CONPTRARWNE

SPAOFE V1.0.c
C:\Users\Filippo\Desktop\Testes SPAOFE\

Péagina:1/63
Ultima alteragéo: 25/01/2014 11:49:14

/ * * * * * * * * * * * *

* SPAOFE - Sonar Perception Avoiding Objects Fuzzy
* © Copyright 2012,2013,2014 Filippo Pardini - fili

* This program is free software: you can redistribu

* under the terms of the GNU Lesser General Public

* the Free Software Foundation, either version 3 of

* [ater version.

*

* This program is distributed in the hope that it w

* but WITHOUT ANY WARRANTY;; without even the implie
* MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPO
* GNU Lesser General Public License for more detail

*

* You should have received a copy of the GNU Lesser

* along with this program. If not, see <http://www.

* * * * * * * *

/ * * * * * * * * * * * *

This program was created by the

CodeWizardAVR V3.08 Standard

Automatic Program Generator

© Copyright 1998-2013 Pavel Haiduc, HP InfoTech s.r
http://www.hpinfotech.com

Project : XR-1 The First : SPAOFE - Sonar Perceptio
Version : 1.0

Date :21/01/2014

Author : Filippo Pardini

Company : Filippo Pardini

Comments:
This is SPAOFE engine first version.

Functions that have been corrected since the prelim
range_sonar_X

General_Perception_Vector
General_Perception_V_Change
Perception_Change_Membership
Perception_Angle_Membership
Perception_Value_Membership

* * * * * *

Engine - Version 1.0 *
ppo@robotica.eng.br  *

te it and/or modify it *
License as published by *
the License, or any *

*

*

ill be useful, *

d warranty of *
SE. See the *
S. *

*

General Public License *
gnu.org/licenses/>.  *

* * * * * /

*kkkk

n Avoiding Objects Fuzzy Engine

inary version:
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fHR,fR,fC,fL,fHL,fEB,fB,fZ,fP

The defuzzification functions are not yet tested.

| am posting this version for interested people tha t
can help me to semantically verify and evaluate it.
Chip type : ATxmegal28Al
Program type : Application
AVR Core Clock frequency: 32,000000 MHz
Memory model : Small
Data Stack size : 2500
* * * ****/
#defi ne _ATXMEGA USART_USARTFO

#i ncl ude <io. h>

#i ncl ude <stdio. h>
#i ncl ude <stdbool . h>
#i ncl ude <mat h. h>

#i ncl ude <del ay. h>
#i ncl ude <stdlib. h>

[[rrxssscees SPAOFE *

#define True 1
#define Fal se 0

#defi ne zone 1.0 /I Fuzzy one

#define zzero 0.0 /I Fuzzy zero

#define zor(a,b) ((a) > (b) ? (a) : (b)) /I Fuzzy or

#define zand(a,b) ((a) < (b) ? (a) : (b)) /I Fuzzy and

#defi ne znot (a) (zone+zzero-a) /I Fuzzy not

#defi ne N_Sonar 8 /I Number of ultrasonic sensors
#define infinito 1100 /I Infinity distance

#define eixo 34.0 /I Distance (cm) between wheels
#define reta_up(n,x) (x - x1[n])/(x2[n]-x1[n]) /I Equation for stright line up
#define reta_down(n,x) 1-(x - x1[n])/(x2[n]-x1[n]) // Equation for stright line down
#def i ne ZE PC 0] /I ZE sector

#defi ne LO PC 1] /I LO sector
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#define H PC 2] /I HI sector
#def i ne RB PA[ 0] /I RB sector
#defi ne RF PA[ 1] /I RF sector
#defi ne LF PA[ 2] /I LF sector
#defi ne LB PA[ 3] /I LB sector
#defi ne VLP PV[ 0] /I VLP sector
#defi ne LP PV[ 1] /I LP sector
#defi ne MP PV[ 2] /I MP sector
#defi ne HP PV[ 3] /I HP sector
#def i ne VHP PV[ 4] /I VHP sector
#def i ne ad_aeternum whil e(1)

struct sonar
{
/[l Number of sensors in the ring .
unsi gned char Sonar_Nunber;
/I Distance previous reading instant of time
unsigned long int Ti_1[ N _Sonar];
/I Time elapsed since previous distance reading.
unsi gned | ong int DTi[N_Sonar];
/I Sensors 12C addresses.
unsi gned char Sonar_Addr[ N_Sonar];
/I 0 if > Minimum_Distance; 1 if <= Minimum_Distanc e).
unsi gned char Sonar_Condition[ N_Sonar];
/I Sensor readed distance.
unsi gned i nt Sonar_Di stance[ N_Sonar];
/I Distance change
signed i nt Sonar_Di st ance_Change[ N_Sonar];
/I Sensor individual perception direction (degrees)
fl oat Sonar_Angl e[ N_Sonar];
/I Normalized individual Perception vector value.
float Perception_Val ue[ N _Sonar];
/I General Perception change in time.
fl oat General _Perception_Change;
/I General Perception direction. (-180 to 180) degr ees to heading
fl oat General _Perception_Angle;
/I Normalized General Perception Value (0 to 1).
fl oat General _Perception_Val ue;
/l Maximum acceleration (cm/s”2).
fl oat Maxi mum Accel erati on;
/l Maximum velocity (cm/s).
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fl oat Maxi mum Vel ocity;

/I Minimum velocity (cm/s).

float M nimum Vel ocity;

/l Maximum distance (cm).

unsi gned i nt Maxi mum Di st ance;

/I Minimum distance (cm).

unsi gned i nt M ni mum D st ance;

/I Normal velocity (cm/s) corresponding to accelera
float Velocity;

.Sonar_Distance = {infinito,infinito,infinito,infinito,infinito,infinito,infinito,infinito},

tion sector ZERO.

b
struct sonar SPACFE =  //Initializations
{
. Sonar _Nunber = N_Sonar,
. Sonar _Addr = {OxEO, OxE2, OxE4, OxE6, OxE8, OXxEA, OXEC, OXEE} ,
. Sonar _Angl e = {90.0, 45.0,0.0, 315. 0, 270. 0, 225. 0, 180. 0, 135. 0},
. Maxi mum Accel eration = 10.0,
.Velocity = 15.0,
. Maxi mum Vel ocity = 40.0,
.M nimmVelocity = 4.0,
. Maxi mum Di stance = 400,
M ni mum Di stance = 30,
.Ti_1 ={0,0,0,0,0,0,0,0}
b

/[Time (49 days capacity)

unsigned long int relogio = 0;
/I 9 - Stop abruptly; 10 - Stop smoothly.
unsi gned char Brake;

/I Sectors VLP,LP,MP,HP,VHP.

float PV[5];

/I PV sector index.

unsi gned char iPV[5];

/I Number of iPVs.

unsi gned char nPV,

/I Sectors RB,RF,LF,LB.

fl oat PA[4];

/I PA sector index.

unsi gned char i PA[4];

/I Number of iPAs.

unsi gned char nPA,;
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/I Sectors ZE,LO,HI.

float PC[3];

/I PC sector index.

unsi gned char iPC[3];

/I Number of iPCs.

unsi gned char nPC;

/I Steer sector index.

unsi gned char i Steer[10];
/I Corresponding cut values.
float CSteer[10];

/I Number of iSteer.

unsi gned char nSteer;

/I Acceleration sector index.

unsi gned char i Acc[10];

/I Corresponding cut values.
float CAcc[10];

/I Number of iAcc.

unsi gned char nAcc;

/I Steer crisp value.

float Steer_Crisp;

/I Turn direction (-1 right; +1 left; O stright).
signed char Direcao;

/I Turn radius (cm) to obtain Steer_Crisp (degrees/
float Rg;

/I Acceleration crisp value.

float Acceleration_Crisp;

char Char Conv|[ 15]; /I Debug
char CStO[5]; /I Debug
char CSt1[5]; /I Debug
char CSt2[5]; /I Debug
char CSt3[5]; /I Debug
char CSt4[5]; /I Debug
char CSt5[5]; /I Debug

