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JUSTI FI CACI U OBJECTI US

Modular. Progressiu. Accessible. Escalable.
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METODOLOGIA | Microcontrolador escollit

Arduino UNO o Arduino Mega 25607

Arduino UNO Arduino Mega 2560

Dimension 27inx21in 4inx2.1in

Processor .~ Atmega328P | ATmega2s60

Clock Speed 16MHz 16MHz

Flash Memory (kB)  [INNRREEEEEE P AL
1 4

EEPROM (kB)

SRAM (kB) TR e —
Voltage Level 5V 5V

Digital 1/O Pins | 2 — | — L —
Digital 1/O with PWM Pins 6 15

USB Connectivity Standard A/B USB Standard A/B USB

shield Compatibility [ B

FUPETIATUR VI STl No (a Shield/module can enable it)  No (a Shield/module can enable it)

Taula extreta de la pagina web Arrow Electronics, referenciada a la bibliografia
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METODOLOGIA | Funcionalitats

Moviment omnidireccional. - Sense explicacions:
E vas I | d Y 0) b S t acC I es. Digital Oscilloscope
Control remot.

Segui ment dYuna

Reset (MCLR L) Special interrupt to execute the 1
main({ instruction in program memory

setup the system init_system () ‘
Peripherals: signal edge

while(1){ detection, data received, end of [ v [262 | mv

! data conversion, etc. Channel B

v
read_inputs()
2 b Interrupt service
repeat forever : ; ; .
y
output_logic()

write_outputs()

[C] hardware driver

] software domain (RAM
variables and data
processing)
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ROBOT AMB EVASI C DOoSerB@ffoatdlL E S

1. Especificacions: variable de mostreig, Start/Stop i Toggle LED

var SP fllg=0Y No ha passat el perlTode de m(C((

Vce Vee
_ Distance
var SP flag=1Y Ha passat el perlode de most echo | | iy

=Xcm
ULTR

= 2:d = 340(—) - t(s)

var ST flag=0Y Es mant E a | Yestat 1dl e . 1ops
K HIGH

var ST flag=1Y Comené&a a reclrr t at T"j‘)‘a’r

Low

<
<

-6(}45)
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ROBOT AMB EVASI C DOoSerB@ffoatdlL E S

Planificacil: FSM i Qwﬁ‘—%—

SE }lag 1 qolfs
Set up
acqmsmon =
timer W‘ Sf-m

oJ 5= 7'
Do nothlng 1 "fb s\r@

Vol - 59.%»3-
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ROBOT AMB EVASI C DOoSerB@ffoatdlL E S

o, . . sk

Pl anificacil: Diagram Vou
corrent
fote

N ’
= Transamsy
Qa | HeoSu(e

)\
—“&L'@a*g b — &P
gt dckehmn o | Teonsmat |*
hardwole

v
sn()

-I Vol ST_jteg |

e +vu.-umtn4—l.:hse J

wrrent stode

| ‘;ksfmlwe | —_—

w.ST.H=°
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ROBOT AMB EVASI C DOoSerB@ffoatdlL E S

PDO/RXD/PCINT16 PBOICP1/CLKO/PCINTO
PDUTXD/PCINT17 PE1/OC1A/PCINT1

3. Desenvolupament i test o okt RSB

SLED PD4TOXCKIPCIN PB4MISO/PCINT4
PD61T1ﬂOCDBfFC\NT21 PB5/SCK/PCINTS
Blinking LED PDBIAI PCINTBBE/TOSCUXTALV/PCINTE
when acquiring Pmmmmcm'rzs PB7/TOSC2XTAL2/PCINT? |-

off when IDLE oF AREF PCO/ADCO/PCINTS
. . . <—— Avee PC1/ADCI/PCINTS
void update_time_flag(wvoid){ 108 O— PC2/ADC/PCINTI0

LED9

/7 From internal CLK: » RLEDY
- - I°'40—%I—..—< PCB/RESET/PCINT14

ARDUINO UNO

int watch(){ 1015 ]
1 ho_distance=8; 560
ong echo_ H | LED5

digitalWrite(pin_Trig,LOW); 1016 O . :RLEDS .
delayMicroseconds(5); 560
digitalWrite(pin_Trig,HIGH); Active-low LEDs
delayMicroseconds(15);
digitalWrite(pin_Trig,LOW); 1030
echo_distance=pulszeIn(pin_Echo,HIGH);
echo_distance=echo_distance*2.81657; //how far away is the object in cm

