O}=0| % 22 (ABOT)
1A =7|

(#l2: Robotics with the Board of Education Shield for Arduino)

ang [ H|25

Z|Z}: Andy Lindsay from Parallax.com
ol MR/ D3/ 332 / ol"

2 2:Parallax.com 22+@! HiXZ X+ Z (http://learn.parallax.com/ShieldRobot)
FRBor wey:amya/Dxe/ol2s/m2a tE: =250l % (www.Fribot.com)



Ji
S

[H[15]
|12 ABOTL| Sk revvrmerssimsemsisssiese e 6 page
H2ar 4, g4l 38|30 MEQEE 40 page
H|3%F ABOT 2SI HAFSE?| evvrrmnasserninie i 88 page

}"4% ABOT _’"‘_ﬁé‘l B T WA | page

[A2%]
H|52 HE0|Z 0| Rt 2ZFMIA RTH e 6 page
HA TE EBHR|AE] YWZFR| ZHEET| cooverereeenereenes 49 page
H77% M2 B|ERFO|E AFEFGY rererrrrreenreeeees 101 page

H|8AF ZHHE|Z ABOT H|O{BET| -eereereerescerusrmnnanes 139 page

& 2:Parallax.com 22t2! B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
FrBor 1ot 2/ Dz /01 28/ SR BIZ: T 201 % (www.Fribot.com)



A =(Preface)

New to robotics?

No problem! The activities and projects in this text start with an
introduction to the BOE Shield-Bot’s brain, the Arduino® Uno. Then, you
will build, test, and calibrate the BOE Shield—Bot. Next, you will learn to
program the BOE Shield-Bot for basic maneuvers. After that, you'll be
ready to add different kinds of sensors, and write sketches to make the
BOE Shield—Bot sense its environment and respond on its own

New to microcontroller programming?
This is a good place to startl The code examples introduce Arduino

programming concepts little by little, with each example sketch explained
fully.

New to electronics?
See how each electronic component is used with a circuit symbol and part

drawing. Traditional schematics next to wiring diagrams make it easy to
build the circuits.

Robots are used in the auto, medical, and manufacturing industries, in all
manner of exploration vehicles, and, of course, in many science fiction
films. The word ‘robot’ first appeared in a Czechoslovakian satirical play,
Rossum’s Universal Robots, by Karel Capek in 1920. Robots in this play
tended to be human-like. From this point onward, it seemed that many
science fiction stories involved these robots trying to fit into society and
make sense out of human emotions. This changed when General Motors
installed the first robots in its manufacturing plant in 1961. These
automated machines presented an entirely different image from the “human
form” robots of science fiction.

Building and programming a robot is a combination of mechanics,
electronics, and problem-solving. What you're about to learn while doing
the activities and projects in this text will be relevant to real-world
applications that use robotic control, the only differences being the size
and sophistication. The mechanical principles, example program listings,
and circuits you will use are similar to very common elements in industrial
applications developed by engineers.

The goal of this text is to get you interested in and excited about the

& 2:Parallax.com 222l B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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fields of engineering, mechatronics, and software development as you
construct, wire, and program an autonomous robot. This series of
hands—on activities and projects will introduce you to basic robotic
concepts using the BOE Shield—Bot. Its name comes from the Board of
Education® Shield for Arduino prototyping board that is mounted on its
wheeled chassis. An example of a BOE Shield-Bot with an infrared
obstacle detection circuit built on the shield’s prototyping area is shown
below.

Submitted by Andy Lindsay on Mon, 02/20/2012
About the Author

Andy Lindsay joined Parallax Inc. in 1999, and has since authored a dozen
books, including What's a Microcontroller? as well as numerous articles and
product documents for the company. The original Robotics with the
Boe—Bot that is the inspiration for this book was designed and updated
based on observations and educator feedback that Andy collected while
traveling the nation and abroad teaching Parallax Educator Courses and
events. Andy studied Electrical and Electronic Engineering at California
State University, Sacramento, and is a contributing author to several papers
that address the topic of microcontrollers in pre—engineering curricula.
When he’s not writing educational material, Andy does product and
application engineering for Parallax.
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Whisker Circuit digitalRead(7) Whisker Circuit digitalRead(7)
Applies 5 V returns 1 Applies 0 V returns 0

Whisker

)
not
pressed
GND
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HS0l 3l2& HS0JI s2BS H(ES) low &S
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N HEE USB AHOolEE =2elstth. delAl OFS0les Al2lg BIAIXIE
2 LIEI(Serial Monitor)2 &2

OlMl AKXl : DisplayWhiskerStates

/*
* Robotics with the BOE Shield — DisplayWhiskerStates

* Display left and right whisker states in Serial Monitor.
* 1 indicates no contact; 0 indicates contact.

St
|_

E
=

*/

void setup() // Built=in initialization block

{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
pinMode(7, INPUT); // Set right whisker pin to input
pinMode(5, INPUT); // Set left whisker pin to input
Serial.begin(9600); // Set data rate to 9600 bps

}

void loop() // Main loop auto-repeats

{
byte wleft = digitalRead(5); // Copy left result to wlLeft
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byte wRight = digitalRead(7);

Serial.print(wLeft);
Serial.printin(wRight);

delay(50);

// Copy right result to wRight

// Display left whisker state
// Display right whisker state

// Pause for 50 ms
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t=ot? >

ol

<DisplayWhiskerStatesJt ({<H &

setup &==Ct0lM, pinMode(7, 22)1 pinMode(5,2&8)= gz&E<e=z (|
710 52 NEEUC. ddAd Os2 S0l 32d < MEE
.

o= T Mbﬂ |-

pinMode(7, INPUT); // Set right whisker pin to input
pinMode(5, INPUT); // Set left whisker pin to input
loop&t4= COHOIAl, digitalReaddl OISt 28 S &2 GOS0t =H8CH

e
(@)
L
=
m

% o
5t1, DX CHH 12 2IESLCH  wlefte wRight 42 (S0l MRS,
HS0l-2% D HS0I-22 20 Tt shortol Ch.

byte wlLeft = digitalRead(5); // Copy left result to wLeft
byte wRight = digitalRead(7); // Copy right result to wRight

CHS, Serial.print(wlLeft)g&t4== & 2LIE (Serial Monitor)0ll wlLeft 2 gt LIEL
L:.”LIEF. Jeld Serial.printin(wRight) & 4= 2L 0 wRight 2 gt LIEt
SHLICH.

Serial.print(wlLeft); // Display left whisker state

Serial.printin(wRight); // Display right whisker state
loop&t=DJF BH=25ID| HOll, delay(50)2 &0k 012 AE2LIEDIF Ol= OFCH
Bt= 2 HAXE &&sl oI /i LICEH OIoF 012401 2 SISk 22
X 22l B0 2 o=t ™ OSEEHO oA HIHe UHs=
(U2 &2 HOIEE ME) JisdsS 2D oA LICH

0el&E Xdl - &=+ &Z nesting

022 AAX= digitalReadZ2RH gt2 MESHI| Fdl BH+E AIZEE 2RIt
ASLICH. Al digitalReadelElSt= 8t 0 2 10| Serial.print()&= 2HOl A
84 SE&Ecl= 82U2 &0 2ol B2 AISEHAHECH ME2ULEH 28 8t
2 ZHI2 2L 0248 22, 02292 loop& = LSt &2 AH0ICH:
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// Main loop auto-repeats

void loop()

{
// Display wLeft

Serial.print(digitalRead(5));
)); // Display wRight

Serial.printin(digitalRead(7
// Pause for 50 ms

delay(50);
}
v loop&Et£=2 UXIotH, AAHXE L2E otAIL. Od2lD S0 &
£ E0IgtAI2.
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Left
Whisker

Flat spot on
plastic case
indicates

cathode.

Flat spot on plastic case
indicates cathode.

This lead is

the anode. Right

Whisker

LED S0l HIAE 32 T2

v WhiskerStatesE TestWhiskersWithLEDsZ CHAl M Z&GHAI L.

v setup()&t2=0ll pinMode() SEE ZJiot, CIXE E 81 22 2O
NEGIAI2.

pinMode(8, OUTPUT); // Left LED indicator —> output

pinMode(2, OUTPUT); // Right LED indicator —> output

V HS0| 22 AMEHE NOSt= LEDE 2tSD| dH, Serial.printin(wRight) 2t
delay(50)ALOI0Il S JHOl if...else2 X2 AIAFIAIL.

if(wLeft == 0) // If left whisker contact
{
digitalWrite(8, HIGH); // Left LED on
}
else // if no left whisker contact
{
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digitalWrite(8, LOW); // Left LED off

}
if(wRight == 0) // 1f right whisker contact
{
digitalWrite(2, HIGH); // Right LED on
}
else // 1f no right whisker contact
{
digitalWrite(2, LOW); // Right LED off
}
if...elseR&E2 XHE JIEOZ ol DE ESS AEslisE AHE AIISIAIR
ChS2 2ok wleftdt 02 MAESHCHH, digitalWrite(8, HIGH) &+ S&2 A&#E
JALICH 2rek wleftdt 12 MESHCHH, digitalWrite(8, LOW) & S &S A"
s AL Z2oe? ¥F 0SS0t P £0l AKX

v BOE 2E9 HMIAAXE 12 AKX =2A2.

VOIS0l T2 HOIS2 CHAl AZGHAIL.

\ TestWhiskersWithLedsE M&EGLD, 0422 OIF0I-2 HZEGHAIRL.

V BelEECE oo 3-1 = DIaOH %*%*EI HS0lE MAM3l S28HAM A3
= 2 LED= HSO01JF =
=0 HHLICH

X &

XE HAEGSIAIZ. BEHEEES &

sy

dis I Us0J E501 =M= 31% LIEFLH=
A

=
0

v & O LEDJt 201 S02D HY HHUANME |SXECYE, 2o MR
ARAXOF OOt 02 X0 U= RYLICH HIA/AXNE 12 |AXNZ S|

CHAl AIE=GHAI 2.

/%

*» Robotics with the BOE Shield — TestWhiskersWithLeds

* Display left and right whisker states in Serial Monitor.

* 1 indicates no contact; 0 indicates contact.

* Display whisker states with LEDs. LED on indicates contact;
* off indicates none.
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*/

void setup()
{

pinMode(7, INPUT);
pinMode(5, INPUT);
pinMode(8, OUTPUT);
pinMode(2, OUTPUT);

tone(4, 3000, 1000);
delay(1000);

Serial.begin(9600);

void loop()

{
byte wlLeft = digitalRead(5);

if(wLeft == 0)
{

digitalWrite(8, HIGH);
}

else

{
digitalWrite(8, LOW);
}

if(wRight == 0)
{

digitalWrite(2, HIGH);
}

else

{

byte wRight = digitalRead(7);

// Built=in initialization block

// Set right whisker pin to input
// Set left whisker pin to input
// Left LED indicator —> output
// Right LED indicator —> output

// Play tone for 1 second
// Delay to finish tone

// Set serial data rate to 9600

// Main loop auto-repeats

// Copy left result to wlLeft
// Copy right result to wRight

// If left whisker contact

// Left LED on

// if no left whisker contact

/] Left LED off

// If right whisker contact

// Right LED on

// If no right whisker contact
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digitalWrite(2, LOW); // Right LED off

Serial.print(wLeft); // Display wlLeft
Serial.printin(wRight); // Display wRight
delay(50); // Pause for 50 ms
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RoamingWithWhiskers AH Xl= ABOTOl otLt E2 LZEN OS2 e O
DA S0l ¢Es NHEHA 2oz SHOEE ¢t=Es 2H0ICH OFS0l=Dt
HES0l9 &IIHC H=u2 HdAGHA OHA 2aA2 & 2HoXE Z2EGH| ol i
f--else22 AMSE A0ICH Z2F ISE= HS0IF EF/UHIESES o X x
2ol ZRE A A0ICh. A2l FA-3H =HES M| Sl 4222
BH =8 &8 SE6C 8 O3, ABOT2 g JUS2S ote Mkl &8 &

OlAl AHIXI: RoamingWithWhiskers

AIXE B AEotA. Jdelld 01X0l OEXH SX0I=ItE & O JHIHOIA Xl
HEX}.

\ 3-RX ARAXE AR 12 2A2.

V ABOTS| BHEI2IHS OFSO0l=0ll CHAl H&BIAIL.

N 22, ME el RoamingWithWhiskersE HZ =06HAI2.

YV EZ2J2HY HOIES ABOTHIA =22I6t0 &Y AR/AXE 22 ==C

J HIEOl ABOTS =1, 0120l 2202 22t S0l AAXES A=
ZR0| XHalol H20A HOHSS 2Rts W, 222 =&, 3d 2l UA
NMZ2 9stoz sottte 240IC

// Robotics with the BOE Shield — RoamingWithWhiskers
// Go forward. Back up and turn if whiskers indicate BOE Shield bot
bumped
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// into something.

#include <Servo.h>
Servo servoleft;
Servo servoRight;

void setup()

{
pinMode(7, INPUT);
pinMode(5, INPUT);

tone(4, 3000, 1000);
delay(1000);

servoleft.attach(13);
servoRight.attach(12);
}

void loop()

{
byte wlLeft = digitalRead(5);
byte wRight = digitalRead(7);

if((wLeft == 0) && (wRight ==
{
backward(1000);
turnLeft(800);
}
else if(wLeft == 0)
{
backward(1000);
turnRight(400);
}
else if(wRight == 0)
{

// Include servo library

// Declare left and right servos

// Built=in initialization block

// Set right whisker pin to input
// Set left whisker pin to input

// Play tone for 1 second
// Delay to finish tone

// Attach left signal to pin 13

// Attach right signal to pin 12

// Main loop auto-repeats

// Copy left result to wlLeft
// Copy right result to wRight

)) // If both whiskers contact

// Back up 1 second
// Turn left about 120 degrees

// 1f only left whisker contact

// Back up 1 second
// Turn right about 60 degrees

// 1f only right whisker contact
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backward(1000); // Back up 1 second

servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise

servoRight.writeMicroseconds(1700); // Right wheel
counterclockwise
delay(time); // Maneuver for time ms

}

void backward(int time) // Backward function

{

servoleft.writeMicroseconds(1300);  // Left wheel clockwise

turnLeft(400); // Turn left about 60 degrees
}
else // Otherwise, no whisker contact
{
forward(20); // Forward 1/50 of a second
}
}
void forward(int time) // Forward function
{

delay(time); // Maneuver for time ms
}
void turnLeft(int time) // Left turn function
{
servoleft.writeMicroseconds(1300); // Left wheel clockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise
delay(time); // Maneuver for time ms
}
void turnRight(int time) // Right turn function
{
servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
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servoRight.writeMicroseconds(1700); // Right wheel counterclockwise
delay(time); // Maneuver for time ms

<RoamingWithWhiskersJl HZH &S ol=J1?>

loop& = CHHl U= if...else if...elseE&2 HSO0It FYE RAGt=e HH &
EHE EZELICH &2 A2 if((wleft == 0) && (wRight == 0))2LICt. &
A5HH, “wleftH =2t wRightH==J} 25 00 =AHZ2 UEFSICH"ES 20|dt=
201G & dB= oolet  if 2&9 2= ==ESbackward(1000) 2t

i
turnLeft(800)S AlsistLICt.

if((wLeft == 0) && (wRight == 0)) // If both whiskers contact
{

backward(1000); // Back up 1 second
turnLeft(800); // Turn left about 120 degrees
}
if---else if--elseE@& CHUIA, AHX= TH0l UHELRX L= 3R D& 222
ZAUSA EUCH D2l XAS oHEg MK BZ2 AL g 2A0ICH AHX
o & 22 FUAS M, 2DE == 2l U= PACIIE AMESEHLH O O8 &
CtE & 80l if---else if-elseEd 2 222 AUEO. 2l AAX CHOl U
= O 9o O ol et sAQIC
Jei A Bter 22 S0 SAXIAl AJATHH, H B fE2 &0l oLl 2&
EE2 AUECN AAXE=E H HM else if22 A& 210I1CH A, 25
S01JF =X 0 2&29 ZE 25 ol U= +E AME H0ICH 1= S
o H2 SA0lD W4 & 04x% SO 2AFB0=Z FME AOICE AHXE=E Z2HQ
LA 222 AUF0 OIXY else F0l 2LE M S&S 88 240IC
else if(wLeft == 0) // 1f only left whisker contact
{
backward(1000); // Back up 1 second
turnRight(400); // Turn right about 60 degrees
}
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if(wRight == 0) E5& & &g 2i0ICH
else if(wRight == 0) // 1f only right whisker contact
{
backward(1000); // Back up 1 second
turnLeft(400); // Turn left about 60 degrees
}

o &ofl < olgd &
ABOTOl &2z &

M J o
QJ

else // Otherwise, no whisker contact
forward(20); // Forward 1/50 of a second
M& =R OMNFAE Oeld RIJYAE S

MovementsWithSimpleFunctions AAIXINA 2

DEE t=3tg AH0IC.

