Oper
Abstract :

Authors :

ISBN :

Source

vailing

003. P

rotei

Manual | v.2011 08

7

contact@protei.org

1/ xxx




Table of Contents
Introduction
The issue and the concept
The Motivation and the method
How to use this manual
Disclaimer
Protei_001
Protei_002
Protei_003
Protei_004
Protei_005
Protei_006
Introduction
System overview
Mechanics
System overview
Hull
Keel
Skin
Sail
Ropes
Electric & Electronics
Overview
System
Cable Layout
Actuation system
Linear actuators
Driving
Sensing
Sail winch <Francois>
Sail winch overview
Sail winch assembly
Communication system
Microcontroller and connection shield
Control firmware
Code
Positional Sensing and GPS <Gab>
Applications
Oil Spill cleaning
Oil tests
Protei team & Partners
Legal & Credit
Future developments
References
Protei Manual | v.2011 08 17 | ¢

ontact@protei.org |

p. 2

XXX




003.

rotei

Manual | v.2011 08

7

contact@protei.org

. B/ Xxx




anual | v.2011 08 17 | Gontact@protei.org |




nologies to explore, st
develop Protei_006, a

This robotic sailboat i

The goal this summer
vessel, as well as to eny
collect oil than the ex
lution on water, such
of materials, expose W
2010).

Protei, alternatively, is
chemically hazardous
its ease and cost of rej
tually be appropriated
waste off of water, as v

The design and imple
continue to build and

Open_sailing is a growing
udy,

boats, that each sails upwir
s self

1pha
Isting
as th
rorke

brodt
| for
wvell a

fleet

was

unn
and

mentation of Protei will be
deploy it, and contribute to its

and preserve oceans.

nd and collects oil she
-righting, durable, ine

size that an articulatec
y pollution-cleaning te
ose implemented in tk
rs to toxic chemicals,

nanned, uses accessibl
1ction, it can be const

other purposes, such ¢
s ocean surveillance.

This

1 hul
chnologies. Current meth
oil spill in the Gulf of Mexico, only collect 3%
are constrained by weather

1e BP
and

rough weather conditions,

ed boat sailing upwin

arge

international community, with the goal of developing open-source tech-
is summer, a group converged in Rotterdam to
of low-cost, shape-shifting, DIY, semi-autonomous oil-collecting sail-
ens off the top of the water
xpensive, and easily reproducible.

near the sites of spills.

to develop, test and document the making of a full-sized (3 meter) Protei

d can more effectively
ods

for cleaning oil pol-

conditions (Kerr,

e, inexpensive or recycled materials, and tolerates

Because of its open hardware philosophy, and
ructed and deployed on a |
s cleaning other chemical pollutants and material

scale. It can even-

an ongoing evolution, as people all over the world
efficiency and robustness.

003. P

rotei

Manual | v.2011 08

7

contact@protei.org

p. 5/ xxx




Solvinog

General informations
Amount

Area

Type of oil

Worst environmenta
Twchnology used.

oy

Plainview
A New, o | 3
Mexico Portaies ~a
= !
40D e rger oo S

i Libbock
Alamogordo Lovingtén
o W = Lamesa  Snyder
Hobbs o) o
|M6M Big %M"ﬂ
|

——— oMdamng
Monanans | o0,
o
pecos
W ron
Stockton ©
Apne
.-
leotro Chihyahua
ateos, ° 7
P—o. Delicias.
Cuauhtémoc. S //
Santa Rosalla R 2
de Camargo ) St
A
José Marino 7
. P hmq,\ Mongoval
uschocni +Hidalgo N Vv
e { deiParaln 1 o
e, A <

1 (¢ o
T santaMaria.
A

N
Santago
Papasquaro

oo Guadalaarad IrapuatoO o o

abg

antago de
Querétaro

S L oy Colayayy
/ Zamora. a 1§ Tl s
pimarg ot S i, G

a man-

ut the oil spill

ister in the history of

& Y \-0pozaReal
e

i
2

Enriquez.

L

ade pro

USA

ot - National Forestioemny | : S Anderson®
| " pine Buff 1, o Rome %
A s L @ ot [T Tweeoiy Gadsden’ © Johns Creek
% Ny L LS s, Gacgden’y o X
$00 LAt o gl = f @ Maretta &  Athens
W o W S @ o
> 0 Sherman whods v & | Atanta ¥
Denton - ° ind ; w
O, oMcKimey "+ s Gréenvite Tuscaloosa O V\.
ort Worth: ~ QDallas ¥ - 3 c L Alabama , pim Lo
TN Y i reaen S 16 ¥ v CZR Georgia
Desato " 1957 oissasio 2H M
T [ 5 B

with the power of nature

inesle

runsuack
o

m;nh )0' %‘ﬁﬁ

rtus:
Cuba

lem

Viito !

%) Las Tunas
Manzanto ®

© Camalote
° 3
Camaguey

~~ San|Martin
°o

o
o G0

0 Bayamo
"5 ©Guantanamo)

Santago

Pett.

Prq

tei Manual |

v.2011 08 1]

Q

ontact@protei.org |

p. 6

XXX




The Qil spill?

Brief characterization

6th order /on the be

Our class of oil.
large areas
thin sheen of

Crude oil from

[diagra

and tarballs (controlle

(I made up th

Oil going tow

n the depths of the ocean

of an oil spill and the different
m |
1st|order / at the source, clos
2nd order/ Capturing right at t
3rd |order / perimeter on the s
>> 4h order/ cleaning out of ¢
rning, dispersant, ski
containement and absor

d bu

5th

ach

7th

at cl:

oil

ards

order / at the bottom of the ocean
assification from my

the sea (as opposed to go towards the land)

orders of cleaning
ing taps with ROVs
he source with a “top
urface

rs,

btion on large area

of the oil spill in the g

003. P

roteiManual | v.2011 08

contact@protei.org

kill hat” or a bell

ontrol spreading in thin sheens to heavy slacks

ulf o




greenpeace

The issues related oil collected by fishermen with
Exposing health of cleaners -> autonomou
Cannot operate during a storm -> can operate du
Cannot operate at night -> can

Sensing limited to human eye sight -> sen
with wind and surface current trajectory

-> renewable energy.

Autonomy of vessels
Oil-powered crafts ->

environment.

Expensive Cost|-> cheap
Proprietary -> Open Hardware so we can
Environmentaly destructive (drving oil pow

renewable energies

sing technology + based on oil prediction program

solve other probems with the technology.

T

Protei N

lanual | v.2011 08 1

repurposed fishing vessels :
S
ing a storm

ered vessels) -> using wind, also in sync with the

/ | gontact@protei.org | |p. 8} xxx




A .

Wind ar

WInd ans surface cur
the same froces to cle

3 digrams

-skimmers cleaning ¢
- one long piece goin
multiple long pieces ¢
protei taking upwind.

elan
g up

d

joing wind

surfac

rents is what moves the oijl. Wk
ean up the oil.

path in a sea of oil
wvind

e

currel

> wan tuse

Nts

003. P

rotei

Manual | v.2011 08 17

contact@protei.org

p. 9/ xxx




jearfy one year after the Dee cleanup technalogies could only collect 3% of the spill =
aenironmental crganizition Open Sailing has developed bomabed fleet of drones called Proted that promses

kb rasUILs Bk lowaer cost, Morsaver, s open-hardwans po EAMS BRONE IS W tconms bo rrdily, produce, and diste-
ute the design.

