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Programming Orangutans and the
3pi Robot from the Arduino
Environment

=CA>3D2C8>=
)<460 A3D8=> %8= "0??78=6
0 $A0=6DGG=(@=3 ! %8= "0??8=6B
1 O01H $A0=6DCO= %8= "07?8=6B
2 1?8 '>1>C %8= "07?8=6B
>=586DA8=6 C74 A3D8=> =E8A>=<4=C
*B8=6 C74 A3D8=> ;8=:8=6 0= 1!
A3D8=> !181A0A84B 5>A C74 $A0=6DC0O= 0=3 2?8 '>1>C

0 $A0=6DCO= =0;>6 L =0;>6 =?DC !81A0AH

1 $A0=6DCO= DII4A L 867 !'4E4; DII4A >=CA>; I81A0AH

2 $A0=6DCO=! L ! >=CA>; I81A0AH

3 $A0=6DCO=! B L ! >=CA>; I181A0AH

4 $A0=6DCO=">C>AB L ">C>A >=CA>; !181A0AH

5 $A0=6DC0O=%DB71DCC>=B L %DB71DCC>= =C4A5024 !81A0AH
6

%>;>;,D ?8 L (4=B>A I81A0AH 5>A C74 ?8 '>1>C

http://www pololu.com/docs/0J17 Page 1 of 60


http://www.pololu.com/docs/0J17
http://www.pololu.com/docs/0J17
http://www.pololu.com/docs/0J17

Programming Orangutans and the 3pi Robot from the Arduino Environment© 200192012 Pololu Corporation

1. Intr oduction

Baby Orangutan B with included
header pins soldered in for
breadboard installation.

The Orangutan LV-168 attached to a 3-AA battery
holder.

Arduino [http:/mww .arduino.cc/] 8B ?>?D S0P = B>DASXI>CHOESEACC:48C0BF+2A4>?FE8C7
;8CL;M2CA4GRABEUBL2B=CHYB>API<B82A>2>=0AISAAB3UB>6A0<3B4A3D8=>
4=E8A>2s¢4BEGRCR 4= BBELABBIELA IS ?44EBA>=<4HDC3><?8BLASCFOLAO0A84B
0=3A>6A0<JO0RAIFDANAIDB 43C7A>F4A5BP460 0=3)<460 <82A>2>=CA20DIRB
> D@rangutan SV-xx8 [http://www .pololu.com/catalogproduct/1227] Orangutan LV-168 [http://www .pololu.com/catalog/
product/775] 0 = Baby Orangutan B [http://www .pololu.com/catalogproduct/1220] A>12€=CA>Q BAABIBO <4
<82A>2>=COAPAHMECEBBD 1BCG4GRAF E4AFBT A3IDE-SIBSA0=6DACA2E=CAR2,04AB
C74A4B40KACCAMRCRAL40ES8EB28A3D8ECA3FPABR7>B4A4BIH8;BOBET74A3D8=>
4=E8A>=CABETAU=E8A>29047401468=5A84903CHA=0CB8EALD3BB7>B4:8€6®4C
BCOAC43 F8C7 $A0=6DCO0=8B

Note: ) 7 4ololu 3pi robot [http://mww .pololu.com/catalogproduct/975] 454 2 C STHB,HMA0=6DH€ 0=
GGOB QB ABX76B83B4E8 7T8IA0O=6DREIBGE8IA0NBABE 7 X DB-4;;>AK>A4
8=5>A<0C8>= >= C74 3pidisery guidetipBviwv .fBldldcom/docs/0J21]
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)7880:4874Kk4;BD8EBAB??;820&88E=R&E=CAB<0;Cx438D< BB3I13)UBSA0=6DCO=
(+ GGSAO=6D€0=0=3?RA>10B0E4-C46ADBZIDCTSHIED | | DABA4<>E01;4

0;;, >5 F7827 0A4 0338C8>=0; SDEVDAABDBCB>D=3 >= >5

, 8CB><48=2A0=6G@E74A3DB8B>5CR2>A4H86D A8 CHERE42><2BB B &I¥A > 6 A0XA
$A0=6DCHO3’BA>1DBB8EBIA3D8=>0=381A0 \BIBDO8BE8,BCH>D7A>DB8FA>24BB
A42>=586DMBHB=>0=8E8,2A>EBCB4A8BIDBC84A00BEB,<0:48C0BFHPA>D>
8=C4A5024 F8C7 0;; B-TBF BADAZTITOA3IBOAA4

$=44BBHAL4E2CFBIGO0=3RBABB>0 ABBE 78A0=6DACU2E=CABEA/BEB@3D8=>B
2><fF8XBECA46A0CAS B4, CRABI7 ;>A>02>==LT7ACH>RA<?DCARA>6A0<
C74GT7TA>DAZ ;>U34L;>0BAABAO=6D,D28BC46A0CE3 B 403807 C BBD 25>B7 4
$A0=60OEGG!+ 0=3?8A>1FAA42><<H>DA>6ADKEA0=6DEA2B>1DBBES
+' (% A454 KB (%8=C74A3DB8E>A;3A>6A0<BBZ¥YB>DWBSB AVR Programmer
[http://www .pololu.com/catalogproduct/1300] H CO0:8GBBB?A>02F40ESSHE€7U>>C;>BSBAB=AGCADO

>5 ?A>6A0<>E>?0®2B> .0E>83 C74 1>>C;>034A 34;0H F74= H>D ?>F4A D? >A
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Pololu USB AVR programmer with included six-
pin ISP cable.

Note: )78B>2D <D2C ;8418 1@ >C 73pi robot [http:/www .pololu.com/catalogproduct/975] 0 = 3
Orangutan SV-xx8 [http://www .pololu.com/catalogproduct/1227] Orangutan LV-168
[http://www .pololu.com/catalogproduct/775] O = Baby Orangutan B [http:/www .pololu.com/catalogproduct/
1220) A>128=CA>>AB\E?;8CT DO CYAIMANE S EBRBL4A 454 £/AAB>C78B8=C
> =0 ®OrangutansO D =; 4BEBB C 8 =A@ TBL4<034 4 CF B4 2 $7D2= 6 xCB4 ;B
)78B>2D<8>=@Bt 0?7 ;X 74A 8 68rafgutan [http://www .pololu.com/catalogproduct/225]
Baby Orangutan [http://www .pololu.com/catalogproduct/’215] Orangutan X2 [http://www .pololu.com/catalog/
product/738] >Okangutan SVP|http://www .pololu.com/catalog/poduct/1325) A>1>C 2>=CA>;;4AB
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2. ATmegal68/328-Arduino Pin Mapping

=>DRBCO0=-30A3F6MEBZB>2D<4=CRADBLTRO0<2A>=E4=CBOC<4DBBB CP<460

30COBAR4BCACAB—BC7OBB>2308LCBIGC0<?778% 8B8=>%>AQ78B>=E4=8B3>=
DB4320BB2Z>R88>=CAr8CIHF=-+' AL68BIGBABISCE 74BA6 8 BRCAABBC?S=3B8E83DO0;
?8=B

)74 A3D8—=BD 0OTMNBEA>C73BEARBA4C QY54 A AB746$?8-0BB868BCB 0=8=0;>6
8=?DCB#>CCl7CCB8BA<8=20%2@GMH. 88 B;40B8=@40;86?DCB206;BIXDBAB4=4A0;
?DA?>B4 3868C0; $ ?8=B A454AA43 C> 0B 3868CO0; ?8=8B L

. > [2 0 E 8 BtipWwww .arduino.cclenMHacking/PinMapping168|http:/ivww .arduino.cclenHacking/PinMapping168] C >
B44G 021 74460 ?8HOR40??L£IA3IDEEB=B>CA7TCCB3BOB7>PB ?28=%?02:064
278778 ATSIA0=6DZ00AZBHD ; ;4289 2020 &R E=COB6338C84A36820€83867?DCB

0=3 =C7TA3DH=EBA>=CGA4TBIB2>0A3DB=G;86?DCCB3 A4B?42QCB£E£4;H
5>;;>F8=6 3806A0< 2><4B 5A>< C74 ?064 ;8=:43 01>E4
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2.a.0Orangutan SV-xx8 and LV-168 Pin Mappings

8 110 lines with

power and ground
for each line green LED

3 (on digital pin 7)

11O ground row
IfO power row

LCD contrast
adjustment

11O signal row

*
L]

buzzer programming

g | - - connector pin 1
(on digital pin 10) ; R h p
user /0 power- OO0 000

motor 2 oulputs

selection jumpers
maotor 1 oultputs

. llﬁ“..‘_:..

user pushbuttons - g
{on digital pins 9, ” ground
12, and 13) power input
'j- \ alternate
removable 8x2 . 1 power connection
character LCD 1 power button
red LED

ed _ power LED
(on digital pin 1) potentiometer

reset
button jumper to connect
potentiometer to
analog input 7
o o o o o
=33 333
Qoo o
B88888¢%
555533558
EEEEEEET
N o Ll ) = D - O
ground
V{}u.‘
ATmegal168

IO pin
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back view of PCB back view of PCB

2.159" > 2.15"

+—— 195 —» 1.95"

[] W g E—— Y EET
HTRAS e T3] .

COMTRAST " E"_
8 + T
Fle
19" HP 9
> s ¥
i : - 2007
e
[=] - =
}‘ ‘l ADCESTT WP
a8
g+ | ADCT=ROT
2 Orangutan LV-1€8 II
POWER RESET
e * - ™ - Bgrr- [ 5 FE*_lil z
jumper to connect jumper to connect
1/3 battery voltage temperature sensor
to analog input 6 to analog input 6
Orangutan SV-168 bottom view with dimensions Orangutan LV-168 bottom view with dimensions
(Arduino pin mapping). (Arduino pin mapping).
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Pin Assignment Table Sorted by Function

Function Arduino Pin megal68 Pin

3868C0,;, ?8=B 0%3 %
0=0;>6 8=?DCB % L %

3868C0; $B G

0=0;>6 8=?DCB G 0=0;>6 8=?DCB % L %
<>C>A 2>=CA>; 0=33868C0; ?8=B 0%3 0=3 %

<>C>A 2>=CA>,; 0=33868C0; ?8=B 0%3 0=3 %
A43 DB4A ! 3868C0,; ?8= %
6A44= DB4A ! 3868C0; ?8= %

DB4A ?DB71DCC>=B G3868CO0,; 8=?DCB % W=30=3 %

1DII4A 3868C0; ?8= %
! 2>=CA>; '( ', 3868C0,; ?8=B % 0=% 0=3 %
! 30CO 18C L 3868C0; ?8=8B % %0 =3% 0=3 %

;>C64§:?DC

=0
? =
DB4A CA8<<4A ?>CH4 Cg€7<'&1>D67 9D<24A

C4<?4A0CDA4 B4=BxA 0=0;>6 8=?DC
10CC4AH E>;C064 <>=8CIA>DH67 (") 9D<?4A

(% ?A>6A0<<8=6 ;8=4B86G8CO0; ?8=B=3 % % %

A4B4C ?DB71DCC>=  A4B4C %

1) - 0=3)- 3868C0; ?8=B 0%3 0=3 %
), ( 0=3 (! 0=0:;>6 8=?DCB %=30=3 %

(% 8=0224BB01;4 C> DB4A
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Pin Assignment Table Sorted by Pin

Arduino Pin Orangutan Function Notes/Alternate Functions
3868C0; BB68C0; $ *( ') 8=?DC ?8= '-
connectedtoed user LED 7867 CDA=B ! >=

3868C0; BBH8CO; $ (') >DC?DC 28= )-

3868C0; RBBGcontrolline RS 4GC4A=0; 8=C4AAD?C #)
3868CO0; ™M2=ontrol line )8<4A %," >DC?DC $

*("'") 4GC4A=0; 2;>2: 8=?DC >DC?DC -

3868CO0; R@BFcontrolline E )8<4A 4GC4A=0: 2>D=C4A )

3868CO0; ™Ma&=ontrol line )8<4A %," >DC?DC $
3868C0; ®™&=ontrol line )8<4A %," >DC?DC $
3868CO0; P@dataline DB7 connected to geenuser LED 7867 CDA=B ! >=