/[Simulates the ranging of the sonar with address "
/IReturns the read distance

/Isim => case simulated

/lender => sonar |2c address

unsi gned i nt range_sonar_X(unsi gned char sinm,

/ICalculates the value and direction of the General

S).

ender".

unsi gned char ender);

Perception vector using the individual Perception

vectors
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/lof the 8 sensors. The velocity vector is at 90°.
/Inormalized value); General_Perception_Angle (-180
/Irelative to the velocity vector. Positive to the

voi d General _Perception_Vector(void);

/[Calculates the variation of the General Perceptio
voi d General _Perception_V_Change(void);

/[Calculates the membership levels and sectors for
/IRB (0) - membership level in the Right_Back secto
/IRF (1) - membership level in the Right_Front sect
/ILF (2) - membership level in the Left_Front secto
/ILB (3) - membership level in the Left_Back sector
/IAngle => direction of the General Perception vect

bool Perception_Angl e_Menbershi p(float Angle);

/[Calculates the membership level for the normalize
/IVLP (0) - membership level for Very_Low Perceptio
/ILP (1) - membership level for Low Perception

/IMP (2) - membership level for Medium Perception
/IHP (3) - membership level for High Perception
/IVHP (4) - membership level for Very_High Percepti
/IValue => lenght of the General Perception vector

bool Perception_Val ue_Menbershi p(float Val ue);

/[Calculates the membership level for the normalize
/IZE (0.0 a 1.0) - membership level for Perception
/ILO (0.0 a 1.0) - membership level for low Percept
/[H1 (0.0 a 1.0) - membership level for high Percep
/IValue => change in lenght of the General Percepti

bool Perception_Change_Menbershi p(fl oat Val ue);

/[Evaluates the 20 Steer rules. As inputs uses the
/[Calculates the Steer sectors to be aggregated and
voi d Rul es_Steer(void);

/[Evaluates the 11 Acceleration rules. As inputs us
/[Calculates the Acceleration sectors to be aggrega
voi d Rul es_Accel eration(void);

/[Calculates the crisp value of the output value St
/lcutted or scaled membership sectors and using the

Are calculated: General_Perception_Value (0.0 to 1.
.0 to 180.0 - direction of the General Perception v
right, negative to the left and 0 on heading)

n value. Only the positive variation is considered.

the General Perception angle.
;

or

]

or

d General Perception value.
n

on

d General Perception Change value.
Change zero

ion Change

tion Change

on vector

Perception Value and Perception Angle membership se

it's cutoff (or scaled) value "CSteer][]".

es the Perception Value and Perception Change membe

ted and it's cutoff (or scaled) value "CAcc[]".

eer. This is done aggregating the
centroid method. The aggregation is done

0-
ector

ctors.

rship sectors.

PSPad editor 4.5.7 (2450) www.pspad.com

25/01/2014 11:49:30

Filippo



253:
254:
255:
256:
257:
258:
259:
260:
261:
262:
263:
264:
265:
266:
267:
268:
269:
270:
271:
272:
273:
274:
275:
276:
277:
278:
279:
280:
281:
282:
283:
284:
285:
286:
287:
288:
289:
290:
291:
292:
293:
294:

SPAOFE V1.0.c
C:\Users\Filippo\Desktop\Testes SPAOFE\

Pagina:7/63
Ultima alteragéo: 25/01/2014 11:49:14

/Iby the use of the OR for fuzzy sets (union). The
/Igravity center of the resulting area.
float Cutted_Defuzzy_Steer(float Xinicial,float Xfi

/[Calculates the crisp value of the output value St

/Iscaled or scaled membership sectors and using the

/Iby the use of the OR for fuzzy sets (union). The

/Igravity center of the resulting area.

float Scal ed_Defuzzy_Steer(float Xinicial,float Xfi

/[Calculates the crisp value of the output value Ac

/lcutted membership sectors and using the centroid

/Iby the use of the OR for fuzzy sets (union). The

/Igravity center of the resulting area.

float Cutted_Defuzzy_Acceleration(float Xinicial,fl

/[Calculates the crisp value of the output value Ac

/Iscaled membership sectors and using the centroid

/Iby the use of the OR for fuzzy sets (union). The

/Igravity center of the resulting area.

float Scal ed_Defuzzy_Accel eration(float Xinicial,fl

/[Output function Hard_Right for Steer
/Ix => Steer in deg/sec
float fHR(float Xx);

/[Output function Right for Steer
/Ix => Steer in deg/sec
float fR(float x);

/[Output function Center for Steer
/Ix => Steer in deg/sec
float fC(float x);

/[Output function Left for Steer
/Ix => Steer in deg/sec
float fL(float x);

/[Output function Hard_Left for Steer
/Ix => Steer in deg/sec
float fHL(float Xx);

centroid method calculates the

nal ,fl oat Step);

eer. This is done aggregating the
centroid method. The aggregation is done
centroid method calculates the

nal ,fl oat Step);

celeration. This is done aggregating the
method. The aggregation is done
centroid method calculates the

oat Xfinal,float Step);
celeration. This is done aggregating the
method. The aggregation is done
centroid method calculates the

oat Xfinal,float Step);
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/[Output function Emergency_Brake for Acceleration
/Ix => Acceleration (m/s"2)
/lacelmax => maximum acceleration (cm/sec”2)

f

| oat fEB(float x);

/[Output function Brake for Acceleration
/Ix => Acceleration (m/s"2)
/lacelmax => maximum acceleration (cm/sec”2)

f

| oat fB(float x);

/[Output function Zero for Acceleration
/Ix => Acceleration (m/s”"2)

f

| oat fZ(float x);

/[Output function Positive for Acceleration
/Ix => Acceleration (m/s"2)

f

| oat fP(float x);

[IVerifies the first "Comp" elements of the array "
/[The indices of the non zero elements are stored i
/[quantity is stored in "*Num"

voi d Msectors_Nao_Zero(float *Vetor, unsigned char Conp, unsi gned char *Indices, unsi gned char *Num);

[[rrxsrrrnnrns SPAOFE ok

/I System Clocks initialization
voi d system cl ocks_init(void)

{

unsi gned char n,s;

/I Optimize for speed
#pragma optsi ze-
/I Save interrupts enabled/disabled state

S=SREC;
/I Disable interrupts
#asm("cli")

/I Internal 32 kHz RC oscillator initialization

/I Enable the internal 32 kHz RC oscillator

OSC. CTRL| =0SC_RC32KEN _bn;

/I Wait for the internal 32 kHz RC oscillator to st

whil e ((OSC. STATUS & OSC_RC32KRDY_bm) ==0) ;

