%‘DroneSOM ~ GTK radai Eéu beok

NNNNNNNNNNN
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General aspects
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7377000

A DEM allows drones to follow the terrain topography (i.e., to keep

7376800

constant”™ height from the gro

7376600

A Since waypoint separation is 1400 m, grid sampling does not
need to be very dense; 12D m cell size is a good compromise
between accuracy and file size.

7376400
7376200
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A National Land Survey of Finland has a free service where the
DEM data can be downloaded for free (ASGeTIFF-

Important. DEM must be up to date (problems near mines).
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North (m) (ETRS89-TM35FIN)
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DEMs are also needed in data ppsbcessing.

Hint: ASTER3 and ALOS are free satbliteed global DEM
model s, the quality of which I
N A S Bdrtedataservice or directly QGMNapzenglobal DEM.
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Digital background maps

A Background (topographic) maps are used in drone surveys to @
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1. Flight planning (e.g. locating GSM towers, wind power plants, | NN 1§§.\

inhabited houses, restriction areas)

2. Orienteering (e.qg. finding the roads to access the area and
finding good places for flight operations)
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A For exampleRadaiPatlsoftware uses PNG and TIF images with
associated ESRI world files (PGW or TFW).

A National Land Survey of Finland provides a free service where
(topographic and orthophoto) maps can be downloaded for free
(https://asiointi.maanmittauslaitos.fi/karttapaikka/ it o
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" RadaiPath
File Edit View Exit

Locate/move home base I

Create/edit survey area

it survey area 1

<-Prev | Next-> l
¥V Show PNG/TIF map
V' Show DEM
V' Show WPT points
[V Show extra element
Home base X 469040
Home base Y 7375678
Home base Z 1556

Define flight line system

Line separation (m) 100.0
Origin X (m] 4680390.0
Origin ' [m) 7375905.0
Line azimuth (deg) 45.000
Buffer width (m) 150

Simple flight path [

Advanced flight path I

Edit:
I Store edits in memory
‘Waypoints | Towers l
Lines | Areas/Points l
‘Waypoint separation (m) 250.0
Flight height (m] 350
Tum radius (m) 60
Update; i
Reset |
Zoom in I Zoom out I Pan l
Backup I Restore/LIndo l

Map vs Profile |

H:\\Example_map.png
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H:\\Example_dem asc
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LAY flight path generation v. 2.1w (c) Radai Oy, 2023
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Flight path generation witRadaiPatpart 2)

1. Define line separation

2. Define flight line origin(red box)
and line direction/azimuth
(as given or using mouse)

3. Define home base location (blue
box) where the flights start and
end(as given or using mouse)

5 RadaiPath - a X
File Edit View Exit
Eoctsiiovs e bas | Area #1, A=1.520km?, Lines# =16, Total length =15 69km,Please, define flight path
Create/edit survey area 2 | T | | | 1
= 1 bit &/(» \\\_) \
<-Prev | Next-> l ¥ -k\'“ 9
V' Show PNG/TIF map L’S a S e / a e
[ Show DEM o 2
V' Show WPT paints 7376500 S
[¥ Show extra element ~ 4
Home base X 470070 T v T ,};
Home base Y 7376438 ¥1 B s 1) N =Ty
o 2, x
Home base Z 148.4 ' ho,-" / ¥t
Define flight line system - / / \
Line separation (m) 1000 X VL
Drigin X (m) 468090.0 2376000 ) |
Origin Y (m) 73753050 o
Line azimuth (deg) 45.000 \ [
Buffer width (m) 15.0 o . Q ~
Simple fiight path | A o F Bt Dot 7 %\ RTL:60 m
Advanced flight path I = L®, \ S \ | -
= s 177
Edit: N 2 (> { AT 174
™ Store edits in memory S 171
? 7375500 o & 7
‘Waypoints | Towers l 73755 \ \ 168
Lines | Areas/Points l C . \ 166
‘Waypoint separation (m) 250.0 \ igg
Flight height (m] 35.0 : 157 o
Turm radius [m) 50 SraSal 155 =
52 2
Update; i }4(2) :
— ™)
Reset | 146 E
7375000 m . 144
Zoomin |  Zoomouw | Pan | <l 141
Backup I Restore/LIndo l }g%
133
Map vs Profile l 130
468000 468500 469000 469500 470000
No edits g
H:\\Example_map.png East (m) NN UBVI\vl'Kg
No DCM 0
H:\\Example_dem asc ETRS-TM35FIN

LAY flight path generation v. 2.1w (c) Radai Oy, 2023
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1. Define waypoint separation,
flight height and turn radius

2. Create flightpath by giving index
number of the first and last line

Note the waypointsadded inthe
turns.