)8<4A 8=?DC 20?CDA4 %

3868CO0; R@BFcontrol line RIW 38E8343 BHBC4< 2:>2: >DC?DC |

user pushbutton ?A4BB8=6 ?D;;B ?8= ;>F

3868C0; R@B3dataline DB4 )8<4A %" >DC?DC 3

3868C0; Buizer )8<4A %," >DC?DC $

)8<4A %," >DC?DC $

3868C0,; ®2sontrol line (% ?A>6A0<<8=6 :8=4

user pushbutton ?A4BB8=6 ?D;;B ?8= ;>F

3868 C0; RBBGdataline DB5 h S
Caution: also an ISP pogramming line

0=0;>6 8=0>-MC>6 8=?DC 0=3 38680QC;279==4;
0=0;>6 8=01DC>6 8=?DC 0=3 38880C;279==4;
0=0;>6 8=0>-MC>6 8=?DC 0=3 38680QC;279==4;

0=0;>6 8=0>WC>6 8=?DC 0=3 38680C;27P==4;

=7 270==4"
=0: 8 =7 = : !
0=0;>6 8=0-MC>6 8=?DC 0=3 3)%,6888=87'DC£>DC?DC 30C0 :8=4 (

o . _ _ =7 .27 ==4;
0=0;>6 8=0WC>6 8=?DC 0=3 3)%’6828;52: ;3%:4 (1

SMT-jumpered to temperature sensor !+ >=:H
0=0;>6 8=34BB20C43 0=0;>8VBmmMpetd to battery voltage monitor (+ >=;H
8=?DC 270==4;
to user trimmer potentiometer

.. - 0;JWMRLSYS
0=0;>6 88MBE20C43 0=0;6 82IPE" 270=-4

8=C4A=0;;H ?D;;43 7867 02C8E4 ;>F
5 A o 0 ;
A4BAC A4BAC 'DB71DCC3>868C0; $ 38B01;43 1H 3450D;C
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2.b. Baby Orangutan B Pin Mappings

power LED
(green)

user LED
{on digital pin 1 - red)

ATmegad8/168
microcontroller

20 MHz
resonator

VCC (5 V out)

. : : I e voltage

. ::1 H b : regulator
TBEG12FNG

dual H-bridge

trimmer

potentiometer
(on analog input 7)

-
L]
L
L ]
L]
-
-
-
-
-

programming

connector
ISP PIM 1

VIN (5-13.5V)

(PB2) digital pin 10
(PB4) digital pin 12

(FD1) digital pin 1 i

(PD2) digital pin 2 LIS

L] M2B output

M24 output

analog input 5 (PC5)
analog input 4 (PC4)
analog input 3 (PC3)
analog input 2 (PC2)
analog input 1 (PC1)
analog input 0 (PCOD)
analog input 6 (ADC6)
i RESET (active low)
analog input 7 (ADC7Y, tied to pot)
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Pin Assignment Table Sorted by Function

Function Arduino Pin megal68 Pin

% L % % %

; ?8=B L L
3868C0; $B G 3868C0; 78 % % % %
%

0=0;,>6 8=?DCB L

L

L
0=0;>6 8=?DCB G 0=0;>6 8=?DCB L % L %

<>C>A 2>=CA>; 8888C0; ?8=B 0=3 % O

0

=3 %
<>C>A 2>=CA>,; 8888C0; ?8=B O 3

3 % %

A43 DB4A ! 3868C0; ?8= %
DB4A CA8<<4A ?>CH=08>&8BGLHAC

(% ?A>6A0<<8=6 ;8384BCG; ?8=B=3 % % %
() A4B4C %
¥ ') '-0=3)- 3868C0; ?8=B 0=3 % 0=3 %
., ( 0=3 (! 0=0;>6 8=?DCB 0=3% 0=3 %
(% 8=0224BB01;4 C> DB4A

)8<4A %," >DC?DCB868EG6; ?8=B 0=3 % 0=3 %
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Pin Assignment Table Sorted by Pin

Arduino Pin Orangutan Function Notes/Alternate Functions
3868C0; BB68C0; $ *( ') 8=?DC ?8= '-
connectedtoed user LED 7867 CDA=B ! >=

3868C0; BBH8CO; $ (') >DC?DC 28= )-

3868C0; BBH8CO; $ 4GC4A=0; 8=C4AAD?C #)
3868CO0; ™M2=ontrol line )8<4A %," >DC?DC $

3868C0; BB68CO0; $ ;«E(;<'4)A4ci1%4CA4=A0:;02;;;>2|:D:8c=:ZRC;DC?DC -
3868CO0; ™Ma&=ontrol line )8<4A %," >DC?DC $
3868C0; ®™&=ontrol line )8<4A %," >DC?DC $
3868C0; BBH8CO; $

. . )8<4A 8=?DC 20?CDA4 %
3868C0O; BBHECO; 3 38E8343 BHBC4< 2;>2: >DC?DC !
3868C0; BBE8CO0; $ )8<4A %," >DC?DC $
3868C0; BB68CO0; $ )8<4A %," >DC?DC $

)8<4A %," >DC?DC $
(% ?A>6A0<<8=6 ;8=4

3868CO0; ™M2=ontrol line
3868C0; BBH68CO0; $ Caution: also an ISP pogramming line
3868C0; BB68CO0; $ Caution: also an ISP pogramming line
0=0;>6 8=0-MWC>6 8=?DC 0=3 386800C;279==4;
0=0;>6 8=0-MC>6 8=?DC 0=3 38680C;279==4;
0=0;>6 8=0-MWC>6 8=?DC 0=3 386800C;279==4;
0=0;>6 8=0-MC>6 8=?DC 0=3 38680C;279==4;

279==4;

=7
=0: 8 =7 = :
0=0;>6 8=0MC>6 8=?DC 0=3 3)%’6888:8”3(: >DC?DC 30C0 :8=4 (

o _ _ _ =7 ) 70==4;
0=0;>6 8=0WC>6 8=?DC 0=3 3)%’6828;52: ;3%:4

0=0;,>6 8=343BB20C43 0=0,>6 8&=2PDIC 270==4,;

(!

t8 user trimmer potentiometer

g, - 0; 5B
0=0;>6 8=3UBB20C43 0=0;>6 g8_:'.DC 270==4"

— 8=C4A=0;;H ?D;;43 7867 02C8E4 ;>F
: P i i ;
A4BAC () 7?8 3868C0; $ 38B01;43 1H 3450D;C
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2.c.3pi Robot Pin Mappings

optional user LEDs
on digital pins 1 and 7

Bﬂﬂﬂﬂ

bElﬁEI‘}f EhEIl'gEl' ‘ ‘% T YY) .F :2‘
connector nﬂuooﬂ

piezo buzzer

:I- (on digital pin 10)

30:1 Micro
4 AAA : Metal
batteries Gearmotors

(not included)

Ir:ur 8l ey
HOIOIGI0[0] 4

optional
power LED

push-on/push-off

power button ICSP programming

connector pin 1
reset

button removable 8x2
user pushbuttons character LCD
(on digital pins 9,
12, and 13)

General features of the Pololu 3pi robot, top view.
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integrated QTR-RC reflectance
sensors on digital pins 14 - 18

=217 A Bt | s ™ red user LED
(on digital pin 7) A Rl S (on digital pin 1)
£ ? J i e s

ATJ'T'IEQE"ES y Lg— L
or ATmega328  E user
microcontroller potentiometer
running at

20 MHz

LCD contrast

serial number adjustment

blue power LED
(tied to 9.25 V VBoost)

blue power LED
(tied to ~5 V VBat)

light-weight plastic
ball caster
Labeled bottom view of the Pololu 3pi robot.
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sensor locations
(circled in blue)
jumper: connects on digital pins: jumper: connects
2/3 of battery voltage 1 16 47 IR sensor LEDs to
to analog input 6 S digital pin 19

jumper: connects
potentiometer to
prototyping analog input 7
space with
power rails

user connection
pads for the 3
- jumpered |/Os

motor 1

motor 2

user connection
pads for the 2
unused digital I/Os
(serial pins)

connection pads for
optional expansion

Specific features of the Pololu 3pi robot, top view.
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Pin Assignment Table Sorted by Function

Function Arduino Pin megal68 Pin

5A44 3868CO0; $B G
- 728 = 0, 0, 0,
A4<>E4 % 9D<?4A C> 5A42836886C80C0';8?88= % % %

5A44 0=0;>6 8=?DCB 85 H>D=A4x6B4&DDEB4AB G

<>C>A ;45C <>C>A 2>=CA38,68CH53?8=B 0%3 0=3 %
<>C>A AB67C <>C>A 2>=Q868C00=28=B 0%3 0=3 %
&)''" A45;42C0=24 B4=B>AB38@8COC*RBB7CUNGC L %

A43 ;45C DB4A! 3868C0; ?8= %

6A44= A867C DB4A'! 3868C0; ?8= %

DB4A ?DB71DCC>=B ;45C C3»8BA860C 86?DCB % W=30=3 %

1DII4A 3868C0; ?8= %

! 2>=CA>; '( ', 3868C0; ?8=8B % 0=30 0=3 %

I 30CO 18C L 3868C0; ?8=B % %0 =3% 0=3 %
A45;42C0=24 B4=B>A ' 238@&8C0; ?8= o

3A8E4 ;>F C> CDA= 'I B >87A>D67 9D<’?4K0

>6 8=?DC

? = A
DB4A CA8<<4A ?>CH4 C8><4861%A>D67 9D<?4A

0=0;>6 8=?DC
> >
A3B >5 10CC4AH E>;C064 C7A>SD67 9D<?24A

(% ?A>6A0<<8=6 ;8=4B G 3868C0; ?8=B=3 % % %

A4B4C ?DB71DCC>= A4B4C %

*') '-0=3)- 3868C0; ?8=B 0%3 0=3 %
), 8=0224BB01;4 C> DB4A

(% 8=0224BB01;4 C> DB4A
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Pin Assignment Table Sorted by Pin

Arduino Pin Orangutan Function Notes/Alternate Functions
3868C0; 544 3868C0; $ *( ') 8=?DC ?8= '-

connectedtoeduser LED 7867 CDA=B ! >=
3868C0; 5844 3868CO0; $ *(') >DC?DC 28= )-

3868C0; RBBGcontrolline RS 4GC4A=0; 8=C4AAD?C #)
3868CO0; ™M2=ontrol line )8<4A %," >DC?DC $

*('") 4GC4A=0; 2;>2: 8=?DC >DC?DC -

3868CO0; R@BFcontrolline E )8<4A 4GC4A=0: 2>D=C4A )

3868CO0; ™Ma&=ontrol line )8<4A %," >DC?DC $
3868C0; ®™&=ontrol line )8<4A %," >DC?DC $
3868CO0; P@dataline DB7 connected to geenuser LED 7867 CDA=B ! >=

)8<4A 8=?DC 20?CDA4 %

3868C0; e@Bcontrol line RIW 38E8343 BHBC4< 2:>2: >DC?DC |

user pushbutton ?A4BB8=6 ?D;;B ?8= ;>F

3868CO0; P@>dataline DB4 )8<4A %," >DC?DC $

3868C0; Buizer )8<4A %," >DC?DC $

)8<4A %," >DC?DC $

3868C0,; ®2sontrol line (% ?A>6A0<<8=6 ;8=4

user pushbutton ?A4BB8=6 ?D;;B ?8= ;>F

3868 C0; RBBGdataline DB5 ; o
Caution: also an ISP pogramming line

user pushbutton ?A4BB8=6 ?D;;B ?8= ;>F
Caution: also an ISP pogramming line

3A8E4 7867 5>A DB C74= FO8C 5>A ;8=4 8=?DC C> 6>
B4=B>A ;014;43 % ;45C<>BC B4=B>A

3868CO0; P@dataline DB6

3868C0; QBR-RC reflectance sensor
3A8E4 7867 5>A DB C74= FO8C 5>A ;8=4 8=?DC C> 6>
B4=B>A ;014;43 %

3A8E4 7867 5>A DB C74= FO8C 5>A ;8=4 8=?DC C> 6>
B4=B>A ;014;43 % 24=C4A B4=B>A

3868C0; QBR-RC reflectance sensor

3868C0; QBR-RC reflectance sensor
3A8E4 7867 5>A DB C74= FO8C 5>A ;8=4 8=?DC C> 6>
B4=B>A ;014;43 %

3A8E4 7867 5>A DB C74= F0O8C 5>A ;8=4 8=?DC C> 6>
B4=B>A ;014;43 % A867C<>BC B4=B>A

3868C0; QBR-RC reflectance sensor
3868C0; QBR-RC reflectance sensor

. ~ 6 >
3868C0: T80:>6 8=2DC Ozsjuggz)rgc’igt&s.ens ISOIRLEDS3SA8S8E8=6 ;>b COPCBLI4AB

C 270==4;

%d 0 2/3rds of battery voltage

e s o> gumees
0=0;>6 8=3UBB20C43 0=0;>6"8 D5 C 27024

0 user trimmer potentiometer

A _ .. dumpes
0=0:>6 8=3UBB20C43 0=0;>6 %'_8.:? C 270-24.

