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ABSTRACT

Emerging trends in soldier systems increasingly emphasize wearable sensing and 
real-time physiological status monitoring to enhance operational decision-making 
and situational awareness. Within the “Soldier of the Future” paradigm, individual 
physiological data has become a key enabler for both medical support and tactical 
assessment. While the Austrian Armed Forces’ VitalMonitor infrastructure allows 
continuous monitoring of vital parameters, existing visualization tools – such as 
smartphones, tablets, or laptops – are often impractical for first responders under 
high-stress or time-critical conditions. View2Decide addresses this gap by providing a 
compact, wearable display module that conveys critical physiological status through 
an intuitive traffic-light scheme, enabling rapid assessment of multiple individuals in 
the field. The system integrates modular hardware, BLE-based communication, and 
simplified status derivation to maintain robustness, low cognitive load, and operational 
flexibility. The proof-of-concept prototype demonstrates that an ESP32-based 
display, combined with a smartphone or future embedded communication nodes, 
can reliably present real-time physiological status in an easily interpretable format, 
including sequential assessment of multiple casualties. This paper presents the system 
architecture, user requirements, visualization logic, and prototype implementation, 
highlighting how device-agnostic, low-barrier status visualization can support frontline 
decision-making. View2Decide represents a promising step toward scalable, sensor-
supported triage solutions for future soldier systems.
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INTRODUCTION

Recent developments in military operations increasingly emphasize the integration 
of human factors, wearable sensing, and digital decision-support systems to 
enhance situational awareness and operational effectiveness. Within concepts 
such as the “Soldier of the Future” and “Soldier as a Sensor,” physiological 
monitoring has emerged as a key enabler for both operational command 
and medical support. Advances in wearable biosensor technology now allow 
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continuous acquisition of vital parameters such as heart rate, oxygen saturation, 
and activity levels directly from the individual in the field (Majumder et al., 
2017). In parallel, modern military research highlights the growing importance 
of physiological state monitoring as part of precision health strategies to assess 
readiness, fatigue, and injury risk in real time (Sipos et al., 2025).

Building on these developments, integrated monitoring systems have 
been proposed to support training and operational scenarios. For example, 
multisensory wearable platforms demonstrate how physiological signals can 
be continuously captured and processed to derive meaningful indicators of 
physiological strain and physical performance (Almer et al., 2021). These 
systems provide the technological foundation for data-driven decision 
support in both operational and medical contexts.

Despite these advances in sensing and data processing, a critical gap 
remains in how this information is presented to first responders in the field. 
Existing solutions typically rely on smartphones, tablets, or centralized 
monitoring systems, which are often impractical in high-stress, time-critical 
environments. First responders must operate under severe cognitive and 
physical constraints, requiring solutions that are robust, intuitive, and 
immediately interpretable without additional interaction or training.

To address this challenge, there is a growing need for visualization 
approaches that reduce complex physiological data to simple, actionable 
information. In particular, compact and device-agnostic representations  – 
such as discrete status indicators – offer the potential to support rapid 
decision-making in self-aid and buddy-aid scenarios. 

This paper introduces View2Decide, a system that translates wearable 
sensor data into a simplified, traffic-light-based representation of casualty 
condition for intuitive interpretation by military first responders. The main 
contributions of this work are as follows:

(1)	A device-agnostic, body-worn visualization concept that enables 
immediate interpretation of physiological status without requiring 
interaction with conventional user interfaces. 

(2)	A modular system architecture that decouples sensing, data processing, 
and visualization, allowing seamless integration with existing wearable 
monitoring systems and flexible deployment in different operational 
scenarios. 

(3)	A proof-of-concept prototype based on BLE communication and an 
ESP32-based display module, demonstrating real-time transmission and 
robust visualization of simplified physiological status information. 

(4)	A user-centered design approach that explicitly addresses cognitive load 
constraints of first responders, translating complex physiological data 
into a minimal, traffic-light-based representation suitable for high-stress 
environments.

