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Background

A Kristian Sloth Lauszus
A 32 years old

A Holstebro, Denmark

A Wanted to be an EE since childhood
A Science, LEGO Mindstorms




CANDELA

Gymnasium

A Started for real in HS/Gymnasium

A Learned electronics + SW

A Goal to control segway with PS3 controller
A USB host

A Bluetooth
A Embedded

A Sensor fusion



University

A Electrical Engineering

AControl system

A Technical University of Denmark (DTU)
A20122027

A San Francisco State University
AFall, 2014

A University of lllinois Urban&hampaign (UIUC)
AFall, 2016




University

A Consultant

A EE, SW
AUSB host

AObservers
AControllers !
AGitHub = W

A Projects e 4
ASegway ‘
AFlight controller




|1
|l
:_‘

d

\ /

N e
/ \\\\v\\ .\\\ \\\.\\_\\\




Candela's history

A Stockholm late 2014
A Joined May 2015
A First 2 years as a consultant

A Flying first time Spring 2017

CANDELA




Timeline

G7 ¢ Serial production . Advanced R&D and production G8 hit the water, 100+ boats sold Production and commissioning of Candela
32 made and sold to 10 countries Launch of the @ 5 x increase of production facilities P12 Shuttle
Series B round

- 2014 = 2019 2021 2022 2023 = 2024

Ferries in commercial traffic

Pro-Series launched

Candela was founded with
the mission to:

0Speed up the transition
to fossil fuelfree lakes
and oceans

candela.com

Candela Technology Smart Water Mobility



G/

A First serial production
A Hand built inGashaga

A Very efficient
A Light
A Drive train
A Foil

A Hydraulics
A Battery, inverter & motor outsources s

A Ul powered by CM3
A Connectivity
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G8

A Better height sensors

A Faster actuators

A

GPOD
A Less noisy

A Efficient
A Control of all HW

A Fast Ul






P-12

A Commercial
A 25-30 people
A Catamaran

A Redundant steering &
propulsion

CANDELA




Subsystems

A Retraction
A  AFS & FFS

A Foil system

A Rake & pushrods
A Propulsion

A Inverters & motors
A Steering

A Joystick, throttle, rudder, boarding
A Batteries & DC/DCs

A BMS, HV DC/DCs, LV DC/DCs
A Thermal system

A Cooling & heating : =
A Ul == = : =

A Driver's insight into the system - - . n — —

Computers S —

A Ul logger, camera

A Cloud =
A Logged data, VPN




v
Flight control system

A Keeps boat flying above the water
A Adjusts control surfaces 100 times per second
A Ensures safe and efficient performance

A Comfort at high speed, even in waves ’
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Unstable Equilibrium Stable Equilibrium

Foiling modes

A The boat has three main operating modes @g m
APlaning Displacement
ATransition

AFoiling

F0|I|n
A TheFlight Controlletkeeps the boat in the J Transition
PIanlng

naturally unstable foiling mode

A Actuatorscoordinate tomaintain stability
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Unstable states

AHeight
AKeep hull out of water to reduce drag
ADamp out waves for smoother ride
APitch
AFlat to reduce motion sickness
ARoll
AFlat when going straight

ABanks into turns for comfort and agility




Closed loop

AFeedback loop to push system towards desired state

APerform 100 actions every second to reject disturbance

AMonitoring and fault handling

Reference Input

Control system

Observers Turn raw data into useful data

Controller: Decide on action to take

Actuators: Translate action to motor instructions

———————————————————————————————————————————————————————————————————— . Disturbance Noise

Error

m Signal

Height, Roll, Pitch

Controllers
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Boat —»| Sensors » Output

Actuators

Observers

Feedback




Sensors

A Height sensors
A Inertial Sensors
A Attitude
A Linear and rotational velocities
A Linear and rotational accelerations
A GPS/GNSS
A Position
A Speed
A Heading
A Actuation Sensors
A Foil angles
A Rudder angle

A A A A
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Observers

Height
——) POSitiON
Speed
— . .
GPS — Orientation (Euler angles)
Navigation
Forces System

Accelerometer —

Angular vel
Gyro ——

——) |_Near velocity

) ANgular velocity




Actuation

A Front foil
A Tilts up/down (height & pitch)
A Difference inAoA(roll)

A Aft foil
A Tilts up/down (height & pitch)

A Requires minimum speed to fly
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lift  low angle of attack
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