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sports AV shooting
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Challenges in boat race MU"“D"OHE

shooting

* A) Drone decisional autonomy, robustne@et/ /

 Crowd, obstacle
detection and avoidance
- Emergency landing site .

detection. _f% . ,

* B) Multiple drone active . el o @R %
perception and AV o . Sy
ShOOting: s E"thgfeca“ W

» Target tracking and Permiteed Fight Are /f
fO||OWing | Forbidden Flight Are

« Cinematographic
shooting

This project has received funding from the European Union’s Horizon 2020 research
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Drone vision objectives

~and challenges
=

«A) Improved multiple drone decisio autopomy,
robustness and safety.

* B) Innovative, safe and fast multiple drone active perception
and AV shooting.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Al) Improved mulitiple drone _

decisional autonomy, M”gD%“Qe
robustness and safety: - B
Objectives and results _—

« OA1l: Adaptive/cooperative/dynamic (onkne) multiple
drone (re)planning:
« A novel dynamic/cooperative (re-)planner has been developed.
« OA2: Improved, easy and transparent interaction with
the production director and his/her crew.
* A novel drone cinematography mission definition and language has

been developed.
« An advanced director dashboard (interface) has been designed.

This project has received funding from the European Union’s Horizon 2020 researc h
and innovation programme under grant agreement No 731667 (MULTIDRONE)




A2) Improved multiple drone

decisional autonomy, M”gD;%"e
- = S
robustness and safety: >

Objectives and results ///

« OA3: Improved decisional / cognitive autonomy and robustness.

« Dynamic docking/recharge/emergency landing planning has been designed,
Including handling e.qg.,
» crowd detection, emergency landing site detection.
« intelligent autonomous emergency handling, e.g.:
 Flight replanning in case of emergency landing.

« OA4: Improved safety during multiple drone mission execution:
a) embedded flight regulation compliance is foreseen;
b) enhanced vision-based crowd avoidance is implemented,;
c) a-priori emergency landing planning and autonomous multiple drone
emergency landing re-planning has been designed.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




A3) Improved multiple drone _
decisional autonomy, M””'D"g“i
robustness and safety: -

. Objectives and results. m/
« OA5: Robust video streaming, communication
synchronization.

* Robust LTE/WIifi communication architecture has been
Implemented.

* Full HD video compression and drone2ground streaming
IS developed.

* Video frame timestamping and synchronization has been
Implemented.

This project has received funding from the European Union’s Horizon 2020 researc h ’
and innovation programme under grant agreement No 731667 (MULTIDRONE) Fant




MultiD
MULTIDRONE challenges UCD' %ﬂe

and objectives /O i
* A) Improved multiple drone decisional autoumy,/obyké

and safety.

* B) Innovative, safe and fast multiple drone active
perception and AV shooting.

This project has received funding from the European Union’s Horizon 2020 research ’ "
and innovation programme under grant agreement No 731667 (MULTIDRONE)




B1) Innovative, safe/fast MultiDrone
multiple drone active Ooo;g%b
perception and AV shooting: _—
Objectlves and results. e /

OB1:. Fast multiple drone semantic world modelling

during pre-production, for e.q.:
a) 3D world modelling procedures have been designed. ’
b) 3D map KML semantics have been designed to be
populated. 4
« OB2: Fast innovative multiple drone vision- and GPS-

/IRFID-based target tracking and shooting techniques:

» Fast novel real-time embedded target (e.g., boat, cyclist,
football player) detection and t Ing (visual/GPS)

This proje u¥ding from the European Union’s Horizon 2020 researc

technigues’ hﬁV@ been” ﬁé\/’éiﬁﬁ@&"“a




B2) Innovative, safe/fast MultiDrone
multiple drone active I

: : > <,
perception and AV shootlng://

>
' Objectives and results. /
« OB3: Multiple drone AV shooting intelligence:

* Novel path/formation/gimbal/camera control'techniques have been

developed.
« A novel drone cinematography has been developed.

« OB4: Improved multiple drone human-centered visual
Information analysis both for individual persons and for

crowds:

« Fast and improved crowd detection has been developed.
» Fast novel real-time embedded cyclists and football player detection

and tragklng technigues have been gzgrgeear!oﬁ

vation programme under grant agreement No 731667 (MULTIDRONE)




Other Issues-challenges RO SRS

« Security and privacy issues: ///

« Complete ethics review.
* Development of privacy-by-design protection methods.
 Overcoming barriers/obstacles due to regulations and
other factors:
 Plans on contribution to EBU standards on media
production.
* Boosting public awareness and dialog:
* 1 organized event (5/2018), 1 ploanrhleﬁ8/2018).

This project has received funding from the European Un orizon 2020 researc
and innovation programme under grant agreement No 731667 (MULTIDRONE)



Methodology CEROO S

 End user requirements. /

« HW/SW system specs, —design, _implementation,
Integration.

 Strong interplay between:
a) mission (AV shooting) planning, mission control/execution;
b) active perception

* Pre-production:
« semantic world mapping
* mission planning.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Methodology R SR

 Production:

« multiple drone flight/formation control

active perception (multiple drone andtarget localization tracking),
cinematographic AV shooting.

safety/emergency monitoring/sensing

emergency handling at the production phase.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Media production MultiDrone
C L &

requirements b B

* Distinction between pre-production (planning) and productio{

(live) requirements:
* Pre-production requirements include e.g., maps management
functionalities, definition of events of interest and shooting actions,

visual target specification by examples.
* Production requirements include e.g., management of unexpected

events, emergency control by pilots, online replanning capabilities.
« Other general requirements are about video quality, video formats and

codecs, camera control and camera control latency:
« E.g., we want camera command latency < 1s.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Media production MultiDrone
‘requirements - shooting

* Important part of media productionﬁq@m aboUt

shooting capabillities of the system ...

