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1 Introduction

This user manual applies to tiBTORMBER®R20drone developed byrhink 3DBVBA(Figurel.l).

Figurel.1 STORMBE®&0

Please readunderstand and adhere to the procedures and guidelines describetha following
documents beforeflying with the STORMBE®0 drone:

- STORMBBHEser Manual (this document)

- STORMBERuick Reference Handbook (separate PDF)

- STORMBERoftware User Manual (separate PDF)

- DJI Lightbridge 2 User Manddbwnload herehttps://www.dji.com/lightbridge-2)
- DJI A3 User Manu@download herehttps://www.dji.com/a3)

- DJI A3 Disclaimer and Safety Guidelidesvload herehttps://www.dji.com/a3)

You can search #sePDF documeistin Windows using Ctrl+F or on Mac using Command+F. If you
have further questions, please contact your authorised reseller.

The following definitions apply to warnings, causpand notes used in thidgserManual:

mRNING!! Disregarding the following instructions leads to an immediate or severe dete&tion
of flight safety and hazardous situations, including such resulting in personal injury and
damage to property.

CAUTION!  Disregarding the following instructions leads to a serious or-teng deterioration of
flight safety.

NOTE Draws the attention to any special item not directly related to safety, but v@ is

\ important or unusual.

1
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2 STORMBEEspecifications

STORMBEE a multirotordrone (Unmanned Aerial Vehicle, UAV, or Remotely Piloted Aircraft, RPA)
with 8 motors mounted in X8 configuration, meaning 2 contrarotating motors per (&igurel.l).

Both the motor arms anthnding geaiare foldable for transportThe standard payload consists of a
Faro Focu$x- or S serieg scanner used for airborne laser scanning.

The main specifications &TORMBER20are given ifTable2.1.

Table2.1 STORMBES$pecificationsand performance

Specifications Value Unit
MaximumTake-Off Mass (MTOM) 25| Kg
Empty mass 12 | Kg
Batteries mass 45| Kg
Payload mass <5| kg
Size (XW xH) 145x150x60 Cm
Battery capacity 2x16| Ah
Remote controller E:%Eglc(jr?\?n?
Tabletapp (ErJ I[)S;ISGF;;
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2.1 Three-View-Drawing of the STORMBEES20

Figure2.1 STORMBES&20three-view drawing
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2.2 Flight controller schematics

wAllln,
DILB2I1 sy =
Air g g .
Module|| uma 532%
@ o 2
E o
il
- 2
S =
2 £ 2| [GNSS Avionics|| GNSS - FARO
c
il S Power Button || Sync Button
/ FARO Laser
______ Scanner
GNSS
Avionics
Flight Battery
{ 2

DIIGPS 1 Flight Battery
+ Compass 1 1

Figure2.2 STORMBEW®ith DJI A3 flight controller schematid®JI]

2.3 Component placement

STORMBEE External View

Autopilot
I GNSS antenna I

Figure2.3 STORMBES&20component placement (external view)
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Direction of flight

Laserscan
GNSS antenna

Flight battery
connectors %

Flight battery
1

Flight battery
2

GNSS
Avionics

Cooling fans
ESCs

Autobilot
GPS + Compass

Figure2.4 STORMBE&mMponent placement (top level, witltanopyremoved)
2.4 Dimensions

Sizeextremities (including propeller diameter)
U0 Length:1,45m (° 4,8ft)
0 Width: 1,50m (° 4,8ft)
0 Height:0,60m (° 2,0ft)

Size(folded for transport}
U Length:0,70m (° 2,3ft)
U Width: 0,60m(° 2,0ft)
0 Height:0,40m (° 1,3ft)

2.5 Weights

Maximum allowedTake-Off Mass (MTOM):
25kg(° 55Ibs)

Emptymasst without batteries or payload:
12 kg(° 26.5 Ibs)
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Flight batteries (2):
4- 5kg(° 9¢ 11 Ibs)
U 16Ah each: 2.1 k§ 4.6 Ibs)
U 18Ah each: 2.3k 5.1 Ibs)
U Batteries with &rger capacity are allowed as long as MTOM is not excesuledfter approval
of Think 3D

Payload:
U FaroFocusScannerX-series yithout battery): 4.4kg° 9.7 Ibs)
U FaroFocusScannerSseries(without battery): 3.4kd° 7.5 Ibs)
U DSLR camera and mounting bracket: k8.2 Ibs)
U Other payloads are allowed if MTOM and Centre of Gravity (CG) limitations are respedted
after approval ofThink 3D

WARNING!! Exceeding weight limitations may lead to overloadings@fORMBEEstructure and
cause loss of control STORMBE&Nd or structural damage.

2.6 Limitations

Given the longitudinal and lateral symmetry®TORMBEEhe reference line for the longitudinal and
lateral Centre of Gravity (CG) is located on the symmetry axes. This corresponds also with the
horizontal centre of the FARO Focus scanner mount.

WARNING!! Exceeding the centre of gravity limitations reduces the manoeuvrability and stability
of STORMBEE

Lorgitudinal Centre of Gravity Limits:
Forward | Aft: +f 10cm from centre of scanner mount

Lateral Centre of Gravity Limits:
Left | Right: +£ 5cm from centre of scanner mount

Flight and Manoeuvre:
Do not fly indoorsor below structures (obscured sky)RGPSnode.

Flight Battery:
Always limit your flight to leave at least 20% (or&Aduring flight) of battery chargevelto have a

good battery life and safe flightand ASAP when voltage drops below 21B6scharging the battery
below this minimuntapacity may result in permanent battery damage. Do not-@affevith a (notors-
off) battery voltage lower than 22.5V.

Maximum flight time depends on many factors such as battery health state, environment
(atmospheric}emperature, payloadgnassand flightspeed. Expected endurance varies between 8 and
15 minutes, depending on these factors.

Weather:
Fly only during dry (no precipitation) weather conditions. Max wind sp88d&m/h(° 20 mph 5Bff).
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Do not fly during icing conditiongthospheric temperatues below 0°C). Note thatseriesFARO
Focusscanners shut down below 5°6seriesFARO Focus scanners have an extended temperature
range to as low a20°C.

Only daytime operations are allowed.

Airspeed:
Operating Manoeuvring Speed: 10m/s (® 35 km/h) (° 20 mph)
Do not make full or abrupt control movements above this sgeed

Never Exceed Speed (VNE): 15m/s (° 50 km/h) (° 30 mph)
Do not exceed this speed under any circumstahces

Typical Mission Speed: 4-5m/s (°15 km/h) (© 10 mph)
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3 Remote Pilot Station

3.1 General layout

STORMBEE controlled bya DJI A3 flight controller throughDJI Lightbridge (2B2yemote controller
together with a tablet mounted on top ahe LB2running the DJI Go app or GS Pro app. The apps are
used for streaming theideo feed of the onboard FirRersonrView (FPV) camerdhe GS Pro app
additionally allows programming waypoints into tBdIA3 flight controller for automated flights. The
GS Pro app is preferred for scanning missions as flying in AUTQ(nsote GP®%aypointsand long
straightline segmentsensures more stable flight trajectories and attitudes resulting in more accurate
laser point cloud measurementilote that the GS Pro app is currently only compatible with an Apple
device such as an iPain iPadmini fits very well on the Lightbridge 2 and is still quite light.

Figure3.1 DJI Lightbridge 2 remote controller with iPgchini) running DJI Go apJI]
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3.2 Lightbridge 2 c ontrols layout

[1] Antennas

Transmits the aircraft’s control and video

signals.

[2] Mobile Device Holder Screw Hole

Used to mount the Mobile Device Holder.

[15]

[13]

[q]

1]

2]

[13]

,I .-J]RL
% j;

:u]*—H&n

[3] Control Sticks
Controls the aircraft moverment.
Customizable in the DJI GO app and
DJI Flight Controller Assistant.

4

Return-to-Home (RTH) Button
Press and hold to initiate the RTH

procedure.

G

Transformation Switch”
Customizable switch in the DJI Flight

Controller Assistant.

[6] Battery Level Indicator

Displays the current battery level.

[7] Status Indicator
Indicates the connection status
between the Air System and Ground

System.

Figure3.2 DJI Lightbridge controls layout (front) [DJI]

18] [18]

[171] [19]

R L

Camera Settings Dial

Reserved Fort.

Playback Button®
Customizable button in the DJI Flight
Controller Assistant.

Shutter Button®
Customizable button in the DJI Flight
Controller Assistant.

Flight Mode Switch

Switches betweesn P-mode (Positioning),
Atti mode (Attitude) and F-mode{Function).
F-mode can be customized in the DJI

Flight Controller Assistant.

[14] Record Button®
Customizable button in the DJI Flight
Controller Assistant.

[15] Gimbal Dial
Used to control the pitch of the
gimbal.

[16] Reserved Port
Do not connect any cables to this
Micro USB port.

[17] SDIOUT

QOutputs video data to an SDI monitor.

[18] HDMI OUT
Outputs video data to an HDMI

monitor.

[19] USB Port
Connects to your mobile device.
Live HD video and flight telemetry
can be viewed in the DJI GO app.

Figure3.3 DJI Lightbridge 2 controls layout (tojppJI]

10
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[20] GPS Module
Pinpoints the position of the Ground System.

[21] C1 Button™
Customizable button in the DJI Flight
Controller Assistant.

[22] C2 Button™
Customizable button in the DJI Flight
Controller Assistant.

[23] Power Port
Used to charge the Ground System’s
internal battery.

Figure3.4 DJI Lightbridge 2 controls layout (badiJI]

Please refer to the DJI Lightbridge 2 manuahfore details on the remote controllgidownload here:
https://www.dji.com/lightbridge-2).

Frequencies Lightbridge: 2
5,8Ghz25mwW) and 2,4Gh£100mwW) CEapproved

3.3 DJI Go App

Please refer to the DJI Go App websh#gs://www.dji.com/goapp for more details on the DJI Go
App.

3.4 DJI GS Pro app

Please refer to the DJI GS Pro User Mafdmdnload herehttps://www.dji.com/ground-station-pro)
for more details on the DJI GS Pro App how to prograntt 2aypointHight Missions (Figure3.5 and
Figure3.6).

Figure3.5 DJI GS Pro "Waypoint Flight Mission" lofjaJI]
3.5 Firmware | Software

WARNING!! All firmware and software updates must be doneTdynk 3Dor aThink 3Dapproved
maintenance centreDO NOT UPDATE ANY COMPONE®lther the DJI GO app, the DJI GS Pro app,
the DJI Lightbridge 2 nor the DJI A3 controller! Performing updates of any component without proper
guidance or approval fronThink 3Dor its maintenance centres risks changing critical settings or
introducing incompatibilities which may threaten the fligiafety of future missions.

11
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4  Pre-flight actions

4.1 Mission preparation at home

4.1.1 Checking documents, permits and weather

1. Verify that alldocumentsare in order and (copies) are available to take with you to your
mission location. These may include but are not limited to the following documents and
depend on your coun&<hational and regional regulations:

(0]

O O O 0O OO0 OO0 o o o o o o

Valid passport/identification card(s) pil¢nd crew)
Valid RPAS/UAS/Drone pilot license

Valid medical certificate pilot

Pilotlogbook

STORMBHight logbook

STORMBE#Raintenance logbook
STORMBEfEgistration document
STORMBEHEtertification document
STORMBERsurance document

Mission permit docment

Mission risk analysis document
STORMBBHBserManual

STORMBERuick Reference Handbook (checklists)
STORMBHEEOmMpany operational manual
Permissiorof ownerof terrain whereSTORMBEHI Il take-off, (fly overn and land

2. Check your mission operatiorapects:

(0]

Check the airspace in which you will perform your mission. Ensure you are allowed by
your national and regionauthorities to fly there and have the necessary permits if
applicable. The airspace classification can be checked on a (mania¢idn) VFR low

air chart or on dedicated websites or apps.

Check the active Notice® Airmen (NOTAM) reports. Keep a (digital) copy of these
reports for legal and administrative purposes.

Check the weatheexpected during the missioespeciallfemperaure, precipitation

and wind conditions, and verify they are within the limits STORMBEBVeather
reports (Operational meteorological information, OPMET) can be found on (manned
aviation) dedicated websitegsually operated by your national authoritiedseep a
(digital) copy of these reports for legal and administrative purposes.

Check the g-index The Kpndex classifiedisturbances in the horizontal component

of earth's magnetic field with an integer in the rangg90with 1 being calm and 5 or
more irdicating a geomagnetic stornThis type of storm can affect the GPS and
compass qualityThereforeflights should be postponeidthe Kpindex is higher than

5. The Kpndex (current value and prediction for the next two days) can be found on
dedicated wsites such as https://www.spaceweatherlive.com/en/auroral
activity/auroraforecast Keep a (digital) copy of the predicted-ikgex for legal and
administrative purposes.
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o If the mission requires ATC communication, the pilot should have a communication
device (radio, mobile phone) on his/her person which can directly contact the
appropriate ATGerviceor other authorities.

0 Think 3D advises STORMBEBperators to use Citize Bands (CB) radios for
communication between pilot and observers when they are far away from each other
andor establish the use of hand signalsrformed by theobserver to guide the pilot.
Hand signals are also useful when the drone is close to edtteeiof them and there
is too much noise to talk over the radio.

0 Check applicable privacy laws and take appropriate measures to adhere to them.

3. Prepare mission:

0 Think 3DstronglyadvisesSSTORMBE&peratorsto visit the inspection site a few days
before the actual inspection flight to acquaint yourself with the surroundings
(obstacles, roads, waterways, people, crowds, trees, antennas;risigtbuildings,

L2 ogSNJ f AySaxo YR YAaairzy oOAYTFNI adNHzOG dzNJ
improveyour flight panning and increase safe®O NOT solely rely on Google Maps

or any other equivalent software package, to prepare your mission as they do not

show all (temporary)obstacles such as high voltage power linesower craneslt is

best to let the pilot flying thaspecificmission perform the visit of the inspection site

andor someone with equivalent knowledge and experience

0 As part of the mission preparationtal flight trajectories takeoff and landing zones
on a GogleMapgprintout (or on laptop) so yolose less time in programming it into
the DJI GS Pro app while-site. The DJI GS Pro app allows you to fully plan missions
before ceparting to the flight areaHowever, Think 3Dprefersusers to perform the
actual mgsion programming in the DJI app-site. The reason for this is théhere
may be new (temporary) obstacles or operational aspects, not foreseen in the visit a
few days before the flight, which require altering the flight path

o Verify that there are pubti (online and operational) base stations within 50km of your
mission site for posprocessing the data afterwards. Otherwise you will have to
consider using either the (paid) SmartBase processing method or your own base
station onsite to ensure the fingboint cloud accuracy is good enough.

o STORMBEEA Y|l EAYdzy FfA3IKG GAYS A& 0S0G6SSy vy
conditions, so plan your mission well and divide it into multiple flights and even
different landing and takeff locations if necessary.

o Dependingon your inspection mission, you should choose an appropriate helical mode
setting of the FARBocusscanner and prgrogram it into the scanner. Please refer to
your FARGocusi O Yy SN a anidsestidiv. YdSaftidzjs bn how to do this.

