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ABSTRACT

Modern battlefields are characterized by rapid redeployments, expansive operational
zones, and evolving threats such as CBRN hazards, all of which render traditional
medical support systems insufficient. The iMEDCAP project addresses these
challenges by developing an integrated MedEvac Decision, Coordination, and
Support System that revolutionizes battlefield casualty management. By leveraging
autonomous technologies, the system incorporates advanced sensor networks –
including wearable smart textiles and UAV-based multi-sensor reconnaissance – to
continuously monitor soldiers’ physiological parameters and rapidly detect injuries.
Upon casualty detection, the system activates a coordinated evacuation protocol
managed by the Patient Evacuation Coordination Center (PECC), which dynamically
allocates unmanned aerial and ground vehicles to transport patients using a specially
designed patient transport module that ensures continuous remote monitoring and,
if necessary, immediate medical intervention. Key innovations include real-time vital
sign monitoring for early injury assessment, a decentralized approach to casualty
detection and data integration, and autonomous transport solutions capable of
short-, medium-, and long-distance evacuations. In addition, the project integrates
diagnostic and intervention technologies that enable remote administration of first aid,
significantly reducing the time between injury and critical treatment. This paper details
the development, validation, and potential future enhancements of the iMEDCAP
system, demonstrating its capacity to improve survival rates and operational efficiency
in high-risk military scenarios. Through its user-centered design and robust decision
support framework, iMEDCAP lays the groundwork for a next-generation European
medical evacuation system, setting new standards in combat medical care.
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INTRODUCTION

The rapid redeployment of troops and the increased range and precision
of military reconnaissance make it impossible to maintain high-quality
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medical facilities or even basic treatment by medically trained personnel
close to the Forward Line of Own Troops (FLOT). On the battlefield of
the future, forces will be deployed in ever larger areas with ever fewer
soldiers, resulting in isolated positions. Highly dynamic situations and even
more dangerous battlefields, including chemical, biological, radiological and
nuclear (CBRN) threats, pose major challenges for medical care, especially
since the time between the incident and the provision of assistance must
be as short as possible and assistance must be provided in an appropriate
medical environment to ensure the highest possible survival rate. This poses
a challenge upon others to the transport chain, which must be fast, flexible,
scalable, coordinated, autonomous and ideally unmanned.

OBJECTIVE

This paper presents the work conducted within the iMEDCAP project
(Development of intelligent military capabilities for monitoring, medical
care and evacuation for contagious, injured and contaminated personnel),
a collaborative initiative involving research institutions, universities,
industry partners, and governmental organizations and funded by
the European Defense Fund (EDF) under Grant Aggreement number
101121421. iMEDCAP aims to develop an integrated concept for the
detection, extraction, transportation, and remote support of critically
injured and potentially contaminated individuals (Jänig et al., 2024).
The approach leverages an unmanned system that enhances transport
scalability while significantly reducing the burden on medical personnel. A
fundamental aspect of this initiative is the user-centered scenario definition,
which considers potential CBRN threats and operational requirements.
Furthermore, an autonomous casualty detection system is designed to
identify and assess injuries in real-time, enabling the automated derivation
of evacuation and rescue strategies and priorities. The project also focuses
on developing unmanned ground (UGVs) and aerial vehicles (UAVs) that
can safely transport injured personnel using an interoperable patient
transport module. In addition, the integration of diagnostic and intervention
technologies ensures that medical countermeasures can be administered
remotely, thereby improving survival chances. The final outcome of
the project will be a Proof-of-Concept technology demonstrator for the
validation of the developed components and the establishment of a roadmap
for future development, ultimately paving the way for an innovative
European medical evacuation system. By leveraging semi-autonomous air-
and ground-based transport platforms, real-time vital sign monitoring,
and advanced decision-support frameworks, iMEDCAP seeks to optimize
casualty care and evacuation processes in complex battlefield scenarios.

RELATED WORK

Medical evacuation (MedEvac) in military contexts has been widely
studied, with recent research focusing on the integration of emerging
technologies to enhance efficiency, speed, and decision-making. For instance,
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Biswas et al. (2023) provide a comprehensive literature analysis that
highlights the potential of emerging technologies and advanced decision-
analysis techniques to transform medevac operations, while Borowska-
Stefańska et al. (2023) review wartime mass evacuation strategies,
emphasizing the critical need for coordinated resource allocation in large-
scale scenarios.

