5G Wound Management System for Remote Areas

Andreea Ancuta Corici*, Nils Lahmann’, Marius Corici*, Martin Hocquel-Hans f, Simone Kuntz!, Anne Deter”,
Anne Grohnert®, Benny Héusler*, Hemant Zope*

* Fraunhofer FOKUS Institute, Berlin, Germany
{andreea.ancuta.corici, marius-iulian.corici, anne.grohnert, benny.haeusler, hemant.zope } @fokus.fraunhofer.de

 Clinic for Geriatrics at Charité, Berlin, Germany
{nils.lahmann, martin.hocquel, simone.kuntz, anne.deter} @charite.de

Abstract—In the context of healthcare for patients suffering
from cronic wounds, especially in areas located far from clinics,
providing remotely assisted treatment enabled by reliable and
secure connectivity through nomadic micro-networks based on
technologies like 5G and beyond, could be a viable alternative
to transporting the patients regularly to the clinics or even have
them hospitalized for a long time in order to treat the wound.
This paper analyses the needs of such a system featuring high
precision 3D scanning of wound and bioprinting of a matching
hydrogel patch and presents the planned topology as well as the
ecosystem of the solution under development.

Index Terms—Cronic wounds, tele-medical, 5G, 3D scanning,
3D bioprinting

I. INTRODUCTION

Chronic wounds are a major challenge for medical and
nursing care. These wounds include for example pressure
ulcers and leg ulcers. In contrast to acute wounds, which
have an almost predictable healing process, chronic wounds
are characterised by their protracted nature and difficulty in
healing successfully [1]. The cronic can usually heal within a
predictable period of time with appropriate treatment [2]. The
prevalence of chronic wounds generally increases with age and
is approximately 1.1% of the total population in Germany [3].

The success of a wound therapy is based on the one hand
on the identification and treatment of the underlying disease
that causes the symptom wound and on the other hand on
the correct wound assessment, which is the prerequisite for
an adequate wound therapy appropriate to the stage. The
dynamic course requires a continuous adaptation of the therapy
depending on the current wound condition.

According to [4], telemedicine is defined as the use of
electronic information and communications technologies to
provide and support health care when distance separates the
participants.” Considering the currently available solutions in
the clinics, featuring 2D images together with nurse man-
val documentation, they are not capable of producing the
necessary wound information quality for telemedical “real-
time” care. A multitude of criteria in telemedical wound
therapy, necessitates real-time transmission. To enable a valid
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assessment of the wound, a high resolution, multimodal sensor
approach is necessary. Some examples are: the still-applied
dressing already gives an initial indication of e.g. the moist
nature of the wound; an infected wound shows e.g. coloured
coatings depending on the bacteria; certain bacteria show an
intrinsic fluorescence under UV-near light (450nm) and thus
allow conclusions to be drawn about the species, from which
a targeted anti-infective therapy can be derived. The wound
environment, wound margin and wound bed must be assessed
to determine the appropriate therapy and the interval until the
next wound treatment. Multiple studies show that telemedicine
interventions can significantly help improve wound healing,
control blood glucose and blood pressure and reduce the
need for hospital visits or surgical interventions (amputations)
[5], [6]. However, distributing such dedicated devices to each
patient does not represent a solution due to the high production
costs. A solution where telemedicine is provided while access
to high quality medical equipment is needed.

The presented use case aims to validate and evaluate an
innovative approach to provide higher level of patient care for
wounded patients in need for customized patches. It leverages
a new 5G/6G-enabled medical service for remote areas, relying
on nomadic micro-networks which provide a reliable and
secure connectivity in the area of the patient when and where
needed. A nurse visits patients at home, or care facilities, and
bringing dedicated devices for the execution of the specialized
diagnostics for correct wound assessment, stereo 3D model
of the wound (high resolution multi-dimension observation
data), printing of tailored hydrogel patches, and teleconfer-
ence. These operations are supported by expert personal and
doctors that have access to the multiple wound scans that
were collecting over time. The doctors use multi-modal remote
communication from the hospital to ensure proper handling
of the equipment, diagnostic, and instructions to apply the
required patches and treatment. The nomadic micro-network
is deployed on the nurse’s vehicle is acting as extension of
the hospital’s campus network. The nomadic micro-network
is able to sense the local environment and select appropriate
unused frequencies as not to disturb existing communication.
This network aims to be able to discover and select the most
appropriate backhaul (the side of the network communicating



with the global internet, e.g. satellite connection) at the given
location (terrestrial or satellite) for interconnecting with the
central hospital campus network.

This paper describes the design of a research project
stemming prototype solution for such a tele-medical system.
Although the context of the designed solution is related to
Germany in terms of interfacing the hospital infrastructure in
terms of medical data exchange and the available connectivity
in remote areas, the design is general enough to be adaptable
to other countries as well. The use case description and
the background technology are presented in section 2 and
3, respectively. The resulting high level topology and the
ecosystem are highlighted in section 4. Section 5 concludes
the article.

