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Project Description

Purpose

The purpose of this unnamed robot is to develop an adaptive terrain program for Prospero, my robotic
farming robot. Currently, Prospero is using a walking program that | originally developed for Parallax's
Basic Stamp2sx (BS2sx). That program allows Prospero to autonomously avoid obstacles and instantly
change directions without turning its body. However, that program had to fit inside and use the limited
variable space inside the BS2sx. On the other hand, Prospero uses Parallax's powerful Propeller chip
that along with 64K of global RAM/ROM and 40 I/0 pins has eight 32-bit processors that allow for true
multi-processing. All of this gives me the ability to create a robot that is capable of dynamically adapting
to its terrain and walk over radically uneven surfaces.

Electronics and Hardware

Parallax's Propeller chip is seated inside the handy Schmart Board that allows for easy access to all of the
pins for rapid prototyping. Its inexpensive price point and modular form also allows for accidental
shorts that sometimes happen while programming something with this many servos and response-
based behavior algorithms (Not that | have direct experience with this :) ).

For general obstacle avoidance the robot has opposite mounted Ping))) sensors mounted on a 180°
servo giving a full 360° view. In the center of the body are two LISY300 gyros mounted in the vertical
and horizontal planes. This allows the robot to stay relatively parallel to the ground or know if the slope
is too steep or the obstacle is too tall. Finally, each leg has a "toe" sensor that covers the bottom half of
the leg. It's constructed by floating a metal spring just over the surface of the aluminum tube that serves
as the rigid support for the leg. That metal tube is insulated from the rest of the robot's body and
energized with a small amount of current. The circuit is complete once the metal spring surrounding the
leg tube bumps into something on the side or if it comes into contact with the ground. The legs'
movements are broken into first the XY movement and then into Z movement. This allows the same
sensor to distinguish between contact with a vertical obstacle and contact with the ground.

Behavior

This robot uses a 3 by 3 leg gait where three legs are always on the ground with three in the air moving.
The robot walks in the direction that the "head" with the Ping))) sensors is looking. This is the "Master
Direction." The program then modifies the angle of the master direction for each of the six legs based
on their relative position. The program then calculates the amount of hip and foot movement that is
required for that leg unit to produce a vector in alignment with the master direction. The magnitude of
the vector is determined by the speed of the robot that is determined by the terrain. Once the three
legs know their hip starting positions they lift themselves up and attempt to make it to that position one
unit of movement at a time, checking to see if the tow sensor has hit something. If it has, it retreats a
little, and lifts itself higher and tries again. If it continues to hit something and all of the safety limits
have been reached it adds 90° to the master angle and tries for that direction.
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Block Diagram

Start-Up
*|nitialize System Objects & Variables
*Measure Baseline Gyro Values, check that all six leg sensors are working
V2

Main Routine

Use Ping))) Sensors to Check if the Path is Blocked?
\

N
Yes No
' |
v v/
Using Ping))) sensors, sweep Left While checking the leg sensors of the three moving legs,
and Right in Greater and Greater move the hips one unit at a time towards their starting
Values Until an Opening is Found position. Do they touch something?
Is Opening Found? \
| Wi
\J/ \J/ No Yes
|
No Yes
Retreat 10 unites and raise
knee 30 units. Is max knee
height breached?

Switch to Servo Controlling the - -

Opposite Ping))) is the “Master Yes No

Mounted Direction” that the -

Ping))) Sensor walking algorithms use to Retreat to hip ‘s original position and try to hook leg over.
calculate the ideal amount Do sensor detect something and/or gyros within limits?
of hip, knee, and foot :
movement Yes

L] "
Add /2 to the
Take step and move “Master Direction”
body forward angle.
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Bill Of Materials

