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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)
FrBor wio iz nxe/0i2e/=Sa thz: Zetol® (www.Fribot.com) -3 -



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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jc_serial | OO0 1.0.1

Hg BE AHX EF £8%

yoid setup(){
Serial,begin{9600):

Serial .print("Hi = 5
! Doomr ol E .
void loop(){ |

[ 2= Hi |

4|

2HEH
HHOIAZ2] AR AO[Z: 1,778 HI0IE |

HIE]
o7 2

Arduino Uno on COMT

OlF0l 2ZERNE 1 s DEE Yotk

}

void setup(O{
Serial.begin(9600);
Serial.print("Hi !");

void loop()
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ARDUINO

load = Cetting Started

Learning Hardware

ge | Libraries | C:

| Changes

Language Reference

Arduine programs can be divided in three main parts: structure, values (variables and ), und fi
Structure Variables Functions

- setup() Constants Digital 1/0

* loos0 - HIGH | LOW * pinMode()

« INPUT | QUTPUT| » digitalirite)

Control Structures INPUT_PULLUP . digitalRead()

= if + true | false

¢ ifalse +  integer constants Analog 1/0

* for + floating point constants * AndlogRefeingcsd)

» switch case +  analogRead()

= while Data Types
+ do...while . void
5
« 0Ol AIOIEOIAM 2320t 21 A
loop & delay S22 Mol X HIOIX
o QFCF “print’LUh ‘printin® 2 &

Ct.

analogWrite(] - PWM
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int a = 42; char ¢ = 'K'; float root4 = sart(4.0);
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// ABOT - StoreRetrievelocal

setup(){
Serial.begin(9600);
int a = 42;
char ¢ = 'K}
float root4 = sart(4.0);
Serial.printin(a);
Serial.printin(c);
Serial.printin(root4);

}

void loop(){

}
ASCIll= American Standard Code for Information Exchange2 2t0{0|C}.

Olde ZFH IILE StH0 =XE LIEIWD| fIst Lerm™el 2E A|AEO0(CH.
E =9 OtF0lU Al2lg Z2ULH 250 M ASCI 2& 75 L= 'K' 2X=
S2SICH char ¢ = 'K, A2 OFFO0l=It =Xkt 758 ¢ H
Serial.printin(c)= OFS0l%=Jt =X 758 Al2l¥ Z2LIHZ
oI 7568 2¢Ho® Iis M2z KE StH| &= etll.

« ASCIl 2ZE 0-127 27I.

I 4
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Serial.printin(root4);

Serial.begin(9600);
a = 42;
delay(1000);

c ="K}
root4 = sqrt(4.0);

Serial.printin(a);
Serial.printin(c);

// ABOT - StoreRetrieveGlobalint
int a; char c; float root4;

void setup(){

void loop(){
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float @35 WMetItA 012 22 GIOIE S0l CHol
OlESl OHXY 2F0AM AtEdt= long Et int &

A E HOI E%*D, e FHOol CHEIN?
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MEAMIIE AAXNAM HASHIN SEGICH 0 A&0HAMeE JIx=Hl AAXL
ol =& U=CH e assignment (=), D4 addition (+), #4& subtraction
(=), 24 multiplication (*), L& division(/), LtO{ Xl modulus (%, Lt <

= =),
o OIS0l: o0 Z1D(Arduino Language Reference)S Z 1 At (At
KOl CHOoH A AHIH 2 Xt
s Wl AHX= SimpleMathZ & B4 a2t bE &M Hotl Z2UE col M
StCH Z2UE Al2lg 2LIEHO &8t 0lHdl ¢ &

& 4 oA
no Hu

HAZ O QUCH int ¢ = a + b;0lA HUAAMTH(=)E  a%t
cOl SAStCH OfeH O XME Aleld Z2LIEHWE 12

o

14| 1] [

Autoscroll | Mo line endi..,,

+ OISO0I=0lM SimpleMathE =otd MES Os ABOTH €ZEok
At
« ZF X=X Al2IE ZUHEE SoilA Qo2 At

// ABOT - SimpleMath

| void setup(){
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Serial.begin(9600);

inta=12;

int b = 23;

intc=a+ b;

")

Serial.print("a + b
Serial.printin(c);

}

0l
&3

Ul
M

!

S c

void loop(){ // BIHUS,

= float

oll
0

<

0l
Rr
=

iof

oll

|
10

<
i
™3
<l
mJ

UL

FAL.
tJF -32,7680I A 32,7672 AtOlct

&

ioll

00

un

AtEotEH 00l Al 25570+ K

=
=

byte

HE5

long2

&l

Z1

0l

-2,147,483,64801 A 2,147,483,6477t Xl JtsGtLt.

oie{ 22| X2

24 12l ABOTOl Ct

9]

Ul
ol

]
Il
A0
_Jn_
]
o
il
i

Alelg Z2LIH
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1
it
=2
x
b
4
o
=
s0
rir
ox
{0

22 2 S ABOTO| €S WMet 240D AAS 2D, |el F=H20E M
atgh £ QO FF= 2 x o x 00 re &2 XN&0l1d & = 3.14159 O|Ch.
O HA2 Azx=H0l Us HAOl O &CH 6Dl 2SI A=l 3.14159 =X+ T
A PIE 256t UCH Ple C AHMA AHX HMOUA HEE &= Qe &
(constan)E B 0 UL 22T 0| Y= ERe BESL+HLZE s AS
StCY.
float r = 0.75;
float ¢ = 2.0 * Pl » 1;
GIMl AAXI - Circumference
+ OIS0l OICIE Ol Circumference ﬁ%lil% 2oty MNE
« U2 0.752 2.0 EEstX| EHOIGHAL. 2.0 Al 28 AlSotH oF &
« AJXIE ABOTOH SZ2E6tD Alelg LIE1§ ZUE ol
// ABOT - Circumference
setup(){
Serial.begin(9600);
float r = 0.75;
float ¢ = 2.0 » Pl = 1;
Serial.print("& 2l Sell 201 &= =");
Serial.printin(c);
}
void loop(){ // BIHUS, BtsS= 2=t els
}
oiz{2el xiz| - e HY
0] HMAS g =3 x r° 0|Ch.
BIE: P 2 1 x 1 2 A& =i
« CircumferenceAreaZ AANXIE NME.
« HXO| HatE ZE MEGHI| 98t float W= SHLUE O FIH6tL,
Ol 2t2 ==ot== DYGOIAL AAXIE Aot d, HEDI0 2AdHAM A
At 240 HIWE ol 2X.
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ABOTS & MAol et olsE M o JtAl 230l Z
A £ 2X. a2 b & #=5 HlWolA adt b2CH 22X OtHUXSE i
f--else @S MESHCH if ZHUA (a>b) Z0IH, if D& =259 2&¥E &
SHSHCE. Serial.print("adt b2 CH ACH): 2o adl bECH AKX LOH else DZEE

22 Hal AESHCE Serial.print('a = b2CH AKX ZCH'");
= gedotn, MEst ChS ABOTH ZZ=StCt.

+ OIS0l OICIHO 2ZEE &

« Al2lE ZUHEE 21 Bt HAIXIIOE Lh2EX 2elatit.
« a% b9 S MZ HROU 2L

« AJXIE UAl SZ2E0HA 24IHER

// ABOT - SimpleDecisionsvoid

setup({
Serial.begin(9600);
inta =>5;
int b = 4;
ifa > b) {
Serial.print("a Jt b 2Ct 3CH");
}
else {
Serial.print("a = b 2Ct AKXl &CH");
}
}
void loop(){ // HIOIYS, er=gl
}

rr
]
In
o
£Q
0l
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if... else if 2 7} ECHs}7|

OLOF “adt bECH IAE"2 HIAIXIDH
setup() &= WOl if() =AUES 2 oL SHE SO

void setup(O{
Serial.begin(9600);
int a = 89;
int b = 42;
ifta > b) {
Serial.print("a is greater than b");

}

ofor

of
A2 if---else if---else 22 2 £ UL

AAXIONA M OHX 22401 2 R06HCHHA, 201, "

if(a > b)
{
Serial.print("a is greater than b");
}
else if(a < b)
{
Serial.print("b is greater than a");

}

else

{

Serial.print("a is equal to b");

AAXNAM=E 2 ALR &&LE ]
ULCH && ALHX= ANDE 2/0l6tL
1020 31 bIt 102CH HCOH

nfor
00
Qﬂ
=)
=)

=
=)

e
K%
z
>
uy rio

=2
=
l= O
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if((a > 10) && (b < 10)) {
Serial.print("® &

CHE Ol2 aJt 10020 AL bt 00 B2EH B dSE BHL}
if((a > 100) |l (b <0)) {
Serial.print("®I& &g 1");
}
OLRIEtS] Ol2 & gi0] &2 ERE &0 AUM == & )i oM == &=Zstlt.
if(a == b) {
Serial.print("a2t b= ZCh.");
}
« 0Ol2f8t HE S AAXN HEH 2A
OtLt OI&2 else if @2 ifE US0H AtSotH &= Cte WMIHAl A=
ot A=Y
20 2 250 H2E HUEH 2 clse =252 A oAl &=
Ct.
& 2:Parallax.com 222l B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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Z2E AWM sH0l 6 Xtell Bt=ElesE LS50l A== SMECH BH=2S 2ol
A for BF=1 while BtSE &g &= UL ol =23 =g = A2
for gt === B0l ALE8th while Bt=2 X210 01 2 MK 2= =
s =gt

e 03 22U TS gH=otad® for EI=E2S AISEHCL HIZAM

ABOTOlI HelE ZXlotdl RohAM 5JH2 M2 THE gt= AISE d<2, 0 2RCE

=== 53 gr=olioF &l 0 HZFUA 2= for BtEES AtEstUh K1 0O
|

£ B=06t Al2lg Z2LIEHG 8t &5l 22X

N2 128 50X

1| 1] [

Autoscrall | Mo line endi,,,

e CountToFivelll &= SF HEs = g2
- A2lg 2LIHE Z1, 10lAd 50K M=X

ol
Pl

Jo
ro
3
-

// ABOT - CountToFive

void setupO{
Serial.begin(9600);
for(int i=1;i<=5;i+ + ){
Serial.printin(i);
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}

void loop(){ // HIHUS,
}

gEHE RS0t

0lo
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ol

i0J

Ol Hl CountFiveTimes AH XIS for BH=20 O

2 XY gz o

Ol int i

sy
=

H HOHIE EeX
it+)
=

=

o
i == 10;

1;

40t Y=, o

Condition (repeat again if true)

342
Serial.println(i);

delay (300} ;

[—

for{int i

(0 ol
b

=)

L

Initialization (start value) l Increment (step size)

| el

9]

Ct.

¢ iloJ

(index)ct

Ol otLI™ for
SO &AL 22 WA

L

o

X

Ct.

o]
or

o

t

N

Klo

-

)]
=
Klo
ok

b

=X
o

L

[mm}
—

Ct

[ea]
=
=
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Alel

—

O &1 5

b

o

PN

el A Serial.printing)
i 221 B2

i g8t0l 10ICH.

5 Xl At
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OI8Ol g8t AHME Y OO i++3JF HAXE ASotH =0 12 O
Ct. S& A& ——= ZA0 ASEC S &= A& +=, —= »= | /=&
AMEOl Jbs0oltCh += AAXS 2 MZA i =1 + 10002 i+=10001 =& ot
Ct.

e AHXIE CountHigherInStepsOl M & GHCE.
o AJAXIS 2EES USS=Z HiERL
for(int i = 5000; i <= 15000; i+=1000)

- Y=L ot AMelY ZLIHE SailM &2Eo 24t

Aoz FHUM HAIF HH g2 2IEdl= S while() BF=&E0] HL S0t
= AAXE HEC. SMeE HAMIF A2 UK LO0tA while() BH=22 57t
X2 AIOf 2K
int i = 0;
while(i < 5) {
1=1+ 1;

Serial.println(i);
delay(500);

DEE X3 Bl ot SOtAR (++4)E EEE £ UL ++5 12 2LEZE
= 2 | b eil

A = Serial.printin(i++); & it [M2tM ™MS0l= 001 Al
LIEfOIl eIt i++2 & 3tEl 20l HEEIC Qrof 1%

(]
B R ACHE ++ 2 HHR00F

inti=0;

while(i < 10) {
Serial.println(+ +1);
delay(500);

loop() &= HE BEEL. UE LHoZ 2ES S BEAI= AAXs
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FrBor wio iz nxe/0i2e/=Sa thz: Zetol® (www.Fribot.com) - 30 -



Ctst ZCh

nti=0;
while(true) {

Serial.println(+ +1);

delay(500);
}
012101 (HEH &= EN? while() BIE22 Z54£0| 202 HHOE Ot A o=
StCH. 'true's Dl2l o= A=0ICt. truel =3

0l 10122 while(true)= &4

011, A= BH=6HCE while(false)= HHE | SNt

« Ol Ml JIXI M2 CH2 while() &=
=N

«  Serial.printin(++i)£ ME5tAS M, A2l 2LIHE SoHM HHEH ©
& =X 2HEGHA.

« while(true) @t while(false)= &l &0olAL.

m p> &
02

(@)

ountToFive AAHIXINAM & &Sol
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UET7: dxol FY

CtE AHXI= CountToFiveDocumentedOl CountToFive2t= Oled HOIA Ch

S0 UM, 28 F4H0| 220 LI20C. 28 FA2 /x AIHA «/2 2Y

Ch. 1 AlOIQ 2tole2 25 =40 ZS&C 240 =842 28 S0l // o LEE
AN _i_

=
(13 =]
.

oz D& et 492 H=0 Otz AHXIS & | const int (A
4= Abds) AQ0| =0, 020! startval, endVal, baudRate2 22+ 2t0l 1, 10,
9600 OICt. O T8, AAIX= 0| %0 2E2st 20 0] M4 A4=E 26}

/* ABOT - CountToFiveDocumented 0| AHXI= 12H LBNMKE SIHotHA
MDD Alelg 2UEE Soi S-8tCH «/

[

Shield-Bot — CountToFiveDocumented

This sketch displays an up—count from 1 to 5 in the Serial Monitor

*/
const int startval = 1; // Staring value for counting
const int endval = 5; // Ending value for counting
const int baudRate = 9600; // For setting baud rate
void setup() // Built in initialization block
{

Serial.begin(baudRate); // Set data rate to baudRate

for(int i = startVal; i <= endval: i++)  // Count from startVal to endVval

{

Serial.printin(i); // Display i in Serial Monitor
delay(500); /| Pause 0.5 s between values
t
Serial.printin("All done!"); // Display message when done
t
void loop() // Main loop auto-repeats
{
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OFF0l%= AIOIEOIM &XIotD AZEQNE HAESD ZZO3Ms AZGHL,
2 IHX A&52 OtULH 0l OlH AAHXE SHA Ot0IZ0l HEN ESZ=A
AHEUD, T2 00 st HEW HHA=2S0l BRE URs £2 Jisd
S20 CHollA € JIXl =S ot UCh
Ot01& 0l ot= ¢

« =2 AMM HAIXIE A2l Z2LIEHZ U

o W20l a2 M&EStL =0,

« 8 ZRHCe E= HAHSHCE.

« MO ZE20el 80 et des ZHEHC

« E M= A HAHE Bt=8HCE
T2 Y HE

« =gt 20IH, = MHHEIF HEH S dEot=ot

« OFF0I%-2 setup()t loop() &JF HH LS dH=dt

« WA(global)H==2t X (local) B2 XtOIA.

« char, int & float IO &2 &HGtD ALE5HDI

« 4SS 0120t HEH =8 2HE F=0t.

« if, if---else, and if---else ifE O|EoHA HENH Z2HE ot=Jt

o fEXUAM Hlw AAX 2H HATE AESt=It

« for% while 2Z0HAM HEH =5 A1) HAHE gr=ot=0t

ZFE AZ(SkKills)
« ELCCZ0IE"”, A2l Z2LIHZ AHXINA HHEH 2Lt
+ ASCIHl 2XJt 20IH HEAHN AEE=0H
+ OIOIZZ2HEEH A0 HIE &EotJI.
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& 2 (Questions)

ABOTS FileE OE MCUZ ZI0 UASH?

1.
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H1& sfiE

&= ol

& (Question Solutions)

. OF0l 2 &= ATmega328.

