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1. Abstract 
 
Drones are rapidly being adopted as a commercial practice across the globe, particularly in the 
mining industry. As part of a growing theme of digitization in mining, drones are serving as a 
bridge connecting decision-makers with valuable data collected throughout the mining 
process.  
 
Automation of the drone operation itself furthers the efficiency of this connection by 
eliminating delays and operator involvement while providing seamless access to routine and 
real-time insights. The automated drone system can be defined as one which performs, 
completely operator-free, each stage of the drone mission between the mission request and 
the delivery of the processed data to the requester. 
 
The future success of mining hinges on the ability to manage variability and uncertainty 
through a fully integrated holistic digital mining environment. The automated drone system will 
be considered a strategic component of this future, not just simply a tactical, cost driven 
activity. 
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2. Introduction 
 

 
“According to new data from IDC, miners are focused on three major issues this year: 
safety improvement, asset automation, and the management and control of mine 
operations.” 

 
Andrew Nusca, Fortune Magazine, August 25, 2015 i 

 
 

FACTS Drones are becoming increasingly accepted as a valuable commercial tool, 
particularly in the mining sector. 

 
Data gathering methods for surveying and asset inspection, in mining, often 
expose the operators to dangers, are slow in nature, and provide variable 
results which often do not meet the complete needs of the clients. 

 

Drones are fast replacing  more expensive, traditional, ground-based 
surveying equipment. Survey resources that were previously used for 
volumetric calculations are now becoming secondary to safer, more rapid, 
accurate, aerial drone methods. 
 
Drones are an efficient and safe alternative to traditional asset inspection 
methods which typically involve scaffolding, ropes, or bucket trucks.  
 

 
Designing a dependable, feature-rich drone operation, which covers a range 
of applications throughout the mining process, can be a long and arduous 
process. 

 
 
 
This paper explains the choices available when crafting a drone program for mining operations. 
In addition, it shows how automated drones will optimize multiple sections of the mining value 
chain, enabling rapid, seamless, mine-to-model capability. 
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3. Drones as a Tool for Mining Operations 
 

Drones have emerged in the mining space as an efficient and effective replacement of 
traditional ground-based surveying methods. Instead of scaling unstable slopes and 
transporting heavy equipment, drones rapidly harvest aerial data which are then processed 
into 3D data files. This information supports operations-critical processes such as mine 
planning, geotechnical analysis, financial accounting, and more. 
 
As the adoption of drones as a mapping tool continues to grow, mine operators are looking to 
drones to optimize other processes of the site, including equipment inspection, drill and blast 
performance analysis, haul road inspection, and more. 
 

4. How to Access Aerial Data with Drones 
 

An operation seeking to access aerial data from drones is typically faced with three scenarios. 
The decision of which method to use will hinge on particular site requirements including 
desired areas of application and mission frequency. These methods are described below: 
 
 

Drone-as-a-Service In-house Automated System 

   

Hired drone operator arrives 
on site with equipment to 
capture requested data. 

Service may also involve post-
collection data processing 

and analysis. 

Purchase hardware and 
software from one or multiple 

providers. Operate flights 
manually, maintain & replace 
equipment, and handle data 

upload and processing. 

Logistics-free drone 
operation. Pre-programmed 

flights are scheduled or 
launched on-demand. 

Complete process of launch, 
land, and maintenance 

independent of operator. 

 
 
Increasingly more service companies are offering drone based data capture, or drone-as-a-
service, allowing a mining operation to access aerial data from drones without the risks of 
evaluating the market: sourcing, purchasing, training and developing operator expertise in-
house. The disadvantages of this method including efficiency, response time, and cost soon 
become apparent with increased use. 
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Most mining operations will benefit from routine capture of aerial data rather than infrequent 
missions. Developing in-house operations is often seen as the most cost effective method for 
incorporation of drones for consistent use at a mining operation. This is often due to the 
geographical remoteness of most mining operations and the vast array of potential 
applications. Applications in a mining operation will typically ‘grow’ as the in-house skills 
develop and the users realize the inherent value, however optimizing the drone operation 
requires significant time and upkeep, causing many in-house operations to ultimately dissolve. 
 
Both the above scenarios demand a high degree of planning and operator involvement, 
resulting in delays from instruction and mission execution to data delivery. The automated 
system eliminates these logistics, providing twenty-four-hour availability, improved reliability 
and safety, and dramatic increases in efficiency. 
 

5. “Mine-to-Model” Automation 
 
“Mine-to-Model” refers to the process of translating real-world features into the digital mine 
model. Drones are positioned to become the primary data-harvesting tool to support this 
concept, with the ability to cover wide areas efficiently and accurately.  
 
The automated drone system executes the entire chain of procedures from the data request 
until the processed 3D model. Once a request is submitted, the automated system, launches 
the drone, executes the data-harvesting mission, lands the drone, and conducts all upkeep 
necessary in preparation for future missions. Depending on the nature of the data, insights 
can be accessed in real-time while the drone is flying and otherwise can be further processed 
by computing systems on the ground prior to data delivery. The end-to-end automation of 
drone operation and data processing creates real value which impacts the bottom line. 
 