*Vetor" to verify which are non zero.
n the array "*Indices" and the indices

*kkkk

abilize
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337:
338: /I Internal 32 MHz RC oscillator initialization
339: /I Enable the internal 32 MHz RC oscillator
340: OSC. CTRL| =0OSC_RC32MEN_br;
341
342: /I System Clock prescaler A division factor: 1
343: /I System Clock prescalers B & C division factors: B:1,C:1
344 /I ClkPer4: 32000,000 kHz
345: /I ClkPer2: 32000,000 kHz
346: /I ClkPer: 32000,000 kHz
347: /I CIkCPU: 32000,000 kHz
348: n=( CLK. PSCTRL & (~(CLK_PSADIV_gm | CLK _PSBCDI V1_brr | CLK_PSBCDI VO_bn))) |
349: CLK_PSADIV_1 gc | CLK_PSBCDIV_1 1_gc;
350: CCP=CCP_| OREG gc;
351: CLK. PSCTRL=n;
352:
353: /I Internal 32 MHz RC osc. calibration reference cl ock source: 32.768 kHz Internal Osc.
354: OSC. DFLLCTRL&= ~( OSC_RC32MCREF_bmrr | OSC_RC2MCREF_bn) ;
355: /I Enable the auto-calibration of the internal 32 M Hz RC oscillator
356: DFLLRC32M. CTRL| =DFLL_ENABLE_bm;
357:
358: /I Wait for the internal 32 MHz RC oscillator to st abilize
359: while ((OSC. STATUS & OSC_RC32MRDY_brm) ==0) ;
360:
361: /I Select the system clock source: 32 MHz Internal RC Osc.
362: n=(CLK. CTRL & (~CLK_SCLKSEL_gm)) | CLK_SCLKSEL_RC32M gc;
363: CCP=CCP_| OREG gc;
364: CLK. CTRL=n;
365:
366: /I Disable the unused oscillators: 2 MHz, external clock/crystal oscillator, PLL
367: OSC. CTRL&= ~( OSC_RC2MEN_brr | OSC_XOSCEN _brr | OSC_PLLEN bm);
368:
369: /I CIkPer output disabled
370: PORTCFC. CLKEVOUT&= ~PORTCFG_CLKOUT_gnm;
371: /I Restore interrupts enabled/disabled state
372: SREC=s;
373: /I Restore optimization for size if needed
374 #pragm optsi ze_defaul t
375: }
376:
377: [/ Ports initialization
378: voi d ports_init(void)
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379: {
380: /I PORTA initialization
381: /I OUT register
382: PORTA. QUT=0x00;
383: /I Pin0: Input
384: /I Pinl: Input
385: /I Pin2: Input
386: /I Pin3: Input
387: /I Pin4: Input
388: /[ Pin5: Input
389: /[ Pin6: Input
390: /I Pin7: Input
391: PORTA. DI R=0x00;
392: /I Pin0 Output/Pull configuration: Totempole/No
393: /I Pin0O Input/Sense configuration: Sense both edges
394 /I Pin0 Inverted: Off
395: /I Pin0 Slew Rate Limitation: Off
396: PORTA. Pl NOCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
397: /I Pin1 Output/Pull configuration: Totempole/No
398: /I Pinl Input/Sense configuration: Sense both edges
399: /I Pinl Inverted: Off
400: /I Pinl Slew Rate Limitation: Off
401: PORTA. Pl NLCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
402: /I Pin2 Output/Pull configuration: Totempole/No
403: /I Pin2 Input/Sense configuration: Sense both edges
404. /I Pin2 Inverted: Off
405: /I Pin2 Slew Rate Limitation: Off
406: PORTA. Pl N2CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
407: /I Pin3 Output/Pull configuration: Totempole/No
408: /I Pin3 Input/Sense configuration: Sense both edges
409: /I Pin3 Inverted: Off
410: /I Pin3 Slew Rate Limitation: Off
411: PORTA. Pl N3CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
412: /I Pind Output/Pull configuration: Totempole/No
413: /I Pin4 Input/Sense configuration: Sense both edges
414 /I Pin4 Inverted: Off
415: /I Pin4 Slew Rate Limitation: Off
416: PORTA. Pl NACTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
417: /I Pin5 Output/Pull configuration: Totempole/No
418: /I Pin5 Input/Sense configuration: Sense both edges
419: /[ Pin5 Inverted: Off
420: /I Pin5 Slew Rate Limitation: Off
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PORTA. PI N5CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin6 Output/Pull configuration: Totempole/No

/I Pin6 Input/Sense configuration: Sense both edges

/I Pin6 Inverted: Off

/I Pin6 Slew Rate Limitation: Off

PORTA. PI N6CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin7 Output/Pull configuration: Totempole/No

/I Pin7 Input/Sense configuration: Sense both edges

/I Pin7 Inverted: Off

/I Pin7 Slew Rate Limitation: Off

PORTA. Pl N7CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/Il Interrupt O level: Disabled

/I Interrupt 1 level: Disabled

PORTA. | NTCTRL=( PORTA. | NTCTRL & (~( PORT_I NT1LVL_gnm | PORT_I NTOLVL_gn)))

PORT_I NT1LVL_OFF_gc | PORT_I NTOLVL_OFF_gc;

/I Pin0 Pin Change interrupt 0: Off
/I Pin1 Pin Change interrupt 0: Off
/I Pin2 Pin Change interrupt 0: Off
/I Pin3 Pin Change interrupt 0: Off
/I Pin4 Pin Change interrupt 0: Off
/I Pin5 Pin Change interrupt 0: Off
/I Pin6 Pin Change interrupt 0: Off
/I Pin7 Pin Change interrupt 0: Off
PORTA. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1: Off
/I Pin1 Pin Change interrupt 1: Off
/I Pin2 Pin Change interrupt 1: Off
/I Pin3 Pin Change interrupt 1: Off
/I Pin4 Pin Change interrupt 1: Off
/I Pin5 Pin Change interrupt 1: Off
/I Pin6 Pin Change interrupt 1: Off
/I Pin7 Pin Change interrupt 1: Off
PORTA. | NT1MASK=0x00;

/l PORTB initialization
/I OUT register
PORTB. QUT=0x00;

// Pin0: Input

/I Pin1: Input

/I Pin2: Input

/I Pin3: Input

/I Pin4: Input
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/I Pin5: Input

/I Pin6: Input

/I Pin7: Input

PORTB. DI R=0x00;

/I Pin0 Output/Pull configuration: Totempole/No

/I Pin0O Input/Sense configuration: Sense both edges
/I Pin0 Inverted: Off

/I Pin0 Slew Rate Limitation: Off

PORTB. Pl NOCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pinl Output/Pull configuration: Totempole/No

/I Pinl Input/Sense configuration: Sense both edges
/I Pinl Inverted: Off

/I Pinl Slew Rate Limitation: Off

PORTB. Pl NLCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin2 Output/Pull configuration: Totempole/No

/I Pin2 Input/Sense configuration: Sense both edges
/I Pin2 Inverted: Off

/I Pin2 Slew Rate Limitation: Off

PORTB. Pl N2CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin3 Output/Pull configuration: Totempole/No

/I Pin3 Input/Sense configuration: Sense both edges
/I Pin3 Inverted: Off

/I Pin3 Slew Rate Limitation: Off

PORTB. Pl N3CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin4 Output/Pull configuration: Totempole/No

/I Pin4 Input/Sense configuration: Sense both edges
/I Pin4 Inverted: Off

/I Pin4 Slew Rate Limitation: Off

PORTB. PI NACTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gc;

/I Pin5 Output/Pull configuration: Totempole/No

/I Pin5 Input/Sense configuration: Sense both edges
/I Pin5 Inverted: Off

/I Pin5 Slew Rate Limitation: Off

PORTB. Pl N5SCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin6 Output/Pull configuration: Totempole/No

/I Pin6 Input/Sense configuration: Sense both edges
/I Pin6 Inverted: Off

/I Pin6 Slew Rate Limitation: Off

PORTB. PI N6CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin7 Output/Pull configuration: Totempole/No
/I Pin7 Input/Sense configuration: Sense both edges
/I Pin7 Inverted: Off
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/I Pin7 Slew Rate Limitation: Off

PORTB. Pl N7CTRL=PORT_OPC_TOTEM gc |

/Il Interrupt O level: Disabled
/I Interrupt 1 level: Disabled

PORTB. | NTCTRL=( PORTB. | NTCTRL & (~( PORT_I NT1LVL_gn |

PORT | NT1LVL_OFF gc |

/I Pin0 Pin Change interrupt O:
/I Pin1 Pin Change interrupt O:
/I Pin2 Pin Change interrupt O:
/I Pin3 Pin Change interrupt O:
/I Pin4 Pin Change interrupt O:
/I Pin5 Pin Change interrupt O:
/I Pin6 Pin Change interrupt O:
/I Pin7 Pin Change interrupt O:

PORTB. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1:
/I Pin1 Pin Change interrupt 1:
/I Pin2 Pin Change interrupt 1:
/I Pin3 Pin Change interrupt 1:
/I Pin4 Pin Change interrupt 1:
/I Pin5 Pin Change interrupt 1:
/I Pin6 Pin Change interrupt 1:
/I Pin7 Pin Change interrupt 1:

PORTB. | NT1MASK=0x00;

/l PORTC initialization
/I OUT register
PORTC. QUT=0x00;
// Pin0O: Input

/I Pin1: Input

/I Pin2: Input

/I Pin3: Input

/I Pind: Input

[/l Pin5: Input

/I Pin6: Input

/I Pin7: Input
PORTC. DI R=0x00;

/I Pin0 Output/Pull configuration: Totempole/No
/I Pin0O Input/Sense configuration: Sense both edges