AJRRENT SOLUTIO

STEERING IM FROMT

Urlik readh Boald with the radder

i 1" ruddier |5 in Ehe
Ie Bagll Barnyds B

WHAT THE DESIGN MUST DO

e ol i b o P B e mnien, il el

Protei Manual | v.2011 08 17 | cpntact@protei.org | p. 10// xxx




003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

1/ xxx




science
chanics

Why a saili boat with
2/ front ruddet

4/ articulated

sailing with an articlat
low speed implication
Better directio
loads
Better power
loads
Upwind sailing
sails)
Better control of heac
lateral drift with more
Less t
centerboard + Rudde
Less n
energy on actuation
Less ir
body following waves
High speed im
Latera

sailing

ideas to

1/ back rudder

3/ front and back r

Some ideas to contribute

v

v

an a

hull

ed h
nal c
contr
3 (wit

ing &
wet
urbul
r

nech

mpac
)
plice
| lift
Opt

Opt

rticulated hull?
udder

o the science of

ull

ontrol of long heavy
ol of long heavy

h articulated hull + 2
and resistance to
surface

ences (no separate
anical effort, less

t on waves (flexible
ation

imization of upwind

imization of trajectory

contrib
of sail
and o1l

ute to
Ng -

fluil
spill cl

d me-
eaning

Pro

tei M

anual | v.2011 08 17

pntact@protei.org | |

/ XXX




Frequer

1t

v

ly aske

questio

Nns

IT 1S PROVIDED “AS

PLIED OR EXPRESSED,
TABILITY, FITNESS FOR
DOCUMENT IS SOLELY

AND WE EXPRESSLY DI¢
INCLUDING BUT NOT LI
A PARTICULAR PURPOS
AT YOUR OWN RISK ANL

SCLAIM ALL WARR
MITED TO THE WAR
5E, AND NON-INFRIN
D WITHOUT OUR LIA

NTIES OF ANY KIND, IM-
RANTIES OF MERCHANF
\GEMENT. USE OF THIS

\BILI

TY OF ANY KIND.

003.

Protei

Manual | v.2011 08 17 |

contact@protei.org |

p. 1

3/ xXxx




As well as providing [
nual is divided into th
divided into these sec
should be developed

Each section is divide
the sail, the winch, th
tion, specific informat

How to

The architecture of th
solated chapter and ¢
expandable, anybody
cesive versions of Pr¢
The size format of the
concerns. The bindin
notes and expand this

As well as providing b
nual is divided into th
divided into these sec
should be developed

Each section is divide
the sail, the winch, th
tion, specific informat

tions
in pe

d int
e cal
ion @

u

is mé
still h
isw
tel,

> pap
g of
5 dog

hackg
e me
tions
in pe

d int
e cak
ono

5 in building this prot
rallel, as they are clo

0 subsections corresj
ole system, and the G
n its construction, an

se this

anual is highly module
ave a self standing m
elcome to expand a s
successive version of
er is industry standar
the manual is preferrz
umentation.

yround information ab
chanical construction
5 in building this proto
rallel, as they are clo

0 subsections corresy
le system, and the G
n its construction, an

vackground information about t
e mechanical construction and

type
sely

bond
PS.
d trot

v

Ar SO
eani
ectig
this
d A4
ably ¢

out t
and
type
sely

bond
PS.
d troy

he project, the instruc
the electrical design,

The mechanical anc
inked.

ing to specific structu
For each element, th
ubleshooting tips.

manhual

one can download ar
ngful document. The
n or suggest new one
manual are edited..
published on-deman
3 ring binder so each

he project, the instruc
the electrical design,

The mechanical anc
inked.

ng to specific structu
For each element, th
ubleshooting tips.

tione
as tk
] the

ral el
ere i

d pr
conte
2S. JU

d for
read

tiona
as th
] the

ral el
ere i

| portion of this ma-
1e Protei team was
electrical elements

ements, for example,
5 overview informa-

nt on demand an
>nt of this manual is
st as we build suc-

environmental
er can easily add

| portion of this ma-
1e Protei team was
electrical elements

ements, for example,
5 overview informa-

Pro

tei M

anual | v.2011 08 17

pntact@protei.org | |

D. 14

/ XXX




The typical business 1
n the following order
got - have to check if
making the highest pr
he technological dev
source nature of the g
alk about challenges
n the work environme
The concept of Protei
evolution, as people t
efficiency and robustn
collaborating, and she
affordable component
expertise.

Protei is made of ope
communication (betw
Xbee, and a variety o
rom common and ind
scraps.
The entire nature of tf
hierarchical chain of ¢
hardware, software, fc
n order to successful
pceans, the team nee
mechanical build and
which depends on on

model for a company pursuing
of priorities: Profit, technology,
this makes sense). Protei, on t

elopments, followed by profit.

2nt; legal issues

iority the environment, followec

roject.
- how to make profit / succeed
functions primarily as an open
hroughout the world continue t
ess. Its implementation deper
aring unique skillsets. It depend
s, and the sharing of ideas bas

n-source hardwares and softwzs
een the vessel and an operato
f sensors. Many of the mechan
ustrial products, such as powe

nstruction of Protei is bas
nand, people share their o
ation, design, and testing.
ow into a fleet of DIY drong
document, distribute and
tronic components. This fe
j contributions to its desig

e cq
omn
abric
ly gre
ds ta
elec
going

technological innovat
environment, people;
he other hand, revers
] by the contentment
..This business mode

with this business mq

-source project. The ¢
0 build and implemen
ds on people willingly
s on accessible infor
sed on a multitude of

ares for the control, p
r on land), including A
ical components and
r drills, plumbing equ

ed on an open-source
wn ideas for each asg

es that can have impa
share the informatiorn
eds back into Protei’s
n and functionality.

es th
of the

hdel

jesig

ong
(um,

| len

tit, a
par
mati
areas

ower
rduin
mate
pme

> app
ect (

ACt Or
1 of t
5 SUC

enerally operates
i (gaby) sort of for-
at business model,
e workers, followed by
ds itself to the open-

onger term... efficiency
n will be an ongoing
nd contribute to its
ticipating,

n and

5 of

and

10,

srials are extracted
nt, and intact wooden

roach. Rather than a
of the project, includin

(e}

1 the
he
cess,

Open_Hardware

Object mechanica
design

Documentation,
textes, photos,
videos, communica
tion materials

Jodes

me, tradmark

003.

Pr

otei Manual | v.2011 08 17 |

contact@protei.org |

p. 1

5/ xxx




Prote

c0k00&12
http:// prot

:l, -

org

0

01

\

Pro

tei M

anual | v.2011 08 17

pntact@protei.org | p.

/ XXX




003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

p. 1

7 | Xxx




Proteil _

0c

Pro

tei M

anual | v.2011 08 17

pntact@protei.org | |

/ XXX




003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

9 / xxx




~

20100822
http://protei

Protei Manual | v.2011 08 17 | cpntact@protei.org | p. 20|/ xxx




003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

p. 2

1/ xxx




Protei_ 005

rotei-005

2010091
httpt//protei-o

R

Protei Manual | v.2011 08 17 | cpntact@protei.org | p. 22|/ xxx




003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

p. 2

3 / XXX




Pro

tei M

anual | v.2011 08 17

pntact@protei.org | |

D. 24

/ XXX




003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

p. 2

5/ xxx




A
A

|

e ) Y W EEBSRY R W RS
- .

Protei Manual | v.2011 08 17 | cpntact@protei.org | p. 26|/ xxx




003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

p. 2

7 | Xxx




Introduction

8. Collision safe 5. Remotely controlled
Highly visible — -> to become autonomous

| 9. Sensors controlled

10. Green

Affordabl
1 / 6. Upwind sailing

n order to make suitable technical choices for the materials and methods using in the construc-
tion of Protei, we have listed the global properties (see “Property” column|in table x.x) we want to
achieve, and we have select solutions for each property (see “Criteria” column in table x.x). The
criteria are meant as refinements (what do you mean refinements?) of each global property, and
can be associated with a testing protocol, used to validate the technical solution.
For example, the criteria that Protei_006 be self-righting is tested by manually heeling Protei_006

n the water to 90° and evaluating if it returns its original position. If it does so, we can state that the
combination of the Ballasted Keel and the Light Superstructure meets the self-righting criteria.