J/5erial.println{(int)echo_distance); AISING);
return round({echo_distance);

&

1017 O

ZZEREBZZT

oo
2

var_5T_flag
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ROBOT AMB EVASI C DoSed@ ffoatdlL E S

= | POORXDIPCINT 16 PBNICPTCLKOPCINTG
3. Desenvolupament i amucls  ewcomoecn
102 POZINTIPEINTIB POZSSOCIBPCINTZ

POAINT1/0C2BPCINT FB3IMOS! OC2APCINTA
- PO4TOXCKPCINT20 PRAMISOPCINTS

test - E n fu n C I 0 n am e nt RLED17 SLED POST1OCOBPCINTY PBSECKPCINTS
. Blinking LED 5 PO&/AINDOCOAPCINERTOSC1KTALTPCINTE

when acquirnng PD7/AINUPCINTEY  PBYTOSCHXTALZPCINTT

off when IDLE . AREF PCOADCIPCINTA
: avec PCAADCPCINTS
EC2IADCZPCINT 1O

PCIADCIPCINT 11

PC4ADCA/SOAPCINT 12

PCERESE T/PCINT 14

ARDUING UND

var_ST_flag e gHEge

SCK

Active-low LEDs

Virtual Terminal Dist meter

MName Address

distance MOOE001AA
wvar_samp1i008001AC
var_time_e008001AE
var_curren008001B2
var_previo008001E6
var_USART_ 00000000
var_ST_f1a008001BA
wvar_SP_f1a008001BB
var_curren008001BC
var_SLED O08001ED
var_5Ss O0B001EE

Arduino test
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ROBOT AMB EVASI|I ¢ DO0SerB@ paActamie S

Especificacions: Elements i variables que afegim

[ Yo AR RO ST—
|

- ( C ( ( )2 1™ IV°°
ULTRASONIC Rx oniter

SENSOR  |igger

At

T Vce

Master

var_Servo_flag=(
servo.

Arduino UNO Start/Stop

SCNO 0.31‘ 1_>+5V
var_Servo_flag=1 Hlv'

. Toggle LED
variable counter

TAms)
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ROBOT AMB EVASI|I ¢ DO0SerB@ paActamie S

Pl anificacil: Diagrama dvweSetvatlag actual itzat

var_ST_flag=1
Idle
| Obtain time elapsed by subtracting |

Start button se previous time to current time ﬂ
pushed S= 9 Acqu
/ Pdl\\ ool o w ig Time elapsed Servo > O
Sampling period / 15
m\aﬁbsi ampllng&&

Ovar ST_flag=0
Obtain current time
via millis()

gt P pling _— var_Sampling_period 1=0

N var_ST_flag=0 period a
7 &&
t var_Sampling_period !=0 vcs ¢

var_ST_flag

var_SP_flag Toggle LED
var_Servo_flag =1
> 't —— es g

previous time Servo = current
time Servo

var_SP_flag =1

var_Servo_flag previous time = current time |

7 HE | : ¢ late

Measure |

g w_s- 4
d& w 11\330’ ockiw o
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ROBOT AMB EVASI|I ¢ DO0SerB@ paActamie S

Pl anificacil: Diagr amstade ldge()ibutputdogid)e | es funci

3

0b00077700 *

dostace_ poten oercde =
destodie. . PIME 0l 000100

_oferd = dostcle. posthan _ogerode =
d,,“:r‘ :_“.g.a.ooemm Seall ‘J‘M £ 0lp 00000010

Jrq N ll!