2. "ioldel =X, 00ILt 12 = dioldel =&k ?7= ‘K'AdE oHMZ
ASCIl 2EJF =X2 BT =A iR
3. setup()&t4=2l =2&2S Z2 0| AIZEH < g0t ASHEC}
setup() &+t Z2UH AHX= loop()&t=Z 0ISStCH loop()&tx= 2
E2 H= s2otAH =&
4, B9 0|82 AHXNAM HYLSAL HlnE M AFZ2ECH H2
2 2 H&Eote 8/AE dFstl
5. d9tHLE= AHX HMUHAN 2ot HEE = UL NEHLx= o
el E5 oM BF 20t =83 = UL
6. &= AKX XA+, WA - ZA o« Lissd /[, LIHK %
7. 0|HE 280 J2B= floatd 2l HIOIEHZ F=Z=CH
8. xJIgt, =AH, SIIZ
9. E8 FHER2 /*& A&GIH *x/2 ZLIH 1 A0 O 22 &S
= UCH cHeIF=HE22 //2 AMECIH QEZW d4¥2 H=C.
H&9 ol & (Exercise Solutions)
1. e
Serial.print("gt i = ");

Serial.printIn(i);

2. o

long bigVal = 80000000;

3. o &
if(myvar % 2 == 0){
Serial.printin("#H4= &4 "),
}
elsef{
Serial.printin("dH4+= &= ");

R Frior
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O R=
for(int i = 21 i <= 39; i+=3)
{
Serial.print("i = ");
Serial.printin(i);

}

5. ol &

char c = "a"
Serial.print("Character = ");
Serial.print(c);

Serial.print("  ASCII value =");
Serial.printin(c, DEC);

6. oHE:

for(char ¢ = 'A"; ¢ <='Z"; c++){}

TZHE e
1. 0] AAHXI= CountToTenl HEE HAES=Z
Aol == o2 H3al =Ch

// ABOT - Chapter 1, T2HE {

e

So=M 58 ASCI 2XE =

void setup(){
Serial.begin(9600);
for(char c = '"'; ¢ <= '~'; c++){
Serial.print("Character = ");
Serial.print(c);
Serial.print("  ASCIl value = ");
Serial.printin(c, DEC);
}
Serial.printin("All done!");
}

void loop()

{
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2. 0] AHXI= SimpleDecisions? BEE HELzZ A
E4 ®4 OIX| =2Hol= e S MZ8tL.

// ABOT - Chapter 1, T2®E 2

S=AM 32

(£
i
2

void setup(){
Serial.begin(9600);
int a = 20;
if(a%2 == 0){
Serial.print("& =");
}
else{

Serial.print("&4=");

}
void loop(){

/] "ol /AS, et=at

rr
kU

n
S
©
olo
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min

OHE2E0| ParallaxAtel 28 3™ MEZEH, H& 12l ZC0IL=(LED)E
X0t HAES £ Qe &=(Board of Education Shield)2l AIERS HM2%
A AJHE 240ICH el 28 &AXlot] OFS0l:s BEEQF WAlsteE JIxE
Hi<H 2 2A0ICH HM2E2 OHXIZ0A, dHd=E2=2 & i AE2HE H&Zol
12 ME2HS XA E 220 8 MEEHS 55 & 2ES Moo=

AHXE FEoli= 2A0ICH

Board of Education )
Shield continuous
rotation servo

PARALLAL

resistor -
light-emitting diode (LED)
e 2% OIS0l TE O=2EE
- H2A3S0 ItYsS M&¥ot, 5= ZC0 0l T2 A AAHXSS
ZLatotd AL
« AMAEZS ol OtcH E3E Met M R.
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2 = (Board of Education Shield)= OIS0l 282 X 328 &Xlot] A
SBRHE HZoH| dE HELCH O HEUHA HedEES2 MEZEA ZASE
HIAESID ol 2EE A2 A0ICH OS2 ZUAM o=2E2 BOEHER
NE2EE ABotOl2te 22 XSX2 MAl 210 &=& 210|C.
22 22235 22 M=)

(1) OtF0l: 28

(1) nNss gt 8

(4) 17 82 L=R0ls &N

(4) <Z=0{2] LIAL, 1/47 4-40

(3) 1/27 2 ULZ XIXICH

(3) LIZE HE, 4-40

(3) EMel LhAL 7/87, 4-40

TT TN

1 1 |

| J

|

A8
2 Ot 4J02 Bl OE0| OIS0l Aoz HAASC, £ AR LIY=R
NXHZ OIS0l EEQ €& EEE HZEGEE AHE 3 RH==S LA
Al HAASHCH
OIS0l E=2 040 UNO R3= 32O A0l JA/UCHE 2= UEIHCH R3
BEs= & A9 Bl A3Ms JIXD, USBY M DI fXloleE HzEE A
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OICt. OI& H&ES OFtF , 1A F=Ot
2 gHXNE 8 2301 & , 40 B
=0l USBY &3t It AOIEP.

« Z2724Y HOI22 0lF0l: 21 22I6tAI2

o A2 HOI Yoo EES0HM HEHN HED =X AHED| 2o £
S 2 S(Board of Education Shield)2l Tt OtFO0l: 2EEE IiNt0I
LFHENR. 2t OIS0l BIJIE JIXID QJACHH, Otel 2= 0I0IXI A
2 USBEEZ OIHMOl €& 2EE9 Jt&EXN o IH2ZAH |AXY A

OICt.

SE SIXOL L0l DYOICH X34 CEC0HE 0fE 2 5t
NXCHE 1§ E= 2042 ALBE 4 QUCH 0IAOZ2 BEGHNL o 20| 2
2 UXGH=O AFSE & Y=XS
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Arduino’s

power and
programming
ports are
away from
the BOE
Shield’s
breadboard
Make sure the BOE Shield mounting
holes align with the Arduino’s.
- U222 XXME oS0l 28 THLN IIHIN 7HY 235 &
HE0| D8 XFBMR
« OIS0l 2F9 229 20l GtK, 7/8"LIAIROI €E9 RS
SUoIESE NI E2A2

Slide nylon After y

Spacers over socketing

screws. shield,
thread and
tighten
nylons
nuts.

- ZC B} OF0L 28 23S ¢
« ESH OIS0l EE9 Yoz 7/ ZEGtAI2
« B0l &30 SHHol FEIESE S WS CEH F2A2
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h JH.{]T”I ft--.-n\-v'-n--.v e

Comect: gap.in pins linesup. WRONGI STOPI

There’s a pin hetween the
gap. in the sockets, so it's not
comrectly aligned. Unplug it and
try again.

Uno R2 and older.

Comect: gap.in pins lines.up. WRONG! STOPI
There’s a pin between the
gap. in the sockets, so it's not

comrectly aligned. Unplug it and
try again.

M2 HZ&E 2EESS HOISW HE6H| ?lot, fel= €52 2 A0 Hl0l
£& X Xl(standoffs)SS =g A0ICH

« 2E9 2AN2 FY2=Z 1/4"LIAIRE M ZTHAIRL.

« 17 220ls NAUHE UHAIR2Z HHHol MBGHAIL.

« 40He NXUE 25 MZE MKl BH=SGHAIL.
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AT M= Metel QAE EAY = UL 2%t
Metel IIIZRH 0t HoUsIE 2 .
(5%) 2M(10%)2 == ACH. 0] M2 BHMUHAMNE MNELX=E SL6HA 2K M
st 2t |

St 2t2 S0t =& 0l

HEOAM 222 M= Ofcl EoF 201 108l =X2 WSS
Mg 44 S==
=X 0 1 2 3 4 5 6 7 8 9
A AR I AR A AR L AR AT AR TN

Tolerance

'[ Code

First Digit Number of Zeros
Second Digit

? 82 M0l =g¥-2ot-2Ae 32 MEgt2 470Q01 =L
W MO =022 X } Cl
SHM AMOL EetolB2 OS el =X |

*NISTR A4 24012 P UHSE=E <Xt= 101 &0 Al Bl =Xt=s
10& =2 XI=E 2l0lct=s =X0I12Z 1001 =Ch Metsd 472 =Xt0l 108 =
gt gtQl 470Q01 M&sto

HU
N
0
=J

[l
[w]
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A" M=sto|

He Aoz FHE BN BEE B lE2E(solderless breadboara)etl] £&
Ct. 001 BHEEE= 172 &g JtXLD, 222 &g 54 43 A8 200t
SN 22l RHECH 500 A2 082 LE ANE2 OlAHBUHA 254
Oz HALN HIIH=z HZE MEHOICH DM & el M&0l 504 A2 1
E UOUAM NY™ A2H MIIHMoz HZE MEHOICH 0128 A=z 22l=
LED Ml 22 2ES2 HZ0IH IZTE FLE A0IL Y EHX &5
=g d= A2 dZe F e dedzg MIIEe2 HALDAN E=lt

3.3V Vin

Breadboard

oooa
ooog
oood
ooogd
oooa

MNeed to connect
two or more leads

0o

|

or wires together?
Just plug them
into the same row
of five sockets.

o~
oo
oo
oo

oooooo
OoooOooo

Oooooooggoo

— DIGITAL
O = R L L

OoooooOooOgod
O
O

0
]
[}

Ooooooooog

[m|
O
O
O

GND

ANEHE dAS L5 A= 515 =S

s M= 0| A3UE
3.3V, Vin (8iE2 ot

. OIHE-Z=: HS 6 2
2150 SO 3 ol N
1, o= 320 MIIE 23ot=0l AF2E 240ICH

« OlHEB-25: 0otg20 LB (ANALOG IN) A3MO2 0 IIX U2
=X5t=0 MREC 0 HXHES OF0l: 2S99 olg2 94
(ANALOG IN)1b HZEICtH,

. 0 E 13DHKI EAIS O
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LED &8 a2

LEDs — &2t
Resistors, 220 Q (red-red—brown)

—~
NN
— —

Z2E UEHU =Fob| Hlle &€& 20 M= HEoHKA OHAIL!
1. BOEEEL &d&E ARXE 022 s2A2.
2. T2]8 A0S HiECIE =22IotAlL.

Ot 18 =2 LED2IZ HETE LIEIWLD, 252 25 EdE2=0 £X
= OlK sl=22 &= LIEtHCH
+ Ot 222 FHotME. MS0IctEH HEohH HHEE=E Metol Z2Al

0

+ LEDIHAE SXUE GNDZ HBJE=EX HCIoHNR. HAEE LEDScH

A8 HOlAS HEsH Hi OP)E B2 200t AL HAZESE I
SHMIR. HAE SXt= 50 A3 o2 JIFMOF 6t GND A=
dd=S 0lEotod g2t

« OHS ©HADF Metlt 22 501 &3 i HZE =X &2IothR
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Schematic Wiring Diagram
P
13 D—AMWN '\Q)
2200 Lo Red
% LED Black
A O
— — Ulcudbua:ll:tli
GND cathode
@ ke leads
oo
12 M oo
oo
2200 oo
§ LED oo
oo
oo
b = Look—this
@ oo 9-socket row
= = connects fwo
1 wires and one
LED cathode
Power GND 01234 sﬁﬁff‘ together.
1 Breadboard ANALOG IN| O)
2 Breadboard + Servo Ry
2 & HHZ0H LEDSIZE MO E OIS0l E Z203e M HEAH =
Hot=XE HHE0] AME = UAEF oHECH 5V HiEHe 32 It AL
1 M2GIAIL., €5 = 5VE HAIE Aoz BVE SZote 8 EXIE JHA
1 AL LEDSIZS MH=E=2 5vE AHZE [, 5V BiE2I2 &¥=22 HZot= A
o 20 ed20l sI2E GNDE HZGHH 5V HiECIe 822 H&dole A
ZCt.
C)
s ’
C)
5V + 3
N N N @
+HIFLE > @®
oo -
250 M
o
(3
GND— K
ov)y @
X
2 2:Parallax.com 2¢2t2! Ui E Xt = (http://learn.parallax.com/ShieldRobot)
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agel 2F0 <otH, LED & Jf HAts 5VOl HZEH0 U1 UE Hies
GNDOII HZE0f UCH A bV =2 HUE dd 2AZE Mtk 22
otul, =72 S50l LEDE HUZS stlh. QLEX =2/2= GND H&E LED
222 & Jf 201 ULH 0lH2 =22 2 201 = &0l OVIt HHA &EFOt
S2X @1 20l UXE ¥=C0.

HciE22 LEDE CIXNE /o' &g &= 4, 5V GNDAIOISl & =58
= HEOIESE OIS0 2208 =+ RUCLH 02 LEDOIA =0l LI ot
ALt LheXl @€ & = S AOICH

HEE 320 S=€ M, 8IIH LHS HESts A0IL BEHIHSZ 5VeE “F
XN2O 5V 0= A2 20I8ttt. 8X= &8 GNDZ =0 Zdt=0 ovE <
Ol &tCt.

& XI(Ground)2l 2tXF GND
BE9 MX AXNUHAM EX= F==2 e dJQ =2 HAE HEBD AlsE

dF= XD 3128 Shotes BIE0 28 AO0ICH
HAHEZE B3 amps £= AX AZ HAEHE=E 8] SEIIE 2HE 2A0ICH O
HAE0l AtBote dF= 1A 22 1 AI(E= milliamps)2 SEE L
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LED2I2J} CIXE 138 Blo2 HAZEE LEDSIZIF HXLD HE

Xol 2X AAXIOF B O13BIE &EC

pinMode & =& AIES8tCH: pinMode(pin, mode). pin 4= CIXIE 1/0
= INPUT &&= OUTPUT 22 HE S 0{0F stCF.

2
>
2
o
M
|0

| of

AT A3
|
o

30|22, moae

void setup() // Built—in initialization block
{

pinMode(13, OUTPUT); // Set digital pin 13 —> output
}

OlHMl CIXIE & 13%0] =

S5 digitalWriteE AtSg
digitalWrite(13, HIGH)Jt Ot
Jtotd MetMd LEDO 20l HXIESE 8Lt
JF CIXIE 138 B2 GND(OV)Z 2SO A LEDIH JHXI

202 HFEH, Rels LEDUA L0l HXAL HX
09 Y= AnEX. 23 Jge

g 138 ol 5vE ¢

il
=)
H
=
Q.
!
n]
o T2

digitalWrite (13, HIGH): digitalWrite (13, LOW);

08 AAXUNM=

A1, delay(500)= =

= LEDE 111, delay(500)01 1/2x= &9 RXGt=S StCh 0142 LHEO0I loop
a4 Uo =0 XM XIseg Bt=sd 2A0ICH Zu=? 2ol 0H=0tCH AKX 2 A
& 210ICH
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void loop() // Main loop auto-repeats

{
digitalWrite(13, HIGH); // Pin 13 = 5V, LED emits light
delay(500); // ..for 0.5 seconds
digitalWrite(13, LOW); // Pin 13 = 0 V, LED no light
delay(500); // ..for 0.5 seconds

}

Ol Ml AAHXI: HighLowled

« ZZ2)8 HOI=S Helze 252 HZotAIL.
gotd Mot HighLowledE OFF0l=2 E=2E GHAIL.
« 1381 ¥ LEDJF OH=0DH AKX D HAI=X HEoHAIL.

/* Turn LED connected to digital pin 13 on/off once every second. */

void setup() // Built=in initialization block

{
pinMode(13, OUTPUT); // Set digital pin 13 —> output

}

void loop() // Main loop auto-repeats

{
digitalWrite(13, HIGH); // Pin 13 = 5V, LED emits light
delay(500); // ..for 0.5 seconds
digitalWrite(13, LOW); // Pin 13 = 0 V, LED no light
delay(500); // ..for 0.5 seconds

}

& 2:Parallax.com 222l B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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E= HIGH &ls2 LOW &SJF AlZH0l et S&fots = O0ICH Ol Ef
gXEE HIGH (5 V)2t LOW (0 V)&IES2l 1000 ms X2z HeICh.

delay(500)01 HENH 2 HIES ZEGI=XNE & = USHH?

\\|/4 _ >\|/4

- e

5V J |7
GND =0V

r
m
O
10
0%
1
0o
==
10
s
oge

« delay(250)2 AIE5IEE 022 AHXE =TGN & 2 =8
ot= AE LKA OHAIL.

128 LEDE Z=H0ls A2 pinModelllA & et SEot=s & IHS
= 2

2hetst & A0 CY.
+ setup =0 A pinModedt 138 EHZ HAIGIH 122 AIEoIEE A

X
st Y= Wl digitalWrite%’é&Ol 128 HE MES=SE =&ot

« RUN sZotll, 1281 LEDIH ZE0I=X SQIGHAI2.
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HaE2 Let SAIN & JHe LEDIE ZH0IES & = U
* pinMode & JHE AEot== AJNXIO0 Ot =&

pinMode(13, OUTPUT);
pinMode(12, OUTPUT);

O

=2
=

b,
FIIotAI 2.

// Set digital pin 13 —> output
// Set digital pin 12 —> output

« - J2l1 digitalWriteE Ul Y AIESIAIL:
digitalWrite(13, HIGH); // Pin 13 = 5V, LED emits light
digitalWrite(12, HIGH); // Pin 12 = 5V, LED emits light
delay(500); // ..for 0.5 seconds
digitalWrite(13, LOW); // Pin 13 = 0 V, LED no light
digitalWrite(12, LOW); // Pin 12 = 0 V, LED no light
delay(500); // ..for 0.5 seconds
« =JE AHXE RUNSHEGIAIL. & i LEDIF &M HXILD HELID?
St O LEDJF AHXIH CH2 & I LEDIt HAEE AHXE HHEH =FolLIR?
st Jiel 32t HIGHAISE ¢odH, T2 st Jiel 321 LOWASE 20t0t
gLICH AlZdl 2AMR!