Propery Criteria Solution
Maneuverable Steerable while towing Shape-shifting through a
flexible hull
Optimised to sail upwind Control of the sail
Stable Self righting Ballasted Keel
Light Superstructure
unsinkable Puncture Proof Buoyancy
Material
Enough Buoyancy
Robust Neoprene Skin and use of
robust materials
Safe Collision-safe COLREGS Compliant lighting
system
Towing Capable Can tow sorbent Enough Pulling force
Protei Manual 1|v.2011 08 17 | contact@proteild3@omphogkiggpoint
Unmanned and automated RC (for steering and sail trim) | Xbee module
up to 1000m) GPS Module

Determines position data
Store GPS data D card <hield




8. Collisi
Highly

10. Green
Afford

seneral

on safe
visible

5. Remotely controlled

. Upwind sailing

propertiles

-> to become autonomous

9. Sensors controlled

2011 Cesar Harada
hitp://protei.org

003. Pr

otei Manual | v.2011 08 17 | contact@protei.org |

p. 2

9 / xxx




rotei_006 is a 3 mete
ontrol it from nearby
onstructed of flexible
nder stress. A flexible
large keel that exten
5 housed at the lowes
hape and the boat’s |
ne wind, it can easily
nables Protei_006 to

o D C O O T

= n

f

D

Ror steering and contr
sail. The other two ar
and the stern, which ¢
ghout the longitudinal

1
th
[

he battery and linear
ne keel, along with 2%
1 the waterproof, shoc
ate segments). Prote

—_ =

spine
2 ski
ds d¢
t poi
OW C

.

ol, P
e att
urve
Spine

rren
500-

otate
be s

actu

HKQ e
Kpro
i_00¢

note-controlled boat, t
1000 meters). It has
os that run lengthwise
n tightly encases the ¢
ownwards 1.2 meters
nt of the keel, which
enter of weight allows
e in both directions to

otei_006 has three m
ached to linear actuat
independently. The a
s of the hull.

ators, which provide 1
cad ballast. The mair
of pelican cases# cor
5 stores GPS data fro

omewhat self-righting.

hat n

a se

(thr

skele
from
Drovi

the
adju

otors
orst

ctua

nost
1 elec
mpar
m its

equires a user to be i
gmented, shape-shift
pugh cross sectional
ton. There is one sai
the hull. The majorit
des most of the stabil
boat an elastic quality
st itself as the conditi

5 - one spins a winch
hat each control the a
tors pull and release ¢

of the weight of the b
ctronics, the winch, ar
tments of the hull (wh
trips.

n sig
pulkh

| (4n
y of 1

ons ¢

ng h

ty. T
, SO

to co
rticu
cable

oat,
1d th

ich n

ht of it in order to
ull, accomplished
eads) and bend
neters tall) and

he boat’s ballast
'he hull’s round

that when it heels in
shange. This also

ntrol the trim of the
ation of the bow
s that run throu-

are at the bottom of
e GPS are housed
nake up the sepa-

Pro

tei M

anual | v.2011 08 17

pntact@protei.org |

D. 30

[ XXX




Please Fiona, explain

Weight Distribution

Comments about the

Comments about stablity

how
of center of floatability wh
table. Most righting mome

wind Protei sail goes tlat o

Comment maneuverabilty

hull

stability is affected by the ¢
en th boat heels. In our cas
ntum comes from our ball
n the water, safeguarding it

mecanism <cesar> + <Seb

ast to right Protei. In
t from destruction.

astian>[e]

ross section of the hull and the displacement
e, the body is nearly cylindrical and very uns-
case

of a violent gust of

003. Pr

Manual | v.2011 08 17 |

contact@protei.org |

p. 31 / xxx




Parts List

Reference Price
onal Regulations for Preventin

ltem Manufacturer
COLREGS : Internati
last

ail Battery tube Linea
oom

licrocontroller: Arduin
rduino Mega Shield
AC transcievers: 2x Xbee Pro 900 Series 1
x 50A Freescale H-Bridge motor driver
2V, 10Ah NiMH battery
inear actuator and gearboxes, extracted from B
Vindshield wiper motar (12V)

lisc. electrical components (resistors, capacitor.
kin
rolimit STX C60 RDM
eilpryde 230- 275 X5
rduino SparkFun Dig
aries

osch

aries

aries
ttp://www.sparkfun.ca
ttp://www.sparkfun.ca
ttp://www.sparkfun.ca
ttp://www.elechouse.
ucts_id=667
ttp://www.all-battery.com/
ttp://www.amazon.com/Ba
or example, http:// www.a
000C4918BI
ee electrical schemat
64.95 $17.95 $85.90
98.99

349.96

56.46, varies

g Collisions at sea

r actuators tubes RC receiver tube Longitudinal Spines Section Ribs Sail

0 Mega 2560

osch drills (14.4V)

s, wire, etc)
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roducts/9097
elechouse/index.php
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flatnimh12v10000ma
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h120whbatter ypackwith96voutputcustomize.asp x
-2-Inch-Compact/ dp/BO00VZP5W2
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ics for details
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Hull
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TABLE OF ANGLES

Next a pvc and wood tube are added to the bottom of every bulk head. This will eventually trans-
form into the connection to the keel as well as provide good anchoring points for a possible fixture.
After making the bulkheads the connection between bulkhead 3 and 4 must be made. A 3D view of
the part is provided below (consult the appendix for the technical drawing). This piece is a com-
posite of wood and This piece fits between bulkhead 3 and 4 and is kept together by 4 wooden
fixtures that attach to the bulkheads and 4 aluminum pins that allow the central piece to pivot.

nner foam

Waoden rib|plates

Pipe #1 (yellow) 25mm ext. diam.
Wooden slotted stick

Bolt

Pipe #2 (gray) 32mm ext. diam.

e 25mm !

LATERAL VIEW

6) Next the connection between bulkhead 3 and 4 is built using the technical drawings to construct
the 3-4 connection pieces from a wood and foam sandwich. In addition to the main sandwich
piece, there are 4 aluminum pins and 4 wooden supports that maintain the connection attached tp
bulkheads 3 and 4
After the parts are fabricated, the wooden supports are screwed into the bulkheads 3 and 4, and
the sandwich is connected to these supports using four pins (these pins can be PVC but preferably
should be aluminum).

003. Protei Manual | v.2011 08 17 | contact@protei.org || p. 37 / xxx




The central spine is

below) and then the spine
spine and the 50mm piece

fig. Bulkhead 7 with the sl

B) Pipe Cutting and Assen
ade 1
constrain ribs laterally, 501

Next step is to cut the PVC
ferent types of tubes: the tt
(there are 4 of them, top,b
cables in them (there are 8

!‘.

1bly of Spines

nm pieces of PVC (di
is passed through the
5.

> tubes for the lateral §
1bes of the type “activ
pttom starboard and p
of these).

ots for the active spine

np of a long (dimensig

men

pine
3>
e” ref

ort)

s lab

ns?)

5€ an

PVC tube that runs a

q
N

d a screw and nut are

s, from now on the dg
ers to tubes that do hz
whereas “passive” spir

eled (the unlabeled ar

ion) pipe are glued to

Cross
the
used

all the body. To
bulkheads (see detail
to connect the long

cument refers to two dif-
wve Bowden cables inside
hes do not have Bowden

e passive)
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the middle tube fits int

ssembling the Active
ssembling the Passive
he 8 passive spines ar¢
horter pieces of the m

fter the tubes are put

Spin
Spin
> asse
iddle
0 the
through the bulkheads, they are ready to be riveted t

S
1€S

tube are glued aroun
bulkhead holes (these

mbled in a similar but mo
d the

get

re straightforward wa
smallest tube at a cer
riveted to the bulkhea

y than the active spines.
tain
ds later).

pffset from the end,

the bulkheads.
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otei

003.