The steps of this process are depicted below: 
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6. One Data Source – Many Applications 
 
While aerial data from drones can be used for routine practices such as stockpile volumes, the 
applications can also be as diverse as the operation itself. A range of sensor payloads has the 
potential to provide insight to nearly every stage of the mining cycle. It goes without saying that 
the availability of this data is central to the digital future of mining. 
 

 
 
For each data set produced, there may be various subscribers throughout the mining operation: 
 

 For mining engineers and planners, aerial data can be incorporated directly into the 
mine model for seamless routine updating.  

 For geotechnical engineers, terrain models provide insight into surface features and 
shifting terrain which indicate potential failures.  

 For investors, accurate volumetric data of ore-rich stockpiles will provide reliable insight 
into the activity of the operation and its productivity.  

 
The following sections analyze the mining value chain for drone application capacity, including 
drilling and blasting, loading and hauling, comminution and processing, and stockpile 
management.  
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6.1. Application 1: Drilling & Blasting 
 

Drilling, blasting, and exacting of ore, 
waste, and overburden can account for 
30 – 40% of operational costs at an open 
pit mine. For ore processing, blasting is 
the initial and often the most cost-
effective opportunity for comminution – 
also known as rock fragmentation – in 
many mining processes. In addition, the 
blasting process is directly involved in 
segmenting high-grade ore, sent for 
further processing, from waste, which 
should be redirected to waste stockpiles. 

 
Benchmarking and improving the blast process is essential to improving operational efficiency 
and reducing costs. Considerations for benchmarking and improving the drilling and blasting 
process include: 
 

 Cost of blasting capital, including explosive and detonation equipment 
 Loading and hauling performance 
 Crushing and milling efficiency based on particle feed size 
 Energy expenditure for crushing process 
 Ore loss and dilution factors 

Drones are uniquely qualified to collect data throughout the blasting process, equipping 
engineers with information to refine each blast in the aforementioned areas. This concept of 
data delivery via drone for the drill and blast process is presented below: 
 

Pre-blast and  
post-blast digital 

elevation model (DEM) 

 
Providing the DEM of an area before and after blasting digitally 
defines the bench and muck pile profiles, yielding process data 
related to blast performance, volumes, swell factor and more. 

Drill-hole alignment 

 Producing  a georeferenced image of drill-hole positions to 
compare with the designated locations of the blast plan. Ascertain 
inaccuracies in hole placement and benchmark effects on blast 
process. 

Pre-blast visual area 
sweep 

 
Streaming aerial video allows staff to efficiently conduct a visual 
sweep the blast area to ensure that all personnel and equipment 
are a safe distance from the explosion. 

Rock fragmentation 
analysis 

 
Providing near real-time measurement of particle size distribution 
of muck piles, benchmarking blast performance and informing 
downstream comminution processes of particle size profile. 
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6.2. Application 2: Loading & Hauling 
 
The process of transporting material 
from the blast area to the primary 
crusher or stockpile areas presents 
many opportunities for improvement in 
surface mining operations. With the 
immense cost of operating and 
maintaining haul trucks, each stage of 
the process, from loading to transit 
through haul road networks, has deep 
implications on operational expense and 
efficiency. 
 
While material hauling may be operated in-house or through a service contractor, it is highly 
important to benchmark & improve upon the steady state process efficiency as well as identify 
bottlenecks. The primary objectives in this respect are to: 
 

 Preserve haul road integrity and minimize rolling resistance 
 Monitor traffic flow to identify bottlenecks 
 Schedule on-demand and routine maintenance operations 
 Propose initiatives to improve operational efficiency 

Aerial insight from drones provides key intelligence to drive efficiency improvements in these 
processes. Among the advantages of this aerial approach are the ability to replace tasks which 
otherwise require personnel to enter the hazardous open pit areas. 
 
The applications for loading and hauling made available through drone operation include: 
 

Damage 
identification 

Identifying road damage features using images, video, or surface 
models to eliminate the need of personnel to physically enter the 
haul road network. 

Structural integrity 
assessment 

Producing digital elevation models of entire roadway and 
supporting areas to assess structural integrity and track 
deformation over time. 

Planning 

Provide current 3D models to engineers and planners which can 
be viewed during design meetings on modern media such as 
augmented reality. 

Emergency 
oversight 

Viewing streaming footage of incidents, including tire 
overheating, unresponsive driver and other anomalies, to support 
responsive decision making. 
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6.3. Application 3: Comminution & Processing 

 
Comminution and processing assets are responsible for the crushing, milling, and final 
extraction of mineral. Aside from being central to the revenue generation of the operation, these 
systems require intensive inspection and maintenance to ensure continuous operation.  
 
