŜǇ ǇŀŎŜέ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴǎǳƳŜǊ Řemands and industrial requirements. It empowers network service providers 
with the tools needed for efficient mobility management, seamless handovers and proactive troubleshooting, all being critical for 
maintaining a superior user experience. 

26  Infrastructure as a service (IaaS) is a cloud computing service model where a cloud services vendor provides computing resources 
such as storage, network, servers, and virtualization (which emulates computer hardware). 

27  CaaS (containers as a service) is a pay-as-you-go cloud-based service offering organisations a way to manage their virtualised applica-

tions, clusters and containers to make deployments faster and easier 
28  Enhanced Data rates for GSM Evolution (EDGE) is a technology that significantly improves data transmission speeds on GSM networks. 

It's often referred to as "2.75G" because it sits between 2G and 3G. Also see, among others: https://www.3gpp.org/ftp/Specs/ar-
chive/50_series/50.059/  

29  5G SA (Standalone) DNNs refer to Data Network Names used in 5G Standalone networks to identify and route traffic to specific net-

work slices. These DNNs are crucial for enabling network slicing, which allows the network to be divided into multiple virtual networks, 
each tailored to specific use cases and performance requirements. 

30  See: https://docs.ipfabric.io/main/overview/  
31  See: https://www.etsi.org/deliver/etsi_gs/NFV-MAN/001_099/001/01.01.01_60/gs_NFV-MAN001v010101p.pdf  

https://www.3gpp.org/ftp/Specs/archive/50_series/50.059/
https://www.3gpp.org/ftp/Specs/archive/50_series/50.059/
https://docs.ipfabric.io/main/overview/
https://www.etsi.org/deliver/etsi_gs/NFV-MAN/001_099/001/01.01.01_60/gs_NFV-MAN001v010101p.pdf
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The SA Core architecture uses the 5G SA CMU Core Network solution from Nokia, which is running on a virtualized 
infrastructure in the Bucharest 5G Lab datacentre. Three main components are integrated, the Cloud Mobile 
Gateway32 (CMG), the Cloud Mobility Manager33 (CMM), and the Authentication and Policy Control34 (APC).    
 
The technical setup for the pilot combined classroom-ready XR tools with existing school infrastructure to enable 
immersive educational sessions in realistic conditions.  
The following components were used (see Figure 23): 

¶ ClassVR Headsets: Deployed to facilitate immersive learning experiences. Devices came preloaded with 
educational modules aligned with the Romanian curriculum (e.g., biology, geography) (see Figure 23). 

¶ ClassVR Platform: Enabled teachers to launch and manage XR sessions, monitor student engagement, 
and coordinate headset content in real time. 

¶ Wi-Fi Network (Commercial Operator): Schools operated on existing commercial broadband networks. 
Connectivity tests were performed to ensure stability and bandwidth adequacy for XR usage in classroom 
conditions. 

¶ Interactive Whiteboard: Used extensively during teacher training sessions for content presentation, 
platform demonstration, and group-based interaction. 

¶ Laptops: Used by teachers to access the ClassVR portal, manage XR sessions, and complete on-boarding 
and feedback forms. 

 
Figure 23: UC-EDU-1: ClassVR hard-case containing the handsets for deliver the XR content 

2.3.1.3 Measurement and validation Tools  

ORO/OROF validate the evolved version of the testbed and the performance of vertical solutions via experimen-
tation with the internal UC-EDU-1. ORO/OROF use 6G-PATH components for interoperability between testbeds 
such as the ELCM and Portal interface. 
 

2.3.2 Lab Testing and Showcasing 

2.3.2.1  Lab Test Orange 5G Lab Bucharest (12ς14 March 2025) 

The initial testing phase took place in a controlled environment at the Orange 5G Lab in Bucharest. This lab trial 
was critical for pre-validating the technical readiness of the solution before field deployment. Activities included: 

                                                           
32  The Nokia Cloud Mobile Gateway (CMG) performs gateway and related functions within the Packet Core Network. It is built to address 

the growth of enhanced mobile broadband and deliver new uRLLC connections, Internet of Things (IoT), machine-type communica-
tions (MTC), and 5G services. 

33  The Nokia Cloud Mobility Manager (CMM) is a control plane function in 3GPP packet networks that provides the Access and Mobility 

Management Function (AMF) in 5G networks, the Mobility Management Entity (MME) function in 4G networks as virtualized evolved 
packet core, and the Serving GRPS Support Node (SGSN) function in 2G and 3G networks. 

34  Authentication and Policy Control work together to manage and secure access to systems and data by first verifying a 
user's identity (authentication) and then applying rules (policy) to determine what they are allowed to do. 
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¶ Infrastructure integration and validation of devices, XR platform and Digitaliada components. 

¶ Connectivity and performance measurement for XR streaming over B5G testbed. 

¶ Measurement of key Connectivity KPIs, such as latency, throughput, and stability during XR content 
delivery. 

¶ Troubleshooting and refinement of the XR system architecture, ensuring compatibility with ClassVR 
devices and teacher portal access. 

These tests provided the baseline for system reliability and informed the setup configurations used in rural 
schools. 
 
The activities of the In Lab Trial were to demonstrate the ability of the 5G-6G platform to support the use case 
EDU1 to be developed during the 6G-PATH project, leveraging the capabilities of the Bucharest testbed.  
 
Timeline: 

¶ March 1-10, 2025: planning. 

¶ March 11, 2025: preparation and lab testing. 

¶ March 12-14, 2025: Technical Lab Testing. 

The main goals of the In Lab Testing were: 

¶ /ƻƳǇƻǎƛǘƛƻƴ ƻŦ hwhΩǎ ǘŜǎǘōŜŘ ŀƴŘ ¦/-EDU-1 to the 6G-PATH Platform. 

¶ Deployment of the UC components to the 6G-PATH platform. 

¶ Testing and validation of UC-EDU-1. 

 
Execution and Results 
This lab testing was critical for pre-validating the technical readiness of the solution before field deployment. 
Activities included: 

¶ Infrastructure integration and validation of devices, XR platform and Digitaliada components. 

¶ Connectivity and performance measurement for XR streaming over B5G testbed. 

¶ Measurement of key Connectivity KPIs, such as latency, throughput, and stability during XR content 
delivery. 

¶ Troubleshooting and refinement of the XR system architecture, ensuring compatibility with ClassVR 
devices and teacher portal access. 

These tests provided the baseline for system reliability and informed the setup configurations used in rural 
schools. 
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 KPI validation summary  

Table 4: UC-EDU-1: In Lab Testing KPIs results 

Scenario KPI name Description Target Result 

1 End-to-end net-
work Latency 

This measurement is crucial for assessing the per-
formance and responsiveness of network connec-
tions, especially in applications like video stream-
ing, online gaming, and real-time communications. 

<5ms 
Available 
to UE XR 
devices 

6.2ms 

1 User Equipment 
(UE) to EDGE to 
Core bandwidth 
(aggregated.) 

UE to EDGE to Core bandwidth (aggregated) refers 
to the total available data transfer capacity across 
the entire communication path from the User 
Equipment (UE) to the EDGE (Evolved Packet Data 
Gateway) and then to the core network. 

>50Gbps 
bandwidth 
available to 
the XR 
platform 
and UE 

88 Mbps 

1 Near-zero Packet 
Loss 

Zero Packet Loss: any data packets traveling across 
the network will fail to reach their intended desti-
nation. Packet loss greater than 0 can negatively 
impact network performance, leading to issues 
like reduced data throughput, increased latency, 
and degraded quality of services such as voice calls 
or video streaming. It is typically expressed as a 
percentage of packets lost relative to packets sent. 

Minimal 
E2E packet 
loss. 

0 

 

2.3.2.2 Showcasing ς Digitaliada, Sinaia  

At the Digitaliada event in Sinai35, ORO and OROF organized a dedicated XR workshop where participants expe-
rienced immersive educational content using ClassVR headsets. The demonstration showcased how virtual real-
ity can transform traditional lessonsτaround 200 teachers and guests explored simulations such as anatomy, 
historƛŎŀƭ ƭŀƴŘƳŀǊƪǎΣ ŀƴŘ ƛƴǘŜǊŀŎǘƛǾŜ ƎŜƻƎǊŀǇƘȅΣ ƘƛƎƘƭƛƎƘǘƛƴƎ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ǇƻǘŜƴǘƛŀƭ ǘƻ ŜƴƘŀƴŎŜ ŎƭŀǎǎǊƻƻƳ Ŝƴπ
gagement and digital skill development (see Figure 24). 
 

 
Figure 24: UC-EDU-1: Showcasing Sinaia ɀ 200 teachers event 

                                                           
35  The Orange Foundation, in collaboration with partners from the Digitaliada program, has hosted the National Digitaliada Seminar 

from January 31, 2025 to February 2, 2025, for 200 teachers at the Alexandrion Experience Hotel in Sinaia; this year's theme was 
"ColƭŀōƻǊŀǘƛƻƴ ŦƻǊ ǘƘŜ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ 5ƛƎƛǘŀƭ 9ŘǳŎŀǘƛƻƴέ ǘƻ ŜƴƘŀƴŎŜ ŘƛƎƛǘŀƭ ǎƪƛƭƭǎ ŦƻǊ ǘŜŀŎƘŜǊǎ ŀƴŘ ǎǘǳŘŜƴǘǎΤ ǎŜƳƛƴŀǊ ǇŀǊǘƛŎƛǇants 
had the opportunity to be engaged in interactive workshops with VR and ClassVR. 
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This hands-on experience gave educators a concrete understanding of how XR tools can be integrated into the 

curriculum, especially in underserved schools. The event also served as a space for discussion around training 

needs, content relevance, and the broader role of immersive technology in inclusive education. 

Activities Conducted 

Immersive showcasing events held at both schools, combining hands-on training with reflective discussions.. 
Teachers explored rich XR content on topics like: 

¶ Circulatory system 

¶ Ancient Egypt 

¶ Geographical formations 

¶ Physical education activities 

¶ Interactive AR anatomy via cube tokens. 

Data Collection 

Distributed and collected structured teacher questionnaires focused on: 

¶ Digital competencies 

¶ XR expectations 

¶ Training needs and perceived usability. 
 

2.3.3 Performed Trials and Pilots 

2.3.3.1  Small trial Corbii Mari and Small trial Sita Buzaului School 

Small-scale trials were conducted in April-May 2025 at two selected rural schools: 

¶ ¡Ŏƻŀƭŀ DƛƳƴŀȊƛŀƭŇ /ƻǊōƛƛ aŀǊƛ ό5ŃƳōƻǾƛǚŀ /ƻǳƴǘȅύ - 28 April 2025 (see Figure 25) 

¶ ¡Ŏƻŀƭŀ DƛƳƴŀȊƛŀƭŇ άbƛŎƻƭŀŜ wǳǎǎǳέ {ƛǘŀ .ǳȊŇǳƭǳƛ (Covasna County) - 19 May 2025 (see Figure 26) 
 
Key activities included: 

¶ On-site verification of XR headsets and local network infrastructure (including Wi-Fi performance). 

¶ Introductory sessions for teachers with walkthroughs of the XR technologies and ClassVR environment. 

¶ Focus group discussions and interviews to gather early-stage insights into perceived relevance and an-
ticipated challenges. 

 

The main objective of this phase was to assess user acceptance, technical feasibility, and define training priorities 
for the upcoming large trials. 
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The small trials were structured as interactive focus group sessions combining guided discussion, live demonstra-
tion, and reflective dialogue. Each event brought together between 6 and 7 teachers from the host school and 
its affiliated units, covering subjects such as physics, biology, Information and Communication Technology (ICT), 
history, and mathematics.  
  

 
Figure 25: UC-EDU-1: Small trial Corbii Mari School, 28th April 2025 

 

 
Figure 26: UC-EDU-Σȡ 3ÉÔÁ "ÕÚáÕÌÕÉ 3ÃÈÏÏÌ ɀ Small Trial 19 May 2025 

 
Table 5: UC-EDU-1: Small trial Education UC1: High level description 

Category Description 

Objectives Gather qualitative feedback aligned with KVIs (Ease of Use, Engagement, Relevance) 
Observe teacher reactions and comfort with immersive content 
Identify training and content needs for large-scale implementation of the Use Case 

Participants 6 teachers per session 
2 school administrative staff 
2 Orange Foundation team members 

Format Semi-structured focus group discussions 
Real-time use of ClassVR headsets 
Reflection on pedagogical integration and usability 

Subjects Represented Physics, Biology, History and Mathematics 
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Teachers expressed enthusiasm, curiosity, and a sense of wonderτespecially those who were testing XR for the 
first time. Discussions highlighted the transformative potential of XR for engaging students, reducing rural-urban 
educational disparities, and deepening conceptual understanding through 3D visualization and interactivity. 

Results: 

The focus groups revealed a high level of openness among teachers, despite minimal prior exposure to XR. Teach-
ers recognized the transformative potential of immersive technologies in enhancing student engagement, con-
ceptual understanding, and classroom inclusivenessτparticularly in environments where traditional resources 
are limited. The experiences also highlighted how XR could serve as a powerful equalizer, providing access to 
virtual field trips and simulations that rural students might otherwise never experience. 

However, the trials also exposed practical challenges that must be addressed before widespread deployment: 
limited hardware availability, unstable network conditions, the need for clearer content curation, and physical 
discomfort during use. Teachers consistently emphasized the necessity for structured training and pedagogical 
support to ensure effective integration into the curriculum. 

2.3.3.2 Large Trials Corbii Mari School and Sita Buzaului School 

Pilot locations: Corbii Mari (Figure 27ύ ϧ {ƛǘŀ .ǳȊŇǳƭǳƛ όǎŜŜ Figure 28) 
Target groups: Teachers, administrators and students (grades 5ς8) 
Implementation: 2025-2026 
Goal: Demonstrate the educational value of XR in underserved environments through measurable indicators in 
real classroom use.  
 

 
Figure 27: UC-EDU-1: Corbii Mari School (left: location, right: photo from schoolyard) 

 

 
Figure 28: UC-EDU-1: Nicolae Russu School (Sita Buzaului) (left: site location, right: building) 
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As part of the 6G-t!¢I ǇǊƻƧŜŎǘΩǎ ¦ǎŜ /ŀǎŜ ¦/-EDU-мΣ CǳƴŘŀǚƛŀ hǊŀƴƎŜ ƻǊƎŀƴƛȊŜŘ ǘƘŜ ǘǿƻ ƭŀǊƎŜ-scale trials and 
immersive training sessions at the primary school in Corbii Mari on May 16, 2025, and the second large trial in 
Sita Buzaului - άbƛŎƻƭŀŜ wǳǎǎǳέ {ŎƘƻƻƭ ƻƴ мс June, 2025. 
 
Preparation & Stakeholders 
Delivered and tested ClassVR headsets, ensured Wi-Fi connectivity and QR-based access configuration. 
 
The objectives: 

¶ Build foundational knowledge of XR technologies and their classroom applications. 