A4B4C A4B4C ?DB71DCC®8=C4A=0;;H ?D;;43 7867 02C8E4 ;>F3868C0; $ 38B01;43
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3. Configuring the Arduino Envir onment

)742>=586D3OBBADRLCIBARCBG2;ISFCH;CCARIA3DB8=>B>C7TBCA>6AB=BA
$A0=6DQ@OA>1DB8CBA>AABIRCCBBBBHCI2A"' (WA>6A0LIBO?? CAABABB?E
?A>C>BB;DBC 7Rololu USB AVR Programmer [http://www .pololu.com/catalogproduct/1300] >A0= A3D8=>
1>>C;>034A

> C bttp://www .arduino.cclenMain/ Software [http://iwww .arduino.ccenMain/ Software] 0 =3 > F = ; XM B4
:0C4BC A3D8=> B>5CF0A4 5>A H>DA ?;0C5>A< A3D8=> 0B >5 C78B F

33 C74 5>;;>F8=6 C bo&ds4xt4583; 4 Bar@ulB-4.0.1/hardware/arduino 38 A42C>AH

orangutan48pgm.name=Pololu Baby Orangutan B-48 via Programmer

orangutan48pgm.upload.using=avrispv2
orangutan48pgm.upload.maximum_size=4096

orangutan48pgm.build.mcu=atmega48
orangutan48pgm.build.f_cpu=20000000L
orangutan48pgm.build.core=arduino
orangutan48pgm.build.variant=standard

orangutan168pgm.name=Pololu Orangutan or 3pi robot w/ ATmegal68 via Programmer

orangutan168pgm.upload.using=avrispv2
orangutan168pgm.upload.maximum_size=16384

orangutan168pgm.build.mcu=atmegal68
orangutan168pgm.build.f_cpu=20000000L
orangutan168pgm.build.core=arduino
orangutan168pgm.build.variant=standard

orangutan328pgm.name=Pololu Orangutan or 3pi robot w/ ATmega328P via Programmer

orangutan328pgm.upload.using=avrispv2
orangutan328pgm.upload.maximum_size=32768

orangutan328pgm.build.mcu=atmega328p
orangutan328pgm.build.f_cpu=20000000L
orangutan328pgm.build.core=arduino
orangutan328pgm.build.variant=standard

)78B F8;; 033 C7A4%oci>>CBDardB4GHD GB4C74 A3D8=>

If you would rather use a different programmer that does not support the avrispv2
protocol C7 25 0=6 4pload.using ;8=CBE0CEZ77A0<AH>DPA>6A02A4LL>2>;
0=8:8TC4?8H>DPA>6A08B4A4B3H81HI7TA3IDHA—=EBA>=xA3E 74
2>AA4B?>=38=6 4=CAH 5>phodiannarst8 >6 A0<<4A 8=

)74BA4 GO FA=CABMB? C8>FDC;;>H>0DB@= A3D8E>»>>C;>83BLAMF4GCGC4A=0;
?A>6A0<<4A

orangutan168.name=Pololu Orangutan or 3pi robot w/ ATmegal68 via Bootloader

orangutan168.upload.protocol=arduino
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orangutan168.upload.maximum_size=15872
orangutan168.upload.speed=144000

orangutan168.bootloader.low_fuses=0xF6
orangutan168.bootloader.high_fuses=0xDD
orangutan168.bootloader.extended_fuses=0x04
orangutan168.bootloader.path=optiboot
orangutan168.bootloader.file=optiboot_atmegal68.hex
orangutan168.bootloader.unlock_bits=0x3F
orangutan168.bootloader.lock_bits=0x0F

orangutan168.build.mcu=atmegal68
orangutan168.build.f_cpu=20000000L
orangutan168.build.core=arduino
orangutan168.build.variant=standard

S L L L L L L S L A A A A A A
orangutan328.name=Pololu Orangutan or 3pi robot w/ ATmega328P via Bootloader

orangutan328.upload.protocol=arduino
orangutan328.upload.maximum_size=32256
orangutan328.upload.speed=144000

orangutan328.bootloader.low_fuses=0xF6
orangutan328.bootloader.high_fuses=0xDE
orangutan328.bootloader.extended_fuses=0x05
orangutan328.bootloader.path=optiboot
orangutan328.bootloader.file=optiboot_atmega328.hex
orangutan328.bootloader.unlock_bits=0x3F
orangutan328.bootloader.lock_bits=0x0F

orangutan328.build.mcu=atmega328p
orangutan328.build.f_cpu=20000000L
orangutan328.build.core=arduino
orangutan328.build.variant=standard

If you want to usethe bootloader H>B8 ,BC84; 483D BA=+' 2A>6A0<C48C80;;H
;>0B87U>>C;>03@HABA0=6DBP8=8>B80;B=443>1C08= C> B4A80;
030?CAA C> )B4ABBO?CZA>PBIXTI7TAIDBE>S5CRODAANOCET4
A3D8I=>C;>03HLABAES MY > ; (D +' WA>6A0XEBAAEBI >DA'

(% ?A>6A0<<4A 0=3 *( C> B4A80; 030?C4A

#>C@7HCDP8;T0E@48CAUBATEAO=6DTHH=DOFH2A>6A0<88=6
F8CCI7TU>>C ;>R 4RBRBEHMA0AIFCA4,>E749' 2>=CRSGL09DC> £4B4C
<82A>2>=CA>;;4A

4 0FOATCTDIHHAO=6DE@BFOB= )<460 <82A>2>=CA82BAMB
1>>C;>034A B42C8>= <40=8=6 C74 E4AB8>= 20= >=;H 14 ?A>6A0+

5H>DABB8GH6+"' (%R A>6A0BDB DX +' %A>6A0883&AH>;;>FBEGHA=35
C pdogrammers.txt 58; 4 8Sxrduhd4.0.1/hardware/arduino 38A42C>AH

avrispv2.name=AVR ISP v2
avrispv2.communication=serial
avrispv2.protocol=avrispv2

)78B F8;; 0;;>F C74 A3D8=> C> ?A>6A0< F8C7 C74" OEABBLRE<AMN>C>2>;
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4. Using the Arduino IDE: Blinking an LED

#>F8BO8<AIEL0:@74A3D8=>5>AB?8%DA8SBOF8;14C>>083B8<?;4 1;8=:886&C27
A3D8=> ?A>6A0< >=C> >DA $A0=6DCO0O= >A ?8

Open the Arduino IDE and create the following sketch:

/*
* Blink
*
* The basic Arduino example, modified to work for Orangutans.
* Turns on an LED for one second, then off for one second,
*and so on... We use pin 1 because Orangutans have an LED
* on PD1, which corresponds to Arduino pin 1.
*

* http://www.arduino.cc/en/Tutorial/Blink
*/

int ledPin = 1; /I LED connected to digital pin 1 (PD1) on Orangutans
void setup() /I run once, when the sketch starts

pinMode(ledPin, OUTPUT);  // sets the digital pin as output

void loop() /I run over and over again

digitalWrite(ledPin, HIGH); // sets the LED on
delay(1000); /I waits for a second
digitalWrite(ledPin, LOW); // sets the LED off
delay(1000); /I waits for a second

BCT72AA?E7AL>EMBE€O0=4F1;0=B:4C2RB>F=;>DB8B4 C@®rangutanBlinkExample.pde
[http:/iww .pololu.com/file/download/OrangutanBlinkExample.pde?file_id=0J95] : ?34 0=3 >?4= 8C 8= C74 A3D8=:
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Select one of our specially-a@ated boards using the dols > Board menu:

’

| £ sketch_sep23b | Arduino 0017
File Edit Sketch [Tools| Help

i I Auto Format Ctrl+T
! Archive Sketch
Fiz Encoding & Reload
,-"l* s
* Blink Board r Arduino Duemilanove or Mano w/ ATmega328
* Senal Port [ Arduine Diecimila, Duemilanove, or Nano w/ ATmegalb8
" The basic Arduine Mega
* Turns on al Burn Bootloader 2 . g
* and So om... WE USe DI I because L] Arduino Mini
* on PD1, which corresponds Lo Arduino piy Arduino BT
: LilyPad Arduino w/ ATmega328

http: /fwmmr. arduino. cofen/Tutorial /Blink
LilyPad Arduino w/ ATmegal6s

Arduine Pro or Pro Mini (3.3V, 8 MHz) w/ ATrmeqga328
int ledPin = 1; 4/ LED comg Arduino Pro or Pro Mini (3.3V, & MHz) w/ ATmegal68
Arduino NG or older w/ ATmegalb8

+
s

woid setupi) A4 run oneq
{ Arduine NG or older w/ ATmega8
pintlode (ledPin, OUTPUT): 44 sets the Pololu Baby Orangutan B-48 via Prograrmer
} Pololu Orangutan or 3pi robot wy ATmegal6é via Programmer
wnid loopi) /7 run owel ®  Pololu Orangutan or 3pi robot w/ ATmega328p via Programmer
i
digitalllriteledPin, HIGH) A4 sets the LED on
delay(l000) ; A4 waits for a second
digitalWrite(ledPin, LOW); ff sets the LED off
delay (1000 A waits for a second
} -
] r
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Select the pogrammer:

CrangutanBlinkExample | Arduino 1.0 EIEIQ
File Edit Sketch [Tools| Help
Auto Format Ctrl+T
Archive Sketch

OrangutanBiin Fix Encoding & Reload
- Serial Moniter Ctrl+ Shift+M i

* Blink

" Board k

% The bhazic | . r Orangqutans.

]

* Turnz on al Sl ne second, =

oand sooon. Prograrmrmer [ AVRISP

* on PD1, wh

- Burn Bootloader ANVRISP mkdl

* http: /s, arduine, cofen/Tutorial /BElink USBtinyISP

* http: Afwyw.pololu, conSdocs /0J1F A3 USBasp

* http: Afwyw.pololu. com Parallel P

& http: A/forum. pololu. com araflel Frogrammer

w7 Arduing as ISP

@ AVRISP w2

int ledPin = 1;: A4 LED commected To orgrcar pIm 1o LF
a4 | m | 3

SH>DARBB8G6>;>(D +' WA>6A0B44MIC (YE ML TUA>6A0<44BC74ARSBEBD;C
C74 3>2D<4=C0C8>= >5 H>DA ?A>6A0<<4A C> 58=3 >DC F7827 >?7C8>= C> B

Select the ppgrammer@ serial port:

[/] Arduino - 0011 Alpha
File Edit Sketch ByfllE

Auto Format: Chrl+T
Copy For Forum
Archive Sketch

* The baszsic A
* Turns on an

* and S0 0n.. Burn Bookloader ]
* on P01, whi

for one se
e Oranmutans have an
ino pin 1.