0 The plot and crewshould be briefedn the mission, what to expect, how the mission
will proceed and what to do in case of emergené&jll in mission preparation
documens if required.

o0 Pilot and crewshould bein good physical and mental health and not intoxicat€dey
should be well rested andot havedrunk any alcohoin the last12 hours beforghe
flight.
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0 Although STORMBEEan easily be flown by a single persdmirk 3D advises its
operators to operate STORMBE#R®ith a two person crew as it facilitates easier
handling of STORMBE&Nd its accessories during paad postflight actions on the
ground.

4.1.2 Charging flight batteries STORMBEE

Charge the flight batteries tb 2 days before the missioas one set of flight batteries may take up to

1 hourto charge Do not charge themmore thana few daydefore the missionLiPo batterieshould

be stored attheir halfchargedlevell & (KA & LINRPf 2y 3& (i KGse thd piolidedE Q&
battery voltage checker to verify the charge level statbe full manuals of both the battery charge

and its hubs can be found idppendixe PC108MBattery chargeand G630 hulmanuals.

1. Plug thechargerinto a wall socket and switch it on using the red switch onltaek

IIEORID
P S&
» b | ~— { 4 E
4 { ; .
.

(S

Figure4.1 Battery charginqﬁoceéa@tepui

2. You should now see the honsereens of both charge outputs. Using the "Start" button and
"Status" arrows up and down to select the correct mgteast Charge" or "Balanced Charge")
and maximum curren{20A) The "Fast Charge" mode will not balance the battery cells
individually, butcharges the battery the fastest (1 hour per battery). The "Balanced Charge"
mode will both charge the battery and ensure that the voltage difference between individual
cells is minimised, however this takes a little more timel @hours per battery). Thin3D
recommends to use "Balanced charge" every five times you use the "Fast Charge" mode to
preventindividual cell voltage differences to become too large and to prolong the battery life.
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Figure4.2 Battery chargingprocessstep 2

4.1.2.1 Without battery charging hubs (2 batteries max)

If you only want to charge two batteriesmultaneouslyinstead of three or moreseesection), then

you don't need the charging hubs and can connect the batteries directlyettwit ports of themain
charger. Please be aware that the battery charged its charging hubkave (yellow) maleXT90
connectors and STORMBEE's batteries have Zb&k) female connectors Therefore custom
conversion connector were made and providedbable to connect the STORMBEE batteries to the
battery charger and its hubs.

3. Connectboth the power cablesand the balancer cable of each battery to the charger.
Otherwise the battery charger will refuse to charge the battery.
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WARNING!! You shouldshove the battery connectsr and the conversion connectors
smoothly and completely inteach other and in theocketof the chargein one fluent motion. Do

not leave it halfway or fumble about to much when shoving it in the socket. The battery connectors
have a capacitor buitth to prevent sparks from occurring while connecting the baéteto the
charger (and STORMBEHYwever, this capacitor can burn through if the connector is not fully
and smoothly shoved into the socket. If this happens, the batiél be permanently damaged.

Figure4.3 Battery charging process ste@3

4. After connecting the batteries and ensuring the battery charger's both ports are in the correct
mode, simply press "Start" for &# seconds on each port and the charger will verify the

balancer connector is connected, the voltage level is consistent with a 6S LiPo battery (as
STORMBEE's are) and start charging the battery.
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2 i O
Figure4.4 Battery charging process step 3b (after pressing "Start")

Charging Battery
Current Voltage

Fast Charge & | Balanced
Mode Charge Mode -

Figure4.5 Battery charging process step 3c (left screen: "Fast Charge", right screen: "Balanced Charge")

5. When the charging process is completeyou want to abort the chargingimply press the
"Stop" button. Then disconneetachbattery, turn off the power supplynd unplug the charger
from the wall socket.
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4.1.2.2 With battery charging hubs (12 batteries max)

When you want to charge three or mobatteries simultaneously, you need to connecetbharging
hubs to the battery charger.

3. First ensure the battery charger is powered on and has the following settirfgs',"LFast
Charge", "20.0A",0Off-line".

4. Then connect one or both charging hubs be thattery charger. Finally connect all batteries,
both their power connector and balancer connector to the respective ports of the charging
hubs.

NOTE One battery charging hub can connect up to 6 STORMBEE batteries, but it only charges one at
a time. Thefirst connected battery will be charged first, while the others (connected to the
same charging hub) will be charged according to their voltage level. The battery with the
highest voltage level will be charged first, then the one with the second highdst@on.

UG
a“ywﬁz

0£99 7.-, )
4 sme¥ "

Figure4.6 Battery charging process step 4

5. Presghe ﬁ- key to enterthe G630 interface
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6. Press the "Start" key to start the charging process. During the charging, the current and
capacity percentageill be displayed.

7. When a battery is fully charged, the corresponding LED on the charging hub will turn solid
green and the buzzer will beep 5 times.

8. When the charging process is completeyou want to abort the chargingimply press the
"Stop" button. Then disconneetchbattery, turn off the power supplynd unplug the charger
from the wall socket.
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4.1.3 Checking health and preparing STORMBEEand accessories

If any abnormality is detected, contacthink 3Dor its authorised maintenance centres for advice.
DO NOT FLY.

1. CheckSTORMBEEA 3ISYySNIt aidl dSy
0 Check for the presence of dents, cracks,.dirt
o0 CleanSTORMBEHKspare)propellers and carbon tubes using a little mild window
cleaner product and a soft clottDO NOT apply too much liquid on the cloth as
STORMBEEA | @A2yA0a FNB y20 6 G§SNLINR2FH
o Ensure all components are attached firmly and nothing is loose.
2. Check the motors and propellers:
o Verify the condition of each propeller. Check (and feel with fingersjracks. Replace
propeller if cracked or you suspect damage.
o Verify that the propellers are firmly attached to the motors
o +SNATe (KIFIG GKS Y20i2NRa oNRGIFGAY3AO OF Ay
rotating) base and can move less than 0.5mm ugdawn.
o +SNATe GKI G -rot&isy) bdse is ArliRattaciiey @ §hie aluminium motor
mount
o Verify that the (aluminium) motor mount is firmly attached to the carbon tube and
cannot be rotated along the tube. Verify that the fixation screw of then@hium)
motor mount is firmly inserted into the carbon tube.
o Verify that the carbon tube is firmly attached to the central structure and cannot be
twisted or displaced.
3. Check the central structure:
o Verify that DJI GPS antenna, next to the GNSS avionicis bigkdly attached and that
is arrow direction is aligned with and towards the frontSfORMBEE
o Verify thatthe GNS&PS antenna, next to the GNSS avionics bokx, is rigidly attached
o Verifythat the LB2 air module antennamounted on the landing gear underneath
STORMBERre ok. They should be within the same plane and pointing roughly 90°
with respect to each other within that plane.
o Verify that the canopy is not cracked or damaged and is (or can be) firmly attached to
the central structure
o Verify that the velcro battery strap is in good condition: remove it and give it a good
pull to verify its strength before attaching it back to the central structure. Verify the
Velcro is still of good quality.
o Verify that the batteryconnectors mounted on the top plate of the central structure
are in good condition: not deformed nor charred black.
o Verify the cooling fans can rotate freely and are clean of dust
o Verify all screws are inserted firmly and none are missing.
4. Check the landig gear:
o Verify that the carbon tubes and hinges are in good condition (attached firmly) and
R2y Qi KIF@S Fys ONI Ol &
o Verify that the landing gear mounts on the bottom of the central structure are in good
O2yRAGAZ2Y ol Gl OKSR FTANX{eo FyR R2y Qi KI @
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o Verify that the landing gear tubes have a plastic cover at the bottom end to protect
them during landing. Verify that they are in good condition.

5. Electronics and batteries

o Check all visible wires
A Check for discolouration which could indicate electroniadlire.
A Smellallcomponents oSTORMBEEK a burned smell is present, this indicates
an electronic failure ofhat component.
A Ensure all wires are firmly attached, their connectors are in good condition
and no metal parts of the wires are exposed
o Checlkall flight batteriesare ok and fully charged:
A Verify the tatteries are not swollenand connectors and wires are in good
condition(not deformed nor charred black)
A Checlbattery (charge)evelusingbattery voltage checker
0 Check DJI LED and GNSSat&m good condition
o (Temporarily) mount the batteries antheckSTORMBEEa Y | thal its Egfitke of
Gravity positioris within allowed limits.
6. Check thecondition of the Lightbridge 2 remote controller and tablet
o / KSO1 Al Qa&nopdtyaBeddsé anténinds Gightbridgek.
o Set flight mode switch to-BPS
0 Checkbattery voltage levebf both Lightbridge 2 and tabletFor Lightbridge 2 press
the power button once (short) and look at its series of four L&idsving itsbattery
level. Fouled up LEDs means the battery is full, no illuminated LEDs means the battery
is completely drained. Two out of four LEDS means the battery is half charged.
o Checkhe condition ofthe USB cable.

7. Check condition oficcessories such aattery charge and power generatoiif batteries need
to be charged ossite to enable more flights during one mission.

8. Checkhe condition of thecFARO-ocu8Dscanner. Ensurthere isno damage anit isin good
workingcondition Verify the mirror is clean and has no sctags on it.

9. Check the condition of the laseainge finderbinocular.

10. Put the STORMBEEAROFocusscannerand their accessories in the appropriate transport
cases.To dismountthe FARQ~ocusscannerfrom underneathSTORMBE#iter flight, loosen
the four bolts through the top plate @ TORMBERith the correct hex key toakhile holding
the FAROrocusscanner.

11. Ensure that the pilot has appropriate clothing and emergency supplies:

o0 Food and (nofralcoholic) drinks

Sunglasses

Appropriate clothinglwarm versuscold weather)

Qunscreen

Anti-mosquito spray

Mobile phonewith emergency contact detaifge-programmed

High visibility markers to cordon off takéf and landingzone

High visibility afety jackes for pilot and crew

Glovesduringcoldweatherd a2 a0 3JIt20Sa R2y QG 62N)] 6St ¢

cut out the top ofone or twofingers of the glove if required.

o0 First aid kitsuitable for dressing cuts, wounds and bruises

O O O 0O 0O o 0 o
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o Fire extinguisher (the onleelonging withthe vehick used to go to the missiosite is
fine)
o Small set of toolsincludinga hex key set to tighten or loosehe four screwsof the
FARQFocusscannemount.
0 Laptop for onsite data processing (optional)

12. Load vehiclenith STORMBEEAROFocusscanner,accessories and pilot supplie®o not
forget the flight batteriesnor remote controller USB cabland tablet These are forgotten
most. Label the transport cases and other items to help verify they are all present in the
vehicle.SeedAppendix ATransportation checklistfor a full list of items to take with you to a

mission.
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4.2 Mission preparation on-site

CAUTION!  SAFETY FIRSDW not rush your preparation nor flight mission itself as this will lead

42.1

to errors which can endanger flight safety and safstgilot, crew and bystanders. Be
aware that the propellers S5 TORMBE&e large 60cm,22¢ and rotate at very high
speeds whih makes them capable of inflicting serious injuries. Take all necessary
LINBOI dziA2ya (2 Sy tiydeNEducs fieSidbnbShgsiandars &S G &
much as possible and kebystandersaway as far as possible fradBTORMBEHE any

point during the mgsion

Unboxing UAV, GCS and assemby}

ToprepareSTORMBEd#Hter transportfor flight, pleaseperformthe following steps:

1.

TakeSTORMBEEe FAROFocusscannerand their accessoriesut of their transport case.
Ensure that the FARO Focus scarfXeseries only)s equipped with the6sTORMBH]grovided)
helical operation brackets (sectiahl.1dReplacing brackeis0 &

Unfold (downwards) the four landing gear legs and ensaeh locking pin in the hinge is fully
extended.

Unfold &ideward the four propulsion arms and ensueachlocking pin in the hinge ifwlly
extended

CheckSTORMBEEhe FARO Focus scanner and their accessories for degimaitpe as before
transport (sectiort.1.36Checking health andrgparingSTORMBE&Ehd accessorigs 0

Remove the foam mirror protection piece before powering on the scanner.

Turn on the FARO acner and select the STORMBEE helical profile on the FARO Focus
a0 yySNRa daza&iNiniset & BNprojedtSaband number(Homeg Managec
ProjectdClustersc Project Name or Initial Scan NdAfterwards, shut down the scanner.

Remove théattery of the FARO scanner as it gets its power from STORMBEE directly and this
reduces the weight and improves flight enduranddount the FAROFocus sanner
underneath theSTORMBEEhe FAROFocusscanner igositionedcorrectly into its mounif

the 12pin automation interface fg nicely in thecorresponding interface 0§ TORMBEEA
scanner mount The pin on the front side of &t mount should be pointing downwards, not
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forwards.Secure the FAREDcus sanner by tightening the four bolts through the holes in the

top plate of the STORMBEW®hile holding the scanner against its mouftighten the bolt

opposite the last one you tightened in a crisscross pattdhis insures that the stress is

distributed eenly across the FAR®cusy 2 dzy 1 @ 2 KSy @2 dzQ@S GA3IKGISYSF
through the pattern again to ensure that each bolt is evenly tight.

NOTE If the flight will occur without the FARBocusscanner or any other payload, for
instance for trainig purposes, then the pilot is advised to hard legdummy weight
underneath theSTORMBEIEhe reasorfor this is thata multirotor varies the thrust of
each propulsion unit individually to control its attitude. However, if the thrust it must
deliver is laver than normal, for instance wheBTORMBH#Easno payloadattached
then theamountof thrust it can vary will also be smaller. This will result in less agility
and thus less stabilitin the presence ofstrong) winds and turbulence (gusts).

NOTE Verify that the mirror of the FAR®ocusscanner is clean. If not, follow the cleaning
instructions from your FARBbcusscanner manual. Be very careful to not scratch the
mirror when cleaning it as this may irreversibly damage

Figure4.7 Remove battery FARO scanngreft: Xseries, Right: Series [FARO])

8. Mount the two flight batteries on top of th& TORMBE#Ep plate and secure them using the
Velcro strap. Ensure they apesitionedin the (lateral)centreof the STORMBER ensure the
Centre of Gravity of th&TORMBER in itscorrect horizontal centre. Verify their individual
charge level with the provided battery voltage checker.

WARNING!! STORMBEEhould never be flown with only 1 battery under any circumstance!
Operators and pilots should keep batteries paired up and labelled to ensure the same
set of batteries is used each time. For instance, label set ofbatteries A1 and A2,
and othersetBland B2. Never use Al and B2 together as they might have different
voltage levels. Connecting two batteries with different voltage levels (different charge
levelg to STORMBEEiIl cause one battery to drain the other and increase the risk of
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damage and fie/explosion. Always use fully charged batteries to ensure both batteries
have the same voltage level.