/I Pin0 Inverted: Off

Off
Off
Off
Off
Off
Off
Off
Off

Off
Off
Off
Off
Off
Off
Off
Off

/I Pin0 Slew Rate Limitation: Off

PORTC. Pl NOCTRL=PORT_OPC_TOTEM gc |

PORT_| NTOLVL_OFF_gc;

PORT_| SC_BOTHEDGES gc;

PORT_| NTOLVL_gm)))

PORT_| SC_BOTHEDGES gc;
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547: /I Pin1 Output/Pull configuration: Totempole/No
548: /I Pinl Input/Sense configuration: Sense both edges
549: /I Pinl Inverted: Off
550: /I Pinl Slew Rate Limitation: Off
551: PORTC. PI NLCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
552: /I Pin2 Output/Pull configuration: Totempole/No
553: /I Pin2 Input/Sense configuration: Sense both edges
554: /I Pin2 Inverted: Off
555: /I Pin2 Slew Rate Limitation: Off
556: PORTC. Pl N2CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
557: /I Pin3 Output/Pull configuration: Totempole/No
558: /I Pin3 Input/Sense configuration: Sense both edges
559: /I Pin3 Inverted: Off
560: /I Pin3 Slew Rate Limitation: Off
561: PORTC. PI N3CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
562: /I Pind Output/Pull configuration: Totempole/No
563: /I Pin4 Input/Sense configuration: Sense both edges
564: /I Pin4 Inverted: Off
565: /I Pin4 Slew Rate Limitation: Off
566: PORTC. Pl MACTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
567: /I Pin5 Output/Pull configuration: Totempole/No
568: /I Pin5 Input/Sense configuration: Sense both edges
569: /I Pin5 Inverted: Off
570: /I Pin5 Slew Rate Limitation: Off
571: PORTC. PI N5CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
572: /I Pin6 Output/Pull configuration: Totempole/No
573: /I Pin6 Input/Sense configuration: Sense both edges
574: /I Pin6 Inverted: Off
575: /I Pin6 Slew Rate Limitation: Off
576: PORTC. PI N6CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
577: /I Pin7 Output/Pull configuration: Totempole/No
578: /I Pin7 Input/Sense configuration: Sense both edges
579: /I Pin7 Inverted: Off
580: /I Pin7 Slew Rate Limitation: Off
581: PORTC. PI N7CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
582: /Il Interrupt O level: Disabled
583: /I Interrupt 1 level: Disabled
584: PORTC. | NTCTRL=( PORTC. | NTCTRL & (~(PORT_I NT1LVL_gn | PORT_I NTOLVL_gm))) |
585: PORT_I NT1LVL_OFF_gc | PORT_I NTOLVL_OFF_gc;
586: /I Pin0 Pin Change interrupt 0: Off
587: /I Pin1 Pin Change interrupt 0: Off
588: /I Pin2 Pin Change interrupt 0: Off
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/I Pin3 Pin Change interrupt 0: Off
/I Pin4 Pin Change interrupt 0: Off
/I Pin5 Pin Change interrupt 0: Off
/I Pin6 Pin Change interrupt 0: Off
/I Pin7 Pin Change interrupt 0: Off
PORTC. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1: Off
/I Pin1 Pin Change interrupt 1: Off
/I Pin2 Pin Change interrupt 1: Off
/I Pin3 Pin Change interrupt 1: Off
/I Pind Pin Change interrupt 1: Off
/I Pin5 Pin Change interrupt 1: Off
/I Pin6 Pin Change interrupt 1: Off
/I Pin7 Pin Change interrupt 1: Off
PORTC. | NT1MASK=0x00;

/[ PORTD initialization

/I OUT register

PORTD. OUT=0x00;

/l Pin0: Input

/I Pin1: Input

/I Pin2: Input

/I Pin3: Input

/I Pind: Input

[/l Pin5: Input

/I Pin6: Input

/I Pin7: Input

PORTD. DI R=0x00;

/I Pin0 Output/Pull configuration: Totempole/No

/I Pin0O Input/Sense configuration: Sense both edges
/I Pin0 Inverted: Off

/I Pin0 Slew Rate Limitation: Off

PORTD. PI NOCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin1 Output/Pull configuration: Totempole/No

/I Pinl Input/Sense configuration: Sense both edges
/I Pinl Inverted: Off

/I Pinl Slew Rate Limitation: Off

PORTD. Pl NLCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin2 Output/Pull configuration: Totempole/No

/I Pin2 Input/Sense configuration: Sense both edges
/I Pin2 Inverted: Off

/I Pin2 Slew Rate Limitation: Off
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PORTD. PI N2CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin3 Output/Pull configuration: Totempole/No

/I Pin3 Input/Sense configuration: Sense both edges

/I Pin3 Inverted: Off

/I Pin3 Slew Rate Limitation: Off

PORTD. Pl N3CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin4 Output/Pull configuration: Totempole/No

/I Pin4 Input/Sense configuration: Sense both edges

/I Pin4 Inverted: Off

/I Pin4 Slew Rate Limitation: Off

PORTD. Pl MACTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin5 Output/Pull configuration: Totempole/No

/I Pin5 Input/Sense configuration: Sense both edges

/I Pin5 Inverted: Off

/I Pin5 Slew Rate Limitation: Off

PORTD. PI N5CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin6 Output/Pull configuration: Totempole/No

/I Pin6 Input/Sense configuration: Sense both edges

/I Pin6 Inverted: Off

/I Pin6 Slew Rate Limitation: Off

PORTD. PI N6CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin7 Output/Pull configuration: Totempole/No

/I Pin7 Input/Sense configuration: Sense both edges

/I Pin7 Inverted: Off

/I Pin7 Slew Rate Limitation: Off

PORTD. Pl N7CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Interrupt O level: Disabled

/I Interrupt 1 level: Disabled

PORTD. | NTCTRL=( PORTD. | NTCTRL & (~( PORT_I NT1LVL_gn | PORT_I NTOLVL_gn)))

PORT_I NT1LVL_OFF_gc | PORT_I NTOLVL_OFF_gc;

/I Pin0 Pin Change interrupt 0: Off
/I Pin1 Pin Change interrupt 0: Off
/I Pin2 Pin Change interrupt 0: Off
/I Pin3 Pin Change interrupt 0: Off
/I Pin4 Pin Change interrupt 0: Off
/I Pin5 Pin Change interrupt 0: Off
/I Pin6 Pin Change interrupt 0: Off
/I Pin7 Pin Change interrupt 0: Off
PORTD. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1: Off
/I Pin1 Pin Change interrupt 1: Off
/I Pin2 Pin Change interrupt 1: Off
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/I Pin3 Pin Change interrupt 1: Off
/I Pin4 Pin Change interrupt 1: Off
/I Pin5 Pin Change interrupt 1: Off
/I Pin6 Pin Change interrupt 1: Off
/I Pin7 Pin Change interrupt 1: Off
PORTD. | NT1MASK=0x00;

/[ PORTE initialization

/I OUT register

PORTE. OUT=0x00;

/l Pin0: Input

/I Pin1: Input

/I Pin2: Input

/I Pin3: Input

/I Pind: Input

/I Pin5: Input

/I Pin6: Input

/I Pin7: Input

PORTE. DI R=0x00;

/I Pin0 Output/Pull configuration: Totempole/No

/I Pin0O Input/Sense configuration: Sense both edges

/I Pin0 Inverted: Off

/I Pin0 Slew Rate Limitation: Off

PORTE. PI NOCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pinl Output/Pull configuration: Totempole/No

/I Pinl Input/Sense configuration: Sense both edges

/I Pinl Inverted: Off

/I Pinl Slew Rate Limitation: Off

PORTE. Pl NLCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin2 Output/Pull configuration: Totempole/No

/I Pin2 Input/Sense configuration: Sense both edges

/I Pin2 Inverted: Off

/I Pin2 Slew Rate Limitation: Off

PORTE. PI N2CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin3 Output/Pull configuration: Totempole/No

