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1. INTRODUCTION AND PROJECT INITIATION 

The project evacuAR was conceived as a critical response to the persistent 
shortcomings of conventional building evacuation procedures and signage 
systems. Despite compliance with regulatory requirements, standard evacuation 
pictograms often prove ineffective in genuine crisis scenarios—such as fires, 
terrorist threats, or other emergencies—where panic, smoke, and obscured 
visibility render static signs virtually useless. Studies indicate that confusion and 
delayed decision-making are major contributors to high casualty rates during 
large-scale incidents. 

The primary objective of evacuAR is to leverage modern, accessible technology to 
provide clear, real-time, and dynamic guidance to occupants, drastically reducing 
the time required for a safe evacuation. The system is designed around the 
principles of simplicity, intuition, and reliability, ensuring that even non-
technical users under extreme stress can instantly follow the recommended 
escape route. 

1.1. Motivation and Current System Limitations 

Traditional indoor positioning systems (IPS) frequently rely on technologies such 
as Ultra-Wideband (UWB) or Bluetooth Low Energy (BLE) Beacons. While capable 
of providing accurate location data, these solutions require significant 
infrastructure installation, calibration, and maintenance, often struggling 
with signal interference in densely populated or structurally complex buildings. 
Furthermore, their primary function is location tracking, not direct, visual 
navigation. 

Existing mobile applications aimed at navigation often depend heavily on a stable 
Internet connection, which is precisely what fails during major crises. evacuAR 
addresses these weaknesses by integrating an autonomous, infrastructure-
independent application with a highly accurate 3D building model and intuitive 
Augmented Reality visualization. 

 

 

 

 

 

 

 



 

 

1.2. Core Technological Innovations 

The innovation of the evacuAR system lies in the synergistic combination of three 
key technologies: 

1. LiDAR Mapping: For creating a precise, high-fidelity 3D model of the 
building's interior space, essential for sub-meter accurate navigation. 

2. Augmented Reality (AR): For projecting the dynamic evacuation path as a 
distinct, visual line directly onto the user's smartphone camera view, 
significantly simplifying orientation. 

3. Near Field Communication (NFC) / QR Codes: For immediate, point-
precise initial positioning and activation of the navigation sequence. 

The most critical feature is the ability of the main application to operate entirely 
autonomously once the building model has been downloaded, guaranteeing 
functionality even when all external network connectivity is lost. 

 

 

 

 

 

 

 

 

 

 

 

 



 

2. BUILDING MODEL ACQUISITION: THE 

LiDAR SYSTEM 

Accurate indoor navigation demands a high-resolution, static model of the 
environment. The project opted for LiDAR (Light Detection and Ranging) 
technology to generate this model, chosen for its exceptional combination of high 
measurement accuracy and speed, surpassing the time investment and potential 
human error associated with manual 3D modeling or reliance on less precise 
sensor data (e.g., ultrasonic or simple camera depth mapping). 

2.1. Hardware and Scanning Device Assembly 

The dedicated scanning device, designed for portability and efficiency, comprises 
the following core components: 

• Minicomputer: Raspberry Pi 4 Model B (8 GB RAM): Selected for its 
compact size, robust performance, and extensive community support. It 
operates a 64-bit version of the Raspberry Pi OS (Lite), tasked with real-time 
processing of the immense volume of distance data transmitted by the 
LiDAR sensor. Its role is crucial for filtering noise and preparing the raw 
point cloud data for subsequent mapping. 

 
 

 

Figure 1 - Raspberry Pi 4B 8GB 

 



 

• LiDAR Sensor: RPLIDAR A1M8: This commercially available sensor was 
chosen for its optimal balance of performance and cost. It provides distance 
measurement up to 12 meters within a full 360-degree measuring field. The 
sensor operates based on the Time-of-Flight (ToF) principle, where the 
elapsed time between the emission of a laser pulse and its return to the 
detector determines the distance (). 

 
 

 

Figure 2 - RPLIDAR A1 

 

 

 

 

 

 

 

 

 

 

 



 

2.2. The Room Scanning and Data Interpretation Process 

The model creation is executed by a two-person team moving the portable 
scanning unit throughout the facility. The process is divided into distinct stages: 

1. Data Acquisition (2D Mapping): The RPLIDAR A1M8 continuously spins, 
capturing thousands of distance points per second, which the Raspberry Pi 
processes to generate a 2D point cloud map of the traversed area. For the 
tested facility, this stage required approximately 1.5 hours to complete. 

 
 

 

Figure 3 - Presentation of sensor operation 

 

 

 

 

 

 

 

 



 

 

2. Point Cloud Processing: The raw data from multiple rooms and corridors are 
recorded separately. Standard algorithms (like SLAM - Simultaneous 
Localisation and Mapping, or a simplified manual alignment) are then applied 
to stitch these 2D maps together into a single, comprehensive floor plan. 