¶ Train teachers to confidently use the ClassVR platform and manage immersive lessons. 

¶ Planning lessons using the ClassVR portal and XR content and validate pedagogical integration of XR in 
real classroom settings. 

¶ Ensure safe, effective use of XR headsets and tools in school environments. 

¶ Assess the feasibility of scaling XR deployments in rural areas using B5G/6G connectivity. 
Finalized deliveries: 

¶ Training agenda. 

¶ The course design for the training. 

¶ ClassVR content selections. 

¶ Safety and classroom management protocols. 

¶ Evaluation tools: questionnaires, feedback forms.     
Stakeholders involved: 

¶ All 20 teachers per school, covering subjects like physics, chemistry, biology, ICT, geography, sports, arts, 
languages and history (Figure 29, Figure 30). 

¶ School leadership (principals). 

¶ Trainers and facilitators from CǳƴŘŀǚƛŀ hǊŀƴƎŜ and the 6G-PATH project team (3 persons: Ovidiu Ana, 
Carmen Lazar and Victoria Dumitru). 

¶ Local ICT support staff. 
 

 
Figure 29: UC-EDU-1: Large trial, 16 May 2025, Corbii Mari School 
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Figure 30: UC-EDU-1: Teacher using the ClassVR platform 

The technical and pedagogical structure of the training was carefully planned to provide both foundational 
knowledge and practical skills to the participating teachers. The sessions were designed to support long-term 
adoption of XR technology by aligning with national curriculum requirements and ensuring that teachers felt 
confident and equipped to use immersive tools in the classroom.  
Teachers were introduced to the ClassVR platform, comprising stand-alone headsets, a synchronized classroom 
control interface, and a library of curriculum-aligned VR/AR experiences. The training covered: 

¶ XR fundamentals: definitions and classroom applications of VR, AR, and Mixed Reality (MR). 

¶ Hands-on equipment usage: operating the headsets, using QR codes for Wi-Fi setup, and syncing 
content. 

¶ Lesson planning in the portal: creating playlists, previewing content, and aligning it with curriculum goals. 

¶ Classroom management tools: moƴƛǘƻǊƛƴƎ ǎǘǳŘŜƴǘǎΩ ǾƛŜǿǎ ƛƴ ǊŜŀƭ-time, pausing sessions, and guiding 
focus. 

 
Training Components: 
XR fundamentals and pedagogical use Teachers were introduced to the definitions and educational potential of 
VR, AR, and MR. Examples were contextualized within the Romanian curriculum to demonstrate immediate rel-
evance. Also, during the training sessions, we contextualized the use of XR technologies by showing teachers 
how immersive tools are already applied in various professions such as industrial maintenance, remote technical 
support, and healthcare. This helped teachers understand that introducing XR in the classroom is not just an 
innovative teaching method, but also a way to prepare students for future careers where such technologies are 
becoming increasingly standard.  
Technical skills and equipment handling 

¶ Technical Product Manager from Fundatia Orange presents the technology use and setting up the 
devices. 

¶ IŜŀŘǎŜǘǎ ǿŜǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǎŎƘƻƻƭΩǎ ŎƻƳƳŜǊŎƛŀƭ ²ƛ-Fi using QR code authentication. 

¶ Teachers learned to scan QR codes for connecting handsets to the internet, to search for relevant XR 
content, to start, and to pause lessons via the ClassVR control panel. 

¶ Troubleshooting protocols (e.g., headset freeze, battery alerts) were shared. 
 
Lesson planning via the ClassVR Portal 

¶ Teachers explored the content library and learned to build lesson playlists. 

¶ They previewed modules in advance to assess relevance and cognitive load. 

¶ Sample sessions were designed for biology and geography, and aligned with official curriculum units. 
 

Classroom management and student safety 

¶ Techniques to monitor and guide student headset use in real time. 

¶ ¦ǎŜ ƻŦ ǘƘŜ άǇŀǳǎŜ ŀƭƭέ ŦǳƴŎǘƛƻƴ ǘƻ Ƴŀƛƴǘŀƛƴ ŎƻƴǘǊƻƭ ŀƴŘ ǊŜŘƛǊŜŎǘ ŀǘǘŜƴǘƛƻƴΦ 

¶ Safe usage protocols: Hygiene procedures, session time limits, managing sensory discomfort. 
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Observations and outcomes: 

¶ Teachers were able to set up and manage XR sessions with minimal assistance after initial guidance. 

¶ The training-built confidence and sparked concrete ideas for classroom application. 

¶ Teachers appreciated the structured planning tools and saw clear links to curriculum requirements. 
 

Next steps identified: 

¶ Develop localized training guides in Romanian. 

¶ Define standard classroom procedures for rotating students through limited headset sets. 

¶ Propose content review mechanisms to ensure pedagogical alignment and age suitability. 
 

2.3.3.3 Validated Scenarios 

Preparation Phase 
Delivered and configured ClassVR headsets, including charging, Wi-Fi access point setup, and device testing. 
Developed the trial agenda, interview templates, and FGD guides. 
Finalized teacher training handouts and pre-implementation evaluation instruments (questionnaires and 
checklists). 
 
Activities Conducted 
Carried out an initial school visit to assess infrastructure readiness and discuss expectations and constraints with 
the principal. 
I. Organized a focus group discussion with teachers to gather qualitative insights on: 

¶ XR needs in the classroom. 

¶ Perceived relevance of immersive technologies. 

¶ Training and support requirements. 
II. Second visit in schools delivered a hands-on demonstration session, during which teachers: 

¶ Tested XR equipment using ClassVR. 

¶ Explored educational VR content aligned with curriculum themes. 

¶ Practiced launching and navigating the XR lessons. 
 
Data Collection 
Distributed and collected structured teacher questionnaires on: 

¶ Digital literacy and competencies. 

¶ Expectations for XR integration. 

¶ Confidence levels and training needs. 

¶ Documented insights from semi-structured interviews and focus groups. 
Collected real-time feedback on: 

¶ Perceived ease of use. 

¶ Suggested improvements to training and content delivery. 
 
Data Collected 

¶ Aggregated and anonymized results from teacher questionnaires; 

¶ Transcripts and notes from the Focus group discussion and Interviews. 
Photos and visual documentation from: 

¶ Device setup. 

¶ Teacher interaction with XR content. 

¶ Group demonstrations and discussions. 
Key Findings 

¶ Teachers demonstrated high interest and enthusiasm ŦƻǊ ·wΩǎ ǇƻǘŜƴǘƛŀƭ ǘƻ ƛƳǇǊƻǾŜ ǎǘǳŘŜƴǘ ŜƴƎŀƎŜƳŜƴǘ 
and make abstract topics ς especially in science and geography ς more tangible. 
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¶ Identified usability barriers, including the learning curve of the platform and time required for lesson 
planning. 

¶ Teachers showed strong willingness to adopt XR in classroom practice, provided adequate training and 
curriculum alignment are ensured. 

 

2.3.4 KPIs and KVIs validation results summary 

Key Performance Indicators 

The KPIs obtained are displayed in Table 6. 
 

Table 6: UC-EDU-1: KPIs summary 

KPI Name Target Result 

Network Latency Maintain latency under 50ms for head-
set content synchronization 

~45ms (observed) 

Session Uptime Ensure consistent connectivity 
throughout XR session 

>95% uptime 

Device Sync Rate Successful synchronization of all head-
sets with teacher interface 

90ς95% sync success 

Setup Time Time required to set up and launch XR 
session 

10ς15 minutes 

XR Session Duration Safe and effective session duration per 
group 

5ς7 minutes 

Wi-Fi Performance (Band-
width) 

Minimum bandwidth needed for 
smooth operation 

Stable at ~10 Mbps per device 

 
Key Value Indicators 
 

To validate KVIs, Fundatia Orange implemented a mixed-method approach during trials. The methodology com-
bined: 

¶ Pre-implementation teacher questionnaires, including Likert-scale36 and open-ended questions37 to 
assess familiarity with XR, usability, and pedagogical relevance. 

¶ Two in-person focus group sessions ς ŀǘ /ƻǊōƛƛ aŀǊƛ ŀƴŘ {ƛǘŀ .ǳȊŇǳƭǳƛ ǎŎƘƻƻƭǎ ς allowed for the collection 
of qualitative feedback aligned with KVIs such as equity, engagement, and ease of use. 

¶ Hands-on XR demonstrations provided real-time observation and triangulated the results from 
questionnaires and group discussions. 

¶ Continuous feedback loops and observational data during teacher interactions with the system. 

In the medium and long term, the validation process will continue through post-intervention questionnaires ς
following classroom implementation with students ς follow-up interviews, and comparative analyses against the 
established baselines. Additionally, some of the quantitative indicators (such as student retention rates, class-
room participation, and reduction of operational costs) will be monitored through administrative data and direct 
classroom observation. Table 7 provides a summary of the KVI results. 

                                                           
36  A Likert scale is a rating scale used to measure survey participants' opinions, attitudes, motivations, and more. It uses a range of 

answer options ranging from one extreme attitude to another, sometimes including a moderate or neutral option. However, 4- to 7-
point scales are the most popular. 

37  An open-ended question is a question that cannot be answered with a "yes" or "no" response, or with a static response. Open-ended 
questions are phrased as a statement which requires a longer answer. They can be compared to closed-ended questions which de-
maƴŘ ŀ άȅŜǎέκάƴƻέ ƻǊ ǎƘƻǊǘ ŀƴǎǿŜǊΦ 
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Table 7: UC-EDU-1: KVI summary 

KVI Name Target Result 

Ease of Use Teachers perceive XR setup and 
control as intuitive 

80ςфл҈ ǊŀǘŜŘ ǎŜǘǳǇ ŀǎ ά9ŀǎȅέ 

Engagement & Motivation XR perceived to increase student 
engagement and curiosity 

Strong agreement in 95% of re-
sponses 

Pedagogical Relevance Content aligned with learning ob-
jectives and curriculum 

85% ratŜŘ άDƻƻŘέ ƻǊ ά±ŜǊȅ DƻƻŘέ 

Inclusiveness XR helps bridge urban-rural educa-
tion gaps 

Repeatedly validated in focus groups 

Willingness to Reuse Teachers open to future XR use in 
class 

100% expressed willingness 

Student Safety & Comfort Safe experience, minimal discom-
fort reported 

Discomfort rare; <10% reported 

Digital Competence Develop-
ment 

Teachers and students improve dig-
ital skills through XR 

Positive qualitative validation 

 
The first impressions of teachers after testing were very positive. They described the technology as innovative 
and interesting: ά±ŜǊȅ ŜȄŎƛǘŜŘΦ 9ƴǘƘǳǎƛŀǎǘƛŎΦ LŦ ǿŜΩǊŜ ŜȄŎƛǘŜŘΣ ǿŜΩƭƭ ƳŀƪŜ ǘƘŜ ƭŜǎǎƻƴ ƳǳŎƘ ƳƻǊŜ ƛƴǘŜǊŀŎǘƛǾŜέ (his-
tory teacher), and they believe it will attract students. The teachers themselves expressed enthusiasm. 

¶ Capturing attention and increasing motivation: XR makes lessons much more interactive and engaging 
for students, taking them out of the daily classroom environment. It motivates them and sparks their 
curiosity to seek information and delve deeper into topics. 

¶ Learning through experimentation and play: Students learn through direct experience and play, feeling 
as though they are playing while absorbing knowledge. 

¶ Improved understanding: Presenting information in a three-dimensional and immersive way helps 
students better understand and retain concepts, especially those that are abstract or hard to visualize 
otherwise (e.g., the heart, the cell, physical/geographical phenomena). 

¶ Development of digital skills: Using VR devices and the platform contributes to the development of digital 
skills among both students and teachers. 

¶ Reducing disparities: By providing access to cutting-edge technology in rural areas, XR can help reduce 
the gap with urban environments, raising the overall level of schools and students. άLƴ ǘƘŜ long run, even 
ǘƘŀǘ ƛƴŦŜǊƛƻǊƛǘȅ ŎƻƳǇƭŜȄ ŀōƻǳǘ ōŜƛƴƎ ŦǊƻƳ ǘƘŜ ŎƻǳƴǘǊȅǎƛŘŜ ŘƛǎŀǇǇŜŀǊǎέ (history teacher). Students in rural 
areas, who have fewer opportunities to visit museums or historical/geographical sites in real life, can 
now have those experiences virtually. 

¶ Reducing absenteeism and preparing for the future: Engaging lessons can attract students to school and 
better prepare them for future stages of education by familiarizing them with technology. άΦΦΦŀƴŘ ǘƘŜƴ 
ǘƘŜȅ ǿƻƴΩǘ ōŀŎƪ ŀǿŀȅΣ ǘƘŜȅ ǿƻƴΩǘ ǎǘŀǊǘ ƻŦŦ ƻƴ ǘƘŜ ǿǊƻƴƎ ŦƻƻǘΦ ¸ƻǳ ƪƴƻǿΣ ǎŀȅƛƴƎ ΨL ŘƻƴΩǘ ƪƴƻǿ Ƙƻǿ ǘƻ ǳǎŜ 
ǘƘƛǎΣ LΩǾŜ ƴŜǾŜǊ ǳǎŜŘ ƛǘΦΩ ¢ƘŜȅΩǊŜ ŀƭǊŜŀŘȅ ŦŀƳƛƭƛŀǊΦΦΦ !ƴŘ ƛǘ ŘǊŀǿǎ ǘƘŜƳ ǘƻ ŎƻƳŜ ǘƻ ǎŎƘƻƻƭΦέ (math teacher). 
This can help reduce school dropout rates, especially in satellite school structures. 

¶ Cost and time savings: XR can replace the need to purchase expensive models or materials for 
experiments (e.g., chemistry, biology). ά/ǳǊǊŜƴǘƭȅΣ ǿŜ ƻƴƭȅ ƘŀǾŜ ƳƻŘŜƭǎ ŦƻǊ ŀ ŦŜǿ ǎǳōƧŜŎǘǎΦ bƻǿ ƛƳŀƎƛƴŜ 
ǿŜ Ŏŀƴ ǳǎŜ ǘƘŜƳ ŦƻǊ ŜǾŜǊȅ ǎǳōƧŜŎǘ ƛƴ ƻǳǊ ŘŜǇŀǊǘƳŜƴǘέ (physics teacher). It also reduces the time needed 
to prepare physical experiments. It enables virtual field trips at much lower costs, with participation from 
all students regardless of financial background. Digital content can also be updated more easily than 
physical teaching materials. 

¶ Classroom management: VR experiences can help maintain student attention and focus during activities, 
reducing noise and distractions typical of traditional experiments. 
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2.3.5 Lessons Learnt 

Key Observations & Outcomes 

Teachers adapted quickly and were able to independently manage XR sessions. Identified strong curriculum 
ŀƭƛƎƴƳŜƴǘ ŀƴŘ ŎƭŀǎǎǊƻƻƳ ǊŜƭŜǾŀƴŎŜΦ ¢ƘŜȅ ŀƭǎƻ ǊŜŎƻƎƴƛȊŜŘ ·wΩǎ ǘǊŀƴǎŦƻǊƳŀǘƛǾŜ ǇƻǘŜƴǘƛŀƭΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴΥ 

¶ Boosting engagement. 