Jantodhe.. peuben _eqeictec i o estodte . penben - ggatedec
= 000003000 = CL0000LE0 = a':mncm

N g
X = (o ned — e X Fied — Pid X Paed —
ET(_D ET&D oD onLLD o LCD  onLCD

[ — T P -
ok 2nd 2ol b
d‘m Ligt ah%d digek

> S5
7 7 L4

n
\
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ROBOT AMB EVASI|I ¢ DO0SerB@ paActamie S

3. Desenvolupament i test Hesros §—{memarae  rencicKoroin

=TEXT> O——{ PD2ANTOPCINT18 PB2/SS/OCIBIPCINT2
PD3INT/OC2B/FCINTFE3MOSIOC2AFCINT3
PD4TOXCKIPCINT20 PBAMISO/PCINTA
FDST1/OCOBFCINT21 PBS/SCKIFCINTS

108 O———| PDS/AIND/OCOAFCIFEERITOSCKTAL 1/PCINTE
case Rotate: PDTIAINA/PCINT23  PB7TOSC2XTALZIPCINT?

case Save Result: e AREF PCO/ADCUPCINTE
- ] AVCC PC1ADCI/PCINTS
PCI/ADCZ/PCINT10

wvar 5 = A:
case TRANSMIT: // measurement equation
var_5s = 7;
led.clear();

LELEEOLLLLLLLLEL LS LLLL LSS LIS LI LIS LES LA E LI ELIS ALY

B
m
4]
i
lu]

SLED
obstacle_position_operator = obstacle_position & @beesleass; Blinking LED

if(obstacle_position_operator == 2b@@elessd){ LED when acquiring
] s o0 . off when IDLE
led.setCursor(@,1); 560
led.print("x");

led.setCursor(@,1);
led.print("-");

|
|
|
|
|

i
else{

STEXT> LMO1BL | opy

¥ .
FELELELLLLLELELEA LTI L L L LIS ESELELE LS LA LI L LIS A

obstacle_position_operator = obstacle_position & @beeeeless; B0[0.7]

if(obstacle_position_operator == gb@@ealead){ GilpA] =) =
. Serial monitor (USART) SY ®Ew 35883885 D2
led.setCursor(1,1); o] =] .-H,H;__ LED-RED
led.print("x"); <TEXT>

RS
470

i
else{

led.setCursor(1,1); T

led.print("-"); AD
3 i
LELEEELLLLLLLLELL LS LTSI LA LSS LIS LELL LTI LA PCF&574
<TEXT>

¥ e Adaptacil de
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ROBOT AMB EVASI C D0oSerd@ paActamie S

3. Desenvolupament
. . PONRXNIPAINTAA P ] A B— e
| test: En funcionament s e

A

Channel ©

| Wirtual Terminal

SLED

Bl'jlnking LED
LEp{7 Whenacqulring

RLED17 off when IDLE

woinn— = |

. Address
var_Lco_flag 00800282 0000000000
nearest_obstacle 00800104 49
distance Measured 00800283 a9
counter 00800285 3
ar_sampling_period 00800287 10000
_time_elapsed_servo 00800289 348
_time_elapsed 00800280 1696
_current_time_Sservo 00800291 66443
_current_time 00800295 66443
ar_previous_time_servo 66095
var_previous_time 64747
obstacle position operator 0600000001
obstacle_position 0b00011100
var_sT_flag 0b00D00DOD
var_servo_flag 0b00D00D0D
var_sp_flag 0500000000
var_current_state D*
var_sLED 0600000000
var_s 00800248 0600000011

sc clcceesssoseesomns

Arduino test
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ROBOT AMB EVASI|I ¢ DO0SerB@ paActamie S

Prototipatge
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ROBOT AMB EVASI ¢ DoDedskh fierrOvintess |

Especificacions: Elements i variables que afegim

Powerinput Power output
interface interface

Control signal pin | Control signal pin
for channel A for channel B

.__Channel
B2

cs : X —Channel
t osdvon B2 RN

| Model

Ui

01 UD8. LO7 D
-, - S,

Servo interface 1 Servo interface 2

Voltmeter interface

Adaptacil de
electrlbknics
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ROBOT AMB EVASI ¢ DoDedskh fierrOvintess |

Especificacions: Esquema general

(U‘)z v

ULTRASONIC
SENSOR

/ﬁ 1 Voo Signal

Echo

Trigger

Arduino UNO

Servo .