Also note the resulting flight lengt
(28km) and height (4in) which is
always bigger than nominal heigh
(35m).
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" RadaiPath
File Edit View Exit

Locate/move home base ]
Create/edit survey area I
T 1
<-Prev I Next-> I
V' Show PNG/TIF map
V' Show DEM
V' Show WPT paints
IV Show extra element
Home base X 470070
Home base Y 7376488
Home base Z 148.4
Define flight line system
Line separation (m) 100.0
Origin X (m] 4680390.0
Origin ' [m) 7375905.0
Line azimuth (deg) 45.000
Buffer width (m) 150
Simple fight path |
Advanced flight path I
Edit:
I™ Store edits in memary
‘Waypoints | Towers |
Lines | Areas/Points |
‘Waypoint separation (m) 250.0
Flight height (m] 350
Tum radius (m) 60
Updat i
Reset I
Zoom in I Zoom oul t Pan l
Backup I Restore/LIndo l
Map vs Profile I

- a X
Area #1, A=1.520km?, Selected# =16, Lines# =1-16, Flight length =27.72 km, WPT# =168, Mean height =40.82m
— L . I | .
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LAY flight path generation v. 2.1w (c) Radai Oy, 2023
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FI [ ht th u i | RadaiPath; Settings — | X
ight path generation (part 4)
" Line-by-line
{* Everny 2nd line
Extra parameters make the drone to: C Every ih fne
] ] ] . . . Satety margin for turms [m)
A Fly either lineby-line, every second line or every 4th line (depends on ling|  fiedues number of poinis
separation and turn radius of the drone). ptudetalenee ()
- . . - M awirnurn ' PT distance [m)
A Preventflight heightgetting lower inturns. Bl
v Check fight path
A Use maximum rise and drop angle (in percents) during the flight. In M _
practice, this makes the flight height increaseerthe steepest slopes of & | yuinmaes 50
hill. It alsochangedlight heightwhengoinguphill or downhill. et
A Useof lead and bypass waypoints ensus¢hat drones flystraight when e
enteringthe start offlight line e
g g . Right margin [m]
A Digital canopy model (DCN&) experimental Mimcanory [
40.0
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" RadaiPath
File Edit View Exit

Locate/move home base

Create/edit survey area

1

<-Prev I Next-> I
V' Show PNG/TIF map
V' Show DEM
V' Show WPT points
7 Show extra element
Home base X 470070
Home base Y 7376488
Home base Z 148.4

Define flight line system

Line separation (m) 100.0

Origin X (m] 4680390.0

Origin Y’ [m] 7375305.0

Line azimuth (deg) 45.000

Buffer width (m) 150
Simple flight path

Advanced flight path

Edit:
IV Store edits in memory
‘Waypoints | Towers l
Lines I Areas/Points |
‘Waypoint separation (m) 250.0
Flight height (m] 350
Tum radius (m) 60
Update; i
Reset ]
Zoom in I Zoom out Pan l
Backup | Restore/Unda l
Map vs Profile ]

0 KwHR K B tlJpiN&

X

7376500

7376000

North (m)

7375500

7375000

H:\\Example_edit. wpe
H:\\Example “map.png

No DCM
H:\\Example_dem asc

Area #1, A=1.520km?, Selected# =16, Lines# =1-16, Flight length =27 82 km, WPT# =172, Mean height =40.93m

| RTL:60m

468000
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469500 470000
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No BNA2
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LAY flight path generation v. 2.1w (c) Radai Oy, 2023
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Flight path generation witRadaiPatpart 6)

N RadaiPath

Checking the flight path e s v

Fccete/oyehonelbase Area#1, A=1520km?, Selected# =16, Lines# =1-16, Flight length =26 31 kra, WET# =165, Mean height =31 67m