Part
Qty Description Company Number
1 AH3-R (no electronics; no servos) Lynxmotion AH3RCA
1 6.0V Ni-MH 2800 mAh Battery Lynxmotion BAT-05
18 HS-645 Servo Tower Hobby LM3122
8 Extender Cable- 6" Lynxmotion SEA-01
1 Aluminum Multi-Purpose Servo Bracket Lynxmotion ASB-04
710-0005-
1 Parallax Propeller SchmartModule Schmart Board 01
2 Propeller Servo Controller USB Parallax 28830
2 LISY300 Gyroscope Module Parallax 27922
910-
1 PING))) Ultrasonic Sensor with Mounting Bracket  Parallax 28015A
1 PING))) Ultrasonic Sensor Parallax 28015
1 Parallax Blank 3x4 Proto Board Parallax 45305
6 Resistors for legs 10K ohm,1/4 Watt Resistor Parallax 150-01030
4 100 ohm Resistor, 1/4 Watt Parallax 150-01011
1 Solderless Breadboard Parallax 700-00012
1 22awg, Solid, Black Jameco Electronics 36792
1 22awg, Solid, Red Jameco Electronics 36856
Unshrouded Header 3 Position 2.54mm Solder
7 Straight Thru-Hole Jameco Electronics 421489
7 Connector Housing 3 Position 2.54mm Straight Jameco Electronics 157383
Connector Contact PIN 1 Position Crimp Straight
15 Cable Mount Reel Jameco Electronics 100766
Aluminum Tubing, Sheeting and Rods Various -
1/8" Plexiglas Various -
3/4" Springs Various -
Heat Shrink Tubing Various -
3/4" wooden dowel Various -
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Schematic
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Photographs

"Front*" view

* the robot is functionally symmetrical so it doesn't have true "sides"
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Overhead view
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Close up of Propeller Schmart Board and gyros in the bottom center
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Parallax prototyping board
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Close-up of one of the toe sensors covered in heat shrink.
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Source Code

Listed below is the source code used in this project. Copyright 2010 David Dorhout All Rights Reserved.
No portion of this code may be use in any way without prior written authorization by David Dorhout.

Objects shipped with the Parallax Propeller Tool and those found on the OBEX have not been included
for clarity.

The code is not yet complete so below are the different modules of the code that | have been working
on as well as some of my notes. Before the board burned out it was able to:

e Detect objects with the Ping))) sensors

e Detect objects with its toe sensors and move the leg around them in order to get to the legs
starting point.

e Use the gyros to know the plane orientation of the robot

e C(Calculate the leg's location relative to the body for determining how much of the hip's moment
needed to be adjusted based on the overall legs position.
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PSC_BAUD
Ramp

RPauF oot
RPFzuknee
RPeuHip

RFFoot
RFknee
RFHip

RAF oot
RREnes
RAHip

LPauFoot
LPeuknes
LPauHip

LFFaot
LFEnes
LFHip

LAF oot
LAEnes
LRHip

KneeHightMax

"the body over =

BodyHeightMax

"Toe Sensor Pins
RPeuToebenzor
RFTeeSenzor
RRTeeSenzor
LFquTuBSanur

n

]
]

"Constants for the leg serwv

31
30
29

2B
27
28

23
22
21

]
1
2

15

1é
13

3
&
5
igea

obstical

518

(R SRR

XTA1 + PLL1EBX
5_gaR_pad

"The maximune height that the knees

'The maximune height that the thres

1 - 38400)

down legs cen go in an attempt to

rai

"Remp is the speed between @-63 that the PSC turns the servo
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_— - -
e mamooe Bimg

o =] S0 1ns

(=]

RPauToeSenzor
RFToeSensor
RAToeSenzor
LPeuToeSensor
LFToaSensor
LAToeSenzor

Ly I Sl L S S

L

"Ping))) warisbles
Long
Long
Long
Long
Long

verisbles for the PH
Long
Long
Long

Long
Long
Long

Long
Long
Long

Long
Long
Long

Long
Long
Long

Long
Long
Long

Long
Long
Long

r
]
&

-]

