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The Ground Sailor

Introduction to sailing

A. Inirons (into the wind) "

B. Close haul (27.5° to the
apparent wind)

C. Beamreach (90° to the _‘ A /
apparent wind) g

D. Broad reach (27.5° away

© ¢ P
from directly downwind - P
sailing) @/

E. Running (directly
downwind)
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Sensors

® Analog Hall-Effect Compass

® Non Contacting Hall-Effect Angle Sensor
® Encoder

® Parallax (Futaba) Standard Servo

® 1/, Scale Hobbico Servo CS-72
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Analog Hall-Effect Compass

The Robson Company, Inc.
Model R1655

e Weight 2.25 grams

e Operating Temp. -40°C to

+850 o . Ground |
0/016“ ° Output for Curve 1
: Mswa TP Sy
e Current requirement: Pl el AWAY ?;m Ground
- ~Output for Curve 2
between 18 and 19 mAmps ‘-
at 5.00 volts

Figure 10



The Ground Sailor

Analog Hall-Effect Compass

The output closely resembles a sine-cosine set of curves
which cross at approximately 2.5 volts and peak at
approximately 3.1 volts and floor at about 1.9 volts.
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Non Contacting Hall-Effect Angle Sensor

GMW Associates
Ametes 360ASMF

« Single 5V Power Supply
 Electronic Setting of Zero Angle

» Angle Resolution to 10 bits (0.1%) of Full scale

Figure 12

MmmtmgHardware 3.0 mm or #4 screws

24AWG Wire 7/32 PVC Mal-W-768
7 Ametes Common: BLK wire
18.8 5 f .
[a.8s5a] (0.400] A 0 Angle Sensor ] Qutput: WHT wire
" 360ASMF1-01 + 5V Pwr: RED wire

Actual Size

Total Weight: <10g (including cable)

1.1
[0.045]
16 |
(0.140]

. 460
[0.870] (18]

Mechanical Outline Drawing -Ametes 360ASMF Series
Revision Date 07 May, 2007, 360ASMF

Figure 13
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Encoder

Lighl Senssans) Light S nde ‘.
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Figure 15

Figure 14

Figure 16
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Parallax (Futaba) Standard Servo

® Power 6vdc max

® Speed O deg to 180 deg
In 1.5 seconds on average

® Weight 45.0 grams/1.590z
@ Torque 47 oz-in

® Sizemm (LXW x H)
40.5x20.0x38.0

Figure 17
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Hobbico Servo CS-72

® Powerat4.8VoreV
® Speed 0.19 sec/60

® Weight 3.60 oz.

@ Torque 161.00 oz-inat6V

®Sizein.23x1.1x2.0(L X
W x H)

Figure 18
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Electronic Hardware

® 3 Basic Stamps
® 3 ADC

® 23 Resistors

® 1 Potentiometer
® 1 Switch

® 4 1.2 V batteries
®19.0V battery
®1LCD
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Circuitry scheme
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PBasic Code

' {43TAMP EBSZ:
' {4PEAZIC Z.5}

sailpic VAR Word
windirl VAR Word
wheelpic VAR Word
compdirl VAR EBvte
compdirs VAR EBvte
windir VAR EBvte
windcomp VAR EBvte
compdirk VAR EBvte

routekl VAR EBvte
windrel VAR EBvte
rot VAR EBvte

bolconst COM 55
bolconsth CON 35
Central CON 7o0
Centralsd CON 660

C3W FIN O
CLEW FIN 1
Datainll PIN =2
Coc1 FPIN 4
CLEC1 FIN 5
DatainCl FIN &
CoCE FIN 3
CLECZ FPIN 11

DatainCz PIN 12
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PBasic Code

GOAUE Compass 'Read sailor position relative to magnetic Nord Pole
DEBUGIN DECI routeh 'Gives the route
DEEUG HOME, CR,CR,CR,CR,CR, "route value: ", DEC3 routeb

Hain:

GOAUE Windingle 'RBeads wind angle respect to sailor

GOAUE Compass 'Beads sailor position

rindeonp=windir+compdich 'Reads wind angle respect to NORD

GOAUE 3ail 'Controls sail respect to relative wind angle

GOAUE Rudder 'Controls Budder respect to route and sailor position
DEBUG HOME,CR,CR, ? wheelpic