& Z:Parallax.com &cto! HHZXZ

R Frior
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4153: LED ME &S ZA|
2HE =ot= HIGHRE LOWAIS = 1R E=e A2t =IIE s Aoi0F StCf.
302 MEZHI HIGHAEE L0tL 2 s |0 st=XIE =&0otJ|
H=ZO0ICt. el HOtLE Bel He Zee=z BHE 2/ daiofrst= A0l 0l=6tI]
M 2Ol Ck.
OJl BHEXIEE=E Hd=22 2E b3t AlAgEez 85 3|8otES ot A
2 AMSE UEHHO O X otLkel 2 Xt01JF ULH BHEXES 2= dsS
2 ME2E Mootz X 20 1008 o 2 X0 0lXE P 240l Mg
= AE Rt & = US B2 SFol =l
AP{ }47 0.17s AP{ }17 0.17s
Vdd (5 V) J H
Vss (0 V)
}17 20s 4’{

Ol Hl AAHXI: ServoSlowMoCcw

« ServoSlowMoCcwg 0t=0l =0l
« 139 El LEDSIZIt 2x=0ICH EAZE JIX=X HAGIAL.

/*

2o HetE 22 - ServoSlowMoCcw

LEDZ 20l= ME AIS2 1/100HM 52 HSOHAIL.
*/

gEotn) M&EotD HZE GHAIL.

void setup()

{
pinMode (13, OUTPUT);

// Built in initialization block

// Set digital pin 13 —> output

& 2:Parallax.com 22t2! B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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void loop()

{
digitalWrite(13, HIGH);
delay(170);
digitalWrite(13, LOW);
delay(1830);

}

// Main loop auto-repeats

// Pin 13 = 5V, LED emits light
/] ..for 0.17 seconds

// Pin 13 = 0 V, LED no light
// ..for 1.83 seconds

2t M2

k=)

Z0t2, 1/10081M == CHA! 1/1081 TH

+ delay(170)2 delay(17)2
2l AHXE CTAl Y2E GHAl

S0l 1081 Zt™LINE?

plg=13e]
(=]

OlMl LED

« delay(

Chs

Ol oef2e ME
HIGHAI S JF 1

G

B

e
&

BHOLE! 240

g0 0o Z

0z -|O

X &t st
ot

POl R

A

R Frior

&SIt LED XIAIS
ms &l 2msO|JI =0 LEDIE &M MEH

_VE
o
1o
Jo
fu
0
>
E
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HHZEH StUR?
delay(1830)2 delay(183)2

-

=0/,
Q.

2, 1

NE ASE UAl 1022 UFAIL:

delay(2)2 HIR D, delay(183)2 delay(18)2 H3R1D, 1
FHE AHXE E2E GHAIL.

Hl==otHl 2elti=

AC

g Mg dset T2 049
U[UCH HH LEDZ A= AlToHEAL

|0

| AAXILHOI OO0l ME ctoIE e
Zcicle ottt OtF0le AZERO0

HI
kJ

, OIS0l AZEHN2 Help

FAIL.
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il ME 2lolE2ielE O XMl &HE1N AT
- ANEB2 €38 [Mi2olAl2.
- NME ct0lEe2i2l HOIXIS T8 &x=2 fst d3aE 110 WetstAl
Q!
attach()

writeMicroseconds()

detach()

NE=s A A2t 22H2Z2 HIGH 24 MOASE +4&IoH0F StC. 2Hef &l
SO 88 N2 S&HotA Eelh W22 AAHXIIE s E 2SI ?lol A
2 2t0lE2elE AMEStY, dA2 NH L= dA H3 &0 O ZEZ &
HZ = UL O7LE A2 2012220t BI=0lA S&EG HE0 A2= HS
SIMEICH A AN 2 = 92 &2 e HIGHE AL JHAIE S8 £ O
g D& ddsE REAH2Z XIS

NHE HOo ASE 2U)| fol A2 2t0IEZEIE AZol= A2 4SH:
7. OIS0l HX= =201 AHX AIE HA0A setup &4 01X O
NE etolEeloll AMABIIIE KASHCHD et
#include <Servo.h> // Include servo library
8. #include2 setup & AFOIN 20| &SE6t] A2 AMSE <&
NE 2t0lEei2le AMdIE &HABIL 0|52 E2AL.
Servo servoleft; // Declare left servo
9. setup &=0AM
Q. Jd2lD dNs s
servolLeft2 0l& 0
ot

OF ot= AlAERIE 2

H

E 0I=0 N2 &30 HdEE 0SS ALE0HAl

servoleft.attach(13); // Attach left signal to pin 13
10.EA Al2tS &AG6H)| ol writeMicroseconds&£=E AISoIAIL.
A2 setupdt loopE e He Ao UHRM ¢ &8 AISE = U
Ct.

servoleft.writeMicroseconds(1500); // 1.5 ms stay-still
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signal

Seconds, Milliseconds, Microseconds

millisecond = &&2 1=0l10 2Xt= msO|LCt.

A microsecond is a one—millionth of a second, abbreviated us.

1 millisecond (ms)LW0l= 1000 microseconds (us)2t E& <0 QUCH
1 second (s)U0ll= 1,000,000 microsecondsIt EZ& &0 UCH

COlHl AAHXI: LeftServoStayStill

?Iot0l, Oel22 AJX= 1.5ms BA MS
1

|
FESE H2HEAR. 4529 HIGHEA AlZ2H0]
= ;

Ct. Otell EFEX . s
LICH. 0212 1.7ms BHAIH &&F HBAQL 1.3ms AAHZES HAO FZ2HX&E L
Ct.
—h‘ |4— 1.5ms —F‘ }4— 1.5ms
DIGITAL 13
|<7 20msg —»
e OIS0l 0l LeftServoStaysStill2 ot MAEGLD HEZE GHAIL. T
13 LED = Ol&0 2EHE S e BIJ| =FAt0|2 =2t0l ol &
LICt.
/*
2 H=E 22 - LeftServoStayStill
Generate signal to make the servo stay still for centering.
*/
#include <Servo.h> // Include servo library
Servo servoleft; // Declare left servo
& 2:Parallax.com 222l B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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void setup()
{

servoleft.attach(13);

servoleft.writeMicroseconds(1500)
}

void loop()
{

}

// Built in initialization block

// Attach left signal to pin 13
// 1.5 ms stay still signal

// Main loop auto-repeats

// Empty, nothing needs repeating

212 LEDOI & Bl MHa=s

A5
22 0|t TEE 0| AF2E A0ICH DA AlSE BICZ HZEotl EA
J|I2tE2 8386t A2 QAEA HMAH BtEE HASol= A0l £
+ BothServosStayStill X & LeftServoStayStillE M&EGHAI L.
e S U AEE &I F=ItotD servoRightetd 0l Z0/AI2
Servo servoRight;

422 servoRightdl
servoRight.attach(12);

g AAHXE B2E GHAIL.
. 5t

ot B1J| ===

S Jiel LEDOt Hl=
/*

2 d=E 22 - BothServosStayStill

// Declare right servo

CIXIE & 12810 H3GHAIL.

// Attach right signal to pin 12
servoRight &1&2 EAE 1.5 ms (1500 us)=2

s

HOIA 2.
servoRight.writeMicroseconds(1500); // 1.5 ms stay still signal

OlHl ded&E2 AHXI= BothServosStayStilld & &0 0F SHCF.
OFSFO0l =0l A

tEFLH= X B3 0tAIL.

Generate signals to make the servos stay still for centering.
*/

#include <Servo.h>

// Include servo library

R Frior
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Servo servoleft;

Servo servoRight;

void setup()

{
servolLeft.attach(13);
servoRight.attach(12);

servoLeft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1500);
}
void loop(
{
)

// Declare left servo signal

// Declare right servo signal

// Built in initialization block

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

// 1.5 ms stay still sig, pin 13
// 1.5 ms stay still sig, pin 12

// Main loop auto-repeats
// Empty, nothing needs repeating
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&4 MER2E{Q} HIE{Z] o4&

ERE X3Bots 2FUAM HEH3E MEs 2HES g0l MEs A
=ES 20I8tCt. Parallax2l #5538 ME= ABOT HHAE OtS0lk: ZRH
£ 3l&otH St== ZEOIC.

mounting

control
flange

horn

access hole

screw for center
adjusting
feedback
label should potentiometer
read = oo o | control
“continuous signal
and

power

plug for pins in the servo
connection ports on the

R i o, mounting  Bard of Education Shield

circuits, and gears flange

ZEZ HZotl, OI0A &3 3
Ab =

S N28 E
P ®XY ASES HAE HOICH TE OHES 0 ABUA USBI B

s
St MFE20 O 2 Q70 XMotH @ OtF0I=0l tiEel MRS AZSHN
2 2otk

HEFE HESQ AX8|d ME

HZE MB= M {XE LEHHE dXNAEE fAGtEE dHED. ABE2
HIgDl ZEYIH el 2stEt UsSX ZSEXIC MU WA fIXIE MO
Sl H=3M MEE S28 HNASE $AIGHAIRH, HE =9 o2 3
MEHLH AE3lM AE= A T2cHE Mootk &t

K& MOl &(servo Control Horn), 4-point Star vs. Round

4-point Star?t Round= XHOIJF SiLH H=3M0IH 1DHd2 ABOTE gt ME

OICH. {22 control horn2 HMHotD HAHE Xelol HRE &= 210(0

A
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20l M2 A6

Oef2 2SO OHXIS DRIOIAl LEDSIRE YHEAIQ. OIS0t ME2 S
U2 HMOIBH] Ao MER BUE A5S DUEGHSH AFRE 240ICH

=

25 =5

(2) HE A(Parallax) &3 & ME

Ol& HOAM LED KNIANS2 &EZot] &Xls BOE &€&
A2 €9

e =L MR AXIE 022 =2AI2.

+ USB J0I=S E8ots OIF0I-2RH 2= M S 22IotA2
2C9 ME oltiS MOI0IA Vin £= 5VE ME dEsS 322 = Us 8
Jb JACH BHE MIAcHHE ?12 S0 =2l 0= UE & #2=z EHE =d
JNI2Ct ABOT HHHe2l= 7.5VE 328ttt A2IF 4-6V ALOIOIA H3stotd] &2
Ol, ®cls Mot 5Vt HI=S =elg A0t Eat 2Fe bV dgaes NS
Ol N2 58 ®RAAIDILD BiEel 280 20| Halote Y20 O e

- ZC MA FIMIt 5VHl XF[ =KX =QISHAIL. OZAX 2OH X2
HIEH StAIL
This jumperis setto 5 V. DO NOT set the
Jumper to Vin!
3 12 5V
.@.qh
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« (=20l HYE tHHCI = JHXLD JA=KXE Ot O HIWotA R.
« 54 T2 U3 HOIXNZ JMR.
e 44 T2 4-Cell Pack + Boe—-Boost Setup.L & JINIR.

a-cell pack 4-cell pack

+ Boe-Boost

A

il
1

f

nt J. |! I|||

L} Wy |,"

(1 !,l.ll

£H sS4

Mors Boe-Boost (#30078) = 440 MR Lol M O FIHEIIALF 54
WS GBECH 54 O 6HM 1.2V AA BF A2 0 72VE B3 &
ALk

Li-ion Boe—Bot Power Pack—Charger (#28988) = 2ZI&0I2 HliElel Y =&
I8 BES0M Z&st 20ICH

9 : WR(AC)Z ZF(DC) &S ABOTOHl 2206tX &=Lt

HE DCHE2 EAHAEU O == d&=s =28t ABOT2 7.2-7.5 V BiE<2I
SedgsS AMEotEE ZAHUL. dR2 Z2 FolilA O =2 Ssdg2=2
SHOHXE M2 2ot ZEEXOF HE WK ZE2EXE JIEAZ = ULL
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5) AA Z3tetel BiEel
1) 54 HiEel =

« HHECIE HHEHCZIEH2Z JISAHR.
« HHECIEES OIS0l 83 MOZ JIRAIL. OHFCOEH Ot O
ot Z0t0F StCt.

Centering the Servos.Z2 JIAILR.

48 B PUAE SX
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y.

« HHEHZI S =Z HHEHCIZ ERAHE N9 E2AMK. L3tetel i

Helol +/-0t35 el AoIASl +/-0t3 %t XFAIL.

« Ot 8= M
A2,

0p
ol
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+ OIF0l: It MO=2 HHHZI HE NRAIL.
« GO MHE HBOAIL; HH=20l X XS OtFS [ OtcH
8 010k 8T
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AE5: ME ZAl(centering) 7|

Olgt WAMOA, Hel22 “stay-stil"dSE NE2 BEUHs AAHXE SHAZ A
OICtH OG22 MEJI 6A3d] BE &I =S MEE XFI| /ctel 23R
CC2OIHE AL2E 210ICH 012301 ME S& SEFDI0ICH £F 0l=0l =S
MEI AHEECZ BIAIAZECR 38ols AHXESE HAEE 240IC
S8 s 85
N2 S0l XX §CHH, “stay-still"dlSSE 408 I &HGHL HSoHAL
A3E 222 & UL
« Z27cHY J0I=SS =2clotdl LeftServoStayStillE CHAl SEAISIAIL.
- BOEEEL &MEA ARXE 20 =11, dES ME0 S30tAIL.

0 1 2

« ME2 HRAXAHE X&Fot)| <ol AJ=F ScCt0IHE AFESHAIRL
NEJt &8t HU 25 WHLE &S6tXl

NA =2X OtAI2.

—
= oce xEA

= MILX JHE
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PRIDOT giot: AT 2/ DE /0198 /HS A HIE: T2+l = (www.Fribot.com)

_71_



® 2| XHH (Potentiometer) It £ Q1047

M X H (potentiometen = £=&012 £2i0lE Ui 22 MY 22 ZE6
= 289 JIHME0ICH IHEAA AZSM A2 Mt H= &2 AR Ect
ol oz & £ JAs =&0/0IC

. A
Q.
/*

Robotics with the BOE Shield — RightServoStayStill

Transmit the center or stay still signal on pin 12 for center adjustment.
*/

#include <Servo.h> // Include servo library

Servo servoRight; // Declare right servo
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{

{
}

void setup()

servoRight.attach(12);
servoRight.writeMicroseconds(1500);

void loop()

// Built-in initialization block
// Attach right signal to pin 12

// 1.5 ms stay still signal

// Main loop auto-repeats

// Empty, nothing needs repeating

R Frior
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&6 ME ZA}

ABOT= ZXEotJ|l &0 OtXe g2 &t JFIIJ} UCH 0242 M2 ZA0ICH 0
H O IHUAMN 22 U2 &2 gdsez ABI FNMoIESE dtle AHXE
algist HO|CH CtE20! subsystem z‘esf/ng_l Ol IO Ct.

Subsystem testing O 2 AKX I & 229 EESsS 2ol H50|
Ch. 0212 Z22E A2 &26iE8 TdF= #8st d=0| =0 8t Ji=
Ao HuZd MsSx delld HIO2 HYUAM =4 std EAt 20X 2
22 JHgdt=0l 01&st= Jle JI=0ICh Sol O S8 EXI0AM 2242 22
Of BHEXl Z=0H 2HES H0ot= 201 A Sotsg = UL HE S
o = ZZHENM & e ZHE =Fot)| <ol AE HNES2 =ddte
212 +40F U0 S0 HiE2s EQRZ S

3ms EAE BY [ IHEA HAS5|M A2 AJHZEES
g 50~60 RPM 20l RUCH.

RPMOI&t? =& 2l8+=—1=20 2& 2dot= 3l &=,

pulse trainOl&t? JIXte L3O XS Qllols 2AME, pulse train 2 L&
o BAE 2|0|stCt.

Ol Ml AHAXI: LeftServoClockwise
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» LeftServoClockwise® &6t A &St
« A& Z(horn)0l 50-60 RPM AlH|

[

Robotics with the BOE Shield — LeftServoClockwise
Generate a servo full speed clockwise signal on digital pin 183.

*/

#include <Servo.h>

Servo servoleft;

void setup()
{
servoleft.attach(13);

void loop()
{
}

servoleft.writeMicroseconds(1300);

// Include servo library
/] Declare left servo
// Built in initialization block
/] Attach left signal to pin 13

// 1.3 ms full speed clockwise

// Main loop auto-repeats
// Empty, nothing needs repeating

Left Servo Counterclockwise

- LeftServoClockwiseE LeftServoCounterclockwiseZ M &GHAI2.
« servoleft.writeMicrosecondsOlA (1300) & (1700)2& HZAHGIAIL.

« EE AAXNE MEGHLD OIF0I2 HZE CFHAIRL.

re

»y

13310l AZ2E MEI OE LE2Z 3Hot=XIE EZotAlI2. 0]
2 2 50-60RPM2l BHAIHI Z&0I010F & LICH
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Vdd (5 V)

Vss (0 V)

Ol &l AAXI: RightServoClockwise

« LeftServoClockwise € RightServoClockwiseZ MZ&GHAIL.
e servolLefte =2 B AE servoRight2 L HIGHAIL.