¶ Making abstract topics more accessible. 

¶ Bridging rural-urban gaps. 
Enthusiasm for continued use was high, conditional on further training and content availability. 
The UC-EDU-1 pilot offered key insights into how XR technologies can be introduced and scaled in rural educa-
tion. The combination of small exploratory trials and a large, structured training session helped identify both the 
strengths and limitations of XR integration in real-world school settings. 
Teachers show strong openness, but require ongoing support 
Although most teachers had never used XR before, they quickly engaged with the technology and expressed 
enthusiasm for its potential. However, successful long-term adoption depends on continued access to pedagog-
ical training, technical assistance, and locally adapted instructional guides in Romanian. 
XR enhances student engagement and understanding 
Teachers consistently reported that XR helped students focus and understand difficult topics more easily, espe-
cially in science and geography. The immersive nature of the lessons created stronger cognitive and emotional 
connections compared to traditional teaching methods. 
Existing infrastructure works, but needs reinforcement 
The commercial Wi-Fi networks used during the trials generally supported XR use, but occasional signal drops 
and content loading delays highlighted the need for more stable and optimized network setupsτsuch as dedi-
cated access points or pre-cached content for offline use. 
Managing XR in the classroom requires new practices 
XR introduces new classroom dynamics. Teachers found it helpful to use the ClassVR management tools, such as 
real-time monitoring and session pausing. However, they also noted the need for clearer protocols on headset 
rotation, student supervision, and maintaining engagement when only part of the class is using the technology 
at a time. 
Device limitations affect scalability 
The limited number of headsets per school restricted how many students could participate at once. This affected 
the flow and continuity of lessons. Schools will either need more devices or creative lesson structures to rotate 
students efficiently without disrupting learning objectives. 
Physical discomfort needs to be addressed 
A few students reported mild discomfort while using the headsets ς especially those wearing glasses. To mitigate 
this, sessions should remain short (5-7 minutes), and teachers should be prepared to adapt based on student 
needs and feedback. 
Linking XR to real-world careers strengthens teacher motivation 
Demonstrating how XR is already used in industries like aviation, industrial maintenance, and healthcare helped 
teachers understand its relevance beyond education. This perspective reinforced the importance of preparing 
students for future digital careers and increased teacher interest in continuing with XR-based teaching. 
Gaps in curriculum coverage need to be filled 
While the existing content library includes valuable material on science and geography, several subjects from the 
Romanian national curriculum ς such as language and literature, civic education, and history ς are missing or 
underdeveloped. Teachers emphasized the need for local, curriculum-aligned XR content to ensure full integra-
tion into regular lesson planning. 
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2.4 UC-EDU-2 ς Classroom of the Future 

This use case focuses on investigating the potential of XR technologies especially AR in enhancing teaching and 
learning experiences in higher education. Specifically, the study focuses on the application of XR in understanding 
complex networking systems, such as 5G and beyond, which are often challenging to teach and learn using tra-
ditional methods. The use case aligns with the broader goal of fostering the development and integration of 
innovative tools and products leveraging XR and 5G/6G technologies. By exploring the benefits and challenges 
of XR in education, the study seeks to contribute to the creation of improved educational tools and methodolo-
gies that can be adopted across UK and European universities.  

2.4.1 Setup and Validation Tools 

The setup of the preliminary tests of this AR-based use case were conducted through a collaboration between 
Leicester University (ULE), focusing on the AR-based use case, and ASTON, focusing on the underlying test bed 
infrastructure. The topological information was gathered from the 5G and beyond multi-tenant infrastructure 
test bed located at ASTON.  
This infrastructure is composed of one computer in the core network, and one computer in each of the two edge 
networks. At both edges, there are two Universal Software Radio Peripheral (USRP) B210 Software Defined Ra-
dio38 (SDR) Distributed Units (DU)s to allow connecting 5G User Equipment (UE) such as 5G mobile phones. Each 
SDR DU has an antenna operating at Band7 with a duplexer. The core and edges are connected through a switch 
to create a complete data path. The infrastructure is managed by OpenStack. Two different tenants of the infra-
structure are deployed. Each of the tenants has a set of Virtual Machines (VM) in the core network and one 
container in each of the edges. KVM39 and LXC40 were used for this purpose. Each tenant runs OpenAirInterface 
(OAI) and Mosaic5G41 as the 5G Radio Access Network (RAN) and edge network. The SDR was configured to use 
2x2 MIMO and to broadcast the network, via Public Land Mobile Network (PLMN) broadcast, for the tenant 
network it belongs to. 
Microsoft HoloLense42 version 2 was explored as the end user AR device, together with Unity, for the prototype 
of the AR-based use case. Various components have been developed to allow the visualisation of the 5G infra-
structure and run tests to validate the KPIs defined in D2.1.  
 

2.4.2 Lab Testing and Showcasing 

The lab testing and showcasing activities targets to visualise a complex 5G and beyond network infrastructure, 
including key technologies such as virtualisation and multi-tenancy (for multiple virtual network operators), and 
key stakeholders such as Infrastructure Service Provider (ISP) and Infrastructure Service Consumer (ISC). In such 
an infrastructure as shown in Figure 31, two levels of network infrastructure are illustrated to represent a typical 
5G and beyond multi-tenant network topology, with essential components located in both physical and virtual 
overlay network infrastructures respectively. The lower part is the Physical Network infrastructure comprising 
physical network devices. Multiple 5G users access this physical network by connecting to the DUs using the 5G 
terminology in the Radio Access Network (RAN). Multiple DUs are then connected to a pool of Central Units (CUs) 

                                                           
38  Also see, among others: https://www.ettus.com/all-products/ub210-kit/   
39  Kernel-based Virtual Machine (KVM) is a free and open-source virtualization technology built into the Linux kernel. It allows Linux to 

function as a hypervisor, enabling the running of multiple isolated virtual machines (VMs) on a single physical server. KVM is a core 
component of many virtualization platforms and cloud environments. 

40  Linux Containers (LXC) is an operating system-level virtualization method for running multiple isolated Linux systems (containers) on 
a control host using a single Linux kernel. 

41  Established in 2016, Mosaic5G is a non-profit initiative fostering a community of industrial as well as academic contributors for open 

source software development to realize an agile data-driven 5G service delivery platform. For further details see: 
https://gitlab.eurecom.fr/mosaic5g  

42  Microsoft HoloLens 2 is a self-contained holographic computer that enables mixed reality experiences, allowing users to interact with 
digital objects overlaid onto the real world. It's designed for both consumer and enterprise use, with a focus on enhancing productivity 
and collaboration in various industries. Also see, among others: https://learn.microsoft.com/en-us/hololens/  

https://www.ettus.com/all-products/ub210-kit/
https://gitlab.eurecom.fr/mosaic5g
https://learn.microsoft.com/en-us/hololens/
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at the same edge of the network using a Cloud-RAN deployment and following the Multi-access/Mobile Edge 
Computing (MEC) paradigm. Multiple edges are further connected to the core network. This physical infrastruc-
ture runs a cloud stack that allows multi-tenant isolation of the physical resources through virtualisation. The 
upper part is the Virtual Network infrastructure consisting of virtual network devices using virtual machines, 
containers and/or namespaces, depending on the virtualisation technology employed. Henceforth all of them 
will be referred indistinctly as Virtual Machines (VMs) even though they are a mix of these technologies for brev-
ity. 
The logical components of the 5G and beyond network run inside of the physical machines and each logical 
component belongs to a particular tenant of the network. As shown in the figure, switches join both physical and 
virtual networks. They are software switches such as Linux Bridges43 or Open vSwitch44, which allow the enforce-
ment of the tenant isolation between VMs. VMs are depicted in different colours to indicate the ownership of 
them. VMs are deployed on edge physical machines and others deployed in Core physical machines. This extends 
multi-tenancy support to the edge of the network, creating a MEC infrastructure. In the figure, there are two 
different tenants sharing the same physical infrastructure. The tenant network is represented as a conceptual 
άǾƛǊǘǳŀƭ ƘǳōϦΣ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǘƘŜ L{/ ŀƴŘ ŀƭƭƻǿǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŀƳƻƴƎ ŀƭƭ ǘƘŜ ±aǎ ǘƘŀǘ 
belong to the same tenant. This architecture allows every tenant to share the same physical infrastructure to 
ƘŀǾŜ ƛǘǎ ƻǿƴ ƛǎƻƭŀǘŜŘ ƴŜǘǿƻǊƪΦ {ǳŎƘ άǾƛǊǘǳŀƭ ƘǳōϦ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘ ǳǎƛƴƎ ƻǾŜǊƭŀȅ ƴŜǘǿƻǊƪǎ ǎǳŎƘ ŀǎ ±ƛǊǘǳŀƭ Ŝ·ǘŜƴπ
sible LAN (VxLAN45) and Generic Routing Encapsulation (GRE46) network encapsulation technologies. 

 
Figure 31: UC-EDU-2: Virtualized and multi-tenant 5G and beyond network infrastructure 

 

2.4.3 Performed Trials and Pilots 

Lab-based initial trials have been conducted to validate the prototype of the AR-based visualisation of the com-
plex virtual multi-tenant 5G network infrastructure described above. Figure 32 shows a screenshot of the imple-
mented visualisation of the 5G infrastructure.  

                                                           
43  A Linux bridge is a software component in the Linux kernel that allows for the creation of a network bridge. A network bridge is a 

connection between two or more network interfaces that enables them to operate as a single network segment. 
44  Open vSwitch is a production quality, multilayer virtual switch licensed under the open source Apache 2.0 license.  It is designed to 

enable massive network automation through programmatic extension, while still supporting standard management interfaces and 
protocols. For further information also see: https://www.openvswitch.org/  

45  VXLAN, or Virtual Extensible LAN, is a network virtualization technology that extends Layer 2 network segments over Layer 3 networks. 

It allows for greater scalability and flexibility in virtualized environments, like data centers and cloud computing, by encapsulating 
Layer 2 Ethernet frames within Layer 4 UDP packets. 

46  GRE is a protocol for wrapping data packets inside secondary data packets in order to set up a direct point-to-point (P2P) network 

connection. Also see, for example: https://en.wikipedia.org/wiki/Network_Virtualization_using_Generic_Routing_Encapsulation  

https://www.openvswitch.org/
https://en.wikipedia.org/wiki/Network_Virtualization_using_Generic_Routing_Encapsulation
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Figure 32: UC-EDU-2: Screenshot of AR-based visualisation of a multi-tenant 5G infrastructure 

 

 
Figure 33: UC-EDU-2: Inside of an edge physical machine (ISP view) 

When an end-user (e.g., a teaching staff or a student) clicks on any of the machines in the 5G infrastructure, it is 
opened in order to show the complex data path available inside of it. For example, Figure 33 reveals the inside 
of an opened physical machine at an edge to unveil the complexity of the software data path available inside, 
from the view of an ISP. 
 

2.4.4 KPIs and KVIs Validation Results Summary 

Both KPIs and KVIs have been defined in D2.1. So far, the KPIs have been validated and collected in the lab-based 
trials presented above, and the current results are reported in Table 8. Meanwhile, the KVIs need to be validated 
in user studies involving teaching staff and students. Such user studies have been planned for the cohorts starting 
in September 2025 to have a significant number of students, which are not available until then. Table 9 summa-
rises the current KVIs validation status (To do) for completeness. 
 

Table 8: UC-EDU-2: KPIs validation results 

KPI Description Objective Current Results 

Newly devel-

oped XR app 

Develop new XR teaching and 
learning materials. >= 2 

1 (lecture notes 

for teaching) ς 

ongoing 

Visualised 

devices 

Number of supported net-

worked devices visualised in the 
>=1000 256 ς ongoing 
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same topology in the subject do-

main (5G and beyond). 

Visualised 

connections 

Number of supported connec-

tions among devices visualised 

in the same topology in the sub-

ject domain (5G and beyond). 

>=2000 512 ς ongoing 

Key techno-

logical con-

cept visuali-

sation 

Number of visualised key tech-

nological concepts in the subject 

domain (5G and beyond). 

>=3 (e.g., virtual machines, multi-ten-

ancy, which would be difficult to ex-

plain without XR-based visualisation). 

3 - Achieved: 

virtual ma-

chines, multi-

tenancy, OVS 

Key business 

scenario vis-

ualisation 

Number of visualised key busi-

ness roles and scenarios (visual 

representation) in the subject 

domain (5G and beyond). 

>= 2 (e.g., Infrastructure Service Pro-

vider and Consumer and business sce-

narios, which would be difficult to ex-

plain without XR-based visualisation). 

1 (Infrastructure 

Service Pro-

vider) ς ongoing 

 

Table 9: UC-EDU-2: KVIs validation status 

KVI Description Objective Current Results 

Perceived useful-

ness 

High perceived usefulness ratio for teach-

ing and learning experience. 
>=70% To do 

Student satisfaction High satisfaction rate from the students. >=70% To do 

Academic perfor-

mance 

High student performance vs. the perfor-
mance in a control group (understanding 
the complicated 5G and beyond topology). 

>=20% (compared 

with a control group) 
To do 

 

2.4.5 Lessons Learnt 

The following summarises the main lessons learned at this stage of the use case: 

¶ One cannot underestimate the difficulties in visualising a complex virtualised and multi-tenant 5G net-
work infrastructure, especially due to the complexity associated to the software data path and the usage 
of virtualisation and containerisation. 

¶ The rendering and the generation of a large-scale 5G network topology layout has been challenging. 

¶ The main benefits at this stage of using the 5G infrastructure testbed has been the collection of realistic 
5G topological information including both the physical and virtual domains, which would be otherwise 
difficult to obtain. 

¶ The decoupling of the underlying 5G infrastructure testbed and the AR-based use case itself and the 
emulation approach based on pre-collected topological information have allowed the R&D in parallel 
between the two collaborating partners involved in this use case. 

¶ The main pain points at this stage include the ongoing integration of the use case and the 5G infrastruc-
ture testbed, together with 6G-PATH components. 

¶ The main limitations at this stage are lack of trials involving end-users, due to the lack of sufficient 
students to be involved and thus the trials have to be scheduled to September 2025 onward when the 
new term starts in the universities involved in this use case.  
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2.5 UC-EDU-3 ς XR health training 
The use case focuses on enhancing the training of pre-hospital nurses. Practical training in simulated environ-
ments with manikins is an important part of their education but is currently confined to a fixed classroom loca-
tion. In this use case, we propose moving the manikin from its fixed classroom to locations that create more 
authentic medical scenarios, such as inside an ambulance. This would allow the manikin to be remotely con-
trolled and enable pre-hospital nursing students to participate virtually in remote, simulated acute or ambulance 
scenarios in an immersive manner. The main KVIs for the use case include how the students rate enhancements 
in learning, flexibility, and ease of use of the system.  
 

