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ÅProfs + PostDoc

ÅPhD students

ÅAlumni

ÅSystem software (OS, runtime environments) 

from embedded to HPC systems

ÅApproximate computing

ÅAccelerated & Reconfigurable computing

ÅEnergy-aware computing

ÅPower / performance optimization

ÅDistributed & ubiquitous computing

ÅSignificant EC & national funding

ÅSeveral international collaborations
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ÅMotivation

ÅSelected Topics
ÅPrecision landing

ÅDrone-based remote sensing architecture

ÅFlexible application deployment & orchestration

ÅDrone usage in the MLSysOps project

ÅWrap-up

Overview
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Motivation

Drones as first-class citizens in 

the cloud-edge-IoT continuum
6AIoTwin Summer School, 17 September 2024



ÅBillions of connected devices

ÅProducing huge amounts of data
ÅSome estimate 80 ZB by 2025

ÅThe trend will increase

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

IoT
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https://iot -analytics.com/wp/wp-content/uploads/2024/09/Global -IoT-

market-forecast-Number-of-connected-IoT-devices-Sep-2024.mp4



ÅMove data processing out  of the cloud 

ÅTowards the so-called edge

ÅClose(r) to the data sources

ÅRegional or on-premise data centers
Åsmaller clouds

ÅStandalone base stations / servers                   
or the IoT devices themselves  
Åresource-constrained, heterogenous

Edge computing
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ÅMore affordable

ÅCan be equipped with different 
compute/communication HW

ÅAs well as different sensors & actuators

ÅWide range of civilian applications

ÅPolycopters
ÅEasy to operate

ÅVertical take-off/landing 

ÅHovering over position of interest

Drones become increasingly popular
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Growing business sector
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The next ubiquitous IoT device?

Drones as first-class citizens in 

the cloud-edge-IoT continuum
AIoTwin Summer School, 17 September 2024 11

?



Maybe ê
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ÅServer machines in datacenters
Åcomputing/storage resources 

ÅIoT devices & standalone machines 
Åsensing/actuation resources

Åcomputing/communication resources

ÅDrones
Åsensing/actuation resources

Åcomputing/communication resources 

Åcan fly directly above the region/points of interest

Åsignificant flexibility  & coverage

Drones as part of the system infrastructure
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ÅConvince you that civilian drones are interesting IoT devices

ÅShow that these are different òanimalsó requiring extra care

ÅIndicate how these can be exploited as part of a greater system infrastructure

ÅTease you to consider these animals in your research for edge-centric systems

Main goals of this talk
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The players
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Experimentation
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ÅPrecision landing

ÅDrone-based sensing architecture

ÅFlexible application deployment & orchestration

ÅDrone usage in the MLSysOps project

Topics
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Precision Landing
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ÅRecharge the droneõs batteries

ÅHouse the drone between missions 

ÅImportant element for making drones   
part of the system infrastructure

ÅSupport multiple  (consecutive) 
takeoff-sense-land-recharge cycles

ÅReduce/eliminate human intervention

ÅPotential for remote installations

Landing pads & hangars
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KDDI smart d rone -  Skycharge  Source

Skycharge  hangar solution



ÅThe drone must land inside a small area

ÅConventional GPS can be (very) inaccurate

ÅRTK GPS, infrared beacons (IRLock)

ÅMay have issues due to interference

ÅAny single precision landing sensor may fail

Need precision landing
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ÅAs one more option, we investigate visual markers

ÅUse the droneõs conventional camera to detect a specific tag

ÅRun the detection code on the droneõs onboard computing platform (RPi)

ÅIntegration  with the autopilot framework

ÅCombine/fuse with another precision landing sensor (IRLock)

ÅFault tolerance to individual sensor failures 

ÅNew landing modes to exploit new capability

Our work

Drones as first-class citizens in 

the cloud-edge-IoT continuum
21AIoTwin Summer School, 17 September 2024



Control flow with precision landing enabled
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IRLock subsystem
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ÅI2C protocol

Å1 frame every 20ms (50Hz)

ÅDetection range 12-15 meters

Bytes 16-bit 

words

Description

0, 1 0 Sync (0xaa55)

2, 3 1 Checksum (sum of all words 2 ð 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)

IRLock 

Backend 

IRLock Sensor 

Front-end
Vehicle

control 

code



Marker sensor subsystem
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ÅPi camera configured at 640x480

ÅPose estimation every ~50ms (20 Hz)

ÅSend information using the MavLink 
protocol over serial/UART

Raspberry Pi Model B

OpenCV 

image

Pi Camera 

Module V2

ArUco 

Library

own 

code

UART

MavLink 

message

image

Vehicle

control 

code

Marker

Backend

Marker

Front-end

GCS MavLink

pose 

estimation

ÅArUco custom fractal marker

ÅEnables detection from different heights

Enough space for the IR beacon



Fused sensor
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ÅFront-end hides all back-end details

ÅDoes not have its own back-end 

ÅConnects to the back-ends of the IRLock and Marker sensor subsystems

IRLock 

Backend 

Marker 

Backend 

Fused sensor 

Front-end

Vehicle

control 

code



Fusion logic
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new value?