Foundational work by Cunningham et al. (2019) sets the stage by detailing
conventional medevac processes, against which the benefits of automation
and unmanned system integration are increasingly measured. In this context,
Graves et al. (2021) demonstrate that even minor triage classification errors
can have significant repercussions on dispatching policies, thus motivating
the development of robust decision support systems – a need further
addressed by proposals from Lubkowski et al. (2023) and smart system
designs advanced by Krygier et al. (2024).

Complementing these efforts, the studies by Jenkins et al. (2018, 2020)
introduce multi-objective optimization models and Markov decision process
frameworks that enhance evacuation dispatching and location-allocation
strategies under uncertainty. Meanwhile, research on unmanned systems is
steadily maturing: Handford et al. (2018), Gubáš (2024) and Schmidbauer
et al. (2024) explore the feasibility and prospective use of UAVs and UGVs for
casualty transport, a direction bolstered by the early visionary perspectives of
Martinic (2014) and the practical feasibility studies of Pickell et al. (2019) on
electric unmanned aerial systems, as well as the development insights from
Qian et al. (2021) regarding military UGVs.

Moreover, broader system-level evaluations by McDonough et al. (2024)
and Van Dongen et al. (2017) highlight ongoing challenges in ensuring an
expeditious and integrated evacuation chain, while Walderhaug et al. (2008)
contribute early work on enhancing documentation and information flow
during field operations. Together, these diverse studies provide a robust
foundation for the iMEDCAP initiative’s integrated approach to autonomous
medical evacuation and support, effectively synthesizing advanced sensor
networks, decision analytics, and unmanned vehicle capabilities to meet the
evolving demands of modern battlefield medicine.

Figure 1: iMEDCAP - project logo.

iMEDCAP – System Overview

In iMEDCAP, the primary objective is the creation of the MedEvac
Decision, Coordination & Support (MedEvac DCS) System, aimed at
facilitating the diagnostics, treatment, transport, and monitoring of injured,
highly contagious, and/or contaminated personnel. The system encompasses
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various key components. Firstly, it focuses on detection, surveillance, and
reconnaissance within the combat zone, also gathering crucial information
on soldiers’ health status, including exposure, contamination, injuries,
and position. This is done via the incorporation of wearable sensors like
smart textiles and UAV based multi-sensor reconnaissance which enable
the aggregation of diverse data, fostering a comprehensive situational
understanding from a medical point of view. This rapid data collection
facilitates tasks such as resource management, identifying suitable landing
sites, conducting initial medical assessments and automating life-saving and
evacuation measures in the combat zone.

An important aspect is the development and integration of a decision
support system for the Patient Evacuation Coordination Center (PECC)
advancing processes for decision support in medical assistance and the
evacuation of injured and contaminated personnel. Additionally, the initiative
involves the development of tools to support first aid activities, offering
targeted decision support for time-critical first triage decisions in the combat
area.

Evacuation itself is performed via a multimodal patient transport system
(patient box) that allows continuous monitoring of the patient without
the need for an accompanying medical professional. It will enable faster
evacuation of more casualties, saving and protecting medical staff. The
aim is to implement an unattended patient evacuation transport (UAV and
UGV based) for short and medium distances, allowing not only continuous
monitoring of vital signs, but also semi-autonomous life-saving interventions
in case of critical developments. Furthermore, a dedicated system for long-
distance transport will be introduced, ensuring continuous health monitoring
throughout the transport. A complete overview of the evacuation chain of
iMEDCAP is visualized in Figure 2.

Figure 2: iMEDCAP – evacuation chain.
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Combat Load-/Stress-Monitoring

To provide real-time decision support for field commanders, soldiers are
equipped with advanced wearable physiological sensors, which monitor
various vital parameters. These include smart textiles measuring heart rate,
respiratory rate, position, and acceleration data, as well as a temperature
sensor to track both skin and core body temperature. By continuously
analyzing these data, commanders gain insights into the current physical
condition and operational readiness of their units (Almer et al., 2024,
Weber et al., 2024). This information allows them to make informed
decisions, such as adjusting marching speed, implementing rest intervals,
or modifying tactical plans to maintain combat effectiveness. By leveraging
these monitoring capabilities, commanders can optimize resource allocation
and ensure that soldiers remain capable of fulfilling their mission objectives
(Figure 3).

