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Case study 1
UAV magnetic surveys
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Radai magnetic UAV system

(Photos by M. Pirttijarvi)




Radai magnetic UAV system

Custom-made UAV with 780 W electric engine
Wingspan 2.12 m, mass 3.5kg
Autopilot follows waypoints designed for the survey

Real-time telemetry link & control station with a PC
surveillance software

3-component flux-gate magnetometer
o =1 nT resolution, 1 Hz sampling (1-3 samples/m)

Base station (proton) magnetometer



Data processing

Visualization as maps and profiles
Data processing, flux-gate calibration, orientation

correction
Base station and heading correction

Equivalent layer modelling (ELM)

o Computation on even grid
at constant altitude
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Data processing

= | RadaiPros

File Edit Calibration Exit

tap view
¥ Show profiles ¢ line tums
¥ Show contour/image map
™ Show data on map
¥ Show PNG map

54000 -

Paint/Grid step size 250
Symbal/Label step 10
Profile view
Data/Level set # 1
<-Preyv Mest-»

Delete current
Shiow:

Orientation -
Altitude
COriginal b ag

53000 -

Computed field (nT)
:(‘.:
S
(=1
1 | 1 1

I I T I T I — I T I T I T
= 41500 41520 41540 41560 41580 41600 41620 41640 4

Difference
Displacement

Map subset / Profile axis:

£ Set1/Dist 34000

‘orrected field (nT)
:(::
S
(=]
1 | 1 I

" Set3/ Row i
Fiotate rall [deq) oo
Fotate pitch [deq) 0.0
Fiotate paw (deq) 0.0 53000 —
Zoom ! :
Pan T | | T | T | T | T | T | T
cul 41500 41520 41540 41560 41580 41600 41620 41640 4
Filter o | | | | | L | 1 |
pdate —_ 54500 -
) i
Equivalent layer GLUI \E/ :
54000
Lirrit profile: E :
Start % q: aE
- 53500 o
= 1
. o] :
o 53000 —'|j ;
T T T T T T T T T T = T T T T T T
41500 41520 41540 41560 41580 41600 41620 41640 4
Dataset =1 ; o
Points =12647  tmin= 41484, Time (s) tr

Radai AV data processing, v. 1.0 [c] M. Pirttijand, 2016




Data processing
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Survey results comparision

GTK's ground data upward-
continued by 30 m
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Radai's UAV data computed at
the height of 30 m using ELM
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Conclusions

UAV based magnetic surveying is feasible
Finer line spacing gives an advantage
o More detailed than GTK airborne magnetic data
o Comparable to ground data at the same height level
Pros of UAV:
o Affordable & cost-effective
o Fast, safe & versatile
Cons of UAV:

o Targeted coverage, requires specific data analysis



Case study 2
UAV gamma radiation surveys



Radai gamma radiation system

Custom-made quadcopter
Payload 4kg, flight time 40 min
Autopilot follows waypoints designed for the survey

Real-time telemetry link & control station with a PC
surveillance software

Dual Bismuth Germanate (BGO) detector 106 cm3
* High sensitivity performance

* Energy response from 25 keV — 3000keV
 Weight 3.5 kg



Radai gammaradiation UAV system

UAV parameters Value

Operation mode Quad-copter

Electric engine 4xW

Axis span 10m

Propellers 50 cm

Mass 8 kg (10 kg w batteries)
Payload <5kg

Flight speed 0-25m/s

Flight time up to 40 m

Fig. 2.1. Radai's Terrain Scout 3.2 UAV.



Gamma radiation survey results
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Figure 6.4, Image map of the total intensity at 10 m fight altitude,
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Figure 5.9. Total intensity a1 5 m fight height (survey C251).
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Figure 5.11, Total intensity 2t 30 m flight height (survey C253).
Note the dMerent color scale used in the figure.
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Conclusion

Survey at 30m altitude corresponds quite well to result
measured at lower height levels.

Radiometric measurements with D320A spectrometer
provides useful information from 30m altitude

Larger sensor would provide more reliable radiometric
results



Case study 3
UAV gas surveys




Radai gas survey system

* Custom made gas sensor platform module prototype. % -
 Multiple sensor platform.
* Autonomous UAV operations.

g

* Possible to integrate other survey devices to UAV.

UAV can follow terrain model — based on Lidar.

e Data prosessing system under development



Gas measuring system

System development tools: ol

* Measurement electronics with sensor data logger and »
communication with software platform. e ¢

eSoftware platform for schematic drawing, configura?ion an
programming. <

* Analysis tools for data processing, modeling and result
visualizing.




Gas measuring system

Sensor type comparison:

Methane sensors features

Sensor 1 Sensor 2 Sensor 3 Sensor 4
Range of volume 500 to 10 000 ppm  |500 to 10 000 ppm  |5% to 100% 0% to 5%
Resolution of volume 0,10 % 0,01 %
Linearity of reading 20 % 20 %
Accuracy of reading 20 % 20 %
Warm up time ~ 3min ~ 3min 1min @ 98% 1min @ 98%
Response time ~ 2min ~ 1min 20s @ 90% volume 30s @ 90% volume

Long term zero drift

0,1% volume per month

0,1% volume per month

Operation conditions

0C-40C, 30-95% RH

0C-40C, 30-95% RH

-20C-50C, 0-95% RH

-20C-50C. 0-95% RH

Power ~300mW ~300mW 75-80mA T5-60mA
Offset in Power On, mV Offset in temperatures 20C, 0C, -20C, 20C, mV
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Gas measuring system

Measuring System Analysis, MSA: S

* Every measurement systems have variation. With MSA we

»
ensure the suitability of the system for the applicat‘iong g

I
In case Gas Measurement MSA we select factors;

« Sensor type; repeatability, sensitivity, response time
* Gas content; offset, scale, linearity
 Temperature; temperature compensation
 Measuring method; on foot, UAV

 Measurement condition; laboratory, outdoor



Gas measuring system

Gas Measurement MSA tools:
 Test chamber
e Reference gases ¥

-
A, Sensors and measuring device g

e Data analysis software; LabVIEW, RadailLab, Minitab e
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Gas survey test in Rusko landfill at Oulu

65,0610°N

65,0600°N

65,0590°N

65,0580°N

65,0570°N

25,56440°E

25,5480°E

25,56520°E

Tunnuslukuja:

Mediaani: 51 5ppmr f

95% fraktiili: 1020ppm ‘

> 5000ppm: 1,8%
»
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