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Sensefly Swinglet CAM - eBee
&
Menci APS software




UFLY system (Swinglet-CAM)

Il sistema & composto da:

*Sensefly Swinglet UAV 16 Mpx camera, completamente
autonomo,

*Sensefly E-mo-tion 2 software di pianificazione, gestione e
georeferenziazione immagini

*Menci APS software software di processamento per la
generazione di DSM, Pointcloud, Mesh, DTM, OrthoPhoto




swinglet CAM

The easy-to-use flying camera
Ampiezza alare: 80 cm
Peso : 500 gr
Autonomia: 30 min per batteria
Portata radio: 1.3 Km
Atterraggio autonomo con raggio di 20 m
Velocita di crociera: 10 m/sec
Area potenzialmente coperta con una batteria: 1 km2 (100 ha) a quota 350 m
Resistenza al vento: 7 m/sec (25 km/h)

battery

. ”‘T’{\\ camera

:w # \\\ autopilot LED display

1}}7 pitot probe
servo rods
propeller

ailerons

Top face of the swinglet CAM . airframe

winglets




swinglet CAM

The easy-to-use flying camera

Sofisticata elettronica :

Gli strumenti elettronici a bordo consistono di un Autopilota il
qguale e in grado di gestire autonomamente il velivolo, un GPS
utilizzato per mantenere la traiettoria prefissata e un sensore IMU
utilizzato per ricevere le informazioni riguardo agli angoli di assetto
durante il volo.

Anche in caso di assenza del segnale radio il velivolo € progettato
per portare a compimento la missione pianificata.

PITOT PROBE:

La sonda di Pitot e utilizzata per ricevere informazioni relative alla
velocita del vento.




swinglet CAM

The easy-to-use flying camera

—

Macchina Fotografica:
Canon IXUS 125 HS

Risoluzione: 16 Mpixel ST q
Lunghezza focale: 4.4 mm =8

Il certificato della macchina viene
Estratto presso | laboratori della

Menci Software
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swinglet CAM
The easy-to-use flying camera
CAMERA Nir: & = -
Canon PowerShot ELPH 110HS
Risoluzione: 16 mpixel
Lunghezza focale: 4.4 mm

 100M c'g,yvr" .

vaersbor
GELAH 11O HS

Il certificato della macchina viene
Estratto presso | laboratori della
Menci Software
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Flight execution

WORKFLOW DI VOLO:

1) Connettere la macchina fotografica

2) Connettere la batteria
3) Attendere il termine della procedura di controllo (green led)
4) Caricare il piano di volo precedentemente impostato

C2 S @

Start waypoint
HGT
1490m |5

RAD
30m 5

DIR
cw

| @ | Lam: 418643192 LOM: 12,6059650

After take-off

connect battery -== disconnect battery

| 1

status LED: "fl}ll;e\ — preflight ChECkS_fEiIEd

@ Start mission
Wait on Start waypoint
After mission

@ Land
Go to Home waypoint

. l} u | 5E . . - " Go to Start waypoint
- ¥ red . -
Statu S I_ED: ¥ Restart mission
] *, blink # 7
taas” Landing
read ¥ for startu p [ Specallanding  |[_ Abortlanding

Home waypoint
HGT RAD

30m =

DIR
cw

status LED:

75m =

[ @ | am: 218650083 LON: 12.5D74994/
Reset all setup phase parame: tersy I

|
| Load flight plan from file... J
|
|

|

|
Save flight plan to file... |

=

Save flight plan as default in drone
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Flight execution

WORKFLOW DI VOLO:

5) Scuotere tre volte il velivolo avanti ed indietro per I’accensione del motore
6) Eseguire il decollo inclinando lo strumento a 30° esclusivamente controvento

f —
{ blue™
\pulse /

-—

status LED:

motor ready for take-off

status LED:

l

place nose up 30°

status LED:

Caution: always orient the swinglet Ny
against the wind for take-off! l

step forward and release




Flight execution

WORKFLOW DI VOLO:

7) Durante il volo e possibile controllare I’attuale traiettoria del drone, in caso di forte
vento (>7 m/s) il Drone tornera alla Home automaticamente .