* Start/Stop
Toggle LED
Qsv LoV

Escola d'Enginyeria de Telecomunicacio i Ada P taci | de kits d' a pr e
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ROBOT AMB EVASI ¢ DoDedskh fierrOvintess |

Pl ani ficacil :

' el O var_ST_flag=0
dyestats i funci \

var_ST_flag=1
/-b Idle

Stop Set up
Acquisition

turnRight(): SYactiven |l es rod evasm_nagﬂV'L"""' i  RL i N
cap endavant.

turnLeft(): SYactiven | es a;he,,\s. PR——RR'Cc 3 p > ,,o?h?,,g P

( var_SP_flag=1
re rodes

endavant. o\,,sw
moveForward(y SYacti ven | ‘eesered

cap endavant. Transmit watior
stopMotors(): Es posa velocitat O a totes /—> om0 =) v om0
les rodes. \ o,

/lar_Servc_ﬂagﬂ

Result Measure

m
— — "~__ R
TH UTH 0.5 . t(S) otate .~

a de Telec Adaptacil de kits d' apr ¢
— Lospaca de Castelccien electrlknics a | 'enseny
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ROBOT AMB EVASIC

D oDedsso deAroviniess |

Pl

ani

f

caci |

Vel

oci

t at

Motor JGA25-370-35.5KG

Rated Voltage

DC 6V

Rated Voltage

170 =10% RPM

No-load Current

0.1A

Rated Current

05A

Rated Speed

131 =10% RPM

Rated Torque

0.6 Kg-cm

Stall Torque

3.3 Kg-cm

Stall Current

26A

ma X i maobstacled positierc c i on s

1%

TH

144 rpm - 21ir

60 s

> v

TH

= 0.5=
S

~ 0.6 =

kits
Il

Adaptacil de
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ROBOT AMB EVASI ¢ DoDedskh fieArovintes

u3

PDORXNPCINTIE PEMCP1CLEOFCINTD
TEXT Dist_meter FO-TADECINT T Fol o ARTINTY
v PD2ANMTOPCINT 18 PEBUSE/OCIBFPCINTZ

3 Desenvolupament [ b s
. - TRMEIUPCINT20 PRAMSEOECINTL
OCORPCINTZ Y PBA UPCINTS

- - . ~ PDEANDOCOAPCINTRBMTOSC | XTAL1PCINTE
test: Rodes no independents £ e
. p EDS AREF PCMADCDFCINTE

F3 L= PCHADCIFCINTE

I = PCZADCHPCINT 10
- PCIADCIPCINTI

PCEADCEECLFCINTIS
PCERELETFCINTIA

ARDUINO UNC
55 10 O0——1 F—O o
e ey E— S
= R1
SLED
Blinking LED

LED17
RLED17 off when IDLE

50
=
ano
e
am
A
A
)
soa
sa

psaje 7y
B1e. 7

Adaptacil de kits
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ROBOT AMB EVASI ¢ DoDedskh fierrOvintess |

S/WHEEL MOVEMENT DECISIO
/Y
enum MOVEMENTS {

3_ Desenvolupament | test Software };FORHARD, BACKWARD, LEFT, LEFTD, RIGHT, RIGHTD, STOP

case MOVE CAR: const MOVEMENTS decision_table[32] = {

var_5 = 8; FORWARD, // 8bBeasaasa
LEFTD, // ebeeopoeal
. LEFTD, // ebeessaols
nextMove(obstacle_position, 125); LEFTD, // 8bBEBeea11
LEFT, // ebeepealea . N
LeFT, // obooaBE1R1 vold moveForward(int speed)q

void nextMove(uint8_t obstacle_position, int speed) {

break: MOVEMENTS m = decision_table[obstacle_position]; LEFT, 7/ 6booeBE11E RL fwd KSPEEd}

switch(m) {
RIGHTD, // ebeosalacs
case FORWARD: teer 7 erenonion RR_fwd(speed

¥

K

moveForward(speed); // ebeoeelels FR_f'.'ld {SpEEd :l 3
)i

LEFT, // ebeeaealll

delay(1leea); // ebeoeaiell
stoptotors(); // 6bBooe1168 FL_fwd({speed
break; // ebeeoellel
// ebeeee1116
case BACKWARD: // eboepellll
turnLeft(speed); // ebeeslepes

delay(2600); :;ﬁ Z:ZZZ;:Z% void FR_fwd(int speed) //front-right wheel forward turn
stoptiotors(); . // eboee19e11

l:O\leF*J;‘;;gd(SPEEd)j // ebeoalalea digitalwWrite(directionPinFRL, LOW);
sioﬁéﬂm%;. i// Zggggigﬁ; digitalWrite(directionPinFR2,HIGH);
break; ’ /7 ebaeo1e11l analogirite (speedPinFR,speed);