4 23 #501A

|
2 AO0ICH &40l 0 g2

= 70
n

iz xtel

ABOTOl €l FHUEHE LEDE Soff LIEHUES 2=J] <ol A3X2
if...else if...else 2= =8 = ULH. HAIJl LEDRIZ0A HIGH2H LOW &l

Ol C

0lo

ot 20

if((wLeft == 0) && (wRight == 0)) // If both whiskers contact
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digitalWrite(8, HIGH);
digitalWrite(2, HIGH);
backward(1000);
turnLeft(800);
}
else if(wlLeft == 0)
{
digitalWrite(8, HIGH);
digitalWrite(2, LOW);
backward(1000);
turnRight(400);
}
else if(wRight == 0)
{
digitalWrite(8, LOW);
digitalWrite(2, HIGH);
backward(1000);
turnLeft(400);
}
else
{
digitalWrite(8,
digitalWrite(2
forward(20);
}

LOW);
, Low);

\V LEDEAIDIE 0|88
RoamingWithWhiskers 2t

il

\ setup&= UM CIXIE

H &2 M LEDO XX &7

pinMode(8, OUTPUT);
pinMode(2, OUTPUT);

& Z:Parallax.com &cto! HHZXZ
FrBor oo aimy =

// Left LED on
// Right LED on
// Back up 1 second
// Turn left about 120 degrees

/] 1f only left whisker contact

// Left LED on
// Right LED off
// Back up 1 second
// Turn right about 60 degrees

// 1f only right whisker contact

/] Left LED off
// Right LED on
// Back up 1 second
// Turn left about 60 degrees

// Otherwise, no whisker contact

// Left LED off
// Right LED off
// Forward 1/50 of a second

HAEHE

Ue if..

2dF== ABOTS
.else if...elseE2&2 =

LS|

=
e
o

// Left LED indicator —> output
// Right LED indicator —> output

(http://learn.parallax.com/ShieldRobot)
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* Robotics with the BOE Shield — EscapingCorners
* Count number of alternate whisker contacts, and if it exceeds 4, get out

* of the corner.
*/

o
0>
02

#include <Servo.h>

Servo servoleft;
Servo servoRight;

byte wlLeftOld;
byte wRightOld;
byte counter;

void setup()

{
pinMode(7, INPUT);
pinMode(5, INPUT);
(
(

tone(4, 3000, 1000);
delay(1000);

servoleft.attach(13);
wlLeftOld = 0;

wRightOld = 1;
counter = 0;

pinMode(8, OUTPUT);
pinMode(2, OUTPUT);

servoRight.attach(12);

// Include servo library

// Declare left and right servos

// Previous loop whisker values
// For counting alternate corners
// Built=in initialization block

// Set right whisker pin to input
// Set left whisker pin to input
// Left LED indicator —> output

// Right LED indicator —> output

// Play tone for 1 second
// Delay to finish tone

// Attach left signal to pin 13
// Attach right signal to pin 12

// Init. previous whisker states

// Initialize counter to 0
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void loop() // Main loop auto-repeats

{

// Corner Escape

byte wlLeft = digitalRead(5); // Copy right result to wleft
byte wRight = digitalRead(7); // Copy left result to wRight

if(wLeft I= wRight) // One whisker pressed?
{ /] Alternate from last time?
if ((wLeft |= wLeftOld) && (wRight != wRightOld))
{
counter++; // Increase count by one
wleftOld = wlLeft; // Record current for next rep
wRightOld = wRight;
if(counter == 4) // Stuck in a corner?
{
wleft = 0; // Set up for U-turn
wRight = 0;
counter = 0; // Clear alternate corner count
}
}
else // Not alternate from last time
{
counter = 0; // Clear alternate corner count
}
}

// Whisker Navigation
if((wLeft == 0) && (wRight == 0)) // If both whiskers contact

{
backward(1000); // Back up 1 second
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turnLeft(800); // Turn left about 120 degrees
}

else if(wLeft == 0) // 1f only left whisker contact
{
backward(1000); // Back up 1 second
turnRight(400); // Turn right about 60 degrees
}
else if(wRight == 0) // 1f only right whisker contact
{
backward(1000); // Back up 1 second
turnLeft(400); // Turn left about 60 degrees
}
else // Otherwise, no whisker contact
{
forward(20); // Forward 1/50 of a second
}
}
void forward(int time) // Forward function

{
servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise
delay(time); // Maneuver for time ms

}

void turnLeft(int time) // Left turn function

{
servoleft.writeMicroseconds(1300);  // Left wheel clockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise

delay(time); // Maneuver for time ms
}
void turnRight(int time) // Right turn function
{

ZFRB & 2:Parallax.com 222l B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1700); // Right wheel counterclockwise

delay(time); // Maneuver for time ms
}
void backward(int time) // Backward function
{

servoleft.writeMicroseconds(1300); // Left wheel clockwise
servoRight.writeMicroseconds(1700); // Right wheel counterclockwise
delay(time); // Maneuver for time ms

<OHEN ZYH €& HYsS ot

0l AAHX= RoamingWithWhiskers2| =&& HEOICH M 24 2K &
Ct.

E2 /8t N22 DEE &1 2 240|

HAY 3 &MY HIOIE Bt F=IIEC: wlLeftOld, wRightOld 12l
counter. Bl wlLeftOld2t wRightOld= 0l& 2] HS0l &= AMNEHE MESHCH
JeM SXHe &= A Hlng = JUCH O OS counterties= HAZHOI

S t
wxt §59 -2 F=Hot=0 AISELh

J

byte wLeftOld:; // Previous loop whisker values
byte wRightOld;
byte counter; // For counting alternate corners
Olddst H+S2 setup &0lM =JI13t8HCH counterB === =J(8(01 00ICH. 1
Lt oldBls E2| GtltE =JIgt2 12 ZFaoF &ttt 2HE 2 Xote REI2
stAb WXt eSS A0k ot Ol™M2e WXt ME N BlnE oioF o222 x=J| 1
Xt DHEIOl QJUOI0F BCH e M loop&E It AE2 S HZotd =38 A
StJl MOl setup& = LHOI B wleftOld2t wRightOldOl =DI1gt2 & Y&t
wLeftOld = 0; // Initialize previous whisker
wRightOld = 1; // states
counter = 0; // Initialize counter to 0
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“ // Corner Escape(ZU &=)” ofcioll U= = BIW L2 6L E2 U2 O
S0|J} =T =XNE HASH= Z10ICH 0|21 6HJ| {ASH JpE 2tcHst giHe jf
S&0 =(2X LCHHMIXIE AlEol= A0ICH “if(wLeft |= wRight)”2l &2

Ol0l= “2+2F wleft H2DI wRight H9F 22X ZCHH...”) O|CH.
// Corner Escape
if(wLeft != wRight) // One whisker pressed?

Otor StLtSl CISO0I0F SHAMAM 22X §CHH, 0l S0l E=0M BHiHE IHE
Ol ¥=}H=XS HAOHOF 8L 0242 61 <flol ST wleft 2601 OI& &EHS
2@ el e wRight3t0l OI& &Eiel 2Dt CHEXIS fRS 018
SAELICH 0242 if( (wleft |= wLeftOld) && (wRight != wRightOld))

S0l FoletH, WXt S0l =52 FHot= counterd =
Ol 12 Getth. 0128 S Al wleftOldIt &2l wLefE M&EotL] wRightOldIot &
el wRightatS MEGHH M2l CS0l HES JI¥6tk= 24010

=X
=X
(o)

Xt
o

if((wLeft != wLeftOld) && (wRight != wRightOld))

{
counter++; // Increase count by one
wlLeftOld = wleft; // Record current for next rep
wRightOIld = wRight;

OFek 0]210] 48R AEAOI WX S0l EF0/ctH countertHe= 022 2|4
ot UBlZ AESHCH if(counter == 4) 2&0| &0l2tH 0 RE =S58 4%
HES0I1JF =M U= OSSO0l = [E HUHS g H0ICH A0l HEHA
ot=Jt? wlLeftit wRight 25 022 2|4l sttt 0lH=2 &S0 =& 2EI0| &
2 HS01Jt sl8E Aoz Mg 20110 UBEES & Al & AHO0ICH

if(counter == 4) // Stuck in a corner?

{

wleft = 0; // Set up whisker states for U-turn

R FrBor o253 01 5 WE St o) - 32 -



| Xl 2 OLOF

[9)

[==

2F
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// Clear alternate corner count
// Not alternate from last time
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// Corner Escape

byte wLeft = digitalRead(5);
byte wRight = digitalRead(7);
if (wLeft != wRight)
if ({(wLeft != wLeft0ld) && (wRight != wRightold))

{
counter++;
wLeftO0ld = wLeft:;
wRightold = wRight;
if (counter == 4)
{
wLeft = 0;
wRight = 0;
counter = 0;

Of J™0MA if(wLeft = wRight) 2&2 D& 252 Z2¥ 2 229 UOHX
RE RES LESHCH e wleft?t wRightot “2CH'E BHE HOH, 0tF0l%:
= XY S35 )| ‘Ye & Zo Qe AUE 240i1Ch & Sl al
ol f22 0ld gttt M22 3t wleft2 wRight g8tS Hlwg 210ICH Al
if ((wLeft |= wLeftOld) && (wRight != wRightOId))0ICt. 0] 2& =52 &2 &

£ if(counter==4) &= =2 O0fHol UCH if ((wLeft != wLeftOld) &&
(WRight |= wRightOId)) 2&2 otek S0| 2t0l 0I&C| gtnt BHCHOL OfLletH
1 5ol ZAHWA counter2 022 2|4l 6t elseXAHS JHEICE

[

VO ool A= BEE 2 AN H4HEAL.
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EscapingCorners@Htill JUe if2& 9 otlte 2B (counter)dt 400 S=<ol=s
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£ 2t=0ich
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HE AMGI| MOl 4kHz HIZE 100ms S92 XHZotEE UHE0et $F
0l §=0] 22 ME St ZXZACHH HIZ A2IE & H UHESE HEN
E: s 2HMHUA AMEBE paused&d=+=E 0/&0ctet. servo Y2

£ 7 02x 8Xle 01x 2 22lotAHLE, &2 Hd=E=2 1= E2 22
Ct.

2.

RoamingWithWhiskersE #=Aoald ABOTOl 10tE(&2 10IE)XE
A 2HCHCH =201 & JHe dsS0lol BXl & [ ABOT=2 =2U
SN SAY AHOICH CIE OHsS01E HAE M ABOT2 &0 2 XS
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1. QB OZ g, QUE, AZ-Z AI-M=I =2t A

2. 0 2E, digitalReaddli2lall OI& == 0 ZUDt 2IEHETH

digitalRead(8) == 0, HE0IJl s "2 O

digitalRead(8) == 1, GIS01J} = XX LU= M

3. digitalRead(7)==1 = 2% HS0/IJ} s XX LAS WE 20|stct
digitalRead(7)== 0 = 2% HS0|JI =& =S S 2/0|stCt.
digitalRead(5)== 1 = &% HS0IJI =HAKXNKX LUAS IS 2 0|EHCH
digitalRead(h)== 0 = 2% CHS0IJ} sHFTS S 2l0IstCt.

4. 0] UM S0l ZAHSH T s=5 HIlotI|®ol  if, if--else 1
2l if---else if---else &= AIEoHJCH

5. Ot GHLES X240| e Z LIEY B2, 2E= 0ls2e=z & if 20 &M G
2 XAH2 Hotg €JF U= A0l

1. digitalRead= 182 02 2IHOGIEZ, (22 D EE= digitalRead(5)0l 28
=& = UL 2li) whiskers H=0 Z2UE HESHCEH whiskersB =0l CHol
digitalRead(7)2l ZE =DIstCt, Ol Z2es HSO0| = 210l oy 3¢
240|CH.

