Elevating drones as firstlass citizens
In the cloud-edge-1oT continuum

Spyros Lalis

Iﬁ
(:ES_L:I Computer Systems Laboratory
e University of Thessaly,
| i \Volos, Greece




|
2
e

ly’f:«i A :'?‘ CSL
¥ /N

A Founded 2000

A 5-year eng. diploma

A 25 faculty members

A 200 students annually

|
| ‘
| | |
o | |
[IHTRERL] 3 L | |

b TR

Drones as firstclass citizens in AloTwin Summer School, 17 September 2024 2

the cloud-edge-loT continuum



A0
A3
S
fef N
fuf Yol
12l 12|
z 5
\2\, Jof
T /5

N ey

Computer Systems Lab @ ECE.UTH

£

Drones as first-class citizens in
the cloud-edge-loT continuum

AProfs + PostDoc

A System software (OS, runtime environments)
from embedded to HPC systems

A Approximate computing

A Accelerated & Reconfigurable computing
A Energy-aware computing

A Power / performance optimization

A Distributed & ubiquitous computing

A Significant EC & national funding

A Several international collaborations
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Overview

AMotivation

ASelected Topics
A Precision landing
A Drone-based remote sensing architecture
A Flexible application deployment & orchestration
A Drone usage in the MLSysOpsproject

AWrap-up
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Motivation
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ABillions of connected devices

AProducing huge amounts of data
A Some estimate 80 ZB by 2025

AThe trend will increase

ANot possible (or desirable) to transmit
& process everything in the cloud

2019a 2020a 2021a 2022a 2023a 2024f 2025f 2026f 2027f 2028f 2029f 2030f

https://iot -analytics.com/wp/wp-content/uploads/2024/09/Global - 10 T-
market-forecast Number-of-connected loT-devices Sep 2024.mp4
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Edge computing

AMove data processing out of the cloud
ATowards the so-called edge
AClose(r) to the data sources

ARegional or on-premise data centers
A smaller clouds

A Standalone base stations / servers
or the 10T devicesthemselves

A resource-constrained, heterogenous
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AMore affordable

ACan be equipped with different
compute/communication HW

AAs well as different sensors & actuators

AWide range of civilian applications

A Polycopters
A Easy to operate
A Vertical take-off/landing
A Hovering over position of interest

Drones as first-class citizens in
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Growing business sector

SouTH AMERICA

Source: DRONEIl.com

DRONE INDUSTRY INSIGHTS

DRONE MARKET SIZE AND FORECAST 2018-2024

$14.1b USD CAGR: 20,5%
2018 /
$11,9b
$9,7b
$4,5b e
. EUROPE
NORTH AMERICA
$0.3b $0,9b
—
0,50 $1,0b MEA
——

$43.1b USD

2024

$18,4b

© 2019 all rights reserved | DRONE INDUSTRY INSIGHTS | Hamburg, Germany | www.droneii.com

$4,4b

Asia

$1,2b
$0,5b

OCEANIA

DRONEIl.com

Date: March 12" 2019 DRONE INDUSTRY INSIGHTS

Drones as first-class citizens in
the cloud-edge-1oT continuum

AloTwin Summer School, 17 September 2024

10



The next ubiquitous IoT device?
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Drones as part of the system

A Server machines in datacenters
A computing/storage resources

AloT devices & standalone machines
A sensing/actuation resources
A computing/communication resources

A sensing/actuation resources

A computing/communication resources

A can fly directly above the region/points of interest
A significant &

Infrastructure
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Main goals of this talk
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A Convince you that civilian drones are interesting loT devices
A Show that these ared | f f e r e n trequiring extra edres ©
A Indicate how these can be exploited as part of a greater system infrastructure

A Tease you toconsider these animals in your researchfor edge-centric systems
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The players

Drones as firstclass citizens in
the cloud-edge-IoT continuum
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Experimentation
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[ Application Software ]
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T Runtime/
(((' = System-level Mechanisms _ @
[ MAVProxy ] [ Picamera ]/’
[ CUAV
(( g lab autopilot
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Experiment Manager

v-GS

Simulator Manager [

Mission Controller &
Drone Management SW

)

- CJ~ v-Camera Service
v-drone #1 ( v-drone #2 _\[-é-:)’
e 1 =
Images DB
[ Runtime/ ] [ Runtime/ ]
System-level Mechanisms System-level Mechanisms
Virtual
Proxy Proxy Server

Wireless Channel A

Wireless Channel B

Management Channel

RGB
Camera
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Physics Simulator & 3D Graphics Viewer
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Topics

APrecision landing
ADrone-based sensing architecture
AFlexible application deployment & orchestration