A
+ 132 2= QIAHAE 122 WHGHAIL.

fn
e

« AJXE AldotD 128 B AMEJF 50-60 RPM AlHBIEF & MGH=X]
£ HAHGIA2
/*
Robotics with the BOE Shield — RightServoClockwise
Generate a servo full speed clockwise signal on digital pin 12.
*/
#include <Servo.h> // Include servo library
Servo servoRight; // Declare left servo
void setup() // Built in initialization block
{
servoRight.attach(12); // Attach left signal to pin 12
servoRight.writeMicroseconds(1300); // 1.3 ms full speed clockwise
I3
void loop() // Main loop auto-repeats
{ // Empty, nothing needs repeating
}
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Right Servo Counterclockwise

+ servoRight.writeMicrosecondsUl A (1300)2 (1700)22 HIRAIL.

e AJXE MEGD OIS0 HZE BIAIL.

« H 1281 MBI} BHAIH EHEOZ 50-60RPM 3&3t=XE FEAUSHA
Q.

-

ABOT &= ?lot0 22l= & 3ol & e ME2E Mg 22t ALk

= = 1L
« ServosOppositeDirections2 OtF0l-2 Eot] HESHLD g2&
A2,
« D30 HEE ANEEs BrAIAHEBIE

Hgete2 3™t

Ol

2 B20 g2 OE ME= Al

rr
|
m
o
oy
Qﬂ
>
o 10

Ol AHXI: ServosOppositeDirections

/*
Robotics with the BOE Shield — ServosOppositeDirections

T 1380z BIAIHEE dSE dHotd & 1282 AHYSE MSE MY

A2,
*/
#include <Servo.h> // Include servo library
Servo servoleft; // Declare left servo signal
Servo servoRight; // Declare right servo signal
void setup() // Built in initialization block
{
servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12
servoleft.writeMicroseconds(1700); // 1.7 ms —> counterclockwise
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servoRight.writeMicroseconds(1300);

void loop()

{

// 1.3 ms —> clockwise

// Main loop auto-repeats
// Empty, nothing needs repeating

= od ng
H1>
-

K

ABOTZ2

£ G

TestServosTable?2_2x &
£ MEGIAIL.

servoleft.WriteMicroseconds(us) 0l A
Table 2-2—alil 11 Z2WE JISGtAI2L.
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Table 2-2: writeMicroseconds(us) Combinations

s:ri‘-'joj_iﬁ se::zﬁrfzght Description Behaviar
1300 1700
1700 1700
1300 1300
1500 1700
1300 1500
1500 1500 m;a;rgizﬁ;ugfaj shill (see
1520 1480
1540 1460
1700 1450
1550 1300

N2 2H0l222l8 ASE [ ME2Jt 20t QeHsor A
22 Hlh YT S FHNH, MR M22 TX0| 242
X2 X 2A0ICH KM MEIF OfE AR 20I2 &3

O 2t2tel Xx 20| XHAIS &rGHOISH BHCH
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O Ml AHXI: ServoRunTimes

« ServoRunTimesE &%, M&GILD OIF0l-2 HZE BIAIL.
« 3% SO MBI AlHESECZ MGt 1 U8 BtAIAYgEeZ 3%
SO o™ = HE=KXNE BEOAIL

/*

Robotics with the BOE Shield — ServoRunTimes

Generate a servo full speed counterclockwise
full speed clockwise signal with pin 12.
*/

signal with pin 13 and

#include <Servo.h>

Servo servoleft;
Servo servoRight;

void setup()

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

servoleft.writeMicroseconds(1300);
servoRight.writeMicroseconds(1300);
delay(3000);
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
delay(3000);
servoleft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1500);

// Include servo library

// Declare left servo signal
// Declare right servo signal

// Built in initialization block

// Attach left signal to pin 13

// Attach right signal to pin 12

// Pin 13 clockwise

// Pin 12 clockwise

// ..for 3 seconds

// Pin 13 counterclockwise
// Pin 12 counterclockwise
// ..for 3 seconds

// Pin 13 stay still

// Pin 12 stay still

void loop() // Main loop auto-repeats
{ // Empty, nothing needs repeating
}
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of 2o X= M2 A BH0111, M2 dSE ZULHGHI fI8t NASS
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o MRIXAHDE RAQIDF D2l MRAIXHE ZEGHH DN A HA=FH
NEE HEAH HSot=dt ?
* pulse train0| £t 2l BAE HAZ MNEE HEH Moo=
b
T2 )y

« HIGH2 LOW =
digitalWrite &+

- NME 2i0IBdc2E
=012

d MSE HMSEGHI| S5t OFS0l%: pinMode&t
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XL
. EEOHH 8|2 &xloh
-« &K AHOIS] SIS 2LIEGH| 9150 XIAIS Argato
i

H2z =

& 2 (Questions)

NMEBUESBEE AZE6tH & M SHXUHE HEN HABot=01?
2.0 ==t CIXNE & gets d8ELN?
13.01E g==0F 130l 5VE ZEEUN? OHE g==It E138= 0VE

/\-|I-|OI-L|J I_r?
14. 43110t 5V A5 222 H{EH Rlojg
15, =58 ANBE

16.8% Ao,
17.8% BIAIHEE2Z,
B.01Esl BE0l As

19.01 S &0 AE2E O WHEA 3HGHEE LY

=

A

20.servoleft.writeMicroseconds(1440) £ =
21.servoleft.writeMicroseconds(1420). 27

22.01H NEAS FA2t2 AAXIIOF HEH HAHE = JUSLDL

RN}

Ol Xl (Exercises)

23. HIZSAIZES 1/3AIEOMAM 1=0tCH LEDS 58 ZE0IES ol 2=
g2 HHSIAI2. (01 H&52 R0t MESE 2eIctAIR)
24. 12230 138 T NEE 85 AlAHZS 2/d6t) 128 H2 HHU

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) - 82 -



ol
=
to

25.

0 I oy Mx HN
[0 TIF By ox Ji
O
e
_ o
C
10
>.
HT
e ]
ton
Pl
>
E\
rr
wn
@
[y
©
oo
- 4>
i
Jz
0x
gvj
>
10)
O
il
>x

Hy
ton
Pl
ol
(=)
]
-
a
|J
a

I 2 M E (Projects)

26. A2 2t0lE2i2l detach &8 &HE 1N X2 servolefte <Xl
AN AESHAI2. 12l 3= 3EE 20 MEE EFI| f6t:

servoRight.writeMicroseconds(1500)& AtE5HAI2

27. 129 E MEJI MAEECZ 3|NMote S 138 B AEE BHAIA
VHOZ 3|MGHH ot Z20HE HHEoAIL. 3==0 & I A2
E 0.6xSQ BIAIHEECZ SIHMSIH GHAI2. OIS S el AEE
0.6=S0t AMAEE2Z FIMAIIIAIZ. 0|F 13H BH MEE AAHEE
O=Z FHMAIZILD 128 T MEE BAHYSCZ 3ES2 SIHAIIIAl
Q.
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BdEEE S€ 8l & i HAE R2AL.
_J'\_

. pinMode &

digitalWrite &= value B0 et & M 25 & &LICH

digitalWrite(13, HIGH) // 5 V
digitalWrite(13, LOW) // 0 V

4.

K%
a>
10

—y

. &H + off timeOl 200 msOlOf

HE 0l HIGHZ &0, X S50 HE Al2tSS HIGHZ =
Ng = AL 1O O3 digitalWrite=£0] AXE LOWZ 28 = U

Ch.

(@)XE AAYE ESH 1.3 ms A, (b)XEF AlAHYE S0t 1.7
ms BA 72|10 (C)HE MEISO 1.5 ms EA,

(b) servoleft.writeMicroseconds(1420). &= AlH &2
servoleft.writeMicroseconds(1300), 2l €&
servoleft.WriteMicroseconds(1500). 142001 &XINA G L0t
HME3HO O oD W20, 2 2 HIE O &2 gtolet stHet

C O E AAHYE 288 ot 2 2L0ICH

. Servo.writeMicroseconds(newla/iue)l S 0l2 delay(ms)oll S 0l=2

Servo.writeMicroseconds(va/ue) = or Servo.detach(pin)?t MEE
mMsYLZINZHE SOt 3|MoHH & 20|

o & (Exercise Solutions)
5l0, 01212 1x2 1/50ICH 2K A

Ok
50ms SO S&56t, 150msS ot S&GHAl 2 =C1.

void loop() // Main loop auto-repeats

{ // 200 ms —> 5 blinks/second
digitalWrite(13, HIGH); // Pin 13 = 5V, LED emits light
delay(50); // ..for 0.05 seconds
digitalWrite(13, LOW); // Pin 13 = 0 V, LED no light
delay(150); // ..for 0.15 seconds

R Frior
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2. 1381 B NEE &% AAHLESZ =1, H128 NEE FXIAEHO

120002 JICI2IAIL. servoRightot 8M EHERUDI

=A<, O U
HzZo 2= ZEDt oote 22 servoleftg H== 240|CH
void setup() // Built in initialization block
{
servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12

servoleft.writeMicroseconds(1300); // 1.3 ms —> clockwise
servoRight.writeMicroseconds(1500); // 1.5 ms —=> stop
delay(1200); // ..for 1.2 seconds
servoleft.writeMicroseconds(1500); // 1.5 ms —> stop

void setup() // Built in initialization block
{
servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12

servoleft.writeMicroseconds(1700); // 1.7 ms —> cc-wise
servoRight.writeMicroseconds(1300); // 1.3 ms —> clockwise
delay(1500); // ..for 1.5 seconds
servoRight.writeMicroseconds(1700); // 1.7 ms —> cc-wise
delay(1500);

servoleft.writeMicroseconds(1500); // 1.5 ms —> stop
servoRight.writeMicroseconds(1500); // 1.5 ms —> stop
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1. detachgl== ELE2RH AME2 UAHAZ 22/ US AAHXE
3= SHE = MEE BFEE stls A= =olof =0, 0 & oA
= AZ20H W&ol Jlteletll ot EAS MSBHL B ZE,
detach= MEWHIH ds d&E5S BEC. - B2 ME20H OHE HS
otet 2oHA @=Ll Jdeid “&& 8878 |Xdks i

Py
o
=
H =

/*

Robotics with the BOE Shield — Chapter 2, Project 1

Generate a servo full speed counterclockwise signal with pin 13 and
full speed clockwise signal with pin 12.

*/

#include <Servo.h>

Servo servoleft;
Servo servoRight;

void setup()

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

servoleft.writeMicroseconds(1700);

// Include servo library

// Declare left servo signal
// Declare right servo signal

// Built in initialization block

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

// Pin 13 counterclockwise

servoRight.writeMicroseconds(1300); // Pin 12 clockwise

delay(3000);
servoleft.detach();
servoRight.detach();

void loop()
{
I3

// ..for 3 seconds
// Stop servo signal to pin 13
// Stop servo signal to pin 12

// Main loop auto-repeats
// Empty, nothing needs repeating
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2. o0l O & 22 AHX ForwardlLeftRightBackwardOlCh.
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0l &2 ABots 2= HAEGSE HEs ¢S 0l =2 Sol Us 22
2010t H0l HAEES 240l)| fIoiA S S0t 0 2= 2SE2EM
2P HOZ ABotllA E0l ol =2 =<2 = ULt
ABot £t HIAE WdE R
ES
= ALHE HE6HL

2 Z2LIH AME

® OIF0l- RE CR2E &) http://learn.parallax.com/node/192
e (A3 E0l M&EdtD AANXE A=Z2ot)| MOl =2 ZEC.
e (IS A= MetotAl2.
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452 ME R2E ClA| HAES}HI|

N BEQ AMEDJL AOIN d&s6l &Iz HAGN A=K
StCt. Ote 82 ABote &, F, 2FM EXs BHELCH & 12
= A

2SI A2 QLEZCLZ S 8 13228d
;

Left

Back Front

Right

It /\-I_‘?‘_Oil 810 201 ZE0l HZEHJA=KX HAE &
£ RO el&ot Ots #X &t 12l
3

Al7gEo= 3=
X 1=
HHA| | gtgio = 3=

Ol Hl AHXI: RightServoTest
v E2i0lE HEROF B0 &= 5t ABotO] =2 sotAH ECh.
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v Z2Z Y OIS M3 WS OLSFO0|=0l AASHCE

v DEE 4ot MEE OhE RightServoTest £ OO0l 0l 2 & Al2ICH

v 3-KE ARIXIE 2 ®IX0l =1 RESET HEES =21 EICH

v QQLEZXR HHRAIL AN HEoZ 3x2 S0 12t #IUCHIE ChAl 3=2+ BHALH
VHOCZ 3| Mot=Al & ISt

v ot o2& HiF/HMEIL olast g &HSotK 209 Servo
Troubleshooting HIOIXIE & 118},

v Otk QE2XF HIR/HE0F HAUZ HS5HHE A M

/%

* ABot — RightServoTest

* QR /\-I‘=‘3P AMAH gegez 3x2t 3ldotd, 122t EXE O3

*

*/

3=t

B AIH 222 3™ EHT

p—

#include <Servo.h>
Servo servoRight;

void setup()

{
servoRight.attach(12);

12
servoRight.writeMicroseconds(1300):
delay(3000);
servoRight.writeMicroseconds(1500);
delay(1000);
servoRight.writeMicroseconds(1700);

counterclockwise
delay(3000);
servoRight.writeMicroseconds(1500);

counterclockwise

}

void loop()

{

repeating

// Include servo library
// Declare right servo

// Built in initialization block

// Attach right signal to pin

// Right wheel clockwise

// ...for 3 seconds

// Stay still
// ...for 3 seconds
// Right  wheel
// ...for 3 seconds
// Right  wheel

// Main loop auto-repeats
// Empty, nothing needs

2 2:Parallax.com 222! i EZ Xt 2 (http://learn.parallax.com

/ShieldRobot)
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Z HtAE HAE & XHOICH 0122

A7l WE22 3=
I 1=
HHALA| &2 2 3=

v RightServoTestE LeftServoTest2 XN & StCt.

v Servo servoRight € sServo servoleft2 H& g8t

v' servoRight.Attach(12)& servoleft.Attach(13)2 & StCt.

v U0 Xl servoRightE servoleft.2 =& StCt.

v AAXE MESHD OFFOI=0l =2 AlIZ2ICH

v 2% giROF 3x2F AMAHIYgECZ S0 1x2F HUCHIE CHAL AIH BHOf 28
o2 T=AXA =QoIstH}.

v phor 21E HIRA/MEJL a2 HSotA 2=03 Servo Troubleshooting
E BAIR.

v otek 21Z HiA/MED HAHZ SHCIUH ABot2 HIYSHH &Sot= A0|
Ct. OIXl Ci& &E2=2 H0ItAIL.

vV N2 ZH iE

32 LetEel &) HEH OX=X0l et ==0ICH ® BM SHls ¢

29| AHXE 0|22 &0l5t) FEIF HESEHA &0l 6t 20ICH

v =22 AHXIE RightServoTest 0l CHollA S 81 =01 SHCH

v Qhor DEDL HEolUE Ot SE0M S&4S #1 KAlcte =M GED

et HAGH)
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AZDDE elAl Al EE2 Y

Ch2 Oid= LI=ALIHE AFESIN OFSFO0lL2l tone() &+E &=
Xl HIAEOICH &=2 08 NS E A
LHCF.

S OHX SEAtE0l RUCH StLb= tonell pin 1t
Z0/C  OFE  otLiE pin, frequency, Zel1
duraf/on(milliseconds)% |8alF== AH0ICt. Rel= toneg FE & ZRIt &
Jl E0 S Bl dEHAIES AFEEHLL

tone() 842 S=5tJ| 9
=

frequency £ XI&d F

tone( pin , frequency)
tone(pin, frequency, duration)

Ol DUE=ALAH= 4.5kHz 2 AEEH HHEOH UCH Lt 2 = U=
Chakst Al Y £ QACH el O 1kHz ~ 3.5kHz ZHRA0NA LBtEo=z
& £22 42|01 AIE-2E S2 0t 201 AFSE AHO0IC.

tone(4, 3000, 1000);

delay(1000);

0l2d2 T 40| high/low &S5 3kHz(=E 300081)2 Bt=2iM BEUlls AS
USHCE tone(&el)= 1000ms S92 = 1x S0 KBS0 tone 4= AAHX
Il O d8ez 0lsE M NHKl tH3e g XSS 0 R2l= tone 0 alsE M
= NMEJF AI&EGHA ZH ot ACH JdeMd AAHXIDE MEE 0IsAI2101 &
tone0l XTI TS tone HHF 0 delay(1000)0F et LI&CH.