// Robotics with the BOE Shield Chapter 5, Exercise 1
// Value from 0 to 3 indicates whisker states:
// 0 = both, 1 = left, 2 = right, 3 = neither.

void setup() // Built=in initialization block

{
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tone(4, 3000, 1000); // Play tone for 1 second

delay(1000); // Delay to finish tone
pinMode(7, INPUT); // Set right whisker pin to input
pinMode(5, INPUT); // Set left whisker pin to input
Serial.begin(9600); // Set data rate to 9600 bps

}

void loop() // Main loop auto-repeats

{

byte whiskers = 2 * digitalRead(5);
whiskers += digitalRead(7);

Serial.printin(whiskers); // Display wlLeft

delay(50); // Pause for 50 ms
}

2. if((wLeft == 0) && (wRight == 0)) 22 20l M, backward® turnLeft&f 4=
£ HMIHGtD servoleft.detach and servoRight.detach& CHEISHCE.

void loop() // Main loop auto-repeats
{
byte wlLeft = digitalRead(5); // Copy right result to wlLeft
byte wRight = digitalRead(7); // Copy left result to wRight

if((wLeft == 0) && (wRight == 0)) // |If both whiskers contact
{

pause(500); // Pause motion for 0.5 seconds
backward(1000); // Back up 1 second
turnLeft(800); // Turn left about 120 degrees
}
else if(wlLeft == 0) // If only left whisker contact
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{
pause(500); // Pause motion for 0.5 seconds
backward(1000); // Back up 1 second
turnRight(400); // Turn right about 60 degrees

}

else if(wRight == 0) // If only right whisker contact

{
pause(500); // Pause motion for 0.5 seconds
backward(1000); // Back up 1 second
turnLeft(400); // Turn left about 60 degrees

}

else // Otherwise, no whisker contact

{
forward(20); // Forward 1/50 of a second

}

}
3. ofi:

void pause(int time)

{

delay(time);

servoleft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1500);

// Pause drive wheels

// Left wheel stay still
// Right wheel stay still
// Maneuver for time ms

4. forward&te== HSO0IJF CHAl 22 S oDl &0l 20mSot o2 MEGIEE
JIEGIR I 20l else &2 0l U= pauseE S=2 SAoHH =K %=
Ct.
void loop() // Main loop auto—repeats
{
byte wlLeft = digitalRead(5); // Copy right result to wleft
byte wRight = digitalRead(7); // Copy left result to wRight
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if((wLeft == 0) && (wRight == 0)) // If both whiskers contact

{
pause(500); // Pause motion for 0.5 seconds
backward(1000); // Back up 1 second
turnLeft(800); // Turn left about 120 degrees

}

else if(wLeft == 0) // 1f only left whisker contact

{
pause(500); // Pause motion for 0.5 seconds
backward(1000); // Back up 1 second
turnRight(400); // Turn right about 60 degrees

}

else if(wRight == 0) // 1f only right whisker contact

{
pause(500); // Pause motion for 0.5 seconds
backward(1000); // Back up 1 second
turnLeft(400); // Turn left about 60 degrees

}

else // Otherwise, no whisker contact

{
forward(20); // Forward 1/50 of a second

}

}
OIZHE o

1. 0l 2HE )98 dle 27&= W2t &M HEE HE=s 2SS M
= AOICH HIZEDJF AI&GHAOLAF, ABOTOl HIZACIE We SoHK |AXIGH|?
off pause&+E S=&tCh HsetC. 20ms

// RoamingWithWhiskers Chapter 5 Project 1
// Go forward. Back up and turn if whiskers indicate ABOT
// bumped into something.
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#include <Servo.h>

Servo servoleft;
Servo servoRight;

void setup()

{
pinMode(7, INPUT);
pinMode(5, INPUT);

tone(4, 3000, 1000);
delay(1000);

servoleft.attach(13);
servoRight.attach(12);
}

void loop()

{

{
tone(4, 4000, 100);
pause(200);
tone(4, 4000, 100);
pause(200);
backward(1000);
turnLeft(800);

}

else if(wLeft == 0)

{
tone(4, 4000, 100);

// Include servo library

// Declare left and right servos

// Built=in initialization block

// Set right whisker pin to input
// Set left whisker pin to input

// Play tone for 1 second
// Delay to finish tone

// Attach left signal to pin 13
// Attach right signal to pin 12

// Main loop auto-repeats

byte wlLeft = digitalRead(5); // Copy right result to wlLeft
byte wRight = digitalRead(7); // Copy left result to wRight

if((wLeft == 0) && (wRight == 0))// If both whiskers contact

// Play a 0.1 ms tone

// Stop for 0.2 seconds

// Play a 0.1 ms tone

// Stop for 0.2 seconds

// Back up 1 second

// Turn left about 120 degrees

// If only left whisker contact

// Play a 0.1 ms tone
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pause(200);
backward(1000);
turnRight(400);

}

else if(wRight == 0)

{

pause(200);
backward(1000);
turnLeft(400);

}

else

{
forward(20);

}

void pause(int time)

{

delay(time);

}
void forward(int time)
{

delay(time);

}

void turnLeft(int time)

{

tone(4, 4000, 100);

// Stop for 0.2 seconds

// Back up 1 second

// Turn right about 60 degrees
// If only right whisker contact
// Play a 0.1 ms tone

// Stop for 0.2 seconds
// Back up 1 second
// Turn left about 60 degrees

// Otherwise, no whisker contact

// Forward 1/50 of a second

// Backward function

servoleft.writeMicroseconds(1500); // Left wheel clockwise

servoRight.writeMicroseconds(1500);//Rightwheelcounterclockwise

// Maneuver for time ms

// Forward function

servoleft.writeMicroseconds(1700);//Leftwheel counterclockwise
servoRight.writeMicroseconds(1300);// Right wheel clockwise

// Maneuver for time ms

// Left turn function
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servoleft.writeMicroseconds(1300); // Left wheel clockwise
servoRight.writeMicroseconds(1300);// Right wheel clockwise

delay(time); // Maneuver for time ms
}
void turnRight(int time) // Right turn function
{

servoleft.writeMicroseconds(1700);//Leftwheel counterclockwise

servoRight.writeMicroseconds(1700);//Rightwheelcounterclockwise

delay(time); // Maneuver for time ms
}
void backward(int time) // Backward function
{

servoleft.writeMicroseconds(1300); // Left wheel clockwise

servoRight.writeMicroseconds(1700);//Rightwheelcounterclockwise
delay(time); // Maneuver for time ms

o4 H
s0 =

o 32 e
no & mo

J

2. 482 di2=H & AHXE =2Lolct. loop &
50ms=2 ZA8tC el HS0I0F 1 =
O O8, LEXE S0t s2BE M QEX dt
=cl B l 2EF biA
5t

ES
N OsS0l 2UEHE 2EE FItetth

// Robotics with the BOE Shield — Chapter 5, project 2 — WhiskerCircle
// ABOT navigates a circle of 1 yard diameter.

// Tightens turn if right whisker pressed, or reduces turn if left whisker
/] is pressed.
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#include <Servo.h>

Servo servoleft;
Servo servoRight;

int turn;

void setup()

{
pinMode(7, INPUT);
pinMode(5, INPUT);

tone(4, 3000, 1000);
delay(1000);

servoleft.attach(13);
servoRight.attach(12);

turn = 0;

/] servoleft.detach();
/] servoRight.detach();
}

void loop()

{
int wlLeft = digitalRead(5);
int wRight = digitalRead(7);

if(wLeft == 0)
{
turn == 10;
}
else if(wRight == 0)

// Include servo library

// Declare left and right servos

// Built=in initialization block

// Set right whisker pin to input
// Set left whisker pin to input

// Play tone for 1 second
// Delay to finish tone

// Attach left signal to Port 13
// Attach right signal to Port 12

// Stop sending servo signals

// Main loop auto-repeats
// Nothing needs repeating
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turn += 10;

// Arc to the right

servoleft.writeMicroseconds(1600); // Left wheel counterclockwise
servoRight.writeMicroseconds(1438 + turn);//Rightwheelclockwise slower
delay(50); // ...for 25.5 seconds
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EE M X AH (Phototransistor) 27

EMXIAH (rransiston= 3M2 SAE 2ME Soll 2= 79 A4S X&Eol=
MU 2CH M BHM SHAe L0tL H2 8FIF & O &X AOIE Sdtot=Xl
£ T ZESCh EdXAH SR0 MetA 8F2 S50 M0l 2o T&EE =
U, ZTEEMIIAH (phototransistor)2] AR HE Lol ol X&EE %= JUCH
Otel 82 =22 &2E JIEN U= EZEEMINAHL HEEZ B2 2
£ BHE0. ZEEMIAHS HIOIAMB)M BIFX= &2 MIle Z0tL @2
HEIF HEH(C)H A2 NOIEHE)HAZ S2H & 2dIIIE ZAHEHL. o &2
22 M E2 dFE S22 &l Jdelld 0 E2 42 882 2@ S2H gt
Light
W,
Collector
: =]
“ Flat spot and
b (. shorter pin
indicate the
BiEs: emitter (E)
E Current terminal
Emitter
E
C

TEEHIAH= LED2 &2t &2 &HO| UL F e AXe=E SAIH0 U=
d, @Mes 201 20N ZEEYMIAHE HRgE HAZSHOH, A2 =
&G 2= JHOIJ_ T 8Hlle A2 T2 T Z0IE JHXNLD /ULl S©HIE 722
otJl S5t Z2tAE HOAS EHE 222 JtAlLD Uses BOIL & s &2
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USE  phototransistor

@ <— Flatter on top

Infrared LED
—'f_ 3 <— More Rounded Dome
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Ol Ml AAHXI: PhototransistorVoltage

PhototransistorVoltage A XI= 2E2 HI2E = U= HSF0I29 504 otg=
X

1 285 HEE S oftLiet ASAIOI0IA SEE s HNE Z2LIEIE UEE =
UET= &l 0el201 88 A=20A, 882 A0 A2 E KAH

o Oi0IES ME0l M2 2Hle 8oz F-ECL 222 0
E-XIAES B30l 2ol 2XE=s Z& ==0 ek SHetotA =0 OfeH

SUH &H stH=2 SEHYS 2 X HE 2EHE0L

.81 wolts

A3 = 0.02 wolts :]
AZ = 0,.0Z wolts
Low light ey [A3 = 0.11 volts
A2 = 0.36 wolts
A3 = 0.40 wolts
A3 = 0.48 wolts
A2 = 0.64 volts
A3 = 0.67 wolts
. ; ; A3 = 0.31 volts
Light getting brighter =3 |~ _ 'l vores
A3 = 1.08 volts
A3 = 1.12 wolts
A3 = 0.74 voles
i X A3 = 4_09 wolts
Bright light s 3 FERRG B
A3 = 4_.14 wolts
A3 = 2,52 wvolcs
=1
=0
=0

Back o low light = =3 |A3 = 0.02 volts i

ke .02 wolts -
i | »
| ﬂ# i i - -
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>*

Robotics with the BOE Shield — PhototransistorVoltage
Display voltage of phototransistor circuit output connected to A3 in
the serial monitor.

*

>*

*/

void setup() // Built=in initialization block

{
Serial.begin(9600); // Set data rate to 9600 bps

}

void loop() // Main loop auto-repeats

{
Serial.print("A3 = "); // Display "A3 ="
Serial.print(volts(A3)); // Display measured A3 volts
Serial.printin(" volts"); // Display " volts" & newline
delay(1000); // Delay for 1 second

}

float volts(int adPin) // Measures volts at adPin

{ // Returns floating point voltage
return float(analogRead(adPin)) * 5.0 / 1024.0;

}
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O &2 LA St

HaltUnderBrightLight 2 Xl= ASZ 22&H= &20| 3.5VE g 42 &2
ol 82 Y2 ZEEHIAHIN 2N MMNA ABOTO| MASEE & 20ILCH
22 3.5VE O0HX® AHXZEEH JI=E8 HIGH2F LOWE L A0Sl &2+
DA HEE = QUL

o DX AHXZERE JISE
£ HAoHAI 2.

« HaltUnderBrightlLight A XI 0l A,
=282 2 UAHISHAIL.

« HaltUnderBrightLight 2 ==

« Ot b=l £&8s0lLt @

=R Z2d1 g2 FHAM0IS S2AXE

if(volts(A3) >3.5) E&Z= 3.5 Hel

O =1, €= UACS &= A2
+ ABOTOl MAGHE=SE dE AR/AXE 29 X2 SIIAIL. =% Ol
w;

L0 JEDHOI Ol A

« ABOTO| f2 29 HIZ OtHOIM BE=EZ, if(volts(A3) J2E0IA
20| Z&5l= 2E (threshold)2tS LFHEBAIL.
/*
* Robotics with the BOE Shield — HaltUnderBrightLight
* Display voltage of phototransistor circuit output connected to A3 in
* the serial monitor.
*/
#include <Servo.h> // Include servo library
Servo servoleft; // Declare left and right servos
Servo servoRight;
void setup() // Built=in initialization block
{
tone(4, 3000, 1000); // Play tone for 1 second
g, i R e e e e R - 56 -



delay(1000); // Delay to finish tone

servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12

servoleft.writeMicroseconds(1700); // Full speed forward
servoRight.writeMicroseconds(1300);

void loop() // Main loop auto-repeats
{
if(volts(A3) > 3.5) // 1f A3 voltage greater than 2
{
servoleft.detach(); // Stop servo signals
servoRight.detach();
}

float volts(int adPin) // Measures volts at adPin
{ // Returns floating point voltage
return float(analogRead(adPin)) * 5.0 / 1024.0;

[
IS
i
W o>
A

;. Q
03
=
OH1
b
ol
rr
U
-

m 1o

o
re
W =<
e
10 py
hul}
=}
$0
)
|J
by
u M0
[}
=}
sl
HU
N
m T
iy
o
|
i
o
I
0
9'j

. 1000e 2&0 =
E= 1588 10230tX
10240401 = Ct.

o -

Norr

\NJ

o 8

%

o 2
o

e
uf]
rir
I
0d 4n
X
30 [0 b A
=)
r
HU
o
© ?
= v

M
Qb
=}
I
4>
= o
o
wl
I
o
o
H
i
o
o
e
A
02
I
M
=
Ofh

JZ2R2=2 OtF0l=2 analogRead == &g =&E0l 5V OILH &EHOIA

& 2:Parallax.com 22t2! B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
FrBor wio iz nxe/0i2e/=Sa thz: Zetol® (www.Fribot.com) - 57 -



0-1023At012] gt AtEot=S= ?é%ﬂ 5v 2
219 Mg HH= 5/1024 & (4.

.

Ol Al

analogRead &f4=J 6455 T Al; &K Mt 2t2 L0HRID1?

Pt
1024
=3.1494140625 V
~3.I5V
AR = volts(A3)E Hetstseln sthh Ol A3= adPinez s241, &%
LHOIA  analogRead(adPin)= analogRead(A3)Jt =ICt. 12l A30 32&He=
HUS LIEtHE 0-1023A1012 gt BHatetlt. analogRead &&= 8 2
Bt&tGHXI B, float(analogRead(adPin)2 ESECH ALE 20| A48 o=z
B 2t EI
float volts(int adPin) // Measures volts at adPin
{ //  Returns floating point
voltage
return float(analogRead(adPin)) * 5.0 / 1024.0;
}
ek st B2 A 2Z0| BHEID 22, 2} 0| 84 SEZ BHEEIC.

PhototransistorVoltage A XI= Serial.print(vsolts(A3))2] & tsr=0ll 2loH gt
Btol= 22 LIEFH

m

HaltUnderBrightLight= if(volts(A3) >3.5) E& W9 2s ZH& OleHolA 2=
b

JI 2lch ABOT22Z2 JtMIt=dl AHES8HC

2 2:Parallax.com 2¢2t2! Ui E Xt = (http://learn.parallax.com/ShieldRobot)
FrBor wio iz nxe/0i2e/=Sa thz: Zetol® (www.Fribot.com) - 58 —



Ol&==% Ot&=21 el OXE

Ol diNE=E LEBHECZ M 2o EMe HIEME 20lot=s & M OE
NEHE HEY = UL HE =% HS0I0F YEs &N L2H HIGHMSE &
g 2o LOWHSE 2Ue AHME8 Z0ItH

Otz dMdEsE d5Xol gHelo ST AScte ASHel gHelo gg &
WHCH Ol AEUANY ZEEHXAH 3Z= L2 MAS oloICt. OAS
2 AZHOol Ho Y XF( A4Sole HAEXFOl gSS MBS

CIXIE g2 digitg E8E =X0ICH. ZEEA O0IAZ2HEEHI Ot =
a2 UXNE2 MESIL otg2 M2 5Fotn COXE gtez =3JXE
M&ote WES A/DHEHanalog to digital conversion)Oletl StCt 0 S S
CIXIE s =3 (digitized measurement)0let &t1, OFE21E CIANEZ HEtct=

SANE X3t EA(quantized measurements)0let D& &L
OO0l & &=

PhototransistorVoltage AHXINA Rcl= 0-1023AH012] &3S 0.0-4.995Y

Fo dggtez Hesttt g S8 =, ZHMAU UE 4= floti £
L

E g0 6dE2 AAXOF AIZEON FSEHES UE 8912 &
BHEg 20 d42 = UL

Ol &% OIS0l & &It HcIotCt. otLtel B+-8AE £ UE A2 8t
S UHEAIZ! g2 "mapping”0lctl] StCH GIE S0 0-10248 1 A0S &<
£ 1300-1700At012 A2 MO "2 OHESHIIE JSHCHLD oHE2A =0
H o =2 HEH AMEst=XE 20F= WM TS0l ACH

int adcVal = analogRead(A3);
int newAdcVal = map(adcVval, 0, 1023, 1300, 1700);

Ol OlMIOIA, adcvalel gt0l 5122t8, newAdcval 0O CHEF e =2 2=
150001 =Ch. JchA 0-10238 22 S2AXNELZ2H 1300-1700 B2 S

doz EFEXOt s
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g AOICH OlH=2 ABOTOl E=E= ol= HaltUnderBrightLightel JIE&& g
3.5V =Z0l =Eot)| ?Iot0d £l SI[0F 2810t = 010F 8t lh= S 2I0I&tCt.
M ZEEMIAHS MNE AZEH= M0l HOHNE 2o € &8 32
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A 2: O H2 "HeldAM Heo e 55|

OlF DRINA 32 SN RSE 2o HIHA SHICH 0y As1 3

21 2 SHEIE 51U SHM HES 51D 0|0 [ #e 202 12142 I

MOl DS MO =MU0| HAS UEHE 24S waAg 200 = o of

S2 9o2 JIHIIH M0l 0.1VE BIEX RE 2400}

0f ZHHIS OFSF0lLDl O 92 ®oo M 2Z=S =No=[ AISE & Us

(1= TEEMTAE 3122 AWECL 0 3129 AHX= 026 75,0000 X 2

Ho S BIEE & QL O M2 22 %S WS UEYWD O 2 342 o2

2S LIEHUCE,

HIH Al El (Capacitor) &t?