ADrone usage in the MLSysOpsproject
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Precision Landing



Landing pads & hangars

ARecharget he droneds batte
A House the drone between missions

A Important element for making drones
part of the system infrastructure

A Support multiple (consecutive)
takeoff-senseland-recharge cycles

A Reduce/eliminate human intervention
A Potential for remote installations

Drones as first-class citizens in
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Need precision landing

AThe drone must land inside a small area
AConventional GPS can be (very)naccurate

ARTK GPS, infrared beacondRLocK
AMay have issuesdue to interference

AAny single precision landing sensormay fai

Drones as first-class citizens in

the cloud-edge-loT continuum AloTwin Summer School, 17 September 2024
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Our work

AAs one more option, we investigate
AUse the droneds conventi onmal camer a t

ARun the detect i on omhoad eompuiingplatferm (RPiP n e & ¢
with the autopilot framework

with another precision landing sensor (IRLocK
to individual sensor failures
ANew landing modes to exploit new capability
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Control flow with precision landing enabled

ARDUPKOT

Sensors

Y

Vehicle control code

«——

Precision landing

Drones as firstclass citizens in
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IRLocksubsystem

A 12C protocol
A 1 frame every 20ms (50Hz)
A Detection range 12-15 meters

IRLock Sensor

\ 4

_ Front-end
Vehicle
control
code Y
IRLock
Backend

Drones as first-class citizens in
the cloud-edge-loT continuum

Bytes 16-bit Description
words
0,1 0 Sync (Oxaa55)
2,3 1 Checksum (sum of all words 20 6)
4,5 2 Signature number
6, 7 3 X center of object (pixel)
8,9 4 Y center of object (pixel)
10, 11 5 Width of object (pixels)
12,13 6 Height of object (pixels)

AloTwin Summer School, 17 September 2024
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Marker sensor subsystem

A Pi camera configured at 640x480

A Pose estimation every ~50ms (20 Hz) A ArUco custom fractal marker

A Send information using the MavLink A Enables detection from different heights
protocol over serial/lUART

R Marker UART
Front-end MavLink
1 MessageE  own ArUco
Vehicle code Library
control BMaIr(ker q
code acken

I

GCS Mavlink  +— image

Pi Camera
Module V2 Enough space for the IR beacon

Drones as first-class citizens in
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Fused sensor
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A Front-end hides all back-end details
A Does not have its own back-end
A Connects to the back-ends of the IRLockand Marker sensor subsystems

. IRLock
. Backend
Vehicle
control
code
. Marker
. Backend

Drones as first-class citizens in
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Fusion logic

?

[ check IRLock & Marker ]

N

[ IRLock ] [ IRLock & Marker ] [ Marker ] [ None ]

A

use only IRLock combine IRLock & use only Marker
sensor value Marker sensor values sensor value

last value

yes fresh?

no

set value freshness

valid value [ invalid value ]

Drones as first-class citizens in
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Cautious land mode

®
i

> target detected? hover fof
no a short period
yes l l
default
guided descent target detected?
(as usual) yes
} no |
min height first failure go to height
no reached? in attempt? yes of last detection
yes | no |
. default max attempts go to default height to
blind descent reached? start new attempt
(as usual) yes ' no P
brones as firstclass citizens in AloTwin Summer School, 17 September 2024 27
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Controlled (artificial) failures

A Drop modes
A random
A periodic

A Modified the front -ends of
the respective precision
landing sensor subsystems

A Drop sensor values produced
by the respective back-ends

A Configuration at runtime
via a MavLink command

Drones as firstclass citizens in
the cloud-edge-loT continuum
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Field Type Description
: Target sensor subsystem

target uints_t (IRLock: 1, Marker: 2, both: 3)
r_drop float Probability for dropping

a new sensor value
o_keep Uintl6 t Number of consecutive

new sensor values to keep
o_drop Uintl6 t Number of consecutive

new sensor values to drop

MavLink message
AloTwin Summer School, 17 September 2024 28
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Simulated setup

A Gazebo acts as a flightdynamics
simulation engine for the APM
autopilot

A SITL platform configuration for
the APM autopilot, derived from
the same code base that targets
real controllers

A Gazebo and APM communicate
via UDP/IP

Drones as first-class citizens in
the cloud-edge-loT continuum
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Drone setup

A Autopilot CUAV Nano v5
A ICM20689 accel/gyro
A ICM20602 accel/gyro
A BMIO55 accel/gyro
A 1ST8310 magnetometer
A MS5611 barometer

camera

A Neo v2 GPS/Compass
A Raspberry Pi & camera

A IRLock target tracking system

Drones as firstclass citizens in
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Field tests ‘