Central framing shot selection Rule of thirds shot selection
180 degree rule shot transition selection

Leave Looking room for subjects

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




requirements — basic CERO SR

This project has received funding from the European Union’s Horizon 2020 research ’ "
and innovation programme under grant agreement No 731667 (MULTIDRONE) gt




System Platform MultiDrgnQe
requirements O

* These requirements are from the pm ofydé

production, therefore they are mainly about:

« Drone physical parameters (weight, maximum speed, ete’)
« Autonomy in flight and in perception

« Storage, communication, control RS e
- Logistics 8
* Interfaces to studio L e

Director and flight supervisor dashboards.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultiDrone

Personnel and Roles oooééc%o
B>

 Director. Person in charge of the media production. Speef%e sp@{

to be taken by the drone team. He will interface”with the system
through the Dashboard.

« Supervisor Operator. Person in charge of the security-of the system.
Throughout the Supervisor module, this person will validate plans as
safe, and will give a green light to the Director.

* Drone Pilots(?). For security reasons, each drone will have a human
pilot in charge to take over in case of emergency.

« Cameramen (?). There will be a cameraman in charge of each camera
on board the drones to take manual control if reqwred by Director.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Drone vision for MultiDrone
cinematography: HW P < -

ISSUes /
1. Drone platform: //

1. Flight machine
2. AV and visual perception payload

2. Ground station platform
3. Drone-ground station communications
4. Human centered interfaces:

1. Director, (photographers?)

2. Flight supervisor, (pilots?).

This project has received funding from the European Union’s Horizon 2020 research ’
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Overview of the drone
hardware

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)



- General Drone Architecture

Possible
Battery
Parachute
FPV camera

Frame
Flight control unit + On-board computers

LIDAR

1RPWIY

Gimbal

AV Camera
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DroneCommunications CERO SRS

5=
+ Communication infrastruct/

* Video streaming

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Communication MultiDrone
infrastructure T Bl
z
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Infrastructure

Objective: Secured and resilient transp
drones / ground station (LTE and WiFi).
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Communications MultiDrone
Infrastructure P o< >

Pixhawk telemetry

~ Serial connection
(split cable)

USB connection

Serial and USB
at the same time

?

Intel Nuc

Pixhawk official
Telemetry module

LTE/Wifi COM board

This project has received funding from the European Union’s Horizon 2020 research
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. Integrated software and > T,
hardware target = B

Cooperative, intelligent, Activation perception
Reliable communication autonomous planning and AV shooting

Devices / applications
flows dispatcher

oS manager ROS pub/sub

OpenWRT

duiznod ysaw 20y-py

| WiFi driver | h_TE,.M-G driver|

Virtualisation Virtual Machine #1
infrastructure

On-board computing (multi-cores CPU Intel/ARM + GPU) |
mini PCle Serial/USE,|Ethernet, ... Ethernet,lF‘EIE, UsE, ...

LTE/4G 0 @ @ Preferably IP camera
WiFi ® @ e '

Wireless COM. devices Navigation devices AV shooting devices




MultiDrone
Multi UAV supervision platform P o< >

C)o:O
MAVLUINK and IP/RTP/H264 over LTE protocols /
with mastered latency and error rate
(((.‘))) (((i))) Multi UAV supervision platform
i Dual Remote Drones mission$

deeh

Base Band Unit (EnodeB + integrated EPC)

LTE base station

Drones planning &

(for safety) Drones Ground Control Station(s) autonomy

cross-media

1/ video streeming
Perception & :;‘s’:::::: planning
AV shooting ﬁt),

Docking / recharging truck

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Drone vision for
‘cilnematography:

Functionalities (1) //

1. (Multiple) drone mission planning.
2. (Multiple) drone mission control.

3. Active perception.

4. AV shooting.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Dronemission planning and MultiDrone
-control CE=EZS

* Multiple drone mission plannigg//

* Multiple drone mission control.
« Single drone flight control.

« Multiple drone control.

Drone formation control.
Collision avoidance.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Mission Planning MultiDrone

Vocabulary @ Bas

« MULTIDRONE Shooting Mission: list of acti@ms//

* Types of actions:

« Shooting Actions: drone + camera
e.g., Lateral Tracking, Fly-Over, Orbit, ...

 Navigation Actions: drone action only, does not involve shooting
e.g., Take-off, Land, Go-to-waypoint, ...
« Shooting Actions are event-triggered:

« A start event is associated to each Shooting Action, which will trigger the action
when it occurs.

E.g., target reaches a milestone, start of race, ...

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Shooting Action MultiDrone
Parameters =

» Shot type: //

e Lateral shot, Orbital shot, etc.

« ZOOM type:
* Long shot, Medium shot, Close-up, etc.

 Start position for the drone and the camera look-at position
* Triggering event

 Duration

* Target ID

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Mission Planning MultiDrone
architecture e -

MULTIDRONE Planning

___________________________________________________________ Drone
/ Mission Controller i Actions l
' Shootin |
Dashboard Missiong | Onboard
' | Scheduler
! Plan :
Director rDrone Actions
events .
High-level Path Action
' igh-level |, a Executer
Event Planner Planner
manager | -- | Commands
| Events
Controllers

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




High-level pre- MultiDrone
. production/production e

mission planning @ a 5>
. ’
. . — WP4

* High-level planner assigns Pre-plan constrants §

different behaviours/tasks to "

the multidrone team according PSS

to director and environmental

reqUirementS. High-level planner (T3.1) .

Tracking

Behavior B

Behavior A

« The multidrone planner needs
to be scalable with multiple iy e
actors, since on-line re-
planning could be needed as

events happen Or exeCUtlon IS Obstacle avoidance and safety (T3.3)
performed. —I

WP3

Obstacle
Detection

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Mission Planning/Control MU"CIDI‘gne
On ground modules Oo S

C§>
« Mission Controller: / y

* Interacts with High-level Planner
to produce a mission plan.

« Monitors mission execution.
 Asks for replanning if needed.

* Event Manager:

* Receives, manages, and
generates events.

« Sends events to drones to start
and stop action execution.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




| MultiDrone
High-level planner CERO SR

( ) S
Shooting Mission translated to list of Shooting Actions/wﬂhﬂ@ywents.
Tasks correspond to SAs, multi-drone SAs-split into severat single-drorw4

Each task has a start location, start time and duration:.