Fll4 cAEeE dEx(Hz)2 SHE £ UL dl2== 1= SO XHalo] &l
SE 2 Xd Bt=ot=Xl LIEIHHCH A2 A= R 22 20 HzU AR H
e =2 (20kHz = 20,000 Hz)=1t==2 2ZXISHCH 1 22 dIE2XxeE 1=
S 10002 2H=GHAH EAISH 2401CH
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O OlMl AHXE 2201 AIZE [H il 2~clE WAl oK 0.5=0t0H AlelE
SLIHE 018 HAIXNE £S8ote Z20ICH Ol HMAIXISE loop() &=
eHoll AII =201 HEHS0l AL gr=&E0 OFF0le 850 AEHEEI ¢
AX = HS2H CAl AIEZE2Z, Wl A2t HS LY HHEel =20l

A

MBIH A X
Ct IAS=2 & = UL
o BEC MRS UAl HZEGIME
+ StartResetindicator Z =& & 4ot MEGSHD OFFO0l:=0 & FA

o QRoF Hil ADIDF SelH, Alelg RUEE SXHO0IX HAl 2lAs &).
_%_

i A2IE E2 &= U=
Eolal] “Waiting for reset---” HIAIXIJI L2=X EXt
« LS HiEZI A T2 HoISS HIWCHIE HZoHE X OIZE A

g M= AIE-E il A2lJF Lok etlh.

/%
* Robotics with theABot — StartResetindicator
* T XATI 32 HAE
*/
void  setup() // Built in initialization
block
{
Serial.begin(9600);
Serial.printin("Beep!!!");

tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone

}

void loop() // Main loop auto-repeats
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Serial.printin("Waiting for reset...");
delay(1000);

StartResetIndicatordt ({EH ZSENH?

StartResetindicator = “Beep!!!” HIAIXIE AlelZ ZLIEHN =S6IHAM AIXE
Ct. HIAIXIE & U3 st HlZALHZ 3kHzE 1x2F 2&ICH 0of
SOl=0l QoA HHSO0l MR WEAN 222 HAIKD & =

AOI TIHEATIAIN €2 HAFE AlXotE A LIt

Jo
m

op 40 SOH2CH 01242 “Waiting for reset--+” 0Ol
20| BF=8tCt. ABot 2l4 HE=Z2 SEMOICH = IS ZJUCHH
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2122 Xtdl-StartResetindicatorE ChE AH XN F=IF GHAL.

fels XASRH Us 2 WM AAXNM ES MEE NO0ICH setup() &=
O AIE 2200 il Aclet Al BF= 2&¥E 25 Fltotle 22 £=2 otold
HolH &2 s&s Z= A0t

v RightServoTestE <=},

v’ StartResetIndicator Z=AXZXEH tone(¥} delay() T &S HASIL
RightServoTest 2=A A <] setup() 5ol Al2F F-2o o ¥zt

v FAE ~AXE A8Ystal “sketch starting” o]gfil ¥FEEH ofFo|xE g
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OlM AAHX: M2 S& HAE

OF AAXIONA BAC S 1375 us OIA 1625 ps HXl 25 pus ©HIZ Sot &
H M22 RPM ot gefsS Mg = ULH

Of £&£9 =32 1400 - 1600 pus H? M M2t BA 202 F=al MO
ot AE S=0h 0l A3AXE M2 MO ASE EY EHIJt DHJAl=E <9
ZA JI2tES &8ote A2 2H AIXSICH O O3 AMelg 2UHNAM A8
£ =2J| ®0l OtF0lkE SXE B M MKl JICH2ICH.
OlANES NEES 622 S2|1), (22 BRI € 813 T=X & £JF JqCH 1
C20l for Bt=2 XHAI0| BI=2 ot BEAZZS U3 HAEESE QoM 258 =
JtStCY.
< HHRN 022 HOIZ =28 22 fIXE HEAl HFE=Z2 RS &%
=32 otz S UHRIt E 3 3 &St=Xl 2 &= UL
« ABot2 2 B2z AN FOHAM GBIt OIS &S = UAEE &,
« TestServoSpeedE &&5t, M&ES S OIF0l0 == StCh.
« Aelg RUHE 21, =802 =AM “No line ending” It
“9600 baud.”2 E&Z2 ot d&EFHS Z6HA
- HO FALEES 26tL, e 2AE LH¥E = [Send] HES &2
Ch.
o BRI ZE 3 A=A MO 210 RPMZ2 AH&tatI] o 102 =05t
ch(2EE 80 F= A2 AN L 53 HAEESE 6H1) BRI
« QS (A ZES2 OOIEHE ZcHZ0 F=OMCHH, MptEol 220 Mg
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Tvpe one character Chick Send

\,_u- 0l x|
|b| Send
pulsellidth = 1375 -

Press a key and clichk

Send tTo sStart Servo...

Punmning. . .
rulselidch = 1400

Press a key and clichk

Send to start servo. ..

4 | of

v &utoscrall INc-I’ineaﬁ'lg ﬂ I%DD baud LI

/*
ABot 22 - TestServoSpeed
AN2lY BLIHZREH 2i GILIZE OISF0I-2 SBLY 01210] 2IZ NEE 62t 3|EGEIHH .
1375usOllAl AIRHGHO 2581 ZJI5HH A BHRED 1625us0ll OFRICH 0] AAIXIE =E0 et A
Z2 JeHE2 LIEHHE e |20t
*/
#include <Servo.h> // Include servo library
Servo servoleft; // Declare left servo signal
Servo servoRight; // Declare right servo signal
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
servoleft.attach(13); // Attach left signal to P13
}
void loop() // Main loop auto-repeats
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/] Loop counts with pulseWidth from 1375 to 1625 in increments of 25.

for(int pulseWidth = 1375; pulseWidth <= 1625; pulseWidth += 25)
{
Serial.print("pulseWidth = "); // Display pulseWidth value
Serial.printin(pulseWidth);
Serial.printin("Press a key and click); // User prompt
Serial.printin("Send to start servo...");

while(Serial.available() == 0); /] Wait for character
Serial.read(); // Clear character

Serial.printin("Running...");

servoLeft.writeMicroseconds(pulseWidth); // Pin 13 servo speed = pulse
delay(6000); // ..for 6 seconds
servoLeft.writeMicroseconds(1500); // Pin 13 servo speed = stop

TestServoSpeed &= 2l

TestServoSpeed AHXI= for() Bt== SolAl O pulseWidthels 0182 ©

A

= S 2568 SIHAIZICH

/I BH=2| #== pulseWidthJt 13755 El 1625At01E 254 St

ol

!

Ol

for(int pulseWidth = 1375; pulseWidth <= 1625; pulseWidth += 25)

for() rE2 229 B2 ) US ZAZS AIESA ZSZEQ M 133
o AMEZ B
Serial.print("pulseWidth = "); // Display pulseWidth value
Serial.println(pulseWidth);
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Serial.println("Press a key and click"); // User prompt
Serial.println("Send to start servo...");

setup() &+0lA Serial.begin()2 & =0, OtF0I=Jt Al2IZ 2L
oA OIRelE =2 Ao =CH 0 H=R2els st

s 2N SRS =2 Alel
2 HH(2tD 2210 Alelgd ZUEZSRH2 ASCI &2 MESHCh e
Serial.read()& AFE0IH HHERH 2XE JIHRD OtF0lks= Il HHY
sX=+=E ot 2 20l

E0ICt. Serial.available()& &6t 212 L0OtLE &
(m]3 a OE-|

HIH0 A=K 2o =Ch 0l AJX= Al

while(Serial.available() == 0)2 AtE5t0 JICI2ICH. M2t &2lD] fol 0lsot
Jl H0oll, Seiral.read()& AI23l0 HIHZ 2H2 X2 X0 AAX = int
myVar = Serial.read( ) AIE0t0 Ha0l SXE SASICH 2SI 22X L&
oeE oFXl 2D M0, Xl Serial.read()2 &&712 6HX ZUE 02 20
T H&EGHN= &=L

HE =st 222 HHE MR & 22IJt Ul dEH o=z
Seral.available( ) 0l CISH¥ BH=0A 02 28 GI== &tCt

while(Serial.available() == 0); // Wait for character

Serial.read(); // Clear character

while() 8= 2S 252 SO OfCIo UASIH?

CAHAMUAE while() Bt=0| Bl 25 IE=E AI2ole 22 dl8stct. 0l
42 Aot &= & M X HIIA JICHeICH OeiE201 Alelg ZLIEO
EANE LSS M Serial.available()2 0 W&l 12 28 S22 while gt=
2 AMXIE U8 2E2Z 0ISdte 2AE ole St Serial.read()&= Ot%
019 Al2ld HIHZEH 3= 2XE2 X220 Serial.available()JF CF
S B Et=0AM 0= cle & XS &&otH of &L HHES2 while Bt
52 N2 U ggez g = UL

while(Serial.available() == 0) {}
...OT"
while(Serial.available() == 0) {};
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£H 2ANE 22 OS “Running-"HIAIXIE &&56t0 LIA

SIEAIZICE O 2E0AM for() Bt=E pulseWidth == gt0l 1375

E AIEGHH 2 gr=s0tc 258 =0t =0 M H O BSO0AM servolefts

13750104, CtEY 0= 1400, 2l 16250tA =Y & g$Ho =z =It =t O

AESHH  pulseWidth
_I

B BI=20 A servoleft.writeMicroseconds(pulseWidth) S
s otF0l-2 22Xt

AUS ME 2E2 MES & 01XE Al2lg 2UHE
£ 2UY AMES =5 0¥ OtCH A8

of

Serial.println("Running...");

servoleft.writeMicroseconds(pulseWidth); // Pin 13 speed=pulse
delay(6000); // .for 6 seconds
servoLeft.writeMicroseconds(1500); // Pin 13 speed=stop
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sd: fd=2 89 HE OO0IeE JIS6tAL

Italo MY =24 HOIHE JIZ60I/6] ot EE  Al2g £ Q.
TestServoSpeed AHI X2 =2 HOIZWH Us B == HE A2 = U
HU 2% S2otH & =% UL
« Ol B2 22Z0l E0l= "Printer-friendly version" 23& 2% 0dl
Xt

» TestServoSpeedWl Al for()

HO

PNy
=]

=s,

0lo

bS|

N

=5
[=]

A

[y

for(int pulseWidth=1375; pulseWidth <= 1625; pulseWidth += 25)

=

for(int pulseWidth=1300; pulseWidth <= 1700; pulseWidth += 20)

« =8JE AAHXE OLF0IL0 JtHL, OlAE OlEot HOIZ2 WE
£ 25 MHRAHHOI=SE2 2RF MRHH for22 3It I2t0IHE
pulseWidth += 102 £13&)

- O30 SE= OHEE UEUWHE 2ZERHE MdEotn EAZD HHA
ol RPME dHEX

+ QF HHAE RN SE= gt=0ot1, AAHXINA 2= 13 AAHAE
122 Hr3el.

Table 3-1: Pulse Width and RPM for Parallax Continuous Rotation Servo
Pulse Rotational Pulse Rotational Pulse Rotatienal Pulse Rotational
Width Velocity Width Velocity Width Velocity Width Velocity
(us) (RPM) (us) (RPM) (us) (RPM) (us) (RPM)
1300 1400 1500 1600
1310 1410 1510 1610
1320 1420 1520 1620
1330 1430 1530 1630
1340 1440 1540 1640
1350 1450 1550 1650
1360 1460 1560 1660
1370 1470 1570 1670
1380 1480 1580 1680
1390 1490 1590 1690
1700
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ot=ERIN &X
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& X
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o FlIl 22A0IH, S SR M0 S22 = Us Tl HR=
HEH =Dt
« HHEHZIOF RO &SEX 2= ZHI ME ZHO SEM HEH Fe2
0l Xl=24?
TZ)efdl
e OIS0l tone() 42 HEH LIWEALIHZ H A2IES WHWeEIH?
« AZlg HIHEt 220/0H, 0FSO0l- Serial.available()& ==t H{ZH Al
=Zot=J1?
« AMzZlg RUHONA ES222 HZEH 0/256t0, Serial.read()& 20
CHoll, OFSOI=2 GIOIEHE HZEH 2EWHesEdt?
« NE9 RPMS BHZAIDIDl AGHA Bl SIHE for() BH=20A HHZE A
2 5t=01?
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M3 =H
& 2 (Questions)

ABot2l brownout &2 HE AEHLNH?
clAlolgt 2010t
o= ATHE 0
ALIAHC A2IE L

. o2& (hertz)&t RA0I0H R& SH2 20 2I04?

260 brownout0| ZMsH XS
=

Stas 290017

ok =
s s —

™ & (Exercises)

1. ACIE 2HEE=E BEES ALoA AFHS 2ile s AAXS OHXS
£ 2cdle 2clE UEA otk

2. AAHXIS SAHHE 2ele AUH 50| Lie 2ES

2 A& 28 = 0% St OS2 A0l

I 2 M E (Projects)

mo —

2olote 55 2A=0h

N

CHal 2ZHERIL S| MGHESE otk REZE H
CHOt &= oAt

_—
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Ooh

Z 2 o & (Question Solutions)
1. 22IF LM HES2 MAGCHA $X= 22 JIHL S&HAEH 2
== SN0 2SI
2.0F0l0F AAHXIE AMEREEZRH CAl A& ot A 2lH HEZ
21/=S ML OF=0I=Dt brownout@ 2 &==2¢t MEg 258 29X 2
& I} ZMEICt
3. Tl E ALIHE &Hs AHA 8 Ues 28 AAXS H 220 ¢
=C0H M2 X okHbrownout)dt SZAE [ Ac2lE 2MaHA SCH O
HotH BHEI2ZIE WEoioF X =& DEN 2FIot LM E &0l
& 4= QUCH.
4. tone() &=
5. 2 & (hertz)= 122 MSIF & & BI=2g =X =38 340/C 0l
219 2 X= Hz.
AL ol & (Exercises Solutions)
1. tone(4, 2000, 1500); //example, your tone may be different.
2. tone(4, 4000, 75); //example, your tone may be different.
IZME oY
1. Add E2 &2 29 for()& 20l =JIE oAl
1E
Robotics with theABot — Chapter 3, Project 1
*/
#include <Servo.h> // Include servo library
Servo servoleft; // Declare left servo signal
Servo servoRight; // Declare right servo signal
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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
Serial.begin(9600); // Set data rate to 9600 bps
servoleft.attach(13); // Attach left signal to P13

}

void loop() // Main loop auto-repeats

{

// Loop counts with pulseWidth from 1375 to 1625 in increments of 25.

for(int pulseWidth = 1375; pulseWidth <= 1625; pulseWidth += 25)
{
Serial.print("pulseWidth = "); // Display pulseWidth value
Serial.println(pulseWidth);
Serial.println("Press a key and click"); // User prompt

Serial.println("Send to start servo...");

while(Serial.available() == 0); // Wait for character

Serial.read(); // Clear character

Serial.println("Running...");

servoLeft.writeMicroseconds(pulseWidth); // Pin 13 servo speed = pulse

delay(6000); // .for 6 seconds
servoLeft.writeMicroseconds(1500); // Pin 13 servo speed = stop
tone(4, 4000, 75); // Test complete

}
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2. Bt geez

=l Z22 BHEE OtSJ| ol AServo servoRight: 2t
servoRight.attach(12);E& Z=JIotAt.

servoRight.writeMicroseconds(1500 + (1500 — pulseWidth))

6E2t AlSE

= servoRight.writeMicroseconds(1500) 2t =2+ CF.

/3

Robotics with theABot — Chapter 3, Project 2
*/

#include <Servo.h>

// Include servo library
Servo servoleft;

Servo servoRight;

// Declare left servo signal

// Declare right servo signal
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
servoleft.attach(13);
servoRight.attach(12);
}

// Attach left signal to P13

// Attach right signal to P12
void loop()
{

// Main loop auto-repeats

{

// Loop counts with pulseWidth from 1375 to 1625 in increments of 25.
for(int pulseWidth = 1375; pulseWidth <= 1625; pulseWidth += 25)

Serial.print("pulseWidth = ");
Serial.println(pulseWidth);

R Frior

// Display pulseWidth value
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Serial.printIn("Press a key and click"); // User prompt
Serial.println("Send to start servo...");

while(Serial.available() == 0); // Wait for character

Serial.read(); // Clear character

Serial.printIn("Running...");

servoleft.writeMicroseconds(pulseWidth); // Pin 13 servo speed = pulse
// Pin 12 servo opposite direction of pin 13 servo.
servoRight.writeMicroseconds(1500 + (1500 - pulseWidth));

delay(6000); // .for 6 seconds
servoLeft.writeMicroseconds(1500); // Pin 13 servo speed = stop
servoRight.writeMicroseconds(1500); // Pin 12 servo speed = stop
tone(4, 4000, 75); // Test complete
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LAl AHX : ForwardThreeSeconds

N ABOTS & ALXE 12 =1, HiEHZI ®HE OtS0l 0l HAZSHT
ZT2ds &4, H&E el Ot50l:=0l ForwardThreeSecondsE &=z2&
SHCH,

v EZZ20¥ JolEs 2
\ Reset HES 21

2 =0 ABOTIH 32 &

<

// Robotics with the BOE Shield — ForwardThreeSeconds
// Make the ABOT roll forward for three seconds, then stop.