/I Pin3 Input/Sense configuration: Sense both edges

/I Pin3 Inverted: Off

/I Pin3 Slew Rate Limitation: Off

PORTE. PI N3CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin4 Output/Pull configuration: Totempole/No

/I Pin4 Input/Sense configuration: Sense both edges

/I Pin4 Inverted: Off
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/I Pin4 Slew Rate Limitation: Off

PORTE. Pl MACTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin5 Output/Pull configuration: Totempole/No

/I Pin5 Input/Sense configuration: Sense both edges

/I Pin5 Inverted: Off

/I Pin5 Slew Rate Limitation: Off

PORTE. PI N5CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin6 Output/Pull configuration: Totempole/No

/I Pin6 Input/Sense configuration: Sense both edges

/I Pin6 Inverted: Off

/I Pin6 Slew Rate Limitation: Off

PORTE. PI N6CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin7 Output/Pull configuration: Totempole/No

/I Pin7 Input/Sense configuration: Sense both edges

/I Pin7 Inverted: Off

/I Pin7 Slew Rate Limitation: Off

PORTE. PI N7CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Interrupt O level: Disabled

/I Interrupt 1 level: Disabled

PORTE. | NTCTRL=( PORTE. | NTCTRL & (~( PORT_I NT1LVL_gn | PORT_I NTOLVL_gn)))

PORT_I NT1LVL_OFF_gc | PORT_I NTOLVL_OFF_gc;

/I Pin0 Pin Change interrupt 0: Off
/I Pin1 Pin Change interrupt 0: Off
/I Pin2 Pin Change interrupt 0: Off
/I Pin3 Pin Change interrupt 0: Off
/I Pind Pin Change interrupt 0: Off
/I Pin5 Pin Change interrupt 0: Off
/I Pin6 Pin Change interrupt 0: Off
/I Pin7 Pin Change interrupt 0: Off
PORTE. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1: Off
/I Pin1 Pin Change interrupt 1: Off
/I Pin2 Pin Change interrupt 1: Off
/I Pin3 Pin Change interrupt 1: Off
/I Pin4 Pin Change interrupt 1: Off
/I Pin5 Pin Change interrupt 1: Off
/I Pin6 Pin Change interrupt 1: Off
/I Pin7 Pin Change interrupt 1: Off
PORTE. | NT1MASK=0x00;

/I PORTF initialization
/I OUT register
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PORTF. QUT=0x08;

/l Pin0O: Input

/I Pin1: Input

/I Pin2: Input

/I Pin3: Output

/I Pind: Input

/I Pin5: Input

/l Pin6: Input

/I Pin7: Input

PORTF. DI R=0x08;

/I Pin0 Output/Pull configuration: Totempole/No
/I Pin0O Input/Sense configuration: Sense both edges
/I Pin0 Inverted: Off

/I Pin0 Slew Rate Limitation: Off

PORTF. PI NOCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pinl Output/Pull configuration: Totempole/No

/I Pinl Input/Sense configuration: Sense both edges
/I Pinl Inverted: Off

/I Pinl Slew Rate Limitation: Off

PORTF. Pl NLCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gc;

/I Pin2 Output/Pull configuration: Totempole/No

/I Pin2 Input/Sense configuration: Sense both edges
/I Pin2 Inverted: Off

/I Pin2 Slew Rate Limitation: Off

PORTF. Pl N2CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin3 Output/Pull configuration: Totempole/No

/I Pin3 Input/Sense configuration: Sense both edges
/I Pin3 Inverted: Off

/I Pin3 Slew Rate Limitation: Off

PORTF. Pl N3CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gc;

/I Pin4 Output/Pull configuration: Totempole/No

/I Pin4 Input/Sense configuration: Sense both edges
/I Pin4 Inverted: Off

/I Pin4 Slew Rate Limitation: Off

PORTF. PI NACTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin5 Output/Pull configuration: Totempole/No

/I Pin5 Input/Sense configuration: Sense both edges
/I Pin5 Inverted: Off

/I Pin5 Slew Rate Limitation: Off

PORTF. P N5SCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin6 Output/Pull configuration: Totempole/No
/I Pin6 Input/Sense configuration: Sense both edges
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/I Pin6 Inverted: Off

/I Pin6 Slew Rate Limitation: Off

PORTF. PI N6CTRL=PORT_OPC_TOTEM gc |
/I Pin7 Output/Pull configuration: Totempole/No
/I Pin7 Input/Sense configuration: Sense both edges

/I Pin7 Inverted: Off

/I Pin7 Slew Rate Limitation: Off

PORTF. Pl N7CTRL=PORT_OPC_TOTEM gc |

/Il Interrupt O level: Disabled
/I Interrupt 1 level: Disabled

PORTF. | NTCTRL=( PORTF. | NTCTRL & (~( PORT_I NT1LVL_gn |

PORT | NT1LVL_OFF gc |

/I Pin0 Pin Change interrupt O:
/I Pin1 Pin Change interrupt O:
/I Pin2 Pin Change interrupt O:
/I Pin3 Pin Change interrupt O:
/I Pin4 Pin Change interrupt O:
/I Pin5 Pin Change interrupt O:
/I Pin6 Pin Change interrupt O:
/I Pin7 Pin Change interrupt O:

PORTF. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1:
/I Pin1 Pin Change interrupt 1:
/I Pin2 Pin Change interrupt 1:
/I Pin3 Pin Change interrupt 1:
/I Pin4 Pin Change interrupt 1:
/I Pin5 Pin Change interrupt 1:
/I Pin6 Pin Change interrupt 1:
/I Pin7 Pin Change interrupt 1:

PORTF. | NT1MASK=0x00;

/l PORTH initialization
/I OUT register
PORTH. QUT=0x00;
// Pin0: Input

/I Pin1: Input

/I Pin2: Input

/I Pin3: Input

/I Pin4: Input

/I Pin5: Input

/I Pin6: Input

/I Pin7: Input

Off
Off
Off
Off
Off
Off
Off
Off

Off
Off
Off
Off
Off
Off
Off
Off

PORT_| NTOLVL_OFF_gc;

PORT_| SC_BOTHEDGES gc;

PORT_| SC_BOTHEDGES gc;

PORT_| NTOLVL_gm)))
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PORTH. DI R=0x00;

/I Pin0 Output/Pull configuration: Totempole/No

/I Pin0O Input/Sense configuration: Sense both edges
/I Pin0 Inverted: Off

/I Pin0 Slew Rate Limitation: Off

PORTH. PI NOCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pinl Output/Pull configuration: Totempole/No

/I Pinl Input/Sense configuration: Sense both edges
/I Pinl Inverted: Off

/I Pinl Slew Rate Limitation: Off

PORTH. PI NLCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gc;

/I Pin2 Output/Pull configuration: Totempole/No

/I Pin2 Input/Sense configuration: Sense both edges
/I Pin2 Inverted: Off

/I Pin2 Slew Rate Limitation: Off

PORTH. Pl N2CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin3 Output/Pull configuration: Totempole/No

/I Pin3 Input/Sense configuration: Sense both edges
/I Pin3 Inverted: Off

/I Pin3 Slew Rate Limitation: Off

PORTH. Pl N3CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin4 Output/Pull configuration: Totempole/No

/I Pin4 Input/Sense configuration: Sense both edges
/I Pin4 Inverted: Off

/I Pin4 Slew Rate Limitation: Off

PORTH. Pl NACTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gc;

/I Pin5 Output/Pull configuration: Totempole/No

/I Pin5 Input/Sense configuration: Sense both edges
/I Pin5 Inverted: Off

/I Pin5 Slew Rate Limitation: Off

PORTH. PI NSCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin6 Output/Pull configuration: Totempole/No

/I Pin6 Input/Sense configuration: Sense both edges
/I Pin6 Inverted: Off

/I Pin6 Slew Rate Limitation: Off

PORTH. PI N6CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin7 Output/Pull configuration: Totempole/No

/I Pin7 Input/Sense configuration: Sense both edges
/I Pin7 Inverted: Off

/I Pin7 Slew Rate Limitation: Off

PORTH. Pl N7CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gc;

/Il Interrupt O level: Disabled
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/I Interrupt 1 level: Disabled

