62 46 16 06 60 63 31 51 19 28 17 48 44 55 10 i02 03 09 41 04 ;54 58 11/36 24 42 3@_,35 49 29 39 53 20/__57
47\12 15 64 14 59 45 52 58 43 18\ 6 22 f:i V4 1 , J 33 g1 ,, ‘___13,/2.5/‘37

A\

01(24.3) 02(23.4) 03(227) 04(22.1) 05(22.0) 06(22.9) 07 (21.7) ) 09(20.7) 10(21.3) 11 (20.3) 14 (18.5)
o :

15(17.5) 16(18.2) 17 (19.3) 20 (19.7) 21 (17.7) 22(206) 23(19.8) 24(192) 25(19.4) 26(21.1) 27(20.7)

£y

e Ny

29 (18.7) 30(18.1) 31(17.4) 32(19.3) 33(17.7) 34(19.5) 35(19.0) ) 38(20.0) 39 (18.7)

¥

-
46 (17.5) 47 (18.4) 48(19.7) 49(175) 50(18.9) 51(185) 52(18.9) 53(19.1) 54(204) 55(21.2) 56(17.8)

12 empty nests (01-12)

21 birds in 15 nests (13-27)
44 birds not in nests (28-65)
3 unknown (65-67)

total: 27 nests and 65 birds

57 (15.9) 58(21.6) 59(17.6) 60(18.1) 61(18.9) 62(22.3) 63(20.3) 64(19.8) 65(20.1) 66 (20.9) 67 (21.3)

Airborne Optical Sectioning for Nesting Observation, Nature SciRep, 2020
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4 Scenes

lterations for

Gray-Level Variance Metric
using Sequential
Quadratic Programming

(Realtime)

Parameters Bounded to
d being 22 to 38 m away
and 0,9 being £10° off
from the Synthetic
Aperture Plane

.

Fast Automatic Visibility Optimization for Thermal Synthetic Aperture

Visualization, IEEE Geoscience and Remote Sensing, 2020
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nifer F

Broadlearl Forest

Focal Plane

N=130,N-Var[X] = 0.1447

N=114,N-Var[X] = 0.0202

N=209,N-Var[X] = 0.0

N=116,N-Var[X] = 0.0085

Pose Error
Geoscience and Remote Sensing Letters, 2020 (submitted)

N=40,N-Var[X] =

-
-
I
I’\.

N=32,N-Var{X)

3,N-Var{X]

N=41,N-Var[X] =

0.3493

= 0.0384

0.0917

0.0158

N=32,N-Var[X]

N=41,N-Va

hj:k‘otr-‘\’larl.\:] — O 3“72

= 0.0913

r[X] = 0.0156

=40,N-Var[X] = 0.3388

N=23,N-Var[X] = 0.0341

32,N-Var[X]

0.0896

N=41 N-Var[X] = 0.0153

N=40,N-Var[X]

N=23,N-Var[X]

N=32 N-Var{X]

N=41,N-Var[X] =

= 0.0341

0.0895

0.0150

Open Field

Body Motion

Low Light,

Mixed Forest

Mixed Forest

Focal Plane

66,N-Var{X] =

_)1 N- Vdr["] — '

N=199,N-Var{X]

,

=168,N-vVar[X] = 0.0415

=166,N-Var{ X]

N=20,6N-Va

N=45,6N-Var[X] =

N=29,N-Var[X] =

D«‘o ‘

Oxtylzy

= 1.7846

166,N-Var[X]

‘\J_)O N- \':[ /*

= 0.1901

N=45,N-Var[X] = 0.1024

-29,N-Var[X] = 0.0862

tf.\r

= JN-Var[ X]

N=20,N-Var[X] = 0.1883

N=45,N-Var[X] =

=29,N-Var[X] = 0.0845

1015

1.2442

=166,N-Var[X]

N=20,N-Var X

N=45,N-Varl X

N=29,N-Var{X]

Reduction for Focus Enhancement in Thermal Synthetic Aperture Visualization, IEEE

1.73

= 0.1877

= 0.1008

= 0.0809




Search and Rescue by Airborne Optical Sectioning (SARAQS)

occlusion (forest) no occlusion (open field)
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Search and Rescue with Airborne Optical Sectioning,

Nature Machine Intelligence 2020

Single Images

AP score: 24.8%
precision/recall: 21.1/50.4%
detected: 5,422 out of 10,765
16,166 false positives




Search and Rescue with Airborne Optical Sectioning,

Nature Machine Intelligence 2020

AOS Integral Images

AP score: 92.2%

precision/recall: 96.4/93%

detected: 53 out of 57

2 false positives (branches and a dog)




Real-Time

synthetic aperture plane

A A A A A A
N

digital elevation model

To get this running fast on the drone and during flight:

- short
- GPS/
- digita

Inear (1D) apertures
MU-based pose estimation
elevation model to compute integral image for

focal surface and drone control on Raspberry Pi
- classification with YOLO4-tiny on

Intel Neural Compute Stick
- training set = test set of the previous study

single image

2D SA, CV pose estimation
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single image 2D SA, CV pose estimation 1D SA, GPS/IMU pose' estimation
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1D Synthetic Aperture

F2 (broadleaf) F3 (mixed)

100% A
i Z
I |
20 X R X
60%- s 8%
A <
Ei g | =
S 60 i g
o - ¢ (s L
S %> <~
o | i
i !
<> 40% - : :
| |
i !
20% - E_j: uc::_}: 0
Il I ! .
Zi 2: — AP (fit)
0% - i i ® AP (data)
0 10 20 30 40 50 60
N

F6 (conifer) F9 (empty, broadleaf)



Adaptive Path Planing

-150 -120 -90




Visual Enhancement

real-time

offline pose correction

real-time

offline pose correction







urance

Engine Length Width Rotor height

Boxer * 2600 mm 850 mm 830 mm ~c Wankel * 2600 mm 850 mm 910 mm
12 kw e . 15-25kw
2950 mm 3.h* " = | S 2950 mm 6.h "
I O\ Weight (Empty) Max. take off weight
75 kg *** 150 kg | 150 kg
-

*  also avall"blﬁw&' u 10t ‘ .. " alseavaiable with an efectric motor 12 KW
o dmm - *‘ an ' ** depending on playload and flight profile / Electric up to 1,6 h

*** eletric + ;j.n *** eletric + 40 kg for battery
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Connectivity

Mobile Network Operator Firewall ATM /UTM / FIMS / USSP

outbound only RF data
I UAV

&%
Wi\e) %
Ve

UAV live data | ] APls
measurements

_—

AirborneRF secure | | AlrDOrNERF | ¢ -

channel Aviation Stack

Network
Repository

—

[ — —

Subs geo density,
IMSI, IMEI, KPIs

FIMS
CIS

1 ATM: Aviation Traffic Management
. i UAV: Unmanned Aenal Vehicle
AirborneRF g UTM: UAV Traffic Management

RemOtelD APP g USS: UAV Service Provider

g FIMS: Flight Information Management System
I CIS: Common Information Service

SORA Automation

AirborneRF Aviation Stack — connectivity info hub
Combine/select/overlay satcom and cellular connectivity for data integration

[ - e

Live big data lake
(operational data)

4 4 4 | L
" Billing/counter

AirborneRF MNO Stack

connectivity data processing for UAV

4

R U-space SESAR »
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