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Figure 1: Exemplary use of the DangAR application in a human-robot collaboration context: a) The user can place a danger
zone freely around the robot, b) transform it to the desired location, and c) collaborate with other domain experts in real-time
to fine-tune the danger zone spatial configuration.

Abstract
In industrial settings, interacting with machinery poses safety risks.
Traditional safety measures, such as physical barriers and warning
signs, are often static and inadequate in such settings. We present
DangAR, an augmented reality system for real-time collision detec-
tion and prevention in industrial environments. DangAR allows for
the definition of hazard zones using an augmented reality applica-
tion and provides real-time collision prediction and collision detec-
tion between workers and machinery. The system leverages cloud
anchors for collaborative danger zone marking and employs a head-
less game engine for collision detection. Alerts are communicated
via an event broker to a dashboard and wearable devices, enhanc-
ing situational awareness and enabling proactive safety measures.
DangAR is envisioned for various industrial scenarios, including
manufacturing, construction, and logistics.

CCS Concepts
• Human-centered computing → Mixed / augmented reality;
Collaborative interaction; User interface design.
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1 Introduction and Related Work
Industrial workplaces, particularly those involving human-machine
interaction, present significant safety challenges. Traditional safety
measures, such as physical barriers and warning signs, are often
static and inadequate in dynamic environments where unexpected
hazards can arise. Workers may not always be aware of their sur-
roundings due to complex tasks and limited visibility, increasing
the risk of collisions with machinery or other hazards [8, 15].

The use of augmented reality (AR) for safety enhancement in
industrial environments is an active area of research. Several stud-
ies have explored the potential of AR to improve safety training,
hazard recognition, and risk assessment [7, 9–13]. Regarding haz-
ard recognition and collision detection, various techniques have
been explored in the context of human-robot collaboration (HRC)
[3, 14, 16, 17]. Furthermore, authors have explored the integration
of AR with deep learning techniques and heuristics to perform
object recognition, hazard detection, and collision prediction for
improving collision avoidance systems [1, 2, 4–6, 12].
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While various collision avoidance systems exist, they often offer
limited flexibility for the dynamic nature and collaborative aspects
of industrial environments. Many systems rely on static configu-
rations and may not adapt well to temporary setups or evolving
workspace layouts. Moreover, the potential of augmented reality
for enhancing situational awareness and facilitating collaborative
safety planning remains largely underexplored. DangAR tackles
these limitations through an adaptable solution that leverages aug-
mented reality and real-time collision detection to enhance safety.
This is achieved through a combination of safety through predic-
tion (collision prediction) [3, 6], and safety through control (pre-
collision detection) [3, 6]. Moreover, DangAR encompasses remote
monitoring capabilities, which are crucial for timely intervention
and proactive safety management.

2 System Overview
The DangAR prototype consists of four components: DangAR App,
DangAR Dashboard, DangAR Server, and DangAR Wearable (Fig.
2). Three third-party components are used to complete the system:
6 Degrees of Freedom (DoF), inside-out tracking system (antila-
tency1), machine, and Firebase Realtime DB2. The DangAR Server
and the Tracking System are each deployed on a Raspberry Pi Ver-
sion 3 Model B+. The server components are packaged in individual
Docker containers.

(1) DangAR App: We designed the DangAR App to enable the
creation of multiple danger zones within a workspace. The
app relies on ARCore’s cloud anchors3 to ensure virtual ob-
jects placed in the environment are accessible across devices.
This multi-user functionality is crucial for collaborative sce-
narios where teams of safety experts need to mark danger
zones in real-time. The use of ARCore cloud anchors also en-
sures that each user sees the same virtual objects in the same
physical locations, providing a consistent shared experience.
The application’s interface features color-coded transforma-
tion buttons that align with the gizmo colors for each axis
(X, Y, and Z) in 3D space, facilitating manipulation of danger
zones (Fig. 1). These zones can be translated, rotated, and
scaled in local space, allowing for precise adjustments in
their spatial configuration.

(2) DangAR Server: Within the DangAR Server, danger zones
created by the DangAR App are persisted in a Firebase Real-
time Database and a CouchDB4 database through the Work-
space Manager. Once the danger zones are persisted, the
DangAR system can operate independently of the DangAR
App. The Collision Detection service, powered by a head-
less (Panda3D5) game engine, checks for discrete collision
between tracked objects and defined danger zones. The co-
ordinates of the tracking system, the DangAR App, and the
Panda3D game engine are aligned to each other using a
physical marker in the real world. Linear interpolation is
used for the collision prediction (pre-collision detection). The
tracking data is based on data incoming from the third-party

1https://antilatency.com/
2https://firebase.google.com/docs/database
3https://developers.google.com/ar/develop/cloud-anchors
4https://couchdb.apache.org/
5https://www.panda3d.org/

tracking system, which monitors the DangAR Wearables. If
a collision is predicted or detected, an alert is published to
the MQTT Broker. The third-party machine can also be pro-
grammed to stop in the event of a collision, if the machine
has a programmable interface or can be controlled by a relay.

(3) DangAR Dashboard: The workplace is visualized on the
web-based DangAR Dashboard, which uses Three.js6 as a
foundation. Tracked objects can be followed in real-time and
collision and collision prediction events are highlighted, if
the tracked objects collide with danger zones.

(4) DangAR Wearable: The DangAR Wearable consists of
an ESP32 controller and a vibration motor. The wearable
is connected to the MQTT Broker of the DangAR Server to
subscribe to collision and collision prediction events. If a
worker equipped with the wearable (for instance attached
to the lower arm) enters a danger zone and a collision is
predicted or detected, the wearable vibrates to signal the
danger. Moreover, safety experts can remotely monitor the
workspace in 3D through the DangAR Dashboard.

3 Envisioned Scenarios
DangAR is envisioned for industrial workplaces, for instance in
manufacturing, construction, and logistics, where safety and effi-
cient spatial planning are critical. It enables the marking of danger-
ous zones around machinery and other hazardous areas, including
robots, trolleys, and workstations. The system allows for real-time
danger zone definition for temporary setups, which is essential in
dynamic environments. It also supports collaborative safety plan-
ning with multiple stakeholders, including workers, safety officers,
and managers, who can contribute to a safer work environment
with their respective expertise. DangAR could facilitate the training
and onboarding of new employees by providing a visual represen-
tation of the danger zones within the workplace layout via the
Augmented Reality DangAR App. This is particularly helpful for
those unfamiliar with the workplace. The system’s ability to adapt
to dynamic and reconfigurable spaces ensures that safety protocols
remain current even when the workplace layout changes. Addition-
ally, the DangAR Dashboard enables safety officers to monitor the
workplace in real-time and respond promptly to potential safety
threats.

4 Conclusion and Future Work
DangAR is an augmented reality system for creating danger zones
and real-time collision detection and prevention in industrial envi-
ronments. It addresses the limitations of traditional safety measures
by providing dynamic hazard definition, collision alerts, and collab-
orative safety planning. The system leverages cloud anchors and
a headless game engine for collision detection and visualization.
Future work will focus on improving the collision prediction algo-
rithm, adapting DangAR to more complex scenarios and layouts,
enabling dynamic danger zones, for instance, when the hazardous
machine moves close to the user, evaluating the system in a user
study, and ultimately improving situational awareness.
6https://threejs.org/
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Figure 2: DangAR Architecture.
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