2.5.1 Setup and Validation Tools 

The technical setup for all trials were similar, with some small variations. The below description refers to the 
main trial performed with students. 

2.5.1.1 Infrastructure setup 

The 6G-PATH ELCM component was used to deploy a Kubernetes pod47 that monitors the 5G network status at 
the Cradlepoint located at the manikin site, as shown in Figure 34.  All the collected information was then pushed 
to InfluxDB2 at the end of the experiment. During the experiment, the Cradlepoint at the manikin site was con-
nected to the outdoor site using band n78. The training and conǘǊƻƭ ǎƛǘŜǎ ǿŜǊŜ ŎƻƴƴŜŎǘŜŘ Ǿƛŀ ǘƘŜ ǳƴƛǾŜǊǎƛǘȅΩǎ ²ƛ-
Fi (eduroam48). 

 
Figure 34: UC-EDU-3: Technical setup for the Education UC3 trials and pilots 

                                                           
47  A Pod (as in a pod of whales or pea pod) is a group of one or more containers, with shared storage and network resources, and a 

specification for how to run the containers. A Pod's contents are always co-located and co-scheduled, and run in a shared context. 
48  The eduroam (education roaming) is an international Wi-Fi internet access roaming service for users in research, higher education 

and further education. It provides researchers, teachers, and students network access when visiting an institution other than their 
own. For more details also see, among others: https://en.wikipedia.org/wiki/Eduroam  

https://en.wikipedia.org/wiki/Eduroam
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2.5.1.2 Technical Setup 

The technical setup is divided into video streaming and manikin control. 
 
Video streaming 
Three parallel video streams were provided using the RedZinc infrastructure. Three UEs (phones) were involved: 
one connected to a head-mounted camera, the second streaming 360-ŘŜƎǊŜŜ ǾƛŘŜƻ ƻŦ ǘƘŜ ŀƳōǳƭŀƴŎŜΩǎ ƛƴǘŜǊƛƻǊΣ 
and the third streaming the immediate surroundings of the ambulance. The remote controller or students could 
view all streams simultaneously in a web browser using the Blueye.video49 infrastructure. Two-way audio was 
available for all streams; however, only one audio channel was used during the trial. 
 
Manikin-control 
The manikin and its control software locate each other using Multicast Domain Name System (mDNS)50 discovery 
messages51. Both the manikin and the control application must therefore be on the same LAN segment. If the 
manikin is remote, it is not possible to transfer these discovery messages over the internet. To address this, two 
Linux nodes are usedτone connected to the manikin and the other to the control Personal Computer (PC) ς 
creating a Layer 2 tunnel between the two over the internet, enabling the mDNS discovery messages to be trans-
mitted. At the manikin site, a Cradlepoint router connected via 5G acts as an access point for the Linux machine 
(NUC). The same Cradlepoint also provides internet access to the video-streaming UEs over 5G. At the control 
site, the second NUC connects via Wi-Fi or Ethernet for internet connectivity. Traffic between the two NUCs is 
sent over WireGuard, with the WireGuard server creating an overlay network for direct communication and en-
abling the formation of a Layer 2 tunnel (via Generic Routing Encapsulation - GRE52 Tap) for mDNS traffic. 
 
Measurement and validation Tools  
To evaluate latency, a Kubernetes pod was deployed via ELCM to the manikin NUC. It sent Internet Control Mes-
sage Protocol53 (ICMP) messages for 30 seconds, and the results were collected by ELCM and pushed to In-
fluxDB2. 
To assess video quality, the Video Spatial-Temporal Feature Aggregation54 (VSFA) method was employed. VSFA 
is a deep learning-based architecture designed for no-reference subjective video quality evaluation. It utilises 
spatial and temporal feature aggregation to predict human-perceived video quality on the Mean Opinion Score 
(MOS) scale, ranging from 1 to 5. 
 
 

2.5.2 Lab Testing and Showcasing 

Two lab tests and a number of showcasing activities have been performed as detailed below. 

                                                           
49  Blueye.video provides infrastructure for live video streaming from underwater drones, enabling remote collaboration and decision-

making during inspections. Their technology allows for sharing live footage with experts and stakeholders through platforms like iOS 
and Android devices, reducing the need for travel and facilitating real-time collaboration. For further information also see, among 
others: https://www.blueyerobotics.com/  

50  Cheshire, S., & Krochmal, M. (2013). Multicast DNS (mDNS) (RFC 6762). Internet Engineering Task Force, Standards Track, February 

2013. Also see:  https://datatracker.ietf.org/doc/html/rfc6762  
51  Multicast DNS (mDNS) is a computer networking protocol that resolves hostnames to IP addresses within small networks that do not 

include a local name server. It is a zero-configuration service, using essentially the same programming interfaces, packet formats and 
operating semantics as unicast Domain Name System (DNS). For further in formation also see, among others: https://en.wikipe-
dia.org/wiki/Multicast_DNS 

52  Farinacci, D., Hanks, S., Li, T., & Traina, P. (2000). Generic Routing Encapsulation (GRE) (RFC 2784). Internet Engineering Task Force, 

Standards Track, March 2000. Also see: https://www.rfc-editor.org/rfc/rfc2784.html  
53  Postel, J. (1981). Internet Control Message Protocol (RFC 792). Internet Engineering Task Force, Standards Track, September 1981. 

Also see: https://datatracker.ietf.org/doc/html/rfc792  
54  For further information see, among others: C. Xu, J. Zhang, M. Wang, G. Tian and Y. Liu (2022):  Multilevel Spatial-Temporal Feature 

Aggregation for Video Object Detection. IEEE Transactions on Circuits and Systems for Video Technology, vol.32, no.11, pp. 7809-7820, 
Nov. 2022, doi: 10.1109/TCSVT.2022.3183646. 

https://www.blueyerobotics.com/
https://datatracker.ietf.org/doc/html/rfc6762
https://en.wikipedia.org/wiki/Multicast_DNS
https://en.wikipedia.org/wiki/Multicast_DNS
https://www.rfc-editor.org/rfc/rfc2784.html
https://datatracker.ietf.org/doc/html/rfc792
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2.5.2.1 Lab trial with staff from Computer Science, March 6, 2025, at KAU 

The aim of the first lab trial was to test all components of the use case with a small group of participants (five 
individuals) from computer science (CS). This included disconnecting the manikin from its wired connection, con-
necting it over 5G, and controlling it remotely; executing a medical scenario on the manikin that was captured 
using both a head-mounted camera and a 360-degree camera; enabling a group of participants to follow the 
scenario remotely; and collecting a set of KVIs and KPIs. The KPI and KVI collection aimed to test the question-
naires and the gathering of technical metrics, obtain an initial indication of how the system was perceived, and 
collect input on potential improvements to the setup of both the system and the trials. The execution of the trial 
was structured along the following steps: 

¶ The required technical infrastructure and other components were set up. 

¶ Upon arrival, trial participants were given a brief general introduction to the use case and the setup. The 
steps involved in the trial were outlined, and the specific scenario in which they would participate 
remotely was presented. The scene depicted an ambulance nurse arriving at the home of a patient who 
had called in, reporting abdominal pains. 

¶ Participants then observed the scenario, in which the ambulance nurse interacted with and examined 
the patient, concluding with the decision to transport the patient to hospital for further treatment. 

¶ Participants completed a questionnaire related to the use case KVIs. 

¶ A short focus group discussion was held to gather additional feedback. 

¶ Participants were thanked for their involvement and invited to view the technical setup behind the 
scenes. 

During the trial, network metadata was captured and logged in InfluxDB. Additionally, benchmarking measure-
ments were conducted in connection with the trial (but not during it) to capture relevant network KPIs. Some 
pictures from the trial are displayed in Figure 35, Figure 36 and Figure 37. The KPI and KVI results are summarized 
in section 2.5.4. 
 

 
Figure 35: UC-EDU-3: Remote Training Site: Trial participants observe the live stream from the medical training site, with 
the top monitor displaying the 360-ŎŀƳŜǊŀ ŦŜŜŘ ŀƴŘ ǘƘŜ ōƻǘǘƻƳ ƳƻƴƛǘƻǊ ǎƘƻǿƛƴƎ ǘƘŜ ƴǳǊǎŜΩǎ ƻǾŜǊƘŜŀŘ ŎŀƳŜǊŀ ǎǘǊŜŀƳΦ 
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Figure 36: UC-EDU-3: Control Site: Location where the mannequin is operated. 

 

 
Figure 37: UC-EDU-3:  Medical Training Site: The nurse, wearing an overhead camera, interacts with the mannequin while 
the camera streams the session live. Additionally, the entire scene is streamed by a 360-degree camera (not visible in the 

picture). 

 

2.5.2.2 Technical audio/video lab trial, March 25, 2025, at KAU 

The aim of the second lab trial was to determine the optimal setup for the video and audio feeds from the am-
bulance during trials. This additional trial was organised based on lessons learned from the smaller trial with 
nursing science teachers (see Section 2.5.4.1), during which issues were encountered with the video and audio 
configuration. In addition, experiments were conducted to identify the most effective procedure to start the 
manikin in case it needs to be restarted during trials. The execution of the trial was structured into three parts: 

¶ Part 1 ς Video configuration: The first stage focused on the video feed from the ambulance, particularly the 
placement of the 360-degree camera. Several positions and methods of securing the camera were tested. It 
was concluded that the optimal position was attached to the ceiling of the ambulance, approximately one 
third of the way inside. This stage was carried out without the manikin, as only the ambulance video feed 
was required. For convenience, one of the experimenters acted as the patient, allowing for flexibility in 
moving the camera as needed. 

¶ Part 2 ς Audio configuration: In the second stage, the manikin was placed in its usual location, and different 
audio settings were tested. In general, audio could be sourced from three devices: the manikin itself, the 
phone associated with the head-mounted camera, and the phone associated with the 360-degree camera. 
After testing various configurations, the optimal setup for the acting nurse was determined to be the phone 
connected to the head-mounted camera. For the manikin operator (acting as the patient), a dedicated 



D.4.1 Verticals Experiments - Initial 

΄ Ψ'-PATH  Page | 61  

microphone was selected. Audio could be heard clearly both by the acting nurse and at the remote training 
site. 

¶ Part 3 ς System restart procedure: The final stage focused on optimising the system start-up process in case 
the manikin required a restart. In the previous smaller trial, the manikin had to be restarted, which proved 
to be time-consuming. The experiments demonstrated that the sequence in which the various system 
components are connected after a restart is critical to achieving a quick and reliable start-up. 

Some pictures from the trial are displayed in Figure 38, Figure 39 and Figure 40. No KPIs or KVIs were collected 
during this trial. 
 

 
Figure 38: UC-EDU-3: A photo of the ambulance parked outside Building 21, used during the trial 

 
Figure 39: UC-EDU-3: Preparing for the trial 

 
Figure 40: UC-EDU-3: Testing of various camera positions and attachment methods. 
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2.5.2.3 Showcasing activities 

The trial activities have been showcased on multiple occasions. Early on, prior to the lab trials, the manikin was 
demonstrated to participants from industry and academia at a national project meeting on 21 November 2024. 
Approximately 25ς30 people attended this demonstration. A film crew recorded footage during one of the trials, 
and a video has subsŜǉǳŜƴǘƭȅ ōŜŜƴ ǇǊƻŘǳŎŜŘ ŀƴŘ ǇǳōƭƛǎƘŜŘ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ¸ƻǳ¢ǳōŜ ŎƘŀƴƴŜƭΦ 
Results from the trial, along with the video, were also presented at the European Congress for Pre-Hospital Emer-
gency Care55 (EMS 2025) held from 2 to 4 June 2025, and at the Swedish National Computer Networking and 
Cloud Computing Workshop56 (SNCNW 2025) on 10 and 11 June 2025. Additionally, the video was featured at 
the 6G-PATH booth during the EuCNC & 6G Summit, which took place from 3 to 6 June 2025. Photographs were 
taken during all trials, and the events were promoted via LinkedIn. Some pictures from the showcasing events 
are displayed in Figure 41, Figure 42, Figure 43 Figure 44 and Figure 45. 
 

 
Figure 41: UC-EDU-3: November 2024 demo at national project workshop. 

 

 
Figure 42: UC-EDU-3: Poster presentation of the use case and trials at EMS 2025. 

                                                           
55  For further details see: https://www.emscongress2025.org/ 
56  For further details see: https://www.sncnw.se/2025/ 

https://www.emscongress2025.org/
https://www.sncnw.se/2025/
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Figure 43: UC-EDU-3: Presentation of the use case and trials at SNCNW 2025. 

 

 
Figure 44: UC-EDU-3: Use case demo at EuCNC & 6G Summit, 2025. 

 

 
Figure 45: UC-EDU-3: LinkedIn post from the technical audio/video lab trial. 
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2.5.3 Performed Trials and Pilots 

Two trials have been performed as detailed below. The trials aimed to validate both the technical aspects related 
to remote control of the manikin and capturing the medical scenarios with audio and multiple video feeds as 
well as the perception of the enhanced training opportunities by the trial participants. 

2.5.3.1 Trial with staff from Nursing Science, March 13, 2025, at KAU 

The aim of the first small trial with staff from nursing science was to test all parts of the use case with a small 
group of nursing participants (three persons). Compared to the lab trial involving computer science staff, the 
manikin was moved outside the classroom and placed inside an ambulance, where it was connected via 5G and 
controlled remotely. Two medical scenarios were executed with the manikin during this trial. Similar to the lab 
trial, the scenarios were captured using both a head-mounted camera and a 360-degree camera. The nursing 
participants followed the scenarios remotely. In addition to the KVIs collected during the lab trial, the learning 
experience from the medical scenarios was also evaluated. A similar set of KPIs as in the lab trial was collected.  
 
The trial execution and data gathering are described below. The trial was structured as follows: 

¶ The required technical infrastructure and other components were set up. 

¶ Upon arrival, the participants received a brief general introduction to the use case and the setup. The 
steps involved in the trial were then explained. 

¶ Following the introduction, the first medical scenario was presented. The scene involved a patient with 
Chronic Obstructive Pulmonary Disease (COPD) and heart failure being treated for a suspected urinary 
ǘǊŀŎǘ ƛƴŦŜŎǘƛƻƴ ǿƛǘƘƻǳǘ ƛƳǇǊƻǾŜƳŜƴǘΦ LƴŦŜŎǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ǊƛǎƛƴƎΣ ŀƴŘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŎƻƴŘƛǘƛƻƴ ǿŀǎ 
worsening. The patient was loaded into the ambulance on a stretcher, experiencing dizziness and nausea 
and was given a vomiting bag. The patient denied pain and had an IV (intravenous) drip. After loading, 
nausea and vomiting increased, and the intubation loosened. 

¶ The participants then viewed the first scenario and completed a survey assessing how well the scenario 
supported various aspects of the learning process. 