OBJECTIVE

While recent advances in wearable biosensors and physiological monitoring 
systems enable continuous acquisition and processing of vital data, their 
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practical use for frontline medical decision-making remains limited by the 
lack of suitable visualization approaches. In particular, existing solutions 
often depend on complex user interfaces and external devices, which are 
not well suited for high-stress, time-critical environments such as combat 
casualty care or disaster response.

The primary objective of this work is therefore to investigate and develop 
an intuitive, low-barrier visualization concept that translates physiological 
data from wearable sensors into actionable information for military first 
responders. The focus lies on enabling rapid assessment of an individual’s 
condition without requiring interaction with conventional digital devices. To 
achieve this, the work explores the use of simplified status representations – 
specifically traffic-light-based indicators (e.g., green, yellow, red) – that encode 
relevant physiological states in a compact and immediately interpretable 
form.

In addition to the visualization itself, the objective includes the integration 
of such a concept into a modular system architecture that can interface with 
existing biosensor platforms, such as multisensory wearable monitoring 
systems. This involves addressing key technical and operational challenges, 
including data acquisition and preprocessing, derivation of meaningful 
physiological indices, reliable data transmission, and robust, low-power 
display technologies suitable for field deployment.

Furthermore, the work aims to identify user-centered requirements for first 
responders operating under stress, including constraints related to cognitive 
load, usability, robustness, and deployability. Based on these requirements, 
the proposed system is designed to support self-aid and buddy-aid scenarios, 
as well as to serve as a building block for future integration into larger 
digital ecosystems, such as military medical support systems or battlefield 
management systems.

By addressing the gap between data availability and actionable 
visualization, this work seeks to contribute to the development of practical, 
sensor-supported decision aids that enhance situational awareness and 
improve the effectiveness of frontline medical response.

RELATED WORK

Prior work has demonstrated that continuous acquisition and wireless 
transmission of physiological signals from body-worn sensors is feasible 
and increasingly mature for both military personnel and civilian first 
responders. Hegarty‑Craver et al. (2024) provide a broad, practical survey of 
commercially available heart-rate, ECG and oxygen-saturation sensors for 
service members and first responders, highlighting form-factor, ruggedness 
and low-power constraints that shape any field-usable solution. Almer 
et al. (2021) describe the VitalMonitor approach of integrating multiple 
biosensors (ECG, SpO2 and related signals) into clothing and equipment to 
support continuous load and readiness assessment in military training and 
operations, illustrating how sensor fusion and data-driven indices can be 
embedded in soldier systems. Sipos et al. (2025) and Majumder et al. (2017) 
discuss next-generation physiological monitoring (HRV, core temperature, 
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motion) and the baseline sensor types and signal quality issues that determine 
which indices can be computed reliably in the field. Work focused on first-
responder needs complements these system and sensor surveys: Grothe  
et al. (2023) report practitioners’ preferences and perceived barriers for 
continuous health/environmental monitoring, and Gutiérrez et al. (2023) 
demonstrate how biosignals can be processed to infer cognitive load in real 
time – an insight that motivates low-cognitive-load visualizations for medics 
and buddies.

A parallel body of work has explored automated triage devices and simple, 
colour-coded status displays derived from physiological measurements. Early 
field systems and prototypes showed that light-weight tags or handheld devices 
can greatly speed triage and situational awareness: Killeen et al. (2006) 
described a wireless PDA system for rapid triage and documentation, and 
Gao et al. (2007) presented the AID-N electronic triage-tag architecture 
(mesh network of vitals tags) for disaster scenarios. More recent prototypes 
examine wearable triage badges and e-triage tags that stream vitals and 
classify patient priority: Polley et al. (2021) implemented a Bluetooth-enabled 
wearable triage monitor, and Park (2021) evaluated an IoT-enabled e-triage 
tag for disaster situations. Building on these concepts, Lemarquand et al. 
(2025) propose and pilot a trauma severity score computed from wearable 
heart rate, respiratory rate and SpO2 and mapped to a green/orange/red triage 
code, while Alnuaimi (2025) describe an AI-augmented, protocol-flexible 
platform that ingests live wearable streams and returns guideline-consistent, 
colour-coded casualty categories in real time.