8) Durante la procedura di atterraggio il dispositivo necessita di un’area libera da
ostacoli per almeno 40 metri (un raggio specifico di 20 metri e richiesto). Lo
Swinglet planera dolcemente al suolo seguendo una traiettoria circolare.

9) Dopo I’atterraggio e sempre buona norma controllare la qualita delle immagini per
evitare ed essere sicuri che non ci sia troppo effetto mosso.

10) Una volta controllate le immagini e possibile procedere con la fase di
Georeferenziazione per assegnare ad ognuna di esse le coordinate geografiche.
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- Caratteristiche principali
- Componentistica

- Assemblaggio
- eMotion 2




ground

antenna ——
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eBee — Caratteristiche principall

% “=——— battery compartment

= — pitot probe, status LED

central body
~— camera compartment

SErVo connection

mechanism
propeller

Top face of the eBee

-
-

wing -~ 4|

sensor

camera lens hole

Bottom face of
the central body

STIruts ~

wing

alleron

~—— winglet




Componentistica

eflee
central body

1x carrying case with foam protection
1x eBee central body with built-in autopilot
1x pair of detachable wings

1x spare propeller

camera with
charger |
10x spare propeller attachment rubber bands

2x Lithium-Polymer battery packs

1x Lithium-Polymer battery charger (including cables) i} Y remote

control

1x 2.4 GHz USB radio modem for data link (including USB cable) T ‘

propeller

1x remote control (including battery pack, charger and cables) a““l'ﬁ;:g; ! spare
propeller

1x still camera (including memory card, battery and charger)

o | b
1x USB cable for interfacing with camera and on-board autopilot | -

1x EPP glue : : user

manual

1x eBee user manual
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Assemblaggio

i——T_=———
Central body Central body
top view bottom view Wing - detached

-

- " &
-~ propeller _~
,,/ prop ner
e —

I

attachment

rubber bands




Assemblaggio

insert camera into
compartment

~ plug in camera connector

close camera
compartment lid




insert wing struts into central

body

ensure servo
connection

mechanismis |

aligned |
and engaged

connect battery and
insert into close battery
—_—
compartment compartment

connect battery =— disconnect battery

|- I

Startup status LED: 'l.dl;,:_l :.\ — preflight checkf fa!i_l.ed
process: l = status LED: { |
ready for startup
status LED:




Tecnica di Lancio

Not horizontal!

status LED:
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Tecnica di Lancio

motor startup begin

f' .
f blue™

nulse /
k -

status LED:
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Tecnica di Lancio

ol =
s,

j -
Ger zone

Caution: always orient the eBee
against the wind for take-off!

R .
L

—

F.a
/ blue ™

yulse /
\F__ <

status LED:

A

motor ready for take-off
status LED:
place nose up 10°
status LED:

1

step forward and release







Softwares

eMotion 2 - )




eMotion 2

Flight Parameters tab

Camera tab
Mission Waypoints tab
Toolbar

Mission Planning tab

Setup Phase tab

Flight Monitoring tab
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swinglet CAM
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eMotion 2 — Key Points

Height above
Take-off position

Position (GPS coordinates)

Selected Future Inactive
waypoint flight path flight path
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eMotion 2 — Key Points on Landing

fly in calculated direction circle to

. measure wind

controlled glide and speed
(brake if needed)

-4

N

Final brake when
ground proximity
detected

L.,

Deep stall

e 13.4m o ) I to ground

IEIIIZEITTIANALILNAG'Y
rEEEERTRRRRR AR

AN

A A A A A A A A A ././

T * Zom omT
Linear landing
location

estimated wind
direction

approach sectors
calcu Iateﬁ downwmd
d|rect|an / \
Hright: T5 m
- e ~ - mm 141
—'—"____ . Uraar larding

I rewt o sppToech sl

Linear Landing
calculated upwind waypoint
~ approach direction
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Sensefly E-mo-tion 2: Flight planning

FLIGHT SIMULATION:

1) Attraverso uno specifico rettangolo o poligono & possibile definire I'area che si vuol investigare. In base
alla sovrapposizione e all’altezza di volo questo verra suddiviso in una serie di strisciate.