¶ The second medical scenario was introduced. It involved a patient who collapsed outside his home while 
walking with his wife, appearing to have a short seizure. The wife reported that the patient had 
previously suffered a heart attack and was on medication, with no known allergies. He was a former 
smoker who quit about ten years ago and had recently recovered from a cold. The patient seemed to be 
waking up but was not communicative. During loading into the ambulance, the patient exhibited what 
was perceived as a seizure lasting approximately five seconds before becoming unconscious. These were 
actually periods of asystole preceding the return of ventricular rhythm, the Atrioventricular (AV) block 
III. The live simulation began inside the ambulance, including interaction with the wife. 

¶ The participants viewed the second scenario and completed a survey evaluating how well the scenario 
supported different aspects of the learning process. 

¶ !ŦǘŜǊ ǿŀǘŎƘƛƴƎ ōƻǘƘ ǎŎŜƴŀǊƛƻǎΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ŎƻƳǇƭŜǘŜŘ ŀ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǎȅǎǘŜƳΩǎ 
performance and the general use case KVIs. Lastly, a short focus group discussion was held to gather 
further feedback. 

During the trial, network metadata was captured and logged in the InfluxDB and the video from the head-
mounted camera was captured to allow for post-trial assessment of the video quality. Additionally, network 
benchmarking measurements were run in connection to the trial (not during) to capture relevant network KPIs. 
Some pictures from the trial are displayed in Figure 46, Figure 47, Figure 48, Figure 49 and Figure 50. The KPI and 
KVI results are summarized in Section 2.5.4.  



D.4.1 Verticals Experiments - Initial 

΄ Ψ'-PATH  Page | 65  

 
Figure 46: UC-EDU-3: A photo of the ambulance parked outside the nursing department, used during the trial. 

  
Figure 47: UC-EDU-3: Briefing the trial participants on the use case: the left image shows the briefing content related to 

the 6G-PATH project and the UC EDU 3-XR Health training use case, in the right image, the ambulance scenarios to be exe-
cuted during the trial is being explained to the participants.  

 

 
Figure 48: UC-EDU-3: Control Site: Location where the mannequin is operated. 

 

 
Figure 49: UC-EDU-3: Medical Training Site: The ambulance nurse, wearing an overhead camera, interacts with the manne-

quin while the session is live-streamed. Additionally, the entire scene is streamed by a 360-degree camera (not visible in 
the image), placed at the rear of the ambulance. 
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Figure 50: UC-EDU-3: Remote Training Site: Trial participants observe the live stream from the medical training site, with 
the top moniǘƻǊ ǎƘƻǿƛƴƎ ǘƘŜ ƴǳǊǎŜΩǎ ƻǾŜǊƘŜŀŘ ŎŀƳŜǊŀ ǎǘǊŜŀƳ ŀƴŘ ǘƘŜ ōƻǘǘƻƳ ƳƻƴƛǘƻǊ ŘƛǎǇƭŀȅƛƴƎ ǘƘŜ осл-camera feed. 

 

2.5.3.2 Trial to capture input from prehospital nursing students, April 24, 2025, at KAU 

The aim of this trial was to test all parts of the use case in complex medical scenarios and to gather information 
for KPI and KVI evaluation from prehospital nursing students. This involved simulating an entire scenario in which 
the manikin was moved from lying outside to inside the ambulance. As before, the manikin was connected via 
5G and the scenario was captured with multiple video feeds. This time, two 360-degree cameras, one positioned 
outside and one inside the ambulance, were used in addition to the head-mounted camera. The video material 
was collected to obtain KVI values from the students, alongside a set of KPIs. Input on the KVIs was gathered 
from twelve pre-hospital nursing students following the trial. 
Some pictures from the trial are displayed in Figure 51, Figure 52, Figure 53 and Figure 54. A movie produced 
with video footage from the trial is also available at a public link57. The KPI and KVI results are summarized in 
Section 2.5.4. 
 

     
                  Figure 51: UC-EDU-3: Preparing for the trial: Getting the head-mounted camera in place and dressing up the 

manikin. 

                                                           
57  Videco footage, https://youtu.be/s4jogA86GXc 

https://youtu.be/s4jogA86GXc
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Figure 52: UC-EDU-3: Footage from the first medical scenario inside the ambulance. 

 

      
Figure 53: UC-EDU-3: Footage from the second medical scenario being executed. The outside 360-degree camera is visible 

in the figures. In the left image, the film crew for capturing footage for a movie is also in the picture. 

 

 
Figure 54: UC-EDU-3: Illustration of the remote training: The combined view and the three individual video feeds available 

for remote viewing, the head-mounted camera and the two 360-degree cameras, available for remote learning. 

 

2.5.4 KPIs and KVIs validation results summary 

Below we summarize the results for the KPIs and KVIs collected for the two trials as well as the Lab trial with 
computer science staff.  
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2.5.4.1 Lab trial with Computer Science staff 

For this trial, the round-trip time (RTT) was estimated by sending 30 Internet Control Message Protocol (ICMP) 
messages between the manikin and the control site, resulting in an average RTT of 22ms, as summarised in Table 
10. 
In addition to the RTT measurements, a 40-second sample video was recorded on the remote display screen, 
capturing the streamed video from the head-mounted camera. Video quality was assessed using VSFA. The av-
erage video quality score for the initial trial was 3.145, indicating a moderate level of video quality. 
 
 Table 10: UC-EDU-3: Lab trial with CS staff - KPI results  

Sub-scenario KPI name Objective Result 

Connectivity RTT To measure the network latency Avg RTT = 22ms 

Video Quality VQ To measure the video quality Avg VQ score = 3.145 

During the trial, after the remote scenario was completed, each participant filled out a questionnaire related to 
the use case KVIs. For each KVI related question, trial participants provided scores using a Likert scale ranging 
from 1 (Strongly Disagree) to 5 (Strongly Agree). Table 11 presents the average score for each KVI, reflecting 
overall perceptions of the 5G/6G-enabled remote health education system. Although no strong conclusions can 
be drawn from the small trial size of five participants, the following observations can be made based on the 
results: 

¶ The results suggest a generally positive perception of 5G/6G technologies in the context of remote health 
training. Participants rated "Reduced training costs" the highest (average score: 4.0), indicating strong 
agreement that 5G/6G contributes to cost efficiency by minimizing reliance on physical resources and 
in-person sessions. 

¶ "Health services", "User satisfaction", and "Student engagement" also received relatively high scores 
(between 3.4 and 3.6), suggesting that the system was seen to have potential in enhancing the quality, 
relevance, and engagement of training.  

¶ Moderate scores (around 3.2) for "Increased scalability", "Realism in training", and "Diversity and 
inclusion" reflect general agreement with these benefits, although there may be room for improvement 
in how they are implemented and perceived. The scenario demonstrated in the lab trial was fairly simple, 
which may have impacted the perception around these KVIs. 

¶ Lower scores were recorded for "Ease of use" (2.4) and "Reliability" (2.2), reflecting some technical 
challenges with the video quality during the trial and the phone for the 360 degree camera running out 
of power, causing an interruption. Similarly, "Technology acceptance" (3.0) and "Interactivity" (2.8) 
ǎǳƎƎŜǎǘ ƳƻŘŜǊŀǘŜ ǳǎŜǊ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ǘƘŜ ǎȅǎǘŜƳΩǎ ƛƳƳŜǊǎƛǾŜ ŀƴŘ ǊŜǎǇƻƴǎƛǾŜ ŦŜŀtures, again likely 
impacted by the technical issues encountered. 

 
Table 11: UC-EDU-3: Lab trial 1 KVI results 

Sub-scenario KVI name Objective Result 

Cost savings Reduced training 
costs 

Assess the perceived potential to reduce training cost 4 

Cost savings Scalability Assess the perceived potential to enhance resource utilization 3.2 

Social benefit Realism in training Assess the perceived potential to increase training realism 3.2 

Social benefit Enhanced eHealth 
education 

Assess the perceived potential to increase student learning 
experiences 

2.8 

Social benefit Student engage-
ment 

Assess the perceived potential to increase student engage-
ment 

3.4 

Social benefit Diversity and in-
clusion 

Assess the perceived potential to support personalized train-
ing 

3.2 
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Social benefit Health services Assess the perceived potential to enhance the quality of care 3.6 

Service quality User satisfaction Assess the perceived potential to improve the quality and ef-
fectiveness of training 

3.4 

Service quality Ease of use Assess is the system was considered to be user friendly and 
easy to use 

2.4 

Service quality Reliability Assess is the system was considered to be reliable and pro-
vide an uninterrupted training experience 

2.2 

Service quality Technology ac-
ceptance 

Assess the perceived potential of the system to bring positive 
benefits for training 

3 

Service quality Interactivity Assess the perceived potential of the system to support effec-
tive interaction with the virtual environment 

2.8 

 

2.5.4.2 Trial with Nursing Science staff 

Similar to the lab trial, the RTT was estimated by sending 30 ICMP messages between the manikin and control 
sites, resulting in an average RTT of 20ms, showing a slight reduction compared to the lab trial. 
For both medical scenarios during the trial, video was recorded at the remote display screen at the training site, 
capturing the streamed video from the head-mounted camera. The average video quality score was 3.391 for 
the first scenario and 3.672 for the second, indicating a good level of video quality. This reflects an improvement 
compared to the lab trial, although participants still noted that further enhancements to video quality were 
needed. 
To assess radio coverage during the trial, the Reference Signal Received Power (RSRP) and Reference Signal Re-
ŎŜƛǾŜŘ vǳŀƭƛǘȅ όw{wvύ ǿŜǊŜ ŎŀǇǘǳǊŜŘ ŀǘ ǘƘŜ ƳŀƴƛƪƛƴΩǎ ƳŜŘƛŎŀƭ ǘǊŀƛƴƛƴƎ ǎƛǘŜΦ ¢ƘŜ ƻōǎŜǊǾŜŘ w{wt ǊŀƴƎŜŘ ōŜǘǿŜŜƴ 
ς78 dBm and ς95 dBm, while the RSRQ remained constant at ς11 dB. Analysis over time showed a strong corre-
lation between radio coverage and video quality, with a drop in radio coverage toward the end of the trial cor-
responding to a decline in video quality. 
The captured KPIs are summarized in Table 12. 
 

Table 12: UC-EDU-3: Lab trial 1 KPI results 

Sub-scenario KPI name Objective Result 

Connectivity RTT To measure the network latency Avg RTT = 20ms 

Video Quality 
Scenario 1 

VQ To measure the video quality Avg VQ score = 3.391 

Video Quality 
Scenario 2 

VQ To measure the video quality Avg VQ score = 3.672 

Coverage  RSRP To assess the radio coverage during the trial Varied between -78 and -95 

Coverage  RSRQ To assess the radio coverage during the trial Stayed at -11 throughout 

 
During the trial, after completing each medical scenario, participants filled out a questionnaire to evaluate 
whether the simulation contributed to their clinical understanding and knowledge development. The question-
naire was based on the Paramedic Global Rating Scale58  (PGRS), using a Likert-like scale ranging from 1 (most 
negative) to 7 (most positive). Average scores for each question are presented in Table 13 and Table 14 for the 
first and second scenarios, respectively. The results indicate that participants generally felt both scenarios con-
tributed positively to clinical learning. The second scenario, involving seizures, was perceived as slightly more 
educational. Among the clinical aspects, Patient Assessment was identified as the most effectively trained by the 
simulations. 

                                                           
58  The Paramedic Global Rating Scale (PGRS) is a tool used to evaluate a paramedic's clinical competence in simulated scenarios. It 

assesses various aspects of their performance using a multi-point scale, typically ranging from 1 (e.g., unsafe, poor) to 7 (e.g., excep-
tional, excellent), across categories like situational awareness, patient assessment, and communication. 
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Table 13: UC-EDU-3: Medical Scenario 1 evaluated with Paramedic Global Rating Scale (PGRS) 

Sub-scenario KVI name Objective - Assess if the simulation contributed under-
standing and knowledge development related to 

Result 

Inter-hospital 
transfer 
 

Enhanced Health Edu-
cation 

Situational awareness (assessing the environment, situa-
ǘƛƻƴΣ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ άǇŀǘƛŜƴǘΩǎέ ŎƻƴŘƛǘƛƻƴύ 

4.3 

Inter-hospital 
transfer 
 

Enhanced Health Edu-
cation 

LƴŦƻǊƳŀǘƛƻƴ ƎŀǘƘŜǊƛƴƎ όŜŦŦŜŎǘƛǾŜƭȅ ƛƴǘŜǊǾƛŜǿƛƴƎ ǘƘŜ άǇŀπ
ǘƛŜƴǘέ ŀƴŘ ƎŀǘƘŜǊƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŘƛǎŜŀǎŜ ǎǘŀǘŜΣ ƳŜŘƛπ
cal history and care needs) 

4.7 

Inter-hospital 
transfer 
 

Enhanced Health Edu-
cation 

Patient assessment (observing physical examination and 
examining signs and symptoms) 

5.3 

Inter-hospital 
transfer 

Enhanced Health Edu-
cation 

Decision-making (choice of appropriate, safe and effec-
tive action plan) 

4.7 

Inter-hospital 
transfer 
 

Enhanced Health Edu-
cation 

Resource use (identification of resources to optimize 
treatment and care) 

5 

Inter-hospital 
transfer 
 

Enhanced Health Edu-
cation 

Communication (clear and accurate exchange of infor-
Ƴŀǘƛƻƴ ǿƛǘƘ ǘŜŀƳ ŀƴŘ άǇŀǘƛŜƴǘέύ 

5 

Inter-hospital 
transfer 

Enhanced Health Edu-
cation 

Execution (efficient and effective execution of routine 
tasks) 

4.7 

 

Table 14: UC-EDU-3: Medical Scenario 2 evaluated with Paramedic Global Rating Scale (PGRS) 

Sub-scenario KVI name Objective - Assess if the simulation contributed under-
standing and knowledge development related to 

Result 

Seizures 
 

Enhanced Health Edu-
cation 

Situational awareness (assessing the environment, situa-
tion, rŜǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ άǇŀǘƛŜƴǘΩǎέ ŎƻƴŘƛǘƛƻƴύ 

5.3 

Seizures 
 

Enhanced Health Edu-
cation 

LƴŦƻǊƳŀǘƛƻƴ ƎŀǘƘŜǊƛƴƎ όŜŦŦŜŎǘƛǾŜƭȅ ƛƴǘŜǊǾƛŜǿƛƴƎ ǘƘŜ άǇŀπ
ǘƛŜƴǘέ ŀƴŘ ƎŀǘƘŜǊƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŘƛǎŜŀǎŜ ǎǘŀǘŜΣ ƳŜŘƛπ
cal history and care needs) 

5 

Seizures 
 

Enhanced Health Edu-
cation 

Patient assessment (observing physical examination and 
examining signs and symptoms) 

5.7 

Seizures 
 

Enhanced Health Edu-
cation 

Decision-making (choice of appropriate, safe and effec-
tive action plan) 

5.7 

Seizures 
 

Enhanced Health Edu-
cation 

Resource use (identification of resources to optimize 
treatment and care) 

5.7 

Seizures 
 

Enhanced Health Edu-
cation 

Communication (clear and accurate exchange of infor-
Ƴŀǘƛƻƴ ǿƛǘƘ ǘŜŀƳ ŀƴŘ άǇŀǘƛŜƴǘέύ 

5.3 

Seizures 
 

Enhanced Health Edu-
cation 

Execution (efficient and effective execution of routine 
tasks) 

5.3 

 
At the end of the trial, when both of the medical scenarios were completed and assessed, each participant filled 
out a questionnaire related to their perception of the system and its potential. For each question, trial partici-
pants provided scores using a Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). Table 15 
presents the average score for each question, reflecting overall perceptions of the 5G/6G-enabled remote health 
education system. Although no strong conclusions can be drawn from the small trial size of three participants, 
the following observations can be made based on the results: 
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¶ The results suggest a generally positive perception of 5G/6G technologies in the context of remote health 
training. Participants rated άEnhanced health educationέ ŀƴŘ ά{ǘǳŘŜƴǘ ŜƴƎŀƎŜƳŜƴǘέ ǘƘŜ ƘƛƎƘŜǎǘ 
(average score: 4.7), indicating strong agreement that 5G/6G can bring substantial benefits to health 
education by providing realistic and engaging training scenarios for the students.  