Figure 3: Combat load- & stress-monitoring.

Casualty Detection (Point of Injury)

Early and accurate detection of injuries is crucial for timely medical
intervention. iMEDCAP employs multiple detection mechanisms to ensure
that wounded personnel receive prompt assistance. If a soldier is equipped
with a sensor suite, the decline of body functions and/or injuries are
automatically detected, triggering an evacuation protocol via the command
network. In cases where automated detection is not available, fellow
soldiers can manually report an injury, prompting UAV deployment
for reconnaissance and vital sign detection (Elmakhzangy et al., 2023).
Autonomous UAV surveillance further enhances the detection process by
periodically scanning operational areas, capturing imagery, and identifying
potentially injured personnel. Once a casualty is detected, UAVs are
redirected to assess vital signs and relay real-time information to the
command center. Regardless of the detection method, the evacuation
chain is triggered to transport the injured individual promptly to a
designated Casualty Collection Point (CCP) for initial medical assessment
and stabilization.
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Casualty Collection Point (CCP)

At the Casualty Collection Point (CCP), injured personnel receive initial
medical treatment and are equipped with additional sensor technology to
enable continuous physiological monitoring in the field and support informed
triage decisions. A dedicated in-ear sensor is employed for this purpose, which
is medically certified and capable of measuring critical vital parameters,
including heart rate, blood oxygen saturation, and core body temperature.

In cases where the injured individual is already equipped with wearable
sensor systems, these are integrated into the local monitoring infrastructure
remotely operated by medical personnel. This ensures that all available
physiological data can be utilized for a more comprehensive assessment of the
patient’s condition. Beyond the real-time visualization of health data for all
connected casualties, the system also facilitates the structured documentation
of the initial status and medical interventions in accordance with NATO
standards. Furthermore, it incorporates decision-support mechanisms to
enhance the accuracy and efficiency of the triage process.

By leveraging this integrated approach to medical monitoring and decision
support, subsequent interventions/actions can be systematically planned, and
evacuation requests can be transmitted to the operational command center
based on objective physiological data and standardized triage criteria.

Patient Evacuation & Coordination Center (PECC)

The PECC serves as the central command hub for medical evacuation and
resource allocation. The system is designed to support various roles within
the medical evacuation framework, providing specialized user interfaces
tailored to mission commanders, resource managers, and medical personnel.
Mission commanders oversee the entire operational scenario, ensuring
coordination between different response elements. Resource managers focus
on deploying UAVs and UGVs, managing reconnaissance assets, and
monitoring Medical Treatment Facility (MTF) capacity. Medical personnel
are responsible for patient monitoring and triage decisions, particularly
during short- and medium-distance transport. To optimize decision-making,
the PECC incorporates a dedicated decision support system that facilitates the
efficient allocation of transport assets based on patient condition, UAV/UGV
availability, and MTF capacity. During the process, triage levels and all other
system-relevant parameters are reassessed continuously and/or at certain
locations and points in time.

Evacuation (Short & Medium Distance Transport)

The evacuation of wounded soldiers from the battlefield to initial medical
treatment centers is one of the most critical steps in ensuring survival. The
iMEDCAP system facilitates short- and medium-distance evacuations by
employing a combination of UAVs and UGVs that autonomously transport
casualties from the casualty collection point to the nearest medical facility
(Figure 4). To safely navigate complex and dynamically evolving terrains,
the system incorporates advanced navigation functions that account for
terrain traversability. These capabilities are developed and validated using a
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high-fidelity digital twin created through advanced 3D surveying techniques.
The decision regarding which transport modality to use is made by the
PECC, taking into account factors such as the patient’s condition, terrain
accessibility, resource availability, and the operational environment.

Figure 4: UGV (left; © Milrem, 2025) and UAV (right; © Avilus, 2025).

To ensure patient safety and stability during transit, a specially developed
patient transport module, the patient box, is used (Figure 5). This
enclosed, self-contained unit is designed to protect the patient from external
environmental hazards while allowing continuous remote monitoring of vital
signs. The patient box is equipped with dedicated Tempus Pro medical unit,
which provides high-precision electrocardiogram (ECG) readings, real-time
patient diagnostics, and continuous monitoring of heart rate, respiratory rate,
in addition to the already equipped sensors.