HIWAIES Mote =Fots AX0lD, 22 529 J|E TAQA0ICH Eat by

F2ls Mls =Xsl= AXOID, OB DHE S510] 2R D UEGD CHA
=2 A

HINAIE DOt L0tLE 22 HIE SHE =+
mHdol= ABOT IZ0A ALZ A
HedZ JIES HIHAIEH= W=l 1 =

OLoI2 2 WUl (microfarag)E S ECt el 2 Xte= pFOICh 0.1 yF= ot

=2 12 =2 12 MEEtL.
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HIHAIEA 3
microfarads: (millionths of a farad), abbreviated uF 1 uF = 1x10° F
nanofarads: (billionths of a farad), abbreviated nF 1 nF=1x10°F

picofarads:  (trillionths of a farad), abbreviated pF 1 pF = 1x107"?
F
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0.1 UFHIHAIES Z2HEHONAM 104= L2 CI0l(picofarads : pF) S&EXI

OICt. O4JIAM 104= 100l 0= 404 Cot= 2= UEIHLD, A HIHAIE=
100,000 pF = 0.1 pFOl =Ct.

(100,000) x (1 x 107" F = (100 x 10% x (1 x 107'%) F
=100 x 10° F = 0.1 x 10°F
= 0.1 uF.
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= QAL otLts HFEY Oeld OE otlte fFdEez OARS0| oF 45°9
E otEE dXE A0t & N EZEEHXNAHSS S ZULEHSE AAHX
= ABOT2 O a0l O g2 ZeXNE Z23E = JU. ddiM 0 EE=
Z )| 2F o2 0|18 = UL

SE 2=

(2) ZEEMXAH (phototransistors)

(2) HIHAIE (capacitors), 0.1uF (104)

(2) M&(resistors), 1kQ (227 -w)
(2) BH 2010 (jumper wires)

« HiECI2E Z20cHY HOI=S 0elE 252 ZclotAlL.
« 0l ZEEHIAH 2AZE HIAHGHL, 0 £ 4XIotAl L.
« d=22 ZEEMXAHIN BHHE HEEA 20 SN M2 EX

HEE BHEZ0 Oet 3I2E HFoAIL.

1kQ
8 o M
\\
= 01pF
Phototransistor
GND -
- "y Flat
- Spots,
6 O W o Shorter
Pins
o
= 0.1 pF
Phototransistor
GND .
board !
board + Servo '\Q/
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= 0.1yF

QT Circuit: &ot 0I=01 &X= QTOICH 22X Q= &JIAH M0l T 0=
=S LIEtHC.

gy o 08 6-110 LEtY ZEEMIXAH HIHAEH=E 82 AZEHO
ULCH 2 &9 Stit=s B8 SAHES L E2 RENZ HZEHC ZEEH
AHS2E HIMAIES otLt ©X= GNDOI HZ & otLtel &4 E JHAICH 12ell
CHE otLtel SHits S8t 1kQ MeEtE Aol 32 =0
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ETEEMIAH 3 Z HAEGH

LeftLightSensor AHXI= T 8H QT S Z20A HIHAIES ES&otD, &2 24
Al2ZtE2 =386, 88 ZLHNA A2 BHE0C. U3 322 AAXNA,
O %2 =Xt O H$2 €92 Qistties E2 J|stA2.

loixi
| Sendl

BHQ‘hf HQ‘J'H _) tLeft = 4 us ZI
tLeft = 576 us
—— - tLeft = 1472 us
Getting dimmer == | " 7
P tLeft = 7324 us i |
Low ambient ) (| pett = 8112 us
tLeft = 51996 us
Dark shade el i r e = §9020 us
tlheft = 4600 us
7 2 tLeit = 408 us
Back to bright light — =3 -

tLefr 8 us o
| | E
d

fole= =20 OE 22D & === s SHIE HEgS S 2F2U0!
ABOTS ol &0lM £ OE &2 FZ2 = UAEE 0l 2 UHHA 220
N & 2Z2XII=2 AEE 21010
« HAZHO H2S Soll &2 Z HIROH HES E2A2L.
« LeftLightSensor &5t 2ot MNEBILIHE HAIL
« HNZEZLIHON CIAZ0lE g2 JISoHAIL.
« HNAQLIEHD S CAZ0IoHA RatHLE 8 SO0 Ol 0 HECHH,
SIZ20 o4t US = UL 01248 H=FE LA Y tHdS ZFHGH
1 CHAl AIESBHAI2.
« ZEEYMIAH 32 8¥ B UM DAEBXNE SSI| ol M2 &
£ AMESHL ME AMETHMR.
« CHAl HE2LIHNA SHaS oA, O a2 H8 #=20 o A
MOF &LICH E£8t OAHES IS5 2.
« MNZEZRLIHN =20l QlthH, = Lo =T 0 P23tH dtLtel 20l
HEUCH, e AL = UCH AZE FHGHAIL.
« JO8UE O HUsSH 2SIl ?otH ZEEMIAH 92 O A o
o SXE S0 SHIUS JISoHAR
« oA O8XNE BSHU AN &22 ZMFHA OSAE s
ZXoIAI 2
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/*

* Robotics with the BOE Shield — LeftLightSensor

* Measures and displays microsecond decay time for left light sensor.
*/

void setup() // Built=in initialization block

{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
Serial.begin(9600); // Set data rate to 9600 bps

}

void loop() // Main loop auto-repeats

{
long tlLeft = rcTime(8); // Left rcTime —> tlLeft
Serial.print("tLeft = "); // Display tLeft label
Serial.print(tLeft); // Display tLeft value
Serial.printin(" us"); // Display tlLeft units + newline
delay(1000); // 1 second delay

}

// rcTime function at pin

long rcTime(int pin) // ..returns decay time

{
pinMode(pin, OUTPUT); // Charge capacitor
digitalWrite(pin, HIGH); /] ..by setting pin ouput-high
delay(1); // ..for 5 ms
pinMode(pin, INPUT); // Set pin to input
digitalWrite(pin, LOW); // ..with no pullup
long time = micros(); /! Mark the time
while(digitalRead(pin)); // Wait for voltage < threshold
time = micros() — time; // Calculate decay time
return time; // Return decay time

}
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3 SH2 G HUl =22 220 Uote 2EF & 68 ZHA sz
CHotOd =2sh HAEESE Adig ZRIt /JUS 20T =BSE 01X = NS
320t & SZoH0FSHCE
« rcTimeES S&5¢ [ & H=-E 8UHAM 622 HACIAIRL.
o tlLefte] EE CIAHAE tRightZ HBIRAIL.
« AHAXE SHAIIILD, B 6 ZHAMI SESt=X HHSAIL.
T e ZEEMIAH JZE M HAEE ANXE E&2 H= A0l T8t
£2 20IC.
- BothlLightSensorsZ AHXIE CtAl H &SI HEZS HAIGIAI2
+ loop 2 Otef X222 HIFAIR
« BHEO0| "ot JIE e 2 %*ét% Jt29|1 Chg st %0| gotol g
2 S Holle YEs IJt22 WKl BOE 2€S-22 3 AIIIA
Q. HEDLIES tLeft 2 tRight AOIOIA 0220 22 £ JAes It
& 2 X0l 2ALLN?
void loop() // Main loop auto-repeats
{
long tlLeft = rcTime(8); // Left rcTime —> tLeft
Serial.print("tLeft = "); // Display tLeft label
Serial.print(tLeft); // Display tLeft value
Serial.print(" ") // Display tLeft units
long tRight = rcTime(6); // Left rcTime —> tRight
Serial.print("tRight = "); // Display tRight label
Serial.print(tRight); // Display tRight value
Serial.printin(" us"); // Display tRight units + newline
delay(1000); // 1 second delay
}
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M, rcTimegl== == B X0 /FE B2 HEot=0 &

219] Q0| WS Al

2 AlI2t0] Zeltt. Os S©Hz HESE=S =cdW -2,147,483,648 FH
2,147,483,647 Xl gt2 MEE = JCH 2HA long rcTimelint pin) &% &
Ol= &hDF AL D long 22 BHEMSHCH, e =Fs B HSIE oL ElolX]
2 2 It ULt

long rcTime(int pin)

X5t Ols(charge transfer) &2 7SHOICH (1) HMAIEIS =&t fot
O I/O B2 HIGHZ =2AI2. (2) HWMAIEDII 20l s™E 22 J|U2IA2L.
(3) I/O Elg o2 HIRAML. (4) AlZtS HIABIAIL. (5) 0tF0lk2l 2.1V
28 A otz L0l WIHEE DIC2IAIL. (B8) CHAl Al2t2 HIAGHAI2.
(7) SHAH-6AIZHHIA SH-3AIZ2E2 BIAI2. 2401 284l Al2FOICH.

{
pinMode(pin, OUTPUT); // Step 1, part 1
digitalWrite(pin, HIGH); // Step 1, part 2
delay(1); // Step 2
pinMode(pin, INPUT); // Step 3 part 1
digitalWrite(pin, LOW); // Step 3, part 2
long time = micros(); // Step 4
while(digitalRead(pin)); // Step 5
time = micros() - time; // Step 6 & 7
return time;

}

oIt AAXIOAM, SAH-12 S M &t SH=Z2 FHEC HAH pinMode(pin,
OUPUT)2 I/0Elg &2z HH5tL 30l digitalWrite(pin, HIGH)It 320
Ct Eet I/OEO0l HIGHMSE &&ot)l 20 F

? SHZ RHECH AAXIDF IJOEQ g&k2 output-high OIA input
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o2 HiE M, AZ0AM 10kQe M&= Haotl, 0IF 1 ME0l HIHZ 00t
Ct. pinMode(pin, INPUT)JI XM&S HAHE 01F digitalWrite(pin, LOW)E o
= 212 HIMAIEDI ZEEMIAEHE Sot HolE YU=6IE2 610 fE0|C

o

il

Otel el == BothlightSensors AHXIJF AldiEl= SO BOE € =-29 I=
2 QT 3z MYSEE BHECH AlZH HE SEdYS =HotD JH=Zol
FE HXE QAZAIDI(oscilloscope)ctd) B0 S M MAASE o=
ol & e =EZHE W8 (trace)llct] S2C0h |AZE IWE e &M His
2 2AFS =21, OtelE WEN e 8 tis2 EF=2 UEL. S O
HOl A2t BHE2 OteHEBES UECH 22 IIER Ul BothLightSensorsOlAl E &
O &l [ OICH HEAIE EHECH A HHE2 8PS IF HEH SE ot
=XE & = UL
digitalWrite(8, HIGH) tLeft = reTime(8)
delay(1) [w=tLeft.
r
tsv—d ..-|—|—|—|.\
EJV_I{:TF} samissssssamhaninnnnnnnnn ..........ﬂ .................................................. hsrsmsssssmafarannnnnnnnneannnnnnnn e "8
oV — 0 digitalWrite(f, HIG tRight = reTime(6)
Ljelaym}a— tRight ——»
.............. T . N B A CE T IR "I —— .
\\\ 4
_4 ................................................ e \x.“:‘\; .......................... —_—2AY
.................. . '».\ o g
2 4 =3 g 10
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21t gt0l 01t 1TAHOl CHAIO -0.50lMH +0.5 HRI2 gte=z Hetotl, 588 0
2 Mg s gIIE 20letCt. 0lefst DEM"’JE 98 &= A3 02 53
Xl (zero—justified normalized differential shade measurement)O|C}.

tRight

zero justified normalized differential shade = ——=————
tRight + tLeft

JU o DA =0 U2
—Dron ~0.59 +0.5% 99 2t
Ne 02 =™ OS

float ndShade; // Normalized differential shade
ndShade = tRight / (tLeft + tRight) — 0.5; // Calculate it and subtract 0.5

DIXIZ SFXE ndShade2 018 20E |
ot N g8 Z™E 0

A BN dHE AT Os 20ld 88 X3 E SEX gao] AadE
Ct. Z21tgt2 tLeftOll HIGHHW tRightot ZXlcts &M 8L HIES UEHHE
—-0.501 A 0.5At012] g0l & ZI0ICt. ndShadelt 02 [, 1= tRight 2 tleft
b segt gtolets RE 20lotl M dIMS0l s2e &l =4S 24X
stlt= XS 2I0I&tCt. ndShadedt -0.500 JIIRE =S 2= NI O HES2
18 X012, ndShadeldt 0.501 JMMRAXSE = dA2 8 O Hsls
ZO0ICH. OIH2 =3E M e R ANOICH BH HE ZUEHZ RS HA
Ei=2 X

Ol &dl AHAXI: LightSensorValues

CtE stHZ M= LightSensorValues AAHXIOF A diE = MNEZLIH OHE LIEH
HCH SSAM 212 DX R0 ndShadezt0l & 0.40111, z= AN <9
JE 2= ndShade 8t0l 2F -0.401 &IC.
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1 Sendl

Aboiitcial iht > [ret ndShade £Righe 2]

1328.00 0,00 1336.00

5 a it Left ndShade tRight
Shade over ”ght 1372.00 0.42 16108.00

tleftc ndShade tRight

o __’
Shade over Left 12524 .00 -0.40 143Z.00

itLe ft ndShade tRight

Back to about equal —=—— 1324.00  0.02 142800

4 I;Il!

¥ fikoscroll Mo line ending v | [9600 baud =]

« 22X E20M HARZE0 SOHRA ZE=IHE SOIGHAI2. AW 220l
£, AMEE2 W&ol dAIF BtsHct=s et 2 210ICH

+ ABOTS %= HIAMR0 JdBXNE Bl I S+t U=XE EZot
4, O OsHotH O 2 s+=2 UEL=EXE 8Z0tAI2.

+ ABOT2 2= dAMRI0 OBXNE Sl M 2=Jt H2eXE EHot
4, O sHotH O 2 &2 UELI=EXE BZotAI2.