¶ Participants were also generally positive towards the potential of 5G/6G technologies and saw potential 
ǘƻ ǊŜŘǳŎŜ Ŏƻǎǘ ŀƴŘ ƛƴŎǊŜŀǎŜ ŦƭŜȄƛōƛƭƛǘȅ ƛƴ ŜŘǳŎŀǘƛƻƴΣ ǿƛǘƘ ǇƻǎƛǘƛǾŜ ǎŎƻǊŜǎΣ ǊŀƴƎƛƴƎ ŦǊƻƳ о ǘƻ пΦоΣ ŦƻǊ ά¦ǎŜǊ 
ǎŀǘƛǎŦŀŎǘƛƻƴέΣ ά¢ŜŎƘƴƻƭƻƎȅ !ŎŎŜǇǘŀƴŎŜέΣ άReduced training costsέ ŀƴŘ ά5ƛǾŜǊǎƛǘȅ ŀƴŘ ƛƴŎƭǳǎƛƻƴέΦ  

¶ Some technical problems during the trial where the manikin had to be restarted and some issues with 
the video is reflected in lower scores for some of the questions related to άEase of useέ and the score 
for άReliabilityέ, with many of the scores below 3 (or the equivalent for questions with reverse scores). 
¢ŀƪŜƴ ǘƻƎŜǘƘŜǊ ǘƘŜ ǉǳŜǎǘƛƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ά¦ǎŜǊ {ŀǘƛǎŦŀŎǘƛƻƴέ ŀƴŘ ά9ŀǎŜ ƻŦ ¦ǎŜέ ǇǊƻŘǳŎŜǎ ŀ {ȅǎǘŜƳ 
Usability Score59 (SUS) of 54.25, again reflecting the technical problems and issues during the trial. 

¶ As compared to the lab trial, the questionnaire had been updated to cover the SUS metrics. Overall, we 
still see that the nursing science staff were a bit more positive in their evaluations. This is likely due both 
to some improvements in the technical setup and the nursing science staff better being able to judge 
and interpret the medical scenarios and the opportunities for learning.  

Table 15: UC-EDU-3: SUS - How you perceive the use of digital simulation 

Sub-scenario KVI name Objective ς Assess how the participants felt about the 
issues below 

Result 

Service quality User satisfaction I am happy to use digital simulation again 3.7 

Service quality User satisfaction I am reluctant to use digital simulation again, it is unnec-
essarily complicated 

2 (reverse 
score) 

Service quality Ease of Use I found DS easy to use 3.7 

Service quality Ease of Use I needed the help of someone else or a technical person 
to use digital simulation 

4.3 (reverse 
score) 

Service quality Ease of Use I think the features of the digital simulation were clear 3.3 

Service quality Ease of Use I think there is too much inconsistency and lack of logic 
with digital simulation 

2 (reverse 
score) 

Service quality Ease of Use I would imagine that most students would learn to use 
digital simulation very quickly 

4 

Service quality Ease of Use I think many people found DS very difficult to use 3.7 (reverse 
score) 

Service quality Ease of Use I feel very confident about how to use digital simulation 1.7 

Service quality Ease of use I had to learn a lot before I got started with digital simu-
lation 

3.7 (reverse 
score) 

Social benefit Diversity and in-
clusion 

I found that digital simulation provided flexibility in sim-
ulation 

4 

Cost Savings Reduced training 
costs 

I believe that digital simulation can help reduce the 
overall cost of training medical professionals by reducing 
the need for costly direct patient-to-student training 
scenarios 

3.7 

Social benefit Enhanced health 
education 

I believe that digital simulation provides highly realistic 
and engaging training environments that effectively pre-
pare students for real-world medical situations, improv-
ing the effectiveness of overall training 

4.7 

                                                           
59  The System Usability Scale (SUS) is a widely used tool for measuring the perceived usability of a system, product, or service. It is a 

standardized questionnaire with 10 items that users respond to using a 5-point Likert scale. The responses are then converted into a 
single score, ranging from 0 to 100, with higher scores indicating better usability. 
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Social benefit Student engage-
ment 

I believe that digital simulation increases student en-
gagement during training sessions by improving interac-
tivity, immersion, and motivation to learn 

4.7 

Service quality Technology ac-
ceptance 

I believe that digital simulation has a positive impact on 
the quality and efficiency of education 

4.3 

Service quality Reliability I found that digital simulation provides a reliable and un-
interrupted training experience, ensuring accurate and 
timely information delivery 

2.3 

 

2.5.4.3 Trial with prehospital nursing students 

The RTT was estimated again by sending 30 ICMP messages between the manikin and control sites, resulting in 
an average RTT of 10ms. This reduction in delay is attributed to updates made to the KAU testbed in the spring, 
as well as enhancements in the deployment of the use case. 
For both medical scenarios during the trial, video was recorded at the remote display screen at the training site, 
capturing the streamed video from the cameras. The average video quality score for the first scenario was 3.831. 
For the second scenario, the average video quality scores were 3.680 and 3.506 for the outside and inside 360-
degree cameras, respectively, indicating a good level of video quality. 
To measure video delay between the manikin training site and receiver endpoints (including the classroom and 
control site), the video stream from the camera inside the ambulance was used. The video was recorded at a 
receiver end where two synchronized timers were placedτone at the manikin training site and one at the re-
ceiver end. The delay was measured by calculating the difference between the timers using the tool easyOCR60. 
The measured delay was 0.395 seconds in this trial. A contributing factor to this comparatively large delay was a 
routing issue in the Red Zinc video system, which has since been resolved. 
Radio coverage during the trial was assessed by capturing RSRP and RSRQ at the manikin medical training site, 
with an observed average RSRP of -73.28 dBm and RSRQ of -11 dB. Radio coverage over time correlated well 
with video quality, where a drop in coverage toward the end of the trial coincided with a decrease in video 
quality. The captured KPIs are summarized in Table 16. 
 

Table 16: UC-EDU-3: Student trial KPI results 

Sub-scenario KPI 
name 

Objective Result 

Connectivity RTT To measure the network latency Avg RTT = 10ms 

Video Quality 
Scenario 1 

VQ To measure the video quality Avg VQ score = 3.831 (outside cam)  
                            3.831 (inside cam) 

Video Quality 
Scenario 2 

VQ To measure the video quality Avg VQ score = 3.680 (outside cam) 
                            3.506 (inside cam) 

Video Delay 
Measurement 

VD To measure the video delay from manikin 
training site to receivers 

Avg delays = 0.395 second 

Coverage RSRP To assess the radio coverage during the 
trial 

Varied between -78 dBm and -73 
dBm (Mean=-73.28 dBm) 

Coverage RSRQ To assess the radio coverage during the 
trial 

Stayed at -11 dB throughout 

The video streams from the trials have been used to collect data on KVIs from 12 prehospital nursing students. 
The students completed a questionnaire after each medical scenario to evaluate how the simulation contributed 
to their clinical understanding and knowledge development. Similar as before, the survey used PGRS to capture 

                                                           
60  EasyOCR is a python module for extracting text from image. It is a general OCR (Optical Character Recognition) that can read both 

natural scene text and dense text in document. It is currently supporting 80+ languages and expanding. Also see: 
https://www.jaided.ai/easyocr/  

https://www.jaided.ai/easyocr/


D.4.1 Verticals Experiments - Initial 

΄ Ψ'-PATH  Page | 73  

the answers. The average scores for each PGRS category are presented in Table 17 and Table 18 for the first 
scenario (COPD/heart failure) and the second scenario (seizure/asystole), respectively. 
 

Table 17: UC-EDU-3: Medical Scenario 1 evaluated with Paramedic Global Rating Scale (PGRS) 

Sub-scenario KVI name Objective - Assess if the simulation contributed understand-
ing and knowledge development related to 

Result 

COPD/heart 
failure 

Enhanced Health 
Education 

Situational awareness (assessing the environment, situation, 
ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ άǇŀǘƛŜƴǘΩǎέ ŎƻƴŘƛǘƛƻƴύ 

6.19 

COPD/heart 
failure 

Enhanced Health 
Education 

LƴŦƻǊƳŀǘƛƻƴ ƎŀǘƘŜǊƛƴƎ όŜŦŦŜŎǘƛǾŜƭȅ ƛƴǘŜǊǾƛŜǿƛƴƎ ǘƘŜ άǇŀǘƛŜƴǘέ 
and gathering information on disease state, medical history 
and care needs) 

5.55 

COPD/heart 
failure 

Enhanced Health 
Education 

Patient assessment (observing physical examination and ex-
amining signs and symptoms) 

5.82 

COPD/heart 
failure 

Enhanced Health 
Education 

Decision-making (choice of appropriate, safe and effective ac-
tion plan) 

6.36 

COPD/heart 
failure 

Enhanced Health 
Education 

Resource use (identification of resources to optimize treat-
ment and care) 

6.45 

COPD/heart 
failure 

Enhanced Health 
Education 

Communication (clear and accurate exchange of information 
with teŀƳ ŀƴŘ άǇŀǘƛŜƴǘέύ 

6.36 

COPD/heart 
failure 

Enhanced Health 
Education 

Execution (efficient and effective execution of routine tasks) 6.36 

 

Table 18: UC-EDU-3: Medical Scenario 2 evaluated with Paramedic Global Rating Scale (PGRS) 

Sub-scenario KVI name Objective - Assess if the simulation contributed understand-
ing and knowledge development related to 

Result 

Seizure/ 
asystole 

Enhanced Health 
Education 

Situational awareness (assessing the environment, situation, 
ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ άǇŀǘƛŜƴǘΩǎέ ŎƻƴŘƛǘƛƻƴύ 

6.64 

Seizure/ 
asystole 

Enhanced Health 
Education 

LƴŦƻǊƳŀǘƛƻƴ ƎŀǘƘŜǊƛƴƎ όŜŦŦŜŎǘƛǾŜƭȅ ƛƴǘŜǊǾƛŜǿƛƴƎ ǘƘŜ άǇŀǘƛŜƴǘέ 
and gathering information on disease state, medical history 
and care needs) 

6.64 

Seizure/ 
asystole 

Enhanced Health 
Education 

Patient assessment (observing physical examination and ex-
amining signs and symptoms) 

6.82 

Seizure/ 
asystole 

Enhanced Health 
Education 

Decision-making (choice of appropriate, safe and effective ac-
tion plan) 

6.82 

Seizure/ 
asystole 

Enhanced Health 
Education 

Resource use (identification of resources to optimize treat-
ment and care) 

6.82 

Seizure/ 
asystole 

Enhanced Health 
Education 

Communication (clear and accurate exchange of information 
ǿƛǘƘ ǘŜŀƳ ŀƴŘ άǇŀǘƛŜƴǘέύ 

6.55 

Seizure/ 
asystole 

Enhanced Health 
Education 

Execution (efficient and effective execution of routine tasks) 6.73 

 
As shown in Table 17 and Table 18, participants rated both scenarios very positively across all dimensions of 
clinical learning. Notably, the second scenario ς focused on seizures and more complex clinical decision-making 
ς was seen as even more educational, with average scores for key competencies like situational awareness, in-
formation gathering, patient assessment, and decision-making all exceeding 6.5 out of 7. 
After completing both scenarios and their assessments, participants were asked to evaluate their perceptions of 
the system itself and its potential for remote health education through a questionnaire. Table 19 summarizes 
the average scores for each item, reflecting overall perceptions of 5G/6G-enabled remote health education. 
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Table 19: UC-EDU-3: SUS - How you perceive the use of digital simulation 

Sub-scenario KVI name Objective ς Assess how the participants felt about the is-
sues below 

Result 

Service quality User satisfac-
tion 

I am happy to use digital simulation again 4.73 

Service quality User satisfac-
tion 

I am reluctant to use digital simulation again, it is unneces-
sarily complicated 

1.1 (reverse 
score) 

Service quality Ease of Use I found DS easy to use 4.5 

Service quality Ease of Use I needed the help of someone else or a technical person to 
use digital simulation 

1.4 (reverse 
score) 

Service quality Ease of Use I think the features of the digital simulation were clear 4.5 

Service quality Ease of Use I think there is too much inconsistency and lack of logic with 
digital simulation 

4.0 (reverse 
score) 

Service quality Ease of Use I would imagine that most students would learn to use digi-
tal simulation very quickly 

4.5 

Service quality Ease of Use I think many people found DS very difficult to use 1.4 (reverse 
score) 

Service quality Ease of Use I feel very confident about how to use digital simulation 4.6 

Service quality Ease of use I had to learn a lot before I got started with digital simula-
tion 

1.4 (reverse 
score) 

Social benefit Diversity and 
inclusion 

I found that digital simulation provided flexibility in simula-
tion 

4.4 

Cost Savings Reduced 
training costs 

I believe that digital simulation can help reduce the overall 
cost of training medical professionals by reducing the need 
for costly direct patient-to-student training scenarios 

4.6 

Social benefit Enhanced 
health educa-
tion 

I believe that digital simulation provides highly realistic and 
engaging training environments that effectively prepare 
students for real-world medical situations, improving the 
effectiveness of overall training 

4.5 

Social benefit Student en-
gagement 

I believe that digital simulation increases student engage-
ment during training sessions by improving interactivity, im-
mersion, and motivation to learn 

4.4 

Service quality Technology 
acceptance 

I believe that digital simulation has a positive impact on the 
quality and efficiency of education 

4.4 

Service quality Reliability I found that digital simulation provides a reliable and unin-
terrupted training experience, ensuring accurate and timely 
information delivery 

4.4 

 
Although the moderate sample size (12 students) limits the strength of the conclusions, several clear patterns 
emerged. Participants reported a generally very positive perception of the 5G/6G-enabled digital simulation, 
ǇŀǊǘƛŎǳƭŀǊƭȅ ǊŀǘƛƴƎ ά¦ǎŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴέΣ ά9ŀǎŜ ƻŦ ǳǎŜέΣ άwŜŘǳŎŜŘ ǘǊŀƛƴƛƴƎ ŎƻǎǘǎέΣ ŀƴŘ ά9ƴƘŀƴŎŜŘ ƘŜŀƭǘƘ ŜŘǳŎŀǘƛƻƴέ 
highly. This highlights the perceived benefits of immersive and realistic remote training. Other areas, such as 
ά5ƛǾŜǊǎƛǘȅ ŀƴŘ LƴŎƭǳǎƛƻƴέΣ ά{ǘǳŘŜƴǘ ŜƴƎŀƎŜƳŜƴǘέΣ ά¢ŜŎƘƴƻƭƻƎȅ !ŎŎŜǇǘŀƴŎŜέΣ ŀƴŘ άwŜƭƛŀōƛƭƛǘȅέ ŀƭǎƻ ǊŜŎŜƛǾŜŘ ƘƛƎƘΣ 
positive scores. 
As compared to the trial with nursing science staff, the students were even more positive to the potential of 
5G/6G. For the students the trial was running without disruptions, and the students may also be more used to 
and positively inclined towards mobile technology. 
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2.5.5 Lessons Learnt 

In addition to the questionnaire results reported above, open-ended feedback and ideas were also collected 
during the trials. The main points raised were: 

¶ The method could be used to train more advanced scenarios, offering a quick and effective way to learn. 