// 8baea11e6a }
case LEFT: // ebeeaileel
turnLeft(speed); // ebeosllels
delay(1880); // ebeegllell

) // ebeee1116e
stopMotors(); // ebeea1ilel

moveForward(speed); J// ebeeaiiiia
delay(leaa); BACKWARD  // ©beog111ll
stopMotors();

break;

Adaptacil de
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ROBOT AMB EVASI ¢ DobDedst deArOvinte®s |

3. Desenvolupament i
test: En funcionament

Watch Window

Name Address
Virtual Terminal - - var_LcD_flag 00800312
nearest_obstacle 00800104
distance Measured 00800313
counter 00800315
var_sampling_period 00800317
var_time_elapsed_servo 00800319
0 - var_time_elapsed 00800310
Project LAR 0 : . var_current_time_servo 00800321
f X g Has at 4IJ cH var_current_time 00800325
ance I_-jll_ul\ﬂl_ll'. acquiring -4 = > S var_previous_time_servo 00800329
4 var_previous_time ooso0320
of IOLE: waiting for lic < a obstacle_position_operator 00800331
e s , o obstacle_position 00800332
LCO found. - =l var_sT_flag 00800333
var_servo_flag 00800331
var_sp_tlag 00800338
var_current_state 00800336
var_SLED 00800337
var_s 00800338

LMOTBL | oy

0
1

obs Mas found = -
IYE FORHAR Y Arduino testb

‘Q Escola d'Enginyeria de Telecomunicac Ada pt aci | de kits
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ROBOT AMB EVASI ¢ DoDedskh lemOvniess |

Prototipatge
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MODE DE RADIOCONTROL PER BLUETOOTH

Especificacions: Elements i variables que afegim

Mode nou: Bluetoc {( (¢ )2 e

var_Mode_flag=0Y Mo

Echo

ULTRASONIC

SENSOR  |n9ger

var_Mode flag=1Y Mo

Signal

var_BTSample_flag e .

Servo
k)

!
* % Start/Stop
Toggle LED
Qs T o5V

-

Escola d'Enginyeria de Telecomunicacio i A d a p t ac | I d e k | t S d ! a p I €
electrbknics a | ense2n7y
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MODE DE RADIOCONTROL PER BLUETOOTH

Pl anificacil:
dYestats i funcio

Start button

pushed
Nous estats:
STl
- Initialize [AAdJIIL

A

Whait fey Samp;ﬂa,peﬂ.gd_ ™ —"
s 11TITTTHTTNITE

Execute Command:

var_BTSample_flag | “ " " " " i Jl " ’L

)
Ts/20

Adaptacil de kits d' apr ¢
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MODE DE RADIOCONTROL PER BLUETOOTH

Pl ani ficaci | : N
flux

/..Q

Tahadx
/ Hodafeaf'
vor.s= 1o

VoI-SLED = blink
|
Ld. oot ()
|
&L(\M(WW
ngdf on!)

iz
BV

'
LE

g
eh*‘g*

4

motefonuord (X) immoveBoduord®)  tonlight(x) toinleft (x)

\|, \l, \I, .I, Sesick. \:ag»(qo:o)

\E:

e fe
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MODE DE RADIOCONTROL PER BLUETOOTH

2. Pl ani ficaci |

Diagrama hardware/software del
sistema complet final

S

&
&

(-'

€dge dedechen
hardwole

-I \oul— ST-fteg
)

Isa()|

vhl:. rend -3

I
|
I
e

Adaptacil de kits d' apr ¢
el ectrlknics a I'ensesrby



MODE DE RADIOCONTROL PER BLUETOOTH

3. Desenvolupament i test: Rodes no independents

BLUETOOTH HC-08
<TEXT>

W HOIBUL I U HLL WA

Sdhenalc Aumaten

SLED
Blinking LED
LED17

e o PLEDIT off when IDLE
80

PDORXDPCINT 16 PBICP1/CLKOPCINTG
FD1TXDPCINTIT PRLOCIAPCINT
PO2ANTOPCINT 1B PO2SS/OCIBPCINT
PDAINT {/OC2BPCINTRBIMOS|/OC2APCINTI
PO4TOXCKPCINTZ0 POAMISOPCINTS
PDSTUOCIBPCINTZ PRSSCKPCINTSG
POAMNVOCOAPCINEEITOSC1XTAL PCINTE
FO7IAINUPCINTZI PBT/TOSC2XTALZPCINTT