#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

// Full speed forward

servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1300);  // Right wheel clockwise
delay(3000); // ...for 3 seconds
servoleft.detach(); // Stop sending servo signals
servoRight.detach();
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void loop() // Main loop auto-repeats
{ // Empty, nothing needs
repeating

}

<ForwardThreeSeconds &= &c2|>
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#include <Servo.h>

C
0

2, AME(Servo)e CIAEAIN MAZIHOF St12, 2+ BHA0 CHoH 22l 018
AT HOF &HCY.

Servo servoleft;

Servo servoRight;

é
rr

otLECl AKX CHUIA ZAL2E THAIEZO0l O H Jisst 012 &4E
C ==0ICH M oAE A(Instance)et Ecle 2 SAte GEa) 283E
QUCH ME SH, F el HE(Servo) dAHE servoleft?t servoRight
Oz HH DES F I AUAEHAZS OHECH A 2 QIAEA LYo
452 228 (2 22l AA™SCH A servoleft.attach(13)=
eft VMl AIAEAI AE HO MSE B 138He=x BUD| {8t

Ch. servoRight.attach(12)= servoRight 24Xl QAEADIL 128 EOZ
£ BUD| fs 432 20|stC.

rzmz%;gg-phujg

fon 0z 2 Tir o

AR = setup & QUM KNS2Z AIESICH 0] &= S22 BIEHQI
SAS RXote Bt=(loop) UM ZHSSHIl &l L setup E0MH 2E
£ 4B},

dHE2 2= ABOTOl st 2oz MAY ZXGHIIE JcHH, 2E D&
It setupgts WOl AXIHE ECH |]E &8 Bl S22 SHFHE AHF
2= SHYS AAXot=dl UM, H Bl ds= A0l TH=ALA BIZ
(beep) &2lE BtE= 240ICH tone &4 SE2 3 kHzOHAM SXoteE TIME A
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qIAHIN 1= S XEDe dSE CXNE T 4oz MSEEHCH J2lE2 2 tone
sta= DO Al s SO HlAACIZA HSo61, delay(1000)= tonedh=J}
22 = WMIHX ABOTO| S&0l= AsS &X6k| |8t Aol
void setup() // Built=in initialization
{
tone(4, 3000, 1000); // Play tone for 1 second
delay(1000); // Delay to finish tone
CtS, servoleft A CABHAE (CJANE W 1322 &1 servoRight
instance= & 122 Y&l 0/ servoleft.writeMicrosecondsJt A& A
BSE ol 13 o=z Ble 20 Hek =S a| &I CF. st
servoRight.writeMicrosecondsJt & 122 AlSE Bls 20 &= 02 210]
Ct.
servoleft.attach(13); // Attach left signal to pin 13
servoRight.attach(12); // Attach right signal to pin 12
ABOTO| &ez SA0|J| flol &2 2 HiFe M2 Bz S3ete A2
AtD|BHAF. servoleft.writeMicroseconds(1700)= 21Z MEE BIA|HEgSECZ A
=202 3|&Mol= A0|CH
Jelld servoRight.writeMicroseconds(1300)= 22X HIRE IHHOZ Al
iSO 2 3|&MateE Z10ICH delay(3000)2 AMEDJF 3= S0 HE S&HE X8
Cl= 242 Q0IStC. XA =, servoleft.detach and servoRight.detache A&
(MSE B, 222 HXIGHAH =
// Full speed forward
servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise
delay(3000); // ...for 3 seconds
servoleft.detach(); // Stop sending servo signals
servoRight.detach();
}
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ol AAXINHAME Bl S22z ) =/U2H, R =22z s&otkle &
Ct.

indefinitely.

void loop() // Main loop auto-repeats

{

}

AEXE Xbell - Hel =3

SAGtE HelE BSAIA 210 A201? 01X 2 delay(3000)U2 g2 B SHAIDI
M S0 ME S9, delay(1500)2 ABOTS &gt 2 AO0ICH OH&EDIEX=Z
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HeH=2=2 ABOTS CtE2 2= =82 servoleftet servoRight
writeMicroseconds & Ct0ll U= us Li2t0IE S CtE =& =0ILC.

OE S8, U2 & JtK 2£=2 ABOT= =&lotE=S 2= 0|0

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

Gsel & JHN &8 &+= ABOTOl M/dot== =J| <o fIXE 20|

Ct:

// Turn left in place
servoleft.writeMicroseconds(1300); // Left wheel clockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise
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// Turn right in place
servoleft.writeMicroseconds(1700);  // Left wheel counterclockwise
servoRight.write Microseconds(1700); // Right wheel counterclockwise

ABOTOl 22 0ls, 2™, f3d 2l FANGHESF ottkel AAXI 20l

AN Hogt 2= HE== L8 2L

OlMl AKX : ForwardLeftRightBackward
N g MZE 2l ForwardlLeftRightBackward& &2 E 8t
>,

\V ABOTOl %C2-dE-QEZ-FE0=Z SH0l= NS &0IsHH.

I

o

-

// Robotics with the BOE Shield — ForwardLeftRightBackward
// Move forward, left, right, then backward for testing and tuning.

#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

// Full speed forward

servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1300);  // Right wheel clockwise
delay(2000); // ...for 2 seconds

// Turn left in place
servoleft.writeMicroseconds(1300);  // Left wheel clockwise
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servoRight.writeMicroseconds(1300);
delay(600);

// Turn right in place
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
delay(600);

// Full speed backward
servoleft.writeMicroseconds(1300);
servoRight.writeMicroseconds(1700);
delay(2000);

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

}

void loop() // Main loop auto-repeats

{ // Empty, nothing needs repeating
}

// Right wheel clockwise
// ...for 0.6 seconds

// Left wheel counterclockwise
// Right wheel counterclockwise
// ...for 0.6 seconds

// Left wheel clockwise
// Right wheel counterclockwise
// ...for 2 seconds

// Stop sending servo signals

LB -0l AHXIE wal 25| Adh,

ANE = ABD| IoH OFS0l:

XH=
FHZ

AZEQN OICIH Ol S(SAt2t 201012

Q== 404 ctelofl CHot™d

oOlgaotet(& 1, servoleft.writeMicroseconds, servoRight.writeMicroseconds

‘02|10 delay). 8 O3,

21210l CHotod

=& atct.

ALEX Xt - SAs A
HelE=2 ABOTOl otLISl HIRE =22 ZAgAEsS & £ QUL 1O gE2
otLIS HHR = &1 Us =0 CI2 Gt A= Xl Jes 2d0ICH o=
&N =X =3H0 CHst 4JtX SEOICH

// Pivot forward-left

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

& 2:Parallax.com 22t2! B Z Xt 2 (http://learn.parallax.com/ShieldRobot)

Zﬁﬁgﬁq BIof AT/ DFS /01 QB /BRE BIE: Z250 2 (www.Fribot.com) - 129 -



servoRight.writeMicroseconds(1300);

// Pivot forward-right
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1500);

// Pivot backward—left
servoleft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1700);

// Pivot backward-right
servoleft.writeMicroseconds(1300);
servoRight.writeMicroseconds(1500);

v ForwardLeftRightBackwardE€ PivotTests2 M&o
N 282H9] writeMicroseconds & LH0O QU= us It

// Right wheel clockwise

// Left wheel counterclockwise
// Right wheel stop

// Left wheel stop
// Right wheel counterclockwise

// Left wheel clockwise
// Right wheel stop

tet.
ct

DIEIS BIBIAI9I A
Xe 401K B3 AW 0|0 B, HEF, 25F 12|10 £X
VAEHE ANXES AMHEL. 20D o2 NS BAE HF S0l &
SgE=X &olsle).

V2t FSO| OHoH delay 3B BN B 9, 24240 SX0| 90T 3
Ho1D| USh E25] 20 SO 2@ 0|0
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OlAl AHIXI: ForwardTenSeconds

N ForwardThreeSecondsS €1 ForwardTenSeconds2 CHAl X &HEHCH
v delay(3000)S delay(10000)2 t&tS BHASCH

£ gdotl M=l #1JA
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=
N IR AQIXIE 12 AF6ID AAXE HYRES =, USB ol =2cl&t

Ct.
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// Robotics with the BOE Shield — ForwardTenSeconds
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// Make the BOE Shield—Bot roll forward for ten seconds, then stop.

#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

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

delay(10000); // ...for 10 seconds
servoleft.detach(); // Stop sending servo signals
servoRight.detach();

}

void loop() // Main loop auto-repeats

{ // Empty, nothing needs repeating

}

ALZXF Ztell - ABOTOl BZ2E Mt EHIZ JIES A2 S X &F
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H 4-1: writeMicroseconds(us) &4=W2l us Lt2t0IH
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BOFE Shield_Bot distance
BOE Shield_Bot speed

servo run time =

V23 XMZ 1211 ForwardOneSecondE Al &i5tet.
N 29 ABOTES =2X 0l ==L}
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Al

\ K0 &= HH3 2201 =342 0 AX/HEIDIHN =015 =0

N AAXIE CHAl A Eat) ol EE20 U= Reset HES 2L
N BEROE S X3 0iesE 222 =36t ABOTSY HHRIF Z0tLt &
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// Robotics with the BOE Shield — ForwardOneSecond
// Make the ABOT roll forward for one seconds, then stop.

#include <Servo.h> // Include servo library

Servo servoleft;
Servo servoRight;

// Declare left and right servos
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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

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

delay(1000); // ...for 1 second
servoleft.detach(); // Stop sending servo signals
servoRight.detach();

}

void loop() // Main loop auto—repeats

{ // Empty, nothing needs repeating

}
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writeMicroseconds&£5 &£ &t = delay(2220) AI=Zdl0

2 ol : 9 in/sUIM ddE2 ABOTOlI 202IXl BHZ =&t <ldH
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time = 20in
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1s
=20inX
Oin 9in
=2.22s

= 2220ms
JeH A writeMicroseconds 45 22 £ delay(2220)E Al256tct:
servoleft.writeMicroseconds(1700);

servoRight.writeMicroseconds(1300);
delay(2220);
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j=|

—_

&tCH. speed B14== writeMicroseconds2 S =9 us Ii2tOIEOICE. 0232 for
SO HH=2g [HOCH g0l HEk=2 0l&ICH 22 Bt=g [I0ICH 20ms2l XIHS
JHEICH 22X 1xY 5084 BE=sCE 0|42 2% SIHAM 1000HK £&E0H 11X
AQECH=E AH0I0, O AMEWA $FB AB= d58oz Mg 210|C0
for(int speed = 0; speed <= 100; speed+=2)
{
servolLeft.writeMicroseconds (1500+speed} ;
servoRight .writeMicroseconds (1500-speed) ;
delay(20);
}
OE2 =AE Sot0 for 229 =MZ XMl & HEX.
e H HM trip : & 0, L¥ZE writeMicroseconds &= us Li2tOIE{ D}
15002 M 2Lt
- 5 H Iy trip: =0 2, servoleft.writeMicroseconds(1502) 2}
servoRight.writeMicroseconds(1498)
- A P!l trip: =0T 4, servoleft.writeMicroseconds(1504) 2}

servoRight.writeMicroseconds(1496)

« 100¥M tripr =% 200, servoleft.writeMicroseconds(1600) 2
servoRight.writeMicroseconds(1400). 01242 =1 &0 &Yol 286t
QUCE. 1700 1300= XIL+E ZLOICH.

OlAl AHIXI: StartAndStopWithRamping
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Vv ABOTO| M= KAl BANOZ JiSot0H, A S =82 R

Xl
otl) el X MNAl X2 Zacte As =0Qlotet

// Robotics with the BOE Shield — StartAndStopWithRamping
// Ramp up, go forward, ramp down.

#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

for(int speed=0; speed<=100; speed+=2) //Ramp up to full speed.
{
servoleft.writeMicroseconds(1500+speed);
// us = 1500,1502,...1598,1600
servoRight.writeMicroseconds(1500-speed);
// us = 1500,1498,...1402,1400
delay(20); // 20 ms at each speed
}

delay(1500); // Full speed for 1.5 seconds
for(int speed=100;speed>=0;speed—=2)//Ramp from full speed to stop

{

servoleft.writeMicroseconds(1500+speed);

& 2:Parallax.com 222l B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
FrBor wio iz nxe/0i2e/=Sa thz: Zetol® (www.Fribot.com) - 142 -



// us = 1600,1598,...1502,1500
servoRight.writeMicroseconds(1500-speed);
// us = 1400,1402,...1498,1500
delay(20); // 20 ms at each speed
}
servoleft.detach(); // Stop sending servo signals
servoRight.detach();
}
void loop() // Main loop auto-repeats
{ // Empty, nothing to repeat
}

Ocdzes OE U dHas Zgst FEHS ¢S = AL US ol 8& U
S HEEHOZ HE)H #HEot=XIE UEHHT 0 S8 & et SHE At
012l XtolES 00 =ZStH 100Kl speed?l gt0l Bi1stCt= 2d0ICH

for(int speed = 0; speed >= —100; speed —= 2)// Ramp stop to full
reverse

{
servoleft.writeMicroseconds(1500+speed); // us = 1500,1498,
1496...1400
servoRight.writeMicroseconds(1500-speed); // us = 1500,1502,
1508...1600
delay(20); // 20 ms at each speed
}
HdzZe oE 2080 2% 3|M0 (e &2 F[Ee s egts = UL Otdle 2
EZ-3|d &ddo HOICH BFESl HtA= 1500+speed®t CHE %29 HIRA=
1500-speedE ot= CHAl, = CF 1500+speedE AIE&C= HE T ASIE).
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for(int speed = 0; speed <= 100; speed += 2) // Ramp stop to right
turn

{
servoleft.writeMicroseconds(1500+speed); // us = 1500,1502,
1508...1600
servoRight.writeMicroseconds(1500+speed); // us = 1500,1502,
1508...1600
delay(20); // 20 ms at each speed
}

for(int speed = 100; speed >= 0; speed —= 2)// right turn to stop
{

servoleft.writeMicroseconds(1500+speed); // us = 1600,1598,
1597...1500

servoRight.writeMicroseconds(1500+speed); // us = 1600,1598,
1597...1500

delay(20); // 20 ms at each speed

}

N ForwardLeftRightBackward AAXE ==l

PN

ForwardLeftRightBackwardRamping 0I1E2 2 Y= XN &stel.

2oz gosgt AHO|CH 8l 2 o A FZE MEE
StartAndStopWithRamping@ 2 2H Hl=gt &2 225 AI=2& Z10|C}.
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void setup(} {
Serial.begin(9600);

Serial.println("Before example function call."):
delay (1000); )

Function call. ..
example () ;

delay(1000);
} _..sends sketch
to function.

(Q Serial.println("After example function c%l1.");

void loop () {
1

void example() Function starts here.
{
Serial.println("During example function call."):;

delay(1000);
) When done, sketch returns to next instruction after function call.

2ol A, setup()&4 CHOIA example()&+2 &5t ULt example()
2 AAXIOE 0l OlE& Jteldle &8 HOIM ZEE Adoty N0 2=
TUE B HS0te A2 20Istth. dd22 AAX = void example()2
BOZg 240l 25 { } Ul JAse & =22 9ygs g dolct O Ose,
g-E SES X222 =0t 1O Os 9&0| Hs adE H0ICH Otdl=
0220l AAHXE A#ME M 2 = A= L2 =AO0ICH

1. Serial Monitor
2. 1= XN =, 2LIEH= "During example function call."E LIEHHCEH 2 2
2o HAIKE =%

O O3S0l 1= Al2E X0l AL O GOS0, g€+= exa
= osetup()&t=UWHZ =0+ 2 210ICH.

3. Serial Monitor= "After example function call."& LIEFHCE.

-ioix]

| Send

Before example function call.
During example function call.
After example function call.
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Ol AKXl — SimpleFunctionCall

N 28 MZE 12l SimpleFunctionCall2 &€ 2 =8t

J E@2EE MEs AHED, &0 22 L s =2t NEDLIHE Lot

N BHOIEE 221 “Before”, “During” 12l “After”2 AlEotE SXE OIAl
XIE &olgtet.

// Robotics with the BOE Shield — SimpleFunctionCall
// This sketch demonstrates a simple function call.

void setup() {
Serial.begin(9600);

Serial.printin("Before example function call.");
delay(1000);

example(); // This is the function call

Serial.printin("After example function call.");
delay(1000);

void loop() {
}

void example() // This is the function

{

Serial.printin("During example function call.");
delay(1000);
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ch inte 84 89 -32,768FH 32,76770HK EHR/E JIANCH Z20SUHAMN 25
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ool U= int Hz= pitch(O& =0l CHEH M2t0IEO0ICH 0 <, X
e Aoz SAHSHCH
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o
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o
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oo
4>
10

ZJIBE0 012 S9, pitch(3500
‘int Hz Tiet0IE 2 &St

JelAM = YW pitch &%=} pitch(3500)2& =&
HzZ HE=CH 0|H2 pitch 429 2E =22
Ot HzE 350022 =D|gt&tCt. & YW

£ Sot AAXIE & B dEiEE=E S HzE 200022 =J(3h 8tlh.
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void setup()
Serial .begin (9600) ;

pitch (3500}
Serial.pri

pitch (20
Serial.fri
delay (10

void loop()

{ (6) Function
executes with
Hz = 2000

i

tln("Plavying high pitch ton

1n("Playing lower pitch tone..