Create/edit survey area

In profile view, make sure thatthe | .. | .=

¥ Show PNG/TIF map

flight height (red curve) does not | &

get lower than nominal flight heigh) == &

(dotted curve).
e

Canopy model, DCM (green curve, s I — — S R T T
Bufter width [m] H : : : : H : H :

can be used to reduce the mean
flight height (42 32m). IR U R VR O B O A

=
=
Lines treas/Points =
W aypaint separation [m)] 250.0 g
Fiih height ] oo | c
Turm radius (m) =
=
Update
Reset
Zaor it Zoom out Pan
Backup Restore/Unda T B
120 - : 8 ; ; g : 5 : : s 2 : |
Map vz Profile I T T T T T T T
6000 8000 10000 12000 14000
Distance (m)
—+— Flight path
Areaf 1 Tnpngra};hy
D:lExample_dem.derm Campﬁr eight (m)
DVExample_dem.asc <o D). altrtude

L&V flight path generation v. 2.2 [c] Radai Oy, 2023
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Checking the flight path

In map view, check the length and edit / £ s
individual waypoints near houses and : ?
towers if needed.

Once the flight path is ready it is saved in SRR e B o IR/ Pk T
335 : " 1'2\7‘§ 7. 145

. 14 » : A b O 1411142 740
1y Radai &waWRTf@mat Sk IRER B e Sl ST s

2)  Mission Planner TXT format
(ArduPilofPixhawk autopilots)

3) KML format (for safé&eeping)

. 'y N\r
In Google Earth the plans can be checked fc 337 1367 ¢
correct coordinates

Supported by
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Connecting matters

Co-funded by the
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Google Earth

Imagery Date: 6/17/2020  66°30'41.68" N 26°15'49.91"E elev 136 m eyealt 1.76 km
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Flight path generation witRadaiPatpart 8)

Mp. Mission Planner 1.3.80 build 1.3.8479.20539 a X

- CONNECT

E & D R ARDUPIETI> — HBiw B
' Zoom RN %0278
\ = 1
‘.

In Mission Planner, the plan is @ D 46 I

1) First read from hard disk, ol o L ey |

Status: loaded tiles

2) Then uploaded onto autopilot, s b gl pe=r=ac
3) Then downloaded from autopilot bac ﬁ

to Mission Planner to verify that it we :
correctly written on it. S :

lst 66506027
long 26316643

If needed, individual waypoints can be ; -
edited and flight height adjusted. ' Yo |

Geofence can be loaded from a separe
*.FEN file generated frorRadaiPath

WP Radius Loiter Radius Default Alt 5 Alt Warn
30 100 Retve B m verty veiont RN @ Spline @ MAVFTP

swportedby | ] I T T ) e I I e L T El
(23 /A vPOINT Mo o o Jo [esammsz [2632859 [46. R EEIBL ' g 402 [02 [848 [359 |
" 163 [N Mo o Jo Jo [essonzs 25321306 [52. SR EEEL &' 527 |16 2183342 |
EIt RawMaterials P Co-funded by the [l v POINT Mo o o o [essoza0e [ze3972 49, RECSESIEERRL X 314 |08 [2190[222 |
ey 0 European Union DEREE v/~ vPoinT Mo [0 Jo Jo [essntes [2631m97 [47. [RENSNSEERRE o' 312 |07 [2182[34 |
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BVLOS mode I1Is in practice

AEven i n opti mal conditions (r
' s Vvi sdklm & rmmaaox an observer.

BVLOS al bowedtwvwicted f 1l i ght

BVLOS permit i1 s applied fr
egTraf/ikcloNm Tr &n syp e® WE)n

The permit costs couple of
*al 1 d for few weeks or day:
Il vided I nto two.
Operati on manual Il s a prel|
t he drone(s), the field op:¢
the ri sk managefhmh&EORAan &pmrc
Operations Ri sk Assessment )
Magnetic¢c dorvegmompdat o125 kK

| evovepret iiomst he new. EU | egil sl
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BVLOS (cont.)

A Reserved airspaces are announced
(NOTAM) in Eride information system

A https://europeandronecompany.com/et
ropeandrone-authoritiesand-nofly-
zones/

A Despitethe BVLOS permitironesmust
avoidall other air traffic.