* http: fAwmng. arduino. cofen/Tutorial /Elink

S5SH>DABDB8666>;>0D +' %WA>6A0<044BDALSDOEB=BCUWCTAA>?INSEBMB 74
programmer@® user®@ guide [http:/mww .pololu.com/docsdi3s] 0=F 0 EA>==4 BCARB>RA<?DE42AL78B
3>=l>B7>081;8B48C8" ?>A&B D43 CAbols> Serial Port <4=D5H>B>€OG>>F7827
$" ?2>ACDA>6A0884MH>R034C4AECTAEBLA8=0BZFH6 RA <? DEAILE 8<2M= 0 6Q1-A3
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4G ?0=38rR6ts (COM & LPT) ;8BE1ASBRE 7I4ESRKDE06A4BR67C 29\B2H><?DCAAB4;42C
Manage C 7 258 Z:DkviceManager >? C 8§ 8 B C 4G 7;4 BAB D4 33yAtemTools '>>5>@7A>ALT0C
BOHB M%>;>DWA>6A0<<4A %A>6A0<<8=6 %>ACN

= Device Manager

File  aAction  Wiew Help

S Z
+ g Metwork Bus Enurmerator &]

Pololy USE Devices
E%P Palolu USE AYR. Programmer
= Ports (COM & LPT)
r;y’\ Paololu USE AYR. Programmer Programming Pork (COMT U
r;y’\ Paololu USE AYR. Programmer TTL Serial Pork (COME)
+-% Processors

+. EHEl Seranabe Mevices

<

5H>0DABB8GBGAD4 ?A>6 A0<EHAALT7BELBL<D;MB4ABHAR>B7>DEB4838B4;D2C
B4A80,; ?>AC

Program your Orangutan or 3pi with the sketch:

>==4PCD’M>6A0CEBAREA0=6DQA0>BE8BCEBB G ?(B74034A:8=BDLLZ PB=>5C74
?A>6A0<EAMNF 8 CO@B=>T 7ABABY A >6 A0 <KBEIUAMSAO=6D€GESA0=6D€0=0=3

?802IM0OEBEB7A>DIADBAABBA=5>RA2AA”82=A 84 =CIOMBB-1B$A0=6DC6AB &% 8=

>C7H1$A0=6BBO0A:4302>??2UMA>SEC 7% 0=38=>=>D" +' WA>6A0BA@A:43
1H 0 A0O8B43 ?;,0BC82 CA80=6;4 >= C74 2>==42C>A

, SQTTAA>6 A0R4A4TCGLTH> RA<? D> B3A0=6 D@0 82 ; 8 Z:1Upload to I/0 Board
IDCCZBABELIBI2AL2D2CDA AP RALAER ; C3><?&R40Q2DB?;>ACH>THBATLIES24
)74 COCIBEC 7U>C CEI7THM8=3FBBOM*?;>0B=$>0A3KN8CAI/TEA?;>dB2A>6 A4BB
F8BA4MMB >=D17?;>03 861 @AI7TA7 ;>8R ><?;4GME4AHCUB=8:23>AA4RXBA>C8B 44
C7d6AB/OIBB4A 1;8=:8=0=354E4BH2>%340B4CH/ 06 >DABB8EFED=30Ez>84C

B>;34RECIA?C8ELFN>D6T B H>BP85448>>>0C 73=34ABEIA>1CB4875,0B78=6
!
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[21] Arduino - 0011 Alpha M=
File Edit 3Sketch Tools Helg

i | [[E Upload to 0D Board

int ledPin = 1: 4 LED comtiected to digital pin 1 (FD1) on Orangqatans
vold setup () F4 run once, when the sketch starts
{
pinMode (ledPin, OUTPOT) : S4 sets the digital pin as output
}
vold loop() A4 run ower and ower again
{
digitalWrite(ledPin, HIGH): Sf getz the LED on
delay(l000) ; SF waits for a second
digitalWrite(ledPin, LOW); S/ sets the LED off
delay(l000) ; S waits for a zecond L

Daone uploading.

Binary sketch size: = (of a 4 hyte maximuam)
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5. Arduino Libraries for the Orangutan and 3pi Robot

Note: 42 0DB#HA 0 =6 DFAABE4 B 86081382 803 D 81=0 A3BT;4 G 8B AB+468 =>
i81AQABHES8;1438A426<P0CBAQCT7T4<>MGO0<?24ACABD8FD>=2C;B24B
delayMicroseconds() 0 = Bulseln() 0A34B86CEADEGEC " | 0=3F 4=2474184A7 0 EBB A
0;CA4DKIIFA0=6BC0O0=102;>2=>C7200B4B0=6DCO0=;B2ADBBIB=5;82C
F8Q@ATG8B ABI68 81 A0SBAB-GAA><?4GSBGTR0<4460 70A3FDAAB?74A0;B
4 6 CF> ;81A0A84BLHACSHAMBE HOBUB)F8;; =>C 14 2><?0C81;4
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Overview

)78B42CBA=E8BRBBASEBA0=6DC0= BBA4REBPB ;0;;>H>C > 0B B;+C 4 ABDAA7 4
$A0=6DTITOA3FDAARTIA3D84L>ESA>=<EBBR?>AC>TATCT D1 AO0=6D C30B
7T0A3FBB4BB7,HD6MHPA0=60€ G0 =3+ 0=B74BA0=6DTCAOB B >BTOA3FBB4B4C
ST72RA>1> 0 C78B0OBEB70EHB1IADAIMTBEABC7HO1IBA0=6DCE@H;BE>A==C74
$A0=6DEBZA>1HBEI0;<>BEHB1ADAIB7BEABCTAO=6FCMsBE>A>=C728)74
5>;;>FBB @G B422>8=>G3EBC 0 8 2D <4 =CEHIDRFA 0 =6 DEIB 882 AAIAdfthe libraries that
apply to the Orangutan will work for the corresponding hardwale on the 3pi obot

)74>=;1B1ARAOHBBA78BMBE40=8=65M;E4D;C8=BC0&E4B>;D&)'(4=BEABCT74A

2;0B BABBBBIBAB,COCI827 >B8B8>4B<€0: 84=B8=BCOECEAT;, L ELB44B>FE4AB8>=
C74E4AB&8E-B81ADDH2 CBASEBXE08 ;B :PB3H>DA3D8A>6 ADEKBB40=B/0C

C74A4 0A4 C7A44 ?>BB81;4 FOHB 5>A H>D C> 20;; ;81A0AH <4C7>3B

unsigned int x;

/| C++ function through instantiated object
OrangutanAnalog analog; // this line is usually placed above setup()
x = analog.readTrimpot();

/I C++ function through class scope
X = OrangutanAnalog::read Trimpot();

/I C function
X = read_trimpot();

)74>=;HB1AQAGBE4BC43444G?,;8B83CGUBU;B8I 4B AAOADBAA%>;>;D&)'(46BSAB
%>;>;0B88Q244>B140 42485 8 C 8 b 88IDBIBA 4 2 MM 4E£X4AE TM4 <0883 H66 DEIOAOAH

>1942CBTR4G?;8888 088 H8 bABMUP() 5D =2 O 8B=S8 C 8 0 ; BBOIS><<0 C2UA05 >HT 43
=44343
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Download Instructions
)74 %>;>;D A3D8=> I81A0A84B 0A4 ?A>E8343 8= 0 187? 58;4 F7827 H>D 20=

J Pololu Arduino Libraries version 120914 [http://www .pololu.com/file/download/
PololuArduinoLibraries-1 11221 zip?file_id=0J521(107k zip) C4BC43 F8C7 A3D8=>

5H>DARB8G® ;3 EAABBETIAIDHA=EBA>TMBTA>AB22HF<<CIBICD?30T>A3D8=>
0=DBCG7TAHCEBOBSXTH>;>ABD8IBL1A0A8EBE AN A4E BB &S5BS 1A 0084 B
?A>E8343 74A4 5>A 2><?70C818;8CH F8C7 >;34A A3D8=> 4=E8A>=<4=CB

J PololuArduinoLibraries-1 11221 [http:/Avww .pololu.com/fileldownload/
PololuArduinoLibraries-1 11221.zip?file_id=0J521] 18?2 C4BC43 F8C7 A3D8=>

J PololuArduinoLibraries-101215 [http://www .pololu.com/file/download/
PololuArduinoLibraries-101215.zip?file_id=0J425] 1872 CcC4BC43 F8C7 A3D8=>

J PololuArduinoLibraries-080929 [http://www .pololu.com/file/download/
PololuArduinoLibraries-080929.zip?file_id=0J134] 187 C4BC43 F8C7 A3D8=>

J PololuArduinoLibraries-080826 [http://mww .pololu.com/file/download/
PololuArduinoLibraries-080826.zip?file_id=0J127] 187 CcC4BC43 F8C7 A3D8=>
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Installation

Note: SH>PDAALHENU ;3EAABBS>D%>;>ABD 882 A0 ABHABSBEB7>D ;3
14C34;AC4C78A0=6DCO=8b5;>;DIB/A42 GALXBLB AL A O0ABMB2 GH A B
3>€0?4A5>A< C78B BC4? C74 =4F4A E4AB8>= >5 C74 ;81A0A84B <867

42><?ACBBA27BEZ>E402¥5C78A0=6DCO=8b/>;>;D3IBA42BABEBB17?>;>;D OEA
5>; 38-AC>lidraries BD138A82B88B-MA3D8BEA4C271>EP0E84H>BA4C27 1>20CI8> =

B4 ;4 2RI =Breferences8 €7A3DH—E8A>SRZLBI>C,A40B8H81AGAEEBABI70X20C8>=
H>B7>2/8486%4DABA2 ABLAAAC;>F7>FB 44,81 ADRA4L 2 B AEUB? 40-A2Q7 DA 4
4GCA02C43

[ (= @ ||
@ uvl , % My Documents » Arduino » libraries » b l ‘1]. | Search libraries B |
QOrganize « Include in library Share with = Bum Mew folder 3=~ lgl
Mame Date modified Type Size
J OrangutanAnalog 2012-08-14 17:02 File folder
. OrangutanBuzzer 2012-009-14 17:02 File folder
L OrangutanDigital 2012-09-14 17:02 File folder
J OrangutanLCD 2012-08-14 17:02 File folder
| OrangutanLEDs 2012-08-14 17:02 File folder
v OrangutanMotors 2012-08-14 17:02 File folder
\. OrangutanPushbuttons 2012-09-14 17:02 File folder
J OrangutanResgurces 2012-08-14 17:02 File folder
.. Pololu3pi 2012-08-14 17:02 File folder
| PoleluQTRSensors 2012-08-14 17:02 File folder
. PololuWheelEncoders 2012-00-14 17:02 File folder
README-Arduine. b 2012-02-0217:26 Text Documnent 4KB
12 items
L

5C8ABCOCT738&IFADABCUIACD A=EBA>BMEOG 8 LI, 81ANRNBUALZ0<?;4B7>D;3
=>AL01;dDBA74BL4ABNBABA4AC2 >4BGO<BHE>P0=CBDBATMA0=6DCOz80IABAD
20B 4 ; 8ke@h>Import Library >OrangutanBuzzer 5 A>H>DA3 D 8=>> A >D0 B 8 < G Hintlude
<OrangutanBuzzerth> 0 C 7@>2H >MBA4 C2FCA76IC P86 F@d4CGA4B EGAA3ID8=>145>8C
BALHZ4AE81A0/A84B>=>€44B75D =2 C 8 >HB;BLABEBROIAB7>D4d BEDXCH >BA4C27

B 8 < B;4t 4C#ihclude ;8 =0BB>2 FBC3A >G7@>2H > BA4 CBHI>D OEA4 03B 8L =2;D343

;81 A0A84B F8;,;

C0:4 D? ?A>6A T BBD A7 44E8= B 5 DHA> D ASGAD <
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r@ OrangutanLEDExample | Arduinc 0021 l — | =] |_ih‘1
File Edit [Sketch| Tools Help
T Verify / Compile Ctrl+R
Stop
+ Show Sketch Folder  Ctrl+K i
* http Import Library... 3 EEPROM
" http Add File... Ethernet
:fhttp'uwl'm'y““u'wm Firmata
Liquid Crystal
NrangqutanlEDs leds; Matrix
void setup () iy Crangutaninalog th start
; OrangutanBuzzer
' OrangutanDigital
. OrangutanLCD
:mld toop () o OrangutanLEDs
leds. red(HIGH) ; Iy, OrangutanMotors =
delay(l000]; £ OrangutanPushbuttons
iZT;TﬁSSE?T“ ji OrangutanResources
leds. green (HIGH) ; A Pololu3pi fork on
delay (500 ; £ PololuQTR%ensaors
leds. green(LOW) ; Ly PololuWheelEncoders work on
delay (500) ; Iy
) Servo il
4| 1 SoftwareSerial b
5P1
Sprite
Stepper
Wire
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Usage Examples