(2)...passing 3500 to Hz.

. . . (3) Function executes with
volid pitch(int Hz) 7 - 3500
{

Serial.print ("Frequency = ");

Serial.print {Hz);
tone (4, Hz, 1000);
delay (1000} ;

¥ {4) Mo more code—return to next instruction in sketch.

OlAl AHIXI — FunctionCallWithParameter

e

vV AAXE D G20l oINS AI}S M B0 Sele A

ol =otet.

V Z2g 235t FunctionCallWithParameterE 2236
NHLQLIHE Z20et

V Oi2i29 HOlgS 21 4212 S0k

v 0229 =0 HULIR? 2 DO & ! oreF DX 20
&, AHXE KMG AHED 2 & = 2

DEE WetItd Eoldl 2EMe. a5

=

diagram2 &

E
H
!

// Robotics with the BOE Shield — FunctionCallWithParameter
// This program demonstrates a function call with a parameter.
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void setup() {
Serial.begin(9600);

Serial.printin("Playing higher pitch tone...");
pitch(3500); // pitch function call passes 3500 to Hz parameter
delay(1000);

Serial.printin("Playing lower pitch tone...");
pitch(2000); // pitch function call passes 2000 to Hz parameter
delay(1000);
}
void loop()
{
}

void pitch(int Hz) // pitch function with Hz declared as a parameter
{

Serial.print("Frequency = ");

Serial.printin(Hz);

tone(4, Hz, 1000);

delay(1000);

2
o
HI
>
En
|
4n
=
10
E_I
L
=]
m
=]
pa
_'l_l
1>
v
0

IetOIEHE AlEot= =3 & pitch&+=0ICH: Hz2F ms. 0l MZ
Xl

void pitch(int Hz, int ms)

—

Serial.print("Frequency = ");
Serial.printin(Hz);

tone(4, Hz, ms);
delay(ms);
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= =

e =&8& pitchg =0l et & JtX =01 ACH otlt= 3500Hz0IA 0.5
b XIote 22010 CHE oflb= 2000HzO0IA 1.5 =S¢+ XI&o6t= 2 0IC.

o

pitch(3500, 500);
pitch(2000, 1500);

0l2f8t 2t2t9l pitch S&2 & M %S JHACHs 0l E26HX. stLis Hz2
HMLstD, OH2 stllis ms M2H0IER FLEC 4 Wl U= 2Asol Ha
B4 FOlOf QL= WetOIES W4 UXIGH00F BICH 0K DX LTI A
Ae 2MYE 4 92 2010

FunctionCallWithParameterE FunctionCallWithTwoParameters& M&GHAIL.
pitchet+=8 S i IOiellle HNE2S=Z WHGHAL.

otLtel ItetOIE pitch 2= & H L0l S22 WAHICHAIL.
=ZE AAXE STAILD SHS BSoHAL.

= [T o = oo

v FunctionCallWithParameterS FunctionCallWithTwoParameters& XM &6t

= il 8tCh.

tch&=Jt & JHS Wet0lE I [=s AR
= AU=s pitchgd= SES F 2 W2H0IEIE A= pitch

pitc

& JHol metolesdt
1 552 U
LHE A |

e AAXE AT del S ME S HECH
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0

oz MA 2E H, EX © delld F2 i =3 eSS g9 o
ol =Xt

ol AKX - MovementsWithSimpleFunctions

Ol

N 23 M 2l MovementsWithSimpleFunctionsE €2 & atel.

// Robotics with the BOE Shield — MovementsWithSimpleFunctions
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// Move forward, left, right, then backward for testing and tuning.

#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
forward(2000); // Go forward for 2 seconds
turnLeft(600); // Turn left for 0.6 seconds
turnRight(600); // Turn right for 0.6 seconds
backward(2000); // go backward for 2 seconds
disableServos(); // Stay still indefinitely

}

void loop() // Main loop auto—repeats

{ // Empty, nothing needs repeating

}

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
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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);  // 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

}

void disableServos() // Halt servo signals

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

}

M2iE2 0222 ABOT2 SA0l= IE=2
ForwardlLeftRightBackward AJIXI0 2o BtEH A= 2 &2
22 SHYS ZUZ LEHHE el AKX HEE S

o] 2 220 T=2 HME = =It ULt
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Ct.

\ //disableServos()XM & 2Z0 S 4O

Q= disableServos()& 4
N IoopoM £H // Em

forward(2000), turnLeft(600),

=2 setup =0 A HHGtEL.
Ct. 28 E A= OfeHeb 2Ct.

void setup()

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

1000);

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

// disableServos();

void loop()

{
forward(2000);
turnLeft(600);
turnRight(600);
backward(2000);

V =3E AAXE 2=

Ol OIRHX=XE &2l
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turnRight(600) 12l
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backward(2000) &<

el OIRES loopgs WO 20 ED]

ro

// 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

// Stay still indefinitely

// Main loop auto-repeats

// Go forward for 2 seconds
// Turn left for 0.6 seconds

// Turn right for 0.6 seconds
// go backward for 2 seconds

4

2 4JHX 2 =0l ASHCZ B s
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void maneuver(int speedLeft, int speedRight, int msTime)

speedleft 1e2l12 speedRightOl CHEH J I
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maneuver(200, 200, 2000);
maneuver(-200, 200, 600);
maneuver(200, —200, 600);
maneuver(-200, -200, 2000);
maneuver(0, 0, —-1);

// Forward 2 seconds
// Left 0.6 seconds

// Right 0.6 seconds

// Backward 2 seconds
// Disable servos
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OlHl AKX — TestManeuverFunction

N3 HE 2D Y9ZE TestManeuverFunction
N EE A2 922 SX 2|0 X =AR ZH=XE &l

// Robotics with the BOE Shield — TestManeuverFunction

// Move forward, left, right, then backward with maneuver function.

#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
maneuver(200, 200, 2000); // Forward 2 seconds
maneuver(-200, 200, 600); // Left 0.6 seconds
maneuver(200, —200, 600); // Right 0.6 seconds
maneuver(-200, -200, 2000); // Backward 2 seconds
maneuver(0, 0, —-1); // Disable servos

}

void loop() // Main loop auto-repeats

{ // Empty, nothing needs repeating

}

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

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

Forward
/! -200 -100...... 0...... 100 200

TRt &5 e 250 o B = S E0 e Pt - 156 -



if(msTime==-1)
{
servoleft.detach();
servoRight.detach();
}

delay(msTime);

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

// Set Left servo speed

// if msTime = -1

// Stop servo signals

// Delay for msTime

}
ool Xd - Al 2R s X Ao
maneuverg =& ASotH, 02 &ARXl, 10086 -100AI0l= =& MO < 1
2l 2001 -2002 servoll 8EHSHOZ H2|&= ol= A 0IC.
TestManeuverFunction AHXI= AI2A maneuvers2 WMEH A2lct= A0
20|stCH. maneuver 842 22t S & ol= SOt 2 U9 S F=E hst
MZ2 HI2I0IeE d8Ystth. g 29, 3% S0 5 222 O2lJ|fdl LEE
HIR O 8&2H02 S20|1D JUes S0 2F dHiF= HEo £3HoZ SH0|E
2 00 2. &% 552 USH 22 210/CH
maneuver(50, 100, 3000);
2 Md=s 2% HIFE SHE2Z 3Mole 2122 M, 23 iR = X A
£ SXotH X HiF= Yo S0l Aotk
maneuver(0, 200, 1200);
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note[0] notef] note[2] note[3] note[6] note[7]

Yy o e, ok

int note[] = {1047, 1174, 1319, 1397, 1568, 1760, 1976, 209
note[4] note[5]

22 REDJF W myVardl 13972 MEGILD U= note[3]E SAE 2R
O JTHD BtAE M2 REs= s &S 0|0

myVar = note[3];
HedE2 AAX0A BHE A 2 DAl HIE = JUCH WE &9, st &
0l (ef=2 1397 gt2 1976822 HtE = ULH

note[3] = 1975;

Big= f JE0 LEMH J™E Lol g2 Iitkle A™E 02 =J|se E
e SUG WE =M, oteier 20| 82 RAE JiXle HE=sS ddg = QA
Ct.
int myArray[8];
8 02, 28 AHXleE dM S8, JE22LEHZRH 28 = 8t 82
OefE20l J&EGtE HE B0I=EXN USH 2 @42 g2 BHEW 2 = UCH
Otcf 82 Lotk ZAetel @EZXE FFQ0 2 AEE LIEHHE 2 AHB| 9
Jle M FL0HMN =22 ASAIZICH
N AN Qe S O B AHEE F=MLESN 2E HHE ool Us -t
== dlualet
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Serial.print(note[3]);
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oEALIAZ

SHE01E22, fcl= ABOTS
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tone(4, note[3], 500);

OlHl A3HIXI - PlayOneNote

JFDF
=

—/

4210l Serial Monitor0fl

i

ol

=2 A2 ABOTY OIWZATIAZ
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, A& el Arduinotl A PlayOneNoteE ¥ Z =36lct.
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\ Serial Monitor0il “note = 1397”0| LIEILI=XIZ & 0l5tet

NALIIHZ 2240 LIQEXE E.O_SF ct.

N note[4]E O|20ot= 15683t HZFo6t1D EEHoIEE AAXE £=Fotet
=

J oelEe +=FHE AAXE HA

// Robotics with the BOE Shield — PlayOneNote
// Displays and plays one element from note array.

int note[] = {1047, 1147, 1319, 1397, 1568, 1760, 1976, 2093}

void setup()

{
Serial.begin(9600);

Serial.print("note = ");
Serial.printin(note[3]);

tone(4, note[3], 500);
delay(750);

}

void loop()

{

}

OlMl AKX - PlayNotesWithLoop

e 28 T2 )H0A e 240 26D /o HEE AIES8HCH. Us2
AHX PlayAnotherNote= index 145 &6l 2l index == XHAl 2ol HH
g QAZE HENGD| Aol A= StCL.

for 2ZL2 |FACHA index2l gt AsH=Z2 SOt = UL &
2HHU LIEHLD] RI8t 2E= forZ =

Jl /ol AHEE &L for 2EEE
OICH. 2HA note[0]0l MEE&E 22 notelindex] It print &4 =& tone &
=JI O UAEKX AMEZHHE 210IC
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ANXIOF HHE QHOll U= 2E ABS0| SHHU LEHLD 3 MK Sote
210ICt.

N 23 MZ 2/ PlayNotesWithLoopE A2 E5tet.

N AHXIOF 224 SHAHOFA Serial MonitorE Z0f et

\ Serial MonitorJt AIIHZ LU= SH=IJF HHY o)l Y= 2t ABES UL

EtLH=XI &elatet.

// Robotics with the BOE Shield — PlayNotesWithLoop
// Displays and plays another element from note array.

int note[] = {1047, 1147, 1319, 1397, 1568, 1760, 1976, 2093}

void setup()

{
Serial.begin(9600);

for(int index = 0; index < 8; index++)
{
Serial.print("index = ");
Serial.printin(index);

Serial.print("note[index] = ");
Serial.printin(note[index]);

tone(4, notelindex], 500);
delay(750);
}
}

void loop()
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for(int index = 7; index >= 0; index——);
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S O BIAL 2 A28 Jlle 3 B20UE UHS0A &L d29 HEst
FXE AZFolI| Aol for FEIE LOOIEsGtE 212 LXK Z0H0F &HCH OFS0I
L ctolEdel= 0lefst s &2 == UE sizeof &S IJHALD RULH OlARE2
HBIOIE 12 BHE2 AJIE L & &0 OtLlet g = A9 A0|I: ¢
2 ACH (int &), (Hd 22 ZE= IZQ HIOIE &+ B4 A9 HIOIE £
2 U= £ Q0 O 2= i Ul Ues 24981 £0IC.

Oteie Ol Jl=E 0I1=et Ol0ICEH Bl elementCountOl note HBHE 2H0ll U= 2
29 =5 MBS

int note[] = {1047, 1147, 1319, 1397, 1568, 1760, 1976, 2093};
int elementCount = sizeof(note) / sizeof(int);

01, OH22 for EXZs= g oo Us E AEE A=FGHI| K&
elementCount H==E AIEE &= QULH RAIF FIHERX AHEE

for(int index = 0; index < elementCount; index++)

Je

, A& 2l PlayAllNotesIinArrayE & = =3otct.

24 otA Ot HE2LIEHE Xt

Hol AllAZ ULeE HJ1 BHE o0l U= 2 === LIEHW
b

1]
paal
T
e

= = =

B V2 I D )
ny
o

// Robotics with the BOE Shield — PlayAlINotesInArray
// Uses sizeof to determine number of elements int he array
// and then displays and prints each note value in the sequence.

int note[] = {1047, 1147, 1319, 1397, 1568, 1760, 1976, 2093};

void setup()

{
Serial.begin(9600);

int elementCount = sizeof(note) / sizeof(int);
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Serial.print("Number of elements in array = ");
Serial.printin(elementCount);

for(int index = 0; index < elementCount; index++)
{

Serial.print("index = ");

Serial.printin(index);

Serial.print("note[index] = ");
Serial.printin(note[index]);

tone(4, notelindex], 500);

delay(750);
}
}
void loop()
{
}

A2 Xl - S5 =Itotd|

int note[] = {1047, 1147, 1319, 1397, 1568, 1760,
1976, 2093, 2349, 2637}

J BIot 012120l SUHNOE BRICHY, WP B2 XS HFols HES M
T L =6tet.
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1108.7
12445
1480.0
1661.2
1864.7
2217.5
2489.0
2960.0
3322.4
3729.3

1046.5
11747
13185
1396.9
1568.0
1760.0
1975.5
2093.0
2349.3
2637.0
2793.8
3136.0
3520.0
3951.1
4186.0

(=g Rw -t R Nyl
ocomE#Es O
oM
TcoOPRHEOO
ocomEHEo >
oc~NO2®%E~N0
o~MR#~ND
oCNPIE~ND
o~NIRH# E~ND

C6|D6|E6|F6|G6|A6|B6|C7|D7|E7|F7|G7|A7|B7|C8

S—

<Higs JiIXles =8>
0K E=0=22H maneuvergt=2 J|Ybal=2J? o210 3JHXQ HigS
maneuverst4= LHOIAl 22+ TI2I0IE 2 A% = AS0ICH 012t HE! 012Hs
2 0l 2 S0l aligte MEU-2Z-Q2Z_SX-H| =A2 S A0|CH
// Forward left right backward stop
/! index 0 1 2 3 4
int speedslLeft[] = {200, -200, 200, -200, 0}
int speedsRight[] = {200, 200, -—200, =200, 0}
int times[] = {2000, 600, 600, 2000, -1%
AHX=E BPE FHS LGRS S5 20 StUe DEE AMEE £
UCH

// Determine number of elements in sequence list.
int elementCount = sizeof(times) / sizeof(int);
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// Fetch successive elements from each sequence list and feed them
// to maneuver function.
for(int index = 0; index < elementCount; index++)

{
maneuver(speedsLeft[index], speedsRight[index], times[index]);

}
SOTE o0 =Me 14 SOF & Z40ICH dA 2 maneuvergs S& &
M, 2 Hig ool U= T2 A= maneuverg=0lA Oi2t0IHZE &Y & 20|
Ct. X9 H YW=, index 0, maneuver &= =29 Itt0IHS2 2 HIZ2
oHmM 24AJF & 210ICk  012HE CSH™M8  maneuver(speedsLeft[0],
speedsRight[0], times[0]) OICt. maneuver&=2 ®™GE AXAQ 2
maneuver(200, 2000, 2000) OICt. 2Z9] & HMi=, index 1 0|0 CiSt &
ol gt

S A0ICH. maneuver(speedsleft[1], speedsRight[1], times[1]) &M=l
2 maneuver(-200, 200, 2000) OIC}.
OlKl AAHX — maneuver(—200, 200, 2000).

Vv g, HE O
ch.

U

Ol

|20 OO0l 0l&3dt ManeuverSequenceE g2z C&E

J ABOTOl HZ-@Z-2%-3x 2XY 12/ Xt AfF=XE =0l

otet.

// Robotics with the BOE Shield — ManeuverSequence
// Move forward, left, right, then backward with an array and the
// maneuver function.