WARNING!! The Velcro strap should always be used to keep the batteries in place during flight.
DO NOT FLY if Velcro strap is damaged or missing.

9. Mount the tablet on top of the Lightbridge 2nd connect the USB cable between the
Lightbridge 2 and the tabletnfold the LB2 antennas.

10. Place canopy o0BTORMBEE

4.2.2 Flight operational preparations

1. Carefully select and prepare your tak# area.

a. Ensure the area is relatively flat, at least 7m by 7m wide and free from obstacles, dirt
and small rocks.

b. Do not takeoff near buildings as they might interfere with the GPS signal quality.
sky should be unobstructed within a radius of at least 1@m.recommended to take
off in P-GPSmode rather thanautomatically through the app or as part of an
automated Waypoint Missian Start the Waypoint mission afteall take-off
procedures/checks are completed

c. Mark the takeoff zonewith high visibilitypylongmarkersto ensure bystanders do not
accidentally walk into this are@ptionally also mark the pilot zone.

d. Pilots should always maintain at least 5 meters distance betw&®EORMBE&nd
themselves, bystanders and (missionrelated) obstacles.

NOTE If possible, choose a talaf location downwind of the pilot, crew and bystanddos
increased safetyln case of a failure during takdf, or when the pilot accidentally
takes offin ATTY 2 RS 0 dzii R 2 S BYQRWBEKiSHavie the téndeindy, ikl >
to the wind, to move away from the pilot, crew and bystanders.

2. Inform crew and bystanders of the upcoming mission and what to expect with respect to flight
manoeuvres.

3. If the pilot will have to walk around during the flight to keBSpORMBERithin Visual Line of
Sight (VLOS), discuss the route of travelling and ensure it is obstacle free so the pilot can keep
his/her eyes focused on thETORMBE& each phase of the flighwithout the risking of
tripping over something
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4. Verify the weather isis expected and withilimitations of STORMBE&NOd its mission. Ensure
the visibility is always at least 1,5 times the greatest distance that will occur between
STORMBEANd the pilot, in all directions including upwards.

CAUTION!  Keep in mind that the imd canchangesignificantlyand suddenly when flyingehind
andor above buildings, infrastructure or any other obstadlbis can affect the drift
of STORMBEH general, the higher you flthe stronger thewind you should expect.
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4.2.3

Pre-flight actions with DJI GO app (only manual flight)

You shouldhow decidewhether to fly a manual or an automated mission. For the first, follow the
instructions in this section. For the latter, follow the instructions in secidh4 éPreflight actions
with DJI GS Pro app (automated fligh#he GS Pro app is preferred for scanmmgsions as flying in

AUTO

mode (using GPS waypoints and long strilghtsegments) ensures more stable flight

trajectories and attitudes resulting in more accurate laser point cloud measurements.

WARNING!! NEVERise both apps (Go and GS Pro) simultasyoas they will interfere with each

1.

2.

other and could result in unpredictable behaviour of ®€ORMBEEnNsure that they
are not running in the background on your tablet.

If you have not done so yet, mo8TORMBHER its takeoff location.

Launchthe DJIGo app. When the app is booted up, it is normal that there is no mention of the
DJI A3 controller as the LightbridgéL.B2yemote controller andSTORMBEd& e not powered
dzLJ @S LG A& AYLRNIIFIYyG G2 y2a SytorShembiry @
start-up screen.

CAUTION! Ignore all updates suggestions as ofhnk 3Dor itsauthorised maintenance centres

3.

NOTE

4.

NOTE

may perform updates to ensure compatibility and correct settings are maintained.

Power onthe Lightbridge 2 by pressing the power button first short, then long. Wheh e

is powered on, the DJI Go app) should now show a picture ofBharmhd its name. If not, the
USB cable between tHeB2and the tablet may be wrongly connected or evercdisnected.

If this is the case, simply unplug the USB cable from the LB2 and plug it back iladam.
0KS LINBGA2dza aidSLIE AG Aa AYLRNUIYyG G2 yz2i
on the main stardup screen.

If the LB2 is powed on and no pilot input is given for some time, the LB2 may start
beeping as a reminder to the pilot to turn it off if the LB2 is no longer required (to
preserve battery level). Just touch the control sticks slightly to stop the beeping.

Go toSTORMBE4Ad connect the batteries to their respective power port.

When standing close tSTORMBEEe careful not to scrape against its propellers with
your clothing or boots as this could damage them.

WARNING!! You should shove the battery connector smoothly and completely into the socket on

the top plate of STORMBEIR one fluent motion Do not leave it halfway or fumble
about to much when shoving it in the socket. The battery connectors have a capacitor
build-in to prevent sparks from occurring while connecting the batter TORMBEE
However,this capacitor can burn through if the connector is not fully and smoothly
shoved into the socket. If this happertise batterywill be permanently damaged
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5. Go back tolie LB controller and its tablet. You should now see the DJI A3 controller figure
and name appear in the app on the tablgémnot, the USB cable between the LB2 and the tablet
may be wrongly connected or even disconnected. If this is the case, simplyguingl USB
cable from the LB2 and plug it back in agdiNB aad G(GKS & OF YSNI ¢ odzidz2y
illuminated in blue.

6. Verify that the status LED of the LB2 is continuously green. If not, the LB2 might be powered
off, the RC connection signal of poor tjityeor the DJI A3 and LB2 not paired yet. For the latter
case, refer to the manual of the A3 flight controller for pairing it with a DJI LB2.

7. After pressing the blue camera button in the app, you should now see the main mission screen
of the app and thecamera view of the FPV camera onboard 8l BEORMBEREhich is pointed
F2NBINR® ! gAYyR2¢6 ogAff AYYSRAIFGSte 2Ly gAGK
the firmware is out of date, ignore it as oryink 3Dor its authorised maintenance centres
may perform updates to ensure compatibility and correct settings are maintaiedfy
status elementsflight battery voltageSTORMBEEmMote controllerbattery chargdevel, GPS,
O2YLIF aaxv INB ff 3INBSY YR hYo

NOTE It might take some time for theID A3 GPS to acquire a good signal and find its location
on the smallwindowin the cornerof the app In the meantime, the supposed location
of the STORMBEHill be the last location where the DJI A3 GPS had a position lock.

NOTE If you have a good conngon with the LB2 but can't see the FPV vigiveDJI G@pp
default settings is showing the feed from a digital camera connected to the HDMI port
of the LB2 air module. Howeve8TORMBEISes an analogue FPV camera connected
to the AV port of the LB2 ainodule which reduces latency at the cost of lower image
pixel resolution.Go to the settings menu anghove the slider from HDMI to AV. In
addition, slide the bottom slider fully left to turn off HDMI completely (100%). If done
correctly, you should now sethe camera view of the FPV camera.

NOTE If the compass status is not godtiere might be metal in the ground or some other
electromagnetic emitting source nearby which distsirthe compass. Move the
STORMBER another location and verify that the enrgoes away. If the error persists
or if requested by the DJI app, perform the compass calibration procedure described
in the DJI A3 User Manual. The calibration procedure may also be required when the
pilot observesSTORMBER be performing small circleduring flight when it should
remain in hoverdontrol sticks centred anB-GSHnode active).

CAUTION!  If the RC remote control connection is not good, try to moveSM®RMBHEE another
location. Most interference comes frolVi-Firouters in the vicinity. Be very cautious
when the signal is poofThe pilotshould decide at his/her own discretiavhetherto
take-off/continue or not/land. If the signal becomes poor during flight, the@a&pp
will show a popup window to inform thepilot of this.

29



STORMBBHEser Manuat, Think3D BVBA
Version N°11, last nodified 30/09/2018

8. t NBaa 2y GKS avyrfft YFILI Ay GKS o620G2Y O2NYy SN
and the camera feed window. The Goolylaps(satellite view)vindow will maximize, and you
should visually verify thaeBTORMBEEa f 2 OF GA2y A& O2NNBOG P

9. Verify the DJI A3 LED module is blinking green.

10. Use the laser range finder binocular to measure the height of the relevant obstacles within or
close by your mission area.

11. Check the altitude set for the Retuifo-Home (RTH) failsafe mode. Ensure that altitude set is
always at least 10m (30ft) higher than the highest struciangour vicinity.

12. Ensure that the Lightbridge 2 remote controller is in the correct flight contaale! Pilots can
choose between different flight control modes for which the pitch, roll, yaw and throttle stick
functions are switched around across the two control sticks. The default flight controls mode
Ad daz2RS HEO

WARNING!! Accidentally trying to tee-off with the wrong flight control mode will very likely result
in a crash!

13. Remove the foam mirror protection piece.

14. Go to STORMBEE and power on the GNSS avionics by pressing the large button with the power

symbold) on it. The button will light up gen and the GNSS avionics will boot up. This will

take several minutes. In addition, the FARO Focus scanner will now also receive power from
the flight batteries. After a few minutes, the GNSS avionics will start to find the curreat GPS
location of the GP$&odules attached at each end of the long carbon arms at the front and
back of the STORMBEE. The searching is indicated by the GNSS LED module blinking first
red/yellow and then green. When the GNSS LED module is blinking green for some time, the
GNSS GP6&chtion is of sufficient quality for takeff (but not for the mission itselfsee note

below).
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NOTE

NOTE

NOTE

NOTE

15.

16.

NOTE

17.

Keepat least 2 meters (6 feetaway from STORMBEW®hile the GNSS acquires it
current GPS position. Also keep mobile devices away that emit wireless signals such as
mobile phones oWi-Firouters.

STORMBEE S20 is equipped with the Applanix2BPRaNSHertial module and a
single GNSS receiver. Comgahto systems that have two GNSS receivers (mounted
on long arms), the heading of STORMBEE cannot be directly measured by comparing
the positions of the GNSS receiver. Therefore, it requiresRIBEE to first fly a little

(10 seconds or so) to be able tetermine the initial heading from the flight's
trajectory. ldeally, this required time window will be at the same moment when you
verify the response of STORMBEE immediately after-affkbefore you start the
(automated) mission.

It is possible thiethe GNSS LED module during flight starts blinking grgam after it
was continuoudy green. This indicates that th&NSSGPS signal acquisition is
(temporarily) of lover quality. As long as this only occurs for a few seconds at a time,
the final pointcloud data should still be of sufficient quality.

The GNSS avioniesxhastwo synchronised LED modules that indicate its status. One,
small LED, is mountedn the side ofthe GNSS avionics box. A second, large and
powerful LED, is mounted underrteahe STORMBER visually check its status during
flight.

Boot up the FARO Focus scanner. i@ I Yy S Nip sequengetakes several minutes. The
FARO Focus scanner will blink blue when ready.

Wait until the scanner and GNSS are both booted up, and the latter has acquired a good quality
GPS lockOn the FARO scanner screen, press "Start sddn@' mirror will spool up and start
performing the scanOnce scanninghe scanner will start blinkinged.

As the scanner is mounted upside down undernéaftORMBEEhe text on the FARO
Focus scanner screen is also upside down! Be careful when pressing (virtual) buttons
on the screen of the laser scanner.

After the scanner has started scannjtige mirror has spooled upnd the scanner has blinked

red 5 times press the large GNS8anner synchronisation button (next to the GNSS power
button) to start recording the FARO Focus scanner mirror rotations and its time stamp with
respect to the GNSS pasit estimation. This synchronisation time stamp data is required for
post-processing the point cloud.

You are now ready for takeff!!
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4.2.4 Pre-flight actions with DJI GS Pro app (automated flight)

You shouldhow decide whether to fly a manual or an automated mission. For the first, follow the
instructions in sectior.2.36Preflight actionswith DJI GO app (only manual flightfFor the latter,
follow the instructions irthis section The GS Pro app is preferred for scanning missions as flying in
AUTO mode (using GPS waypoints and Isingightline segments) ensures more stable flight
trajectories and attitudes resulting in more accurate laser point cloud measurements.

WARNING!! NEVERise both apps (Go and GS Pro) simultaneously as they will interfere with each
other and could resulini unpredictable behaviour of thETORMBEEnNsure that they
are not running in the background on your tablet.

1. If you have not done so yet, move t88 ORMBBER its takeoff location.

2. Launch the DJI GS Pro app. When the app is booted up, it is normt#ighais no mention
of the DJI A3 controller as the Lightbridge 2 (LB2) remote controlleSa@RMBE&e not
powered up yet.

CAUTION! Ignore all updates suggestions as ofhynk 3Dor its authorised maintenance centres
may perform updates to ensur@mpatibility and correct settings are maintained.

3. Use the laser range finder binocular to measure the height of the relevant obstacles within or
close by your mission area.

4. Program your waypoint mission. Please refer to the GS Pro manual for instruotidmsw to
do this.

WARNING!! When the mission is programmeahd uploaded t6TORMBEE 2 dz g Aff aSS | &
F 2 NJ Tt -apavibdosv whel the status of the different elements is checked. If all
are green, then the DJI A3 is ready for automated flighih b h ¢ t w9 { { & { G N
as this will immediately initiateSTORMBE® start its programmed mission and
perform an automated takeff. Think 3Drequiresthe pilot to takeoff with STORMBEE
in RGPS mode controlled by the pildEhisallows the pilot to perform some checks
after takeoff to ensureSTORMBERE working properly before starting any mission,
manual or otherwise. Onlgfter these takeoff checkqdescribed in sectiob.2 dTake
off proceduré b NB &dz00Saa¥FdzZ = aK2dzZ R GKS LIAf20 LI
STORMBHEgerform its automated mission.

5. Power on he Lightbridge 2 by pressing the power button first short, then long.
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NOTE If the LB2 is powered on and no pilot input is given for some time, the LB2 may start
beepingas a reminder tdhe pilot to turn it off ifthe LB2 isio longer requiredto
preserve battery level)Just touch the control sticks slightly to stop the beeping.

6. Go toSTORMBEAhd connect the batteries to their respective power port.

WARNING!! You should shove the battery connector smoothly and completely into the socket on
the top plate of theSTORMBERER one fluent motion. Do not leave it halfway or fumble
about to much when shoving it in the socket. The battery connectors have a capacitor
build-in to prevent sparks from occurring while connecting the batterI®©ORMBEE
However, this capacitor can burn through if the connector is not fully and smoothly
shoved into the socket. If this happens the battery will be permanently damaged.

7. Go back to the Lightbridge 2 controller and its tablet. You should now see the DJI ABl@ontr
name appear in the app on the tablet (l&fand top corner). If not, the USB cable between the
LB2 and the tablet may be wrongly connected or even disconnected. If this is the case, simply
unplug the USB cable from the LB2 and plug it back in again.

8. Verify that the status LED of the LB2 is continuously gréermt, the LB2 might be powered
off, the RC connection signal of poor quality or the DJI A3 and LB2 not paired yet. For the latter
case, refer to the manual of the A3 flight controller for pagrit with a DJI LB2.

9. You should now see the main mission screen of the app and in the right bottom corner a small
window with the camera view of the FPV camera onboardSR®ORMBEHRhe FPV camera is
mounted underneath the front GNSS receiver and isiig forward.