II. TELEMEDICAL WOUND MANAGEMENT USECASE

A general scenario considers a nurse using the wireless
connectivity in performing the different tasks, as well as the
on-vehicle placed edge network with own storage to be able
to answer the specific privacy requirements. As the nurse is
moving between the multiple target locations, there is no need
for a continuous network in space or in time. Instead a small
local network is deployed when and where needed.

The derived functional an performance requirements are
presented in Table I and Table II.

III. INVOLVED TECHNOLOGIES

A. Beyond 5G Core Network

Within 5G, the packet core network was implemented as
a large collection of micro-services each with a separate
functionality and communicating over a service based interface
similar to IT micro-services, with this achieving a very high

level of flexibility in deployment size and options. However,
as the functionality of the core network has evolved including
beyond the authentication, authorization, mobility and data
sessions management other functionality such as positioning
services, data analytics, charging, lawful interception, etc. it
increased drastically in number of network functions, currently
having more than 80 software network components. Realizing
that most of these components would not apply for the use
cases of the different industries, the new approach beyond 5G
is to customize the functionality needed to the requirements of
the use cases a new approach towards more modular services
is taken. Specifically for use cases with large distribution
and increased privacy concerns, a split functionality between
the edge of the network and the central core is assumed in
which the edge enables a fast execution of local operations
while the central part maintains the profile information of
the devices. To be able to control the communication across
different locations, the new core network is enabled with an
additional level of security enabling the remote functionality
to authenticate itself to the core network through this being
able to dynamically dock new functionality when needed such
as additional edge nodes providing localized connectivity.

B. Medical Data Exchange

Most of the current solutions for Hospital Information
Systems (HIS) in Germany are based on the initial HL7
protocol which standardises the message exchange requests
and responses that represents events, like hospital admission
or test results, and at the same time leaves the door open for
healthcare system providers to implement the encoding of the
actual information (e.g. test result information) in a proprietary
format. The evolution of this standard is the Fast Health-
care Interoperability Resources (FHIR) [7] which introduced
FHIR profiles (data schemas) and message exchange based

TABLE I
FUNCTIONAL REQUIREMENTS on resources like patient, observation. The resource defined
; __ operations: Create, Read, Update and Delete together with the
FR Title Description . . . .
FRI Connectivity 5-nines, dependent on the available support for international terminologies based on LOINC codes
Availability transport networks at the location [8] bring the interoperability of solutions to the next level. An
FR2 Audio-Video Dependent on the available example of using FHIR in productive system is found in [9].
Call Reliability transport networks at the location
and the application software
FR3 Transport At least two transport networks
Network would be included TABLE II
Availability e.g. terrestrial or satellite PERFORMANCE REQUIREMENTS
FR4 Secure Centralized authentication and
Communication authorization at the hospital premises PR Title Description
FRS Secure Backhaul Additional securing of the backhaul PR1 Number of The hospital enterprise network should
Communication communication over the transport Connected be able to connect 10.000 devices
network Devices encompassing all the devices which
FR6 Network The network in the vehicle should nurses use at home visits
Coverage cover the patient’s premises PR2 Number of The network should be capable to
FR6 Device The specific devices should be able Connected Local connect 100 edge networks representing
Connectivity to connect to the local NPN Network Networks the number of on-premise visiting nurses
FR6 3D Visualisation The application used by the nurse PR3 Network The local as well as the transport
on mobile should be running on lightweight Capacity network should be properly dimensioned
devices, at best smartphones to cover the capacity requirements of
FR7 3D Visualisation The application used by the doctor the use case more than 2Mbps
of wound scans should be able to show the different PR4 End-to-end The end-to-end delay should remain in
scans as time series and compute the Delay the expected use case requirements to
surface and volume of the wound less than 1s




C. Wound Scanning

The domain of 3D and thermal scanners is evolving fast.
The current available devices capable of stereo vision follow
the technologies: Structured Light also known as Simultaneous
Localization and Mapping (SLAM), including a structured
light projector and a camera to record the shape of the target,
and Time of Fight that uses light impulses to measure the
distance to parts of the target and create the 3D model. The
Time of Flight (ToF) is considered better from the precision
point of view and better to be used in environments with
daylight.

For the purposes of the project the selection criteria for the
devices are: (i) good precision/accuracy, (ii) providing the 3D
model in an open and well-known format like STL or OBJ,
(iii) open enough to integrate in a new solution (e.g. supporting
a standard or well-known interface or dedicated software to
save the scan and use it afterwards in another application),
(iv) 5G/6G connectivity via mobile phone for example, (v)
easy to use and handle - usability from the nurses point of
view (as little weight, cables and calibration as possible) and
(vi) affordable (less than 1000 EUR). We have evaluated a list
of 3D scanners and selected one for integrating in the first
version of the solution prototype.