Manual | v.2011 08 1

7 |

contact@protei.org |

9 / xxx

p. 3




Keel

W O o —

The keel is comprise

on either side. It ext
the body of the boat
most of the boat’s ba
which keeps the boa
tal slots are cut in th

running vertically fr
to the compartment
that houses the elect
Through these slots
the wiring from the

The two outer plates
points, yet removabl
slots at the bottom o

ries. A meter part h
the joint area of the
wooden structure.

d of

wood sandwiched togeth

ends
1.2 n
[last
t upr
e ver

omt

runs
batte

actuators in the kee to the
are screwed in at multiple

e. Th
f the

removal of the linear actu

as be
threg

vertical layers of

er by two outer plates
downwards from
neters, and houses

at its lowest point,
ight. Three horizon-
y bottom of the keel,

one for the battery tube and ballast, and two
for the linear actuators. Ir
plates of the keel, there are two narrow slots

n the inner vertical

he horizontal slots,

in the body of the boat
ronics and the winch.

tubing which holds
ries and the linear
> control box.

1e three horizontal
keel enable easy
1ators and the batte-
en embedded into

> slots to reinforce the
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Keel Construction and Assembly

The keel is composed of four wooden plates, ty
ese four sections are sand

dimensions (Fig. x.x).

two outer plates that are and bolted in (see the “x
allow for the tubing for the cables and the wiri

vo fo

ng to

«_»

1

r each side, cut to the
wiched around the ne
marks in Fig. x.x). Th

run

opre
e gro

following

ne with
oves
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Rivet the skin

The skin is constructed from neoprene
segments, organized injan ‘armadillo armor
plate’ fashion. Each segment will slide over
the other, allowing the articulated hull to
curve. At the front sides of each segment,
the skin is riveted onto the frame of the hull.
At the backsides, each segment is hold in
position by slightly pre-tensioned rubber
straps. The rubber straps make sure that
the entire skin will return in the straight
position after the hull is being bent. The
neoprene is reinforced on all the edges
with rubber, to prevent ripping. The skin is
not waterproofing the hull, as that is not the
aim. It’s major task|is to streamline the hull
and to add to the buoyancy of the vessel.t

Reinforce the edges

The skin consists of seven segments,
draped over the hull and attached to the
keel and the frame. [Insert overview photo
of the skin]
The pattern of the skin: [Insert lllustrator
file with patterns]
Each segment is secured by a flexible
rubber connection. The pattern of the
connection patches: [insert pattern of the
wooden stencil]
At the bottom, the skin is attached to the
rubber keel with balts, nuts and washers.
This is the schematic pattern for the rein-
forcement at the bottom:
[insert pattern]
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lue rubber
rene

o the neoprene.

dd flexible

)]

[insert photo of white

and Neo-

xx glue and xxxx binder are used to glue the
ubber to the neoprene. A few drops of the
inder is stirred into the glue, until they are
ell-mixed and a homogeneous color. The
ubber is sanded thoroughly and cleaned with
cetone. A layer of the glue on is applied to
oth surfaces. After drying/for a few minutes,
he rubber and the neoprene are pressed fir-
ly together, at every contact point. Applying
orce is more important than the duration

f the pressure. To prevent buckling of the
ubber, it is stretched slightly when attached

lexible rubber straps are glued to the sides of
ach skin-segment. Inner tubes are also appro-
riate here. A slit is cut at one end (of what?the
trap or the tube or the segment...), and the
dges are rounded off. The cut inner tube can
e slid over the side (of what?) and glued to the
eoprene. Make sure to use the most flexible
nes (what?) you can find! The straps hold the
kin in position, therefore they must apply a
ertain tension to the skin. High elasticity is key
ecause if the tension of the skin is too high, the
otors will be strained when curving the hull.

or extra reinforcement, rubber sheet connec-
ion patches (seen in figure...?) can be glued on
op of the straps. Stencil (figure x.x) refers to the
hape that the strap should be cut.
o shape, a slit is cut in the middle (of what?) so
hat the ropes can be pulled through and tied to
he rubber strap of each segment in front.
rope [+ knot]

connections

Once cut
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How to build
tips & howto!

the circumference of eac
leftrovers from the sail to
Position the strap in the ¢
and drill a hole that fits y
bottom of one side. Faste
is hard to push it in, gent
strap tight and work your
ment. Repeat this procec

(picturesna-
s) Rivet

s of the skin segments
hull, Cut six straps
ngths according to

h hull slice. We used
create the straps.
centre of a hull slice
our rivet. Start at the
on the first rivet. If it
y hammer it. Pull the
way around the seg-
jure for each part of

the skin. Please note that each skin segment

should only be attached

The backsides stay loose
reach the electronics ins
[insert photo of rivets anc
The first segment, the ‘nc
one is not riveted. S
close the nose and slide
Reinforce the edges

The skin needs to be reir
every part where force is
fically, at the bottom whe
keel and around every ct
tubes from bicycle wheel
to do the trick. Most of th
which you can use to slip
easily.

For the bottom parts: cut
shown in the picture, to &

on the front sides.

2 in order to be able to
de the hull.

] white strap]

DS€e’, is an exception.
ew a few inches to

it over the frame.

ed with rubber on
ied. More speci-
connects to the
it-out on top. Inner
s are very suitable
em will have a fold,

it around the edges

forc

app
re it

the {
enef

ubes open as
it from he fold

and to maximize the area where the bolts and

washers will be attached
[insert sketch of cutting t
Glue rubber and Neopre
To glue the rubber on the
glue and a binder. Add o

later
he in
ne
neo
nly a

on.
ner tube]

prene, we used
few drops of

binder. Stir the two components until they are

mixed well and you reach a h

color. Sand the rubber th
itw
bot
then press both parts tog
contact glue, so you real
single inch. Applying forc
than the duration of the
buckling of the rubber, st
attaching it to the neopre
Add flexible connections
are glued to the sides of

th acetone. Apply a layer
h surfaces. Let it dry for a

omogeneous
ghly and clean
of the glue on
few minutes,

r. Note that it is
ed to press every
more important
ure. To prevent

it a little bit when

orou

ethe
y ne
eis

ress
retch
ne.

Flex
each

ble rubber straps
skin-segment.
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sure to use the most

add up and will give t

through. Tie the rope
[insert photo of white
Finally, the skin is clo
the upper part of the
cial ones, for a nice fi

XXX
[insert picture]

keel. Advantages are
buoyancy properties.

it be affected when in

when there is a small
want to research sim
stronger.

Same chemical cons
PVC tubes!

the segment in front of it.
Connection to the keel

connecting it to the keel.

Again, inner tubes can belused. Cut a slit at
one end. Round-off the edges. Slide it over
the side and glue it to the neoprene. Make

flexible ones you can

find! The straps are meant to hold the skin in
position, therefor they must apply a certain
tension to the skin. However, all these forces

he motors a hard time

when curving the hull. High elasticity is key.
For extra reinforcement (and better looks),
we glued rubber sheet connection patches
on top of the straps. See stencil for the
shape. Cut a slit in the middle. Pull the ropes

to the rubber strap of

rope + knot]
sed around the hull by

keel and both sides of

each skin segment. But a bolt through, with
washers on both sides.

e used these spe-
nishing:

Trouble shooting, conclusjons etc
For the prototype of Protei 006, we used
neoprene to construct the|skin and the

the flexibility and the
However, we did not

research the chemical aspects yet: how will

contact with crude oil?