[
i3
(=Tt

range Di=t
PingServaol "Dir

PingServoR
PingServol
DirectionPH

of each leg =serwvo
RPawf ootPH
APauknesPH
RPauHipPW

RFFgotPH
RFEneePH
RFHipPW

RRAF ootPH
AR¥nesfd
RRHipPW

LPauFootPH
LPauknesPH
LPauHipPH

LFFootPH
LFEneePH
LFHipPH

LRFootPu
LA¥reaPH
LRHipPH

RPawFtSign
RFF+Sign
RRFtSign

PH

oT The servo n
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"long

"long
"long
"long
ong stack[Z88] ‘Cog stack space
byte cog Cog ID
long leg

"Yariables for Leg Placement

long toeX
long toeY
long toel
Long HipX
Long HipY
Long HipZ
Long LneeX
Long tresf
Long Kneal
Long FootX
Long FootY
Long Foot?
long toeh
long toeB
long toel
Long HipA
Long Hiph
Long HipC
Long Lneef
Long trnesb
Long Eneal
Long Footh
Long Footh
Long FootC
Long CnesxPH
Long KneaYPH
Long KneslPH
Long LeaStateX
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Long KnealPH

Long LeghitateX
Long LegState
Long LegStated
Long LegStateXYZ
Long DirectionX
Long DirectionY
Long DirectionZ
Long StartX
Long Start¥
Long Startl
Long FinishX
Long FinishY
Long FinishZ
Long ToaSensorX
Long TeeSenzor
Long ToaSensori
Long HipXPlacement
Long HipYPlacemant
Long HipZPlacement
Long BodyHeight
Long EtuckLegHip
Long StucklLegHipStart
Long StucklLegHipFinish
Long Stucklegknes
Long StuckLegFoot
Long StucklLegToeSensor
Long Stuckleglirection
0B.
PSC : "ServolontrollerSerial”
ping ¢ "ping”

Debug : "FullluplexSerialPlus™

"fmath "FloatMath”

‘Fatring : "FloatString™
PB Startlp

""Etarts up and Initialires leg walues from @ to 758
weitcnt [clkfreg=S + cnt)
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PLB PathCheck "lze the fPing))) to cheke to see if the path iz clear
"weitent [clkfreged + ont)

"Debug. dec [PingServol)
Debug.Str (String (13, "fPathCheck'))

PingServol := PingSerwvoD
PingServoR := PingServol

Repeat
F]‘_ngsar\u‘lul_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
IF PingSerwol => 115@

Debug.5tr (Swring(13, "Left Sids iz complestly Blocked!"))
bStart_And_Intialize Variables
PSC_SETPOS (PingServeM, 8, PingServol)

weitentlclifreg/? + en "Gives the PingServo moter time to move
range := ping.Inches [fPING Pin) "Get Range In Inches
"Debug.Str (String (13, "I= the Ping working®)) 13 gives a charage return
Debug. t= [Debug=CR) "Gives a charage return
Debug_dec (range) "Gives the distance is inches wia
"weitent [clkfreq / 10 # cont) "the Ping)))

IF range =* 23

PingServol = PingSerwvol

Debug_Str (String( 'Hexzpod iz walking!”))

fHexapodWalking "Goes to Pub "HexepodWalking™ to start
ELSE ‘walking

Debug_5tr (String (13, "Left Blocksd'"))

PingServol = PingServol+75

FiI'|gBBF'.-'I:IH'.".".".'-.".'-.".".".".'-.-'.'-.-'.".".-'.'-.-'.'-.-'.".".-“
IF PingServol =< 308

Debug _Str (String (13, "RBight Side iz compleatly BElocksd!"))

bStart And_Intislize Yarisbles
PSC_SETROS (PingServeM, @, PingServofl)

weitent[ellfregs/? + ent) "Gives the PingServo moter time to move
range i= ping.Inches [fPING_Pin) "Get Range In Inches
"Debug. Str (String (13, "Is the Ping working®)) '"13 gives a charage return
Debug_tx (Debug=CR) ‘Gives a charage return
Oebug.dec {range) "Gives the distance is inches wia
"waitent [clkfreq ¢ 18 + cnt) "the Ping)))

IF range =* 23

PingServol = PingSerwvoR

Debug _5tr (String (" 'Hexapod iz walking!'))

fHexapodWalking ‘Goes to Pub "HexapodWalking™ to start
ELSE ‘walking

Debug.Str (String (13, "Left Blocksd!™))

PingServoR := PingServoR-75
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CiM

_ellmode = xtall + plllbx
_xinfreq = 5_BB0_B0Q

L
Lomg s=inn
Long =zngle
Long radius
Long =

oe.J
"EL : "EL32 INTEngine™
F : "Float32Full”
Debug : "FullDuplexSerialPlus”
“fmath : "FloatMath™
fString : "FloatString”