As can be seen in Table III, the short list of selected
scanners present an acceptable accuracy, some of them have
support for interfacing via SDK or have drivers for Robot
Operating System (ROS) [15], or even an application that can
be right-a-way integrated in the work-flow. In our research
project we select for the first version of the prototype the Seal
3D sensor for a fast integration of the prototype.

IV. HIGH LEVEL TOPOLOGY AND KEY COMPONENTS
A. High Level Topology

After analysing the usecase requirements and applying the
background technology, the resulting high level topology (see
Fig. Dfor the real-life setup includes two mobile core Edge
Routers for providing the reliable and secure connectivity over
multiple possible backhauls like the 4G/5G Public Mobile
Network Operator (MNO) and satellite providers between the
two Non-Public Networks, the one running in the nurse s car
and the one from the headquarters.

TABLE III
3D SCANNERS FOR NURSES TO USE IN THE CONTEXT OF WOUND CARE
Name Accuracy Connector Interface Usability
(um)
flexx2 5 USB3.0-C SDK, high due to
[10] smartphone ROS, API low weight
Ensenso 25-50 Cat6 [12] ROS, API low due to
[11] weight and
cables

DUO 3D 6 USB3.0, SDK, API high due to
[13] WiFi low weight
Seal 3D 10 USB3.0, Seal App high due to
[14] smartphone smartphone
integration

The Edge Router on the headquarters holds the control
plane components for authentication, allocation of connectivity
resources and management of handovers between the external
backhaul providers. Alongside there are a set of applications
on the nurse side for wound management and multimedia
communication with the headquarters as well as the set of
applications and servers required on the headquarters side
for storing the patient data, managing access to the patient
data, a care portal for assessing the received data about the
wound together with a multimedia service and a management
interface towards the mobile core network.
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Fig. 1. Topology of the software and hardware components.

B. Key Prototype Components

The setup is based on the Open5GCore toolkit [16] which
is in the course of implementing new beyond 5G Network
concept. The key components of this toolkit include:

e Packet Core: Control Plane: AMF, SMF, PCF, AUSEF,
UDM, NRF, NEF (towards Apps) — enabling the cen-
tralized authentication, authorization, mobility and QoS
control of the devices. A centralized solution enables a
significant privacy as well as an efficient processing for
the reduced number of devices



o Transport Control: a new edge router component enabling
the secure connectivity of the remote edge networks
across multiple transport networks e.g. satellite networks
or public 4G/5G network. It is expected that the edge
router would become a significant component of the 6G
networks as it is in charge of controlling the security and
the reliability of the link.

o Packet Core UPF: user plane functions which are de-
ployed both at the edge and at the central location. Both
UPFs would include a reduced functionality compared
to 5G, adapted to the specific privacy and security re-
quirements of communication while at the same time re-
moving the overhead of charging and lawful interception.
Furthermore, UPFs would not be involved in handover
procedures as the mobility would be assured through the
transport control.

The Nurse Care App enables the manual documentation of
the wound as well as importing the 3D scans of the wound and
uploading these data to the patient data storing server running
in the headquarters via FHIR communication. An interface to
an Over-the-Top (OTT) multimedia client or a separate App
for this purpose is also running on the nurse device (for the
first version of the prototype a laptop and for the second one
a mobile phone using Android). The external 3D bio-printer
is also connected through the Nurse Care App and once the
patch model is received, it can be printed.

The Admin Care Portal is used for assessing the healing
progress by visualising the wound 3D models from the differ-
ent nurse visits as well as manipulating the 3D model of the
patch to cover the wound in an optimal way, leaving space to
heal and breath. Here is also where the appropriate printing
materials are selected and together with the 3D model of the
patch are stored in the patient data server. The Nurse Care App
is notified about the available information and retrieves it. An
interface towards an OTT Multimedia Service, e.g. Kamaillo
[17], is also integrated.

The setup also includes off-the-self hardware components:
(i) the 3D scanner, (ii) the 3D bio-printer, (iii) the customer
premises entity (CPE) for connecting the 3D bio-printer using
5G RAN, (iv) the RAN equipment and (v) the transport
networks composed of subscriptions to 4G/5G mobile network
operators and/or to low earth orbit satellite operators including
the devices needed to be able to transport the data across these
third party networks.

V. CONCLUSION AND FUTURE WORK

In this paper the beyond 5G based solution design for the
telehealth usecase of wound management from the project
6G-PATH [18] has been presented. The expected impact of
the prototype is to have a testbed providing connectivity
together with eHealth applications for wound management to
be evaluated by field nurses.

By employing the prototype, the main goal is reducing on
the long run the costs of treating the patients from remote
areas without them being transported to the clinic.
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