« 5 OHe dAMJ S28t =2 2L 0ILE IS X0l tHotO ndShade &t
Ol OOl JINMH2XE EHGHAIRL

« T OO0 dA R0 st d8ANE HEAL. A =22 =01 UWd
bS

JIHetE ndShadell gt 4

/*

* Robotics with the BOE Shield — LightSensorValues

* Displays tlLeft, ndShade and tRight in the Serial Monitor.
*/

void setup() // Built=in initialization block

{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
Serial.begin(9600); // Set data rate to 9600 bps

}
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{
float tLeft = float(rcTime(8));

// Display heading

Serial.print(tLeft);
Serial.print(" ");
Serial.print(hdShade);
Serial.print(" ");
Serial.printin(tRight);
Serial.printin(' ');

delay(1000);

long rcTime(int pin)

{
pinMode(pin, OUTPUT);
digitalWrite(pin, HIGH);
delay(5);
pinMode(pin, INPUT);
digitalWrite(pin, LOW);
long time = micros();
while(digitalRead(pin));
time = micros() — time;
return time;

float tRight = float(rcTime(6));

void loop() // Main loop auto-repeats

// Get left light & make float
// Get right light & make float

float ndShade; // Normalized differential shade
ndShade = tRight / (tLeft+tRight)-0.5;//Calculate it and subtract 0.5

Serial.printin("tLeft ndShade tRight");

// Display tLeft value

// Display spaces

// Display ndShade value
// Display more spaces
// Display tRight value

// Add an extra newline

// 1 second delay

// rcTime measures decay at pin

// Charge capacitor

// ..by setting pin ouput—high

// ..for 5 ms

// Set pin to input
// ..with no pullup
// Mark the time

// Wait for voltage < threshold

// Calculate decay time
// Returns decay time
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8 H(asterisk)= ZO0ILt DX S 0 dAAM Z2HM Z0H -0.52 0.5A0]
S2ZEN AUS AOICH ABOTL =dAM 22 DX 0 st 5= A
HLUMA =22 Xielgd AOICH HFHAAH 28 dgXI H s0E 5=
H=sc=2 AXE AoICH DX/ XUIIN O A= RS EH HAXE
SHCZRH o YA & AOICH.

i xi

| Send |
About equal light > - |

'* €= Shade over right

Shade over Leff ==l -

4 o

Back to about equal

Iv Butoscrol Nolneendng  »| [s600baud x|

« LightSensorDisplay AHXIE OIF0I2 ZEGHAIRL.

o 220 FHM RIZ A2 U2 D8EXNE SeREE MGl B0, &E
SLIHWAL EEIF HEH SEot=XE AHEARL. 6201 & N
HMIMPIZ2 28 O8NE E2RH EH= HME S2Ho AN 0F &t
Ch= &2 ZAGIMR. & i HAA AOINIAM XHOIDF }ACHH HIAIF O
HER AE CAST=E 242 Jt=2I0h

/*
* Robotics with the BOE Shield — LightSensorDisplay
* Displays a scrolling graph of ndShade.
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* from 0 to 40 with 20 (middle of the display) indicating same light on

* poth sides.

*/

void setup() // Built=in initialization block

{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
Serial.begin(9600); // Set data rate to 9600 bps

}

void loop() // Main loop auto-repeats

{

float tLeft = float(rcTime(8)); /] Get left light & make float
float tRight = float(rcTime(6)); // Get right light & make float

float ndShade; // Normalized differential shade

{
Serial.print(' '); // Pad (ndShade * 40) + 20 spaces
}
Serial.printin('*"); // Print asterisk and newline
delay(100); // 0.1 second delay
}
long rcTime(int pin) // rcTime measures decay at pin
{
pinMode(pin, OUTPUT); // Charge capacitor
digitalWrite(pin, HIGH); // ..by setting pin ouput-high
delay(5); // ..for 5 ms
pinMode(pin, INPUT); // Set pin to input

ndShade = tRight / (tLeft+tRight) — 0.5: //Calculate it and subtract 0.5

for(int i = 0; i<(ndShade * 40) + 20; i++) //Place asterisk in 0 to 40
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digitalWrite(pin, LOW);

long time = micros();

while(digitalRead(pin));

time = micros() - time;
return time;

// ..with no pullup
// Mark the time
// Wait for voltage < threshold
// Calculate decay time
// Returns decay time

LightSensorDisplay2l =24 gt&d

loop = =W 2= A

void loop()

{
float tLeft = float(rcTime(8));
float tRight = float(rcTime(6));

ndShadeldt 78 A28
3t 0|2

=
=
EMg 201

float ndShade;

s 2| fIs HECZ MESEDL O
=

st recTime

// Main loop auto-repeats

/] Get left light & make float
// Get right light & make float

=3
- T,

// Normalized differential shade

=Z = Et=6tn XSS tleft

tLeft 2 tRightdt &8 &= R
Z= -0.5%2 +0.5 AFOIO

ndShade = tRight / (tLeft+tRight) — 0.5; // Calculate it and subtract 0.5

Cr20l,
ndShade gt= Jt

202t dHS) ZElEDS
-0.5 x 40) + 20 =
Ct. jaH/d (0 x 40) + 20 = 20.

W=
S2H=S

Tl EoH|
A

tI1 ?I5te

rgﬂ/\

EotD A (0.5 x 40) + 20 = 40. 2 & 0.25H& AtOI0l O™
fele (0.25 x 40) + 20 = 300ICt. DN =2ta H 22X /\POIP_I
elEY AOICH

el E Sakeldt
2tM 40= =&t

loop =S¢t 2= AXI0
€5t ndShadeJt -0.52+H

ndShade gt0ll 202t= Ciof

OF &t
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gref +0.5ctH 2celes 402
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for(int i = 0; iK(ndShade * 40) + 20; i++) // Place asterisk in 0 to 40
{
Serial.print(" '); // Pad (ndShade * 40) + 20 spaces

Serial.printin('*"); // Print asterisk and newline

delay(100); // 0.1 second delay
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int speedlLeft, speedRight; // Declare speed variables

if (ndShade > 0.0) // Shade on right?
{ // Slow down left wheel
speedleft = int(200.0 — (ndShade * 1000.0));
speedlLeft = constrain(speedLeft, =200, 200);
speedRight = 200; // Full speed right wheel
}

O

8 EHE ndShadedt 0.125¢ I HEH sHot=XNE HH=Z 2HECH &

HFF = 200 - (0.125%1000) = 750101 &0 =S AR A8 &5
012t 1000lA —100AL0I EHRI0 U 20 HH2 & 3/42=2 HIFAE S
Ct. 8H# speedRight= 8% &S ?6tH 20022 ==L

o= g
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Start with 200 T
niusb;;?: o ..  Example:
125 200 ntiShada =0.125 B
- Full
Result is S
speed Leﬁ=75'_ e ward

Which reduces 0
the left wheel's
speed

-200

ndShadeldt HXH HELF, 1AS O Z0l 20022 2H Xt28HCH TS OlA
M &M= ©8lCt. 2edlLt ndShadeldt 0.45012t®, 1212 speedleft H=00
-2502 M&EGtA D & AHO0ICH 20t dte HEIF -2000 2000 K12 EH (LY
O AEE S (maneuven &£ R0 W20, R2l= speedleftdt XIS+
HE HOHUKX LZEF OtF0/=2 constrain &S AEE 210ICt. speedleft =
constrain(speedLeft, =200, 200).

ool0 =52 JO8N2RH EOXAH & 2/H6t
= HIFE A6l HotH ot) XM= BEHF 5
(ndShade*1000)0ll 2005 CigtCt. Olgt Ol = CHE0! if(ndShade >0.0)S
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0 8ol &0/, JOHAM 10212 ndShadedt 0 2HUL O &= M At2g A
0ICt. ndShadelt -0.12501H, speedRight = int(200.0 + (ndShade * 1000.0))

= 200 + (-1.25 x 1000) = 200 — 125 = 75& HOIE 210|Ct. constraing %=
= speedRightES HI&tol)l 6t CHAl AF2 =L}

else // Shade on Left?
{ // Slow down right wheel
speedRight = int(200.0 + (ndShade * 1000.0));
speedRight = constrain(speedRight, =200, 200);
speedleft = 200; // Full speed left wheel
}

Xy QLIHZR REZER HAE
AMZ ZHHFE HAE 2
SOICH J2HA ST B4E SEEIX 20, UM SHIE AS XEXNES L0

J|l 215t Serial.print S &2 AIEHEX

i

Serial.print(speedLeft, DEC); // Display speedLeft
Serial.print(" "); // Spaces
Serial.print(ndShade, DEC); // Display ndShade
Serial.print(" "); // More spaces
Serial.printin(speedRight, DEC); // Display speedRight
delay(2000); // 1 second delay
}
print2t printin2 &2 &%= Z0lM speedlLefte g2 B0 F= H2Z LIE}
LI, 2= Z0lA speedRight, 12l & JH AIOIOMIA ndShadeE EUHFEZ=
SHCH FoA ATIAIL. O 82 & SH2 go A5 MES 2ol 2008 =
AME 21011, O2 & Z2 20020 ¢ &2 ez I = 210iCh (O
X HES=2 ¢ 2 20| )
O r 15 2 L, I et comlono) g5 -
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About equal light, | e |
fi’.’” Speed fonvard FALLL] U.ULISUIS 3]SI AoU ﬂ
\ Z00 -0.01l1le636655 188

z00 -0.003683636801 196

137 0.00z7223229 200

Z00  -0.0613207530 132 ndShade < 0
200  -0.3798811435 -179 ¢ shade aver left
200 -0.39074003Z1 =130 SI‘OW do“‘rn
183 0.0065177083 200
200 -0.00853890Z2 131
-104 0.30431Z223810 200
ndShade = 0 85 0.1142270E65 200
shade over right 3 -157  0.3575867414 zo0
Slow down -168  0.3683458382 200
SpeedLeﬁ 200 -0.013562381zZ 186 —
200  -0.0116279125 188 =l
/ v Bitoscroll {nolineendng =] [9600baud =]

Back to almost
equal ight and
nearly full speed
forward

Ol Ml AH Xl — Light Seeking Display

o M A/AXE 10l SUA=K HOIGHAIR.
+ LightSeekingDisplay AHXIE ot M&ESIL) ZE otAIL.
- NERLULHE AI2.
« ABOTS =25 ZdA 20 Az OE JgEUNE 2t&0
speedLeft EEE =510, DX 242 UIRH AL,
« = HHA 50t bdAX
StH Aol 2EAIL.

speedRight

I=XIE ZAtotdl ?otH &= FdAZ =

S O AAM0 O 0l JOHUE =N BAI2. X & O dA00 =S
2otJl M0 ndShade= 00 JIMRMEOF  SHCH.  (speedleft
SpeedRights HI3 &0 S XD &0l 1000FK 2EAGHOF SHCE.)

/*
* Robotics with the BOE Shield — LightSeekingDisplay

* Displays speedlLeft, ndShade, and speedRight in Serial Monitor. Verifies

* that wheel speeds respond correctly to left/right light/shade conditions.

*/

void setup() // Built=in initialization block

{
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tone(4, 3000, 1000); // Play tone for 1 second

delay(1000); // Delay to finish tone
Serial.begin(9600); // Set data rate to 9600 bps
}
void loop() // Main loop auto-repeats

{
float tLeft = float(rcTime(8)); // Get left light & make float
float tRight = float(rcTime(6)); // Get right light & make float

float ndShade;: // Normalized differential shade
ndShade = tRight / (tLeft+tRight)-0.5; //Calculate it and subtract 0.5

int speedLeft, speedRight; // Declare speed variables
if (ndShade > 0.0) // Shade on right?
{ // Slow down left wheel

speedLeft = int(200.0 — (ndShade * 1000.0));
speedLlLeft = constrain(speedLeft, =200, 200);

speedRight = 200; // Full speed right wheel
}
else // Shade on Left?
{ // Slow down right wheel

speedRight = int(200.0 + (ndShade * 1000.0));
speedRight = constrain(speedRight, —200, 200);

speedleft = 200; // Full speed left wheel
}
Serial.print(speedlLeft, DEC); // Display speedLeft
Serial.print(" "); // Spaces
Serial.print(ndShade, DEC); // Display ndShade
Serial.print(" "); // More spaces

Serial.printin(speedRight, DEC); // Display speedRight

ZFRB & 2:Parallax.com 222l B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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delay(1000);
}

long rcTime(int pin)

{

digitalWrite(pin, HIGH);
delay(5);

pinMode(pin, INPUT);

digitalWrite(pin, LOW);
long time = micros();
while(digitalRead(pin));

return time;

pinMode(pin, OUTPUT);

time = micros() — time;

// 1 second delay

// rcTime measures decay at pin

// Charge capacitor

/] ..by setting pin ouput-high
/] ..for 5 ms
// Set pin to input

// ..with no pullup
// Mark the time

// Wait for voltage < threshold
// Calculate decay time

// Returns decay time
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4a5: BYOR HE-2 =E8

04 J1 M LightSeekingDisplay AHXl= A MZ oted2 ot= A

4HXE ERF 8.

Serial.print &2 HMHGIAI2.
ANE DEE GolA2.

L

S&sta=(maneuver function.)2 CIGoHAI2.
= XS EA
(=) T

=

Z = LightSeekingShieldBot A H X 0| Ct.

0l speedlLeft 2t speedRightAddE SIUE BIES 2 S

+ LightSeekingShieldBotE OtF0l-0l Z=6t) M&Eot] HZEGHAIL

+ HiECIEES HE6t1, ABOTS =0 =11, 83 AR/AXE 22 =2A
Q.

« ABOTOl M=EE oi=2A delll XM= 25 ZHAM 20 OSXE

=0 2.
/*
* Robotics with the BOE Shield — LightSeekingShieldBot
* Roams toward light and away from shade.

*/
#include <Servo.h> // Include servo library
Servo servoleft; // Declare left and right servos

Servo servoRight;

void setup() // Built=in initialization block
{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone

servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12
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void loop() // Main loop auto-repeats

{
float tLeft = float(rcTime(8)); // Get left light & make float
float tRight = float(rcTime(6)); // Get right light & make float

float ndShade; // Normalized differential shade
ndShade = tRight/(tLeft+tRight)—0.5;//Calculate it and subtract 0.5

int speedlLeft, speedRight; // Declare speed variables

if (ndShade > 0.0) // Shade on right?

{ // Slow down left wheel
speedleft = int(200.0 — (ndShade * 1000.0));
speedlLeft = constrain(speedleft, =200, 200);

speedRight = 200; // Full speed right wheel
}
else // Shade on Left?
{ // Slow down right wheel

speedRight = int(200.0 + (ndShade * 1000.0));

speedRight = constrain(speedRight, —200, 200);

speedLeft = 200; // Full speed left wheel
}

maneuver(speedLeft, speedRight, 20); // Set wheel speeds

long rcTime(int pin) // rcTime measures decay at pin

{
pinMode(pin, OUTPUT); // Charge capacitor
digitalWrite(pin, HIGH); // ..by setting pin ouput-high

delay(5); // ..for 5 ms
pinMode(pin, INPUT); // Set pin to input
digitalWrite(pin, LOW); // ..with no pullup
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long time = micros(); // Mark the time
while(digitalRead(pin)); // Wait for voltage < threshold
time = micros() - time; // Calculate decay time
return time; // Returns decay time

// maneuver function
void maneuver(int speedLeft, int speedRight, int msTime)
{
servoleft.writeMicroseconds(1500+speedLeft);// Set Left servo speed
servoRight.writeMicroseconds(1500 - speedRight);
//Set right servo speed

if(msTime==-1) // if msTime = —1
{
servoleft.detach(); // Stop servo signals
servoRight.detach();
}
delay(msTime); // Delay for msTime
}
Z2&8/08 25 £&2F
04201 &0l O 2UZsIIE JsCH, 10002 Us & & H30AM o 2 2
o2 HFGOIAIR.

speedLeft = int(200.0 — (ndShade * 1000.0));
speedRight = int(200.0 + (ndShade * 1000.0));
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1. SZ20A | = 1 mAOI2tH Va0l THEIY 2HEAL.