Computes the plan: allocates tasks to drones fulfilling time and precedence
constraints (Multi-Robot Task Allocation problem).

MRTA problem definition:

. N drones with known positions.

. M single-drone tasks, each one with its time window.

. ODbjective: maximize time where drones are covering (filming) tasks.

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 61




Mission Planning Example MultiDrone

« This example shows how two drones cover a leng task in turns, due to“the

battery constraint.

2.00
L. OO
0 0f °C 00

y=2 » f & 5 : 3

:r"'.. - 2 1
5.00 x=4.98 -5.00

This project has received funding from the European Union’s Horizon 2020 research
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MultiDrone
Path Planner CERO SR

2
 This submodule is used by: /8/

. High-level Planner to estimate drone paths-and flying time
. Onboard Scheduler to compute a path to a landing position An case of
emergency.

. Navigation map implemented as a grid. Obtained from Semantic Map.
« Semantic annotations are indicated as KML features.
« Geodesic coordinates translated into Cartesian.
« No-fly poligons become occupied cells in grid.

. Safe path computed using A* search algorithm. Fast for simple solution spaces.

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 64




MultiDrone
Path Planner Example O > s

OO

Path from one corner to the other. Buildings labeled as no-fly zo (obstachsente /aé red

crosses in the grid).

. 120 4
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Dronemission planning and MultiDrone
-control CE=EZS

* Multiple drone mission planning//

 Multiple drone mission control.
« Single drone flight control.

« Multiple drone control.

Drone formation control.
Collision avoidance.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Mission Execution/control MultiDrone

On-drone modules RO
S
/O/ P

* Onboard Scheduler:
* Receives list of actions

 Recelves events to trigger action
execution

 Activates the Action Executer
» Sends drone status to ground
« Action Executer: | | G |
 Translates Shooting Actions into
desired drone+camera configurations

* Interacts with other modules to produce
commands for autopilot, camera and
gimbal

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




| | MultiDrone
Action Execution Oéc%-o

« Onboard Scheduler activates execution mv /a{

drone actions:

* Navigation Actions: Take-off, Land, Go to Waypoint,
etc.

« Shooting Actions (SA): Lateral Tracking, Chase,
Still, Orbit, etc.

« Shooting actions involve drone control + gimbal
control for target tracking.

This projec th ved funding from the E ropean Union’s Horizon 2020 researc h
and inno p ogramme under grant agreement No 731667 (MULTIDRONE) e




On-drone functional
architecture

2D Visual

(USE/IST)

2D/3D
Translator

Onboard Scheduler ‘@ (USE)

Information Analysis
(AUTH)

I

Path Planner

%
L&

HON

o

Shooting Mission Navigation camera

Shooting camera
Drone telemetry

Computed path @ Geometric map

Request plan

Request path

Mission plan @ Drone localization
4
- Safety check Drone position
@ Visual Shot Y @ P
| Analysis Plan status @ Gimbal status
(AUTH)

@

Action Executer

@
®
@
_®
®
@

OEEEEEE®OEOEOOEOO

Director events

Events Target position (2D)

3D Target position

_(IST). Drone actions (from drone)
—XLD . 3D Target position

Drone status (from target)
@ @ @ Action controllers 3D Target position

4
- 23 UAL Gimbal Control | | Camera Control Control commands Visual information
E .
(USE) (IST) (AUTH) Gimbal control @ Visual control errors
Camera control @ Annotated images
@ Drone control @ Semantic annotations
20 Localization [«&
Autopilot — {(USE)- < - LIDAR Semantic map

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Action Execution CERO GRS

Onboard

Scheduler
l/ ______________ Action Executer

1

. v Y .
| . i
: Drone Gimbal — Basecam sEerlaaI
l Controller Controller |z ontro
I I
| I

Drone Velocity Commands

1
Target State | Drone Status
Estimation "

PX4
BN <—>.<—»
UAL @ Autopilot

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Gimbal Commands
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Automatic drone operation: e
D %
Drone as Control System ) >

Noise Disturbfmces /
QL/ W’ & Output
— "Sensors —

Model Dynamics

iIController

Operator
Input

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Multidrone Onboard

- Architecture

Autopilot

L= . . ISensors
= | —+{(IMU, GPS)
Model Dynamics

Additional
Sensors

Onboard CPUs/GPUs

Perception [Scheduling [Execution

MultiDrone
%%&63

RTK GPS

On-board CPUs/GPUs

Perception Scheduling Execution

=
R

Shooting
Camera

Y

LTE / Wifi / RC

‘Comms "JJ

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Gimbal control RO SRS
O

Control objective:
Point towards the target.

Approach:
Treat gimbal control independently from drone control.

E I S S S S S S S S D B S S e e . .. \

l/ Gimbal €ontroller \
. 1
1 Drone Status
—:—) [?eswe_d E , 1
2 I—) Orientation S | - Target Status
ontro
: —t—> (4 3 ) Gimbal Status
' Actual Law I Gimbal Command
3) —t+—> : : —> ' 4
\ Orientation |
~Ne. - T 7’

This project has received funding from the European Union’s Horizon 2020 research
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Gimbal control CERO GRS
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Gimbal control. MuitiDrone
Experimental tests.

02/05/2018  17:55:08

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




BMMCC Camera control

 No feedback from the camera

Select a particular setting Increment / decrement
Iris Zoom
Focus Start/Stop Recording
Audio Auto Focus
Frame Rate 1SO
Codec Shutter Angle

White Balance

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)

MultlDrone
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/ °

« Two ways of mapping the commands to the controls:




Drone Controller CERO GRS
O

1 ,’ Drone Controllgr
I l
T .
I . 9 .
> | dovesion || ong [
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\
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Drone Status

Target Status

Shooting Action parameters

Reference

o b~ W DN

Drone Velocity Command

This project has received funding from the European Union’s Horizon 2020 research
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Control Objectives — MultiDrone
Trajectory Tracking C) =

Track a trajectory.