 

 

Figure 4 - 2D model generated by LiDAR 

 

3. 3D Model Generation (Blender/Unity): The final 2D blueprint serves as the 
foundation for the 3D model. This 2D data is imported into professional 3D 
modeling software, such as Blender. Structural elements (walls, floors, 
doorways) are extruded and finalized to create a navigable 3D mesh. This 
model is then exported (using formats such as .fbx or .blend) and 
subsequently imported into the Unity 3D game engine. The Unity import 
process is critical as it must include specific layers and colliders to accurately 
represent physical boundaries for the AR navigation algorithms. 

 

 

Figure 5 - Model of hall in Blender 



 

2.3. Initial Positioning via NFC/QR Technology 

Before the AR-based dynamic navigation can commence, the user’s precise 
starting location must be instantly and accurately determined. evacuAR utilizes 
NFC tags as the primary positioning mechanism, with QR codes serving as a 
reliable backup. 

• NFC Tag Deployment: Small, passive NFC tags are strategically placed at 
key decision points, entrances, and highly visible locations (e.g., near fire 
extinguishers or main information boards). 

• Activation: The user taps their smartphone against the tag, triggering the 
evacuAR application. The NFC tag transmits a unique Identifier (ID) to the 
application. 

• Location Mapping: The application maps this ID to a predefined set of (x, 
y, z) coordinates within the imported 3D model, instantly establishing the 
user's starting point with high precision—a clear advantage over less 
accurate methods like Wi-Fi fingerprinting or triangulation. 

 

 

 

 

 

 

 

 

 

 

 

 



 

3. SYSTEM ARCHITECTURE AND 

COMPONENTS 

The evacuAR ecosystem is a modular structure designed for fault tolerance and 
scalability. It is fundamentally separated into autonomous navigation (the core 
app) and supporting network-dependent monitoring (the reader app and 
backend). 

The five primary components are: 

1. evacuAR Application: The core mobile application for user navigation. 

2. evacuAReader Application: The monitoring tool for emergency response 
teams. 

3. MySQL Database: The repository for current user location data. 

4. Application Programming Interface (API): PHP-based scripts facilitating 
communication between the applications and the database. 

5. LiDAR Room Scanner: The hardware unit used for creating the 
environment model (detailed in Section 2). 

 

3.1. The evacuAR Mobile Application (Core Navigation) 

Developed using the Unity 3D engine and coded in C#, the evacuAR app is the 
frontline safety tool. It is designed for maximum accessibility, with minimum 
requirements set at Android 7.0 (Nougat) or newer. 

 



 

 

Figure 6 - evacuAR with AR path 

 

3.1.1. Dynamic Route Calculation and AR Visualization 

Upon initial NFC scan, the application retrieves the user’s position and the nearest 
safe exit point. It employs a pathfinding algorithm (analogous to Dijkstra’s 
Algorithm or A*) to calculate the geometrically shortest and safest path through 
the 3D model, taking into account pre-determined obstacles and the structural 
layout. 

 

• Real-Time AR Overlay: The calculated route is transformed into a visual AR 
line. By utilizing the smartphone's rear camera feed and its internal 
gyroscope/accelerometer data (for VIO - Visual Inertial Odometry), the 
application anchors this virtual escape line directly onto the real-world view. 
This visual aid is crucial, as it eliminates the mental step of correlating a 2D 
map with a 3D physical space, a task often impossible in low-visibility or 
high-stress situations. 

 



 

 

3.1.2. Critical Safety Features 

• Autonomous Operation: The core functionality (model loading, 
positioning, and route calculation) is entirely offline. This is non-negotiable 
for system reliability during power outages or server failures, ensuring 
guidance is available when it is most needed. 

• Dynamic Route Change Feature: This is the most crucial life-saving 
feature. If the user encounters an unexpected obstruction (e.g., fire, 
collapsed debris, a locked door), they can press the dedicated "Route 
Change" button. The application instantly re-initializes the pathfinding 
algorithm, treating the user's current location as the new starting point and 
recalculating the shortest path to safety while avoiding the immediate 
vicinity of the user and the previously identified route segments. 

• Real-Time Blockage Reporting (Network Dependent): For users who do 
maintain Internet connectivity, a separate "Report Blockage" function 
(represented by a lock icon) allows them to flag the current segment of the 
path as impassable. This data is transmitted to the backend, and the 
application’s algorithm dynamically updates its routing logic for all other 
networked users, effectively diverting subsequent evacuees around the 
reported hazard. 

 

3.2. Supporting Modules: The Backend Infrastructure 

The backend is engineered for fast data exchange and low latency, necessary for 
effective monitoring by emergency services. 

3.2.1. evacuAReader Application (First Responders Tool) 

This optional application is designed specifically for use by professional 
emergency personnel (e.g., fire, police, medical services). Its interface is 
deliberately less complex than the main evacuAR app, focusing on immediate 
situational awareness. 

 



 

 

Figure 7 - evacuAReader with 3 people in building 

 

• 2D Situational Awareness: The evacuAReader displays the 2D floor plan 
of the building. Its primary function is to overlay the current location of all 
active users tracked by the system onto this map. 

• Life-Saving Information: By periodically querying the API, the application 
receives real-time coordinate data for every tracked user, represented as 
simple points on the map. This capability allows first responders to quickly 
identify the precise location of individuals who may be immobile, injured, or 
trapped, drastically shortening search-and-rescue times. 

