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Project Structure

e Sensors & System

Topology

 Navigation & Control @\‘
Logics O

« Simulation & 2

Visualisation

 Radio & Power
Concept

 Boat Construction
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Weather Routing
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Boat Polar Diagram
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Example Route

Course
Start: 0/ 0
B1: 200/ 20

B2: 0/ 200
B3: -200/ 0
B4: 0/-200
B5: 200/ -20
Finish: 0/ 0

B2

50 -200

Parameter:
p. =50m

target reached if distance to
bouy <0.5m

B4

Wind

A

250
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Control Algorithm

25.07.2006 ol . aF 6



robosaF

Overview

e Goal
— sall in the direction given by the Navigator.

e Concrete Accomplishment
— set rudder
— set salls
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Two Simple Control Circuits

e Rudder-Control-Circuit

— Keep boat on the course given
by the navigator.

— Compensation of crabbing
o Sail-Control-Circuit

— avoid capsize

— flow In the salls
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Control System Summary

* Implemented with Fuzzy Logic

« Two simple control circuits + a special rule for
the jib:
— sail courses at any wind
— tack
— Jib
 Only 4 sensors needed:
— compass
— heeling
— boom position
— apparent wind direction
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Sensorics & System Topology
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Wind Direction

® Dotentiometer

Boom Position
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Wind Speed

® Anemometer
® Reed Contact
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GPS

® Serial Output
® NMEA Protocol
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Direction and Heeling

® Tilt Compensated

® Serial Output
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Actuators

® sail winch
® rudder

® Manual control has to be possible!
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Autopilot / Manual Control
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SSN - Simple Sensor Network

® Communication with Sensors/Actuators
® Based on RS232 Connections
® Easy Adressing

M

/ \
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Overview

remote control

: VIA Board
v (SSN-Master) ¥£ZEYL\N
emergency motor| <= receiver
‘//GZDM Compass und
heeling
COM

SSN Switch
SErvo ‘/”//’ GPS Module

boom ition
rudder servo positio

controller \
‘//// ///’ \\\\ wind speed

bower monitor

wind direction

sail winch
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Master

e VIA EP MII-6000E
e 1/7x1/7cm

e Passiv cooled

o 2x serial, Compact Flash, Cardbus,
USB, ...

e Standard x86 Linux
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Wireless Communication
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e 1000m ?
* noise-independet [y

+ close to water(!) S T
e direction "

Independent on
the boat

e pbase station on
shore

Directions: To here - Fram here
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Fresnelzone

Entfernun oz 1600 m

Die Amtenne sollte bei der Freguenz von 2,4 GHz mindestens in einer Hohie von

T -3 I'M montiert werden.
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Tests

 Nordbricke >
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Reichsbricke

e height above the
water Is important!
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Antennas

e Sektor antenna e Yagl
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Software Structure
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Layered Architecture

Navigation Layer Navigator

Manoeuvre Layer
Skipper
Reflex Layer

Interpretation Layer Data Daemon (Boat)

Communication Layer
Simple Sensor Network
Hardware Layer
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Software Modules

Skipper
sail-circuit

rudder-circuit

T direction

boat position, heading, absolute wind navigator

all data l

visualisation

I target coordinates

referee
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Implementation

Boat-Daemon: Java multithreaded TCP-Server
— data preperation (,Interpretation Layer*)
— communicates over RS232 with SSN-Switch and Sensors

Navigator

— Implemented in C++
— communicates over TCP with Boat-Daemon

Skipper:
— Base: FuzzyWeb C-Codegenerator
— communicates over TCP with Boat-Daemon

Visualisation and Logging
— Iimplemented in C++

— Is detached from the rest (on shore)
— communicates over TCP with Boat-Daemon
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SSN Daemon

® cads sensor values
continously

® offers values to other
parts of the program

® conversion / abstraction
® data logging
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Daemon: HW- / SW-Layer

Logger all
Routing boat position
heeling — ’+ abs. wind dir.
boat heading |— Navigator boat position
| TCM, \+ -
boat heading
boat position — GPS,
—SSN, heeling
wind speed |— p—— rel. wind dir.
wind direction |— VV52300 *L_ boom position
boom pOSitiOﬂ — wind Speed sail winch
rudder servo [<— |wind direction
- - boat rotation
sail winch <« _l:
Steuermann boat heading
*L— rudder servo
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Coordinate Transformation
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Final Test, France 07.06.2006

Fil=  Wiew Window

Help

iiag Microtransat - Microtransat2

E'Micrntransatz

=101 %]

Aktribuk Tvp ‘erk
Absiwind weckorz  (-0.80,1.94)
Batterie: Boot Flonat 15.50
Biatterie: Motor Flonat 7.50
Boot-BaumbDir float -79.00
Boot-Dir weckorz - (1.00,-0.08)
Book-Drehung Floak 0.00
Boot-Meigung Floak Z.00
Fook-Pos weckor? (5,33, 0.42)
Boot-Speed Floak 0.00
Current weckor?  (0.00,0.00)
RelwindDir Flonat -33.00
Relwindspeed Floak 1.48
Ruder-Servo Flonat 100,00
Segel-Servo Floak 0.00

Skark weckor?  (40.00,0.00)
WWLARN-Link, Floak 47.00

Tiel weckor?  (300.00,30.00)

\ Wind direction
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GPS Coordinates

» Buoy 1: LAT 44.08605 N /
» Buoy 2: LAT 44.08545 N /
» Buoy 3: LAT 44.08217 N /

_LON 1.03274 E
_ON 1.03623 E

_ON 1.03968 E
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