Realistic model.
Robustness to disturbances.
Bounded actuation.

Large basin of attraction.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Dronemission planning and MultiDrone
-control CE=EZS

* Multiple drone mission planning//

 Multiple drone mission control.
« Single drone flight control.

 Multiple drone control.

Drone formation control.
Collision avoidance.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




| Leader-following for
formation control

Main idea:
Trailer-like behavior for the followers.

In inertial frame: In trailer frame:
Translated identical paths Different paths, no superposition

| — IS Project Nasrecevenranemgsremnes=uropean Unionsum —
and innovation programme under grant agreement No 731667 (MULTIDRONE) _ 8
O




| | MultiDrone
Traller approach properties —==S>&%
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SA1l - Constant relative — B
positions e B

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




SA2 - Orbit trajectory

target
drone

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Dronemission planning and MultiDrone
-control CE=EZS

* Multiple drone mission planning//

 Multiple drone mission control.
« Single drone flight control.

« Multiple drone control.

Drone formation control.
Collision avoidance.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Multi-drone Conflict MultiDrone

Resolution Problem Definition €& <&

* Navigate a team of drones In %@3@/%
without collision.

Starting configuration to a goal configuration.

Drones must detect and resolve conflicts In a
decentralized manner.

This project has received funding from the European Union’s Horizon 2020
and innovation programme under grant agreement No 731667 (MULTIDRONE) gt




Decentralized 3D collision MultiDrone

- O
avoldance < >
Collision hull defined as a cylinder ——<—> /
(yellow). A
:’<
Horizontal conflict when reserved . v
: : 2 \
cylinder (green) overlaps with = A
)
others. 3 %
S| Glammmm e L W
- Vertical conflict when blocking ST ~J {
/
cylinder overlaps with others. TTe—mmmmmme—et
- ,.- ﬁ_\1—\f’
 Cylinders allow drones to brake on Blocking cylinder _~

time and maneuver to avoid

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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SITL Simulations

Simulations with a SITL scheme. Noisy/

GPS measurements.

Drones in cube exchanging positions.

Drones In conflict surround each other

creating a virtual roundabout.

Clearance level: minimum distance of each

drone to its nearest neighbor.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Drone vision for MultiDrone
cinematography: CERO SRS

Functionalities (2) ///

1. Perception and localization. SLAM:
1. Semantic 3D world mapping
2. Drone localization.

2. Visual and perception data analysis for AV Shooting:
1. 2D target (athlete, boat, cycle) detection and tracking
2. 3D target localization and following
3. Drone cinematography
4. Target pose estimation.

This project has received funding from the European Union’s Horizon 2020 researc h ’
and innovation programme under grant agreement No 731667 (MULTIDRONE)




UAV Simultaneous
Localization and Mapping

On-board the UAV
Tactical input i Intermittent ! Small-baseline Other sensors
— | GPS ! stereo e.g. IMU
T v '
Rough | o Fusion and Control
estimation Guidance
path <
i A~ T i Navigational
Pl \ | 2D Map 3D Map
l (if available) Onboard
: Visual SLAM
i Recorded
S Or live
imagery UAV in urban canyon

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




3D Drone Localization and MultiDLane
Mapping O

» Drone localization: //

e Sources, sensors.

* Mapping.

* Localization.

 SLAM.
« Data fusion in drone localization.
« Semantic mapping.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Geometrical mapping MultiDrone
OOO%@'

S
e Sensors: RTK GPS Laser Altimeter
- Velodyne HDL-32E 30 umn "“é:.i"i”rﬁ" My
 Monocular camera
 IMU
* laser altimeter /ULTIDRONE 3D Geometrical Mappl
« RTK D-GPS
_ Prediction Odometry
. Processmg: Stage Estimation
* |Intel NUC NUCG6I7KYK2 i7-6770HQ
« Jetson TX2 Update Loop
Stage Closure

S _/

|l 1

Xr Xm

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 108




Geometrical mapping

« 3D LIDAR.

« SLAM-like algorithm based on Prediction-Update Recursion
« Extract from the LIDAR measurements: corner and s
» Prediction: Estimate LIDAR-based odometry from-different scans usi
» Update: Matching of the LIDAR scan with the estimated map
» Good estimate of robot 6 DoF pose and geometrical map

 Visual camera
« Extraction of features using detectors such as SURF, SIFT or ORB
» Estimation of visual odometry

« Robot odometry:

* Combination of:
+ LIDAR-based odometry
» Visual odometry
« IMU

the ICP algorithm

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 109




MultiDrgne

X o>
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Geometrical mapping

Experiments

Repeatibility

[ Dataset | Mean Error (m) | Median Error (m) | Min Error (m)
1 0.1377 0.1073 0.00008
2 0.1053 0.0769 0.00045
3 0,0847 0,0578 0,00083
4 0,1074 0,0792 0,00078
5 0.1722 0.1560 0.00130

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 110




MultiDrone

Geometrical mapping
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3D Drone Localization and MultiDLane
Mapping O

 Drone localization //

e Sources, sensors

* Mapping

* Localization

 SLAM
« Data fusion in drone localization
* Semantic mapping

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




6 DoF localization MultiDrone

* Multi-sensor MCL for real-time 6DoF / s y

localization: e 1o
 MCL Prediction: LIDAR odometry N Odomety
« Update of particles X, Y, Yaw: LIDAR point-clouds J l
+ camera features ~
 Update of particles Z, pitch, roll: altimeter + MU -~
« MCL Update using the consistency of LIDAR point P’E"A’;‘f“
clouds with the map ¥
 SLAM-based localization Update g X1 |
« SLAM that uses a previous map \_ - )
* Rely on previous maps but at the same time ) )
incorporates map changes 1
Xr

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 113




_ _ MultiDrone
Object detection Oé’f%

 State-of-the-art object detectors are based on ve/ry(%e /

multiple-channel CNNs.

« Multiple layers of many convolutional filters are” applied to_the input
Image, forming a very deep architecture of successive convolutions
and optionally some fully connected components.