Furthermore, the system incorporates a communication module that
allows real-time transmission of patient data to the medical personnel at the
command center. This ensures that doctors and paramedics are fully informed
about the patient’s condition before arrival, allowing for a seamless transition
of care. The integration of audiovisual communication also enables medical
personnel to reassure and provide psychological support to the patient during
transport, mitigating stress and anxiety.

Unlike traditional medical evacuation methods, no medical personnel
accompany the patient during transit, as the patient box is designed for
fully autonomous transport. The system incorporates remote intervention
capabilities, including a robotic arm that can administer life-saving
treatments such as the activation of a tourniquet, or the administration
of emergency medications. These interventions are only carried out upon
confirmation by medical personnel at the PECC, ensuring that critical
decisions are always carried out by a human-in-the-loop. When signs
of critical deterioration are detected, the system alerts the responsible
medic/doctor at the PECC, who then decides on and authorizes the necessary
intervention measures for patient stabilization. A key feature of the short- and
medium-distance evacuation system is its adaptability to different combat
environments. UAVs are particularly effective in rapidly reaching casualties
located in areas with rough terrain or where road access is limited. In contrast,
UGVs offer advantages in scenarios where aerial transport is infeasible due
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to enemy threats or adverse weather conditions. The autonomous navigation
capabilities of both transport modalities ensure that casualties are evacuated
as quickly as possible, minimizing the time between injury and medical
intervention.

Figure 5: Sketch of the patient box including relevant assets and requirements
(©Autoflug, 2025).

Long Distance Transport

At the medical treatment facility, the evacuation process is not yet considered
fully complete. While wounded personnel receive professional medical care
in a controlled and secure environment away from the battlefield, further
medical evacuation may be required depending on the severity of the injuries
and the anticipated duration of recovery. In cases where long-term or
specialized treatment is necessary, patients must be transferred to a higher-
level medical facility, such as a fully equipped military or civilian hospital e.g.
in the home country. This subsequent phase of the evacuation chain is also
encompassed within the scope of the project.

To facilitate the safe and efficient transport of injured personnel
over extended distances, a dedicated medical support system has been
developed for integration into a military transport aircraft. This system
enables continuous in-transit medical monitoring, ensuring that real-time
physiological data is available to the onboard medical personnel as well as
personnel in a central coordination center throughout the entire duration of
the flight (Haid et al., 2024). This capability allows the onboard medical
team to maintain real-time oversight of patients’ physiological status and to
intervene as necessary, ensuring optimal in-transit medical care.

CONCLUSION

In summary, iMEDCAP addresses the evolving challenges of modern
warfare by introducing an innovative, technology-driven approach to
battlefield medical support. The increasing complexity of military operations,
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characterized by high mobility, expansive battle zones, and persistent threats
such as CBRN hazards, necessitates a fundamental transformation in medical
evacuation strategies. Traditional methods are no longer sufficient to ensure
optimal survivability rates. By implementing an autonomous, scalable, and
efficient evacuation system, iMEDCAP significantly enhances the speed,
accuracy, and effectiveness of medical interventions in combat scenarios.

The integration of advanced sensor networks, real-time vital sign
monitoring, and intelligent decision support systems ensures that medical
personnel have access to timely and accurate information, allowing them to
make informed decisions in extreme situations. The development of UAV
and UGV transport solutions, along with modular patient transport units,
enables the safe and efficient evacuation of injured soldiers without exposing
medical staff to unnecessary risks at the FLOT. Furthermore, the system’s
ability to provide remote medical interventions, such as drug administration
and stabilization procedures, represents a major advancement in battlefield
medicine.

Looking ahead, the continued refinement of iMEDCAP technologies will
play a crucial role in shaping the future of combat medical support. Future
research and development efforts should focus on enhancing interoperability
with allied forces, improving AI-driven decision-making capabilities, and
further optimizing transport logistics to accommodate a wider range of
medical scenarios. Ultimately, iMEDCAP lays the foundation for a next-
generation European medical evacuation system that not only improves
survival rates but also redefines the standards for medical response in
high-risk operational environments.

DISCLAIMER

The project iMEDCAP is funded by the European Union. Views and opinions
expressed are however those of the author(s) only and do not necessarily
reflect those of the European Union or the European Commission. Neither
the European Union nor the granting authority can be held responsible for
them.
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