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Drones and underground inspections: Improving safety and 

accuracy in unreachable areas 
Igor Stapper 

Flyability 

ABSTRACT 

The purpose of the presentation is to present, discuss and analyze several real-life applications in 

which UAVs - unmanned aerial vehicles - have assisted underground mining operations in confined 

spaces that normally cannot be explored without significant risks for the personnel. 

The presentation will focus on the HSE benefits, as well as the substantial gains in terms of reduced 

downtime of various critical assets - e.g. crushers; conveyor belts - and overall cost reductions 

compared to traditional means of inspections. 

Finally, this presentation will show how the latest payload integrations with drones such as LiDAR 

modules can bring an increased level of accuracy for measurements in areas that normally cannot be 

analyzed, and how this technology can be used across the entire mining process: from blasting; to 

extraction and storage. 

1 INTRODUCTION 

Underground mines present unique operational 

challenges due to factors including confined 

spaces, poor visibility, and potential hazards 

such as collapses, gas leaks, and equipment 

malfunctions. Increasing the safety of workers 

and optimizing operational efficiency are 

paramount concerns for mining companies. 

Today, indoor drones offer a novel approach to 

address these challenges by providing remote 

inspection capabilities and real-time data 

collection in areas inaccessible or hazardous to 

humans. These versatile solutions are 

specifically designed for confined spaces, 

making them an ideal tool for underground 

mining applications. Several companies such as 

LKAB, Boliden, Anglo American, and Glencore 

have successfully integrated indoor drones as 

part of their daily operations. 

1.1 Specificities of indoor drones 

Indoor drones have several unique features that 

differentiate them from standard commercial 

drones and make them particularly relevant for 

mining operations. 

1.1.1 Designed for confined spaces 

Indoor drones are typically enclosed within a 

carbon fiber cage, providing protection for the 

drone’s body in challenging environments such 

as ore passes, conveyor belts, crushers, or mills. 

Unlike outdoor drones, their navigation system 

does not rely on GPS signals; instead, it utilizes 

visual and LiDAR information. This enables 

indoor drones to effectively navigate GPS-

denied environments such as underground 

tunnels or passages. Moreover, top-tier indoor 

drones are equipped with a specialized collision 

response mechanism, allowing their propellers 

to reverse-spin upon impact. This feature 

significantly improves their stability at all times, 

even in the event of collisions. Their small size 

(as small as 48 cm x 40 cm) allows them to more 

easily access complex areas. 
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Figure 1 Example of indoor drone: Elios 3. 

1.1.2 Lighting and Camera Systems 

To counter the typical low-light conditions 

encountered in underground environments, 

indoor drones can carry powerful onboard 

lighting systems and high-resolution cameras 

equipped with low-light capabilities. These 

features empower the drone to capture clear 4K 

video footage for inspection and surveillance 

purposes in dimly lit areas. Functionalities such 

as indirect lighting are adapted to dusty 

environments such as ore passes or crushers. 

1.1.3 Mapping and Surveying capabilities 

Certain indoor drones, such as the Elios 3, come 

equipped with LiDAR sensors. This allows the 

inspector to accurately position the defects 

within a live 3D model generated during flight. 

The resulting output comprises a distinctive 

blend of visual data integrated into a 3D model, 

giving a comprehensive understanding of the 

area being surveyed. 

 
Figure 2 Example of software output, 

showing a combination of 4K 

images located in a 3D model. 

Finally, the evolution of modern LiDAR 

technology now allows for highly accurate 

surveys of hard-to-reach areas, facilitating rapid 

structural analysis with precision. 

2 ENHANCING SAFETY IN 

UNDERGROUND MINING 

2.1 Hazardous Environment Inspection 

Indoor drones can navigate narrow passages, 

vertical shafts, and areas with poor visibility to 

conduct visual inspections of hazardous 

environments. By assisting with the 

identification of potential risks such as structural 

instability, gas leaks, or equipment failures, the 

drone provides critical data for reducing the risk 

of accidents and increasing the safety of 

personnel. This is particularly useful during 

post-blast area surveys. 

 
Figure 3 Example of blasted area 

investigation (view from drone 

cockpit). The inspector operates 

from a safe distance to gather live, 

comprehensive data. 