« Trained on large-scale datasets, such as
« VOC2007 with 10k images depicting ~24k objects belonging to 20
classes
« VOC2012 with ~11k images depicting ~27k objects belonging to the
same 20 classes as VOC2007
« COCO with 328k images, about 2.5 million objects belonging to 91
classes.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Object detection XS s

« Current neural detectors are very capable of accurately detecting objéects
FPS: 16.06H _ <

’ '__ - ; ] :
= Ik T4 ‘ — — e o
= , 1 A
chair T .
h - { \ o

air: 0.34
)Z' ‘ﬁ’,’ - )
icycle: 0.
FPS: 18.11 _— e g
l;?erson y person 6S§ I person: !5;
SSD YOLO

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Object detection RO

acceleration /O S

« Examples of acceleration techniques:

Input size reduction.

Specific object detection instead of multi-object detection.
Parameter reduction.

@)
@)
@)
o Post-training optimizations with TensorRT, including FP16 computations.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Object detection acceleration

>
S
T

YOLO: good precision in general, but too heavyweigh
o small objects are more challenging to detect.

Evaluation on VOC (Mean average precision; time):

Multi

()=

Drone

S22
L

080

>

Input | FPS mAP Forward time (ms) | Forward time{ms) | Forward time"(ms)
Size No TensorRT TensorRT FP16
608 2.9 71.26 | 241.5 128.8 69.3
544 3.2 73.64 | 214.4 121.2 64.3
480 5.4 74.50 | 155.4 62.3 35.7
416 6.4 73.38 | 155.3 56.5 32.5
352 7.8 71.33 | 111.0 45.0 24.3
320 8.5 70.02 | 103.0 40.4 22.8

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Object detection RO =
« Detection with Light weight deep CNNSs

* e
171/:1s]SPORT/, [1}

*, LIVE

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Object detection RO

* Detection with Light weight fully CNNs / o O

®* The network is trained with training samples of size 32x3 /

* ltis fully convolutional and accepts images of-arbitrary size

®* The network outputs a classification heatmap containing_probability scores for each
32x32 region of the input

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultiDrone
: - S S s
UAV Object Tracking specs <5<z
« 2D visual tracking will be employed for target following.
 Satisfactory performance in UAV sports footage is requirpd./ /
 Target tracking should be performed-in real-time, i.e7; > 25 fps.

« On drone implementation might be required as well,” thus low

computational complexity is preferred.
« Parallel or parallelizable methods (e.g., with CUDA implementations)

should be preferred as well.
« Assuming 2D target tracking methods operate faster than combining

target detection and recognition methods, long-term UAV tracking is
also preferred.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




UAV Object Tracking MultiDrone
SO

benchmarking o
S
mple ted

14 top performing 2D trackers [VOT 2016] i i
MATLAB using the UAV123 dataset interface: /m‘?”

 Performance was evaluated in 26 _UAV videos obtained from UAV123
and YouTube, including long term videos as well.

« 3-fold evaluation:

» Precision plot (the ratio of successful frames, where the tracker output is within
the given threshold (x-axis of the plot, in pixels) from the ground-truth, measured
by the center distance between bounding boxes)

« Mean time before success rates falls below y%, y = 10,..,100

» Operation speed.

 Evaluation platform: Ubuntu 16.04, 8GB ram, i7

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




UAV Object Tracking RO SR
benchmarking O B

08
] 07
« ASMS provides a
. 06
good compromise _ —— STAPLE_pius [0.746]- 7.0059%s
3 °° R iy el
between accuracy S - — SIS [u_[?'m]-lz_ﬁ_éaﬁ‘lfpfis
a 0.4 s SRDCF [0.694] - B.1747fps ]

KCF [0.667] - 80.2759fps
m DSST [0.646] - 45.03241ps
m— \IEEM [0.643] - 11.6244fps
s DSST_C [0.639] - 90.0372fps
s SSKCF [0.605] - 29.8982fps s
= FDSST_C [0.604] - 28.4402fps
== NSAMF [0.531] - 4.5515fps
=== DAT [0.509] - 26.3819fps
= Siruck [0.439] - 13.8802fps
1 1 1 1 1 1

and fps rate

0.3

0.2

0.1

i
0 5 10 15 20 25 30 35 40 45 50

Location error threshold

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Correlation filter based RO
tracking O B

« Long- term 2D visual tracking faces 3 challenges:
« Scale changes (SoA trackers handle it pretty well).
« Target Occlusions (The biggest problem).
« Target Rotations (KCF handles it well).
. Our goals:
. Long-term tracking precision (low distance from the actual target center).
. Real-time on-drone performance.
. Our contributions:
. Background filter (+~1% precision*) — Helps with rotations.
. Occlusion detection based on PSR metric (+2.5% precision*) — Helps with Occlusions.
. Learning occlusions from tracker responses using an advanced classifier (SVM) (+~4% precision®).
. Extending the framework to other trackers.
*When compared with standard KCF tracker

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 150




MultiDrone
Joint Detection & Tracking —S=ZOo&%

o
« Tracker: Given the initialized position of a target, the tracker T/Konsible estimating the

bounding box of the target in the subsequent frames.