Taken together, these studies validate the three central assumptions behind 
View2Decide: (1) body-worn biosensors can provide the core signals needed 
for rapid status estimation (Hegarty-Craver et al., 2024; Majumder et al., 
2017; Almer et al., 2021), (2) low-bandwidth wearable/mesh architectures 
and IoT approaches can support continuous streaming and aggregation of 
vitals for triage (Gao et al., 2007; Polley et al., 2021; Park, 2021), and (3) both 
rule-based and AI-driven scoring approaches can map a small set of reliable 
physiologic measurements to discrete priority categories (Lemarquand 
et al., 2025; Alnuaimi, 2025). At the same time, practitioner surveys and 
cognitive-load studies (Grothe et al., 2023; Gutiérrez et al., 2023) underscore 
the need for visualization designs that minimize cognitive effort for the first 
responder – a requirement that motivates View2Decide’s focus on compact, 
robust, traffic-light style status displays for buddy-aid and medic decision 
support. 

SYSTEM OVERVIEW

The View2Decide system is designed as a lightweight and modular 
architecture that transforms physiological sensor data into an intuitive visual 
status representation for first responders. The system follows a clear and 
linear data flow, consisting of three main components: wearable sensors, 
a communication and processing node, and a body-worn display unit 
(Figure 1).
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Figure 1:  Overview of the View2Decide system.

Physiological data is continuously acquired by wearable biosensors 
attached to the individual. These sensors measure vital parameters such as 
heart rate, oxygen saturation, or activity-related signals and transmit the data 
wirelessly via Bluetooth Low Energy (BLE). The sensing layer is assumed to 
be part of an existing monitoring ecosystem and is therefore treated as an 
external input to the system.

The received data is processed by a central communication node, which 
acts as the core element of the system. This node aggregates incoming 
sensor streams, performs basic preprocessing and filtering, and derives a 
simplified representation of the physiological state. In particular, the node 
maps continuous vital parameters to a discrete status category that reflects 
the current condition of the individual. This abstraction step is essential to 
reduce complexity and enable rapid interpretation in time-critical scenarios.

The resulting status information is then transmitted via BLE to a dedicated 
display module. In the primary use case, the display is directly attached to 
the monitored individual, allowing nearby first responders to immediately 
perceive the current condition without interacting with any additional 
device. The visualization follows a traffic-light paradigm, in which a small 
set of discrete states (e.g., green, yellow, red) encodes the urgency or severity 
of the situation.

By physically coupling the display to the individual, the system ensures 
that the information is available exactly where it is needed – at the point 
of care. This enables efficient support for self-aid and buddy-aid scenarios, 
particularly in environments where conventional user interfaces such as 
smartphones or tablets are not practical.

In addition to this primary configuration, the system also supports a 
secondary operational mode in which a display unit can be carried by a 
first responder. In this case, the display dynamically connects to nearby 
communication nodes and retrieves the corresponding status information. 
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This allows a responder to sequentially assess multiple individuals, for example 
in situations where not every person is equipped with a dedicated display. 
Such a “walk-by” assessment capability enhances flexibility and ensures that 
the system remains usable even under constrained resource conditions.

The architecture deliberately separates sensing, processing, and visualization 
into independent modules connected via low-power wireless communication. 
This modular design allows the system to be integrated with different sensor 
platforms and extended toward future applications, such as integration into 
larger medical support or battlefield management systems.

USER REQUIREMENTS

The user requirements for the View2Decide system were collected in close 
collaboration with potential end users from military environments to 
ensure operational relevance and ergonomic suitability. These requirements 
define the necessary characteristics for a wearable, real-time physiological 
monitoring system capable of supporting rapid decision-making in field 
conditions. The requirements can be grouped into functional, technical, and 
non-functional categories.