PORTH. | NTCTRL=( PORTH. | NTCTRL & (~( PORT_I NT1LVL_gn |

PORT | NT1LVL_OFF gc |

/I Pin0 Pin Change interrupt O:
/I Pin1 Pin Change interrupt O:
/I Pin2 Pin Change interrupt O:
/I Pin3 Pin Change interrupt O:
/I Pin4 Pin Change interrupt O:
/I Pin5 Pin Change interrupt O:
/I Pin6 Pin Change interrupt O:
/I Pin7 Pin Change interrupt O:

PORTH. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1:
/I Pin1 Pin Change interrupt 1:
/I Pin2 Pin Change interrupt 1:
/I Pin3 Pin Change interrupt 1:
/I Pin4 Pin Change interrupt 1:
/I Pin5 Pin Change interrupt 1:
/I Pin6 Pin Change interrupt 1:
/I Pin7 Pin Change interrupt 1:

PORTH. | NT1MASK=0x00;

/l PORTJ initialization
/I OUT register
PORTJ. QUT=0x00;
// Pin0O: Input

/I Pin1: Input

/I Pin2: Input

/I Pin3: Input

/I Pin4: Input

/I Pin5: Input

/I Pin6: Input

/I Pin7: Input
PORTJ. DI R=0x00;

/I Pin0 Output/Pull configuration: Totempole/No
/I Pin0O Input/Sense configuration: Sense both edges

/I Pin0 Inverted: Off

Off
Off
Off
Off
Off
Off
Off
Off

Off
Off
Off
Off
Off
Off
Off
Off

/I Pin0 Slew Rate Limitation: Off

PORTJ. PI NOCTRL=PORT_OPC_TOTEM gc |
/I Pinl Output/Pull configuration: Totempole/No
/I Pinl Input/Sense configuration: Sense both edges

/I Pinl Inverted: Off

PORT_| NTOLVL_OFF_gc;

PORT_| NTOLVL_gm)))

PORT_| SC_BOTHEDGES gc;
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925: /I Pinl Slew Rate Limitation: Off
926: PORTJ. PI NLCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
927: /I Pin2 Output/Pull configuration: Totempole/No
928: /I Pin2 Input/Sense configuration: Sense both edges
929: /I Pin2 Inverted: Off
930: /I Pin2 Slew Rate Limitation: Off
931: PORTJ. PI N2CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
932: /I Pin3 Output/Pull configuration: Totempole/No
933: /I Pin3 Input/Sense configuration: Sense both edges
934: /I Pin3 Inverted: Off
935: /I Pin3 Slew Rate Limitation: Off
936: PORTJ. PI N3CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
937: /I Pind Output/Pull configuration: Totempole/No
938: /I Pin4 Input/Sense configuration: Sense both edges
939: /I Pin4 Inverted: Off
940: /I Pin4 Slew Rate Limitation: Off
941.: PORTJ. Pl MACTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
942: /I Pin5 Output/Pull configuration: Totempole/No
943: /I Pin5 Input/Sense configuration: Sense both edges
944: /I Pin5 Inverted: Off
945: /I Pin5 Slew Rate Limitation: Off
946: PORTJ. PI N5CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
947: /I Pin6 Output/Pull configuration: Totempole/No
948: /I Pin6 Input/Sense configuration: Sense both edges
949: /I Pin6 Inverted: Off
950: /I Pin6 Slew Rate Limitation: Off
951: PORTJ. PI N6CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
952: /I Pin7 Output/Pull configuration: Totempole/No
953: /I Pin7 Input/Sense configuration: Sense both edges
954: /I Pin7 Inverted: Off
955: /I Pin7 Slew Rate Limitation: Off
956: PORTJ. Pl N7CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
957: /Il Interrupt O level: Disabled
958: /I Interrupt 1 level: Disabled
959: PORTJ. | NTCTRL=( PORTJ. | NTCTRL & (~(PORT_I NT1LVL_gn | PORT_I NTOLVL_gm))) |
960: PORT_| NT1LVL_OFF_gc | PORT_I NTOLVL_OFF_gc;
961: /I Pin0 Pin Change interrupt 0: Off
962: /I Pin1 Pin Change interrupt 0: Off
963: /I Pin2 Pin Change interrupt 0: Off
964: /I Pin3 Pin Change interrupt 0: Off
965: /I Pind Pin Change interrupt 0: Off
966: /I Pin5 Pin Change interrupt 0: Off
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/I Pin6 Pin Change interrupt 0: Off
/I Pin7 Pin Change interrupt 0: Off
PORTJ. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1: Off
/I Pin1 Pin Change interrupt 1: Off
/I Pin2 Pin Change interrupt 1: Off
/I Pin3 Pin Change interrupt 1: Off
/I Pind Pin Change interrupt 1: Off
/I Pin5 Pin Change interrupt 1: Off
/I Pin6 Pin Change interrupt 1: Off
/I Pin7 Pin Change interrupt 1: Off
PORTJ. | NT1MASK=0x00;

/I PORTK initialization

/I OUT register

PORTK. QUT=0x00;

/l Pin0: Input

/I Pin1: Input

/I Pin2: Input

/I Pin3: Input

/I Pind: Input

[/l Pin5: Input

/I Pin6: Input

/I Pin7: Input

PORTK. DI R=0x00;

/I Pin0 Output/Pull configuration: Totempole/No
/I Pin0O Input/Sense configuration: Sense both edges
/I Pin0 Inverted: Off

/I Pin0 Slew Rate Limitation: Off

PORTK. Pl NOCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gc;

/I Pinl Output/Pull configuration: Totempole/No

/I Pinl Input/Sense configuration: Sense both edges
/I Pinl Inverted: Off

/I Pinl Slew Rate Limitation: Off

PORTK. Pl NLCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gc;

/I Pin2 Output/Pull configuration: Totempole/No

/I Pin2 Input/Sense configuration: Sense both edges
/I Pin2 Inverted: Off

/I Pin2 Slew Rate Limitation: Off

PORTK. Pl N2CTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pin3 Output/Pull configuration: Totempole/No
/I Pin3 Input/Sense configuration: Sense both edges
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/I Pin3 Inverted: Off

/I Pin3 Slew Rate Limitation: Off

PORTK. PI N3CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin4 Output/Pull configuration: Totempole/No

/I Pin4 Input/Sense configuration: Sense both edges

/I Pin4 Inverted: Off

/I Pin4 Slew Rate Limitation: Off

PORTK. Pl NACTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin5 Output/Pull configuration: Totempole/No

/I Pin5 Input/Sense configuration: Sense both edges

/I Pin5 Inverted: Off

/I Pin5 Slew Rate Limitation: Off

PORTK. PI N5CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin6 Output/Pull configuration: Totempole/No

/I Pin6 Input/Sense configuration: Sense both edges

/I Pin6 Inverted: Off

/I Pin6 Slew Rate Limitation: Off

PORTK. PI N6CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/I Pin7 Output/Pull configuration: Totempole/No

/I Pin7 Input/Sense configuration: Sense both edges

/I Pin7 Inverted: Off

/I Pin7 Slew Rate Limitation: Off

PORTK. PI N7CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
/Il Interrupt O level: Disabled

/I Interrupt 1 level: Disabled

PORTK. | NTCTRL=( PORTK. | NTCTRL & (~( PORT_I NT1LVL_gn | PORT_I NTOLVL_gn)))

PORT_I NT1LVL_OFF_gc | PORT_I NTOLVL_OFF_gc;

/I Pin0 Pin Change interrupt 0: Off
/I Pin1 Pin Change interrupt 0: Off
/I Pin2 Pin Change interrupt 0: Off
/I Pin3 Pin Change interrupt 0: Off
/I Pin4 Pin Change interrupt 0: Off
/I Pin5 Pin Change interrupt 0: Off
/I Pin6 Pin Change interrupt 0: Off
/I Pin7 Pin Change interrupt 0: Off
PORTK. | NTOMASK=0x00;

/I Pin0 Pin Change interrupt 1: Off
/I Pin1 Pin Change interrupt 1: Off
/I Pin2 Pin Change interrupt 1: Off
/I Pin3 Pin Change interrupt 1: Off
/I Pind Pin Change interrupt 1: Off
/I Pin5 Pin Change interrupt 1: Off