« Detector/Verifier: Given a bounding box defining the target_ in” a specific frame-produced by
the tracker, the detector D is responsible for verifying this result, and then provide the
appropriate feedback to the system. If the verification fails this module is responsible for
detecting the target in a local search area and provide the correct bounding box to the master
node M

* Master: M is responsible for the coordination of the two aforementioned modules. The node
provides the necessary services to control the verification, the detection and the tracking tasks

and controls the communication between the different parts of the system.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Joint Detection & Tracking (JTD) Ooo%bc%b

Evaluation against other state-of-the-art trackers on 13 aerial video / /

1 Success plots of OPE 1 _ Success plots of OPE
s J TD [0.868] 0.9 s J D [0.868] |
0.9 me siamese-fe [0.703]| | ' s sigmese-fe [0.703]
m ptav [0.654] = ntav [0.654]
0.8 e Staple [0.652] | 0.8 m Staple [0.652] 1
s BACF [0.640] s BACF [0.640]
— DSiam [0.551] | o 0.7 DSiam [0.551] 1
= s MIEEM [0.475] = s MEEM [0.475]
T o6r — ASMS [0.463] | © o6 — ASMS [0.463] | -
» s DSST [0.451] ) s DSST [0.451]
B osr s KCF [0.446] . $ 0.5F s KCF [0.446] 1
Q w FDSST [0.407] Q me FDSST [0.407]
S o4t S o4l
n n
0.3} 0.3
0.2r 02|
011 0.1+
0 L . . 0 1 1 1
0 0.2 0.4 0.6 0.8 1 0 0.2 o4 06 o8 1

Overlap threshold Overlap threshold

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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- Joint Detection & Tracking OO: §c%>

e Target reinitialization by the detector im cases when

tracking algorithms fail

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultlDrone
Joint Detection & Tracking OCD > 5%

S
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This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Multi-Target Tracking CERO S

O =
* The implementation is extended to support the tra}wg/ofmultipl argets while

maintaining real-time performance

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Optimal multi-sensor multi- MultiDrone
drone 3D target localization, é":‘-";‘&@

tracking & following

* Problem: maximize a merit metric resumWIrcye/

object tracking

« Assumptions:

* M drones
 All cameras can be oriented
* Drones motion is assumed known

» Objective: maximize a merit metric
resulting from multi-drone

____________________

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




- MultiDrone
- 3D target localization R %

» 3D target localization usin W
 GPS target localization

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Target RTK GPS CERO GRS

Target / /
Here+ 7 5 .

(rover)

" f, e e RTK base
(’L[‘LﬁcTM Ashtech

sl/l\xEA) v’ ASH-660

. PC
Pixhawk2 (px4) Here+ | (R#’Cs,f‘,l% —»| (rtkbasestation +
(base) <usx comands) MAVROS target
T interface)
v 1 A
JMAVIink) UsB
(1 MAVIink Ethernet
LRTCM) (ROS)
Holybro
433MHz
. Holybro Router
radio 433MHz -
} WiFi
radio

This project has received funding from the European Union’s Horizon 2020 researcn oo
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Target tracking with a y6
drone <O ==

* Ongoing experiments Y6
NUC
RTK base ; UART
(MAVROS+UAL + 4_(MlAJ\§|?nk)_> Pixhawk?2 | (RTCMM Here+
Taoglas Action Executer) (px4) «NMEA) (rover)
MagmaX
AA.171 i
l (ROS)
Y
USB PC
Here+ | Rrcms  —p|  (rtkbasestation + WiFi
(ba Se) «usx comands) MAVROS target
interface)
UTSB ? Target
(N MAVlink Ethemet
LRTCM) (ROS)
Holybro UART UART orer
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MultlDrone

<:._">

UAV Shot Type Taxonomy

OO
« There is no prior, comprehensive work on |deVW%

suitable for UAV-based cinematography

* In this context, shot type refers to a combination of eamera/UAV
motion (with regard to the target) and target composition/framing

« 26 motion types have been identified, each one compatible with a
number of framing types

* Not all of these motion types include shooting a specific target/subject
(e.g., establishing shots)

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultiDrQne

L

. UAV Shot Type Taxonomy Oésoc%%?

« Example 1
« Motion Type: Fly-By
« Framing Type: Long Shot

« Example 2
« Motion Type: Chase
 Framing Type: Long Shot

D e g

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultiDrQne

L

UAV Shot Type ldentification<g= c;<§>
« Example: W e —

CHASE —_——

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultlDrone

UAV Shot Type Simulation 2= >
S

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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. : 2SS
- S
UEA‘X'SODBSt Type ldentification=Z5—<x

te[O?E] | /

)

02
0y = arctan (—)
Lo1

Ty3 = T3, Vi

A= V A%D - 3333

X; = [Acos (t% + 6p), Asin (t% + 6p), i3]

P.= [Py Pear P35l : Target 3D position at time instance t
X; = [X¢1, X2 X;5]" : Look-From Point at time instance t
L,: Look-At Point at time instance t

L, =P,

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Shot type feasibility for
intelligent UAV AV shooting T Bn

Determining the desired focal length to achieve specific shot
UAV and target)

Motion type min . | fs Whencg =50 % fswhenc, =80 %
(medium shot) (closeup)
LTS

77.8 mm  103.4 mm, not feasible 150.7 mm, not feasible

CHASE 1629 mm 103.4 mm, feasible 150.7 mm, feasible

ORBIT 128.8 mm 103.4 mm, feasible 150.7 mm, not feasible

A shot type is feasible if the f__, > f.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultiDrone
Target Pose Estimation S

- Computer Vision Approach //

* Relies on detecting a set of predefined points (e.g., faeral landmarks)-and then
using a method for solving the respective Perspective-n-Point (PnP) problem,
l.e., estimation of the camera position with respect to the object.
« Limitations:
« The 3-D coordinates for the landmark points must be known, i.e., a 3-D model of
the object is needed

 The landmarks points must be precisely tracked, i.e., the texture of the object
must allow for setting enough discriminative landmarks

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Target Pose Estimation CERO SRS

« Machine Learning Approach

« A neural network receives the object and. directly regresses-ts pose
* Only a set of pose-annotated object pictures are needed
« There is no need to manually develop 3-D models
 The models are more robust to variations of the object for which we want to
estimate its pose
 The pose estimation can run entirely on GPU and (possibly) incorporated
Into a unified detection+pose estimation neural network
* Very few pre-trained models are available
 Models must be trained for the objects of interest (faces, bicycles, boats,
etc.)

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultiDrQne

Target Pose Estimation OS5

 Machine Learning Approach /
« We integrated a pre-trained yaw estimation model of facial pose (De aze library) i

the SSD-300 object detector (trained to detect human faces)
« Varying illumination conditions seem to-affect the estimation:

‘-\-—\

B e AP @,

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Drone vision for MultiDrone
cinematography: —

&>
Functionalities (3) ///
1. Visual and perception data analysis for safety an

security:

Obstacle detection.