NOTE It is possible that you do not see the camera live feed yet. The GS Pro app default
settings isshowing the feed from digital camera connected to thelDMIport of the
LB2 air moduleHowever STORMBEEes an analogueFP/ camera conected tothe
AVport of the LB2 air modulerhich reducedatency at the cost of lower image pixel
resolution Tg on the window and move thtop slider from HDMI to AV. In addition,
slide the bottom slider fully left to turn off HDMI completely (100%xotie correctly,
you should now see the camera view of the FPV camera.

10. Visually verify thatSTORMBEEZ f 2 OF A2y A& O2NNBOG 2y (KS
background.

33



STORMBBHEser Manuat, Think3D BVBA
Version N°11, last nodified 30/09/2018

11. Tap on the FPV video feed window to maximize it. The mission window will now neinimiz
Zoom in or out and move the waypoint trajectory so that it is fully visible within the minimized
missionwindow. That way you can easily keep track of wHeT®©RMBEE on its flight path
at each moment of the flightand have thenlarged FPV camera & to monitorSTORMBEE&
surroundings during flight.

12. Verify status elements (flight battery voltaggTORMBEESV fully chargedtablet battery
OKI NBS f S @ erikon the 85 Pro display thaf there are a 10 or more GPS satellites
available. Also verify that the RC signal and video signal is of good quality.

NOTE

NOTE

CAUTION!

It might take some time for the DJI A3 GPS to acquire a good signal and find its location
on thesmallwindowin the cornerof the app In the meantime, the supposed location
of the STORMBEHill be the last location where the DJI A3 GPS had a position lock.

If the compass status is not good, there might be metal in the ground or some other
electromagnetic emitting source nearby which disturbs the compass. Move the
STORMBE#R another location and verify that the error goes away. If the error persists
or if requested by the DJI app, perform the compass calibration procedure described
in the DJIA3 User Manual. The calibration procedure may also be required when the
pilot observesSTORMBEIR be performing small circles during flight when it should
remain in hover (control sticks centred and3ISP mode active).

If the RC remote controboinection is not good, try to move tr&TORMBER another
location. Most interference comes froWVi-Firouters in the vicinity. Be very cautious
when the signal is poor. The pilot should decide at his/her own discretion whether to
take-off/continue or notland. If the signal becomes poor during flight, the DJI app will
show a popup window to inform the pilot of this.

13. Verify the DJI A3 LED module is blinking green.

14. Ensure that the Lightbridge 2 remote controller is in the correct flight control mod=sRi&n
choose between different flight control modes for which the pitch, roll, yaw and throttle stick
functions are switched around across the two control sticks. The default flight controls mode

Aa

WARNING!!

G a ZreuSanichane the flight control (stick) nedd the general settingg{f icon).

Accidentally trying to takeff with the wrong flight control mode will very likely result
in a crash!

15. Remove the foam mirror protection piece.

34



STORMBBHEser Manuat, Think3D BVBA
Version N°11, last nodified 30/09/2018

16. Go toSTORMBEdhd power on the GNSS avionics by pressing the large button with the power

symbold) on it. The button will light up green and the GNSS avionics will boot up. This will
take several minutes. In addition, the FARGusscanner will now also receive poweoin

the flight batteries. After a few minutes, the GNSS avionics will start to find the curreat GPS
location of the GPS modudattached at each end of the long carbon arms at the front and
back of theSTORMBEHhe searching is indicated by the GNSS L&fulm blinking first
red/yellow and then green. When the GNSS LED modublenlsnggreenfor some time the
GNSS GPS location is of sufficient quidityake-off (but not for the mission itselfsee note
below).

NOTE Keep at least 2 meters (6 feedvay from STORMBEW®hile the GNSS acquires it
current GPS position. Also keep mobile devices away that emit wireless signals such as
mobile phones or WFi routers.

NOTE STORMBEE S20 is equipped with the Applanix2BFaNS$ertial module and a
single GIS$S receiver. Compared to systems that have two GNSS receivers (mounted
on long arms), the heading of STORMBEE cannot be directly measured by comparing
the positions of the GNSS receiver. Therefore, it requireSRIBEE to first fly a little
(10 seconds ows0) to be able to determine the initial heading from the flight's
trajectory. ldeally, this required time windowill be at the same moment when you
verify the response of STORMBEE immediately after-aéikbefore you start the
(automated) mission.

NOTE The GNSS avioniesx hagwo synchronised LED modules that indicate its status. One,
small LED, is mounted on the side of the GNSS avionics box. A second, large and
powerful LED, is mounted underneath t88 ORMBER visually check its status during
flight.

17. Boot up the FAR®ocusscanner. Thé O y' y S NiRsequente?takés several minutes. The
FARGQFocusscanner will blink blugvhen ready

18. Wait until the scanner and GNSS are both booted up, and the latter has acquired a good quality
GPS lockOn the FARO scanner screen, press "Start sd@d@' mirror will spool up and start
performing the scanOnce scanninghe scanner will start blinking red.

NOTE As the scanner is mounted upside down undernéaftORMBE e text on the FARO
Focusscannerscreen is also upside down! Be careful when pressing (virtual) buttons
on the screen of the laser scanner.
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19. After the scanner has started scannjtige mirror has spooled uand the scanner has blinked
red 5 times press the large GNS8anner synchronisetn button (next to the GNSS power
button) to start recording the FARBDbcusscanner mirror rotations and its time stamp with

respect to the GNSS position estimation. This synchronisation time stamp data is required for
post-processing the point cloud.

You are now ready for takeff!!
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5 Flight actions

5.1 Flight modes

5.1.1 Manual (A-/ATTI -/ P-ATTI mode)

NOTE This is the emergency flight mode to which the pilot should switch immediately if
STORMBEEhibits strange behaviour.

In ATTimode, GP$ositioning is not usedSTORMBHEIbes not have &ision Positioningystem The
DJI A3 flight controllers using only its barometer for altitudeontrol and IMU forstabilising the
STORMBER attitude (pitch, roll and yaw), but not thigorizontalposition (drift).

In ATTHmode, only height limits work and flights cannot go higher than 120 meters (can b&ket
in theDJI GS Prar DJI GO appJhe feight limit is automatically lowered to 50 meters if the GPS signal
is ofpoor quality during flight.

If the Lightbridge 2 remote controller signal is lost and the Home Point (location) has been recorded
successfully whiléhe DJI A3 is still receiving a GPS sighah the aircraft can automatically return
home.

CAUTION!  Even if no wind is present, tHeTORMBERill slowly drift away. If wind is present, it
will drift downwind and drift faster.

5.1.2 P-GPSmode (Positioning )

NOTE This is the default flight mode when flying manually or automatically using waypoints.

In RGPS mode the DJI A3 flight controller uses its GPS, IMU and barometer for position control, both
horizontally and vertically.

P-GPS modevorks best when GPS signal is strong. There are three different states of P mode, which
will be automatically sekcted by the A3depending on GPS signal strength and Vision Positioning
sensors. However, aSTORMBE#oes not have a Vision Positioning system, on5PS mode is
available in which the aircraft is using GPS for positioning.

5.1.3 Waypoint flight mode (DJI GS Pro)

ThedWaypointHighta A & a hagle/ig an intelligent flight mode of Ddhning on top of the FGPS
mode. It allows you t@execute gore-progranmed GPSrajectory for theSTORMBEENd set the
desired velocities, heights and headirtlysing each segment of the trajectaryhis can only be done
with the DJI GS Pro app on the tablet as described in set@ofdPreflight actions with DJI GS Pro
app (automated fligh) ®

The DJI Go app is not capable of-pregramming a GP®ajectory, but it can record a (manual) flight
path, after which the aircraft wifly along the same path repeatedly. This flight path can be saved and
re-applied in the future.

NOTE Think3d adviseSTORMBEEperatorsto use the DJI GS Pro agpd fly the missions in
automated flight mode, using GPS waypoints, instead of pilot&PBThis will result
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in the most accurate flight path and stabilisation ®FORMBEBSteady accurate flight

trajectories result in accurate GNSS positioning and high quality point cloud data after
post-processing. For both automated and piloted manual fligty to program/fly as

much straight lines as possible. Refrain from adjus8Ti@RMBEEA KSI RAy 3 Rdzl
those straight lines, as then the GNSS positioning is most precise and the resulting laser

scan point cloud will be most accurate.

WARNING!! SAFETYIRST!DO NOT solely rely on the FPV screen to estimate distances between
STORMBE&Nd obstacles as the camera has only a limited field of view and judging
distances from a 2D screen is very difficult and inaccurate. WalcbRMBE& all
times during theflight! The pilot or one of his/her observers should always be within
Visual Line of Sight (VLOS). The pilot should always keep his/Heanefindex finger
on the flight mode switch on top of the DJI Lightbridge 2 to be able to instantly switch
to ATTdimode if ®mething goes wrong (without having to first search/feel for the
button).

WARNING!! The pilot (and/or crew) should continuously-pesition him/herself during the flight
to keep STORMBEW®ithin VLOS with free air betweeBTORMBE&Nd its nearest
obstacles. It is almost impossible to perceive depth at distances of 50m or more. If
STORMBEE flying on a straight line between you and a tree/obstacle further on, you
cannot accurately estimate how cloS§ ORMBEE to that tree/obstacle. Reosition
yourselfat a(n) (right) angle of the path betwe&TORMBE#&Nd that obstacle. That
way you will see free room (air) between them and can judge the distance between
GKSY Y2NB | OOdaNF 6Sfté&d 5Aa0dzaa GKS LIAE20Qa
path on the graind is free from obstacles over which the pilot can stumble/trip.

5.1.4 Return -to-Home (RTH)

The DJI A3 flight controller is quite aggressive when Rattiie and STORMBEWREill abruptly and
aggressively execute iIBTHMmanoeuvresThis behaviour is normal. Tiheason for this is that this is a
failsafe (emergency) mode and as such it is assumed you SEEORMBE®&N the ground as fast as
possible.

Failsafe RTH:
The failsafe action of the DJI A3 controller, when the communication between transmitter and RPA

(induding video relay signal if DJI Lightbridge 2 used) is lost (for more than 3 seconds), differs between
manual flight and automated flight. If the RPA is flying automatically by means of GPS waypoints,
depending on the GS pro app settings, the RPA whléeperform a RTH manoeuvre immediately or
continue its mission. In the latter case, when the communication is not restored by the end of that
automated mission, the RPA will then still switch to RTH and land. If the RPA is controlled manually at
the time of communication loss, the RPA will switch to RTH failsafe immedi&e€entails that
STORMBEHill climb to a pilot preprogrammed height, set higher than any obstacle in the vicinity,
and then fly home in a direct line, after which it will land atra-programmed location. This location

is usually the location at whicBTORMBHB#&as powered up its motors (take&f location) but can also

be reprogrammed by the pilot during flight.

The aircraft cannogxecute RTH failsafethe DJI A3 LED is slowlynklhg yellow or the GPS does not
work.
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The RTH process may be interrupted and the operator can regain control over the aitbeafeihote
controller signal is resumedhe aircraft cannot avoid obstacles during Failsafe RTH. Therefore, it is
importantto set a reasonabléailsafe altitude before each flight.

If the aircraft flies within a 20m (65ft) radius of the Home Point (taKelocation) when RTH is
triggered, he aircraftwill automatically descend and larad its current location and not at its Home
Point

If the aircraft flies outside of the 20m (65ft) radius of the Home Point {(Gkéocation) he aircraft
will stop ascending and immediately return to the Home Point if you move the throttle stick thieen
aircraft reaches an altitude of 20m or above during Fail&afel

Smart RTH:
Use the RTH button on the remote controller when GPS is available to enable Smart RTH. During the

Smart RTH procedure, the aircraft returns to the last recorded HBaiet, but you may control the
aircraft's orientation to avoid collisions. Press the Smart RTH button once to start the process. Press
the Smart RTH button again to exit Smart RTH and regain the control.

5.2 Take-off procedure

1. Setthe DJI Lightbridge 2 rematentroller to RGP3nodeusing the flight mode switch on top
Look at the current time and remember it to note it down in your péint STORMBHE&gbook
after your flight.

2. If the mission requires ATC communication, now is the time to contact the apatepkilr C
service or other authorities to let them know (or ask for permission) to -@fkewith
STORMBEE

3. Perform a final check of the communication and GSP status on tablet and verify DJI A3 LED on
board STORMBEE slowly blinking green. Position yoursgbproximately 5m from the drone
during takeoff (and landing).

4. Startup the STORMBERotors and propellers by moving both control sticks inwards and
downwards. DO NOT TAKEBFHust yet.Verify all propellers are rotating.

5. Before takeoff, while the mdors are spinning, press on the small map in the bottom corner
2F GUKS 5WL FLIW) G2 agAiOK 0SisSSy GKS aD223fS
The Google maps window will maximize, and you should visually verifySTHRaRMBEEa
location is still coect, but also that the Hom®@ointis also set to that same location. This
Home Pointlocation is the location to whicBTORMBE®ill return in case of emergeney
when the pilot has activated the Retuta-Home function. IHome Point is okminimizethe
Google Maps window by tapping on the minimized video feed window.
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6.

NOTE

In addition, before takeff, listen to the sound of the motors and propellers. You shoula he
a uniform sound from all motors and propellers and you should visually verifnbf@RMBEE
exhibits little to no vibrations, in other word§STORMBEE not shaking.

Takeoff by moving the throttle sticlslowly upwards Keep the direction and force of the
prevailing winds in mind and correct where necessary. Climb to aroun@2nmeight above
the terrain.

Keep in mind thaBTORMBEE a 2m long, 26kg heavy, multirotor and as such is less

nimble than a small drone. Although its response is quite crisp, its inertia will make it

feel like flying a jumbo jet instead of a small aircraft. Dd&AS flight controller settings
are also set to respond less aggressive on purpose for this relsep. your pilot
inputs small and gentle

CAUTION!  Keep in mind that when th6 TORMBEE moving forward and you set the control

sticks to neutral, thusrequesting it to hover ilP-GPSnode, it will have quite a long

braking distance before it comes to a hover. Both acceleration and deceleration are

set to be gentle!

WARNING!! WatchSTORMBEAE all times during the flight! Keep your ldfaind index fingeon the

flight mode switch on top of the DJI Lightbridge 2 at all times so you can switch to ATTI

mode if something goes wrong without havingfiist searclifeel for the button.