Furthermore, neoprene rips or tears easily

scratch. One might
lar materials that are

deration goes for the

ake holes through
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Sail Winch

Sail winch overview

The sail winch provides the control of the
main sail of the the boat, by reeling in or out
the main sheet. It consists of a drum, which
shaft is coupled to a DC motor, a lid for water-
proofing, and three blocks for wiring. The
main block is fixed to|the hull and consists of
three rolls that distribute the main sheet to the
second block, a traditional double pulley.

The last block is a simple shackle connected
to the boom by a woaden clamp. Between the
double pulley and the shackle, there is only
one sheet that is doubled by a shorter rubber
band, in order to keep tension at any time.

Sail winch as-

¥ sembly
Main block The assembly for the winch is divided into the

; following steps : 1. | Assembling and fixing
e " - | i the winch motor box : Assembling and
f : fixing the main block
Overview of the system
Main block
Drum and main block wired
3.4.5.
Assembling the boom clamp Wiring the drum,
the main block and the double pulley Wiring
the shackle

A4

Drum and main block wired
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winch motor

box

The winch motor box|is composed of : O a
12V DC geared motor. We used a car winds-
creen wiper motor :

O a lid and the associated box for water-
proofing O a wooden support, that will be
screwed to one of the boat’s ribs. This support
has a hole for the

shaft, three holes for the vertical screws, and a
hole for the power cables 0 a small piece

of PVC tube glued inside the hole for power
cables to let the power cables go

through the lid.

an aluminum coupling that fits inside the hollow
shaft and around the motor shaft

an aluminum hollow shaft with a coupling for
the motor. 28mm, length : 125mm

a wooden drum support ( 58mm, 2cm long)
with a centered hole of 28mm, a drum :
two round slices of Plexiglas ( 14cm)
and an inner drum of | 8cm.

We used three vertical screws to hold the mo-
tor, the lid and the wooden support together.
In order to provide efficient coupling with the
motor, we drilled a 4mm hole trough the motor
output shaft and we threaded it (M4 standard
metric — 1SO 965). We used two M4 screws
to hold the motor shaft, the coupling and the
aluminum shaft.
The wooden drum support is then screwed
horizontally to the top of the aluminum shaft.
The drum is then screwed vertically to the
support. In order to avoid tearing the skin or
increase jamming probability, the screw heads
are counter-sinked.
A flexible rubber tube running to the control
box can then be clamped to the output of the
PVC tube, to provide efficient waterproofing.
Motor, shaft, coupling, lid and wooden support.
Motor,lid and wooden support assembled
Motor,lid and support with screws

Aluminum shaft with coupling

Motor, lid, support and aluminum shaft

PVC Guide added
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Here is a 3D view of the m
the central hole (020mm)
one of the skeleton spine
the secondary hole ([I9mn
access one of the bolt tha
block to the rib.
the back holes (O5mm) ar
hold the main block to the

Assembling and fixing
the main block

The lateral hole (O3mm) is the entry point for
the sheet coming from the drum.

1ain block:

is designed to let
go through

n) is designed to
t holds the main

e also designed to
rib.

37,5

118

B

92,5

\\\\\\\\
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Now | sowate oA
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Edition étudiante de SolidWor
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Assembling
clamp

032mm main hole.

Wiring the
main block

these steps :

block
go around one of the
go around one of the

go around the second
block

of the main block.
Wiring the shackle

clamp.
Wire the shackle to th
10cm sheet.

the

Here is a 3D view of the boom clamp :
The shackle is attached to the O7mm hole.
A bolt is going through the O06mm hole to
clamp the boom, which goes through the

druma
and the
double pulley

Attach the sheet around the drum and follow
insert sheet into the lateral hole from the main

main rollers
double pulley rollers

main roller of the main

go around the other doubl
attach the end of the sheet

Fix the shackle to the|7mn

Cut a 7cm piece of rubber
between the shackle and the double pulley.
Make sure it is shorter tha
enough not to break when tension is applied
(the sheet should then support the tension)

boom

the

e pulley roller
to the central roller

1 hole of the boom
uble pulley with a
band and attach it

n the sheet, but long

@ 7mm
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Linear actuator<diuyang>

As mentioned in the previous chapter, Protei is a boat with a shape shifting hull. Thus external
power (force) is required to control the shape of the hull. The linear actuators are built to fulfill this
functionality. The maneuverability control of Protei is through its shape changing, like the behavior
of fish, not by the conventional rudder. Hence, a powerful and reliable linear actuator is a crucial
factor to the survival of Protei in the open ocean.
Two identical linear actuators are constructed for Protei 6: one for the bow and the other is for the
stern. So by appropriate control algorithm, we can control the bow and the stern separately.

And besides the banana n also make an s-shape of protei.

Overview

Fig. Mounting the linear actuator to the keel
After testing, the linear actuator are encap-
sulated into the yellow PVC tubes and fixed

by screws. The yellow PVC tubes are used

as both the frame and the water proof shield.
When mounted to the keel, these actuators are
located at the bottom

Protei Manual | v.2011 08 17 | cpntact@protei.org | p. 56|/ xxx




omponent list:
mit switch
ulling part (with a nut

read shaft
owden cable
earing

pft coupling tube and
agnet sensor

owden cable guiding
ater circulation tube

SS=W300@9soosCTC O

ow does it works

=

o =

stance of the pulling

g. structure of the ling

-shape aluminum gui

Jooden support part B

owden cable housing
C motor with gear bo

/ooden support part A
Jooden support part C

s shown in the above
otates, the pulling part
ne side of the bowden cab
esulting in the boat cu
f the pulling part. When on
mmediately and reverses t
punt the number of rotatio

ear a

insid
de

hole

nut

N

A

pictt
mo

rving

part.

ctuator

S-clamp

X and clamp (from electric

ure, there is bowden ¢

he direction. The mag
n. From the number o

e)

ing back and forth, th
le is being pulled, the
to one side. The limi
e of the limit switch is

N
"

t swit

f rote

han

able
us th
bow

beir
net,

J drill)

1g trigged, the motor

fixed on the pulling p
e bowden cable is pu
den cable on the othe
ches are used to dete

together with a hall-ef
ation, we get an indice

art.
illed

act th
has
fect
ation

vhen the DC motor

or released. When

or side is releasd,

e extreme position

to stop rotating
sensor, is used to

about the moving

003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

7 | Xxx




Fig. Trumg

for water circul

m

w
of
to

et sh

Fig. wooden support
C motor
| the wooden support
ameter, so that they ¢
ame tube and keep th
the disadvantages o
at although they are
ey are not strong eng
rce. We have already
aterials for these sup

he idea of water circu
C motor while its own
hen Protei is moving
hich force the water ¢
e tube and goes out t
ake this circulation pc
be we put a trumpet

several tubes in diffe
gether.

1ape connector
ation tubes

nssib
shap
ater pressure. This conne

for tk

s ha

san b

e sh
fthe
very
ugh

swit
ports.

latior
coo
it cn
ome
hrou

rent

e gear box of the

s the same outer

e mounted into the
aft concentric. One
se wooden parts is
easy to manufacture,
to endure strong
ched to aluminum

1 tube is to cool the
ing fan doesn’t work.
eates water pressure
s in through one of
gh another tube. To
le, at the inlet of the
e connector to collect
ctors are composed
diameters mounting

v.2011 0817 | ¢

pntact@protei.org | |

D. 58

/ XXX




003.