PUB Start | angleBldegrees, sideR, anglef, sideB, angleBZ, snglefZdegrees, sidel, anglel
angleB3, angleBidegrees, legReach

Debug_Start{31, 38, 8, 57508)

F_Etart

wsitent[elikfrege: + cnt)

"Eeed values for debuging and testing
angleBldegrees = 118 @

sidel = 20.0

sideB = 35.588

englel = 482

angleC := F_Radians (anglsl)
"Etep one

‘For step “one” in ceculsting the distance the foot iz from the point directly below the
"hip's piviot point

sidel = f_Figr (f_FSub(f FAdd(f.FMul(sideR, sideR), f.FMul(sideB, sideB)),

f FHul{2.8, f FMul({sideA, f.FHul{sideB, f.Cos{angleC)]}})})

Debug. tx (DebugsCR) "Gives a charage return

Debug.Str Eﬁiring[ﬂ, “Lide C "))

Debug.str [fstring.FloatToString (sidel))

"Step tuo

"Use arccos instead of the lew of sins to awoide the smbiguous cese [gue scary musice ;)
angleBZ := f_ACos [f.FDivE[F.FSUh[f.FHdd[f.FHul[sidaH, sideR) , f_FMul(sidel, sideC)),
f_FMul(sideB, =ideB))), f.rHul[E.E\, f_FMul (aideR, sideC}}})}

-— £ N o2

meal D P drmmnns "= £ Mrmrmne [mem- 1A

HexWalker®© All rights reserved 2010 Dorhout

Page 30



HexWalker® All rights reserved 2010 Dorhout Page 31



HexWalker® All rights reserved 2010 Dorhout




HexWalker® All rights reserved 2010 Dorhout




: "fL\( Amy w1 6b movemas 5 1
TI’L( (Jc‘futw ‘l‘f"w'f ‘

L g ol F ot oo pesbey
b te

: Values
‘oA O(’ L‘"I' {lr"
S
g&gq Dth'”

pfrmm Vhlnw=‘ l'\'c ?QO

I-(: D‘/ \", 5/”1'1 fLIV\ 'gall lts 'g Pﬂf‘ﬂri C_ g‘hv\’rﬁ-ﬁn =Z e"l rtﬁfﬂ")
oV == OV’lgo (T‘u.'; make the ‘/-![q.. betwvin 1aad lsv

TC OV is grest thea 90 Then OV=2 -0V (This gun a ynlas &7 OF besven L oed q(»

-
Aveesr of l\’j Wmovemen 1S ?q’w’ B <S’«J[lw {g . az—
[Tl‘s G 4, Or YMeyi ot is T"l(ﬂ fh“Vnw “ty ‘fl{q (vo‘ “f‘f’q,f PK,‘TII’\“ (‘,f Tan

d Value it ol weed  deteray how  wuch 05 i +he L:’r,(f't
nd valut:
by lat v f le Lf ove f)j

A 2 ot 18 ftw‘ To Spead = ,'5 e
" | l\'p v ) "‘ T <’_',“‘) ’
I .Lo\u't f wInvey 13 TL"‘ {hb-",,q,/ C{'y .;A' hf .t‘ i P'

T .‘( awoent d s

: : I' N, <‘l on _('LL
| T T i N R )
IU\/ L e o ; D

' [oec -1L.,| " 90° angle e +ly "SC:B;
( the k“h(/l(. vt mave of
?n\lM) P‘)‘“.' 2

.‘ s Tartst A
bl lo ('r 1;(1"4.;" Pl.of T (A(I:\lq"f!s . 5 and
A\v‘-' (001 ‘ i S (, -+ ‘\"/\-l jd-hi (K Wlnl'f(l
e 5-1&)\\( or 1‘*& vww\lm o Wy
[ 2l
endes Y

HexWalker®© All rights reserved 2010 Dorhout

Page 34



HexWalker® All rights reserved 2010 Dorhout




Acknowledgments

| thank my wife for her love and support in everything

HexWalker®© All rights reserved 2010 Dorhout Page 36