Verify on the GS Pro display that there are 10 or @RS satellites availleb

Keep hoveringtas2m height above the terraiandcheck the response @ TORMBE#E (small
and gentlg roll, pitch, yaw and throttle inputs to verify its respossare correct and no
position drift is present

WARNING!! This is the point in flight atvhich you should and want to find out if you have

10. When using the GS Pro app, you should now see the RTH (virtual) button on the GS Pro app on

accidentally set the wrong pilot flight control mode (mode 1, 2, 3 or other) or if
something is wrong with the DJI A3 flight controbleits sensorsTherefore, keep your
pilot inputs small and gentle arbe very careful during takeff and while checking the
response.

the left-hand side with the RTH altitude underneath. Tap on the altitude (text) to adjust the

RTH altitude if necessary. Be careful to not accidentally tap on the RTH button itself at it would

land the STORMBEFou should have usatie laser range finder binocular to measure the
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height of the relevant obstacles within or close by your mission beéare programming the
mission

11. Verify that the GNSS LED module is solid green. If not, please fly a varying trajectory until it is.

NOTE

NOTE

STORMBEE S20 is equipped with the Applanix2BFRa3NSHertial module and a
single GNSS receiver. Compared to systdrashave two GNSS receivers (mounted

on long arms), the heading of STORMBEE cannot be directly measured by comparing
the positions of the GNSS receiver. Therefore, it requireSRIBEE to first fly a little

(10 seconds or so) to be able to determine timitial heading from the flight's
trajectory. ldeally, this required time window will be at the same moment when you
verify the response of STORMBEE immediately after-aéikbefore you start the
(automated) mission.

It is possible that the GNSS Lia@dule during flight starts blinking green again after it

was continuously green. This indicates that the GNSS GPS signal acquisition is
(temporarily) of lower quality. As long as this only occurs for a few seconds at a time,
the final point cloud data sfuld still be of sufficient quality.

12. If all takeoff checks are fine, you can start flying your scanning mission, either manually or
automatically. In the latter case, you may now presslane icon in the togight cornerof
the GS Pro appVerify thatall mission elements are green and OK and prlesst { G F NIi (2
button in the DJI GS Pro app to #IORMBHterform its automated missian

NOTE

NOTE

5.3 Flight

WARNING!!

When the automated mission is starteBTORMBEHill first climb straight up to the
altitude of its first waypoint. Then it will turn towards the first waypoint after which it
will fly towards it. After reaching the first waypoint, it will hover, turn towards the
second waypoint and follow the conseatg waypointswith the velocities, altitudes
and headings according to the programmed flight pdthe DJI A3 flight controller is
quite aggressive when flying towards the first mission waypoints as the velocity
restrictions only apply from the first waypa onwards. This behaviour is normal.

It is best to program th&TORMBEB hover when reaching the last waypoint after
which the pilotshould thermanually (in FGPS mode)ffISTORMBHIacK to its landing
area and land.

Regularly éveryminute) checkthe mission health statuand the FPV camera vieam

the DJI GS Pro app regardless of what flight mod&ST@RMBEE in.Check thevoltage level of the
STORMBE#ight batteries every30 secondsAbort the mission and return tdanding site to land

when the voltage level drops below 21.6V. Land ASAP at current location if voltage drops below
21.4V.Continuously switch your attention betweeiTORMBE bBattery level, FPV camera view and
small mission window.

41

Tt



STORMBBHEser Manuat, Think3D BVBA
Version N°11, last nodified 30/09/2018

Flying your missions automated flight modeusingGPS waypointinstead of piloted FGPSwill result

in the most accurate flight path and stabilisation f8fORMBEISteady accurate flight trajectories

result inaccurate GNSS positioniagd high qualitypoint clouddata after postprocessingFor both
automatedand piloted manuaflight, try to programfly as much straight lines as possibiefrain

from adjustingSTORMBEEA K S| RA Yy 3 R dzNR yadthen €@ GNSS gositiding Sgai f Ay S
precise and the resulting$er scan point cloud wile mostaccurate

¢KS D{ tNRB L) aK2¢ga (GKS LINRPINBaa 2F (GKS | dziz2Yl i
at the bottom of the screen.

NOTE If any other aircraft drone or bird comes near your mission flight area,kéa
appropriate actions. Drones shoulwaysgive way to any other type of aircraft,
balloon, glider, airshi@nd helicopter. Descend immediately or execute an evasive
manoeuvre. If necessary, land immediately.

NOTE It is possible that the GNSS LED modulkéng flight starts blinking green again after it
was continuously green. This indicates that the GNSS GPS signal acquisition is
(temporarily) of lower quality. As long as this only occurs for a few seconds at a time,
the final point cloud data shoulditbe of sufficient quality.

NOTE Keep in mind thaBTORMBEEalarge ancheavy multirotorand as such is less nimble
than a small drone. Although its response is quite crisp, its inertia will make it feel like
flying a jumbo jet instead of a small gaal aviation aircraft. The DJI A3 flight controller
settings are also set to respond less aggressive on purpose for this ré@mmyour
pilot inputs small and gentle

CAUTION!  Keep in mind that wheS TORMBEE moving forward and you set the contrdick to
neutral, thus requesting it to hover iIBFFGP3mode, it will have quite a long braking
distance before it comes to a hover. Both acceleration and deceleration are set to be
gentle!

WARNING!! Watch STORMBEESt all times during the flight! Thus, theilgt or one of his/her
observers should always be within Visual Line of Sight (VLOS). The pilot should always
keep his/her lefthand index finger on the flight mode switch on top of the DJI
Lightbridge 2 to be able to instantly switch to Amidde if somehing goes wrong
(without having to first search/feel for the buttonpO NOT solely rely on the FPV
screen to estimate distances betwe8T ORMBEdhd obstacles as the camera has only
a limited field of view and judging distances from a 2D screen is vEigulliand
inaccurate.

WARNING!! The pilot (and/or crew) should continuously-pesition him/herself during the flight
to keep STORMBEW®ithin VLOS with free air betweeBTORMBE&Nd its nearest
obstacles. It is almost impossible to perceive depth atadises of 50m or more. If
STORMBEE flying on a straight line between you and a tree/obstacle further on, you
cannot accurately estimate how cloS§ ORMBEE to that tree/obstacle. Rposition
yourself at a(n) (right) angle of the path betweSBiORMBE#&Nd that obstacle. That
way you will see free room (air) between them and can judge the distance between
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path on the ground is free from obstacles over which the pilotstamble/trip.

WARNING!! If all control of theSTORMBEIR lost and neither the Retuflo-Home function nor
STORMBEEA N&B & LJ2-yiciSaresyfficienttd brin§ TORMBEi®meand land
then as a last resoryou can move both control sticks inwards and downwards as you
did to start up the motors. When this control input is performed during flight it will
immediately stop all motors and result BTORMBER crash instantly. If performed,
STORMBE#&Nd payloadvill be irrevocably damaged and very likely beyond all repair.
This is the absolute last resort emergency procedwréh the sole purpose to not
endanger surrounding people and infrastructure in case ofdiyay!! Please refer to
section8.5.7dAy-awayt ~ F2 NJ FdzNI KSNJ Ayad NUzOGA2yad

5.4 Landing

1. When flyng back to your landingpneg do this at a low speed and ke€ ORMBHE#igh enough
(at least3-4m above the terrain or obstaclesinform your crew and bystanders of your
intentions to land and that they should remain well clear of the landimge Positon yourself
at approximately 5m from the landing location to have good visibility and depth perception on
the drone.

2. When in hover above the landirmpne slowly lower your throttle to make it descend gently.
At 1m above the ground visually check tttz landing area is clear of small rocksecessary,
stop the descend and hover again at 1m above the ground t&STEDRMBEElow any
remaining dust away. Otherwiseduring touchdown,that dust could recirculate into the
motors and reduce their lifetimeNormally, you should have cleared the landing zone from
dust and debris before the flight if procedures were followed correctly.

3. Ifthe landing area is fully clear, descend gently and BhR@RMBEEther manually in FGPS
mode or automatically througthe GS Pro AppJsually, irP-GPSnode, the pilot will have to
do little to no correctiongor pitch and roll as the DJI A3 controller is quite good in keeping its
horizontal position fixe@ven when close to the groundhere ground effect is presentWhen
STORMBEE fully on the ground, push the throttle stick fully downwards to shut down the
motors (during manual landing)

CAUTION!  Only approach theSTORMBEEfter all propellers have stopped. Especially small
children dogsand bystanders are keen to cetoo close too soonso keep everyone
away until STORMBEE fully shut down and the flight batteries are disconnected
according to the procedure describedS$ection6.1 6Shutdown proceduré.

WARNING!! DO NOTmove both control sticks inwards and downwardss you did to start up the
motors during takeoff. When this control input is performed during flight it will
immediately ste all motors and result iISTORMBE# crash instantly athis control
stick action is intended aa last resort emergency proceduir case of fiyaway
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(section5.3 &Flight .Uf performed during landing or just after touchdowTORMBEE
might still respond to your inputs and start wobbling around and possibly tilt over
resulting in a crash as well.

4. If the mission requires ATC communication, now is the time to contact the appropriate ATC
service or other authorities to let them kno8TORMBHtas landed.

5. Shut down theSTORMBE&d FAR®ocusscanner according to the procedure described in
Section6.16Shutdown proceduré @
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6 Post-flight actions

6.1 Shut-down procedure

CAUTION!

NOTE

NOTE

It is very important that you shut down the scanner arfeiTORMBEIR the correct
sequence agtherwise the scanneand GNS#8ata might not be stored

With your bare hands, feel the warmth of each motor. They should all feel lukewarm. If one
motor feels significantly warmer than the others, this indicates that its bearings are worn out
and maintenance is required to replace them. This maintenance maybentione byThink
3Dor one of its authorised maintenance centres.

Verify that the FARGocusscanner is still blinking red when landing.

Press the large GNSE8anner synchronisation button to stop recording the FAR©Qus
scanner mirror rotations andsdttime stamp with respect to the GNSS position estimation.

On theFARO FocusannerLINBS & & 2 y . @ihie Scanbér @ior shiduld slow down and
stop. This can take up to half a minute.

As the scanner is mounted upside down undernealitORMBE Ee text on theFARO
Focusscanner screen is also upside down! Be careful when pressing (virtual) buttons
on the screen of the laser scanner.

If you accidentally have pressed the{ (i 2 LJbuitdd kwite€, the FARO scanner may
skip the nextstep & { & @ISy Rl G €0

5. When the scanner has fully stoppeal (virtual) button will appear with the texd { | @S & Ol y

NOTE

dataé Eress this button.

Be very careful as the save and delete (virtual) buttosy G KS fFaSNJ &0l
touchscreenare small, narrow andrery close to each othefn addition, he FARO

scanner control touchscreen windoiwupside down viile mounted underneath the
STORMBEHaving cold fingers after a flight in cold weather makes it more difficult to

aim preciselhand press the right button!

6. tSNATFe UGKIFIG GKS RFHUF A& al @SR 2y GKS aONBSy 2

virtual button (centre bottom screen). If the data was successfully saved, you should see that
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10.

11.

12.

13.

14.

the latest scan (with a time stamp equal to the scan start tihe more than 100MB of data
per minute of flight (roughly 700MB or more for standard flight).

Turn of the FARO scanner.

On the STORMBEIpower off the GNSS avioniand FARO Focus scanniy)pressing the
large button with the power symb(,d) on it.

Reamovethe canopy fromSTORMBEE

Shut down theSTORMBHEESelf by disconnectingoth flight batteries.

Shut down the DJI Lightbridge 2 by pressing its power button first short, then long.

Close the DJI GS Pro app (or DJI Go app).

Check the time of landgand GPS location and fihemin all logbooks (pilot an8 TORMBEE
Use UTC time notation for both takdf and landing time.

After retrieving the laser scan data and GNSS data, as described in $e2tiData rdrievalk X
prepareSTORMBEANd accessories for transport according to procedure described in section
4.1.36Checking health andreparingSTORMBE&Nd accessorigs ®on't forget to reinsert

the FARO scanner's battery and-&ipd.

6.2 Data retrieval

6.2.1

Extracting data from FARO scanner

6.2.1.1 Extraction

1.

Ensure that the FARO scanner is powered off.
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2. Remove the SD card of the FARO scanner. Please refer to the manual of your specific FARO
scanner on how to do this.

Figure6.1 Remov SEard from FARO scannéreft: Xseries, Right: Series [FARO])

3. Plug the SEard into an Skard reader connected with your laptop. Copy the data to your
laptop in a folder of your choice.

Figure6.2 Insert SBcard into computer

6.2.1.2 Format

¢tKS C!wh aO0FyySNI RFGF Aa adGd2NBR gAGKAY | F2f RSN
4dzoF2ft RSNE® 91 OK aGfp @Ffae TFT2{FRBBBNBLINBaASYyda | &Ay
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. Bitmaps
, Scans
|_|Main
|| .classid
'@ Scan_file_name.fls |

Figure6.3 FARO scanner data *.fls folder structure

6.2.2 Extracting data from GNSS module

Data retrievalrequires FileZilla Client Basic (or equivalent) software. Please download and install
program fromhttps://filezilla-project.orgd/.

1. Connect battery (1 is sufficient)

Figure6.4 Data extraction: connect battery

2. On the STORMBEE, power on the GNSS avionics (and FARO Focus scanner) by pressing the
large button with the power symb(,d) on it.
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3. Wait until the large LED is blinking and then connect the ethernet cableti@BNSS avionics
box to your PC.

Figure6.5 Data extraction: turn on GNSS avionics and connect ethernet cable

4. You should verify that the adapter settings of your ethernet port are set to the correctlfxed
address. Otherwise FileZilla cannot connect to it. Open your Windows settings page and left
click on "network and internet settings". Go to page "Ethernet". Click on "Change adapter
options". You should now see the adapters (usually "Bluetooth”, "Edierand "WiFi").
Rightclick on "Properties. Select "Internet Protocol version 4 (TCP/IPv4" and click below on
"Properties". You should now see the IP and DNS properties window. Here is where you need
to set the manual IP address to be able to connech8TORMBEE. Usually this will be set to
"apply automatic IP and DNS addresses". If it is filled in with other values or you use an
ethernet cable for internet then you should remember to revert the following changes
afterwards. Otherwise your (wired) inteet connection might not work anymore. The settings
don't affect your WAFi connections. Set 4&ddress to "192.168.53.101" and subnet mask to
"255.255.255.0". Leave the rest empty. Press OK until all windows are closed.

-
1 ‘& > Configuratiescherm > Netwerk enintemet > Netwerkverbindingen

Organiseren ~ Dit netwerkapparaat uitschakelen Problemen met deze verbinding vaststel

"" Bluetooth-netwerkverbindin L‘. Ethernet
— — MindsGarage
>

0 Sicren

400 Gigabit Ethemn

Figure6.6 Ethernet settings 1
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-~

¥ Eigenschappen van Ethemet
Netwerken Delen

Verbinding maken via:
' Killer £2400 Gigabit Ethemet Controller

Deze verbindng heeft de volgende onderdelen nodg

¥ B8 Cent voor Mcrosoft netwerken -~
v A Bestands- en prrterdeing voor Mcrosolt netwerken

¥ 59 GoS pakketplanner

¥ T Network Activty Hook Server Light Wesght Fiter Driver
¥ 4 Intemet Protocol versie 4 (TCP/IPv4)

(] 4 Mcrosoft protocol voor netwerk adapter-multiplexor

¥ 4 Stusprogramma voor Microsoft LLDP protocol v
< >
Beschjving

Transmission Control Protocol/intemet Protocol. Het

standaardprotocol voor WAN-netwerken dat communicatie

MMMM ondering met ekaar
verbonden netwerken

oK Forvderen

Figure6.7 Ethernet settings 2

Eigenschappen van Internet Protocol versie 4 (TCP/IPv4) X

Algemeen

IP-instellingen kunnen automatisch worden toegewezen als het netwerk
deze mogelijkheid ondersteunt. Als dit niet het geval is, dient u de
netwerkbeheerder naar de geschikte IP-instelingen te vragen.