200 x 400 m
&.0haf 0.08 km2

o
38.6785878°N 16,0930453°E




Sensefly E-mo-tion 2: Flight planning

2) Caricato il piano di volo precedentemente salvato sara necessario controllare la direzione del vento per
posizionare lo Start e la Home relativamente alla fase dell’atterraggio.

*ﬁ oL |i\t \EB Simulator [l ‘E‘ w» Q : 2

(o]

After take-off

> Start <
1 140m




Sensefly E-mo-tion 2: Flight planning

2) Una volta definito il piano di volo & possibile interagire con il drone ad ogni momento .

L2

= oo MR [A smuaor >\»| °o9¢g

START
WISSION

RESUME
MISSION

Start waypoint

HGT RAD DIR.
(@

After take-off

Start Yo 9 Height:1e2m

i 1:49

_ am
~ En route to waypoint 2
% /8m



Image properties

Images coordinate system

Datum : World Geodetic System 1984; Coordinate system : WES 84

Geolocation and orientation

Geolocated images: 51 out of 51

Camera model

Detected: CanonIXUS125HS_4.3_3456x4608

Image

Latitude

43.5074329000

43.5077023000

43.5080204000

43.5083054000

43.5086299000

43.5088752000

43.5091758000

43.5095053000

43.5100004000

Longitude
11.5889223000

11.5896192000
11.5902849000
11.8910002000
118916760000
118923767000
118930807000
118937542000

118937829000

{11}

Altitude
465.2989196777

467.2571716309

4671683044434

467.2004384531

466.5433044434

466.8483581543

4661022338867

463.0725402832

464.5637512207

Clear

| | Fram EXIF | | From file. ..

Yaw

518502502441

60.2287292480

51.2051582336

647089767456

49.0715789795

73.5297088623

49.7701797485

580582618713

250.6921386719

Pitch
74688395729

76107134519

74675130844

69301419253

7.0108814240

78763102485

78189392090

6.2035464546

7.7905044556

Mext

| | Cancel

Help




Dalle Immaggini all'informazione cartografica:
APS




APS e un prodotto della Menci Software il quale puo essere
utilizzato con qualunque sistema UAV per l'acquisizione di
immagini small format e medium format.

E in grado di eseguire I'intero processo di Areo Triangolazione in
completa autonomia.

Eseguita la fase di Bundle Adjustment seguendo un semplice ed
intuitivo workflow e possibile ottenere:
DSM, Point Cloud, Mesh, DTM, Contour Lines and OrthoPhoto.

Ogni immagine e accoppiata con dei file di orientamento esterno
ed interno in modo da poter ottenere la visione Stereoscopica
dell’intero blocco fotogrammetico.




2/5 FIND FEATURES

1/5 IMPORT

2/5 FIND FEATURES

3/5 MATCH FEATURES

4/5 BUNDLE ADJUSTMENT
5/5 RASTER GENERATION
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GCP collimation

GCP Collimation
54 images Poink Managemenk
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AREA OF
INTEREST DSM DEM Contour lines Orthophoto




Case History
by fixed wings UAV
SWINGLET CAM — eBee
and APS Menci Software




Cartografia dettagliata e
Caratterizzazione 3D per una frana




Number of images: 1031 Average Ground Elevation: 800 m
Average GSD m: 0.06 m Bundled Images: 1031