PSPad editor 4.5.7 (2450) www.pspad.com

25/01/2014 11:49:30

Filippo



SPAOFE V1.0.c Pagina:26/63

C:\Users\Filippo\Desktop\Testes SPAOFE\ Ultima alteragéo: 25/01/2014 11:49:14
1051: /I Pin6 Pin Change interrupt 1: Off
1052: /I Pin7 Pin Change interrupt 1: Off
1053: PORTK. | NT1LMASK=0x00;
1054:
1055: /[ PORTAQ initialization
1056: /I OUT register
1057: PORTC. QUT=0x00;
1058: /[ Pin0: Input
1059: /I Pinl: Input
1060: /I Pin2: Input
1061: /I Pin3: Input
1062: PORTC. DI R=0x00;
1063: /I Pin0 Output/Pull configuration: Totempole/No
1064: /I Pin0O Input/Sense configuration: Sense both edges
1065: /I Pin0 Inverted: Off
1066: /I Pin0 Slew Rate Limitation: Off
1067: PORTC. PI NOCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
1068: /I Pinl Output/Pull configuration: Totempole/No
1069: /I Pinl Input/Sense configuration: Sense both edges
1070: /I Pinl Inverted: Off
1071: /I Pinl Slew Rate Limitation: Off
1072: PORTC. PI NLCTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
1073: /I Pin2 Output/Pull configuration: Totempole/No
1074: /I Pin2 Input/Sense configuration: Sense both edges
1075: /I Pin2 Inverted: Off
1076: /I Pin2 Slew Rate Limitation: Off
1077: PORTC. PI N2CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
1078: /I Pin3 Output/Pull configuration: Totempole/No
1079: /I Pin3 Input/Sense configuration: Sense both edges
1080: /I Pin3 Inverted: Off
1081: /I Pin3 Slew Rate Limitation: Off
1082: PORTC. PI N3CTRL=PORT_OPC_TOTEM gc | PORT_I SC_BOTHEDGES gc;
1083: /Il Interrupt O level: Disabled
1084: /I Interrupt 1 level: Disabled
1085: PORTC. | NTCTRL=( PORTC. | NTCTRL & (~(PORT_I NT1LVL_gn | PORT_I NTOLVL_gm))) |
1086: PORT_| NT1LVL_OFF_gc | PORT_I NTOLVL_OFF_gc;
1087: /I Pin0 Pin Change interrupt 0: Off
1088: /I Pin1 Pin Change interrupt 0: Off
1089: /I Pin2 Pin Change interrupt 0: Off
1090: /I Pin3 Pin Change interrupt 0: Off
1091: PORTC. | NTOMASK=0x00;
1092: /I Pin0 Pin Change interrupt 1: Off
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}

/I Pin1 Pin Change interrupt 1: Off
/I Pin2 Pin Change interrupt 1: Off
/I Pin3 Pin Change interrupt 1: Off
PORTC. | NT1MASK=0x00;

/I PORTR initialization

/I OUT register

PORTR. OUT=0x00;

[/l Pin0: Input

/I Pin1: Input

PORTR. DI R=0x00;

/I Pin0 Output/Pull configuration: Totempole/No

/I Pin0O Input/Sense configuration: Sense both edges
/I Pin0 Inverted: Off

/I Pin0O Slew Rate Limitation: Off

PORTR. Pl NOCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/I Pinl Output/Pull configuration: Totempole/No

/I Pinl Input/Sense configuration: Sense both edges
/I Pinl Inverted: Off

/I Pinl Slew Rate Limitation: Off

PORTR. Pl NLCTRL=PORT_OPC_TOTEM gc | PORT_| SC_BOTHEDGES gcC;

/Il Interrupt O level: Disabled
/I Interrupt 1 level: Disabled

PORTR. | NTCTRL=( PORTR. | NTCTRL & (~( PORT_I NT1LVL_gn |

PORT | NT1LVL_OFF_gc | PORT_I NTOLVL_OFF_gc;

/I Pin0 Pin Change interrupt 0: Off
/I Pin1 Pin Change interrupt 0: Off
PORTR. | NTOMASK=0x00;
/I Pin0 Pin Change interrupt 1: Off
/I Pin1 Pin Change interrupt 1: Off
PORTR. | NT1MASK=0x00;

/I Virtual Ports initialization
voi d vports_init(void)

{

/I PORTA mapped to VPORTO
/I PORTB mapped to VPORT1
PORTCFC. VPCTRLA=PORTCFG_VP1MAP_PORTB_gc
/I PORTC mapped to VPORT2
/I PORTD mapped to VPORT3
PORTCFC. VPCTRLB=PORTCFG_VP3MAP_PORTD gc

PORTCFG_VPOMAP_PORTA gc;

PORTCFG_VP2MAP_PORTC gc;

PORT_| NTOLVL_gm)))
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}

/I Disable a Timer/Counter type 1
void tcl_di sabl e(TCl_t *ptc)

{
/I Timer/Counter off
pt c- >CTRLA=(pt c- >CTRLA & (~TCl_CLKSEL_gn)) | TC_CLKSEL_OFF_gc;
/I lssue a reset command
pt c- >CTRLFSET=TC_CNMD_RESET_gc;
}

/I Timer/Counter TCD1 initialization
void tcdl_init(void)

{

unsi gned char s;

/I Note: The correct PORTD direction for the Compar e Channels

/I outputs is configured in the ports_init function .

/I Save interrupts enabled/disabled state

S=SREC;

/I Disable interrupts

#asn("cli")

/I Disable and reset the timer/counter just to be s ure

tcl _di sabl e(&TCD1);

/I Clock source: ClkPer/1

TCD1. CTRLA=( TCD1. CTRLA & (~TC1_CLKSEL_gm)) | TC_CLKSEL_DI V1_gc;

/l Mode: Normal Operation, Overflow Int./Eventon T OoP

/I Compare/Capture on channel A: Off

/I Compare/Capture on channel B: Off

TCDL1. CTRLB=( TCD1. CTRLB & (~(TC1_CCAEN brr | TC1_CCBEN bn | TCl1_WSMODE gn)))

TC_WGVODE_NORMAL_gc;

/I Capture event source: None

/I Capture event action: None

TCDL1. CTRLD=( TCD1. CTRLD & (~(TCL_EVACT_gmr | TCl1_EVSEL_gn)))

TC EVACT_OFF gc | TC EVSEL_OFF_gc;

/I Overflow interrupt: High Level

/I Error interrupt: Disabled

TCDL. | NTCTRLA=( TCDL. | NTCTRLA & (~(TC1_ERRI NTLVL_gn | TC1_OVFI NTLVL_gm)))
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}

TC_ERRI NTLVL_OFF_gc | TC OVFINTLVL_H _gc;

/I Compare/Capture channel A interrupt: Disabled
/I Compare/Capture channel B interrupt: Disabled

TCDL. | NTCTRLB=( TCD1. | NTCTRLB & (~(TCl_CCBI NTLVL_gr |

TC_CCBI NTLVL_OFF_gc | TC_CCAI NTLVL_OFF gc;

/I High resolution extension: Off
HI RESD. CTRLA&= ~HI RES_HRENL_brr;

/I Clear the interrupt flags

TCD1. | NTFLAGS=TCD1. | NTFLAGS;

/I Set counter register

TCD1. CNT=0x0000;

/I Set period register

TCD1. PER=0x7CFF;

/I Set channel A Compare/Capture register
TCD1. CCA=0x0000;

/I Set channel B Compare/Capture register
TCD1. CCB=0x0000;

/I Restore interrupts enabled/disabled state
SREC=s;

/I USARTFO initialization
void usartfO_init(void)

{

/I Note: The correct PORTF direction for the RxD, T
/'is configured in the ports_init function

/I Transmitter is enabled
/I Set TxD=1
PORTF. QUTSET=0x08;