¶ It is useful for gaining a more realistic understanding of prehospital care. 

¶ The sound needs improvement, particularly for the first scenario in the student trial, where disturbing 
background noise was present. 

¶ The video views of the trial scenario could be augmented with additional information about the events, 
for example as pop-up windows. 

¶ More background could be captured for the medical scenario, starting from the moment the ambulance 
call is received. 

¶ It would be valuable to also experience taking care of the patient in a moving ambulance. 
 
The key technical issues identified that require attention are: 

¶ Audio and video quality could still be improved. While some video latency should decrease once routing 
issues experienced during the trials are resolved, most video quality problems are related to capture 
rather than network transmission. Audio in the second scenario of the student trials was better due to 
improved microphone positioning. 

¶ For KPIs, not only low latency but also high reliability is crucial to control the manikin and ensure a 
smooth user experience, as disruptions during trials were perceived very negatively. 

¶ With the manikin and an increasing number of video feeds, trial setup has become more complex. To 
simplify this, the NUCs used so far will be replaced by laptops, removing the need for separate monitors.  

  



D.4.1 Verticals Experiments - Initial 

΄ Ψ'-PATH  Page | 76  

2.6 UC-HEALTH-1 ς 3D hydrogel patches 
This use case refers to automatic chronic wound documentation based on 3D scans and generating of a person-
alised 3D hydrogel patch tailored. The partners, Fraunhofer and FOKUS have conducted several lab testing and 
trials. The pilot preparations in collaboration with the Johannesstift Nursing Home from Berlin, where chronic 
wound residents are living, are ongoing. A map with the location of these activities can be seen in Figure 55. 

 
Figure 55: UC-HEALTH-1: Map with locations for lab testing, trial and pilots 

 

2.6.1 Setup and Validation Tools 

2.6.1.1 Infrastructure Setup 

The architecture of the FOKUS testbed used in the hydrogel patch use case can be seen in Figure 56. 
 

 
 
The edge router is deployed on an 8 CPU Core datacentre and the gNB is an Amarisoft small cell configured to 
cover a 20 MHz bandwidth between 3700 and 3720 MHz. The setup is virtualised using Kubernetes. The compo-
nents highlighted in grey are external components (e.g. Scanning app being the Scaniverse App61, the 3D Printing 
Service is the Octoprint open-source software62). 

                                                           
61  For further information see: https://scaniverse.com/  
62  For further information see: https://octoprint.org/  

 
Figure 56: UC-Health-1: Infrastructure setup for the 3D bioprinted hydrogel patch 

 

https://scaniverse.com/
https://octoprint.org/
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For an improved performance specific to the T&Ps where only one edge node is used, the healthcare components 
were also installed on the edge node and the Wound Analytics is installed in the OpenShift63 infrastructure of 
FOKUS, as it requires major computing power. 
The end-devices include 5G SA mobile phones and Android tablets. Also, an off-the-shelf Customer Premises 
Equipment (CPE) is used for connecting the Raspberry Pi 4 that connects via serial interface towards the 3D 
printer. 
The setup was configured with its own Domain Name System (DNS) server resolving the medical services and 
access from end-points to the medical services outside the edge-cloud infrastructure was configured to be fil-
tered out. 
Special care was taken so that the databases are persistent in case the services have to be restarted. Regarding 
data protection, the Wound Analytics release mode is configured to delete the temporary files that are generated 
when running the 2D and 3D segmentation. 
 

2.6.1.2 Technical Setup 

The Beyond 5G Edge Router is comprised of the modular mobile core network prototype Open5GCore that was 
extended in order to facilitate authentication, authentication and mobility as well as End-to-End sessions be-
tween edge datacentres and the central infrastructure. Regarding backhaul connectivity, it carries control and 
data plane (DP) traffic of the edge network in an E2E encrypted manner. Using a Software Defined Wide Area 
Network (SD-WAN), it maintains reliable communication across the backhaul, thus also enabling dynamic and 
reliable connectivity as well as traffic steering. Regarding the local User Plane Functions, it enables establishment 
of local data paths in the edge network and offload of traffic to local devices (e.g. the 3D bioprinter) and medical 
services. 
The Data Access Control Server is based on the open-source Keycloak64 server and includes an adaptor called 
Account Management Server that is used by the Patient Data Storage Server for managing users and their access 
to the HL7 Fast Healthcare Interoperability Resources65 (FHIR). 
The Nurse Care App is implemented in Flutter and using a 3D library for visualising the 3D wound scans. The 
nurse can create the 3D scan using the Scaniverse App, export the 3D scan to ZIP and then import it in the Nurse 
Care App. Support for multiple nurse visits was added. The interface towards the Octoprint66 service for connect-
ing to the service and sending Stereolithography (STL) formatted objects for printing is implemented using the 
supported HyperText Transfer Protocol (HTTP) based Application Programming Interface (API). 
The Wound Analytics service is implemented using Python and several image processing models and pre-pro-
cessing techniques were implemented, validated and compared. For 2D segmentation, the Fully Conventional 
Neural Network (FCN) was selected (see Table 20) as performing best. The detailed results of the 2D wound 
ǎŜƎƳŜƴǘŀǘƛƻƴ ǾŀƭƛŘŀǘƛƻƴ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ŀǊǘƛŎƭŜ άLƳǇƭŜƳŜƴǘŀtion Design and Validation Results 
ƻŦ ŀ /ƘǊƻƴƛŎ ²ƻǳƴŘ aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳ tƻǿŜǊŜŘ ōȅ .ŜȅƻƴŘ рD tǊƛǾŀǘŜ ŀƴŘ bƻƳŀŘƛŎ bŜǘǿƻǊƪƛƴƎέΣ AIAI 
2025 Conference67. There were three Artifical Intelligence (AI) models68 validated. A comparison of their perfor-
mance is depicted in Table 20. 

                                                           
63  OpenShift is a hybrid cloud platform as a service (PaaS) developed by Red Hat. It's built on top of Kubernetes and Red Hat Enterprise 

Linux, offering a comprehensive environment for developing, deploying, and managing containerized applications. OpenShift simpli-
fies container orchestration, provides automated lifecycle management, and enhances security and scalability, making it easier for 
organizations to build and deploy applications at scale. 

64  Keycloak is an open-source software product to allow single sign-on with identity and access management aimed at modern applica-

tions and services. Also see: https://www.keycloak.org/ 
65  Fast Healthcare Interoperability Resources (FHIR) is a healthcare data standard that enables the exchange of electronic health infor-

mation. It defines how healthcare information can be structured and exchanged between different computer systems, regardless of 
how that information is stored. FHIR uses modern web technologies like REST, JSON, and XML to facilitate this exchange. See, for 
example: https://en.wikipedia.org/wiki/Fast_Healthcare_Interoperability_Resources  

66  Octoprint, https://octoprint.org  
67  See: https://ifipaiai.org/2025/  
68  DeepSkin (https://doi.org/10.3390/ijms24010706), FCN (https://doi.org/10.1038/s41598-020-78799-w) and Wound Segmentation 

(https://www.kaggle.com/code/mohamedelsadek44/wound-segmentation-with-u-net-and-dataset). 

https://www.keycloak.org/
https://en.wikipedia.org/wiki/Fast_Healthcare_Interoperability_Resources
https://octoprint.org/
https://ifipaiai.org/2025/
https://doi.org/10.3390/ijms24010706
https://doi.org/10.1038/s41598-020-78799-w
https://www.kaggle.com/code/mohamedelsadek44/wound-segmentation-with-u-net-and-dataset
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As the entire 3D wound analysis (including 2D wound segmentation, 3D wound model extraction and measure-
ment performing) is currently between 30 and 60 seconds, the initial integration is currently improved so that 
partial results are sent to the Nurse Care App, in order to improve the user friendliness and prospects of the 
technology adoption.  
 

Table 20: UC-HEALTH-1: AI models validated and compared for wound segmentation 

Model Dice Precision Recall IoU F1 Segmen-
tation 

Time (s) 

DeepSkin 0.62 0.74 0.62 0.53 0.62 2.3 

Fully Conventional Neu-
ral Network (FCN) 

 
0.87 

 
0.90 

 
0.84 

 
0.78 

 
0.87 

 
0.63 

Wound Segmentation 
(WS) 

 
0.81 

 
0.84 

 
0.87 

 
0.71 

 
0.52 

 
0.36 

 

2.6.1.3 Measurement and validation tools 

For validation of connectivity, ping and Iperf were used in order to test the connectivity of the devices. 
For measuring the KPIs related to the mobile core network, the ELCM capabilities were integrated in the testbed. 
The KPIs collected were related to data path e.g. throughput, delay and packet flow. For elderly monitoring use 
case, ELCM was also integrated with the influx data store of the use case. The metrics from the use case data 
store were processed and transferred to ELCM for plotting graph. 
For measuring the KPIs related to the data transfer towards the Patient Data Storage Server, the Nurse Care App 
ǿŀǎ ŜȄǘŜƴŘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƛƴŎƭǳŘŜ ŀ ǘƛƳŜǎǘŀƳǇ ƛƴ ǘƘŜ I¢¢t ƘŜŀŘŜǊ ά·-Sent-¢ƛƳŜǎǘŀƳǇέ ŀƴŘ ǘƘŜ ǉǳŜǊȅ ǇŀǊŀƳŜǘŜǊ 
άǘƛǘƭŜέ ǳǎŜŘ ŦƻǊ ǘŀƎƎƛƴƎ ǘƘŀǘ ŀ ŎŜǊǘŀƛƴ ǘǊŀƴǎŦŜǊ Ŏƻƴǘŀƛƴǎ ǘƘŜ ǿƻǳƴŘ о5 ǎcan. The Patient Data Storage Server, 
based on the hapi fhir69 server, was extended with a Prometheus interface for computing the delay and capacity 
of the transmission. The ELCM was then configured to extract the information from the Prometheus Server that 
is scraping the Patient Data Storage measurement interface. 
Regarding the Wound Analytics validation, two publicly available datasets were used to train and test the image 
processing models and metrics specific for wound segmentation and image processing in general were used in 
order to select the best matching model. Also, for validating the accuracy of the automatic measurement, manual 
measurements of the plastic wound model using ruler were taken, for building the ground truth for the wound 
model used during the trials and compared to the Wound Analytics output. 
 

2.6.2 Lab Testing 

The lab testing was performed using a plastic wound model professionally produced by MedicalFx70 and involved 
ŀƭƭ ǘƘŜ ǇƭŀƴƴŜŘ ǎŎŜƴŀǊƛƻǎΦ /ƘŀǊƛǘŞ Ƙŀǎ ǇǳǊǎǳŜŘ ŀƭǎƻ ŀ ŎƭƻǎŜ ǊŜƭŀǘƛƻƴ ǿƛǘƘ the producer and soon other wound 
models will be used for validation. Some pictures can be seen below. 

                                                           
69  HAPI FHIR is a complete implementation of the HL7 FHIR standard for healthcare interoperability in Java. It is an open community 

developing software licensed under the business-friendly Apache Software License 2.0. HAPI FHIR is a product of Smile Digital Health. 
For further information also see: https://hapifhir.io/  

70  MedicalFx aims to create as realistic 3D Models as possible for the healthcare industry. See: https://medicalfx.de/shop/ 

https://hapifhir.io/
https://medicalfx.de/shop/
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Figure 57: UC-HEALTH-1: Lab testing using plastic wound model 

 

2.6.2.1 Lab Test @FOKUS, 13th May 2025 

Main Objectives: 
¶ To deepen the understanding of the Scaniverse App and the Nurse Care App 

¶ To test the functionality and usability of scanning, documenting, and processing wound data 

¶ To provide internal feedback on user interface 

¶ To identify improvements prior to broader pilot activities 

¢ƘŜ /ƘŀǊƛǘŞ ǘŜŀƳ ƎŀǾŜ ŦŜŜŘōŀŎƪ ƻƴ Ƙƻǿ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ǇǊƻŎŜǎǎƛƴƎΣ ǳǎƛƴƎ ǘƘŜ ŜȄǇƻǊǘŜŘ ΦȊƛǇ ŦǊƻƳ 
Scaniverse App to import in the Nurse Care App. This feature was implemented and validated in the future testing 
and trials. 

 
Figure 58: UC-HEALTH-мΥ [ŀō ǘŜǎǘƛƴƎ ǇŜǊŦƻǊƳŜŘ ϪChY¦{ ōȅ ŀ ǿƻǳƴŘ ŜȄǇŜǊǘ ŦǊƻƳ /ƘŀǊƛǘŞ ƻƴ моǘƘ ƻŦ aŀȅ 

 

2.6.2.2 Lab Test ς LƴǘŜǊƴŀƭ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ {ŎŀƴƛǾŜǊǎŜ ŀƴŘ bǳǊǎŜ /ŀǊŜ !ǇǇ Ϫ/ƘŀǊƛǘŞΣ уǘƘ Wǳƭȅ нлнр 

Description of the Attendees, Including Numbers 

This was an internal testing session held between the UC1 Health use case team and the testbed owner Fraun-
hofer FOKUS. The participants included: 
¶ Software and application developers 

¶ Project engineers 

¶ Clinical and technical advisors from the 6G-PATH UC1 Health team 

¢ƘŜ Ǝƻŀƭ ǿŀǎ ǘƻ ǊŜǾƛŜǿ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ǳǎŀōƛƭƛǘȅ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ƛƴǘŜƎǊŀǘƛƻƴ ƛƴ ŀ ŎƻƴǘǊƻƭƭŜŘ ǎŜǘǘƛƴƎ ōŜŦƻǊŜ ŦǳǊǘƘŜǊ 
live deployment. 
 