Functional Requirements

The core functional requirement is the traffic-light visualization of physiological 
status, which enables immediate recognition of critical, warning, and non-
critical conditions. The display provides three clearly distinguishable color 
states (green, yellow, red) and optionally a fourth state (blue) for system errors 
or communication failures. Rapid interpretation is essential to support both 
self-aid and buddy-aid scenarios, particularly under high cognitive load or 
time-critical conditions (Almer et al., 2021; Hegarty-Craver et al., 2024).

The display must ensure high visibility across operational environments, 
including direct sunlight, low-light conditions, or through supplementary 
illumination (e.g., flashlights or night-vision devices). Visibility should be 
maintained at distances of up to ten meters, allowing a first responder to monitor 
multiple individuals simultaneously. Status changes must be highlighted using 
brief blinking patterns to draw attention without increasing cognitive load.

Wireless connectivity between the communication node and the display 
is essential. The system should provide a documented BLE interface with 
automatic connection setup requiring minimal interaction, ideally a single 
user action. The display must clearly indicate connection status and ensure 
correct association with the intended communication node.

Optional functional capabilities include the ability for a single display to 
sequentially monitor multiple individuals, which supports efficient assessment 
in multi-casualty scenarios where dedicated displays are not available.

Technical Requirements

The display unit must provide sufficient energy autonomy for at least one 
hour of continuous operation while maintaining a low-power standby mode 
lasting several months to years. Energy supply should be replaceable (e.g., 
button cell or rechargeable battery) to allow rapid maintenance in the field.
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The form factor must support flexible attachment to the body or equipment, 
such as via clips or Velcro, and the system should feature a modular design, 
allowing replacement or upgrading of individual components (battery, 
communication node). Production and component costs are targeted to 
remain in the low double-digit Euro range, enabling cost-effective scalability 
for military operations.

Non-Functional Requirements and Constraints

The system is intentionally designed with simplicity in mind. No complex 
algorithms or AI-based logic are implemented for traffic-light assignment; the 
system relies on rule-based interpretation of physiological data. Integration 
with smartwatches or cloud-based real-time streaming is not planned. User 
IDs and timestamps are not displayed, and camouflage requirements apply 
only to the device in its powered-off state.

Optional enhancements for robustness and operational suitability include 
water and dust protection, mechanical shock and vibration resistance, 
and lightweight design (<50 g). A real-time display update rate of at least 
1 Hz is desirable to ensure timely presentation of changes in physiological 
status.

SYSTEM DESIGN AND IMPLEMENTATION

The View2Decide system is designed to provide a compact, wearable 
solution for rapid, intuitive visualization of a soldier’s physiological status 
in operational environments. The system architecture integrates three core 
components: wearable biosensors, a communication and processing node, 
and a display module. The sensors continuously capture vital parameters, such 
as heart rate and oxygen saturation, which are transmitted wirelessly to the 
communication node for aggregation and preprocessing. From these inputs, 
the node derives a simplified physiological status, which is then conveyed to 
the display module using a color-coded traffic-light scheme (green, yellow, 
red) to facilitate immediate recognition of critical, warning, or non-critical 
conditions. A fourth optional color (blue) indicates communication or system 
faults, providing a fail-safe visual cue.

Hardware and Functional Architecture

The display module is an ESP32-based unit that receives periodic updates 
from the communication node. Its primary function is to communicate the 
physiological status clearly and unambiguously, minimizing cognitive load 
for first responders in stressful or time-critical scenarios. The communication 
node in the proof-of-concept demonstrator is a smartphone, which aggregates 
sensor data, derives the physiological status, and forwards it to the display. 
In future iterations, the communication node could be replaced by any BLE-
enabled embedded module, enabling flexible deployment strategies while 
maintaining the same operational principles.