Event detection.

Privacy protection.

Emergency landing site detection.
Crowd detection.

Semantic 3D map annotation.

This project has received funding from the European Union’s Horizon 2020 researc h
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Privacy Protection, Ethical MultiDrone
X5

-and reqgulatory issues /Oo >

* Legal, ethical, safety and security"I1ssues _afise /UM
scheduling professional UAV flight/capture sessions.

« Challenging constraints, restriction onthe shooting'mission

are imposed, deriving from:

« flight regulations
 safety and security considerations

 data privacy rules

208

This project has received funding from the European Union’s Horizon 2020 researc
and innovation programme under grant agreement No 731667 (MULTIDRONE)




MultlDrone
Flight regulations > iz

OO

Different flight regulations apply depending on employed Wand
application.

Restrictions include:

« Maximum UAV weight

* Permitted flight radius

» special prerequisite conditions (e.g., licensed pilot requirements and insurance

policies).

An important issue is that flight restrictions vary over different countries, while
professional pilot licenses and insurance policies may not be internationally
valid.

Adjusting/replacing components, may impact the category -classification
(weight is calculated with payload)

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 209




Typical UAV flight MultiDrone
regulations in EU e

>
« UAVs < 2kg are allowed within a 50m flight rWyiona/l

pilot license.

 Pilot license and drone insurance are required for all professional
applications.

« UAVs > 2kg of weight may be required to carry emergency parachutes
(France).

 UAVs exceeding 15kg of weight might require special license or even
be prohibited (Germany).

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Typical UAV flight MultiDrone
regulations in EU /O 2>

« Maximum flight altitude is typically restricted to 120m or 150W0r 500ft)
within several European countries.

* Line of sight must be maintained by the licensed pilot of the UAV at7all times,
either physically, or using visual aids (e.g., VR-goggles).

« Horizontal distance between the drone and the pilot is typically limited to specific
meters (e.g., 500m).

« Outdoor UAV flight is restricted/prohibited above congested areas, crowds of
people and airports, leading to permissible flight zones delineated by law.

* Inherently complying with such a complex and varying web of regulations (geo-
fencing) is a challenge for all autonomous UAV applications (e.g., DJI app
automatically downloads and determines permitted flight zones).

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 211




MultlDrone
Safety, Security and ethics O > s

OO

* Misuse avoidance /
* no specific legislation prescribes protective measures-against misuse and

vulnerability exploitation.

« Drone hacking, GPS signal jamming, weak security in communications
can also allow obtaining the video captured by the drone, or its intended
flight path.

 Redundant active perception methods (drone localization), secure and
signed autopilot firmware updates, as well as autopilot input commands
filtering, can be employed to this end.

» Data security
» Footage data collected by UAVs raise privacy concerns.

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 212




UAV data security MultiDrone
requirements e e

* The types of data that must be protected{/ /

e data stored within drones;

« On-drone data encryption, allowing access to-authenticated people only.

 data stored in ground infrastructure.
 data transmitted over the air;

« Wifi and radio data transmitted in commercial drones are not encrypted.

« Data protection can be achieved with ciphering and authentication
mechanisms, e.g. IPSec over LTE for transmitted data.

« Data that are to be publicly distributed (e.g., AV datasets)

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 213




| | MultiDrone
Privacy protection %%

 Protection of personal data must be ensured |m y,e/

video and/or images.
« The EU's General Data Protection-Regulation -2016/679),

repealing the 1995 Data Protection Directive.

« “Member States shall protect the fundamental rights and freedoms of
natural persons and in particular their right to privacy, with respect to
the processing and distribution of personal data.”

This project has received funding from the European Union’s Horizon 2020 researc h

and innovation programme under grant agreement No 731667 (MULTIDRONE) 214




Privacy Protection C 22 N—%S

* An issue of ethics and security /

» Post-production stage

* Approaches

« Face de-detection (Face detector obfuscation)
« Naive approach
« SVD-DID
« Face de-identification (face recognizer obfuscation)

« Gaussian blur
« Hypersphere projection

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Privacy Protection: MultiDrone
acceptable facial image T -l
quality?

Original Image Gaussian blur with Hypersphere
std. deviation of 5 projection with
radius of 8

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Application on drone
videos

MultlDrone
O

C:>
S
&>

Video Capture
with
Drone

New Video

Face

Detection

Face
Recognition

k

De-Identification

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Face recognition/de- MultiDrone
| Identification/privacy CERO SR
protection

This project has received funding from the European Union’s Horizon 2020 research T
and innovation programme under grant agreement No 731667 (MULTIDRONE) e




Potential Landing Site lVlultlDrone
Detection

OUTPUT: Safe landmg
INPUT (3D projection) INPUT (2D projection) areas in Blue color

Ve e

Y

INPUT/OUTPUT of the novel algorithm

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Detection S S
 Algorithm for identification of potential landing—areas using digit

elevation models (DEM) consists of five diserete steps:

* input consists of two digital elevation models namely
« the digital surface model (DSM) and
 the digital terrain model (DTM) of a region
* inraster format, i.e., as a regular grid of elevation values of a depicted terrain.

Potential Landing Site MultiDrone

\

A Z, elevation : DSM
QI

DTM DSM

DTM-Digta Temain Mgl

4 Z, elevation G, DTM

o~

L3

“ %

This project has received funding from the European Union’s I'
and innovation programme under grant agreement No 72




Potential Landing Site lVlultlDrone

S
Q)Q
O

< >
Detection O
Number of areas depicted in the DEM data from the publicly availabl aset p by UKs
Environment Agency

« DEM covering urban, suburban, rural and bush areas
» Spatial resolutions (pixel size per dimension) ranging from 0.25m to 2m

« Areas no 1 and 2, resolution 0.25m refer to-an urban environment'with many obstacles such as
buildings and trees

« Area no 3, resolution 2m is a rural environment with steep downhill descent-parts
« Ground truth (potential landing sites, areas not suitable for landing) was‘manually constructed

through visual inspection of the DEMs and satellite images (the latter were obtained by Google
Maps). —

DSM Ground

Truth

This pr _
ar 1t No 731667 (MULTIDRONE)
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C d Detecti MultiDr_Qne
rowd Detection SRS

« Can effectively distinguish between W /nern/

crowded scenes.