">BC81AODBABE DTA40BE4GCGO<BMAUCRTBC<>=BCIAIFCZB1AR0#H4ADB4)3>;>08=
4G0<?;4 B:4C27 >7?4= C74 KeD&Examples 6 OBngutac >

r@ CrangutanLEDExample | Arduine 0021 =R ﬂhﬂ
Edit Sketch Tools Help
Mew Ctrl+M
Open... Ctrl+Q
Sketchbook »
Examples » 1.Basics » T
Close Ctrl+W 2.Digital r
Save Ctrl+5 3.Analog r
Save As... Ctrl+Shift+5 4.Communication r
Uplead to YO Board  Ctrl+L 5.Control b
Page Setup Ctrl+ Shift+P b3ensors '
Print Ctrl+P 7.Display b reh stares
8.5trings »
Preferences Ctrl+Comma ArduinolSP
Quit Ctrl+Q EEPROM v |
leds. red (HIGH) ; Ethernet *
delay (1000] ; Firmata 3
3:?:;&3;;?“3 g LiquidCrystal b 3
leds. green (HIGH) ; Matrix P | wark om the Bahv Oranmitan)
delay (500 ; COrangutan&nalog ¥ OrangutanAnalogExample
leds.green(LOW) ; OrangutanBuzzer r OrangutanfnalogExample2 =
delay (500) ;
) OrangutanLCD b
OrangutanLEDs »
COrangutanMotors »
OrangutanPushbuttons # ™
4 Pololu3pi » b
Servo
SPI
Stepper
Wire

)74%>;>; D8ARARAHIBB BMAEAPMC 08843 5>;,06F86b64 B>, EGH6 BMAC204BC14
;>0343 BiB 8 Examples > Pololu3pi

5.a.0rangutanAnalog - Analog Input Library
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Overview

)78B1LADAHE B4R A4C7 XIRCEADODBLAIDMZF0;E6;C862D0BH 0BD=2CB8>4285820;;H
34B86GA3MB7E0;DEC7@AB<24L 4=C 8><@ BfiAobot [http:/mww .pololu.com/catalogproduct/975]

Orangutan SV-xx8 [nttp://www .pololu.com/catalogproduct/1227] Orangutan LV-168[http:/iwww .pololu.com/catalogproduct/

775] 0 =Baby Orangutan B [nttp://www .pololu.com/catalogproducti1220] C 740 C CEAIE O6E 8 =<8 ;;8E>?@B
A>1¢P€CGGO0=B7HO0;DE7@U4<?4ABCHODBREM =CEPDBA46ALMA > T7HAO0=6D€0=>=;H

)78B ;81 A0AH 68E4B H>D <>A4 2>=CA>; C70= 4G8BC8=6 A3D8=> 0=0;>6 8="?

>B>=>€4438=8C 802 8M0=6DC0=>2%04A25>D\BI4;8=8C80:BBAAS>MDA3><0C820;;H
F74= =44343

1 >8C744CT783B73BOBBBAC0HO8B7>D58E4AE4>AC7T0>—8=BCO6824A0=6DC0= =0;>6
>1942C 8= H>DA B:4C27
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OrangutanAnalog Methods

><?; 442D <4 =C OB ABAMHOT 2B 46 > D 8 8ection2 > 5 Pdlolu AVR Library Command
Referencelhttp://www .pololu.com/docs/0J18]
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Usage Examples

)78B1ADAHIB CHF4G 0< B;:4 C 27ABE DO => 0BH > 8 €Bile > Examples> OrangutanAnalog
)74 4G0<?;4 B:4C274B CQOranguanrMotors 88TAOAH 0;B> <0:4 ;8<8C43 DB4 >5 C78B

1. OrangutanAnalogExample

4<>=BCAROBLDODBA@T<44C783AHB78BLACAK3/0=0,E6;CHBAT@AB8<4B84=C8><4C4A
8LCT7UO2:6 AD/IBX7TA4BEI>DA34G42D6GCE@B4 8BA4GAT7TAA>6ABIGORATBE-E4AB8>=
C74 "%$)0=0;86?RC0==40=878BCA>2488B420TH4BE72>385>>?F78 Q174

7TO0ASFRPAAB>;,;,&8578B >=E4ACIEC-I®I3>EFAA>6 04 CA4ARB4E7TA>=E4AB8>=
8B><?,0€EED?3BCEL CEE-TAAS<PPMD22>A384463HBBSEESO7/M4BB4A F7>B4
1A867C=4BB 8B <034 C> B20;4 F8C7 C74 CA8<?>C ?>B8C8>=

#include <OrangutanLEDs.h>
#include <OrangutanAnalog.h>

/*
* OrangutanAnalogExample for the 3pi, Orangutan SV-xx8,
* Orangutan LV-168, or Baby Orangutan B

* This sketch uses the OrangutanAnalog library to read the voltage output
* of the trimpot in the background while the rest of the main loop executes.
* The LED is flashed so that its brightness appears proportional to the

* trimpot position.

*

* http://www.pololu.com/docs/0J17/5.a
* http://www.pololu.com

* http://forum.pololu.com

*

OrangutanLEDs leds;
OrangutanAnalog analog;

unsigned int sum;
unsigned int avg;
unsigned char samples;

void setup() /I run once, when the sketch starts
{
analog.setMode(MODE_8_BIT); // 8-bit analog-to-digital conversions
sum = 0;
samples = 0;
avg = 0;
analog.startConversion(TRIMPOT); // start initial conversion
}
void loop() /I run over and over again
{

if (lanalog.isConverting())  // if conversion is done...

sum += analog.conversionResult(); // get result
analog.startConversion(TRIMPOT); /I and start next conversion
if (++samples == 20)

avg = sum/ 20; /I compute 20-sample average of ADC result
samples = 0;
sum = 0;
}

}

/' when avg == 0, the red LED is almost totally off

/I when avg == 255, the red LED is almost totally on

/I brightness should scale approximately linearly in between

leds.red(LOW); /I red LED off

delayMicroseconds(256 - avg);

leds.red(HIGH); /I red LED on
delayMicroseconds(avg + 1);
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2. OrangutanAnalogExample2

=C4=84ABB4A=C78A0=6D€0= #>CA7B8E8 AD==C7RA>16E€FA0=6€GG1DC74
38B?,MHIKR4ABEMME&2>AMBI@=0;86?DX=-=40ABA4<?4ABCHODRABT7THAO0=6DCO0=

I+ BBR>==4ZTCAAIBC7TUOCEPABBER7T2D=8> ASTT7TUOCELABOERI7TYIA0O=6DCO=

(+ GG B8B?;0¥B4 C7@QA8<24L4=-C8>BCBBM;;8ECsCBE4<?4ABCHRB/C?DC
8346 A40BA4=T73BD>;358=64B87T2=34ABEISHA0=6D€0=B% =400A7204=CHA74
1>0AB>B7>B,887@4<?4ARCDIB4BFBIC CABB4A420A4BBCPrOTT7TU>0RK8C742CA>BC0OC82
38BX»M085 H>D CAH C78B

#include <OrangutanLCD.h>
#include <OrangutanAnalog.h>

/*
* OrangutanAnalogExample2: for the Orangutan LV-168
*

* This sketch uses the OrangutanAnalog library to read the voltage output
* of the trimpot (in millivolts) and to read the Orangutan LV-168's

* temperature sensor in degrees Farenheit. These values are printed to
*the LCD 10 times per second. This example is intended for use with the
* Orangutan LV-168, though all but the temperature-measuring portion

* will work on the 3pi robot (on the 3pi, analog input 6 connects to 2/3rds
* of the battery voltage rather than a temperature sensor) and the

* Orangutan SV-xx8 (on the SV-xx8, analog input 6 connects to 1/3rd of

* the battery voltage).

*

* You should see the trimpot voltage change as you turn it, and you can

* get the temperature reading to slowly increase by holding a finger on the
* underside of the Orangutan LV-168's PCB near the center of the board.
* Be careful not to zap the board with electrostatic discharge if you

* try this!

*

/

OrangutanLCD lcd,;
OrangutanAnalog analog;

void setup() /I run once, when the sketch starts

analog.setMode(MODE_10_BIT); // 10-bit analog-to-digital conversions

void loop() /I run over and over again

{
Icd.gotoXY(0,0); /I LCD cursor to home position (upper-left)
lcd.print(analog.toMillivolts(analog.read Trimpot())); // trimpot output in mV
led.print(" mV "); /I added spaces are to overwrite left over chars
lcd.gotoXY(O0, 1); /I LCD cursor to start of the second line

/I get temperature in tenths of a degree F
unsigned int temp = analog.readTemperatureF();

lcd.print(temp/10); /I get the whole number of degrees
lcd.print("."); /I print the decimal point

lcd.print(temp - (temp/10)*10); // print the tenths digit
Icd.print((char)223); /[ print a degree symbol

led.print("F *); /I added spaces are to overwrite left over chars
delay(100); /I wait for 100 ms (reduces LCD flicker)

5.b. OrangutanBuzzer - High-Level Buzzer Contol Library
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Overview

J78B1A0AHHBDAO0B2s CAZEA84 15D | | 4AC B3pi robot [http://www .pololu.com/catalogproduct/975]
Orangutan SV-xx8 [hitp://iwww .pololu.com/catalogproduct/1227] 0 = @rangutan LV-168 [http://www .pololu.com/catalog/
product/775] (B S8EHKUBD 74?C 852, 0HBABLC 04ACHS5A4 @ DAPBP4285BABODB24285843
E>;D<dd>PD0ODBA@Phy() <4C7€2;0H4=C8AA BHC7TU02:6 A>D3iB42>=CAB2784E43
DB8=645C7¥8<4A," >DC?DECBDAOCBXBBIAS> DBIGFB<4AEL4ASE=E4ARD?C
this library will conflict with any other libraries that rely on or reconfigure Timerl >AMGO0<?CFA3D8=>

5D =2 andlegWite() F8 5>E>A3=C7)8B<4A0," >DC?BEB-2HM4>DOEBIC0/ALGRA7 8B1LA8AH
H>DA B:4C27

)7414=4CGECBB?A>DR7BCDO2;0+>CAKE 7TUD I | £X8;40E&T%N *<>BGACH G42DC4
CTHABEI>DRA3N788404B>DOF0OEN<4;>FHOHB=B7U02:6 ASFHY83U>BA0=6DA0S8
3>4B 8CB <08 200B?isRlayg¥#<4C7>3 C> 34C4A<8=4 F74= C74 1DII4A 8B 58=8E

. >B>=>€4438=8C8028M0=6DC 0= DI G >D\Bl4 :8=8C 80 ;BBAAE>ADL3><0C820;;H
F74= =44343

1> 744CT783B73BOBBRCOHEB7>058E4DE4>ACG7T0>—=8=BCO6E24A0=6DC0= DII4A
>1942C 8= H>DA B:4C27
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OrangutanBuzzer Methods

><?; 442D <4 =C OB ABAMHOT 2B 46 > D 8 8ection3 > 5 Pdlolu AVR Library Command
Referencelhttp://www .pololu.com/docs/0J18]
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Usage Examples
)7 8B 1 ADAHFB C77 MAF0 < B;:41 C 2748BE D0 = 0BH6 > 8 £Bile > Examples> OrangutanBuzzer

1. OrangutanBuzzerExample

4<>=BCAGEOBL DBA73BLABNMNOte() <4C7E€2;06B8<<4;>BL>843 @B7>D;3
8<<4380BIIQHIH &=/614;>30+ B >P0HBE7@>DB2RB71D0CBICE2247,0H4I4;>3)H 4
4G0<BBCADZ2EDABGDROO3H>DA2>3@wop() 0=8744;>FHB,BCB;0H>A<08:€EI74
102:6 A>OBBD 48=BA 344G 42 @DIBA S HDEBE>83B4/BE3CGHBBCFL44>C4BR0DBA4
C7BB<@427=8@&;D#4;>384BCEIMIBC>B4I'$" CKUG60 70B=>DBI>&= %'$"
C> BC>A4 =>C48B

#include <OrangutanLCD.h>
#include <OrangutanPushbuttons.h>
#include <OrangutanBuzzer.h>

/*
* OrangutanBuzzerExample: for the Orangutan SV-xx8, Orangutan LV-168,
* and 3pi robot
*

* This example uses the OrangutanBuzzer library to play a series of notes on
* the buzzer. It also uses the OrangutanLCD library to display the notes it is
* playing, and it uses the OrangutanPushbuttons library to allow the user to

* stop/reset the melody with the top pushbutton.