2. SZ20IM Vasdt 4.5VetH HEsS Slote BFE HAMGIAIR.

3. 1052 HAAU=s HIMAIHS 2 HAGIAIL.

4, B 7810z XHAI2ZE2 =Fols rcTime2&2 H4GHAI2. el
tDecayZ 018 20&l H=0 2UE HECHAIL.

5. OtF0I=0 &ZE Z0AM 10012 24 gt =Z&CEH ndShade=&d
XIJF 2201 X HASHAIL.

6. MBIZLIHUA 50042 5 JISE HAIGl= BIEES HEOHAIRL.

IZ2ME

1. 310lA, HaltUnderBrightLight sketch 2 &Mdl= 3lz= WEQ
Z0AM ABOTES =2 OtcHOlM HFEA SHCH =01 ZHol&ol K
StEl AIZERHS DJHXID QUCHH, Jell) o Lo 2fxHEe 2210 U
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Z22 UWe AAX D2 /01 242 22X i =E6tH *XAI6t
= AAXOE Ol &G 2EE 240ICH AS10AM 0l 201 =26t
= AAXE 4ot HAHGAIL.

2. ABOT2 Ol2lMel SOtTLA 2tED 29 talol HE28E &S0t
= S8 HEotAI2. 0l &2 &2 Building the Photosensitive
EyesZ £ E &ol 0l IZE 0l=Zal0F &LIC.

3. ABOTO| L&t ZR0| &S S22 HOotllA XA 9 gie g
S 22 SAHIEE ol SES HLGAI2. ABOTE2 HEsS ¥
oz SAHY = A00F ot HMAS OteHHIAM SEOOF &LICH Ol
S8 Building the Photosensitive Eyes22H &3t 0ls 3SIZTE At
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A= ol
HMZo| %2 LM 22 SOIIID WOIAZS SN6I0 ES2L2C0)
5. ZEEUMNAEC LA} HDIE 22 D2 HZT0f UCH
6. T XIFO DS S OIOIEIOICH TTE NED Yol YON
e THXH= ZEEO0ICH
7. Ww2M ROl QM MEN G JFZCH oAl W20l Gf 21250k
BHCH,
8. VA3S 2o %I} &M ZIiEHC
9. ZEEUNAHE O U2 ®MBQ M =2 22 HYOZ 220
10.2 kQ MES O 202 HAGAL.
11.22FA0] 2EFY /4023, YA EO| 19 AS NE&H= HIE
S 0lFEHC) QFOF REIFQ Ofgf2tM, Y22 02 MESI= HIEZ 0f
OFSHCY,
12.8QH0| 2 ASHC
A5 oile
1.V =1x R=0001A x 2000 Q=2V.
2.V=1xR—>1=V+R=45< 2000 = 0.00225 A = 2.25 mA.

w

105 — 10 with 5 zeros appended and multiplied by 1 pF.

1,000,000 x 1 pF = (1 x 106) x (1 x 10-12) F =1 x 106 F

=1 pF.

4. It would be long tDecay = rcTime(7);

5. ndShade = tRight / (tLeft+tRight) — 0.5 = 1001 + (1001 + 1001)
-05=05-05=0.

6. Solution:

for(int i = 1; i<=50; i++) // Repeat 50 times
{

Serial.print('="); // one = char each time through
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Project Solutions
1. OIX & HaltUnderBrightLight2l =& H&2LICtH
/*
* Robotics with the BOE Shield — Chapter 6, Project 1
* Chirp when light is above threshold. Will require updating value of
* threshold & retesting under bright light to get to the right value.
*/

void setup() // Built=in initialization block
{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
}
void loop() // Main loop auto-repeats
{
if(volts(A3) > 3.5) // 1f A3 voltage greater than 3.5
{
tone(4, 4000, 50); // Start chirping
delay(100);
}
}
float volts(int adPin) // Measures volts at adPin
{ // Returns floating point voltage
return float(analogRead(adPin)) * 5.0 / 1024.0;
}

10

2. 0|22 ol st
JIGtAl2:ndShade = —-ndShade. if---elseE2&tbtZ &0
JlotAl2. A0S sg D8 XE JiI29l= 24 tialal,

b

T,
8 o i

ro
ton
El

LightSeekingShieldBotE = AtotL], loop& =0 otLt

2 %2 Jt2AUL. £ OE 22 tleft / (tLeft +

tRight) 2t S&8F ndlight H&2 AFESt= JLICH HdES AAX
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Ol Al ndShadeE ndLight2 HI#O0F & JLIC.

3. 2EI=2 ZFa)| fot LightSensorValuesE AIE38HAIL. tlLeft +

tRightE Hot= 20| =LALICH HHEZ2 01A
LightSensorValues& AtEg == UCH &H2
1/4 gt22 AIXSIAIR. A ¢He 2ol
40001+ 4000/2tH, 400 + & x (4000 - 4
AUS AECSHAIR.

CHotd tlLeft + tRight
00) = 400 + 900 = 1300

Ct=0l HaltUnderBrightLight® & LightSeekingShieldBot2l OI2! loop

DX SAEH if &2 2200 =II6HAIL. HaltUnderBrightLight= &
= Jl 20 2CF O A =2 O)HAMKE AP%
e ¢ ge g

= = 20l =20 QTalIZE
of 20 O &2 X2 (QQHAE Be2eUt. fel= E£& 1300.0
= o

// Add this if condition to stop under the bright lamp.
if((tRight + tLeft) < 1300.0) // tLeft+tRight < 13007
{
servoleft.detach(); // Stop servo signals
servoRight.detach();
}

04 D1 LightSeekingShieldBot2l =& & H

&Gl &4 AEH0 et O3S Hatoior & A
/%

* Robotics with the BOE Shield — Chapter 6, Project 3
* Roams toward light and away from shade.

HSEEUO AHIJ0 X AUSL

*/

#include <Servo.h> // Include servo library
Servo servoleft; // Declare left and right servos
Servo servoRight;
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void setup() // Built—in initialization block

{

tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12
}
void loop() // Main loop auto-repeats

{
float tLeft = float(rcTime(8)); // Get left light & make float
float tRight = float(rcTime(6)); // Get right light & make float

// Add this if condition to stop under the bright lamp.
if((tRight + tLeft) < 1300.0) // If A3 voltage greater than 2
{

servoleft.detach(); // Stop servo signals
servoRight.detach();

}

float ndShade; // Normalized differential shade

ndShade = tRight / (tLeft+tRight) — 0.5;//Calculate it and subtract 0.5

int speedlLeft, speedRight; // Declare speed variables

if (ndShade > 0.0) // Shade on right?

{ // Slow down left wheel
speedLeft = int(200.0 - (ndShade * 1000.0));
speedlLeft = constrain(speedLeft, =200, 200);
speedRight = 200; // Full speed right wheel

}

else // Shade on Left?
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{ // Slow down right wheel

speedRight = int(200.0 + (ndShade * 1000.0));
speedRight = constrain(speedRight, —200, 200);
speedLeft = 200; // Full speed left wheel
}
maneuver(speedLeft, speedRight, 20); // Set wheel speeds
}
long rcTime(int pin) // rcTime measures decay at pin
{
pinMode(pin, OUTPUT); // Charge capacitor
digitalWrite(pin, HIGH);  // ..by setting pin ouput—high
delay(5); // ..for 5 ms
pinMode(pin, INPUT); // Set pin to input
digitalWrite(pin, LOW); // ..with no pullup
long time = micros();  // Mark the time

while(digitalRead(pin)); // Wait for voltage < threshold
time = micros() — time; // Calculate decay time
return time; // Returns decay time
}
// maneuver function
void maneuver(int speedLeft, int speedRight, int msTime)
{
servoleft.writeMicroseconds(1500 + speedLeft);//Set Left servo speed
servoRight.writeMicroseconds(1500 - speedRight);
//Set right servo speed

if(msTime==-1) /] if msTime = —1

{
servoleft.detach(); // Stop servo signals
servoRight.detach();

}

delay(msTime); // Delay for msTime
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IR LED_J A2 S8 EIGHAL.
A2H2 IR LEDUHAM 2SHOZ & H 20, 8262 & ¢ &1 ZctAE
AOIANA HEHSE Z0|CH 0|S2 WA LEDUHE Al2ot=0 SYotH &2
0ol 240|LC}.
=M ZX "HAE ZE
29 ABOTY MM £Al2s= HQ|M 81(980 LH-0lE YR)S 38KHz Jt
Ne =52 ZXotEE AHE0 UCH IR LEDE 0| =2 on/off ot BHE
Jl foll, Rels 2 AHXE AIEE I ALlH @ AlE We 240 Hi=<s S
d2 AISE = U
MM 2XeE OUS M SHHE WEC.
1. IR LED on/off € 38 kHz =2 H|=C}.
2. IR 2MI0ll BtAIEl 38 kHz IR 22 BEUI|E BtE2o2 Ye(low) ASE B
LHOI Rlol IR =A82E= AM2ES 1/1000F = =2 O XNHAZITH
3. 229 =2 AMS(IR 2ZXIJE OlLl) = 22 MS(R Z2X) & U2 2l IR
HAIRO AEIE QIS
0] % IR LED(E 9Bt IR =& (E 10) AIEAHl Gl HIF RUCH.
tone(9, 38000, 8); // IRLEDJ} 38 kHz 2 = A 1 ms A=
delay(1); // Wait 1 ms
int ir = digitalRead(10); // IR receiver —> ir variable
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D S3(tone)2 & 1.1ms St XISE L

8x2t 38kHz AISE ZMAIIII| 2ol tone(9, 38000, 8) = JIU StH2E
Aoz ANZE OFF0lLe ATZEYNH HAE vi.0 HIME 1.1 ms S22t X5
ECt tone Olet= OlS= 20otd &= JHE ez HAEZN &HSE 0
AS = UACH 2hep AT AMEATHE 38kHzE == = 812 A0ICH 0l
2 ultrasonic(ZSIH 2 H=LA0ID 02X A0l S8 + Sl U =2 4
clete AE SQ0IEtC A0l 2 = U= 8= 20 Hz 0lA 20kHz OICH

tone &= =Y 38000 & high/lowE gt=dt= W&ES LMAIRICH OFF0l:

LATEQN vI02Z A, AES Sot0 8ms St &&3MD, 0242 38kHz At
IE 1.1ms S XEHHo=z LO2ICH.

tone &+= HHZ2Z XHeltle A0lcte 22 HAGHAIL

IR =412 = 38 KHz &S0 B35t S8 =29 ZA=x S0 2ROt
delay(1)2 ir = digitalRead(10)Jt IR =&I22| F0| =HIE M NX SALL
o S&&e A8 =0

Che AAX= Al JHS DHOHEH = irDetect 2t1) ot= &+5 &2 &tCt. @ of
L= IR LED & 0|1, T2 dtlte IR =488 Hootn LIMHXIE= IR LEDE
2Y0l= FIIE HFGH| {18t A0IC

int irDetect(int irLedPin, int irReceiverPin, long frequency)

-

loop &=0lA irDetectE S&& 210|C}.

int irLeft = irDetect(9, 10, 38000); /[l AFH =g ol

0l SZ&2 irLedPin ORI =0 95 & Yaotl, irReceiverPin0ll 102 &Yotd]
frequency Ol 380002 &Yot= AOICH O] &=+ HIHMZ Lot Xt 2
ME ZXotk LUS M 2 XotYS M 0= 2lEot= A

1
HAHE ettt 0 cI8 g2 irLeftOll ME =L
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AHX OIH - TestlLeft
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1’s — no object
detected

'

~ -
0's — object 4 | L|J

detected I~ Buboserolf Mo line endng =] [9s00baud =]

E OLFO0I=0lA HHLHAIL.
v 3XE AAXIE 191X101 s=Ch
o

v DEE dEot] HE st 02 OFF0l =0l TestLefthr2 Y2 & SHAIL.

* ABot — TestLeftIR

* |R ZX20F 2ME ZKXotA L2™H 18 EAlGHD

* S HE 2AotH 02 ZAlSHC.

*/

void setup() // Built=in initialization block

{

tone(4, 3000, 1000); // Play tone for 1 second

delay(1000); // Delay to finish tone

pinMode(10, INPUT); pinMode(9, OUTPUT);// Left IR LED & Receiver
Serial.begin(9600); // Set data rate to 9600 bps
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void loop() // Main loop auto-repeats

{
int irLeft = irDetect(9, 10, 38000); // Check for object
Serial.printin(irLeft); // Display 1/0 no detect/detect
delay(100); // 0.1 second delay}

// IR Object Detection Function
int irDetect(int irLedPin, int irReceiverPin, long frequency)

{
tone(irLedPin, frequency, 8); // IRLED 38 kHz for at least 1 ms

delay(1); // Wait 1 ms
int ir = digitalRead(irReceiverPin); // IR receiver —> ir variable
delay(1); // Down time before recheck
return ir; // Return 1 no detect, 0 detect

}

v ABOT Z2Y HOI=2= A
HE HAIR2.

v Z0ILE B0l 22 SXHE IR 22X 2XIIUAM 12IX(2-3cm) & 20l 1
g 7-110 &0l FAR.

v oAl2ld ZLIEO dasttiz2 &
Notd= M 001 EAECE O=2 0 .

v Aelg ZUEHN o4 g0l EAIEOH Q8% IR X ZAID
Detector)2 Y0{JIAI2. BHeF Ol &b BL0 g
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&l& - Test the Right IR Object Detector

AHAXE £=HoHAH irLeftE irRight
ﬂilﬂ, §|§01| E1|£E§DI ol B HSE 4N H==0 35| YstCh O

TestlLeftlrE TestRightlr2 H&ot0 & etlh.
pinMode(10, INPUT);  pinMode(9, OUTPUT)E  pinMode(3, INPUT);
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pinMode(2, OUTPUT)2 & HAHSHCE,
v int irLeft = irDetect(9, 10, 38000)E int irRight = irDetect(2, 3, 38000)%
213 5tCk
v’ Serial.printin(irLeft)E Serial.printin(irRight) 2 & 8tCt.
ABOTS Q2% IR 2X ZXIJIE <o Hl =

A
v 32l ZEQ HHE oiHZot)| |lotH E=82s

AN
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*

Robotics with the BOE Shield — TestBothlrAndInciators

Test both IR detection circuits with the Serial Monitor. Displays
the left IR detector does not detect an object, or 0 if it does.
Also displays IR detector states with indicator LEDs.