* Provide crowd heatmaps that can be used to semantically
enhance the flight maps by defining no-fly zones.

* Provide lightweight NN models, as imposed by the
computational restrictions of the application.

This project has received funding from the European Union’s Horizon 2020 researc h
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Crowd Detection

* Propose to adapt a pre-trained W task,
{ :

transforming it to a fast fully convolutional ne

« Second, we propose a two-loss-training model, which aims
to enhance the separability of the crowd and non-crowd
classes

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Mul ron

LD

« A Fully Convolutional Neural Network can be trained fer Crowd Dete),ﬁ( /

 The resultis a heatmap

M

Crowd Detection

0
080

0

080

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Semantic Map Annotation MultiDcn;%ne
types (navigation/logistics oésogggsb

Type Static/dynamic | Who How Geometric
entity type
Regular takeoff | Static Supervisor Manually Point
and landing
sites e
No flight zones | Static Supervisor Manually or Polygon (2D
imported coordinates,
from a file, if | longitude-
available latitude)
Potential Static Supervisor Manually Polygon
emergency
landing sites
Crowd Dynamic, Visual Automatically | Polygon (2D
gathering areas during _ Semantic coor_dlnates,
production annotator, longitude-
Semantic latitude)
map
manager
Points of Static Manually Point
interest

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Semantic 3D Mesh Map MultiDrone
Annotation GO

projected heat map
of crowd detection

Map mesh

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Drone mission simulations OO: <>c%o

* Subjective Evaluation on Viewing Ex/pet«imt/ceof one

Videos
« Simulations for training data generation

 Simulations in Gazebo

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 731667 (MULTIDRONE) 265




Test Sequence Example II; MultiDrone

i FF

2 Il
L LI
.Ii‘l:‘l:h"':"ll

VIDEO: Scenario 2 with drone height of 1, 2, 6, 10 and 14m.

This project has received funding from the European Union’s Horizon 2020 research
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| | | MultlDrone
Analysis and Discussion  —S=z>%w

SE2S
Scenario 1 Scenario 2 o O

- Informal interviewS after subjective test
S oG T g T show significantly different scofing criteria.
B ' + The optimal parameter-range can be
LTS T (U VA T\ el identified for each scenario, but needs to
§ st be related to relative motion or size.

.2 8mph 13r;nph 19;1ph 24r;nph 3{Jr;1ph 2 5rr;ph 11rinph 16n;1ph 22r;nph QTI'iI'Iph * Short Video duration Can Create a WOW

3 Seenas . “Seanaiot. factor shot, but a longer duration may

N T upset the viewer.

iy Lo « This is only a pilot experiment and a much
=1 =T more comprehensive study is underway.

Drone Height Drone Height

This project has received funding from the European Union’s Horizon 2020 research
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MultlDrone

The Winner of Scenario 2 o;;gg;gc?

This project has received funding from the European Union’s Horizon 2020 research
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| | MultiDrone
The Winner of Cycling 2 RO =

<,
<>
OO
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Demo Videos 2 from Mu|t,Dr0n
DW@Muncheberg Footage <33 XS5

~

This project has received funding from the European Union’s Horizon 2020 research
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GPU and multicore CPU MultiDrone
. . O %
~architectures. Algorithm D) =

mapping /
 NVIDIA embedded processing boards

NVIDIA Jetson TX2
NVIDIA Jetson Xavier

« GPU and multicore CPU architectures
Multicore CPUs
GPUs

 Algorithm mapping:
Convolutions

This project has received funding from the European Union’s Horizon 2020 research ’
and innovation programme under grant agreement No 731667 (MULTIDRONE) gt




Introduction to fast CNN Mucl’;iD;%_ne
< D 3

convolution algorithms @ Bx
Typical 2D convolutional layer [ of a CNN: //

o(i e A+ 1K) = FOLR)+Y Y Y (i G L k)a(i=i j—j el k)

c=11i'=0j'=0

input feature map X;: N; X M; X C;-dimensional 3D tensor
Wi i Ny X Wy X Cj-dimensional 3D tensor
b(l, k): bias term

f : nonlinear activation function

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)




Fast 1D convolution
algorithms with minimal
computational complexity

Winograd convolution algorithms
Y = C(Ax ® Bh)

Require only 2ZN — v multiplications

in their middle vector product, thus 7
having minimal multiplicative complexity /

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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Multidrone Consortium 06@- o

-wé University of o

BIEI BRISTOL
1. Auristotle University of Thessaloniki, — / /
Greece (Coordinator) THALES

N . - RANENIETAMIO
2. Thales Communications & Security 5/ OEIIAAONIKHE
SAS
a. Thales Services S | i @ R"e‘u’u‘é"“"e
3. University Of Bristol NS
4. The University of Seville 8
5. Deutsche Welle (DW) Rﬂl
6. RAI Radiotelevisione Italiana (RAI) a
7. Alerion AL BRI
8

Instituto Superior Técnico, Portugal W TECNICO LISBOA
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Cooperation with other labs, MultlDrone

C><::>
Dc.':‘::»-:’«r:b

R&D groups and projects -
//
. * Have a look at www.multidrone.eu /

* |carus.aiia: student forum on-drone technologies.

* Creation of a SIG on drone technologies.

 Competitions on drone cinematography.

* Organization of an open call workshop in 20109.

e Special sessions and special issues.

* Open to any new idea and cooperation options!
* Send message to pitas@aiia.csd.auth.gr

This project has received funding from the European Union’s Horizon 2020 researc h
and innovation programme under grant agreement No 731667 (MULTIDRONE)
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) S

Thank you very much for your attentio

Contact: Prof. I. Pitas
pitas@aiia.csd.auth.gr
www.multidrone.eu
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