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Unmanned aircraft for alien plant species
detection and monitoring
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Institute of Aerospace Engineering

LETECKY USTAV

Institute of Aerospace
Engineering

esigned, build and in-flight tested by IAE

VUT 001 Marabu experimental, d

pRieiteasony

VL{T 100 Cobra 4-seat aircraft designed and tested by IAE

SPARTAN Mars lander demonstrator

KP-2U Sova microlight airplane designed and tested by IAE



Institute of Aerospace Engineering - UAVs




Institute of Aerospace Engineering - UAVs




Institute of Aerospace Engineering - BRS
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Institute of Aerospace Engineering — UGVs/boats?




Why alien plant species?
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Why alien plant species?

= threat to biodiversity, ecosystem functionality, traditional landscapes
= impact grows despite the worldwide efforts to control and eradicate

= once fully established - hard to permanently eliminate
AT o N

Pysek et al. (2010): ALARM Biodiversity Atlas, Pensoft.

= -> fast and precise monitoring for rapid actions is crucial
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Invasive species of interest

giant hogweed; knotweeds; tree of heaven; black locust
Heracleum mantegazzianum
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Pysek et al. (2012): Plant invasions in the Czech Republic: current state, introduction dynamics, invasive species.. Preslia 84: 576—630.
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Invasive species of interest

giant hogweed; knotweeds; tree of heaven; black locust
Fallopia japonica, xbohemica, sachalinensis

Pysek et al. (2012): Plant invasions in the Czech Republic: current state, introduction dynamics, invasive species.. Preslia 84: 576—630.
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Invasive species of interest

giant hogweed; knotweeds; tree of heaven; black locust

Pysek et al. (2012): Plant invasions in the Czech Republic: current state, introduction dynamics, invasive species.. Preslia 84: 576—630. 1 5



Invasive species of interest

giant hogweed; knotweeds; tree of heaven; black locust
Robinia pseudoacacia

Pysek et al. (2012): Plant invasions in the Czech Republic: current state, introduction dynamics, invasive species.. Preslia 84: 576—630.
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Unmanned aircraft

Fundamental requirements
* map a site >= 80 hain <1h

20km of flight

n
»

« GSD <= 7cm/px

« minimum pre-flight and post-flight procedures
* reliability

* low cost

« transportability — car + hand by one person for at least 1km

Tarot T960 (22,2V) mm 10
3DR X8-M (14,8V) mmm 11
DJIS1000 (22,2V) mmE 14 ® Rotorcraft

Aibot X6 (14,8 V) I )5
Skywalker X-5(11,1V) m—— 37
SenseFly eBee (11,1V) s 50
Trimble X100 (11,1V) M 53 —_—
Trimble UX5 (14,8 V) s 60
RVIJET (11,1V) s 3?2
QuestUAV Q-Pod (11,1V) I 100
Buffalo FX-79 (22,2 V) I 109
Phantom FX-61(22,2V) I, 114
Bormatec Maja (14,8 V) II—— 126

B Fixed -wing

0 20 40 60 80 100 120 140
Range [km]

Fixed wing platform

(Canon S100, 80x80%
overlap)
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Unmanned aircraft — development platforms

VUT 720

VUT 712

VUT 713




Unmanned aircraft — development platforms

e
VUT 720 o

VUT 712 -

VUT 713

VUT 712 VUT 713 VUT 720
Span 2.1m 2.0m 2.6 m
Length 0.9m 0.7m 1.3 m
mMTow 3.1kg 3kg 22 kg
ve 17 m/s 18m/s 15 m/s
Endurance 0.9 hr 0.8hr 1 hr
Power 800 W 600 W 360 W
Payload 0.8 kg 0.9 kg 0.3 kg
Autopilot Pixhawk Pixhawk APM2.5+
P autopilot autopilot autopilot
2x Canon 2x Sony Ix Canon
Camera S100 A5100 + S100+
stabilized E20/2.8 1x GoPro
Based on SkyWalker RVIET Multlplex
X8 Cularis
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Unmanned aircraft — final platform: VUT 714

Why?
= Optimized performance

Smaller size -> Better transportability

No connectors, loose cables etc.