() Automatisch een IP-adres laten toewijzen

(®) Het volgende IP-adres gebruiken:

IP-adres: [192.168.53 . 1 |
Subnetmasker: | 255.255.255. 0 |
Standaardgateway: | |

Automatisch een DNS-serveradres laten toewijzen
(®) De volgende DNS-serveradressen gebruiken:

Voorkeurs-DNS-server: | . . . |

Alternatieve DNS-server: | . . . |

[ Instellingen tijdens afsluiten valideren

] | o ||Arnhren|

Figure6.8 Ethernet settings 3
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5. Open FileZilla

6. File-> Site Manager

A rilezilla
File | Edit View Transfer Server Bookmarks Help
cuss | o 4
opy current connection to Site Manager ’
prd:
New tab Ctrl+T F
Close tab Ctrl+W
Export...
Import...
Show files currently being edited... Ctri+E
Exit Ctrl+Q
POSPac UAV
+ temp
+- 8 Downloads
#- D Muziek

+- 33 Stormbee Dropbox
System Volume Information
- B Video's
Figure6.9 FileZilla open site manager
7. If you have already performed this step once, you can skip this step.
C2NJ FANBO dzaSs: @&2dz YySSR G2 IRR GKS {¢hwa. 99 |
toadSL) Td tNBaa abS¢g {AiSé¢x OKFIy3aS Ada ylYS i
fill in the following settings:
- Host: 192.168.53.100
- Protocol: FTHFile Transfer Protocol
- Encryption: Only use plain FTP (insecure)
- Logon Type: Normal
- User: guest
- Pasword: Applanix
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Site Manager X

Select Entry:

[ BV

General Advanced Transfer Settings Charset
! STORMBEE V1.0 Protocol: FTP - File Transfer Protocol v

Host: 192.168.53.100 Port:
\E%tion; Only use plain FTP (insecure) v

Logon Type:| Normal i

User: guest l

Password: cesssnne ‘

Background color: None i

Comments:

New Bookmark Rename

Delete Duplicate

-

Figure6.10 FileZilla site manager settings

8. Connect to STORMBEE using the dropdown menu of the upper left icon and choose

G{chwa. 99¢d CAfSWBATtl @gAff OmcluyeGné rightBand{ ¢ h wa .
window.

[ Filezilla
File Edit View Transfer Server Bookmarks Help

TSRO XL FAaos

> SITORMBEEV1.0| __bmame: ] Passwora:

-

HEP) b
e

Local site: | D\Documents\POSPac UAV\

® POSPac MMS

POSPac UAV
Figure6.11FileZilla connect to STORMBEE
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9. Find the data file with the newest date of creation (Last modified) corresponding to your flight.
Select all relevant filesn kthe lefthand window go to your preferred folder in which the GNSS
data files may be stored. Simply chlakddrag from the righthand window (STORMBEE
onboard data folder) to the lefhand window (your PC folder)

Local site:| DADocuments\POs Pac UAVL ~ [Remote site: /
POSPac MMS ~ 7
POSPac UAV ; bin
temp ? b
& s Downloads ? use
& Muziek

-

% Stormbee Dropbox
System Volume Information
& B Video's -

filename Filesize Filetype Last modified Filename N Filesize Filetype Lastmodifi  Permissi  Owner/G.

i stor

]

]

]

]

| stormbee1_AP20022 130259 022File  9/17/2018.. adfw
| Stormbee_AP20021 130345 021File  9/17/2018.. adiw
| Stormbee1_AP20020 130204 020File  9/17/2018.. adiw
] Stermbee1_AP20019 130302 019File  9/17/2018.. adinw
| Stermbee1_AP20018 6268544 018File  9/17/2018.. adirw

Empty directory. Selected S files. Total size: 20,342,040 bytes

Server/Local file Direc.. Remote file Size Priority Status

Figure6.12 FileZilla select files and drag to left screen

Filename Filesize Filetype Last modified Filename

|_| Stormbee1_AP20.028 2,160,748 028 File 9/21/2018 10:1... ] stormbee1_AP20.028
D Stormbee1_AP20.027
B Stormbee1_AP20.026
B} stormbee1_AP20.025
] Stormbee1_AP20.024
| Stormbee1_AP20.023
| Stormbee1_AP20.022
| Stormbee1_AP20.021
| Stormbee1_AP20.020
| Stormbee1_AP20.019
_| Stormbee1_AP20.018

1 file. Total size: 2,160,748 bytes Selected 5 files. Total size: 30,342,040 byt¢

Server/Local file Direc.. Remote file Size Priority Status
B guest®192.168.53.100
D:\Documents\POS... <<-- /Stormbeel_AP20.027 6,353,332 Norm  Transferring

00:00:05 elapsed  00:00:07 feft SR % 3,313,076 bytes (556.9 KiB/s)
D:\Documents\POS... <<-- /Stormbeel_AP20.026 9,139,408 Norm  Transferring

00:00:02 elapsed 00:00:17 left . 12.0% 1,103,796 bytes (521.3 KiB/s)
A NAcimmantADAS . iSencebant ADINNOS 077544 Nincem

fites-(4)—Faited transfers<H

of I B2 A

Figure6.13 FileZilla file transfer progress

10.LF +tt 6SylG Stttz GKS GSEG 6AyR2g6 G GKS (2L
Stormbee V1.0 - guest@192.168.53.100 - FileZilla
File Edit View Transfer Server Bookmarks Help

H2T TR QRO XLIFAS

| Username: Password: I:

Status: File transfer successful, transferred 977,544 bytes in 1 second
Status: Starting download of /Stormbee1_AP20.024

Status: File transfer successful, transferred 9,139,408 bytes in 17 seconds
Status: File transfer successful, transferred 13,021,020 bytes in 16 seconds

Figure6.14 FileZilla file transfer succesful
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11. Close FileZilla, disconnect the ethernet cable and power off the GNSS avionics (and FARO Focus

scanner) by pressing the large button with the power synd))bn it. Afterwards, disconnect
the flight battery/batteries.

12. Don't forget to revert the changes to the-#eldress window if you use wired internet (through
ethernet cable). See step 4.
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7 FARO Focusscanner settings and usage inflight

7.1 Hardware prepar ation and m ounting before flight

7.1.1 Replacing brackets (X-series only!)

To mount the FARO Focus scanf¥series only, Series not requiredunderneathSTORMBEEhe

standard scanner brackets should be replaced with 8EBORMBEFRprovided) helical operation

ONI O1Siaod tAppendia B FARD FdtisIscarher belical operation bracke®s2 NJ A y & (i NHzO i
on how replace the brackets. TISTORMBH#elical operation brackets have a recess which ensures

the scanneremains alignedvith STORMBEEount during flight. These spetibrackets are also

suitable for static (nosnelical)laser scanningnspections, so one should not have to switch brackets

before and after every flight

Figure7.1 FARO Focus helical operation brackefARO]

7.1.2 Mounting scanner

To prepareSTORMBE#Hter transport for flight, please perform the following steps:

1. TakeSTORMBEIe FARO Focuscanner and their accessories out of their transport cases.
Ensure that theFARO Focuscanner (Xseries only!)is equipped with theSTORMBEE
(provided)helical operatiorbrackets(section7.1.16Replacing brackefs0

2. Mount the FARO Focuscanner underneath theSsTORMBEHhe FARO Focuscanneris
positioned correctly into its mount if the 32in automation interface fits nicely in the
corresponding interface 6SBTORMBEEa a OF Y'Y SNJ Y2 dzy (i @ ¢KS LAYy 2
mount should be pointing downwards, not forwards. Secure HARO Focus aaner by
tightening the four bolts through the holes in the top plate of iEORMBEkhile holding the
scanner against its mount. Tighten the bolt opposite the last one you tightened in a crisscross
pattern. This insures that the stress is distributedmyeacross thé~ARO Focusount. When
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evenly tight.

NOTE If the flight will occur without theFARO Focuscanner or any other payload, for
instance for trainingpurposes, then the pilot is advised to hang a dummy weight
underneath theSTORMBER keep the Tak&ff Mass near the MTOM. The reason of
this is that a multirotor varies the thrust of each propulsion unit individually to control
its attitude. However, ifthe thrust it must deliver is lower than normal, for instance
when STORMBH#as no payload attached, then the amount of thrust it can vary will
also be smaller. This will result in less agility and thus less stability in the presence of
(strong) winds andurbulence (gusts).

NOTE Check that the mirror of th&ARO Focuscanner is clean. If not, follow the cleaning
instructions from youFARO Focuscanner manual. Be very careful to not scratch the
mirror when cleaning it as this may irreversibly damage it.

3. Remove the foam mirror protection piece before powering on the scanner.

7.2 Settings

TheFAROFocus scanner supports two basic laser scanner operation modes, the spherical scan mode
(used for static operationgnd the helical scan modesed bySTORMBEH he helical mode has two

sub modes, the helical TTL and the helical CAN mode. These two sub modes differ from one another
in the control and communication sighaSTORMBERBperations require the useto use the TTL

helical mode not the CAN modeBETORMBEReeds the FARO Focus scanner to be in TTL mode to
enable mirror and time stamp synchronization with the positioning data of the GNSS module for post
processing the laser scan data.

When a helical mode is enabled, the horizontal rotation axis stays |l@stetthe scanner will not turn
horizontally. When switching the scanner off in helical mode, it will keep knowledge about this mode
and the horizontal rotation axis is still locked when the scanner is switched on again.

Depending on your scanneilgase reér to either dAppendix C: FARO Focus scai8iEdRMBHEtelical

profile settinggX-series onlyd or "Appendix D: FARO Focus scanner STORMBEE helical profile settings
(Sseries only) on how to create and select an appropriate helical profile suitableSfBORMBEE
operations.

NOTE In helical mode, capturing afolouredscans is nosupported as well as setting the
horizontal scan angles.
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Table7.1 FARO Focus scann8i ORMBERelical profile settings

Specifications Unit Value
Resolution - 1/5
Quality - 2X
Scan duration mm:ss | 55:55
Scan size Pt x Pt | 200,000 x 3414
MPts MPts 682.8
Point distance mm/10m | 7.670
Helical scan position ° A (90.00)
Number of scan lines - 200,000
Split scan files after - 200,000

. m Stationary 3.80
Eyesafety distance Moving (23.00km/h) 1.30
Scarfile size MB 2539.06

7.3 Calibration

TheSTORMBEEith the FARO Focuscanner mounted on it should be calibrated at regular intervals
or after maintenance or repair to ensure the relative location and attitude of the GNSS module
components with respect to thEARQFocusscanner are still accurate. Otherwise the margin of error
after postprocessing will be larger than normal.

Currently, this calibration can only be doneTyink 3D However, to do this calibratioihink 3Donly
requires the user to senfbver intenet) the point cloud data files of one of the last fligliswhich a
Hashtag (#) manoeuvre is perform@gigure7.2). Afterwards, you will receive the new correction
factors which you should implement in the config.ini file used BYEFLEXsee separate PDF
6STORMBEBEoftware User Manual 2y K2 g&). 42 R2 (KA

STORMBH#perators should send through a (calibration suitable) set of scan and GNSS dihiakio
3Devery 6 months or 20 hours of flight time (roughly every 150 flights), whichever comes first.

The Hashtag (#) manoeuvre consists of flgntpmaticaly horizontally along the lines of the shape of

a hashtag in the vicinity of some form of infrastructuvkile the scanner is active. There needs to be

some form of infrastructure (road, building) nearby as the calibration will be done with respect to this
infrastructure.You donoty SSR G2 Ffe& GKAA YIy2SdwNBE Ay aONI oé
flight direction), simply fly it with nose forwards this manoeuvre takes little flight time (roughly 2

minutes), one can simply perform it at the endaof inspection flight when sufficient battery is left.

There is no need to perform a separate flight.
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6 7/

8

Figure7.2 STORMBEIRashtag (#) calibration flight path example
7.4 Data retrieval

See sectio®.2éData rarievale &
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8 Safety

8.1 STORMBEEsafety guidelines

Given the longitudinal and lateral symmetry®TORMBEEhe reference line for the longitudinal and
lateral Centre of Gravity (CG) is located on the symmetry axes. This corresponds also with the
horizontal centre of the FARO Fscscanner mount.

WARNING!! Exceeding the centre of gravity limitations reduces the manoeuvrability and stability
of STORMBEE

Longitudinal Centre of Gravity Limits:
Forward | Aft: +f 10cm from centre of scanner mount

Lateral Centre of Gravity Limits:
Left | Right: +£ 5cm from centre of scanner mount

Flight and Manoeuvre:
Do not fly indoorsor below structures (obscured sky)®GPS mode.

Flight Battery:
Always limit your flight to leave at least 20% (or 21.6V during flight) of battery clergko have a

good battery life and safe flight. Discharging the battery below this minimum capacity may result in
permanent battery damage. Do not takdf with a (poweroff) battery voltage lower than 22.5V.

Maximum flight time depends on many factors suchasery health state, environment temperature,
payload and flight speed. Expected endurance varies between 8 and 15 minutes, depending on these
factors.

Weather:
Fly only during dry (no precipitation) weather conditions.

Max wind speed: 30 km/h.

Do notfly during icing conditions (Atmospheric temperatsigelow0°C).
Note that mostFARO Focuscannergcurrently) shut down below 5°C.

Only daytime operationare allowed.

Airspeed:
Operating Manoeuvring Speed: 10 m/s (° 35 km/h) (° 20 mph)
Do not makéull or abrupt control movements above this speed!

Never Exceed Speed (VNE): 15 m/s (° 50 km/h) (© 30 mph)
Do not exceed this speed under any circumstances!

Typical Mission Speed: 4-5m/s (°15 km/h) (° 10 mph)
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8.2 Operation al safety guidelines

First and foremostSAFETY FIRS®lI&w all procedures described in this mandal

All safety guidelines issued by DJI for the A3, DJI Lightbridge 2, DJI Go app and DJI GS PRO app apply to
the STORMBE&Nd its operations as well, except if thegnflict with the STORMBE&uidelinesin

which casgéhe STORMBHE#idelines have priorityn case of conflict, th€ TORMBE®&anualshould
explicittymention this conflict andnstruct you to ignorethat specificDJI guidelinelf this is not the

case, or in case obdbt, contactThink 3Dor one of its resellers or authorised maintenance centres.