A The drone takes-off from a position
outside the landing area

A Makes a small tour
A Returns to the home waypoint

A Once this is reached, precision landing

IS activated e = T
A guiding the drone on top of the visual marker | | | _

and IR beacon e ) -

A Experiments are performed for different
failure scenarios

A values are dropped from one or even both
sensors in a controlled way

Drones as first-class citizens in
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Results
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Random 0.50
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IRLock sensor failure type - Marker sensor failure type

Normal None - None
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Drone-based remote sensing
architecture



?& (cs:l
Drones as a flexible remote sensing resource

ATarget area to be monitored periodically or on demand
AUseone or more drones to perform the required sensing
AProcessthe results to detect events/phenomena of interest

Application use case

APanel inspection in a solar park
A periodically
A when receiving a user request
A when receiving a signal from the S
par kodos el ectrical )

AProcess IR images to detect
ISssues on panels (e.g., cracks,
hotspots)

Drones as first-class citizens in
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Edge oriented approach

ADrone housed in a , @al so used to charge the
AThe drone & hangar are of the park

AThe entire management logic runs in an
A can be placed inside the hangar

AEven image runs



Top-level architecture

Hangar

y
embedded PC r
y
4) 3
Image Controller
Processor
V' A

(6) o W ((5) |
Application _ . Solar :

i Backend J‘ 'L Monitor
i cloud

___________________________________________________________________________________________________________________________________

(e |-
R Application -

v Client o
! PC and/or
i smartphone
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the cloud-edge-loT continuum AloTwin Summer School, 17 September 2024

36



Internal Controller architecture

Application
Backend

Solar Monitor

Controller

Gateway

Configurations

Main
Controller

Weather
Station
Frontend

Mission
Manager

Image
Processor
Frontend

Weather Station

Drone/Hangar
#1

Drone/Hangar
#N

Image Processor




Mission plans

Full inspection Partial/focused inspection

Drones as first-class citizens in
the cloud-edge-loT continuum
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Multl-drone mission execution

AA mission can be parallelized using drones

AThe mission plan is Into disjoint plans, one for each drone
A number determined based on availability and/or via a configuration parameter

A At runtime, drone may experience
Alt may also earlier than excepted

Alt will be instructed to return to land
AThe rest of its plan is to the remaining drones

p@ f::CSL..:'



Simulation setup

AField tests are
A preparations, travel time

A weather, safe perimeter ——— e e e
Service Service Service
v-Camer v-Hangar
Proxy Manager,

AEven more so for tests that
involve drones

A stand-by pilot for each one!

A Ardupilot /SITL
A Mission Planner

v-GS

Gateway [ Main Controller] {Image Processq
J

~N

Mission Manager
program

TeColLa Node Environment #1

N

~

)

=

V- Drone#l

ArduPilot
SITL

Mission ManageDrone (MAVLink over UDP/IP)
Mission ManageCamera (Pyro4 over TCP/IP)

Drone/HangaiGazebo (plain UDP/IP)
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v-Camera Service

IR Tmage
DB

A

A
Virtua
Camera
Server

Additional drone visualization (MAVLink over UDP/IP and ROS over TC

ArduPilot RGB
Plugin Camera

Drone Model

Hangar
Controller
Hangar
Mode

A Gazebo
A ROS

Gazebo Physics Engine

J

| Static Map World Plugin

)

& GAZEBO

RGB
Camera Viewe|

3 ROS

External GCS
(monitoring/
mission viewer)




Field setup

A Custom hangar with
minimal functionality

A open/close hatch
A charging plate
A IRLockbeacon

A Portable mast with
A drone telemetry link
A WiFi
A embedded PC (running

the entire control &
image processing SW)

Drones as first-class citizens in
the cloud-edge-loT continuum
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A Controller SW runs the full cycle
A open hangar & arm the drone
A instruct the drone to take off

A instruct the drone to goto specific waypoints
and take pictures

A when done, instruct the drone to return to the
home position

A instruct the drone to land (using the precision
land mode)

A when the drone lands, start downloading and
processing the images take during flight

A close the hangar

A Everything runs automatically
A no human in the loop

A the pilot seen in the video is merely stand-by,
to takeover just in case something goes
wrong 0 fortunately, this was not needed

Drones as first-class citizens in
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SITL tests with multiple drones

A Similar scenariosas for the single drone

A Using (two) drones
A Controller SW automatically the
mission into parts, one for drone

runs and monitors the full
cycle of operation for each drone

A Such scenarios have also beeri
d not captured in video because

we di d not have a
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