*

* http://www.pololu.com/docs/0J17/5.b
* http://www.pololu.com

* http://forum.pololu.com

*/

#define MELODY_LENGTH 95

I/l These arrays take up a total of 285 bytes of RAM (out of a 1k limit)
unsigned char note[MELODY_LENGTH] =
{

NOTE_E(5), SILENT_NOTE, NOTE_E(5), SILENT_NOTE,
NOTE_E(5), SILENT_NOTE, NOTE_C(5), NOTE_E(5),
NOTE_G(5), SILENT_NOTE, NOTE_G(4), SILENT_NOTE,

NOTE_C(5), NOTE_G(4), SILENT_NOTE, NOTE_E(4), NOTE_A(4),
NOTE_B(4), NOTE _B_FLAT(4), NOTE_A(4), NOTE_G(4),
NOTE_E(5), NOTE_G(5), NOTE_A(5), NOTE_F(5), NOTE_G(5),
SILENT_NOTE, NOTE_E(5), NOTE_C(5), NOTE_D(5), NOTE_B(4),

NOTE_C(5), NOTE_G(4), SILENT_NOTE, NOTE_E(4), NOTE_A(4),
NOTE_B(4), NOTE _B_FLAT(4), NOTE_A(4), NOTE_G(4),
NOTE_E(5), NOTE_G(5), NOTE_A(5), NOTE_F(5), NOTE_G(5),
SILENT_NOTE, NOTE_E(5), NOTE_C(5), NOTE_D(5), NOTE_B(4),

SILENT_NOTE, NOTE_G(5), NOTE_F_SHARP(5), NOTE_F(5),
NOTE_D_SHARP(5), NOTE_E(5), SILENT_NOTE, NOTE_G_SHARP(4),
NOTE_A(4), NOTE_C(5), SILENT _NOTE, NOTE_A(4), NOTE_C(5), NOTE_D(5),

SILENT_NOTE, NOTE_G(5), NOTE_F_SHARP(5), NOTE_F(5),
NOTE_D_SHARP(5), NOTE_E(5), SILENT NOTE,
NOTE_C(6), SILENT_NOTE, NOTE_C(6), SILENT _NOTE, NOTE_C(6),

SILENT_NOTE, NOTE_G(5), NOTE_F_SHARP(5), NOTE_F(5),
NOTE_D_SHARP(5), NOTE. E(5), SILENT NOTE
NOTE_G_SHARP(4), NOTE_A(4), NOTE_C(5), SILENT_NOTE,
NOTE_A{), NOTE_C(5), NOTE_D(5),

SILENT_NOTE, NOTE_E_FLAT(5), SILENT_NOTE, NOTE_D(5), NOTE_C(5)
}

unsigned int duration[MELODY_LENGTH] =
100, 25, 125, 125, 125, 125, 125, 250, 250, 250, 250, 250,

375, 125, 250, 375, 250, 250, 125, 250, 167, 167, 167, 250, 125, 125,
125, 250, 125, 125, 375,

5. Arduino Libraries for the Orangutan and 3pi Robot Page 38 of 60



Programming Orangutans and the 3pi Robot from the Arduino Environment© 200192012 Pololu Corporation

375, 125, 250, 375, 250, 250, 125, 250, 167, 167, 167, 250, 125, 125,
125, 250, 125, 125, 375,

250, 125, 125, 125, 250, 125, 125, 125, 125, 125, 125, 125, 125, 125,
250, 125, 125, 125, 250, 125, 125, 200, 50, 100, 25, 500,
250, 125, 125, 125, 250, 125, 125, 125, 125, 125, 125, 125, 125, 125,

250, 250, 125, 375, 500
k

OrangutanLCD Icd;
OrangutanPushbuttons buttons;
OrangutanBuzzer buzzer;
unsigned char currentldx;

void setup() /I run once, when the sketch starts
currentldx = 0O;
lcd.print("Music!");

void loop() /I run over and over again

{
/I if we haven't finished playing the song and
/I the buzzer is ready for the next note, play the next note
if (currentldx < MELODY_LENGTH && !buzzer.isPlaying())
{

/Il play note at max volume
buzzer.playNote(note[currentldx], duration[currentldx], 15);

/ optional LCD feedback (for fun)

lcd.gotoXY(0, 1); /I go to start of the second LCD line
lcd.print((unsigned int)note[currentldx]); // print integer value of current note
led.print(" "); /I overwrite any left over characters

currentldx++;

}

/I Insert some other useful code here...

/I the melody will play normally while the rest of your code executes
/I as long as it executes quickly enough to keep from inserting delays
/I between the notes.

/I For example, let the top user pushbutton function as a stop/reset melody button
if (buttons.isPressed(TOP_BUTTON))
{

buzzer.stopPlaying(); // silence the buzzer
if (currentldx < MELODY_LENGTH)
currentldx = MELODY_LENGTH; /Il terminate the melody
else
currentldx = 0; /I restart the melody
buttons.waitForRelease(TOP_BUTTON); // wait here for the button to be released

2. OrangutanBuzzerExample2

4<>=BCASEID0DBA7SBLARDEK)O<4C7C B COAL; > PHOH =628 C 0 AO743 ;> F18 ; ;

200, C7TROIC E 7T4=88 G2 DA Q2 CA4D DBAHS DA3C=87A4BE >DPA>6 AB4LG42DC4
0B>A<M78 (4744 ;> PHOIBEC 7U02:6 A>T dhy() <4C7SBASBACSAMHB<AAEAAS;>F
8=CAANRBC>DB20B71FGC>G05D6DHM02BASXA>6AG<>AGI4833DB2AB71FEC>=
@D82(MEI74<09BRODM=3023>F5A><" 0=E7U>CDBE2BB71FGBCH2K4;>3H

C70C 8B 2DAA4=C;H ?;0H8=6 >A ?;0H 0 B8=6;4 =>C4 85 C74 1DII4A 8B 2DAA

#include <OrangutanLCD.h>
#include <OrangutanPushbuttons.h>
#include <OrangutanBuzzer.h>

/*

* OrangutanBuzzerExample2: for the Orangutan SV-xx8, Orangutan LV-168,
* and 3pi robot
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*

* This example uses the OrangutanBuzzer library to play a series of notes on
* the buzzer. It uses the OrangutanPushbuttons library to allow the user

* select which melody plays.

*

* This example demonstrates the use of the OrangutanBuzzer::play() method,
* which plays the specified melody entirely in the background, requiring

* no further action from the user once the method is called. The CPU

*is then free to execute other code while the melody plays.

*

* http://www.pololu.com/docs/0J17/5.b
* http://www.pololu.com

* http://forum.pololu.com

*/

OrangutanLCD lcd,;
OrangutanPushbuttons buttons;
OrangutanBuzzer buzzer;

#include <avr/pgmspace.h> // this lets us refer to data in program space (i.e. flash)
/I store this fugue in program space using the PROGMEM macro.
/I Later we will play it directly from program space, bypassing the need to load it
/I all into RAM first.
const char fugue[] PROGMEM =
"I O5 L16 agafaea dac+adaea fa<aa<bac#a dac#adaea f"
"06 dcd<b-d<ad<g d<f+d<gd<ad<b- d<dd<ed<f+d<g d<f+d<gd<ad"
"L8 MS <b-d<b-d MLe-<ge-<g MSc<ac<a ML d<fd<f O5 MS b-gb-g"
"ML >c#e>c#e MS afaf ML gc#gce# MS fdfd ML e<b-e<b-"
"O6 L16ragafaea dac#tadaea fa<aa<bact#a dact#adaea faeadaca"
"<p-acadg<b-g egdgcg<b-g <ag<b-gcf<af dfcf<b-f<af"
"<gf<af<b-e<ge c#e<b-e<ae<ge <fe<ge<ad<fd"
"O5 e>ee>ef>df>d b->c#b->c#a>df>d e>ee>ef>df>d"
"e>d>c#>db>d>c#b >c#agaegfe f 06 dc#dfdc#<b c#4",

void setup() /I run once, when the sketch starts
lcd.print("Press a");
lcd.gotoXY(O0, 1);
lcd.print("button..");
void loop() /I run over and over again
{
/I wait here for one of the three buttons to be pushed
unsigned char button = buttons.waitForButton(ALL_BUTTONS);
Icd.clear();
if (button == TOP_BUTTON)
buzzer.playFromProgramSpace(fugue);
lcd.print("Fugue!");
lcd.gotoXY(O, 1);
lcd.print("flash ->");
if (button == MIDDLE_BUTTON)
buzzer.play("! V8 cdefgab>cbagfedc");
lcd.print("C Major");
lcd.gotoXY(O0, 1);
lcd.print("RAM ->");
}
if (button == BOTTOM_BUTTON)
if (buzzer.isPlaying())

buzzer.stopPlaying();
lcd.print("stopped");

else

buzzer.playNote(NOTE_A(5), 200, 15);
lcd.print("note A5");
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3. OrangutanBuzzerExample3

4<>=BCAUBBEC 788BLABAKBR">34=3;0H 7424C7>3B878B8B0<VBC><D,08238B
DBLR;;>C744;>3+44?,0HFFB AL, 8=CBA4ABBYUA )74€74>38BFSCLT/I%IH 2742:
<>338DA®280BZ4/A40AGAHBBB2DARCABHEARL)L 4 VABT7TAB4580L ACBOC >H>D
CADG78B0<BI3DHNAFHCEB-31B4LEA4B Do;;G 0BB4ME 72> < <4 HAB/A@ > 7B : 4 CZ>/A
<>A4 34C08;43 8=5>A<0C8>=

#include <OrangutanLCD.h>
#include <OrangutanLEDs.h>
#include <OrangutanBuzzer.h>

/*
* OrangutanBuzzerExample3: for the Orangutan LV-168, Orangutan SV-xx8,
* or 3pi robot
*

* This example uses the OrangutanBuzzer library to play a series of notes on
* the target's piezo buzzer.
*

* This example demonstrates the use of the OrangutanBuzzer::playMode()
* and OrangutanBuzzer::playCheck() methods, which allow you to select

* whether the melody sequence initiated by OrangutanBuzzer::play() is

* played automatically in the background by the Timer1 interrupt, or if

* the play is driven by the playCheck() method in your main loop.

*

* Automatic play mode should be used if your code has a lot of delays
* and is not time critical. In this example, automatic mode is used

* to allow the melody to keep playing while we blink the red user LED.
*

* Play-check mode should be used during parts of your code that are

* time critical. In automatic mode, the Timerl interrupt is very slow

* when it loads the next note, and this can delay the execution of your.

* Using play-check mode allows you to control when the next note is

* loaded so that it doesn't occur in the middle of some time-sensitive

* measurement. In our example we use play-check mode to keep the melody
* going while performing timing measurements using Timer2. After the

* measurements, the maximum time measured is displayed on the LCD.

*

* Immediately below are three #define statements that allow you to alter
* the way this program runs. You should have one of the three lines

* uncommented while commenting out the other two:

*

* |f only WORKING_CORRECTLY is uncommented, the program should run in its
* ideal state, using automatic play mode during the LED-blinking phase

* and using play-check mode during the timing phase. The maximum recorded

* time should be 20, as expected.

*

*If only ALWAYS_AUTOMATIC is uncommented, the program will use automatic
* play mode during both the LED-blinking phase and the timing phase. Here

* you will see the effect this has on the time measurements (instead of 20,

* you should see a maximum reading of around 27 or 28).

*

* |f only ALWAYS_CHECK is uncommented, the program will be in play-check
* mode during both the LED-blinking phase and the timing phase. Here you

* will see the effect that the LED-blinking delays have on play-check

* mode (the sequence will be very choppy while the LED is blinking, but

* sound normal during the timing phase). The maximum timing reading should
* be 20, as expected.