An example of conflict between DJI guidelines @TORMBERBuidelines is wh regards to the
firmware update.DJI requires its users to update all firmware as soon agdédased.A firmware
update of anySTORMBHEPBJI)component or accessory is only allowed to be performedbwnk 3D

or one of its authorised maintenance centrd$ie manual, at various locations, explicitly mentions this
conflict and instructSTORMBEIEer to ignore this specific DJI guideline.

All safety guidelines issued by GensAatu, with respect to theLiPo batteriesised bySTORMBEE
and FARQwith respect to itd~ocus (seriesaser scannershould be read and adhered.to

Some safety guidelinese listed in this chapter, but the absence of one here, which is still mentioned
in the DJITattu orfFARO Focus I F S @ 3 dzA RnBdnthal tBey sheuRi®tbeg falldwed.

STORMBEgeneral safety guidelines:

1. Do not leave thesTORMBEER direct suright on warm summer days. The carbon plates and
arms heat up fast and the temperature withBTORMBEmRBay reach dangerous levels with
respect to the electronics.

2. Ensure the remote controller, aircraft battery and your mobile device (for the app) are
suffidently charged.

3. Ensure the propellers are securely mounted onto the motors, and the motors can start and
function normally.

4. Ensure you observe all local regulations, obtain appropriate authorization and understand the
potential risks. REMEMBER: It is sojelur responsibility to comply with all flight regulations.

5. Ensure your flight area is not neaNa-FlyZone and that conditions are suitable for flying the
aircraft.

6. DO NOT attempt to fly under the influence of alcohol, drugs or any substance thatpaiy
your cognitive abilities.

7. Ensure you are familiar with the selected flight mode and understand all safety functions and
warnings.

8. Ensure the compass is calibrated if the app requires you to. Failure to do so may lead to
unexpected flight behaviourraserious accidents.

9. After successful calibration, the compass may become abnormal when you place the aircraft
on theground. This may be because of underground magnetic interference. Move the aircraft
to anotherlocation and try again.

10. When to calibrate:

a. When compass data &bnormal,and the LED module is blinking red and yellow.
b. When severe drifting occurs in flight, i.e. the aircraft DOES NOT fly in straight lines.

11. Land immediately when severe drifting occurs in flight, i.e., the aircraft DOES NGsIréyght
lines.
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STORMBEfight safety guidelines:

1.

The ESCs are programmed to stop if the propellers are obstructed both in flight and on the
ground. If the obstruction is removed, the propellers are spooled up again. This way there is a
higher chanceof keeping the aircraft airborne and less risk of overloading the motor ¢burn
out).

ST())RMBEEé 5WL !'o FfAIKG O2yidiNRffSNIAa 3IS2FSYyOSR
other restricted areas when GPS flight is used. These areas were restrictour national
government. The DJI flight controller also prevents take within these restricted zones. In
addition, the geofencing limitSTORMBEE fly higher than a preonfigured height above the
home location (defauld 91 meters or 300 ft)rad distance from the pilot (500 meters). DJI has

a website where you can request permission (requires up to one day) to be able toffake

a restricted zonehttps://www.dji.com/flysafe

The failsafe action of the DJI A3 controller, when the communication between transmitter and
RPA is lost (for more than 3 seconds), differs between manual flight and automated flight. If
the RPA is flying automatically by means of GPS waypoints, depetitie GS pro app
settings, the RPA will either perform a RTH manoeuvre immediately or continue its mission. In
the latter case, when the communication is not restored by the end of that automated mission,
the RPA will then still switch to RTH and lanthdfRPA is controlled manually at the time of
communication loss, the RPA will switch to RTH failsafe immedid®lidentails that
STORMBE®ill climb to a pilot preprogrammed height, set higher than any obstacle in the
vicinity, and then fly home in direct line, after which it will land at a pggrogrammed
location. This location is usually the location at wHEFORMBH#as powered up its motors
(take-off location) but can also be #grogrammed by the pilot during flight.

8.3 Battery safety guidelines

All instructions and warnings must be followed exactly to prevent property damage and/or severe
injury as the mishandling of LiPo batteries can result in fire. By handling, charging or using the included
LiPo battery you assume all risks associated with h#feteries.

1.
2.
3.

No gk

10.

Alwaysstart your flightwith fully charged batteries.

Never fly with only one of the two flight batteries connected.

Always land as soon as possible when the flight battery voltage drops b&l6W. Nevetake-

off with less than 2.5V. Discharging the battery too low (below 2IV) can cause damage to

the battery resulting in reduced powearduced capacitpr failure of the battery entirely.

Always remove batteries after use and store/transport them per the corresponding guidelines.
If the batteries are warm after flight, let them cool down before charging them again.

If the batteries are warm after charging, let them cool down before using thefiigt.

Always operate your aircraft when the voltage of the battery in the Lightbridge 2 and tablet is
in a safe range (as indicated by the Lightbridgé&=PRlights and in the DJI apps).

You must always charge the LiPo battery in a safe;wealilated area awajrom flammable
material.

Never charge the LiPo battery unattended at any time. When charging the battery, you must
always remain in constant observation to monitor the charging process and react immediately
to any potential problems that may occiNeverleave batteries, chargers and power supplies
unattended during use.

To charge the LiPo battery you must use arilink 30approved chargex Failure to do so may
result in a fire causing property damage and/or severe injury.
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11. If at any time the LiPo battefyegins to balloon or swell, discontinue charging or discharging
immediately. Quickly and safely disconnect the battery, then place it in a safe, open area away
from flammable materials to observe it for at least 15 minutes. Continuing to charge or
dischage a battery that has begun to balloon or swell, can result in a fire.

12. Never attempt to charge low voltage, ballooned/swollen, damaged or wet batteries. These
batteriesmust be removed from service completely.

13. Store the LiPo battery at room temperature aimda dry area for best results. Cold batteries
losea significant amount of their energy capacity and saVerelyreduce the flight time of
the STORMBEBDuring cold weather, try to keep them as long as possible in a warm
environment (in the car or a laged building) before mounting them on tIf®TORMBEE

14. When charging, transporting or temporarily storing the LiPo battery the temperature range
maybe between approximately 5 and 49°Hhwever, it is advised to keep the battery stored
within a temperaturerange of 15 tot 40°C as this will ensure it retains its maximum charge
level. Below 15°C, the batteries may loose up to 20% of their charge level.

15. Do not store the battery or aircraft in a hot garage, car or direct sunlight. If stored in a hot
garage or cathe battery can be damaged or even catch fire.

16. Store batteries in dedicated cases or LiPo safety bags to prevent battery malfunctions resulting
in a fire to spread further.

17. Never allow untrained persons to charge batteries.

18. Never charge a battery if arf the wire leads have been damaged or shorted.

19. Never attempt to disassemble the battery, charger or power supply.

20. Never drop batteries, chargers or power supplies.

21. Always inspect the battery, charger and power supply before charging.

22. Always ensure corregiolarity before connecting batteries, chargers and power supplies.

23. Always disconnect the battery after charging.

24. Always terminate all processes if the battery, charger or power supply malfunctions.

8.4 Flight controller safety settings

Both the DJI A3 flightontroller and DJI Lightbridge 2 remote controller have a unique identification
number to avoid pairing with the wrong devices. The datalink uses DJI encrypted protocols for data
security.

The failsafe action of the DJI A3 controller, when the commupicdietween transmitter and RPA is

lost (for more than 3 seconds), differs between manual flight and automated flight. If the RPA is flying
automatically by means of GPS waypoints, depending on the GS pro app settings, the RPA will either
perform a RTH mammvre immediately or continue its mission. In the latter case, when the
communication is not restored by the end of that automated mission, the RPA will then still switch to
RTH and land. If the RPA is controlled manually at the time of communicatiothto& A will switch

to RTH failsafe immediately. This entails tSSlORMBEHill climb to a pilot preprogrammed height,

set higher than any obstacle in the vicinity, and then fly home in a direct line, after which it will land at

a preprogrammed locatia. This location is usually the location at Whi hORMBHEas powered up

its motors (takeoff location) but can also be fgrogrammed by the pilot during flight.

DJI Lightbridge 2:
The DJI Lightbridge 2 is used in combination with an iPad or Android, tadalented on top of the

Lightbridge 2and the DJGSPro app(or DJI Go applunning on that tablet.

The DJI Lightbridge 2 has a dedicated hardware button to activatSthart)Returnto Home Smart
RTH) mode in case of problems in whiHORMBEBust come home immediately. This entails that
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STORMBEEill climb to a preprogrammed heightwhich the pilot shouldet (5 to 10m)higher than
any obstacle in the vicinityefore takeoff, and then fly home in a direct line, after which it will land at
a preprogrammed location. This location is usually the location at wBIE®@RMBHEfas powered up
its motors (takeoff location Home Pointbut can also be rprogrammed by the pilot during flight.

If the GPS falils, the pilot can still B ORMBEER Attitude-mode (ATTI) and should land ASAP.

The DJI Lightbridge 2 has been designed so as to assure that the operator will correctly perform the
operational sequences and that the possibility of human errors is reduced as much as possible.
Switches andbuttons have been placed in such a way that unintentional activation is avoided.

The Lightbridge 2 will send out audible and visual alerts in case of problemSTWiRMBE® the
communication with it.

DJI GS Pro:
GS Pro is an iPdseries)app designedd control or plan automatic flights for DJI aircraft. Through its

clear, concise interface, complex flight missions can be planned with a few taps. GS Pro will then
automatically take pictures at preet waypoints, providing the accuracy required for psemni
mapping. GS Pro also allows to modify your flight trajectory/missidligint, control your camera, and
receive a live HD view of what that camera sees. Flight information including current status, full
telemetry, location, heading, and more is deyptd and updated live, making every flight safe and
convenient.

D{ tNB Ifaz2 lFftf2g¢a (G2 aSd I £ANIdzzft CSyO0OS 66KAOK
height and speed within a designated area. Virtual fence defines a specific atiggoand is useful

in scenarios where some areas of a site ardlyaones or if flight should only happen within one area,

such as during manual pesticide spraying or flight. It is also useful in pilot training situations. As the
aircraft approaches theirtual fence, it will brake and hover to ensure it stays within the flight area.

The app also contains a map of restricted or forbidden flight areas which will prevent the pilot from
taking off within these areas or enter these areas during flight.

8.5 Emergency procedures

8.5.1 Datalink & Radio Control link failure

The failsafe action of the DJI A3 controller, when the communication between transmitter and RPA is
lost (for more than 3 seconds), differs between manual flight and automated flight. If the RPAgis flyi
automatically by means of GPS waypoints, depending on the GS pro app settings, the RPA will either
perform a RTH manoeuvre immediately or continue its mission. In the latter case, when the
communication is not restored by the end of that automated neissthe RPA will then still switch to

RTH and land. If the RPA is controlled manually at the time of communication loss, the RPA will switch
to RTH failsafe immediately. This entails tSSlORMBERill climb to a pilot preprogrammed height,

set higher tha any obstacle in the vicinity, and then fly home in a direct line, after which it will land at

a preprogrammed location. This location is usually the location at WEBIEORMBHBfias powered up

its motors (takeoff location) but can also be fgrogrammed ly the pilot during flight.

1. Verify that the landing area is clear.
2. Try to regain control.
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3. If the mission requires ATC communication, the pilot should have a communication device
(radio, Mobile phone) on his/her person which can directly contact the apptgpATGervice
or other authorities.

8.5.2 Electrical failure

LandASARat STORMBEEZ OdzNNBy i 201 A2y 0

8.5.3 Low battery

Temperature too hot:
Land ASARtSTORMBEEZ OdzNNBy G 201 GA2Y 0

Temperature too cold:
Land ASARt STORMBEEZ OdzNNBy G 201 GA2Y 0

Low battery \ltage (1.6V):
Return to landing zonand land

Critical battery voltage (<24V):
Land ASARt STORMBEEZ OdzNNBy G 20 GA2Y 0

8.5.4 Motor failure

The A3 flight control system will automatically and instantly detect a motor failure and can still control

GKS FANDONI FdQa | GdA i &FRORMBEE dttitude2cgnfollabiz wramdneimb®rLJS NI o f
output fails but will have reduced manoeuvraliliand maximum airspeed.he DJI GS Pro app will

warn the pilot if a motor fails.

Land ASARat STORMBEEZ OdzNNB.y i 201 A2y 0

8.5.5 Remote Pilot Station failure

Low battery:
The Lightbridge 2 transmitter will emit a very loud beeping sound for a long time whiglmost

impossible to misPress theRTHoutton on the transmitter or app, or pild TORMBER landing zone
andland ASAP.

Sticks calibration error:
Calibrate remote controller in the DJI GS Pro app. If problem persists, cdhiakt3Dor one of is

authorised maintenance centres.

Control stick error:
Control sticks may experience severe electromagnetic interference and may not function properly. Use

RTH buttoron LB20 makeSTORMBHE#turn home and landASAPSTORMBEHiIl not take-off with
this warning.
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8.5.6 Fire

Fire during start/takeoff:
1. Throttle down and shut down the motors.
2. Try to extinguish fire, but do not come too close.
3. Turn off the Lightbridge 2.

Fire during flight:
Land ASAP.

Inform bystanders of your intentions and verify the landanga is clear.
Land.

Throttle down and shut down motors after landing.

Try to extinguish fire, but do not come too close.

Turn off the Lightbridge 2.

a MR

8.5.7 Fly-away

This may occur in case of Gétgnal interferencestrong winds or turbulence.

1. Switch toATTimode (Amode) and try to fly tahe landingzone
If not possible, land ASAP at the current locatio® 0ORMBEE
2. Inform bystanders, verify landing area is clear.
3. If the aircraft, for some unknown reason, does not return home or land at the locati@ne
the failure occurred
a. Tryto flyYSTORMBEAS low as possible.
b. Verify or wait until the area underneath ttfTORMBERvith aradiusas wide as
STORMBEEA KSAIKG F62@0S GKS GSNNIAYyS>S A& Of SIEN
c. Apply the emergency procedure shut down motors ifflight (sticks inwards and
downwards) and crasBTORMBEE
4. Inform appropriate authoritiessearch forand recoveiISTORMBEE

8.5.8 Procedure after incident, accident or crash

Follow the national and regionblAS/RPAS8fone guidelines regardinhow to inform the authorities
of incidents, accidents or crashes.

Immediately informThink 3Dor its authorised maintenance centres or resellers when incidents,
accidents and/or crashes occur. They will helpigean appropriate action plan on how pyevent

these in the futureyerify STORMBEEaZ A Y 1 SANR (& | yepuirmainterinced #tdnsyoS 0S4 a |
get yourSTORMBHE#ack to operational status.

8.6 Maintenance program

Periodicalinspectionsand maintenance
STORMBEshould be inspectednd serviedeach 100 hours of operation with at least one inspection

peryear.

All preflight inspections specified in chaptériPreflight actiong a K2dz R 6S LISNF 2 N¥ SR
flight and at least once every 6 months to maintain/veBffORMBEEa 2 LJISNJ G A2yl adt Gd
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Maintenance may only be performed Bink 3Dapproved servicerdMaintenance events should be
marked in themaintenancdogbook ofSTORMBEE

Batteries:
All STORMBERatteries should be individually checked and charged to their recommended voltage
storage level every 6 months.