Total Area: 3.407 Km? Average Bundle Residuals: 1.44 um
Orthophoto Area: 2.231 Km? Bundle Time: 03:10:41

Camera Model: Canon IXUS 220HS GCP imported: no

Flight Time: 7 hours, 41 minutes, 43 seconds Orthophoto Average GSD: 0.06 m
Absolute Flight Height: 1000 m DSM average GSD: 0.35 m

Relative Flight Height: 200 m 3D points number: 18.229.603

Total Process Time: 11:51:18

J
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Performed flight

Orthophoto Stereo Visual Styles

/ I i (= =
Distance Area Foot |Camera | Image Sheet Images Status | Output ' Workflow || Project  User Select  Tutorial About Get Feedback
Prints 'Position Mames Layout Info Data Language Update

APS_project.srf
WorkFlow

& Overview

GCPs CPs

5]

=ip aor (%12 Holes

-
Lljll Radiometric Balancing

DTM (Ground)
Contour Lines
Seamlines

COrthophoto

Cutput log

1%
0%
1%

24-10-2013 - 12:50:43 Praoject open - Session started [elapsed 00:00:03] - 8174MB - Available 5603 MB - Used Percent 3

4

&' Inbox - Mozill... Posta in arriv...




Orthophoto

APS 6.0.4 - Menci Softw:
Orthophoto Stereo
] 1 / i ST
/i &/ el | o | [ R® -

Distance  Area Foot |Camera | Image Sheet Images Status |Output ' Workflow|| Project User Select  Tutorial About Get Feedback
Prints Position’ Mames Layout Info Data Language Update

APS_project.sif

WaorkFlow

&P Overview

GCPs CPs

i s

Eap Al EQQ Holes

-
I_m Radiometric Balancing

DSt

DTM {Ground)

Contour Lines

Seammlines

Crthophoto

58 Project open - Seszion started (elapred 00:00:08) - 8174ME - Available 6214 MEB - Uzed Percent 23 %
28 Project open - Session started [elapsed 00:00:02] - 8174ME - &vailabls 5655 MB - Used Percent 30
43 Project open - Session started [elapsed 00:00:03] - 8174ME - Available 5603 ME - Used Percent 31

12:57




CAD

&

Orthophoto

¥

Stereo

| Foot |Camera | Image
Prints 'Position’ Names

__Project |

APS_project.srf
WorkFlow

|Distance Area |‘

APS6.0.4 - Menci Software - sww.menciu = Medium Format - AR

= dd e Ml

: & ol {3 W s F

Images |‘ Status Output‘Workﬂowi’ Project User  Select Tutorial About Get
Info Data Language

INFO)
Sheet | Feedback |
Layout | Update |

a1 Crverview

|l_-—,\\|y A0I |% Holes

—
@ Radiometric Balancing

DTM {Ground)
Conkour Lines
Seamlines

Orthophato

Cutput log

24-10-2013 - 09:28:58 Project open - Session started [elapsed 00:00:08) - 8174ME -
24-10-2013 - 11:51:28 Project open - Session started [elapsed 00:00:02) - 8174ME -

Available 6214 MB - Used Percent 2

24-10-2013 - 12:50:43 Project open - Session started (elapsed 00:00:03) - 8174ME -
4

3
Available 5655 MB - Used Percent 30
Available 5603 MB - Used Percent 31
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Contour lines

- Medium Format - AP

CAD Orthophoto Stereo WVisual Styles ~

Il == | —_
1 || Distance  Area Foot |Camera | Image |Orthophoto Sheet || Images || Project User  Select Tutorial About Get Feedback
Prints 'Position Mames | Info Data Language

APS_projectsrf 3¢
WorkFlow
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57
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.
=7 4
1L
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w Crthophota