*

>*

*

1 if

*/
void setup() // Built—in initialization block
{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone

pinMode(8, OUTPUT); pinMode(7, OUTPUT);// Indicator LEDs

Serial.begin(9600); // Set data rate to 9600 bps

}

void loop() // Main loop auto-repeats

{
int irLeft = irDetect(9, 10, 38000);// Check for object on left
int irRight = irDetect(2, 3, 38000);// Check for object on right

digitalWrite(8, lirLeft); // LED states opposite of IR
digitalWrite(7, lirRight);

Serial.print(irLeft); // Display 1/0 no detect/detect
Serial.print(" "); // Display 1/0 no detect/detect
Serial.printin(irRight); // Display 1/0 no detect/detect
delay(100); // 0.1 second delay

}

// IR Object Detection Function

int irDetect(int irLedPin, int irReceiverPin, long frequency)

{
tone(irLedPin, frequency, 8); // IRLED 38 kHz for at least 1 ms
delay(1); // Wait 1 ms
int ir = digitalRead(irReceiverPin);// IR receiver —> ir variable

pinMode(10, INPUT); pinMode(9, OUTPUT);//Left IR LED & Receiver
pinMode(3, INPUT); pinMode(2, OUTPUT);//Right IR LED & Receiver
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delay(1); // Down time before recheck
return ir; // Return 1 no detect, 0 detect

TestBothirAndIndicators ZE &Y

irDetect &%= E S i, = irDetect & irRighte &8 & Mt ZXEZX &
oo 12 MH&EGHAU SHOF 2XEH 02 HESCH AHXE=E KAIXL S0
=0otJ| <ol if---elseE AMSE =

irLeft @ irRight2l 2t0l 2t AB/HES Bt
QL oFXIgH 2 2T ULt

Ol AJXIE iRightel S MEFO2 ABSICH irleft Ot 02 HEE O ©X
SHLIGH 2t wmoba XAl LEDE Ch J2iD 10l MBS LEDE 2Lt 12
LEDE 4= XAIXOID 02 D= TAIKOID G20 digitalWrite(8, irleft) =
AFEGHE 2210 |5ts B 22 WS 4 UCH JHM O ANXE irleft M
HPS SEGI SAoH not AMTH)E AFSSEITH Xt 01X digitalWrite(8, lirLeft)
S Iileft 32 BrESICH J2HM 02 MEE [ LED = XD, 12 HT 2 0
LEDJt MEICH 22 yeoz 22% IR 2XJIe LED NAKN X8S8 &
Ct.

a2

Not(!) H&XL = BH==0A OI& gt BHEAI2ICH

& O UJtH digitalwrite(8, lirleft)S = X0ICt. OIOLE HIGH (&= 1)=&

O HAXID LOW (&= 0)2 =0l MHXl= digitalWrite &= 2t2 HHB 5

HEe AN0ICH H=ogts AISE M digitalWrite &= 82 Jt& 2EF 0|

&= TtelE %@E}. = 12 =0l HAX22 02 =0 HACH eHA irLeft It
|

U M

}

0 (BM ZX)E M= lirkeft = O0I&= 00000000 € 11111111, 22 HAF
SHAHl ECH JtE REZE Xtel==Jt 10121 &0l =01 HZXICH irLeft= 12 M
&M Ol& === 00000001 OICt. lirLeft 222 Z23dt= 1111111001 =C+. It
g 2EZXE Xel+=Jt 00122 =0 HZC
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A HIAE(Remote Testing and Range Testing)
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=9

H2E2 IR 2SS ZMAIZI= JIH S StUL! el222 A28 = U

TV, VCR, CD/DVD MAMJ| 2222 IR LED2 &2 SFE MSol=e 2E J|

JIE &g == ULL 012 ABOTO| 2z ZXE IR 2dXII2% 22 BEFE

AE238tD JUCH M ABOTOl TV, VCR, CO/DVD MAMI|ISOl HIAIXIE &

g2g 2 QUL 2E IR 2H82 ABOTE2 XAt 222 HES SE/HME

Ht=etCt.

Ol Al — IrinterferenceSniffer

0l A2AXINAM= ABOTIL tone=2 &alg oHOFstCt. XIAIAH LEDE AL, Al2ld

QUH HAMS 2= BNE ZAISCH CHAl OtR IRE ASEX 20| M

20 38kHz HALL2 A2 AAZ 2H A0t 8tCH= 2/0/0ICH.

v DEE Aotd OFSFO0I0ll IrinterferenceSniffer 8 Y2 S oFAI2.

v IR 2tE0l ZXE O ABOTOI &1 AZ200F =Xl HIAE GHAIQ. 2FeF W
a0l2td  2t2te] ABOTS TestBothlrAndIndicators2 && AlZ2 = UCH IR
LED= IrinterferenceSniffer bot2l IR ==&IJ|0l IR LEDZt XIAlStCH. ABOTOI
STt TV, VCR, CD/DVD MMIIE <Iet 2222 AIEE £ UCH ABOTOH
N HES GIUE Bt=olM 210 B ot 2test XIAIE 8ttt ABOTOI

SiCtH TV, VCR, CDO/DVD MMIIE <& 2222 AISE %= UL ABOTOI
ZINEOZ BISGtY HeE2 IR 2tE EXIDIJt #Scte 282 & = UL

/*

* ABOT 2R& <& IrinterferencesSniffer

* Mo 2Hdol Q8 oS HAE o) R ot IR 2HE 0l ZXECHH

* Aleld 2UIEDJF @108 HAloLD, TIUE AL 0SS LMAIZICH

* KIAIS0l 2oLt

*/

void setup() // Built=in initialization block
{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
i 3 o L e e ety -7 -



pinMode(10,

pinMode

void loop()

{

{

for(int i = 0;
{

delay(20);

(10, INPUT);
pinMode(3, INPUT);

(8, OUTPUT);
pinMode(7, OUTPUT);

Serial.begin(9600);

int irLeft = digitalRead(10);
int irRight = digitalRead(3);

digitalWrite(7,
digitalWrite(8,
tone(4, 4000,

digitalWrite(7,
digitalWrite(8,

// Left IR Receiver

// Right IR Receiver
// Left indicator LED
// Right indicator LED

// Set data rate to 9600 bps

// Main loop auto-repeats

// Check for IR on left
// Check for IR on right

if((irLeft == 0) || (irRight == 0)) // If left OR right detects

Serial.printin("IR interference!!!"); // Display warning

i <55 i++) // Repeat 5 times
HIGH); // Turn indicator LEDs on
HIGH);
10); // Sound alarm tone
// 10 ms tone, 10 between tones
LOW); // Turn indicator LEDs off
LOW);

v ABOTOIA =X
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&l 2 0lS5tAI2.
v ABOT2 &HeH 2tge=z 2H HOLII| ol IrinterferenceSnifferE a4t

o o

AEGHAI 2.
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&3 Xl Hel HFEI

ANEsxte 8XS(E= O ¢2 SHANOI e+ HF2 M O g2l = = U

Cte MMAS 210 UCH ABOTSl HIH LED 8XS0l O HWH Lot ZX &

FOF SOt et O A2 M2 LEDOA O 2 d%E S22 &ttt LEDO

O 22 85I s22=% O #0tkls &20l . 0l AdstlAMd=s LED2E &2
>

=
& LEDOI M2 TOHE NE gtel gg= &gg A0ItH

0l AE8llA FIt2 ERE R3S.
(29H) 470 @ Mg (-g-2ct-Z4)
(29H) 220 @ Mg (w-wL-Z4)
(20H) 1 kQ Mg (ZM-FFH-22A)
(20H) 4.7 kQ M& (-g-Zeot-22)

Mg Alel=2 LED &t7I

=
n
rr
pl
HT

BM, LEDE otLt AMEot0 ME0l LEDE HENH HIIE G
At 2% LEDIF 2ot AJXI= LEDO high &S E &L St
Gl Kl A2 Xl — P1LedHigh

v DEE Yot MEGHH LeftLedOnE HZE AIZICH

v AHXIE AHAIDIL Z0lA P8Ol HZE LEDIF RE =Xl 2QISHT.

—

// ABOT 220l - LeftLedOn

/| ¥ AEE 9I8 A% LEDE He A

void setup() // Built=in initialization block
{
tone(4 , 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
pinMode(8, OUTPUT); // Left indicator LED
digitalWrite(8, HIGH);
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void loop()
{

// Main loop auto-repeats

}

R Frior
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5 2

Ol2& Ata! 8t JIXl= O S0l(whiskers)?t Hl=
= Zugt2 high(1)ol2, EME
S M Z2ugt2  low(0)0ICH. 0l A50A RoamingWithWhiskers AAIXI

+=dot0 IR Z2XIJIE HSAZIU. =&8ote A2 2ot HAHls

uu

0
= o

t
L

1. RoamingWithWhiskersE RoamingWithIr& X &G6tAI2.
2. irDetect &+E ZFDI8tC}.

int irDetect(int irLedPin, int irReceiverPin, long frequency)
{

tone(irLedPin, frequency, 8);

delay(1);

int ir = digitalRead(irReceiverPin);

delay(1);

return ir;

o

3. digitalRead S & #=&&tLl.

byte wleft = digitalRead(5);
byte wRight = digitalRead(7);

/% irDetect &=

int irLeft = irDetect(9, 10, 38000);
int irRight = irDetect(2, 3, 38000);

4. wlLeft JABEAZ jrleft £ BRI irLeftES irRight=2 B AIL.
5. =4 [xx/ 2 /| & FIIGIAIL,

Replace all instances of wLeft with irLeft and wRight with irRight.
Update the /*---*/ and // comments.
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AAX alEd - RoamingWithlr

RoamingWithWhiskers

RoamingWithirez MZ&stCt.

AKX WsS CAl A&
ABOTE 2&AIZIALE
RoamingWithWhiskers
StCt.

AN NI N N SN N
>
@
O
_|
2
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|
HU
I
£
0

HOlES 2elAl2IC
ol 3-point ARIXIE 201l ECF.
PSR U Rol SCH

|
(82 J=0| ZREHA &Lt

* Robotics with the BOE Shield — RoamingWithlr
* Adaptation of RoamingWithWhiskers with IR object detection instead of

* contact switches.
*/

#include <Servo.h>

Servo servoleft;
Servo servoRight;

void setup()

{

tone(4, 3000, 1000);
delay(1000);

servoleft.attach(13);
servoRight.attach(12);

// Include servo library

// Declare left and right servos

// Built—in initialization block

// Play tone for 1 second
// Delay to finish tone

// Attach left signal to pin 13
// Attach right signal to pin 12

pinMode(10, INPUT); pinMode(9, OUTPUT);//Left IR LED & Receiver
pinMode(3, INPUT); pinMode(2, OUTPUT);//Right IR LED & Receiver
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void loop() // Main loop auto-repeats

{
int irLeft = irDetect(9, 10, 38000); // Check for object on left
int irRight = irDetect(2, 3, 38000);// Check for object on right

if((irLeft == 0) && (irRight == 0)) // If both sides detect
{

backward(1000); // Back up 1 second
turnLeft(800): // Turn left about 120 degrees
}
else if(irLeft == 0) // 1f only left side detects
{
backward(1000); // Back up 1 second
turnRight(400); // Turn right about 60 degrees
}
else if(irRight == 0) // 1f only right side detects
{
backward(1000); // Back up 1 second
turnLeft(400); // Turn left about 60 degrees
}
else // Otherwise, no whisker contact
{
forward(20); // Forward 1/50 of a second
}
}

int irDetect(int irLedPin, int irReceiverPin, long frequency)

{
tone(irLedPin, frequency, 8); // IRLED 38 kHz for at least 1 ms

delay(1); // Wait 1 ms

int ir = digitalRead(irReceiverPin); // IR receiver —> ir variable
delay(1); // Down time before recheck
return ir; // Return 1 no detect, 0 detect
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void forward(int time) // Forward function

{
servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise

delay(time); // Maneuver for time ms
}
void turnLeft(int time) // Left turn function
{

servolLeft.writeMicroseconds(1300); // Left wheel clockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise

delay(time); // Maneuver for time ms
}
void turnRight(int time) // Right turn function
{

servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1700); // Right wheel counterclockwise

delay(time); // Maneuver for time ms
}
void backward(int time) // Backward function
{

servoleft.writeMicroseconds(1300); // Left wheel clockwise
servoRight.writeMicroseconds(1700); // Right wheel counterclockwise
delay(time); // Maneuver for time ms
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/*

* Robotics with the BOE Shield — FastlrRoaming

* Adaptation of RoamingWithWhiskers with IR object detection instead of

* contact switches

*/

// Include servo library

#include <Servo.h>

// Declare left and right servos

Servo servoleft;

Servo servoRight;
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void setup() // Built=in initialization block
{
pinMode(10, INPUT); pinMode(9, OUTPUT):
//Left IR LED & Receiver
pinMode(3, INPUT); pinMode(2, OUTPUT);
// Right IR LED & Receiver

tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12

}

void loop() // Main loop auto-repeats

{

int irLeft = irDetect(9, 10, 38000); // Check for object on left
int irRight = irDetect(2, 3, 38000);// Check for object on right

if((irLeft == 0) && (irRight == 0)) // If both sides detect

{
maneuver(-200, -200, 20); // Backward 20 milliseconds

}

else if(irLeft == 0) // If only left side detects
{
maneuver(200, -200, 20); // Right for 20 ms
}
else if(irRight == 0) // 1f only right side detects
{
maneuver(-200, 200, 20); // Left for 20 ms
}
else // Otherwise, no IR detects
{
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maneuver(200, 200, 20); // Forward 20 ms

int irDetect(int irLedPin, int irReceiverPin, long frequency)

{

tone(irLedPin, frequency, 8); // IRLED 38 kHz for at least 1
delay(1); // Wait 1 ms

int ir = digitalRead(irReceiverPin);// IR receiver —> ir variable
delay(1); // Down time before recheck
return ir; // Return 1 no detect, 0 detect

void maneuver(int speedLeft, int speedRight, int msTime)

{

// speedleft, speedRight ranges: Backward Linear
// Stop Linear Forward

// =200 -100...... 0...... 100 200

// Set Left servo speed
servoleft.writeMicroseconds(1500 + speedLeft);

// Set right servo speed
servoRight.writeMicroseconds(1500 - speedRight);

if(msTime==-1) /] if msTime = -1

{
servoleft.detach(); // Stop servo signals
servoRight.detach();

}

delay(msTime); // Delay for msTime

ms

FastlrRoaming =& &Y

0l

AH X = TestManeuverFunction AHXZEHE &S &2

maneuver &= Ml JH2l OHIOHEH = speedlLeft, speedRight, 2t m
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VS

void loop()
{

// Main loop auto-repeats

int irLeft = irDetect(9, 10, 38000); // Check for object on left
int irRight = irDetect(2, 3, 38000); // Check for object on right

if((irLeft == 0) && (irRight == 0))

{
maneuver(-200, -200, 20);
}
else if(irLeft == 0)
{
maneuver(200, —200, 20);
}
else if(irRight == 0)
{
maneuver(-200, 200, 20);
}
else
{
maneuver(200, 200, 20);
}
}
Al EBH|

v' FastlrRoaming =

v ABOTOl =ME ZXl&

v ABOTS =EE B2 =
(2002t -2002 2 U=R 2
= 212 JI956HAI2).

// If both sides detect

// Backward 20 milliseconds

// If only left side detects

// Right for 20 ms

// If only right side detects

// Left for 20 ms

// Otherwise, no IR detects

// Backward 20 ms

FastlrRoamingYourTurn2 X & &tCt.