Motors and propellers:
Propellers must behecked before each flight for nicks or cracks. When necessary, clean props, motors
and other surfaces with windowleaner products and a soft cloth.

8.7 FARO Focusscanner safety guidelines

Please refer to the safety guidelines in the user manual of yowipEARO Focusanner.
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Appendix A: Transportation checklist

Here you will find a complete list of all items that you (may) need to take with you to perform an
inspection flight in the form of a checklist. The items themselves have already beeronezhin
earlier chapters. The purpose of this list is to help you prevent forgetting to take something with you
which may require you to cancel/postpone the mission or diminish its safety.

DOCUMENTS

WEATHER INFO, FORECAST-I®WBEX

NOTAMS

VFR MAP

PASSPORT(S) PILOT AND CREW

DRONE PILOT LICENSE

DRONE PILOT MEDICAL CERTIFICATE

DRONE PILOT LOGBOOK

STORMBEE FLIGHT LOGBOOK

STORMBEE MAINTENANCE LOGBOOK

STORMBEE REGISTRATION DOCUMENT (CQ

STORMBEE CERTIFICATION DOCUMENT (C(Q

STORMBEBRISURANCE DOCUMENT (COPY)

MISSION PERMIT DOCUMENT

MISSION RISK ANALYSIS DOCUMENT

STORMBEE USER MANUAL & QRH

COMPANY OPERATIONAL MANUAL

PERMISSION OWNER TERRAIN

MISSION PREPARATION
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EQUIPMENT

STORMBEE

STORMBEE CANOPY

BATTERIES STORMBEE

LIGHTBRIDGE 2

TABLET

TABLET USB CABLE

FARO FOCUS SCANNER

LASER RANGE FINDER BINOCULARS

LIPO BATTERY CHARGER AND ACCESS

LIPO BATTERY CHARGER POWER SUPH

HIGH VISIBILITY MARKERS T/O AREA

SMALL SET OF TOOLS

HEX KEY FARO FOCUS MCRIITS

RADIQ(CB AND/OR ATC)

LAPTOP

CHARGER TABLET

CHARGER MOBILE PHONE

CHARGER RAEO

CHARGER LAPTOP

POWER STATION

EXTRA PROPELLERS STORMBEE

CLEANING CLOTH MIRROR SCANNER

CLEANING PRODUCT MIRROR SCANNE

FIRST AID KIT

FIREEXTINGUISHER
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CREW

APPROPRIATE CLOTHING

FOOD AND DRINKS

SUNGLASSES

SUNSCREEN

ANTIMOSQUITO SPRAY

MOBILE PHONE WITH EMERGENCY CON
DETAILS PFHROGRAMMED

HIGH VISIBILITY JACKETS

GLOVES
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PAGHENTENTIONALLY LEFT BLANK
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Appendix B: FARO Focus scanner helical operation brackets (X-series
only)

1. Remove the small covers on top of each clamp with the help of a small screw driver or
tweezers.

Figure B1 Brackets replacement step [FARO]

2. Loosen the two M2 screws (one per clamp) that are located under theoneed cover by using
a Torx T6 screw driver.

Figure B2 Brackets replacement step FARO]
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3. Loosen the four M3 screwswno per clamp) on the bottom of the scanner housings by using a
Torx T10 screw driver. You might have to remove the security labels covering the screws first.

'\\&

Figure B3 Brackets replacement step fFARO]

4. Carefully dismounboth clamps.

Figure B4 Brackets replacement step fFARO]

5. Carefully mount both helical clamps.

Figure B5 Brackets replacement step FARO]
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6. Tighten the four M3 screws (two per clamp) on the bottom of the scanner housings by using a
Torx T10 screw driver (with a torque of 1 Nm).

Figure B6 Brackets replacement step [FARO]

7. Tighten the two M2 screws (one per clamp) that are located under thmaeed cover by
using a Torx T6 screw driver (with a torque of 0.24 Nm).
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8. Mount the small covers on top @ach clamp.

Figure B8 Brackets replacement step FARO

9. Remove the Interface Covéroosen the three M1.6 screws on the bottom of the scanner base
(use the Phillips PhOO screw driver) and remove the interface cover.

Figue B.9 Brackets replacement step [FARO]
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Appendix C: FARO Focus scannerfSTORMBEEhelical profile settings (X-
series only)

Please also refer to sectioh2 ¢Settingg & 8Ekcription of the helical mode aralerview of
settings of the FARO Focus scar@EORMBEtelical profile.The full documentation aboull helical
settings can be found in the "FARO Focus 3D Automation Interface Manual®.

C.1 Enabling the helical scan mode viathe sA AT 1T Ag@rdrderface

Thecorrect TTlhelical sub moddéor STORMBEE&perationshasto be created andenabled.Creating
and enablingthis TTLhelical sub mode as well as setting the scanning parameters can be done via the
a0l yyYSNRa dzaSNJ AYyGSNFIF OSo

First of all, a new scan profile with the helical mode enabled has to be creBtedvay of creating a

so called helical scan profile differs from the way of creating normal scan profiles. To create a helical
scan profile, go t@Manage - dServicé and click on the&xCommand Promjgtbutton, then type in

the commandiHelicalGrey (Figure C1). éHelicalGrey adds a helical scan profile with the TTL mode
enabled

(= 13:24 FARD

Manage

?

Type your command

————J rirmware upaate

Factory Settings >

HelicalGreyf

% FARO Customer Support >

Command Prompt >
Last Service Date 03/07/2010
Service Due Date 03/07/2011

Figure C1 Creating helical sganprofile via commandorompt [FARQO]

The new helical scan profile will be added to your profiles list and will automatically be selected as the
currently used profile: helical mode is enabled and the scanning parameters are changed accordingly.
Helical profiles can easily becognized by their special icon. Furthermore, if thedical mode is

enabled, the helical icom is displayed in the status bar of the screen.
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Profiles w 13:27 FARD

,NW‘ Helical Profile v

Figure C2 Overview current profiledFARO]

The newly added helical profilegenerated with the following default settings:

U Resolution 1/8
U Quality 4x
U Helical TTL mode or CAN mode
U Number of scan lines to be recorded 10000
0 Spilt scan files after 1000 scan lines
U Helical Scan Position: Home Paosition (0°)
View Profile MW (] 13:38 FARD
A
Profile Name Helical Profile »
Resolution [MPts] 21.7 5
Quality 4x
Helical Scan Mode Settings >
Eye Safety Dist. [m] stationary 0.00
moving (>3.00km/h)
0.00
Scan Duration [mm:ss] approx. 00:00
Scan File Size [MB] approx. 0.00
Scan Size [Pt] 10000 x 2169

Figure C3 Helical mode default settingfFARO]
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,2dz Oy IFRR FRRAGAZ2YlItE KStAOFf aoOly LINRTAfSAE oe
- dt NP F A f 8-éntering thed dHeBcalGrey command in the command prompt as described

above.

You @n change the parameters of the helical scan profile any time, but editing them differs a little bit
from nonthelical (spherical) profilessigure C4 and Table7.1 show the settings othe STORMBEE
helical scamode.

Quality

Scan Duration
[mm:ss]

approx. 55:55

|
o))

ScanSize [P |
200000 x 3414

T

MPts
6828

Point Distance
[mm/10m]

7670

You can change the profile name, the resolution and the quality as usual, but the button to change the
horizontal and vertical angles as well as the button to enable or disaddtauir recording are not
displayed. Instead, there is the Helical Scan Modgrgstbutton. It opens a scredRrigure C5) where

you can adapthe following settings

Helical Scan Mode:
Select the Helical TTL mode.

Helical Scan Position
Beforestarting a helical scan you should set the helical scan position in degrees and let the scanner

rotate to this position. You should select Helical Adapter Scan position A (90°)

Number of Scan Lines
Enter an expected number of scan lines. Set thiz0@,000.

Split Scan Files
The scan data stream can automatically be split into several files when a certain amount of scan lines

has been reached. The minimum number is 100. Smaller scan files are not supported. Set this equal to
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the number of scan ling200,000) so there is only one large scan data file (per flight), which is required
for postprocessing.

= L

’\T_\ Select helical scan mode:

v

Helical Scan Position [°] A (90.00) >

Number of Scan Lines 200000 >

Split Scan Files After [Scan 200000 >
Lines]

Move Scanner to Helical Scan Position SRS

Figure C5 STORMBERelical scan mode settings

C.2 Switching between profiles viathe sA AT T Aderdr@erface

Once a helidgrofile has been added to your profiles list, you can switch between your standard (static
inspection) mode and th&TORMBEEelical mode by simply selecting them from the profiles list
(Figure C2) andverify the settings of that profiléFigure C6 and Table7.1). Don't forget to set a new
project name for every mission to ensure all scan files have a suitable name.

EAF™ Selected Profile:
(; Stormbee

Resolution [MPts] 682.8 >
k Quality 2x

\[\W‘ Helical Scan Mode Settings >

Helical Scan Mode Settings >
¥

Eye Safety Dist. [m] stationary 3.80
moving (>3 00km/h)
1.30

approx. 01:00

—
Eye Safety Dist. [m] stationary 3.80 |
moving (>3.00km/h) |
1.30 |

d

Scan File Size [MB] approx. 2539.06

approx. 01:00 | 200000 x 3414

Scan Duration [mm:ss]

Scan Eila Size [MB] approx. 2539.06

Figure C6 STORMBERelical scan mode settings quierview
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Appendix D: FARO Focus scanner STORMBEE helical profile settings (S-
series only)

Please also refer to sectioh2 ¢Settingg F2NJ 6 KS RSaAONARLIiA2Yy 2F (KS K
settings of the FARO Focus scanrBEORMBHtelical profile.

D1 %l AAI ET ¢ OEA EAI EAAI OAAT 11T AA OEA OEA

The correct TTL helical sub mode &fORMBE#&perations has to be created and enabled. Creating

and enabling this TTL helical sub mode as well as setting the sggrarameters can be done via the

a0l yySNRNa dzaSNI AYGiSNFI OSo

First of all, a new scan profile with the helical mode enabled has to be created. The way of creating a

so called helical scan profile differs from the way of creating normal scan profiles=afte arhelical

A0y LINBFAL ST aIBNPA O&dl yIyRSOt A0 2y GKS a/ 2YYlLy
GKS O2YYIl YR Edud DI faD SR #HdS & tielal&E@nprofile with the TTL mode

enabled.

1076

©
@
>

< Service

< Command Prompt @ ﬁ

Notifications :
Comnand Line:

HulicalGray

Submit Clear

ajwle[R|T|¥]u]1]olP

A|s|o|FlaH]ajk|L

i z|xfc)v]e|n il
Gl = 2] -

Figure D1 Creating helical scan profile via command prompt [FARO]

SD Card

Log File

Backup

Restore

Firmware Update

Factory Settings

Cleaning of Optics

Set New Home Position

>
>
>
>
>
>
>
>
>

Customer Support

A

The new helical scan profile will be added to your profiles list and will automatically be seletted as
currently used profile: helical mode is enabled and the scanning parameters are changed accordingly.
Helical profiles can easily be recognized by their special icon. Furthermore, if the helical mode is

enabled, the helical icom is displayed in thetatus bar of the screen.
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[? &3 100%

Select a profile
Indoor ...10m
Indoor 10m...
Outdoor ...20m
Outdoor 20m...

Preview

Object HD

Outdoor: Far Distances

Helical Profile

Figure D2 Overview current profiles [FARO]

The newly added helical profile is generated with the following default settings:

Resolution 1/8

Quality 4x

Helical TTL mode or CAN mode

Number of scatines to be recorded 10000
Spilt scan files after 1000 scan lines
Helical Scan Position: Home Position (0°)

et enc i e 2 e B e e
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Scan Parameters

Selected Profile
Helical Profile
Resolution

[MPts]

Quality

Helical Scan Mode
Settings

ion [mm:ss]

Scan File Size [MB]
ap 6.14

You can add additional helical scan profiles by duplicating tie@i y 3 KSft A O f
- Gt NPFAESEYIENKYE NS

above.

Helical Scan Mode
Settings

node

Helical TTL Mode

Helical CAN Mode

He

[?) 13 100%

Helical Scan Home
Position [°] (0.00)

Number of Scan Lines

Split Scan Files After
[Scan Lines]

Figure D3 Helical mode default settings [FARO]

a1 St AO0Ff DNB&¢

10000

2500 >

LIN2E TAE S

O2YYIYyR Ay

You can change the parameters of the helical scan profile any time, but editing them differs a little bit
from nonthelical (spherical) profilesLable7.1 showsthe settings of theSTORMBHtelical scan mode.

You can change the profile name, the resolution and the quality as ustahedoutton to change the
horizontal and vertical angles as well as the button to enable or disable colour recording are not
displayed. Instead, there is the Helical Scan Mode Settings button. It opens a ségera D3) where

you can adapt the following settings:

Helical Scan Mode:

Select the Helical TTL mode.

Helical Scan Position

Before starting a helical scan you should set the helical scan position in degrees and let the scanner
rotate to this position.As STORMBEE ushe FARO Helical Adapter to prevent the scanner from

G dzNy Ay 3

GAGKAY
position by clicking thtMove Scanner to Helical Scan Position butten | F i SN» I NR & =

iKS

position with the fixation pins of the Helical Adapter.

Number of Scan Lines
Enter an expected number of schmes. Set this to 200,000.

Split Scan Files

f A YA (ust let2He schniner rotafe 1 thé delecie@ o O]

t 201

The scan data stream can automatically be split into several files when a certain amount of scan lines
has been reached. The minimum number is 100. Smaller scan files are not supported. Set this equal to
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the number of scan lines (200,000) so there is only one large scan data file (per flight), which is required

for postprocessing.

D2 3xEOAEET ¢ AAOxAAI

POl £ZE1 AO OEA OEA

Once a helical profile has been added to your profiles list, youmzidrhsbetween your standard (static
inspection) mode and th&TORMBEEelical mode by simply selecting them from the profiles list
(Figure D2) and verify the setting of that profile Figure D4 and Table7.1). Don't forget to set a new
project name for every mission to ensure all scan files have a suitable name.

E3F \ Selected Profile:
{ P stormbee

Resolution [MPts]
Quality

@l Helical Scan Mode Settings >
J

MM Helical Scan Mode Settings >

stationary 3.80 w
moving {(>3.00km/h) |
1.30|

Eye Safety Dist. [m]

Scan Duration [mm:ss] approx. 01:00 |

Scan File Size [MB] approx. 2539.06

Figure D4 STORMBEE helical scan mode settings quick oveve )

Eye Safety Dist. [m] stationary 3.80
WVIT 1 00kmv/h)
1.30

approx. 01:00

approx. 2539 06

200000 x 3414

82



STORMBBHBser Manuat, Think3D BVBA
Version N°11, last modified 30/09/2018

PC1080 Battery charger and G630 hub manuals

Appendix E
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