#include <Servo.h> // Include servo library
// Forward left right backward stop
// index 0 1 2 3 4
int speedsLeft[] = {200, -200, 200, -200, 0}
int speedsRight[] = {200, 200, -200, =200, 0};
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int times[]

Servo servoleft;
Servo servoRight;

void setup()

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

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

// to maneuver function.
for(int index = 0;

{

/] -200

if(msTime==-1)

{

= {2000, 600,

//speedLeft, speedRight ranges:Backward Linear Stop Linear

600, 2000, -1k

// 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

// Determine number of elements in sequence list.
int elementCount = sizeof(times) / sizeof(int);

// Fetch successive elements from each seqguence list and feed them

index < elementCount; index++)

{
maneuver(speedsLeft[index], speedsRightlindex], times[index]);
}
}
void loop() // Main loop auto-repeats
{ // Empty, nothing needs repeating
}

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

Forward
-100...... 0...... 100 200

servoleft.writeMicroseconds(1500+speedLeft); // Set Left servo speed
servoRight.writeMicroseconds(1500-speedRight);//Set right servo speed

// if msTime = -1
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servoleft.detach(); // Stop servo signals
servoRight.detach();
}

delay(msTime); // Delay for msTime

SB
H[[

o ABOTOl SZ0l= &=AIt HAU-AZ-QEZ-ZX-FX 2 FASHI
MG YEI? X2 =H0l NRSHAE 2 2{22 ABOTOl 1
o ]

UE & = UAs €S0ILL, 0dE M0l 2t FEL=Z 2ot HE 2

HeE Xtell - 2IAEM F&#S =t

22 H=0l 20 2 2IAEE AlTdiEg = A= WHOICH OlHS dE-A
B-QERZ-SXNO| =Mz XS F 40X F3AE=S Adci= 240ICH 0 o
MO A, indexJt 42 A2, 0|02 2 HIZS & HM =2 = BHWE AIE &
2 0ICH OH&JEXIZ indexJt 5 [, OlX& 2 g2 & Bl =0 Jf=e & ¢
W =5 A8 & Zd0ICH { otoll = 2 4= 302 01800 2ES8HC.
delld old2 & 22 Hedlk: T =2 e =0 2H Z8dls 85 =X
ob &Kl et
int speedsleft[] = {200, -200, 200, -200,

0, 200, -200, 0, 0k
int speedsRight[] = {200, 200, -200, -200,

200, 0, 0, =200, 0}
int times[] = {2000, 600, 600, 2000,

1000, 1000, 1000, 1000, -1}

v ManeuverSequenceS ManeuverSequenceExpanded2 X 2Z&totet.
N HIZS QA0M HAst 9IS @AE JIXle HHME St=0iet.

JAEE ANIES AHGID HI-YLB-QSE-STO| MR 48 o = =
3 ME Adot=Al =olstet
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<A BHE 1 switch—case>

Ol =2 0L Oid= g0l 22X === 0I80t0 FHES +=dlol=s A
_I

XI0ICt. 28 2Xt= 200ms AlsH AIZES JHXle ™ =S LIEtW = 240(CH &
8 AIZ2H0l DALY ULz, 0|HS KHd2S JXLD UAXes &0 L Ol
A2 O WE AMBAAE CtE= Aoz 2HHEIC.
f = forward b = backward | = left r = right s = stop
f=%&& b =& | = 2% r=Q2% s = &Xl
SAE 0|22 S0tz 2c2iE Hig2 sS=S2 AISoAl 2=0h tal, EXNES
AZEHCH OS2 SAHHE ot Ol ™l HE MA-2AZR-QEZ-FX-FHIX|2 Al
AAQ} Z2 WHOICH

char maneuvers[] = "ffffffffffllirrrobbbbbbbbbs";

f a
2, ABOTOl 2= s¢t JAsS & 20l OS2 32 | =022 600ms =
oF 21X &S & AWOICH 32 r 2hesE LEE s ¢UEL, FHl 2= b
e Az JIEF S 0|0 d2ld X s= 0l AIRAE 28 H
== st

OlMl A3HIXI: ControlWithCharacters

N 2™ ME D2l OFE0l=0lA ControlWithCharactersS €2 =alet.

Al
=

i

i

02
_O'j
rir
>~
o
ro
_O'j

\ ABOTO| MZ-QZ-@2x=_sX 2 72|10 HIX
k.

// Robotics with the BOE Shield — ControlWithCharacters
// Move forward, left, right, then backward for testing and tuning.

#include <Servo.h> // Include servo library
char maneuvers[] = "fffffffffllirrrbbbbbbbbbbs";
Servo servoleft; // Declare left and right servos
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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 P13
servoRight.attach(12); // Attach right signal to P12
// Parse maneuvers and feed each successive character to the go
function.
int index = 0;
do
{
go(maneuvers[index]);
} while(maneuvers[index++] != 's');}
void loop() // Main loop auto-repeats
{ // Empty, nothing needs repeating
}
void go(char c) // go function
{
switch(c) // Switch to code based on ¢
{
case 'f" // ¢ contains 'f'
servoleft.writeMicroseconds(1700); // Full speed forward
servoRight.writeMicroseconds(1300);
break;
case 'b" // ¢ contains 'b'
servoleft.writeMicroseconds(1300);  // Full speed backward
servoRight.writeMicroseconds(1700);
break;
case 'I": // ¢ contains 'l

ZFRB & 2:Parallax.com 222l B Z Xt 2 (http://learn.parallax.com/ShieldRobot)
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servoleft.writeMicroseconds(1300);
servoRight.writeMicroseconds(1300);
break;

case 'r':
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
break;

case 's"
servoleft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1500);

// ¢ contains 'r

// Rotate left in place

// Rotate right in place

// ¢ contains 's'
// Stop

break;
}
delay(200); // Execute for 0.2
seconds
}
VOl BHES AlEotet ABOTOl 2AS steXl HISE = JAAEIN
char maneuvers[] = "ffffffffffllirrrrrriilobbbbbbbbbs";
2X maneuvers HIE #H42 AFE FII& £, 0|48 N=2 IS ZRH 2XS
2 JIH21 go 842 0l SXNZES MGt (UEo &YY)
int index = 0;
do
{
go(maneuvers[index]);
} while(maneuvers[index++] 1= 's");
X B, indexe= ZJIZCZ 00| 8AHZULD do-whileRIZIL A EIQACH LBt
Ol while 22t OtEIIXIZ do-while 2X= 2E 28 U Us 2Y ==
£ 5N oz AYMSHCH DLt 252 AI&S = LEtU= whileR DA 2 A
st stHe & AEEC ROTZE S8 AEM, gol(maneuvers[index])=
maneuvers[index] 0l A= SAE M LSEICE index++0l U= ++= FTELE S&t
CtS A2t SOt index B==0ll 1€ FII&ICH - 0l1RE2 =9 St Hatkiets A
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OlMl go &=

=
o0 Dol Th2F BOFEHCE
SOl CHah, godt 40l Qo &

case=0| UL,

Otek go &4 SE0| ctetOlE ol CHoll f EXAE MYESHOH, ol e DE=
Hs-NMY My A#E 210/CH 242 0]210] bE ALSIUIH, dH5-H-FX0|
algd & A0ICH A=2o Z20 O0I0A breakz= switch E52 WAL= 20|
1 AHAX=E OS HEN delay(200)22 0l=stCh. A 2 golll Tist &&
2 200ms =dHsS ZUZ UEHHO 2 caseE2 Z0 breakIdt 2ACHH, AKX
= [0S casezs aAdg 20IH, Ol FHUA RAEX LA Z2UE =i
& 20ICt.

void go(char c)
{
switch(c)
{

case 'f
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1300);
break;

case 'b"
servoleft.writeMicroseconds(1300);
servoRight.writeMicroseconds(1700);
break;

case 'I":
servoleft.writeMicroseconds(1300);
servoRight.writeMicroseconds(1300);
break;

case 'r':
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
break;

// go function
// Switch to based on c
// ¢ contains 'f'

// Full speed forward

// ¢ contains 'b'
// Full speed backward

// ¢ contains "l
// Rotate left in place

// ¢ contains 'r
// Rotate right in place
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case 's'"
servoleft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1500);

break;

}
delay(200);

o2 Xt - g A9 case® Z=Itol)

// ¢ contains 's'
// Stop

// Execute for 0.2 s

Zh= 'h'E A8

N HBo2 /2 £39 ARE FIIotAL
oz SH0IJ| ol 14000 A 1600At0121 g2 JHEICE.
case 'h'": // ¢ contains 'h'

servoleft.writeMicroseconds(1550);

// Half speed forward

ot1l servos

servoRight.writeMicroseconds(1450);

KM

(4

break;

V102 FototHU &2 W22 maneuver A HHE 0l h& XS F=Itatet.
Jls2 2017 /oA A2AXNH= sEA2 2AZ0 FItE O O0E sttt RS2
Halotet.

Vo2t AE, el FIHE-FEX-2AF Y 22 g2 FYs s U2
casex= FJetCt, dd U8, =2 g =g M22 =82 flst &
olo] ZNE FII ofct. s H=SZHOZ HS)| ol 0/2301 S0tLt Hel
st HHOIXNE LASLIN?
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Od JHXS 8 Z20cHY d22e=2

249

FElO Ch=gl — XIE AIEHE T8 2= A2 842 e =2
st Sttt 2l HEHN &+5 S=ot=kE &9,

« T8 I LHOIM A8 SIHE JtXle for2ZIF HEH St2H HeXlg &
=

« 2Z II2t0IEHS0l AsIt? delld &5 HEAH 2A=E=X? el UEN
& 8 HEN SESot=XE &Y

« NS BiE &4 A OHOIA HEI0IEHZEAM HEN MEH=EXZE 89

« OIS0l A9 int2t 22X BHES HEH &, =DI3t Oeld AIEdt=XIE
A%, OtF0l% 2t0lE 22l sizeof& 2 A2 & EHE &Y

« IZ03 S&2 HEA HOdt=Al 29, do-whileE1t switch/case®@ AtE.
« XA ROUAM =2 B0t AMIH++H)E HEN AIEdt=XIE &9

e 2HO| ZAHUAM “ZXLCH 2 Hlw HAXH(I=)E HEH AIZo6t=XE &Y
 JJHE ALHZ AZKE AEE HF5l= AAXIGH]

- 22 T =AES FolJIRol o2 JIXS CE T3 YEs 0l8ot
O AAHXIGH

22 Jl=

D280 EY-ZRFHMEO0| HtF == 2LE MM 2AdH HEH UHSAHX

« XA FHM, =3|™(pivot-turns) 2l EHOAS 3|&(rotating-in—place

turns)2l XtOIJF RSiCIX AY. Oell) 0l <ol BHFe £&2F %k s

eIl Y. telE2 22 R0 20171 2o HHE A
cl

% (=} =
MESt=A 4%, el #E0| (22 BOE Shield-Botll HHE HEO|l &=
1S

ol
ol

of o0l AN, F=FE(dead

44
0

e =82 HH(entry-level) Z2
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1. 25% S 8KHOZ ABOTOl FIZ =S 8S)| ?Ist FES HOct
HAEGHD) QLEZ-3IMES 180k 2SI Ploi 1.2x2

Oldet 828 0l8ot0d ABOTOl 30%, 45%= el

3. ABOTOl =tI=2 %’%9@, g OS ¢HEL HiZ2ELZ =3dote 8XH,
g O3 £H2 HE &L

1. H2-2°| 382 24E [OICH OlXES otIIRioh 1E2RH 2 Ao &=
0l Z6t= ForwardThreeSeconds AAHIXI 2H0l A= writeMicrosecondsgf= {2
us el=5 ==ZFalct. 3ZH0 U= 2 A0l HE HAZ2 ABOTS 21 dHs=S
JISatet, 9o 25L/AUH, 0l H= 6dZ RIS AFZX ABOT FHES U
Aolgr M XN&EEZM AtsSE AO0ICH
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CREZE HiFE AAYgEe=2 JHGIHAM(EA), deln F Hi7= 20X

servoleft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1300);

o]
writeMicroseconds0fl = us LiStOIEHE 15000 Jt&H HIAZL=M BHA
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4, Otell GIOIEJ =™ QUCH 36 CIXIE FHat=0l 3727msIt ARSI L.
ABOT speed = 11 in/s

ABOT distance = 36 in/s

time = (ABOT distance / ABOT speed) * (1000 ms / s)

= (36 / 11 ) = (1000)

= 3.727272---s * 1000 ms/s

=~ 3727 ms
5. 29l 2 8= AIOIM U= 20ms KNHZ SI0HH, ABOTOl SAl HZ=H0|
= AHE 02H 1000HK W= H =g 210|C.
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6. L

7. for F22t do-whileFZJt OIH0A AtE= OIMISOILC.

8. switch/case

©

. do{...}2Z while(Z=2)

%

s
ob

1.Solution:

servoleft.writeMicroseconds(1300);
servoRight.writeMicroseconds(1700);
delay(2500);

2.Solution:

// 30/180 = 1/6, so use 1200/6 = 200
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
delay(200);

// alternate approach
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
delay(1200 = 30 / 180);

// 45/180 = 1/4, so use 1200/4 = 300
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
delay(300);

// 60/180 = 1/3, so use 1200/3 = 400
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servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
delay(400);

3.Solution:

// forward 1 second
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
delay(1000);

// ramp into pivot

for(int speed = 0; speed <= 100; speed+=2)
{

servoleft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1500+speed);
delay(20);

b

// ramp out of pivot

for(int speed = 100; speed >= 0; speed—=2)

{
servoleft.writeMicroseconds(1500);
servoRight.writeMicroseconds(1500+speed);
delay(20);

}

// forward again
servoleft.writeMicroseconds(1700);
servoRight.writeMicroseconds(1700);
delay(1000);
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1. o (EJF 02120l =& A 20 &2t T2 2L 201X

Senvo ports

connected to: Description Behavior
Pin 13 | PFin 12

1700 1300 Full Speed: pin 13 CCW, Pin 12 CW Forward

1300 1700 Full Speed: Pin 13 CW, Pin 12 CCW Baclkward

1700 1700 Full Speed: Pin 13 CCW, Pin 12 CCW Right rotate
1300 1300 Full Speed: Pin 13 CW, Pin 12 CW Left rotate

1500 1700 Pin 13 Stopped, Pin 12 CCW Full speed Pivot back left
1300 750 Pin 13 CW Full Speed, P12 Stopped Pivot back right
1500 1500 Pin 13 Stopped, Pin 12 Stopped Stopped

15320 1480 Pin 13 CCW Slow, Pin 12 CW Slow Forward slow
1540 1460 Pin 13 CCW Med, Pin 12 CW Med Forward medium
1700 1450 Pin 13 CCW Full Speed, Pin 12 CW Medium Veer right

1550 1300 Pin 13 CCW Medium, Pin 12 CW Full Speed Veer left

2. QEXZCZ J= LEsS His YHOZ AME = JU. ATk &
2=, el OtE2t 0l S2le 014201 writeMicroseconds(us)tl CHSH SHIE
usIt2t0lEl 2F delay(ms)?Ist SHIE ms LI2I0IE=E ME0IEE &2 0|0
= servo It BHECI2l Ao SHet 2 2= LIEHWH= o OICH WA =22 8t
=0| Circle 2H Xl ot A= HE A LH R Hater A 0ICH

o

, 10tE A& 2ol THoll ms&
QIR T A A 222 ABOTU Edgst Sl CHotK OIM =Z

82 StC.
ABOT2 10IH = 10IE &2z SA W0t sttt el 120 3 &2 Stit.
a2t5o NHE Mt Al Y /2 S&EZ2 Btsstth 22 dYs 1203 d
= 2| Fol Z2IOSHW “Turn left 120" EIN M delay 25845 =&l
OFSHCH
& 23X

// Robotics with the BOE Shield — Chapter 4, project 2 — Circle
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// ABOT navigates a circle of 1 yard diameter.

#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

// Arc to the right
servoleft.writeMicroseconds(1600); // Left wheel counterclockwise
servoRight.writeMicroseconds(1438); // Right wheel clockwise slower

delay(25500); // ...for 25.5 seconds
servoleft.detach(); // Stop sending servo signals
servoRight.detach();

}

void loop() // Main loop auto—repeats

{ // Nothing needs repeating

}

a2y AJX

0

// Robotics with the BOE Shield — Chapter 4, project 2 — Triangle
// ABOT navigates a triangle with 1 yard sides and 120
// degree angles. Go straight 1 yard, turn 120 degrees, repeat 3 times
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#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

for(int index = 1; index <= 3; index++)

{
// Full speed forward
servoleft.writeMicroseconds(1700); // Left wheel counterclockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise slower
delay(5500); // ...for 5.5 seconds

// Turn left 120 degrees
servoleft.writeMicroseconds(1300); // Left wheel counterclockwise
servoRight.writeMicroseconds(1300); // Right wheel clockwise slower

delay(700);
}
servoleft.detach(); // Stop sending servo signals
servoRight.detach():
}
void loop() // Main loop auto-repeats
{ /] Nothing needs repeating
}
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