Better payload accomodation

= We like to build new airplanes :-)
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Unmanned aircraft — final platform: VUT 714

The approach:

= In-flight measurements
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Unmanned aircraft — final platform: VUT 714

The approach:
= Reverse engineering
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Unmanned aircraft — final platform: VUT 714

The approach:

Simulations

Wing Span
xyProj. Span
Wing Area
xyProj. Area
Plane Mass
Wing Load
Root Chord
MAC

TipTwist
Aspect Ratio
Taper Ratio
Root-Tip Sweep
Mesh elements

VUT713

Wing Span .000 m
xyProj. Span .000 m
Wing Area ).547 m*
xyProj. Area ).547 m*
Plane Mass 2.700 kg
Wing Load -934 kg/m*
Root Chord 370 m
MAC ).291 m
TipTwist .020°
Aspect Ratio j

Taper Ratio

Root-Tip Sweep

Mesh elements




Unmanned aircraft — final platform: VUT 714

The approach:
= Design
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Unmanned aircraft — final platform: VUT 714

The approach:
= Design
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Unmanned aircraft — final platform: VUT 714

The approach:
= Prototyping




Unmanned aircraft — final platform: VUT 714

The approach:
= Prototyping
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Unmanned aircraft — final platform: VUT 714

The approach:

= Material & component evaluation

Net Efficiency[g/W]

1000 2000

3000 4000 5000 6000 7000 8000 9000 10000

Net Thrust (¢]
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Unmanned aircraft — final platform: VUT 714

The approach: 14

AV ST
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Unmanned aircraft — final platform: VUT 714

The result:




Manned aircraft

TL3000 Sirius

WT-9 Dynamic
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Workflow
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Workflow

classification 4~ Orthomosaic, DSM,
b pointcloud, ...
' £

airspaces
\ In-situ research, ground
truthing

aerial imagery

7
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A/ In-situ research/ ground truthing

= RTK GPS
= Collector for ArcGIS
» Field spectrometer: Spectral evolution
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Workflow

classification <~~~ Orthomosaic, DSM,

Ew.a'-lrspaces [ o pointcloud, ...

In-situ research, ground
truthing

aerial imagery

7

UAV
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UAV data acquisition

@ Survey (Grid) _IJ m] ﬁl

Simple | Grid Options | Camera Config |

[ Troom

Simple Dptions

Camera A5100+20mm -
Altitude (m) 250 =|

Angle [deg] 301 =

W Camera top facing forward

Flying Speed (est] [m/s) 17 =|

W Use speed for this mission

W Add Takeoff and Land WP's
™ uUseRTL

Split into % segments

Display

™ Boundary

[ Markers

M Grid

™ Intemals

@ Footprints

@ advanced Options

Control-5 to save to file
Control-0 to load form file

"

Area: 45274 m Pictures: 142 Flight Time [est): 11:13 Minutes  Min Shutter Speed: 1/696
Distance: 15k No of Strips: 11 Photo every [est):  2.59 Seconds
]

Dist between images: 44 Footprint: 29382195 m TunDial(at45d): 84m i m

Ground Resolution:  4.88 cm Dist between lines:  39m Ground Elevation: 576-623 m




UAV data acquisition - sensors




UAV data acquisition - spectral resolution

Spectral response normalized to 100% Green ...

Relative res ponse [-]

... compared
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Workflow

airspaces

In-situ research, ground
truthing

classifica

UAV

tion € —~ Orthomosaic, DSM,

aerial imagery

7
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SFM - Mosaicking

Approximately 800 VIS + 800 NIR images for a single mission

Agisoft

Structure from motion ...
multi-stereo photogrammetry
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Workflow

classification €~~~ Orthomosaic, DSM,

SR agrspaces pointcloud, ...
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In-situ research, ground
truthing

aerial imagery
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UAV
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Classification - approaches

 spatial resolution higher than the plant size, distinct shape/texture -
object-based (rule-based, hierarchical)

Coarse segmentation Fine segmentation Classification results

(
I
%

» |ower spatial & higher spectral resolution, less distinct - pixel-based

« problematic - hybrid approach 42



Classification — UAV data', black locust
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Classification — UAV data, black locust




Classification — timing is important
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Conclusions

= \WWorse satellite spatial resolution is outweighed by better spectral
resolution compared to low-cost UAV sensors

= Crucial advantage of UAVs is in their flexibility — precise timing of the data
acquisition according to the phenology of the plant of interest

= |egal constraints of UAV deployment might be very limiting
= Classification method depends on the target species characteristics

Further work

= Open - source SFM implementation

= RTK workflow implementation

= Multispectral sensor (MicaSense RedEdge)
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Further information

NEWS ABOUT THE PROJECT MONITORED SPECIES PROJECT TEAM OUTCOMES CONTACT

INVASIVE PLANTS

Detection and monitoring of invasive plant species using remote sensing

20. 11. 2017: COST HARMONIOUS

Members of the team from Institute of
Botany and Brno University of
Technology take part in the new
European action COST HARMONIOUS (
CA16219; Harmonization of UAS
techniques for agricultural and natural

ABOUT THE PROJECT

MONITORED SPECIES PROJECT TEAM CONTACT

© 2014 BU AV, CR v.v.i., LU VUT Brno, Gisat s.r.o. | administrace

"

www.invaznirostliny.cz/en
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