 

 

 

 

 

 



 

3.2.2. MySQL Database and API Communication 

A MySQL database was selected for its simplicity, speed, and ease of deployment 
on both local and cloud hosting environments. 

• Database Schema: The database contains a single, critical table named 
actualusers. This table is minimalistic by design to maximize query speed, 
storing only the necessary fields: 

o id (Unique user identifier) 

o x (X-coordinate in the 3D model) 

o y (Y-coordinate in the 3D model) 

o z (Z-coordinate in the 3D model) 

• PHP API Scripts: A set of four PHP scripts constitutes the Application 
Programming Interface, managing all data flow between the mobile apps 
and the database: 

1. addRecord.php: Used by the evacuAR app to initially register a user 
upon scanning the NFC tag. 

2. refreshRecord.php: Used by the evacuAR app to update the user’s 
current coordinates in the database (typically every 4 seconds) while 
they are moving. 

3. deleteRecord.php: Removes the user’s record once they successfully 
complete the evacuation and close the application. 

4. returnRecord.php: Used exclusively by the evacuAReader app to 
retrieve all active records (all users' current locations) for display on 
the 2D map. 

 

 

 

 

 

 

 



 

4. SYSTEM VERIFICATION AND RELIABILITY 

TESTING 

Given the safety-critical nature of the evacuAR system, rigorous testing was 
mandatory. All verification procedures were conducted using physical mobile 
devices—emulators being unsuitable due to the reliance on ARCore/VIO 
functionality, camera inputs, and sensor data. 

4.1. Devices Used and Test Environment 

A diverse array of mobile devices (Android 7.0 to current) were used to validate 
cross-compatibility and performance across different hardware specifications. The 
test environment included the following critical scenarios: 

1. Standard, well-lit indoor environment. 

2. Low-visibility conditions (simulated smoke). 

3. Controlled obstacle placement to trigger dynamic rerouting. 

4.2. Testing of Augmented Reality Performance in Smoke 

This test was designed to challenge the AR tracking system under the most 
difficult conditions an evacuation might present. A smoke machine was used to 
artificially create a thick, low-visibility environment within the test room, simulating 
a fire scenario. 

• Methodology: The AR function was initiated, and users attempted to follow 
the overlaid visual path. 

• Quantitative Results: A total of 8 trials were conducted in heavy smoke 
conditions. All 8 trials resulted in successful AR path rendering and 
tracking, confirming that the visual line remained accurately anchored to 
the physical environment even when visibility was severely compromised. 
This success validates the robustness of the underlying Visual Inertial 
Odometry (VIO) framework, which relies heavily on sensor fusion to 
maintain tracking when visual features are obscured. 

 

 

 

 

 

 



 

4.3. Dynamic Route Change Function Verification 

The reliability of the rerouting algorithm is paramount. This test verified the 
system's ability to quickly and accurately recalculate a path after an unexpected 
blockage. 

• Methodology: Users were instructed to follow the primary evacuation path. 
At a pre-determined point, an obstacle was placed, or a simulated blockage 
(such as a locked door) was encountered, prompting the user to press the 
"Route Change" button. 

• Quantitative Results: A comprehensive set of 27 trials was performed. In 
all 27 cases, the system correctly and instantly calculated an alternative, 
safe route. This demonstrates the high reliability and low latency of the 
internal pathfinding algorithm and its successful integration with the real-
time location data. The function proved reliable in diverting users around 
single or multi-segment blockages. 

4.4. Autonomy and Network Dependence Testing 

The system’s core reliability is tied to its ability to function without continuous 
network access. 

• Methodology: The evacuation sequence was initiated while the test device 
was connected to Wi-Fi (for initial positioning). The Wi-Fi connection was 
then severed mid-evacuation. 

• Conclusion: The tests confirmed that the main evacuAR application 
operates flawlessly regardless of whether a constant Wi-Fi connection 
is maintained. Once the building model and initial coordinates are 
established, the AR navigation and route calculation functions rely only on 
the internal hardware (sensors and processor). Communication with the API 
(for real-time blockage reporting and user monitoring) is confirmed to be 
an optional feature that does not impact the basic, life-critical function of 
route guidance. 

 

 

 

 

 

 



 

5. CONCLUSION AND FUTURE DEVELOPMENT 

The evacuAR project successfully developed a revolutionary and highly reliable 
evacuation system that addresses the critical shortcomings of existing methods. By 
utilizing LiDAR for precision mapping, NFC for instant positioning, and 
Augmented Reality for intuitive path guidance, the system provides a robust 
solution for emergency situations where time and clear direction are vital. The 
demonstrated reliability of the AR system in low-visibility environments and the 
validated functionality of the dynamic rerouting feature confirm evacuAR's 
potential as a life-saving technology. 

Future development should focus on integrating additional sensor data (e.g., 
temperature and air quality sensors) to provide real-time hazard mapping within 
the AR environment, further enhancing the system's ability to guide users to the 
safest, not just the shortest, exit. 

 

 

 