Beyond underground surveying, the use of the 

indoor drone can also greatly reduce risks related 

to confined space entry in processing equipment, 

such as crushers or mills. Work at height, lack of 

oxygen, or exposure to toxic substances are all 

examples of risks that can be significantly 

reduced by using the drone as an alternative to 

human entry. 
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Figure 4 Example of crusher inspection 

(view from drone cockpit). The 

inspector operates from a safe 

place outside of the equipment. 

2.2 Emergency response 

In the event of an emergency such as a collapse, 

indoor drones can quickly assess the situation 

and provide vital information to rescue teams. A 

drone’s ability to access inaccessible areas 

allows for rapid response and enhanced 

situational awareness, facilitating the timely 

evacuation of personnel and the deployment of 

appropriate measures to mitigate risks. 

3 IMPROVING OPERATIONAL 

MANAGEMENT 

3.1 Asset Management 

Indoor drones enable remote inspection of 

mining infrastructure, including tunnels, shafts, 

ventilation systems, and process equipment, 

facilitating proactive maintenance and reducing 

downtime. By identifying issues early, such as 

equipment wear or corrosion, the drone helps 

optimize asset management and prolong the 

lifespan of critical infrastructure. The ease of 

inspection also makes it possible to regulate 

equipment more often, improving maintenance 

practices and asset awareness. 

 

Figure 5 Example of conveyor belt 

inspection. Ensuring a fast 

operation enables a drastic 

reduction of the asset downtime. 

One of the key advantages of indoor drones is 

their ability to get very close to structures, 

allowing for comprehensive analysis without the 

fear of impact inhibiting the flight. 

 

Figure 6 Close-up on a crusher blockage, 

detected and localized in less than 

3 minutes. 

In addition, downtime can be reduced for critical 

assets through quick drone inspections which 

can lead to significant cost savings for the 

operator, see table 1. 

 

 

 

Table 1 Examples of downtime savings per asset 

 

 
Activity Traditional Drone 

Ore pass Daily inspection 5 hours, incomplete, risky 10 minutes, exhaustive data, safe 

Shaft Hang-up localization 10 hours, risky, costly 10 minutes, fast and safe 

Crusher / Mill Daily inspection 
3 hours, confined space 

entry 

10 minutes, no entry in confined 

spaces, exhaustive data 
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3.2 Underground surveying applications 

Traditional surveying methods in underground 

mines are often time-consuming and labor-

intensive. Moreover, the complexity of the space 

can lead to incomplete models. Indoor drones 

equipped with high-precision LiDAR offer a 

cost-effective alternative by providing high-

resolution imaging and 3D mapping capabilities. 

This streamlines the surveying process, allowing 

for more accurate geological mapping and 

efficient resource extraction planning. 

 

Figure 7 an example of ore pass, surveyed 

in 8 min and processed in 35 min, 

at -280m underground. 

Although the precision levels of mobile scanners 

(such as indoor drones) will never match those 

of the TLS technologies, they can still achieve 

results with 0.1% drift in challenging 

environments, gathering 1.3 million points per 

second. This is sufficient for underground 

surveys while still providing results in a safer, 

faster, and more cost-efficient manner. The 

figure 8 shows the comparative analysis of the 

Elios 3 drone, as an example, vs. other scanning 

equipment. The figure 9 focuses on the 

competitive landscape of indoor drones and 

handheld scanners specifically. 

 

 

 

 

 

 

 

Figure 8 Comparative analysis of surveying equipment in underground mining, vs. indoor 

drone Elios 3. 
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Figure 9 Comparative analysis of indoor drones and handheld scanners in underground 

mining. 

 

4 CHALLENGES AND FUTURE 

DIRECTIONS 

While indoor drones offer significant benefits 

for underground mining operations, there are 

still some hurdles to overcome. Drones have 

limited battery life or could be too big to enter 

certain areas. They also may not have gas 

sensors for explosive or toxic environments. 

Future research and development efforts should 

focus on addressing these challenges to further 

enhance the capabilities of indoor drones and 

maximize their potential in improving safety and 

efficiency in underground mining. 

 

 

 

 

 

 

 

 

5 CONCLUSION 

Indoor drones have the potential to revolutionize 

safety and efficiency in underground mining 

operations. By providing remote inspection 

capabilities, real-time data collection, and 

enhanced situational awareness, these drones 

enable mining companies to mitigate risks, 

optimize asset management, and streamline 

operations. Concrete applications demonstrate 

the tangible benefits of integrating indoor drones 

into mining workflows, paving the way for safer 

and more efficient underground mining 

practices. 

 

 

 

 