*

/

/[ *** UNCOMMENT ONE OF THE FOLLOWING PRECOMPILER DIRECTIVES ***

/I (the remaining two should be commented out)

#define WORKING_CORRECTLY // this is the right way to use playMode()

/l#define ALWAYS_AUTOMATIC // playMode() is always PLAY_AUTOMATIC (timing is inaccurate)
/l#define ALWAYS_CHECK /I playMode() is always PLAY_CHECK (delays interrupt the sequence)

OrangutanLEDs leds;
OrangutanBuzzer buzzer;
OrangutanLCD lcd;

#include <avr/pgmspace.h>
const char rhapsody[] PROGMEM = "06 T40 L16 d#<b<f#<d#<f#<bd#f#"
"T80 c#<b-<f#<c#<f#<b-c#8"
"T180 d#b<fhd#f#>bd#f#cHb-<fHCHIHE>D-CHE c>CH<CH>CH<b>CHCH>CHC>CHLCH>CH<Db>CH<CH>CH"
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"c>cH<ci>cH<b->cH<cH>cHe>cH<cH#>cH#<b->cH<cH#>cH"
"c>cH<cH>cHf>cH<cH>cHe>cH<cH#>cH>cH<ci>cH”
"C>cH<cH>CHE>CH<CH>CHC>CH<CH>CHTE> CH<c#>c#d#bb-bd#bf#d#ctb-ab-c#b-f#d#";

void setup() /I run once, when the sketch starts

TCCR2A =0; /I configure timer2 to run at 78 kHz
TCCR2B = 0x06;  // and overflow when TCNT2 = 256 (~3 ms)
buzzer.playFromProgramSpace(rhapsody);

void loop() /I run over and over again

/I allow the sequence to keep playing automatically through the following delays
#ifndef ALWAYS_CHECK

buzzer.playMode(PLAY_AUTOMATIC);
#else

buzzer.playMode(PLAY_CHECK);
#endif

lcd.gotoXY(O, 0);

lcd.print("blink!");

inti;

for (i=0;1<8;i++)

{

#ifdef ALWAYS_CHECK
buzzer.playCheck();

#endif
leds.red(HIGH);
delay(500);
leds.red(LOW);
delay(500);

lcd.gotoXY(0, 0);
lcd.print(“timing");
lcd.gotoXY(0, 1);
lcd.print(" "); /Il clear bottom LCD line
/I turn off automatic playing so that our time-critical code won't be interrupted by
/ the buzzer's long timerl interrupt. Otherwise, this interrupt could throw off our
/I timing measurements. Instead, we will now use playCheck() to keep the sequence
/I playing in a way that won't throw off our measurements.
#ifndef ALWAYS_AUTOMATIC
buzzer.playMode(PLAY_CHECK);
#endif
unsigned char maxTime = 0;
for (i=0; i < 8000; i++)

TCNT2 =0;
while (TCNT2 < 20) // time for ~250 us

if (TCNT2 > maxTime)
maxTime = TCNT2; // if the elapsed time is greater than the previous max, save it
#ifndef ALWAYS_AUTOMATIC
§ ?uzzer.playCheck(); /I check if it's time to play the next note and play it if so
#endi

}

lcd.gotoXY(0, 1);

lcd.print("max=");

Icd.print((unsigned intymaxTime);

led.print("'); // overwrite any left over characters

5.c.OrangutanLCD - LCD Contr ol Library
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Overview

)78B31A03HUBDO7A18;8RQH=CAQZ4 270A02 C 4A=C 73pi robot [http://mww .pololu.com/catalog/
product/975] Orangutan  SV-xx8  [http://www .pololu.com/catalogproduct/1227] 0 =3 Orangutan LV-168
[http:/ivww .pololu.com/catalogproduct/775] B < ? ;4 <AGTHBEC 0 = 3 01A83C ?2A>SC(2==BO0OBLEFUDBH
FOBC HAWBCOAE>EID==424BB0-"B4HDRB4B8=C74A8IC A3D8/8331 A0ABEB
2><?A474,8BBABBHOCC540BD27 2>=CO\»>BB®BI8L£>BB.46ldEXMBRD>A<44C7>3B
C70H>DB443>MR02><<4=D==4484Q87>3BB7>F DAB=pA0=6DCO0=!C>x022C78B
1 81ABAM;; BA>BDC7AB<4<CBA AMO=6DCOBH=R4BCOIACBD8=>BEX7CC81A0AH
F8:;; 14 A42><?78:;43

)78B31ABBMUB86CAHA0245M~B4C4ABBEX 78>DA 30CB8=4BF8;270=64430C0
38A4 248 HCEPE BO O, BI7 4=4 4 3830 2><<0DDFHI/BBES8 8§<<43800CBE>A4
C 7A4 6 8 BOOAAEBAM E BMOBLAEB; ; >4 30C8=CBD=20803B713BGCHEB-
3A8E4A >= C74 $A0=6DC0O= 0=3 ?8

. >DB>=>€4438=8C8038A0=6D C =110 424G >DABI4; ; 8=8 C 80 ;BRUAST>ADIB><0C820;; H
F74= =44343

> T744CT783B/3BBREBC0OB8R 7 >DBEABAES AGQ7TO>=8=BCOEH2BA0=6DCO0O=1942C
8= H>DA B:4C27
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OrangutanLCD Methods

><?; 442D <4 =C OB ABAMHOT 2B 46 > D 8 8ection5 > 5 Pdlolu AVR Library Command
Referencelhttp://www .pololu.com/docs/0J18]
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Usage Examples

)78BLADAHMB CF4G0< B4 C20ABC PO 7> 0BH5 > 8 €File > Examples> OrangutanLCD
#>CQA7XCBES5C7TACTAALAOABEBBGCO0<BAM4C2CZIBMBC 7Y B>?;,40B4C74BAA>A4
$A0=6DCO=! DB064 4G0<?;4B

1. OrangutanLCDExample
4<>=BCAO0C4B B785C8=6 C74 2>=C4=CB >5 C74 38B?;0H 1H <>E8=6 C74 F>A

#include <OrangutanLCD.h>

/*
* OrangutanLCDExample for the Orangutan LV-168, Orangutan SV-xx8,
*  or 3pi robot
*

* This example uses the OrangutanLCD library to write "Hello"
* on the LCD and then move it around the display area.
*/

OrangutanLCD lcd,;

void setup() /I run once, when the sketch starts

{

}

void loop() /I run over and over again

{
lcd.print("Hello"); /l display "Hello" at (0, 0), a.k.a. upper-left
delay(200);

/I shift the display right every 200ms three times
Icd.scroll(LCD_RIGHT, 3, 200);

Icd.clear(); /I clear the LCD

lcd.gotoXY(3, 1); /I go to the fourth character of the second LCD line
lcd.print("Hello"); /I display "Hello" at (3, 1), a.k.a. lower-right
delay(200);

/I shift the display left every 200ms three times
Icd.scroll(LCD_LEFT, 3, 200);
Icd.clear(); /I clear the LCD

}

1. OrangutanLCDExample2

4<>=BCRHACABE3BB?,;,0HBBGEVA02CGAAB )745>;;>FB&EBCHA4OB4L G 0< 25!
2DBC>< 270A02C4AB DB8=6 C74< C> 38B?;0H 0 10A 6A0?7 >5 B4=B>A A403!

#include <OrangutanPushbuttons.h>
#include <OrangutanLCD.h>
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#include <stdlib.h> /I used for its "random" and "srandom" functions

/*
* OrangutanLCDExample2: for the Orangutan SV-xx8, Orangutan LV-168 or 3pi robot

* This example uses the OrangutanLCD library to display custom characters on
*the LCD. Simply push a any user pushbutton to display a new, randomly

* chosen mood character.

*

/

OrangutanLCD Icd;

/I define some custom "mood" characters
#include <avr/pgmspace.h> // this lets us refer to data in program space (i.e. flash)
const char happy[] PROGMEM = {
0b00000, // the 5 bits that make up the top row of the 5x8 character
0b01010,
0b01010,
0b01010,
0b00000,
0b10001,
0b01110,
0b00000

k

const char sad[] PROGMEM = {
0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
0b01110,
0b10001,
0b00000

e

const char indifferent[]] PROGMEM = {
0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
0b00000,
0b01110,
0b00000

h

const char surprised[] PROGMEM = {
0b00000,
0b01010,
0b01010,
0b00000,
0b01110,
0b10001,
0b10001,
0b01110

k

const char mocking[] PROGMEM = {
0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
0b11111,
0b00101,
0b00010

I

char prevMood = 5;

void setup() /I run once, when the sketch starts

{ Icd.loadCustomCharacter(happy, 0);
Icd.loadCustomCharacter(sad, 1);

lcd.loadCustomCharacter(indifferent, 2);
Icd.loadCustomCharacter(surprised, 3);

5. Arduino Libraries for the Orangutan and 3pi Robot Page 46 of 60



Programming Orangutans and the 3pi Robot from the Arduino Environment© 200192012 Pololu Corporation

Icd.loadCustomCharacter(mocking, 4);
Icd.clear(); /I must be called before we can use the custom chars
lcd.print(*mood: ?");

// initialize the random number generator based on how long we hold the button the first time
OrangutanPushbuttons::waitForPress(ALL_BUTTONS);

long seed = 0;
while(OrangutanPushbuttons::isPressed(ALL_BUTTONS))
seed++;
srandom(seed); /I the same as: randomSeed((unsigned int)seed);
}
void loop() /I run over and over again
Icd.gotoXY(6, 0); /I move cursor to the correct position
/I ensure we get a new mood that differs from the previous
char mood;
do
{
mood = random()%5; /I the same as: mood = random(5);

} while (mood == prevMood);
prevMood = mood;

lcd.print(mood); // print a random mood character

[/l wait for any button to be pressed
OrangutanPushbuttons::waitForButton(ALL_BUTTONS);

5.d. OrangutanLEDs - LED Control Library
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Overview

)78B81A0ABAB C4A0B&H=-CB% Y B >=C 73pi robot [http://www .pololu.com/catalogproduct/975]
Orangutan SV-xx8 [nttp://www .pololu.com/catalogproduct/1227] Orangutan LV-168[http:/iwww .pololu.com/catalogproduct/

775] 0 =Baby Orangutan B [http://www .pololu.com/catalogproduct/1220] $=C 7$!IA0=6 [} € G0 = B+ C74A4
OACGFBPB4AB OAA=C7@>B83H7% F8UC//A43 >=CT7U>CCAIDGCET76A44= >=CT74
C>RB86FECT7TL8CT7TANNEFBDBAL4AB>=CT7U>CBESH 7% F8C77TM43 >=CT7MB86FC4=

1 >>:8G6 7TU>CCO<B761A4U= >=C745338C8>=08=2;DBIAET77X#&0H 4B >;34Pn43
C7G>P83820A0F8C77BIDAS5024!'<BD=C7=34AB8RAUBEBAFYFZE0113A0=6008B=
0 B8=6;4 A43 ! 0=3 => 6A44=1

#>CQ7CQCA413 8B=CT7BIO<ABGE 74' ) B4ABAPD=B<BC B4H >DARBB8=6) 5>B4A80;
CAO=B<E&BBEA4A3 2><<0=-B8B5>E>A0=8>bP8B4@7A4413 1,84 A845/#H=4Ba80
BBAO=B<8CC43#>CA7CCRA4U= BB=CT7BO0<286R 2>=CPC 76lA44= F8;;

1;8=: 1A845;H F74=4E4A 30C0 8B B4=C C> C74 ! 1DC C74 CF> 5D=2C8>=8B

. >B>=>€44G8=8C8038M0=6DCO=19BAUG>DABI4;: 8=8C 80 :8BOAS>ADI3><0C820;;H
F74= =44343

> T744CTBIB/IBBBRBICOBSR7>BEAAESAG7G=8=BCOBH2BA0=6DC0=19B2C
8= H>DA B:4C27
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OrangutanLEDs Methods

><?;4THA42 D <4 =C OB ABAMHOT 2B 46 > D 8 8ection6 > 5 Pdlolu AVR Library Command
Referencelhttp://www .pololu.com/docs/0J18]
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Usage Examples
)78B ;81A0AH 2><4B F8C7 0= 4G0<?;4 B:4E€iR? ExampkeskOmang0tenLEI33 1H 6>8=6 (