Objectives of the Trial, Including the Scenarios Validated 
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Main Objectives: 
¶ To deepen understanding of the Scaniverse App and the Nurse Care App 

¶ To test the functionality and usability of scanning, documenting, and processing wound data 

¶ To provide internal feedback on user interface, measurement accuracy, and data visualisation 

¶ To identify improvements prior to broader pilot activities 

Validated Scenario: 
This trial focused on data processing and wound documentation, simulating a wound assessment using a plastic 
wound model. 
Key steps included: 
¶ Capturing wound images and 3D scans (see Figure 60) 

¶ Documenting wound details in the app interface 

¶ Running automated wound segmentation models to calculate surface area and perimeter 

¶ Comparing algorithmic results with manual measurements (ruler) for validation (see Figure 59) 

 
Execution Summary: 
Participants scanned a wound model using the tablet and mobile phone setup and visualized results in real-time 
within the Nurse Care App. Functionalities tested included: 
¶ Structured wound documentation (see Figure 61) 

¶ Calculation of wound dimensions using built-in segmentation tools 

¶ Live visualization of wound metrics on screen (see Figure 62) 

Participants provided observational feedback during this session. No quantitative tools were utilized for this trial 
phase. 

 

Figure 59: UC-HEALTH-1: Measuring the wound with a ruler 

 

 
Figure 60: UC-HEALTH-1: wound scan und how to use the platform 
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Figure 61: UC-HEALTH-1: explanation of new contents of the wound documentation 

 

 
Figure 62: UC-HEALTH-1: new design measurement of the wound 

Technical Setup: 
¶ Infrastructure: 

o Connectivity via Open5GCore and Amarisoft 

o Integration with 6G-PATH Healthcare services and Fast Healthcare Interoperability Resources 

(FHIR) Store for upload 

¶ Devices Used: 

o Samsung tablet and smartphone, both connected to the testbed 

Measurement and Validation: 
¶ Manual ruler-based wound measurements served as the baseline ("ground truth") 

¶ These were compared to the automated calculations ƳŀŘŜ ōȅ ǘƘŜ ŀǇǇΩǎ ǿƻǳƴŘ ŀƴŀƭȅǘƛŎǎ ŜƴƎƛƴŜ 

¶ Results showed high accuracy, confirming the validity of segmentation for perimeter and surface data 

Key Observations: 
¶ The app currently displays only the wound, with limited spatial orientation, requires touch screen or 

mouse for better 3D navigation 

¶ Participants recommended a full 3D visualization including color-coded wound boundaries for better 

clarity and clinical relevance 

 
Preliminary KVI Findings: 
 
Stakeholder Feedback and Impact 
Despite being an internal trial, several valuable findings were identified: 
¶ User Interface: The app is intuitive, but needs more detailed 3D graphics 

¶ Performance: Upload times could be slow when handling large wound data volumes 

¶ Language: There is a clear need for a German-language version for broader field adoption 

These findings were shared directly with the platform developers for further iteration. 
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Lessons Learned 
¶ Visualization: The schematic (2D) wound display lacks clinical usefulness. A 3D-colored rendering is es-

sential to depict wound depth and boundaries accurately. This functionality is currently finalised. 

 

2.6.2.3 Lab Test ς LƴǘŜǊƴŀƭ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ {ŎŀƴƛǾŜǊǎŜ ŀƴŘ bǳǊǎŜ /ŀǊŜ !ǇǇ Ϫ/ƘŀǊƛǘŞΣ нфǘƘ Wǳƭȅ нлнр 

Description of the Attendees, Including Numbers 

This was an internal testing session held between the use case team and the testbed owner Fraunhofer FOKUS.  
 
Objectives of the Lab Test, Including the Scenarios Validated 

Main Activities: 

¶ wŜǾƛŜǿ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ǳǎŀōƛƭƛǘȅ ƛƴ ǘŜǊƳǎ ƻŦ ǿƻǳƴŘ ŘŜǘŜŎǘƛƻƴ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ǇǊŜǎŜƴǘŀǘƛƻƴ ŀƴŘ ƴǳǊǎŜ 
workflow.  

¶ Place the datacentre to the server rack that CHAR has acquired for the testbed 

¶ Taking measurements related to network capabilities in general and validating the Over-The-Top (OTT) 
video call using Jitsi71 as communication platform 

¶ To identify improvements prior to broader pilot activities 
Validated Scenario: 
¶ Automatic wound detection and measurement 

¶ OTT video call with the nurse smart phone using 5G SA. 

 
Execution Description, Including Relevant Pictures/Figures, Data Collection Methodology (for KPIs and KVIs), 

etc. 

 
Figure 63: UC-HEALTH-мΥ !ǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘǊƻǳƎƘǇǳǘ ŀƴŘ ƧƛǘǘŜǊ ƻƴ ǘƘŜ ǘŜǎǘōŜŘ ŘŜƭƛǾŜǊŜŘ Ϫ/ƘŀǊƛǘŞ 

 
Figure 63 depicts the performed test results on the CPE, for 1, 5 and 10 users, using Iperf, to check the experi-
enced throughput and jitter. Work will be done in order to investigate the cause for the jitter and optimize the 
core network capabilities.  
 
In Figure 64 and Figure 65 photos from the event are shown; in Figure 66 the assessment of the throughput 
through the beyond 5G Edge router during the OTT video call is shown. 

                                                           
71  See: https://jitsi.org/   

https://jitsi.org/
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Figure 64: UC-HEALTH-1: OTT video call validation 

 

  
Figure 65: UC-HEALTH-1: (left) Testbed datacentre with beyond 5G Edge router moved to server rack, (right) smart phone 

connected to Open5GCore testbed operator 

 

 
Figure 66: UC-HEALTH-1: Assessment of the throughput for the OTT video call scenario 

 

2.6.3 Showcasing 

Regarding showcasing, the use case was demonstrated during the Fuseco Forum 202472 organised by Fraunhofer 
FOKUS in November in Berlin and the Clusterconference Future of Nursing73 ƻǊƎŀƴƛȊŜŘ ōȅ /ƘŀǊƛǘŞ ƛƴ aŀǊŎƘ нлнрΣ 
also in Berlin. 
 

2.6.3.1 Fuseco Forum organized by Fraunhofer FOKUS, Berlin, November 2024 

Both Health use cases, UC-HEALTH-1 and UC-HEALTH-2, were showcased at the Fuseco Forum (cf. Figure 67), 
which had around 150 participants from the telecommunication field. The feature of E2E communication session 
via public mobile network or satellite communication has attracted a lot of attention. 

                                                           
72  Also see: https://eveeno.com/fokus-fuseco-forum-2024 
73  For further details also see: https://www.cluster-zukunft-der-pflege.de/index.php/en/startseite-english/ 

https://eveeno.com/fokus-fuseco-forum-2024
https://www.cluster-zukunft-der-pflege.de/index.php/en/startseite-english/
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Also, Prof. Dr. Nils Lahmann from CHAR has given a presentation of the use case in the session regarding the 
Application level use cases and pilots. 

 
Figure 67: UC-HEALTH-1: Showcasing during Fuseco Forum 2024 ς On the table: left hand side: laptop showing the 3D scan 

 

2.6.3.2 Outreach & Engagement: UC-HEALTH-1 Demo-Exhibition Booth and Workshop, 11-12 March 2025 

The event was held in two formats: an exhibition booth at the "Clusterkonferenz Future of Nursing 2025", and a 
workshop held ŀǘ /ƘŀǊƛǘŞ ς ¦ƴƛǾŜǊǎƛǘŅǘǎƳŜŘƛȊƛƴ .ŜǊƭƛƴΦ 
 
The outreach and engagement activities were conducted in two parts: 
¶ Exhibition Booth (see Figure 68): Approximately 250 participants visited the two-day conference. These 

included healthcare professionals, technical experts, researchers, and stakeholders from the field of dig-

ital health and nursing innovation. Visitors were introduced to the use case and were invited to complete 

KPI and KVI questionnaires using QR codes. 

¶ Workshop (see Figure 69): On March 11, a focused one-hour workshop for UC-HEALTH-1 + UC-HEALTH-

2 was conducted from 2:00ς3:00 p.m., attended by 15 participants. The group included nurses, care 

facility managers, and representatives from innovation-oriented healthcare companies (see Figure 70). 

This session included a presentation, plenary discussion, and the use of an interactive platform 

("Padlet"74) to collect feedback and ideas (see Figure 71). 

Main Objectives: 
¶ Validate the main scenario, specifically the application of 3D-printed hydrogel patches in wound care 

supported by 6G communication technologies. 

¶ Collect feedback on existing and proposed KPIs and KVIs. 

¶ Engage healthcare professionals to assess acceptance, feasibility, and added value of telehealth-enabled 

wound care tools. 

 

Participants assessed the relevance, usability, and expected impact of these technologies in daily nursing care 
practice, especially in outpatient and geriatric contexts (see Figure 70). The results are provided in Section 2.6.5. 

Lessons learned: 
¶ The questionnaire was too long, and some participants struggled with the QR-code system. 

                                                           
74  Padlet provides a cloud-based software-as-a-service, hosting a real-time collaborative web platform in which users can upload, or-
ƎŀƴƛȊŜΣ ŀƴŘ ǎƘŀǊŜ ŎƻƴǘŜƴǘ ǘƻ ǾƛǊǘǳŀƭ ōǳƭƭŜǘƛƴ ōƻŀǊŘǎ ŎŀƭƭŜŘ άǇŀŘƭŜǘǎέΦ !ƭǎƻ ǎŜŜΣ among others: https://www.techlearning.com/how-
to/what-is-padlet-and-how-does-it-work-for-teachers-and-students  

https://www.techlearning.com/how-to/what-is-padlet-and-how-does-it-work-for-teachers-and-students
https://www.techlearning.com/how-to/what-is-padlet-and-how-does-it-work-for-teachers-and-students
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¶ Workshop time (30 minutes per UC) was too short for deep engagement. 
¶ Participants emphasized the need for detailed wound descriptions, context-aware dressing choices, and 

preserving manual skills in wound care. 
 

 
Figure 68: UC-HEALTH-1: 6G-Path booth on the cluster conference (left) and using QR Code for the questionnaire (right) 

 

 
Figure 69: UC-HEALTH-1: beginning of the 6G-PATH Workshop and focus group discussion at the cluster conference 

 

 
Figure 70: UC-HEALTH-1: Nursing experts filling in online replies to the socio-economic topics 
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Figure 71: UC-HEALTH-мΥ άtŀŘƭŜǘέ όƛƴǘŜǊŀŎǘƛǾŜ ǇƭŀǘŦƻǊƳύ ǳǎŜŘ ŀǘ ǘƘŜ ŎƭǳǎǘŜǊ ŎƻƴŦŜǊŜƴŎŜ ŀǎ ŀƴ ƻƴƭƛƴŜ ŘƛǎŎǳǎǎƛƻƴ ǘƻƻƭ 

 

2.6.4 Performed Trials and Pilots 

¢ƘŜ /ƘŀǊƛǘŞ DŜǊƛŀǘǊƛŎ wŜǎŜŀǊŎƘ DǊƻǳǇ ŀƴŘ CǊŀǳƴƘƻŦŜǊ ChY¦{ ǘŜŀƳǎ ŎƻƴŘǳŎǘŜŘ ƳǳƭǘƛǇƭŜ ƭŀō ǘŜǎǘǎ ŀƴŘ ǘrials at the 
locations shown in Figure 55, which also highlights the future piloting site. 
The small-scale trials took place on May 28th and June 18th, 2025, with participation from healthcare profes-
sionals. During these sessions, the four use case scenarios were demonstrated in a practical and accessible man-
ner. The demonstrations incorporated real devices such as tablets and smartphones, the Scaniverse app, and the 
user interface of the Fraunhofer FOKUS digital platform. All KPI and KVI results are provided in Section 2.6.5. 
 

2.6.4.1 Trial to validate the use case using 6G-t!¢I ǘŜŎƘƴƻƭƻƎƛŜǎΣ Ϫ/ƘŀǊƛǘŞ нуth May 2025 

¢ƘŜ ǘǊƛŀƭ ǘƻƻƪ ǇƭŀŎŜ ƻƴ aŀȅ нуΣ нлнрΣ ŀǘ /ƘŀǊƛǘŞ ς ¦ƴƛǾŜǊǎƛǘŅǘǎƳŜŘƛȊƛƴ .ŜǊƭƛƴ ό/I!wύΣ ǿƛǘƘƛƴ ǘƘŜ DŜǊƛŀǘǊƛŎǎ wŜπ
search Group. It was attended by 15 healthcare professionals from various fields, including registered nurses, 
physicians, therapists, and clinical staff with experience in wound care and digital health solutions. Participants 
were carefully selected for their relevance to the trial scenarios and their ability to provide expert feedback on 
both clinical and practical aspects of the technologies tested. The group size was deliberately kept small to facil-
itate intensive interaction, live demonstrations, and focused feedback sessions. 
 
The primary objective of the trial was to validate critical components of the use case within the 6G-PATH frame-
work. Specifically, the trial aimed to: 
¶ Assess the feasibility and performance of real-time telehealth tools in a clinical setting 
¶ Validate the technical and functional integration of 3D wound scanning, digital documentation, and hy-

drogel patch printing 
¶ Evaluate usability and acceptance among healthcare professionals 
¶ Collect both qualitative and quantitative data to support KPI and KVI evaluation 

 
The session opened with a project introduction video outlining the aims and vision of the 6G-PATH project (see 
Figure 72). The facilitator then provided an overview of the use case and its focus on personalized, tech-enabled 
wound care using next-generation network infrastructure. 
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Figure 72: UC-HEALTH-1: (left) short briefing about 6G-Path-Project; (right) short description of the use case 

 
All three core scenarios were either demonstrated or discussed, and the participants were invited to reflect on 
their professional experiences and impressions through both structured questionnaires and open group discus-
sions. The validated scenarios are listed below: 
1. 3D Wound Scan: A nurse conducted a wound scan (see Figure 73ύ ŀǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƭƻŎŀǘƛƻƴ ǳsing a specialized 

3D scanning app on a tablet (Scaniverse app). The real-time scanning process was projected onto a screen 

for live demonstration. 

2. Digital Wound Documentation: The digital wound care platform developed by Fraunhofer FOKUS was intro-

duced (see Figure 74). Participants explored its user interface, designed for structured wound documentation 

with secure data handling. 

3.  Hydrogel Patch Printing: Although a live demonstration of bioprinting was not possible due to technical 

limitations, the participants engaged in a detailed discussion on the process. A 3D-printed hydrogel patch 

was presented as a theoretical case study (see Figure 75), and usability as well as system reliability were 

debated. 

 

 
Figure 73: UC-HEALTH-1: live-3D- scan of the wound model 

 












































































































































