IRLock & Marker MarkerIRLock

combine IRLock & 

Marker sensor values

use only IRLock 

sensor value

use only Marker 

sensor value

None

last value 

fresh?

valid value

yes

invalid value

no

set value freshness

check IRLock & Marker



Cautious land mode
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default 

guided descent 

(as usual)

default 

blind descent 

(as usual)

target detected?

go to height 

of last detection

yes

target detected?

hover for 

a short period

first failure 

in attempt?

no

no

yes

max attempts 

reached?

yes

yes

no

min height 

reached?no

yes

no

go to default height to 

start new attempt



Controlled (artificial) failures
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Field Type Description

target uint8_t
Target sensor subsystem

(IRLock: 1, Marker: 2, both: 3)

r_drop float
Probability for dropping

a new sensor value

p_keep uint16_t
Number of consecutive

new sensor values to keep

p_drop uint16_t
Number of consecutive

new sensor values to drop

MavLink message

ÅDrop modes

Årandom

Åperiodic

ÅModified the front -ends of 
the respective precision 
landing sensor subsystems

ÅDrop sensor values produced 
by the respective back-ends

ÅConfiguration at runtime       
via a MavLink command



Simulated setup
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ÅGazebo acts as a flight-dynamics 
simulation engine for the APM 
autopilot

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

ÅGazebo and APM communicate 
via UDP/IP  



Drone setup
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ÅAutopilot CUAV Nano v5

ÁICM20689 accel/gyro

ÁICM20602 accel/gyro

ÁBMI055 accel/gyro

ÁIST8310 magnetometer

ÁMS5611 barometer

ÅNeo v2 GPS/Compass

ÅRaspberry Pi & camera

ÅIRLock target tracking system

IR 

beacon



ÅThe drone takes-off from a position 
outside the landing area

ÅMakes a small tour

ÅReturns to the home waypoint

ÅOnce this is reached, precision landing 
is activated
Åguiding the drone on top of the visual marker 

and IR beacon

ÅExperiments are performed for different  
failure scenarios
Åvalues are dropped from one or even both 

sensors in a controlled way  

Field tests
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Results
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Drone-based remote sensing 
architecture
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ÅTarget area to be monitored periodically or on demand

ÅUse one or more drones to perform the required sensing

ÅProcess the results to detect events/phenomena of interest

Drones as a flexible remote sensing resource
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Application use case

ÅPanel inspection in a solar park
Åperiodically

Åwhen receiving a user request

Åwhen receiving a signal from the 
parkõs electrical monitoring system

ÅProcess IR images to detect 
issues on panels (e.g., cracks, 
hotspots)



ÅDrone housed in a hangar, also used to charge the droneõs batteries

ÅThe drone & hangar are part of the park infrastructure

ÅThe entire management logic runs in an embedded computer 
Åcan be placed inside the hangar

ÅEven image processing runs locally

Edge-oriented approach
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Top-level architecture

Drones as first-class citizens in 

the cloud-edge-IoT continuum
AIoTwin Summer School, 17 September 2024 36

Application 
Backend

Controller

Hangar
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Internal Controller architecture
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Application 
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Mission plans
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Full inspection Partial/focused inspection



ÅA mission can be parallelized using multiple  drones concurrently

ÅThe mission plan is partitioned  into disjoint plans, one for each drone
Ånumber determined based on availability and/or via a configuration parameter

ÅAt runtime, drone may experience flight problems 

ÅIt may also run out of batteries earlier than excepted

ÅIt will be instructed to return to land

ÅThe rest of its plan is distributed  to the remaining drones

Multi-drone mission execution
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Simulation setup
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v-GS

Gazebo Physics Engine

Static Map World Plugin

TeCoLa

Main ControllerGateway

Mission 
program

Weather
Station
Mockup

v-Drone#1

ArduPilot
SITL

Image Processor

TeCoLa Node Environment #1

Mobility
Service

Hangar
Model

ArduPilot
Plugin

Drone Model

RGB
Camera

External GCS
(monitoring/

mission viewer)

Additional drone visualization (MAVLink over UDP/IP and ROS over TCP/IP)

Drone/Hangar-Gazebo (plain UDP/IP)

Virtual 
Camera 
Server

IR Images 
DB

v-Camera Service
Mission Manager

v-Camera
Proxy

Camera
Service

Mission Manager-Camera (Pyro4 over TCP/IP)

Hangar
Controller

RGB
Camera Viewer

v-Hangar
Manager

Hangar
Service

Solar
Monitor
Mockup

Mission Manager-Drone  (MAVLink over UDP/IP)

ÅField tests are time consuming
Åpreparations, travel time

Åweather, safe perimeter

ÅEven more so for tests that 
involve multiple drones
Åstand-by pilot for each one!

ÅUse a SITL setup to test the SW
ÅArdupilot /SITL

ÅMission Planner 

ÅGazebo

ÅROS



ÅCustom hangar with 
minimal functionality

Åopen/close hatch

Åcharging plate

ÅIRLock beacon

ÅPortable mast with

Ådrone telemetry link

ÅWiFi

Åembedded PC (running 
the entire control & 
image processing SW)

Field setup
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Mini PC

Antenna & 

telemetry

Drone with 

IR camera



Full cycle of operation in the field
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ÅController SW runs the full cycle
Åopen hangar & arm the drone

Å instruct the drone to take off

Å instruct the drone to goto  specific waypoints 
and take pictures

Åwhen done, instruct the drone to return to the 
home position

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

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

Åclose the hangar

ÅEverything runs automatically
Åno human in the loop

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



SITL tests with multiple drones
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ÅSimilar scenarios as for the single drone

ÅUsing multiple  (two) drones

ÅController SW automatically splits the 
mission into parts, one for each drone

ÅConcurrently runs and monitors the full 
cycle of operation for each drone

ÅSuch scenarios have also been tested in 
the field  ð not captured in video because 
we did not have a third drone ê