Pr

otei

Manual | v.2011 08 1

7 |

contact@protei.org |

9 / xxx




Ov

Two of the actuators

actuator, the sail wing

components on Prote

be found in Appendix

r————

Electric

Protei’s electrical system is designer to accomp
transmitter, and precisely

Electronics Pelicase

raowe %% e

wireless communicat

a schematic represe

& Elec
erview

lish {
control the on board actua
Communication is accomplished using Xbee moden
500—1000m) bidirectional
control linear movements,
switches and a rotational sensor, these can be
h, can only be open loop
been built into the microcontroller to allow for fu
The diagram below shows
i. It also provides a not-to-
items. Each item is described in further detail on the
B, and source code can b
on Protei’s git repository, at: https://github.com/Prote

posit
contr
ture
ntati
scale

e fou

XBee Box (on top of mast)
r T

I
|
| Xbee
|

3.3V Supply serial B
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tors.
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ind in Appendix C. Th
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wo tasks: communicate re
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thou
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e representation of the phy
following pages. Larger s
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Cable Layout
XBee
3.3V power and serial
» RX/TX data lines
sl
Circuit Electronics i
Peli Winch
Breaker elicase
Box
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Primary power
(positive), before it is
connected to ||
anytrlling else |
I
¥
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'
{4 —|- - Motor power
k‘ -
«— — Primary power
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All Sensor frow’"llhis linear actuator
data, and 5V e
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T Linear Actuator Tube
K 13
A
\Motor power
Linear Actuator Tube
Battery Tube
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vingxin  NISP 2008-12-
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en

3.2.1 Linea

r ctuators

The linear actuators on Protei provide the

pulling force necessa

ry to bend the boat. The

mechanical design has already been descri-
bed above, this section focuses on the electri-

cal design of the actu

ators. Electrically, there

are two separate mechanisms — the driving

mechanism, and the

3.-2-1-1 Dri

sensing mechanism.

ving

The motor is driven through an H-Bridge

motor driver, purchas
manufacturer claims

motors at 50A continuous

current. We have not
claims.

As shown above, eac
inputs — VCC, GND,
(“right pulse width ma
the right hand side of
(“left pulse width mod
(disable). DIS is alwa

ed from Elechouse. The
hat it will work with 12V
and 100A peak

thoroughly tested these

h ch
EN

annel has six logic
enable), RPWM
dulation” — this drives
the H-Bridge), LPWM
ulation”), and DIS

ys left unconnected, as

we do not need the functionality that it pro-

vides. VCC is connec
GND of the microcon

LPWM are connected to t
output pins from the micro

connected as describ
section. 12V straight
is connected to the P

opposite side. Each motor

controller in series wi
the motor from dama

ted t
trolle

o +5V, GND to the
r, and RPWM and
wo PWM capable
controller. EN is

ed below in the sensing
from the main battery
OWER header on the

is connected to the
th a 25A fuse to prevent
ging the motor driver.
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shown below. This is, 0
and all other referencec
tei/Protei-005-6.

f the above schematic is

can detect the state of
will be disabled, until the
gic capability of the mic
2, the value of the motor
witches is toggled, the e
ode. In this way, the act
oller for detecting switch

legro A3141 hall effect
resistor and R5/C1 is a
asses the sensor. Thi

it sw
fam
f cou
] elec

5 the
each
3 Mic
rocor
drive
nable
uator
pres

5ensgq
lowp
S car

1

Wh—-

T

itches, on either end of
agnet attached to the
rse, duplicated for each
trical drawings, is availe

imit switch function. Th
limit switch individually
ocontroller re-enables i
troller digital I/O. When
2r enable pin is entirely

> pin goes low, and can

is protected against so
ses. Obviously this only

r to detect the presence
ass filter. The output is
be read with a digita

the a
1otor’
actu
able @

e limi
and
t. Thi
the E
set by
be re
tware
work

> of a
briefl
I inp

=

ctuator’s linear range,
s shaft. A schematic

ator. An Eagle Layout
n the Protei git repo-

t switches have two
if either switch is
S is implemented
=N_IO pin is set to
the state of the
asserted high by
> failure, and does not
s if the default state

magnet on the motor
y set low once per
ut on the microcon-
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Commun]

The communication s
bidirectional radio cor
source code for the tr
trol/comm.h.

Every 100 ms, the joy
position of its left joys
buttons or all buttons
bytes are split into tw
code plus an overall |

g
[halfByte1A]
[halfByte1B]
[halfByte2A]
[halfByte2B]
[halfByte3A]
[halfByte3B]
Y=

After Protei receives
sage with a similar pr

g
[statusHalfA]

[statusHalfB]
3

statusHalf, prior to be

L C

yste
mmu

ansn

stick

tick,
are
o ha

varity

and [

otoc

ing s

ation

[~

m uses two Xbee Pro

nitter is in ArduinoRC

the position of its righ

f bytes of 4 bits each
bit to improve reliabi

orocesses the data frg
0l, containing status i

plit into two half bytes

3

900

nication. These communic

pde,

controller (transmitter) se

tjoy

pressed, 0 if just the left by

and
lity o

om th
forn

S and

stem

Series 1 devices for ¢
ate using the followin
and for the receiver ¢

nds three pieces of in
stick, and the status @
utton, 255 if just the ri
each half byte is enc
f communication.

e transmitter, it respg
1ation of the boat.

encoded with a Ham

short
g sin
on Pr

form
f its
ghtb
odeo

nds

ming

range (~1000m)
nple protocol. The
otei, in ArduinoCon-

ation to Protei: the

buttons (127 if no
utton). These three
with a Hamming7,4

by sending a mes-

37,4 code, is a bit-

blinks with each succ
power.

essfl

Ul radio exchange, an

d an

eighth simply indicate

23S Wh

map with the following values:
MSB LSB
N/A | N/A | Stern Actuator Stern limit | Bow limit | Bow rotation| | Bow limit | Stern limit
Rotation sensor switch B switch B sensor switch B Switch A
(HIGH or LOW)
This information is used by the joystick controller to display six status lights. A seventh status light

1en the controller has
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3.4 Microco

Arduino Mega 2560.

purpose of this shield
the logic for controllin
pins, as described in

Sensing” section abo
ted 3.3V supply with

XBee; and to make e
the motor drivers and

lator used is an LM11
tor on the output (req
stability), as shown b

Figure [x]: The XBee

Pin choices were ma
lity (PWM, a hardwar
by physical convenie
Arduino Mega).

The primary microcontroll
We ¢
custom connection shield

g the
the
ve; t(
suffic
asy (

pins on the Arduino Mega

uired
elow

A list of the pin connectio
de by
e ser
nce (

ntr

is th

sen

17, v

POW¢

~oller and

er on Protei is the
esigned and built a
for the Arduino. The
reefold: to contain

> motor driver enable
Linear Actuators /

O provide a regula-
ient current for the
connections between
sor inputs, and the
The voltage regu-
vith a 22 uF capaci-
by the LM1117 for

er supply.

ns is shown below.
required functiona-

ial port, etc), then

their location on the

con

nection shi

L

eld

A list of the pin connecti
Pin choices were made by

nality (PWM, a hard

then by physical convenic

on the Arduino Meg

ware¢

a).

ons is shown below.
v required functio-
serial port, etc),
ence (their location
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3.4 Microco
connection shield for
controlling the motor
connections between

pin connections is sh
etc), then by physical

The primary microcontroller on Protei is the Ard
the
driv
above; to provide a regula

the

voltage regulator used is &
OWN

con

htroller and con

rduino. The purpose
r enable pins, as des
ted 3.3V supply with
motor drivers and sen
an LM1117, with a 20

venience (their locatio

uino
of th
cribed in the “Linear Actuators
suffic
sor inputs, and the pins o
uF c
below. Pin choices were made by required func
non

nection shi

Mega 2560. We desi
s shield is threefold:

ient current for the X
apacitor on the output

the Arduino Mega).

gned

Bee;
N the
(req
tiona

eld

and built a custom

o contain the logic for

Sensing” section
and to make easy
Arduino Mega. The
uired). A list of the
lity (PWM, UART,