1. OrangutanLEDExample

i CAA=0C3-EBA483=8A44=B>=C78A0=6EGG$SA0=6D€0= >A?A>1>8I>AD=
C78B>6A0C7D1IBA0=6DCHO=P83=;Bl4C87A4BB4A 1;8=LDE>P02>==0240GC4A=0;
! C28% A3D&8= 85 >PB0=CB4@7B42>=3 1;8=5H>B>C7 8B €6AC8=2;D34
2DAA4=C ;8<8C8=6 A4B8BC>A

#include <OrangutanLEDs.h>

/*
* OrangutanLEDExample: for the 3pi robot, Orangutan LV 168, Orangutan SV-xx8,
* or Baby Orangutan B.
*

* This program uses the OrangutanLEDs functions to control the red and green
* LEDs on the 3pi robot or Orangutan. It will also work to control the red

* LED on the Baby Orangutan B (which lacks a second, green LED).
*/

OrangutanLEDs leds;

void setup() /I run once, when the sketch starts
{
}
void loop() /I run over and over again
{
leds.red(HIGH); /I red LED on
delay(1000); /I waits for a second
leds.red(LOW); /I red LED off
delay(1000); /I waits for a second
leds.green(HIGH); /I green LED on (will not work on the Baby Orangutan)
delay(500); /I waits for 0.5 seconds
leds.green(LOW); /I green LED off (will not work on the Baby Orangutan)
delay(500); /I waits for 0.5 seconds
}

5.e.OrangutanMotors - Motor Contr ol Library
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Overview

)78 1A6BEHHBD 781 8;8CH=CQ@A24>C 3A 8 EX45B3pi robot [http://iwww .pololu.com/catalogproduct/
975] Orangutan SV-xx8 [http://www .pololu.com/catalogproduct/1227] Orangutan LV-168 [http://www .pololu.com/catalog/
product/775] 0 =Baby Orangutan B [http://www .pololu.com/catalogproducti1220] @22 ><7?; £ BHEB B 8G B3> D A
70A3F®A4>D C HACB8 <4384 A=38<4Mthis library will conflict with any other libraries that
rely on or reconfigure TimerO or Timer2

420DBANA3DHA—EBA>AY4SEB<4A>08<E5H-2C8>48 ;8B=-34;0HL78B
i 81LADBAH=-A4L2>=5860@Ad442:>B- B 4 @ Ihd P\E@Nbutputs are limited to a frequency
of 1.25kHz in the Arduino environment =<0=R0B4B/ §B;A4BB:C=-0D38%>4C>A
F78)40E>838B>1;H<DP08=BCY03868BG<>A F 8C7Pdlolu AVR Library
[http:/Awww .pololu.com/docsdi20] F78 D7 ;>HBOBDBA74>C3ASEMI8 PAA 5A4@D4=2848B

. >B>=>€4438=8C 80> BIM0=6DC0="'>THABDBI4;8=8C80;:BBAAS>ADA3><0C820;;H
F74= =44343

;> T744CT783B73BOBBBRCOEHEB7>D8E4AE4>AGB7T0>=8=-BCO6ERSA0=6DC0=">C>AB
>1942C 8= H>DA B:4C27
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OrangutanMotors Methods

><?; 442D <4 =C OB ABAMHOT 2B 4 > D 8 8ection7 > 5 Pdlolu AVR Library Command
Referencelhttp://www .pololu.com/docs/0J18]
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Usage Examples
)78B1ADAHIEB CH4G 0 < B;:4 C 27248BE D0 => 0BH > 8 €Bile > Examples> OrangutanMotors

1. OrangutanMotorExample
4<>=BCA0C4B 2>=CA>;;8=6 C74 <>C>AB DB8=6 C74 CA8<<4A ?>C4=C8><4C!

#include <OrangutanLEDs.h>
#include <OrangutanAnalog.h>
#include <OrangutanMotors.h>

/*
* OrangutanMotorExample for the 3pi robot, Orangutan LV-168, Orangutan SV-xx8,
* and Baby Orangutan B
*

* This example uses the OrangutanMotors library to drive

* motors in response to the position of user trimmer potentiometer

* and blinks the red user LED at a rate determined by the trimmer

* potentiometer position. It uses the OrangutanAnalog library to measure
* the trimpot position, and it uses the OrangutanLEDs library to provide

* limited feedback with the red user LED.

*

* http://www.pololu.com/docs/0J17/5.e
* http://www.pololu.com

* http://forum.pololu.com

*/

OrangutanAnalog analog;
OrangutanLEDs leds;
OrangutanMotors motors;

void setup() /I run once, when the sketch starts
{

}

void loop() /I run over and over again

{

/I note that the following line could also be accomplished with:
/l'int pot = analog.read(7);
int pot = analog.readTrimpot(); // determine the trimpot position
int motorSpeed = pot/2-256; // turn pot reading into number between -256 and 255
if(motorSpeed == -256)
motorSpeed = -255; // 256 is out of range
motors.setSpeeds(motorSpeed, motorSpeed);

int ledDelay = motorSpeed;
if(ledDelay < 0)
ledDelay = -ledDelay; // make the delay a non-negative number
ledDelay = 256-ledDelay; // the delay should be short when the speed is high

leds.red(HIGH); [/l turn red LED on
delay(ledDelay);

leds.red(LOW); /I turn red LED off
delay(ledDelay);

2. OrangutanMotorExample2

4<>=BCRBECGBX78=6>D\B3CBIA8<2AB4=C8:BDLUCBAFI4 5>A>BCL73443102:
B> 8C F8;; =>C 5D;;H F>A: >= C74 O01H $A0=6DCO=

#include <OrangutanLEDs.h>
#include <OrangutanAnalog.h>
#include <OrangutanMotors.h>
#include <OrangutanLCD.h>

/*
* OrangutanMotorExample2 for the 3pi robot, Orangutan LV-168,
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* and Orangutan SV-xx8.

* This example uses the OrangutanMotors and OrangutanLCD libraries to drive
* motors in response to the position of user trimmer potentiometer

* and to display the potentiometer position and desired motor speed

* on the LCD. It uses the OrangutanAnalog library to measure the

* trimpot position, and it uses the OrangutanLEDs library to provide

* limited feedback with the red and green user LEDs.

*

/

OrangutanLCD Icd;
OrangutanMotors motors;
OrangutanAnalog analog;
OrangutanLEDs leds;

void setup() /I run once, when the sketch starts
{

}

void loop() /I run over and over again

{

/I note that the following line could also be accomplished with:
/I int pot = analogRead(7);
int pot = analog.readTrimpot(); // determine the trimpot position

/l avoid clearing the LCD to reduce flicker

lcd.gotoXY(O0, 0);

lcd.print("pot=");

Icd.print(pot); /I print the trim pot position (0 - 1023)
led.print(" ); /I overwrite any left over digits

int motorSpeed = (512 - pot) / 2;

lcd.gotoXY(0, 1);

lcd.print("spd=");

Icd.print(motorSpeed); /I print the resulting motor speed (-255 - 255)
led.print(" ");

motors.setSpeeds(motorSpeed, motorSpeed); // set speeds of motors 1 and 2

/I all LEDs off
leds.red(LOW);
leds.green(LOW);
/l turn green LED on when motors are spinning forward
if (motorSpeed > 0)
leds.green(HIGH);
/l turn red LED on when motors are spinning in reverse
if (motorSpeed < 0)
leds.red(HIGH);
delay(100);

5.f. OrangutanPushbuttons - Pushbutton Interface Library
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Overview

)78B81A0AH>FBE>DC>40B88H CA4ARBZAL 74AC7TADBAADB71D CG>GB8pi robot
[http:/AMww .pololu.com/catalogproduct/975] Orangutan  SV-xx8 [http://iwww .pololu.com/catalogproduct/1227] 0=3
Orangutan LV-168 [nttp://www .pololu.com/catalogproduct/775] 1 HA 8 C? 4 A; 8568 7B C O-CRBI? 4 2 3 HE2C>A 1B
FO8CB=MA 488, 40B4->CHB? 4 2 8 5180Q O ARitFor ()<4C78XB/8BLAO0BE><00BRE;;H
20A4 >5 1DCC>= 341>D=28=6

.>D3>=>E€4488=8C8A>THN0=6DC0=%DBTVIAIPEE>EMB4 ; 83=8C80:8MEA/5=A<43
O0DC><0C820::H F74= =44343

> T744CT7TB8EB/IBRBARRBCOBER 7T > BEAAES AT 7TF=8=BCOBH2BA0=6DC0=%DB71DCC>
>1942C 8= H>DA B:4C27
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OrangutanPushbuttons Methods

><?; 442D <4 =C OB ABAMHOT 2B 46 > D 8 8ection9 > 5 Pdlolu AVR Library Command
Referencelhttp://www .pololu.com/docs/0J18]
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Usage Examples

)78B81AMAHKA4B8CE=4G0<?B44CEZ770L>DX20=;>03LH6>8=6File > Examples >
OrangutanPushbuttons

1. OrangutanPushbuttonExample

4<>=BCASC4BFBIBABB2RAB71DCESEEBSHCA>D2DBIBCTCHFA>PDCEATU>CC><
IDCOE=/82>88€E838B?>CCEI74 F782DCEOGBA4BBEFB,0;B34CFZCE70DCE8B=
BD1B4@D4=C;H A4;40B43 0=3 38B?;0H C70C C> C74 !

#include <OrangutanLCD.h>
#include <OrangutanPushbuttons.h>

/*
* OrangutanPushbuttonExample: for the 3pi robot, Orangutan LV-168,
* and Orangutan SV-xx8

* This example uses the OrangutanPushbuttons library to detect user input
* from the pushbuttons, and it uses the OrangutanLCD library to display

* feedback on the LCD.

*/

OrangutanPushbuttons buttons;
OrangutanLCD lcd,;

void setup() /I run once, when the sketch starts
{
}
void loop() /I run over and over again
{
Icd.clear();

lcd.print(“Waiting");

I/l wait for either the top or bottom buttons to be pressed
/I store the value of the pressed button in the variable 'button’
unsigned char button = buttons.waitForPress(TOP_BUTTON | BOTTOM_BUTTON);
Icd.clear();
if (button == TOP_BUTTON) // display the button that was pressed
Icd.print("top down");
else
Icd.print("bot down");
buttons.waitForRelease(button); // wait for that button to be released
Icd.clear();
lcd.print(“released");  // display that the button was released
delay(1000);

}

5.g.Pololu3pi - Sensor Library for the 3pi Robot
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Overview

)78B81AMAHRFHBB>IC 4 0B8HC4AB®CA@ 7 5 8 E3=5 A 0AMM53; 4 2 BU=B4>AB 73pi robot

[http://www .pololu.com/catalogproduct/975] #>C L 708=>A34A>DB A 7 8B 1 A OyAH must also include
PololuQTRSensors.h in your sketch >D B7>D;3 70E4 B><4C78=6 ;8:4 C74 5>;;>F8=6 0C C

#include <Pololu3pi.h> // gives access to sensor interface functions
#include <PololuQTRSensors.h> // used by Pololu3pi.h

#include <OrangutanMotors.h> // gives access to motor control functions
#include <OrangutanBuzzer.h> // gives access to buzzer control functions

*=;8:@7ACT7EN0=6DEDA0ONEBBD BIC ? ;828 Mit() <4C7C€3=8C30>8;>;,D1PB42C
145>A4 DB8=6 8C

> T744CT783B73BOBBEC0B 8B 7>08E40E4>ACGT7TO=8=BCGE24>; >, D 1PB82C
H>DA B:4C27
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Pololu3pi Methods

><?;4Q842D<4=CBCE881 ABAHDO7 >384 45 > D 83Section 19 >5C 7Rblolu AVR Library
Command Refeencelhttp:/ivww .pololu.com/docs/0J18]
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Usage Examples

)7 8B 1ADAHIE CC77 A4GI0 < B;: 4 C 20 ABC DO 7> 0BH5 > 8 €6ile > Examples> Pololu3pi )74 A4

8BB8<?2844 5>;:468=804>AU3E0=2%4310B&34 5>;;4686=804810B8RI14 B>;E8=6
4G0<?:4

>SA>A8=5>A<0QPA0CB=E53012>DABEFR 0M34C08GIB: 0=0GBA4EE 4AB S TB4
34<> ?2A>6A0<B ?:40B4 B44 Bpi DEES-Guitleht#avw poidi.cGnidécs/0J21]
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