AREF PCO/ADCOPCINTS
AVCC PCHADCIPCINTG
PCHADCZPCINT1O

PCYADCIPCINT 11

PC4ADCASDAPCINT 12
PCEIADCESCLPCINT1

PCBRESE UPCINT14

ARDUINO UNC
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MODE DE RADIOCONTROL PER BLUETOOTH

Limaga | HE01

3. Desenvolupament |

. Name Address Type
t t E o —=] - var_Lco_flag 00800324 byte
e S n o— = nearest_obstacle 00800104 word 50
distance_measured 00800325 vord 0
counter 00800327 vord 0
var_time_elapsed_Bluetooth 0080032B dword 166
[-var_time_elapsed_servo 0080032F dwiord 352
[Fvar_time_elapsed 00800333 dword 9699
|-var_current_time_sluetooth 00800337 dword 59897
LMD1 EL H |-var_current_time_servo 00800338 dviord 59897
iTExT:: LCD -1 - . e Var_previous_time_servo 00800347 dviord 59545
7| |-var_previous_time_Bluetooth 00800343 dwiord 59731
var_current_time 0080033F dviord 53837
var_previous_time 0080034E dviord 50138
obstacle_position_operator 0080034F byte 0b00OOOOOD
obstacle_position 00800350 byte 0b0OOOOOOD
|-var_BTsample_flag 00800351 byte 0b000OOOOD
|-var_mode_flag 00800352 byte 0bOOOOOOOL
-var_sT_flag 00800353 byte 0b0000000D
[Fvar_servo_flag 00800354 byte 0b0000000L
I i |-war_sp_flag 00800355 byte 0b0000000D
Blinking LED o Var_current_state 00800356 byte o
LED var_SLED 00800357 byte 0b0OOODDDL

17
il oit when IDLE head 00800359 STruct Servo 0x00 0X00 OX0O!
var_s 00800358 byte 0bOOOO1011

m n m -receivedCommand 0080035C hyte E
veld a2, SSH33885

L AL HiEjEynn IS
— - — Stanstop

Virtual Terminal - TRANSMITTER

jeparamors
Ringars

manics https:/idigsys.upc

Avduina tact haard | ART Addina the

Escola d'Enginyeria de Telecomunicacit i Ada P tacil de kits d' a pr
Aeroespacial de Castelldefels electrlnics enseny
3
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MODE DE RADIOCONTROL PER BLUETOOTH

Desenvolupament i test: Programari

Connect Bluetooth device
<
\

do st L BluetoothClient1 - [ AddressesAndNames Stop Go Forward

Turn Left Turn Right

Backwards

Adaptacil de
electrlbknics

UNIVERSITAT POLITECNICA DE CATALUNYA BARCELONATECH




MODE DE RADIOCONTROL PER BLUETOOTH

Prototipatge: Fase

AAfinitinin

T -

s
©

e

! I~j

Adaptacil de kits d' apr ¢
el ectrlknics a I'ensesrhy
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SISTEMA COMPLET EN FUNCIONAMENT

Video de mostra del funci ona

https://www.youtube.com/watch?v=Ya -BwpK-UWY

Escola d'Enginyeria de Telecomunicacio i Ada P taci | de kits d' a pr e
eetc espacial de Castelldefels

Aeroe:
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el ectrlknics a | '"enseny
35



https://www.youtube.com/watch?v=Ya-BwpK-UWY

CONCLUSIONS | POSSIBLES MILLORES

Sistema de Sistema de mesura Moviment Radiocontrol
mesura frontal panor gmi omnidireccional Bluetooth

%0.

Escola ¢’ Enginyeria de Telecomunicacio i Adaptacil de kits d' apr ¢

Aeroespacial de Castelldefels el ectrlnics a | enseSnGy
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