Motor Driver 1, Channel A, Enable 42 (Digital input/output)
1A, RPWM 5/ (PWM)

1A, LPWM 6/ (PWM)

1B, Enable 44 (Digital input/output)
1B, RPWM 4 (PWM)

1B, LPWM 7 (PWM)

2A, Enable 36 (Digital input/output)
2A, RPWM 8 (PWM)

2A, LPWM 9/(PWM)

Bow Actuator, Rotation Sensor 2 (Interrupt 0)

Bow Actuator, Limit/A (lower) 38 (Digital input)

Bow Actuator, Limit B (upper) 40 (Digital input)

Stern Actuator, Rotation Sensor 3 (Interrupt 1)

Stern Actuator, Limit A (lower) 46 (Digital input)

Stern Actuator, Limit B (upper) 48 (Digital input)
Winch, Rotation Sensor (currently unused) 21 (Interrupt 2)

Winch, Limit (currently unused) 50 (Digital input)

Xbee, DIN

—

8 (Seriall)

Xbee, DOUT

[u—

O (Seriall)

A schematic of the layout
the surface of the protobo
to the protoboard. Note th

for this shield is show
ard, and other colors
e LM358 in the cente

n be
indic
r left,

ow. Red indicates co

ate connections made usi
and the voltage regulator

nnections directly along
ng wires attached

in the upper left.
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Figure [x]: The mounti

nd the thick wires on
connections for the m

with shield), and the t
stacked on top of eac
proof Pelicase. The cc
he right connect the s

ng o

the
otor

though a tube on the back

wo motor drivers

h other) inside the water-
lorfu
shield to the motor drivers,

f the Arduino Mega

| cables on

eft provide
cables (which enter
of the Pelicase).[r]

he connector labele

tions have been inst
bottom to top: winch
limit switch, ground, &
from left to right is: 3.

are, from left to right,
ground, 5V.

would make sense to
board professionally {
pace of development

“M

the following connections,
5V, ground, rotational sen
tational sensor for actuato
actuator 2, limit A for actuator 2, limit B for ac-
tuator 1, limit A for actuata
is not connected in Protei_ 006, but the connec-
lled {
rotational sensor, winch
V. T
8V, g
XBee, DOUT. The motor driver connections
LPW

Two images of each side
duino shield are shown be
have a real printed circuit
abricated, for the rapid

of P

OTOSENSE1” has
from bottom to top:
sor for actuator 2, ro-
r 1, limit switch B for
r 1. MOTOSENSE2
or future use. From

he XBee connector
round, XBee DIN,

M, RPWM, Enable,

of the completed Ar-
low. In the future, it

rotei 6, it did not.
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ower

ower for Protei is su
O0Ah nickel metal hyo
the keel (see sectio

evision is extremely s
power goes through a

further protected by a
both the motor driver
event of a stall or sho

3.3V power for the Xb

Control firmware

he control process w
code and its comment
he control firmware i
following tasks are pe
ead and process an
Send status informatic
Each MotorController
Calculate the power o
Send the correct powe
Send the winch motor
Every 4 loops, print ar
here are two importa
ences to the 3 pins n
input pins (Limit A, Lin
limitations of the Ardu
of the number of rotat
ding the correct PWM

save power), prevents
driver enable pins afte
A MotorController clas
power level that shoul
than 2, the motor is to
of the object.

above). Power distribution

((135A)))) circuit breaker,
distributed to the motor dri
Arduino Mega. Each moto

direction (to avoid miscoun
is active (can cause rotatio

pplied by a 14.4V,
ride (NiMH) battery

n Keel Construction,
for this Protei
imple — battery

high current (((60A)))
and from there is
vers and to the

r driver output is
25A fuse, to protect
and the motor in the

t circuit. The Arduino

provides a 5V power bus, and a 3.3V vol-
tage regulator (described above), provides

ee.

rformed:

power level.
1y debug information.

the

s[5]
d be
Id to

ill be summarized below,
s directly. This is availabl
s based around a 20 Hz (

y data the Xbee has recei
on back to the transmitter.
object runs their main loop:
utput necessary for the cl
or levels to the two motor

nt Ci#++ classes used in the cor
ecessary for motor control
nit B, and the rotation sensor).
no environment, be set up outs
ons that it has turned. The mo
values — it also makes sure tt
ting rotations), prevents t
n miscounts), prevents ve
motor from moving agains
r a limit sensor is depressed.
takes a target numbe
sent to the motor. If t
brake. Otherwise, the

ut for full details, one sho
on Protei’s git repository.
d of 50 ms) control lo¢

sed
rive

, aS (

rofr
he er
> Mot

loop actuators.
r channels.

itrol software. The Mc
described above, and
Through an interrupt
side of the class), a M
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e motor from stoppin

t the limit sensor, ang

otations, and a Motor
ror (target rotations -

op. E
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ry small values from being
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xamine the source

ach loop cycle, the
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e three necessary
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top before reversing
ile the rotation senso
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reassert the Motor
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-
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Control

The control process W
code and its commen
The control firmware

following tasks are pe
Read and process an
Send status informati
Each MotorController
Calculate the power ¢
Send the correct pow
Send the winch moto
Every 4 loops, print a
There are two importe
rences to the 3 pins n
input pins (Limit A, Lir
limitations of the Ardu
track of the number o
sending the correct P
sing direction (to avoi
sensor is active (can

motor (to save power
the Motor driver enab
A MotorController cla
the power level that s
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[ vl °

The positional control system is performed
using the MediaTek MT3329 GPS. Itis an
isolated system run off of two 9V batteries,
enclosed in a box that fits above the winch
box. The GPS transmits incoming NMEA
(National Marine Electronics Association)
sentences at 10Hz to the Arduino Mega. The
NMEA sentences are stored as a text file on a
microSD card, using the microSD card reader,
from Sparkfun.com, sku#DEV-09802.
Example of GPS strings:
SGPGGA,215341.000,5155.9653,N,00428.006
3,E,1,5,4.22,28.1,M,47.,,
SGPGGA,215342.000,51
0,E,1,5,4.22,28.0,M,47.1,
SGPGGA,215343.000,51
1,E,1,5,4.41,28.2,M,47 1,
SGPGGA,215344.000,51
9,E,1,5,4.42,29.1,M,47 1,
SGPGGA,215345.000,51
4,E,1,5,4.22,29.9,M,47 1,
NMEA sentences are spe
transmitted strings of data, containing glo-

bal positioning information. For Protei_006,
the useful information might include latitude,
longitude, course, bearing, speed, time, date,
satellite ID’s, checksum, and altitude. For more
information about NMEA sentences and stan-
dards, see http://www.nmea.org/ or http://wiki.
openstreetmap.org/wiki/NMEA

With the GPS data, Protei_006’s trip can be
visualized on a map simply by uploading the
entire text file (or pasting its contents) into GPS
Visualizer (http://gpsvisualizer.com).

5.9671,N,00428.006
,,"6.01
5.9674,N,00428.006
E,
5.9672,N,00428.005
,, BA
5.9683,N,00428.005
,, 62303R6A

ified electronically

The trip is visualized on a map simply by uploa-
ding the entire text file (or pasting its contents)
into GPS Visualizer (http://gpsvisualizer.com).

[

sensing

L.
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Known Issue

The current model of
curvature of the hull),

true? footnote saying
However, There are i
and maneuverability.

in rough oceanic and
commands from long

nical equipment live (|
compartment, it will b
tem to rid water durin

crane or pulley mech
into the water. When

Trouble sho

to neoprene is that it
Same chemical consi

of its round, serpent-¢
unstable conditions P

Protei must be able t¢
better control over the¢
ones). More tests mu

The biggest improvement for Protei_007 will be one waterproofed unit in whick

We must implement &

This paragraph will m
For the prototype of F
this system are increz
aspects of neoprete y

s and Proposed Improvements

responds to R/C control, and heels in the wind while sta

rotei lies flat on the water until conditions improve and it
we have to do more extensive testing?).