In order to routinely profile and classify the state of the equipment, scaffolding, ropes, and 
bucket trucks are utilized to inspect critical areas for corrosion and damage. These standard 
methods can be hazardous for maintenance personnel, take multiple days to complete, and 
often require costly process shutdowns to perform. Routine aerial inspection using a drone is 
a valuable and efficient way to provide maintenance personnel with visual insight, all without 
the standard drawbacks of manual inspection. 
 
High resolution video and images are the foundation of drone inspection, however additional 
depth of data can be found in infrared scans, 3D models of assets, and more. This data is 
relevant to any equipment or infrastructure which undergoes routine inspection, including the 
following areas: 
 

 Inspecting critical processing infrastructure for corrosion and infrastructural integrity 
 Inspecting conveyor systems for damage and needed repairs 
 Providing operational oversight during regular operations and during shutdown 
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6.4. Application 4: Stockpile Management 

 
To reconcile the amounts of ore, waste, and overburden generated by mining operations, sites 
utilize surveying technologies which yield 3D models profiling each stockpile. In addition to 
determining and cataloging volumes of distinct stockpile areas, a thorough stockpile 
management program will allow operators to accurately account for overlaying stockpiles and 
archive ore grades throughout the life of the stockpiles. Such efforts ensure accurate reporting 
of stockpile value, minimized material dilution, reduced misclassification of valuable material, 
and greater confidence of material attributes when processing the stockpiles.  
 
Ground-based surveying methods, including GPS, total stations, and laser scanners, have been 
the industry standard for generating digital 3D stockpile models, the cornerstone of stockpile 
management. These methods, however, are slow in nature and often require surveyors to scale 
hazardous slopes to collect data. Drones - using photogrammetry or LIDAR - provide significant 
gains in accuracy and efficiency. The updated 3D surfaces provide regular snap-shots of the 
changes during the life of the stockpile. For mine operators, this data plugs directly into any 
mining or GIS software suite for further analysis and evaluation. 
 
The DEM models produced by drones for stockpile management support the following 
processes: 
 

 Reconciling accurate stockpile volume for productivity benchmarking and financial 
statements. 

 Defining placement and profile of high grade and waste stockpiles to ensure proper 
classification of material. 

 Accurate modelling of each stockpile when feeding the material for processing and 
mineral extraction.  
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7. Future of Data Diversity 
 

"Creating value is a question of bringing together individual capabilities into a fully integrated 
holistic digital mining environment and looking at organization, structure, metrics, 
collaboration, the digital strategy and vision and, crucially, the role and treatment of data. 
Ultimately, this is about utilizing this holistic environment to enable the management of the 
mine as a system to manage variability and uncertainty and maximize revenue." 
 

Emilie Ditton, Research Director, IDC Energy Insights, 2015 ii 

 
The data captured from drones can be as specific as volumetrics or as diverse as the total 
operation.  Ultimately, the value of digital mining is in merging data captured by the thousands 
of sensors spread across the mining operation into a holistic, 3D digital environment. This 
provides spatial context to all aggregated data, allowing operators to better understand and 
manage their day-to-day activities.  With the potential to carry multiple sensors, automated 
drone operation facilitates the data diversity required to support the modern digital mine. 
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8. Conclusion: Choosing a Mine Drone Program 
 

The future of digital mining lies in automation. Drones will be an integral tool for these new 
efforts, driving operational efficiency and profitability throughout the mining value chain. 
 
When choosing a drone program for a mine site, each method previously discussed, including 
drone-as-a-service, in-house, and full automation, will have distinct advantages and challenges 
depending on the scope of applications and frequency of desired operation. The feasibility of 
applications discussed in this report require a solution which incorporates advanced drone 
operation and a permanent presence on site to allow routine use. The automated drone system 
addresses this increasingly important role of regular, reliable data collection in the mining 
environment: 
 

Safety Remotely scanning areas rather than climbing across unstable terrain 

Cost 
Reducing costs of data harvesting while adding value to processes throughout the 
operation 

Flexibility 
Conducting diverse missions on a scheduled basis or launching missions on-
demand  

Speed Receiving near real-time data within hours of request 

Accuracy 
Minimizing uncertainty and increasing accuracy by eliminating redundancy of 
missions 

 

 
The success of the mining industry in the future hinges on its ability to manage variability and 
uncertainty through a “fully integrated holistic digital mining environment.” The automated 
drone system will be considered a strategic component of mining in the future, not just a 
tactical, cost driven activity.  
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10. About Airobotics 
 

Airobotics has developed an unmanned drone solution, the first of its kind in the global 
market. 
 
Airobotics provides an end-to-end, fully automatic solution for collecting aerial data and 
gaining invaluable insights. The industrial grade platform is available on-site and on-demand, 
enabling industrial facilities to access premium aerial data in a faster, safer, more efficient 
way.  
 
The team at Airobotics fuses expertise in aerospace hardware design, robust electronic 
systems, leading software engineering, and years of experience in commercial drone 
operations. This varied experience has allowed them to design a solution suited to address 
the needs of the world’s most complex industrial environments.  
 
To learn more, visit: www.airobotics.co.il and follow up on LinkedIn or Twitter. 
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