Cutput log

24-10-2013 - 09:28:58 Project open - Session started [elapsed 00:00:08) - 8174MB - Avaiable 6214 ME - Used Percent 23
24-10-2013 - :28 Project open - Session started [elapsed 00:00:02) - 8174MB - Available 5E55 MEB - Used Percent 30
24-10-201 32 - 12:50:43 Project open - Sezzion started [elapsed 00:00:03] - 3174MB - Available 5603 MB - Used Percent 31
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CAD Orthophoto Stereo
% Pl =

Distance Area Foot |Camera | Image Sheet
Prints 'Position’ Mames Layout

Images

Menci Software

i
Status |Qutput |Workflow

Project  User

Info

Data

Select  Tutorial About
Language

Get Feedback
Update

Visual Styles ~

APS_project.srf =
WorkFlow

S Overview
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F s |

B por [%lp Holes

7l
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Mesh

#
™ ‘9 DTM (Ground)
—

g Contour Lines

7 Seanlines
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[Output log

24-10-2013 - 09:28:58 Project open - Session stated [slapsed 00:00:08) - 8174ME - Available 6214 MB - Used Percent 23
24-10-2013 - 11:51:28 Project open - Session stated [elapsed 00:00:02) - 8174ME - Available 5655 MB - Used Percent 30
24-10-2013 - 12:50:43 Project open - Session stated [elapsed 00:00:03) - 8174ME - Available 5603 MB - Used Percent 31
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Cartografia dettagliata e
Caratterizzazione 3D per una foresta
affetta da parassiti




Number of images: 122 each flight Average Ground Elevation: 1185m
Average GSD m: 0.06 m Bundled Images: 122 ef

Total Area: 0.716 Km? Average Bundle Residuals: 3.56 um
Orthophoto Area: 0.237 Km? Bundle Time: 00:19:45

Camera Model: Canon IXUS 127HS, ELPH (Nir) GCP imported: no

Flight Time: 21 minutes ef Orthophoto Average GSD: 0.06 m
Absolute Flight Height: 1398.72 m DSM average GSD: 0.35 m

Relative Flight Height: 215 m 3D points number: 1.940.941

Total Process Time: 00:26:27




Performed flight

CAD Orthophoto Stereo Visual Styles ~

o <& ald 5 @Y

Distance  Area Foot |Camera | Image Sheet Images Status |Output Workflow| || Project  User Select  Tutorial About Get Feedback
| Prints Position Mames Layout | Info Data Language Update

APS_rgb.sif =
WorkFlow

=P Owerview

7 s ]
Bl nor %o Holes
!_\"|.| Fadiometric Balancing

DSM

DTM {Ground)

Contour Lines

Seamlines

Crthophoto

[Qutput log

30-10-2013 - 15:39:24 computing "img_9339_""  [104/104) . [elapsed 00:02:44] - 8174kB - Available 5553 MB - Uzed Percent 32 %
30-10-2013 - 15:39:24 seamlines done [elapsed 00:02:44) - 8174ME - Available 5553 MB - Used Percent 32 &
30-10-2013 - 15:40:24 Orthophoto generation done (elapsed 00:00:34] - 8174ME - Available 5312 ME - Used Percent 30 %
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Orthophoto

CAD Orthophoto Stereo Visual Styles

f " )= i = 8
(] C= N = L, 4 i
Distance Area Foot | Camera | Image Sheet Images Status User Select  Tutorial About Get Feedback
Prints Position' Mames Layout Data Language Update

APS_rgb.srf %
WorkFlow

P Overview

=i Aol (%l Holes

B Radiormetric Balancing

DTM {Ground)

Contour Lines

Seamlines

Orthophota

Cutput log

30-10-2013 - 15:39:24 computing “img_9999_ " (104/104).. [elapsed 00:02:44) - 8174MEB - Available 5553 MB - Used Percent 32 %
30-10-2013 - 15:39: 24 seanlines done [elapsed 00:02:44] - 8174ME - Available 5553 MB - Used Percent 32 %
30-10-2013 - 15:40:24 Orthophoto generation done [elapsed 00:00:34) - 8174MB - Available 5312 MB - Used Percent 35 %