Some improvements include the following:

> hull articulation (the current
ist be performed towing the oil boom as it gets saturated

er distances than the XBee’s can provide.

rather than multiple separate units for each component).

1 better system for launchi
anism. For the first test of
retrieving it, the neoprene skin tore (about 2 cm) as it ru

oting. conclusions etc
ove to ‘the future’ section.
’rotel 006, we used neopre
ased flexibility and the buo
et, including how it will be
rips or tears somewhat ea

deration goes for the PVC

ene to construct the skin a
yancy. However, we did n
affected when in contact
sily when in contact with a
tubes!

ot re
with
sha

Protei is well balanced, maneuverable (by adjusting the t

shaped hull, its heavy ballast, and its low center of gravity

mpravements for the build of Protei_007, to optimize its b

b successfully tack back and forth across the wind - this v
otors have been replaced

meteorological conditions. Eventually, Protei will need to

e easier to find the source of a leak, as well as developin
g the leak with the use of a water sensor and a bilge pur
g and retrieving the vessel, st
Protei_006, the boat was|lowe

nd th

rim of the sail and the
ying upright. Because
, in high winds and
can right itself. (is this

D

ehavior, robustness,

vill be achieved by
with more powerful
with oil, as well as
be able to obey R/C

n all the electromecha
With one centralized
g an automated sys-
p.

ich as with a small
red vertically 2 meter,
bbed along the wall.

2]

=2

e keel. Advantages o
search the chemical
crude oil. A downside
rp object.
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As the design of the
behavior of multiple v
move towards energe
will evolve from centt
The evolution of Prot
autonomous agent (t
vidual agents, and be
multi- platformed net
swarm, whilst not dis
2: It
is a radio controlled v
it. It is beginning to Io
information).
The multiple Platform
INDIVIDUAL VESSE
1. Radio controlled w
requiring 1 user to co
hull, as well as deterr

dual Protei vessel im
2ls, making up a swar
utonomy, possessing
d swarm control to a
divided into six levels
dividual boat) with the
>n multiple networks ¢
with web-interface c
ng the network as a w

ndiv
€SS
otic 3
alise
eiis
he in
twee
work
turbi

m of
sen

of ag

esse
gen

2l, needing a human ¢
vironmental and positiona
Protei

, 2, and 3):
user: The first platfor
it remotely. Control ir
g the trim of the sail.t

s of
LS (1
ith 1
ntrol
minin

proves, further versions w

decentralised system of sy
of ne
> cap

apab
hole

ontre

m for
1clud

sailing drones. As we
sing and decision-ma

etworked systems, ea
ability of complex inte
ents). Eventually, Pro
ilities, to enable over-
. This current Protei n

ller nearby (within RF
data about itself and

" Protei is one single &
es steering by directir

Il de
pro
King
ste

chb
sract
tei w
ridin
nod

= ran
its j

voat,
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elop towards the
ress, the vessel will
kills, and eventually,
S.

ilding towards a mor
ons (amongst the ind
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1. Radio controlled with 1 user: The first platform for Protei is

one single boat, with remote control, requiring

1 user to control

it remotely. Control includes steering by directing the articula-

tion of the hull, as well as determining the trim

2. Radio controlled + sensing (semi-autonomo
Protei platform is a radio-controlled vessel, cag
and storing data about its surroundings. It requ
control it remotely, but it has built in positional
tal sensors (including a GPS, compass, gyrosc
meter and anemometer).

3. Autonomous: The third platform of Protei is ¢
mous unit, that takes in data about itself and its
and makes decisions about appropriate behav
to take. This platform no longer needs a humar
vessel sails independently, follows way points,

tacks across the wind, and adjusts its behavior due to changing Ef
environmental stimulj. %J_
MULTIPLE UNITS making up a complex system of vessels (4, W;

5, and 6): e

4. Swarm: Centralized The fourth evolution of Protei is a

network of multiple individual vessels that obey commands INPUT
from one centralized PCU master which contrals group beha-

vior.  Each individual vessel is autonomous, and knows its

position with regards to the master, but there is
tion between vessels. This requires minimal ne
tion, and the group moves as one unit. If one u
from the master, it will get lost.

(master-slave model: a PCU governs slave behaviar, and the

slaves communicate back to the master)

5. Swarm: Decentralized The fifth evolution of

linear, complex, self organizing system, consisting of subsys-
tems and individuals, Each individual possesses intelligence

to compute its position in the environment, rela
individuals, and to the entire group. A suite of
characteristics drive each organism’s actions a
This platform requires that each individual mak
about environmental characteristics, such as w
through receipt and transmission of peer-peer
this level, the control system of Protei moves b
to a more complex, multi- level operating syste
Android.

(COMPLEX SYSTEM BEHAVIOR; Peer-to-peer communica-

tion; Input and output infarmation sent through
network, and sub-networks)

6. Multi-Platform The most complex level of the Protei Platform

brings back the human interface. This level inc
independent networks of vessels, with an MCU
interface between humans and the networks of

of the sail.

INPUTT
us): The second e s o)
able of sensing
ires 1 user to t
and environmen-
ope, accelero- o | -
3 fully autono-
5 surroundings,
or and actions INPUT ;
n operator. The - |
Radio Control Sail@

rights itself,

no communica-
twork optimiza-

nit gets too far

Protei is a non-

tive to nearby
behavioral

nd interactions.
es predictions
ind and current,
nformation. At
eyond Arduino,
m, such as

individuals, the

udes multiple
that is an
vessels. This

allows for a web platform
of single or multiple vesse
without disruption of the n
robust, adaptable system

for individuals (people) to take control

etwork as a whole. This a
, with many behavioral lev

2|s to override its control mechanisms,

llows for a
els, inclu-

>
Z

liculation
(Motds 2 & 3)

UT

Sajl (Motor 1)
Artculation
(Motors 2 & 3)
ata §
e
i

>

-

ding group$)Gsuib-groapes,
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Protei can eventually be appropriated for
other purposes, such as cleaning other
chemical pollutants and material waste off of
water, as well as collecting samples for ocean
research. As we move towards Protei_007
and beyond, the build will move towards

a more modular one, made from recycled
materials, so that the|vessel is an adaptable
platform for multiple purposes. Some other
applications for Protei might include:

L. Plastic collection

in the big gyres: involving fishermen to col-
lect the plastic at one end and waste valori-
zation industry at the other end to use/treat
the collected plastic. Plastic is bio and photo
degraded so it becomes micro and necessits
very finely meshed nets.

c. Water sa
guality mon
coastal are
Measuring the conce
toxics as PCBs, HAP|in sensitive areas. In
Europe the European Commission is rolling
out an extensive water quality assessment
program (Water Directive 2020) - but they
need loads of samples. If we can help them
design a cheap and reliable way to collect
samples, and even measure on-site the water
quality, that will be appreciated!

mpling and
itoring in
as
itration in "invisible"

3. Water ra
<cesar>

dioactivty
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4. Marine
Areas moni

The MPAs are occupying

is way to expensive

Rangers to check them

patrol, report any e

end a boat with Park
out. So if a robot can

ent, redirect any intru-

sion, like a real Park Ranger, that would save

a lot of money. Same ca

n be done to moni-

tor coastal fisheries, where Protei fits into
a network of open source telecom system

as a surface information

relay, together with

underwater microphones and air balloons/

land based relays.

(Creative Commons - Shah Selbe - FishNET

- Centre for Ocean
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