SEROUT 15, 84, [22, 1Z] 'Initializes LCD

PATSE 3

SEROUT 15, 84, [DEC compdirh, 13, DEC routeh] 'Debug route and position on LCD

GOTO Main
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PBasic Code

Windingle:

HIGH C30 'Data aquisition from 42D for wind angle
Low C3u

Low CLET

PULZOUT CLEW, 210

SHIFTIN DatainW, CLEW,MSEPOST, [windir' 8]

windir=windir-11

windirl=windir#/360

RETUEN
gaillmove: 'Copunication to second basic stamp of the zail
SERCUT 13414, B84, [sailpic.HIGHBYTE, sailpic.LOWBYTE] 'Position through serout consand

RETUEN
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PBasic Code

Compass: 'Data aquisition from L2D for wind angle
HIGH C3C1 "'from the second and third LZD of the compass
HIGH Cac2

Low C3cl

Low C3C2

Low CLECI

Low CLECZ

PUL3IOUT CLEC1, 210

PULSOUT CLECZ, 210

SHIFTIN DatainCl,CLEC1,M3BPO3T, [compdirlh ]

SHIFTIN DatainCZ,CLECZ,M3BPOIT, [compdirzhs)

IF compdirl>=209 AND compdirds-=53 ALND compdirZ<205 THEN "'Correlation of compass two signals
compdirh={ (209-compdird) $100/ (209-88) *64) /100 "to the sailors position

ELZEIF compdirZ<88 AND compdirl:>=51 AND compdirl<Z4d4 THEN
compdirb={({244-compdirl) *100/ (244-51) *98)/100) +64

EL3EIF compdirl<51l AND compdirZ>65 AND compdir2<=198 THEN

compdirbh=(( (compdirZ-65) *100/ (198-65) *32)/100) +160

ELZEIF cowpdirl=>22 AND compdirl<Z09 AND compdir2»>198 THEN

compdirb={( (compdirl-22) *100/ (209-22) *64)/100) +152

ENDIF

RETUEN
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PBasic Code

2ail:
IF windir > 128 THEN
windrel=255-windir

ELSE
windrel=windir
ENDIF
IF windirl<bolconst THEN 'Making decizsion on the sail position before
salilpic=Central 'comunicating to the second bhasic stamp

FO3UE Zailmove

EL3EIF windirls=bolconst AND windirl<holeconst+e60 THEN
sailpic=Central+(windrel*2)
GOSUE S2ailmove

EL3EIF windirlr=bolconst+60 AND windirl<holeonst+125 THEN
sailpic=1060
FO3UE 3ailmove

EL3EIF windirl-=holconst+1:25 AND windirl<bolconst+130 THEN
sailpic=345
FO3TUE 3ailmove

EL3EIF windirl>=bolconst+130 AND windirl<3e0-bolconst THEN
salilpic=Central-(windrel®*Z)
GOSUE S2ailmove

EL3EIF windirlr=3e0-bolconst AND windirl<3iel THEN
sailpic=Central
FO3UE 3ailmove

ENDIF

EETUEN
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Rudder:
SELECT compdirh
CAL3E >routeh
rot=compdirh-routeb
SELECT rot
CASE >=64
wheelpic=950

SEROUT 9410, 84, [wheelpic.HIGHEYTE,

CLIE <64
wheelpic=CentralZ+( (rot/Z) 6 |

SEROUT 9410, &4, [wheelpic.HIGHEYTE,

ENDIELECT
CAL3E <routeh
rot=routeb-compdirb
SELECT rot
CAL3E »=64
vheelpic=390

SEROUT 9410, &4, [wheelpic.HIGHEYTE,

CASE <64
wheelpic=CentralZ- [ (rot/Z) #5)

SEROUT 9410, 54, [wheelpic,HIGHEYTE,

ENDIELECT
ENDSELECT
RETURN

PBasic Code

wheelpic.

wheelpic,

wheelpic,

wheelpic,

LOWEYTTE]

LOWEYTE]

LOWEYTE]

LOWEYTE]

'"Making decision on the rudder position hefore
"'eormunicating to the third basic stamp
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Conclusions

® Study of dynamical system

® Simultaneous control of various input with BS2
® Construction of sensory systems

® Construction of a land vehicle propelled by wind

® Future implementations
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QUESTIONS ?
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THANK YOU

NOW LET US SAIL!!]