4

presentazione &' Inbox - Mozilla T... - Bl 13, i T §e % k4 F~d D




APS 6.04 - Menci Software -

CAD Crthophoto Stereo WVisual Styles

Distance  Area Foot |Camera | Image Images Status |Output Workflow| || Project  User Select  Tutorial About Get Feedback
| Prints Position Mames Layout | | il Info Data Language Update
il (| il |
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Cartografia dettagliata e
Caratterizzazione 3D per un casello
autostradale '




Number of images: 98 Average Ground Elevation: 15.21 m
Average GSD m: 0.05 m Bundled Images: 97

Total Area: 0.314 Km? Average Bundle Residuals: 1.111 um
Orthophoto Area: 0.181 Km? Bundle Time: 00:14:41

Camera Model: Canon IXUS 220HS GCP imported: no

Flight Time: O hours, 9 minutes, 4 seconds Orthophoto Average GSD: 0.05 m
Absolute Flight Height: 169.45 m DSM average GSD: 0.2 m

Relative Flight Height: 154.24 m 3D points number: 4.435.843

Total Process Time: 00:49:18
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Cartografia dettagliata e
Caratterizzazione 3D di una cava




Number of images: 200

Average GSD m: 0.04 m

Total Area: 0.396 Km?

Orthophoto Area: 0.060 Km?

Camera Model: Canon IXUS 220HS

Flight Time: O hours, 22 minutes, 32 seconds
Absolute Flight Height: 358.01 m

Relative Flight Height: 124.82 m

Average Ground Elevation: 233.19 m

Bundled Images: 200
Average Bundle Residuals: 1.146 um
Bundle Time: 01:14:27
GCP imported: yes
GCP Average Residuals: 0.010 m
Orthophoto Average GSD: 0.04 m
DSM average GSD: 0.2 m
3D points number: 5992094

Total Process Time: 01:54:59




Performed flight
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Performed flight and projection centre
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GCP collimation
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Cartografia dettagliata e
Caratterizzazione 3D per un tratto di
costa




Number of images: 416

Average GSD m: 0.05 m

Total Area: 1.421 Km?
Orthophoto Area: 1.221 Km?
Camera Model: Canon IXUS 220HS
Flight Time: 45 minuti

Absolute Flight Height: 156.84 m

Relative Flight Height: 151.78 m

Average Ground Elevation: 5.06 m

Bundled Images: 416

Average Bundle Residuals: 1.146 um
Bundle Time: 3 h 25 min

GCP imported: yes

GCP Average Residuals: 0.045 m
Orthophoto Average GSD: 0.05 m
DSM average GSD: 5 m

3D points number: 9 milioni

Total Process Time: 8 h 45 min




Performed flight
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Performed flight and projection centre
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GCP collimation
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Cartografia dettagliata e
Caratterizzazione 3D per un centro
storico




Number of images: 97

Average GSD m: 0.05 m

Total Area: 0.267 Km?

Orthophoto Area: 0.218 Km?
Camera Model: Canon IXUS 220HS
Flight Time: 8 minutes, 35 seconds
Absolute Flight Height: 196.57 m

Relative Flight Height: 128.85 m

Average Ground Elevation: 67.72 m

Bundled Images: 97

Average Bundle Residuals: 0.875um
Bundle Time: 00:28:48

GCP imported: no

GCP Average Residuals: -
Orthophoto Average GSD: 0.05 m
DSM average GSD: 0.23

3D points number: 3.957.761

Total Process Time: 01:14:02




Performed flight
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Performed flight and projection centre
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3D Point Cloud
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APPLICATIONS:

Territorial survey
Environmental survey
Topographic survey
Geological survey

Evolving areas: quarry, land slides,
rivers, shores, landfills

Design and control for infrastructures.
Verification and monitoring In yards.
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