Key design considerations include visibility under diverse environmental 
conditions, robustness, and energy efficiency. The display uses a multi-color 
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LED matrix, optimized for readability in direct sunlight and low-light 
conditions, while the communication node performs automated data 
aggregation and connection management. Energy autonomy is achieved 
through low-power hardware and replaceable batteries, ensuring operation 
for at least one hour with extended standby capacity.

Automatic Connection and Sequential Assessment

A central feature of the system is its automatic association mechanism. 
The communication node continuously scans for nearby displays and 
dynamically establishes connections with the closest unit. This ensures 
that the display attached to the monitored individual always receives the 
most up-to-date physiological status. In scenarios with limited hardware, 
a first responder can carry a single display to sequentially assess multiple 
individuals. The system automatically prioritizes connections based on signal 
strength and terminates links when the distance exceeds a defined threshold. 
This mechanism conserves energy and prevents outdated or incorrect status 
information from being displayed.

Such an approach enables flexible deployment strategies while preserving 
the simplicity and immediacy of the visual feedback, critical for high-stress 
operational contexts where rapid prioritization decisions must be made.

System Workflow

The state-based behaviour model (Figure 2) illustrates the internal behavior 
of the display module in response to status updates from the communication 
node. Upon receiving a new physiological status, the display updates its 
color according to the traffic-light scheme (green, yellow, red) and optionally 
triggers a blinking pattern if the status indicates a worsening condition. If no 
update is received within a predefined timeout period, the display switches to 
a fail-safe state (blue) to indicate a potential communication or system fault.

Figure 2:  State-based behaviour model of the display module’s status handling.
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This behavior ensures that the display provides immediate, unambiguous, 
and visually interpretable feedback, enabling first responders to rapidly 
assess a soldier’s condition even under stress or in challenging environmental 
conditions. The diagram also reflects the display’s handling of energy and 
connection monitoring, ensuring reliable operation during field deployment.

Prototype and Deployment

The View2Decide proof-of-concept prototype demonstrates the feasibility 
of this concept, integrating a smartphone as the communication node 
with an ESP32-based LED display (Figure 3). The modular architecture 
allows for potential future enhancements, including improved energy 
solutions, integration with tactical networks, or additional environmental 
sensors. The current design emphasizes simplicity, robustness, and low-cost 
implementation while providing actionable information at a glance, fulfilling 
the operational requirements defined by the target users.

Figure 3:  Prototype of the View2Decide system demonstrating the compact, wearable 
ESP32-based display module.

CONCLUSION

The View2Decide project demonstrates the feasibility of a compact, modular, 
and wearable system for rapid visualization of vital signs in military 
operational environments. By leveraging BLE-enabled communication, real-
time sensor data, and an ESP32-based display module, the system provides 
intuitive, color-coded feedback that allows first responders to quickly assess 
the physiological status of soldiers or casualties. The traffic-light visualization 
minimizes cognitive load and supports immediate decision-making under 
time-critical and high-stress conditions.

The proof-of-concept implementation, using a smartphone as the 
communication and processing node, demonstrates the system’s functionality 
and flexibility in real-time physiological status visualization. While this setup 
enables rapid prototyping and validation, future work will focus on replacing 
the smartphone with dedicated embedded modules to improve energy 
efficiency, robustness, and integration into tactical communication networks. 
The modular architecture and open communication interface further support 
extensions such as enhanced power management, hardware ruggedization, 
and the integration of additional sensing capabilities.
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This work focuses on the design and prototypical validation of the system 
rather than on formal user evaluation. Although the presented prototype 
confirms technical feasibility and practical applicability, future research 
will include systematic user studies and field experiments to assess usability, 
decision-making performance, and cognitive load reduction in realistic, time-
critical, and multi-casualty scenarios.

In summary, View2Decide represents a promising approach to sensor-
supported triage and physiological monitoring in military contexts. Its 
design combines simplicity, portability, and real-time responsiveness, laying 
the groundwork for future integration into comprehensive soldier health and 
operational decision-support systems.
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