212 XIAISt= LEDE Z=JIotAI2.

0101 <ol speedlLeft? speedRightE ==& 3tAIL.
ZX0lD 502 222 502 FH=E HEIH Bl
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CHEE ABOTOl EX R0M 2 SOOI &2 &) {18 Z20HYHM=
FastirRoaming OlA if...else if...else z==4dotH Al oiZ & = UL
HHME F20te A Olao 25 2X010F 2ME 2 O 20ms X0 2R
OtCh 8t SMZRH el Jte X Al SHME &6t S0toF & 2RIt U
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v FastirNavigation € €1 AvoidTableEdgeZ M&StLt.

v OH AAHXI2E SLSHH AAXIE =FECE maneuver Jt loop WRHM &
Eot= A2 =2 A 20 20mss2t MAME AHl=E X232 250ms S
ot Fl2 20 OtEHNZE S22 Ji= &= 20ms =t MASHCH L8
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O 3|MGl= A= 375ms S0 REZEOZ | MEHC
v HIJ| HIOIEL HICIEZR 2tE IA Q0A AHXZE HAE &L
v pkok BT Q0lA oH2CHH 0l0l =9= F9 AlStES 2= SIXl Of
A2,
/*
* Robotics with the BOE Shield — AvoidTableEdge
* Adaptation of FastlrRoaming for table edge avoidance
*/
#include <Servo.h> // Include servo library
Servo servoleft; // Declare left and right servos
Servo servoRight;
void setup() // Built=in initialization block
{
// Left IR LED & Receiver
pinMode(10, INPUT); pinMode(9, OUTPUT);
// Right IR LED & Receiver
pinMode(3, INPUT); pinMode(2, OUTPUT);
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12
}
void loop() // Main loop auto-repeats
{
int irLeft = irDetect(9, 10, 38000);// Check for object on left
. N N PO bt e T - 133 -



int irRight = irDetect(2, 3, 38000); // Check for object on right

if((irLeft == 0) && (irRight == 0)) // Both sides see table surface
{

maneuver(200, 200, 20); // Forward 20 milliseconds
}
else if(irLeft == 0) // Left OK, drop-off on right
{

maneuver(-200, 200, 375); // Left for 375 ms
}
else if(irRight == 0) // Right OK, drop-off on left
{

maneuver(200, -200, 375); // Right for 375 ms
}
else // Drop—-off straight ahead

{
maneuver(—=200, —200, 250); // Backward 250 ms before retry

int irDetect(int irLedPin, int irReceiverPin, long frequency)

{
tone(irLedPin, frequency, 8); // IRLED 38 kHz for at least 1 ms

delay(1); // Wait 1 ms

int ir = digitalRead(irReceiverPin); // IR receiver —> ir variable
delay(1); // Down time before recheck
return ir; // Return 1 no detect, 0 detect

void maneuver(int speedLeft, int speedRight, int msTime)
{
// speedleft, speedRight ranges: Backward Linear Stop Linear
//Forward
/! -200 -100...... 0...... 100 200

ZFRB & 2:Parallax.com 22t2! B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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if(msTime==-1)
{

servoleft.detach();
servoRight.detach();

servolLeft.writeMicroseconds(1500 + speedLeft);

servoRight.writeMicroseconds(1500 — speedRight);
// if msTime

// Stop servo signals

-1

}
delay(msTime); // Delay for msTime
}
AvoidTableEdge JI &Sole 2

[—

Sk
—

=]

AvoidTableEdge FastlirRoaming Ol A loop
&8 A0 o & el #

= o =
o= O

// From FastirRoaming

if((irLeft ==
{
maneuver(-200, -200, 20);
}
else if(irLeft == 0)
{
maneuver(200, -200, 20);
}
else if(irRight == 0)
{
maneuver(-200, 200, 20);
}

else

) && (irRight == 0))

20l A if---else if---else RES

FLE2A & X
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maneuver(200, 200, 20);

//From AvoidTableEdge

if((irLeft == 0) && (irRight == 0))

{
maneuver(200, 200, 20);
}
else if(irLeft == 0)
{
maneuver(-200, 200, 375);
}
else if(irRight == 0)
{
maneuver(200, -200, 375);
}
else
{
maneuver(-200, —200, 250);
}
}
if((irLeft == 0) && (irRight == 0)) EBtSE IR ZXDJIJt & CF HHS 2 ZX

LT

J1 W&ol FastlrRoaming = maneuver(-200, -200, 20)22 F Z 2tCI.
HOlIR Z2X210 EEXE 22Xl R0l AvoidTableEdge = maneuver(200,
200, 20)2 292 2tCh 0|A2 U2 20ms =S¢ d&ot=d & 6tCiE 20|
0| Ct.

CHE if(irLeft == 0) BF=22 FastlrRoaming0l 20ms =S¢t 2
stCh= 2/0I10ICH. maneuver(200, —200, 20)= 2Z& 2
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Ao 2AZYM 2H A2 HElZ int irLeft = irDistance(9,

// IR Hel &8 &=
int irDistance(int irLedPin, int irReceivePin)

{

& 2:Parallax.com 22t2! B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
FrBor 1ot 2/ Dz /01 28/ SR BIZ: T 201 % (www.Fribot.com) - 141



int distance = 0;

for(long f = 38000; f <= 42000; f += 1000) {
distance += irDetect(irLedPin, irReceivePin, f);

3

return distance;

—

ool S2MIt A2 irDetect() &= 1

o
o
r

Blotll, 2MIt [P 0= cIE &

distance += irDetect(irLedPin, irReceivePin, f); =412 SHI} AEZX £=2
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+ ABOT2Z2H ZOUHRICIE =HME JHIO0I OISAIA 22X OfF= &
OlsolE g0l Hot= XIEMK A

=
Hel S8 NES &1 J|I=otih

- 22 As =9

- QEZ R ZEDI0I KM BH=E5HX

. DroF BEQ| [IE EEC £ U O o Jf2l2 SO, IR LEDO
CIZE HEES HOF EX. UE D 2 k@ (RSM-ASM-goM)
0I010F BICH A2 2K 2O0 IR LED MBS ZH5H0 2=0| Hi%
Sl EIE= BHA

* ABOT - DisplayBothDistances

* A QLEWLY IR AHE Alclg ZLHN £

* Hel 892 0UlA 5T, = cm2 i H=2 Hel

* 20210 Z X0 20N S & = AL HRE2 02 HUR Itz

* b= US 2L

*/

void setup(){ // Built=in initialization block
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone

pinMode(10, INPUT); pinMode(9, OUTPUT);  // Left IR LED & Receiver
pinMode(3, INPUT); pinMode(2, OUTPUT);  // Right IR LED & Receiver

Serial.begin(9600); /| Set data rate to 9600 bps
t
void loop(){ /] Main loop auto-repeats
int irLeft = irDistance(9, 10); /] Measure left distance
int irRight = irDistance(2, 3); /| Measure right distance
Serial.print(irLeft); /] Display left distance
Serial.print(" "); // Display spaces
Serial.printin(irRight); // Display right distance
delay(100); /] 0.1 second delay
t

// IR distance measurement function
int irDistance(int irLedPin, int irReceivePin){
int distance = 0;
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for(long f = 38000; f <= 42000; f += 1000) {
distance += irDetect(irLedPin, irReceivePin, f);
}
return distance;
1
// IR Detection function
int irDetect(int irLedPin, int irReceiverPin, long frequency){

tone(irLedPin, frequency, 8); // |RLED 38 kHz for at least 1 ms
delay(1); // Wait 1 ms
int ir = digitalRead(irReceiverPin); /] IR receiver => ir variable
delay(1); // Down time before recheck
return ir; /] Return 1 no detect, 0 detect

1

Im

Had=2 Xt — Helol thet Crerst BlA

« UE SHE Ool=otAU A8Z201 =L HE0l g S0lut =HE
Ol8oilA HelE SHHEAMR. HE My ZEH0| JtE & HdE01 &
Le? & & =X 2= H27?
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Condition Mgasured Sgt [seltsggirnt- Output Maneuver
Distance | Point (Kp x error) Result
measured)
0 2
Too close 1 2 2-1=1 2x-50=-50 Slow reverse
Just right 2 2
3 2
Way too far 4 2 2-4=-2 —-2x-50=—100 Fast forward
5 2

Ol &l AHXI: FollowingABot

FollowingABot AAHXIH A Hldl MO =
N 2= did MO AH&D MES =&
ABOTZ2 &0ILI, ®OILt OIE 2ERE [
* FollowingABot ZEE &5+, % .
« 8 3+ x 11" B0IE 0OI=2dHA HOUES HES ABOT2UH SFOHA
ABOTO| L&t Helg RAE
LOI=2 QIoHAM <2t E&
« B0IE A0HAl SHAIRE M ABOTO| [M2tM S/ MSHOF SHCEH
« 30| AIEE ABOT =22 0|20 2Lt ABOT: 0lXsS MetMd &
o=z JioF &tCt.
« ZO0IE ABOTH JtZAH 2 M ABOT=2 S 2 2HUOF SHCH.

O] =< =3

A=)
to

e O

il
o

>

[*

* ABOT - FollowingABot

* Use proportional control to maintain a fixed distance between
* ABOT and object in front of it.

*/

#include <Servo.h> // Include servo library
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Servo servoleft; // Declare left and right servos
Servo servoRight;

const int setpoint = 2; // Target distances
const int kpl = =50; // Proportional control constants
const int kpr = -50;

void setup() // Built=in initialization block
{
pinMode(10, INPUT); pinMode(9, OUTPUT);  // Left IR LED & Receiver
pinMode(3, INPUT); pinMode(2, OUTPUT);  // Right IR LED & Receiver

tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
servoleft.attach(13); /] Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12
}
void loop() // Main loop auto-repeats
{
int irLeft = irDistance(9, 10); /] Measure left distance
int irRight = irDistance(2, 3); // Measure right distance

// Left and right proportional control calculations
int driveLeft = (setpoint — irLeft) * kpl;
int driveRight = (setpoint — irRight) * kpr;

maneuver(driveleft, driveRight, 20); // drive levels set speeds

}

// IR distance measurement function
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int irDistance(int irLedPin, int irReceivePin)

{
int distance = 0;
for(long f = 38000; f <= 42000; f += 1000) {
distance += irDetect(irLedPin, irReceivePin, f);

}

return distance;

}

/] IR Detection function

int irDetect(int irLedPin, int irReceiverPin, long frequency)

void maneuver(int speedLeft, int speedRight, int msTime)

{
// speedLeft, speedRight ranges: Backward Linear Stop Linear Forward
// -200 -100......0......100 200
servoleft.writeMicroseconds(1500 + speedLeft):  // Set Left servo speed
servoRight.writeMicroseconds(1500 - speedRight); // Set right servo speed

if(msTime==-1) /] if msTime = ~1
{
servoleft.detach(); // Stop servo signals
servoRight.detach();
t
delay(msTime); // Delay for msTime
t

{
tone(irLedPin, frequency, 8); // IRLED 38 kHz for at least 1 ms
delay(1); // Wait 1 ms
int ir = digitalRead(irReceiverPin); /l' IR receiver —> ir variable
delay(1); // Down time before recheck
return ir; // Return 1 no detect, 0 detect

t
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const int kpr = =50;
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int driveLeft = (setpoint — irLeft) * kpl;
int driveRight = (setpoint — irRight) * kpr:

OlMl, driveLeftet driveRight= A2 =2 &£3F6H)| g #s &+=2 &

=8I0 ZIALH

| _maneuver(driveleft, driveRight, 20); // =& &322 <8 2& 3t

2t SENM #=01 20ms2t XNEEHE2, |2 g5 20mss0 BHEoiA XA
= AZICH IR Hel HMUAM 20msIt &£ Z2lB& FTE= 40ms S A4S
=Lt 824 Hls82 FHUA =& 25 820 o & &tlt.

MEE HIS0 e S8 2t

MEY A2 otue HE0UM G ASHA2 AIZ2H0ICH 822 i
! E2 ME ol= FIIE UEHCO ¢t 02 a2 JIYcotH gA A

stgr == QULCH:

sampling rate = 1 ~ sample interval
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/*
* ABOT - SlowerlrRoamingForlLeaderBot

* contact switches
*/

#include <Servo.h>

Servo servoleft;
Servo servoRight;

void setup()
{

pinMode(10, INPUT);
pinMode(
(
(

pinMode(3, INPUT);

tone(4, 3000, 1000);
delay(1000);

servoLeft.attach(13);
servoRight.attach(12);
}

void loop()

{

int irLeft = irDetect(9, 10, 38000);
int irRight = irDetect(2, 3, 38000);

if((irLeft == 0) && (irRight == 0))

* Adaptation of RoamingWithWhiskers with IR object detection instead of

// Include servo library

// Declare left and right servos

// Built-=in initialization block

9, OUTPUT); // Left IR LED & Receiver

pinMode(2, OUTPUT);  // Right IR LED & Receiver

// Play tone for 1 second
// Delay to finish tone

// Attach left signal to pin 13

// Attach right signal to pin 12

// Main loop auto-repeats

// Check for object on left

/] Check for object on right

/] If both sides detect
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{

maneuver(=40, —40, 20); /] Backward 20 milliseconds
t
else if(irLeft == 0) /] If only left side detects
{
maneuver(40, -40, 20); // Right for 20 ms
t
else if(irRight == 0) /1 If only right side detects
{
maneuver(—40, 40, 20); /] Left for 20 ms
1
else // Otherwise, no IR detects
{
maneuver(40, 40, 20); /| Forward 20 ms
t

}

int irDetect(int irLedPin, int irReceiverPin, long frequency)

{
tone(irLedPin, frequency, 8); // IRLED 38 kHz for at least 1 ms
delay(1); // Wait 1 ms
int ir = digitalRead(irReceiverPin); /l' IR receiver —> ir variable
delay(1); // Down time before recheck
return ir; // Return 1 no detect, 0 detect

t

void maneuver(int speedLeft, int speedRight, int msTime)

{
// speedLeft, speedRight ranges: Backward Linear Stop Linear Forward
// -200 -100......0......100 200
servoleft.writeMicroseconds(1500 + speedLeft):  // Set Left servo speed
servoRight.writeMicroseconds(1500 - speedRight); // Set right servo speed
if(msTime==-1) /] if msTime = ~1

{
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servoleft.detach(); // Stop servo signals
servoRight.detach();

t

delay(msTime); // Delay for msTime

}
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=ot st 0 = 43822 ORCL OlM 0=
ABOTOl JlIsS FItotLE O XMIGl ¢ =HIJOF &
OFOICION I UCH:

Ping))) =0+ Hel A
« Ping)) sensor: #28015 at the Parallax store
« Check out the Ping))) KickStart code for Arduino here
* Mounting Bracket Kit #570-28015 at the Parallax store
« Try the Roaming Ping))) Shield—Bot project here

JIEJ|l 2XE Rt & = IS
« #28017 at the Parallax store
+ Check out the Accelerometer KickStart code for Arduino here.
+ See the XBee Tilt—control SumoBot project here
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) BASIC Stemp™ HomeWork Boord”

f46 Mot S4lS 2?8t XBee RF 251 (HEH;
+ Visit the XBee page at the Parallax store for options
+ Check out the XBee KickStart code for Arduino here
* See the XBee Tilt—-control SumoBot project here

6-= 2J|2 I It= ABot
* #30055 at the Parallax store

2= Ng M= 28 93 €X= JIE

* #28106 at the Parallax store
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. B 2AS f <=42000 OlA f <= 41000 2 ZECH.

for(long f = 38000; f <= 42000; f += 1000) {
distance + = irDetect(irLedPin, irReceivePin, f);

—

2. &8¢

4

const int setpoint = 2; /] B A
const int kpl = -45; // Al Ale] Al
const int kpr = -55;
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void loop() // Main loop auto-repeats

{
int irLeft = irDistance(9, 10); // Measure left distance
int irRight = irDistance(2, 3); // Measure right distance

// Left and right proportional control calculations

int driveleft = (setpoint - irLeft) * kpl;

int driveRight = (setpoint — irRight) * kpr;

int drive = (driveLeft + driveRight)/2; // Average drive levels

maneuver(drive, drive, 20); // Apply same drive to both

delay(10); // 0.1 second delay
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