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To test the working prototype robot e

capabilities under real-life (mine) conditions:

ELD TRIALS

WPs involved

Sub-systems further
developed/improved

Multi robot
platform ready.
UX1-A, UX1-B,
UX1-C deployed

UX-1A: first
prototype ready.
First tests at

First
version of

UX-1B: prototype

Kaatiala (Finnland)
ready. Tests at

Idrija (Slovenia) sub- Kaatiala Mine, (FI) 2.
systems and at Urgeirica ~ dHEmine.SLO . at Ecton Mine, -
UK

Mine, PT

consfruction and systems
32 M38

integration of the UX-1

Urgeirica (Portugal)
Ecton (UK)

Molnar Janos (Hungary)

To demonstrate how this technology can address the needs of customers and end-users

Pictures, movies, fly-through animations etc.
Geological data (mainly from Ecton)

Demonstration datasets
Physical and virtual reality models of surveyed mines
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8 TB of data collected in 4 mine trials.

(average ~200 GB per hour)
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UNEXMIN SCIENTIFIC INSTRUMENTATION

NAVIGATIONAL INSTRUMENTATION SCIENTIFIC INSTRUMENTATION
= Multibeam sonar = pHand electrical conductivity units
= Scanning sonar » Temperature and pressure sensors
= Digital Cameras (5) = Watersampler (16 samples, 7 ml /
= Structured Light System (SLS) sample)
= DopplerVelocity sensor (DVL) = Magnetic field units
= |nertialNavigation System (INS) = Gamma-ray counter
= Scannerandlasers = Sub-boftom profiler

= Multispectral camera (14
bands, 405 - 850 nm)
= UV fluorescence camera

This project has received funding from the European XK
Union’s Horizon 2020research and innovationprogramme o
under grant agreement No 690008.
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SCANNING SONAR AND STRUCTURED LIGHT SYSTEM
O

= Obtain point cloud of open spaces (i.e. for future drilling plan,
calculating dewatering costs etc.)

= Detect and measure orientations of geological structures
(dip, strike, folds etc.)

= Create virtual reality model of mine

= Huge amount of data

= Alot of pre-processing is required (i.e. removal of echoes)

‘ . A 4 ® This project has received funding from the European
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VISIBLE LIGHT CAMERAS

front_led_corrected: 1559131670404052616 = 2019-05-29 12:07:50




VISIBLE LIGHT CAMERAS
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VISIBLE LIGHT CAMERAS

Dlp& strike
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VISIBLE LIGHT CAMERAS

O

= Geologists can identify rock types

= Together with orientational data geologists can approximate orientations (dip and strike, folds,
fault planes etc.)

= Observe obstacles, debris, rockfalls, blocked passages, assess the condition of support etc.
= |dentify exposed bedrock for other target analysis (i.e. multispectral)

= Manual processing
= Assessments might not be very precise

= Not very useful in muddy water or in large openings

‘ A 4 ® This project has received funding from the European
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Cross section of the Pumping shaft Cross section of the Winding shaft (upper part) Cross section of the Winding shaft (lower part)

r0 water level 0 water level
E fault dippin app. 45deg. bent bedded limestone, thick
. R [ in thick bed%g Iimestoneg /L] bedded limestone from the launch
near vertical stratification Sar6 10 55660 Metres
- (thick bedded limestone) B pp-
10 cross cutting calcite veins
in thick bedded limestone
I . : 7 sub-vertical joints in
sub-vertical thick bedded limestone, § .
= north-south strike (beds app. 15cm T thick bedded limestone
thick). Deep water facies thick-bedded | ,
LIS limestones and thin-bedded limestone
SeQUCHCES ks corroded chalcopyrite
20 mineralisation
- boudinage structure @ 37,5m in
thick bedded limestone,
% directional stress
small cross veins of calcite syn-sedimatation structure in
= (mm to cm in size) in limestone thinly bedded limestone
30
multi-phase calcite veining @
£ 43.6m, movement on fracture
planes
possible mineralisation
~40 replacement (barite and calcite)
LIS " Y sub-horizontal bedding with small
cross cutting veins of calcite
LEGEND g
LIS ) . syn-sedimatation
o P = thin bedded limestone ,f;'//a\ szlructure
: ; I
ke sub-vetrical joint set in thin tight syncline In thick e thlf:k bedded limestone [/ bent bedded structure
bedded limestone at the o bodded limestons —®— vein boudinage structure
~-50 entrance to the opening — joint A fault
&_ syncline ® mineralisation
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PH, EH, THERMOMETER, WATER SAMPLER

O

= To detect physical and chemical composition of mine
water in the case of future dewatering

= To detect possible hydrothermal or anomalies of
electrical conductivity (in the case of hydrothermal 5
activities, CO, degassing through active faults etc)

I
o 85

’ 8

= pH electrode must be calibrated regularly to obtain "
accurate measurements

time (internal UX-I clock units)

= Only small amount of water can be sampled
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UV CAMERA

right_led_corrected: 1559130260101274604. = %019—05—29 11:44:20

Depths 37.4
XY RSN 5
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UV CAMERA
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MULTISPECTRAL CAMERA (14 BANDS)

calcite
probability
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MULTISPECTRAL UNIT (14 BANDS), UV CAMERA
O

= Can detect some minerals

= Can easily detect fluorescent minerals

= Huge amount of data

= Superimposing of MSU images is hard, because the robot moves and rotates

=  Automatic mineral detecting algorithm is not ready yet to be used

‘ A 4 ® This project has received funding from the European
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GAMMA RAY COUNTER

295
= Can detect increased rates of gamma
radiation (useful for detecting U ore, or K- i x|
) ) ] ] -1 on the bottom
rich rocks, like granites, pegmatites etc.) 255
E 235 <«
Q
£
Q 215
®
. 175
= More tests might be necessary. ‘ UX-1 obt of the water
155 ( < b < >
descending ascending
Start of the div:lslzl9:4l 11:26:53  11:34:05 11:41:17 11:48:29 11:55:41 12:02:53  12:10:05 12:17:17  12:24:29
Time

‘ A 4 ® This project has received funding from the European
k I Union’s Horizon 2020research and innovationprogramme
under grant agreement No 690008.




MAGNETIC FIELD METER AND SUB BOTTOM PROFILER

O

= Can detect magnetic anomalies which are commonly associated with some ores

= [s not yet tested in real conditions
= Can measure bottom floor precisely

= Didn’t work well during the tests
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UX-1-WHY IS IT USEFUL FOR MINING COMPANIES ON

CURRENT LEVEL OF DEVELOPMENT

= Can detect submerged openings, tunnels and caverns, even in
waters with near-zero visibility (for drilling plans).

= |n clear waters good visual inspection of flooded parts can be made,
allowing geologists to map the geological features on exposed rocks,
Including estimating orientations (in combination with the data about
robot position and orientation).

= Can bring water samples for analysis (in case of dewatering).

= In specific cases, it can assist detecting minerals (in combination with
visible, IR and UV light and gamma-ray detector)
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UX-1 ROBOT — SHOPPING LIST FOR THE FUTURE

= Automatic on-board mineral detecting system, integrating different
Instruments (MSU, UV, Gamma).

= Operational magnetic field measurement system.
= Better point clouds, less false points and echoes (to see some geology).

= Possibility to collect rock samples, measure composition of rocks (i.e. XRF,
XRD).

= |ess maintenance, fewer operators during dives.

= More precise location and orientation during the dive (perhaps assisted by
some sort of feature detection in the mine).
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