A The pilots must monitor the aviation
(VHF) radio of the nearest AMC/ATC.
Communication via aviation radio
requires special licence.
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Co-funded by the
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Airspaces now and toda?
2023-09-03 12:46 UTC
(Subject to change)

Tomorrow vie w
Day after tomorrow view
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% Max drone flying height 120 m, higher altitude flying only with special

Active temporary danger area: make sure it's safe to fly EFD1030.
Flying drones near airports and controlled airspace
ENR 5.1 Prohibited, restricted and danger areas

« Flightannouncemen t
Announce flying by clicking here

@ 634250N0234748E

Elevation appr. 350 ft

+ TEMPO DANGER AREA EFD1030 ESTABLISHED AND ACT, UAV. PSN 634401N
0234527E, RADIUS 4100M. CTC TEL +358 40 7067743, +358 40 5111256, +358 40
8312708 LOWER: SFC UPPER: 120M AGL FROM: 21AUG23 0500 TO: 03SEP23 2359
(A3486/23) SCHEDULE: 0500-2359

N5NN-22350
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Flykt.com(Aviamaps.conshows
restriction areas and NOTAMS for Finlanc
It also shows tall objects such as windmil
and GSM towers.

Important: Info on obstacles higher than

30 m can be purchased as a SHP file fror

Finntrafic.com

The objects can be loaded inRadaiPath
and used to modify the waypoints near
them.
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Restrictions

. ) . - (VW O Search
Populated areas,idields, militaryareas, | ........cwor [ ]
and national borders set limitations for - =™ [0
drone operatio@_ Day ater tomerrow view =]
Nearby airfields require special attention S 0
Communication with the air traffic control @ -
(ATC) of theairfield is often needed.
Bird nestinge.g.,eagles) and reindeer
calvingalsorestrict dronesurveys.
The info on bird nests is obtained from A
(Regional State Administrative Agency). |

Co-funded by the ILI ! ® Aviamaps® Not for operational-usel | @ MapTiler ® OpenStreethap contributors

European Union
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Visibility below 5 kilometer or ceiling below 1000 feet
Is not expected during the forecasted period
Moderate or severe icing

Is not expected during the forecasted period
Moderate or severe turbulence

Is not expected during the forecasted period

Low Level Forecast Finland

Vis, cloud, weather Cl top, turb, icing Surface Wind/QNH High level winds/Temp Text forecast
Visibility Ceiling CB
12-14 UTC 14-16 UTC 16-18 UTC 18-20 UTC

[%2%

Visibility

> 8km

Locally: > 8km
Ceiling

> 2000ft

Locally: 1500 - 2000ft

Weather
No significant weather

\

/ \

m Visibility blw 1500 m I(‘Ailngliwimk
= Visibilitv biw 3000 m |l Ceilina blw 1000 ft



https://www.ilmailusaa.fi/lowlevelforecast.html
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A All survey dronesf RadaiDronnairare of VTOL type
(Vertical TakeOff and Landing) with electric engines.

W I ﬁ U W Q é Dronesare purchased from Chin&me areaful

I
assembledandsomearenot. They are neemoo?i/ﬁcations

and change of parts
SU NeyS o All drones use Pixhawk 4 autopilots.
- - A Always at least persors in afield crew
In praCtlce A The main pilot takes care of the drones

A The copilot makes the flight plans and handles the data
A Both pilots do flight monitoring

A The pilots prepare and maintain their own drones
o A logbook is kept for each drone

A Accidents are reported in ORs (Occurrence Reports)
o Investigation and future preventiofiearn from mistakes)

A A log is also kept for each battery and its charging tests

Supported by
i . NN Co-funded by the
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& Geophysical methods are used to obtain information
about the structure and composition of the earth.

A Geophysical measurements are made along survey
lines that cover the survey area.

{dZY Y | N,EA DEMsallow the drones to follow the terrain.
A Background maps are usém safety
A RadaiPatlsoftware helps flight path design.

A BVLOS permit is a must have for practical
measurements.

A Operation manual & risk assessment.
A Good starting pointDroneinfo.fi
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Thank you!
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