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IN GPS-DENIED AND CHALLENGING ENVIRONMENTS

MINING RAIL & ROAD INDOORS SEARCH & RESCUE URBAN

No GPS No Maps

+ +

No AccessNo Comms

+



ÅAs mines become deeper, they are subject to more seismicity and other 

hazards so require more monitoring

ÅParadoxically, monitoring becomes more challenging and hazardous at depth

ÅIncreased drive to remove humans from hazardous areas while still requiring 

increased levels of data collection for monitoring

ÅAutonomous underground data collection can offer a solution



ÅTechnical
Åno GPS, no comms, BVLOS

ÅEnvironment
ÅDust, water, wire, mesh

ÅOperational / Integration
ÅDrone pilot skills
ÅIntegration with current workflows
ÅData volume / management

ÅReturn on Investment / Business Case
ÅNeed to justify the expense and show value

ÅRegulations
ÅCASA (if also used above ground)
ÅStandard Operating Procedures
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Autonomy / data processing

Case studies / early adopters 
leading to mainstream use 



SLAM LIDAR MAPPING

ADVANCED AUTONOMY

GPS-DENIED FLIGHT

COLLISION AVOIDANCE

Provides advanced autonomy and mapping when drone-mounted, or can be used as a 
standalone mobile mapping system

1.8 KG PAYLOAD

POWERFUL i7 CPU

VELODYNE VLP-16 
LiDAR



2
0

1
9





Fly/Walk/Drive Download via 
USB

Process data
2 times flight time

High resolution data
.las, .laz, .ply, .dxf



ZAG
AT

ÅOmnidirectional 
collision avoidance 

ÅGPS-denied position 
hold

ÅOverrides pilot 
commands to keep 
drone safe

ÅEnables safe line-of-
sight flight

ÅSet waypoints in an 
existing map for 
routine pre-
programmed flight

ÅTap-to-fly interactive 
waypoint mode in 
live stream map

ÅIncludes collision 
avoidance

ÅEnables beyond line-
of-sight flight

ÅMount Hovermap to 
any vehicle or 
platform that can 
carry it.

ÅUse the drone in-built 
autopilot to operate it



ÅOmnidirectional Lidar-based collision avoidance 

ÅGPS-denied position hold and velocity control

ÅMixes pilot commands to keep aircraft safe

ÅEnables safe line-of-sight flight

ÅBeta release 2018, commercial launch Jan 2019

ÅThousands of hours of use by customers in 

challenging environments

ZAGAT



Autonomous BVLOS 
GPS-Denied Flight

Tap-To-Fly 
Smart Waypoints

Guided Exploration

Live Streaming 
Map

Advanced 
Failsafes

Built on the mission 
proven AL1 and 

10+ years of R&D



ÅReturn to home (RTH) via shortest known route

ÅLow Battery RTH

ÅCritical Battery Landing

ÅWiFi or RC communications loss RTH

ÅHeavy Dust Back-Track 

ÅPoor Waypoint Placement
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Takeoff / landing
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Line of sight
limit
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ά¢Ƙƛǎ ƛǎ ŀ ǎŀŦŜ ŀƴŘ ŜŦŦƛŎƛŜƴǘ ǿŀȅ ǘƻ 
work. No one carrying out inspection 
work will be exposed to any kind of 
risk.

It is also a very effective means of 
investigating difficult-to-access areas, 
ore passes and areas affected by 
rockbursts.

For example, we have been able to 
look at one of our loaders, which is in 
an area we are not currently physically 
entering.

The drone is good tool, but the 
scanner is truly revolutionary.

The scanner is definitely here to stay 
and will be used for a variety of 
purposes in the future. έ

Per Brännman, section manager
LKAB, Kiruna
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Flight path
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Low point density

Missing Data 
(shadowing)

Very high point 
density

Complete Coverage 
allows accurate 

volume 
calculations

Level of detail 
allows valuable  
identification of  
geotechnical 
structures such as 
faults and fracture 
planes

40m



Å Scans captured 3 months apart
ÅWalking and vehicle mount
Å Compared to extensometer:
Å Capture and processing time
Å Precision
Å Integration into mine model



Å Data for a complete extraction drive (approximately 200m) could be collected in 7 minutes. 

Å A point cloud could be generated in 20 minutes with processing of displacement taking approximately 1 hour 

per extraction drive (using manual processing). 

Å Results had an average difference of 2.1mm to conventional tape extensometer readings but showed a 

significant increase in coverage area. 

Å Data was directly overlain onto the existing mine wireframes to allow improved data visualisation and 

integration with other data sources (faults, lithology, monitoring, production data) 

Å The LiDAR point cloud methodology does sacrifice a moderate amount of precision but obtains significant 

improvements in time management, data collection, safety and coverage area. 