/I Communication mode: Asynchronous USART

/I Data bits: 8

/I Stop bits: 1

/I Parity: Disabled

USARTFO. CTRLC=USART_CMODE_ASYNCHRONQOUS_gc

/I Receive complete interrupt: Disabled

xD and XCK signals

USART_PMODE_DI SABLED gc |

TC1_CCAI NTLVL_gm)))

USART_CHSI ZE_8BI T_gc;
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1219: /I Transmit complete interrupt: Disabled
1220: /| Data register empty interrupt: Disabled
1221: USARTFO. CTRLA=( USARTFO. CTRLA & (~( USART_RXCI NTLVL_gm | USART_TXCI NTLVL_gn | USART_DREI NTLVL_gm)))
1222: USART_RXCI NTLVL_OFF_gc | USART_TXCI NTLVL_OFF_gc | USART_DREI NTLVL_OFF_gc
1223:
1224 /I Required Baud rate: 115200
1225: /I Real Baud Rate: 115211,5 (x1 Mode), Error: 0,0 %
1226: USARTFO. BAUDCTRLA=0x2E
1227: USARTFO. BAUDCTRLB=( (0x09 << USART_BSCALE gp) & USART_BSCALE gm) | 0x08;
1228:
1229: /I Receiver: On
1230: /I Transmitter: On
1231: /I Double transmission speed mode: Off
1232: /I Multi-processor communication mode: Off
1233: USARTFO. CTRLB=( USARTFO. CTRLB & (~(USART_RXEN_brr | USART_TXEN brr | USART_CLK2X bn | USART_MPCM bn | USART_TXB8_bn)))
1234: USART_RXEN bn | USART_TXEN_ bm;
1235: }
1236:
1237: /I Receive a character from USARTFO
1238: // USARTFO is used as the default input device by t he 'getchar’ function
1239: #define _ALTERNATE_GETCHAR_
1240:

1241: #pragma used+
1242: char getchar(void)

1243: {

1244: char dat a;

1245: unsi gned char status;

1246:

1247: while (1)

1248:

1249: while (((status=USARTFO. STATUS) & USART_RXCl F_bm) == 0);
1250: dat a=USARTFO. DATA,;

1251: if ((status & (USART_FERR bnm | USART_PERR bn | USART_BUFOVF_bm)) == 0) return data
1252: }

1253: }

1254: #pragnma used-

1255:

1256: // Write a character to the USARTFO Transmitter

1257: // USARTFO is used as the default output device by the 'putchar' function
1258: #define _ALTERNATE_PUTCHAR

1259:

1260: #pragma used+
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1261: void putchar(char c)

1262: {

1263: whil e ((USARTFO. STATUS & USART_DREl F_bm) == 0);

1264: USARTFO. DATA=c;

1265: }

1266: #pragnma used-

1267:

1268: // Timer/Counter TCD1 Overflow/Underflow interrupt service routine
1269: interrupt [TCDL_OVF vect] void tcdl_overflow_isr(void)
1270: {

1271: rel ogi o++; //Counts milliseconds (49 days capacity)

1272: }

1273:

1274 [ il
1275:

1276:

1277: void main(void)

1278: {

1279:

1280: [[Frrrnx SPAOFE ol
1281:

1282: unsi gned char i;

1283: unsi gned char sin

1284: unsi gned int tenpl;

1285: unsi gned long int tenmp2;

1286:

1287: [ SPAOFE il
1288:

1289: unsi gned char n;

1290: /I Interrupt system initialization

1291: /I Optimize for speed

1292: #pragma optsi ze-

1293: /I Make sure the interrupts are disabled

1294: #asm("cli")

1295: /I Low level interrupt: On

1296: /I Round-robin scheduling for low level interrupt: On
1297: /I Medium level interrupt: On

1298: [/l High level interrupt: On

1299: /I The interrupt vectors will be placed at the star t of the Application FLASH section
1300: n=(PM C.CTRL & (~(PM C_RREN b | PMC_I|VSEL_brr | PM C H LVLEN brr | PM C_MEDLVLEN brr | PM C_LOLVLEN bn)))
1301: PM C_LOLVLEN brr | PM C_RREN brr | PM C_MEDLVLEN b | PM C_HI LVLEN brm;
1302: CCP=CCP_| OREG gc;
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PM C. CTRL=n;

/I Set the default priority for round-robin schedul
PM C. | NTPRI =0x00

/I Restore optimization for size if needed
#pragm optsi ze_defaul t

/I System clocks initialization
system clocks_init();

/I Ports initialization
ports init();

/I Virtual Ports initialization
vports_ init();

/I Timer/Counter TCD1 initialization
tcdl init();

/I USARTFO initialization
usartfO_init();

/I Globally enable interrupts
#asn("sei ")

11**

* SPAOFE

tenp2 = rel ogio;
for(i=0; i<SPAOFE. Sonar_Nunber; i ++)

SPACFE. Ti _1[i] = temp2;
}

/I Each "sim" simulates a ranging set of the sensor

del ay_ns(3000);
sim = 0;
for(i=0; i<SPAOFE. Sonar_Nunber; i ++)
{
tenmpl
tenp2

rel ogi o;

SPACFE.DTi[i] = tenmp2 - SPACFE.Ti _1[i];

SPACFE. Ti _1[i] = temp2;
SPACFE. Sonar _Di st ance_Change[i ]

*kkkk

ing

range_sonar _X(si m, SPAOCFE. Sonar _Addr[i]);

SPACFE. Sonar _Di stance[i];

/I For each sensor

/I Instant time

/I Elapsed time

/I New inicial instant time
/I Distance change
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SPACFE. Sonar _Di stance[i] = tenpl; /I New inicial distance
printf("Range=% DTi =% SDC=% \r\n", tenpl, SPAOFE. DTi [i ], SPACFE. Sonar _Di st ance_Change[i]);

General _Perception_Vector();
General _Perception_V_Change();

printf("General Perception_Val ue % \r\n", SPACOFE. General _Perception_Val ue);
printf("General Perception_Angle % \r\n", SPACOFE. General _Perception_Angle);
printf("General Perception_Change = % \r\n", SPAOFE. Gener al _Percepti on_Change);

Per cepti on_Val ue_Menber shi p( SPAOFE. Gener al _Per cepti on_Val ue);

printf("VLP=%\r\n", VLP);
printf("LP=%\r\n", LP);
printf("MP=9%\r\n", MP);
printf("HP=%\r\n", HP);
printf("VHP=%\r\n", VHP);

/IMsectors_Nao_Zero(PV,5,iPV,&nPV);

printf("nPv=%@\r\n", nPV);
printf("% % % % %\r\n",iPV[O],iPV[1],iPV[2],iPV[3],iPV[4]);

Per cepti on_Angl e_Menber shi p( SPAOFE. Gener al _Per cepti on_Angl e);
printf("RB=%\r\n", RB);

printf("RF=%\r\n", RF);

printf("LF=%\r\n", LF);

printf("LB=%\r\n", LB);

/IMsectors_Nao_Zero(&PA[0],4,&IPA[0],&nPA);

printf("nPA=%\r\n", nPA);
printf("% % % %\r\n",i PA[O],iPA[1],iPA[2],iPA[3]);

Per cepti on_Change_Menber shi p( SPAOFE. Gener al _Per cepti on_Change) ;
printf("ZE=%\r\n", ZE);

printf("LO=%\r\n", LC);
printf("H =%\r\n", H);
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1387: /IMsectors_Nao_Zero(&PCJ[0],3,&IPC[0],&nPC);
1388:
1389: printf("nPC=%\r\n", nPC);
1390: printf("% % %\r\n",iPC[0O],iPC[1],iPC[2]);
1391
1392: ad_aet er num; [ **xxxxxx Tagted untill this point *rrtrs*
1393:
1394: /I The variables needed to use the XMEGA/LM629 libr ary in velocity mode are:
1395: /I New Velocity => SPAOFE.Velocity
1396: /I Direction (left,right or stright) => Direcao
1397: /I Gyration radius (if = 0.0 => turn on vertical ax is) => Rg
1398: /I Brake (abruptly or smoothly) => Brake
1399:
1400: Rul es_Steer();
1401:
1402: printf("nSteer = %\r\n", nSteer);
1403: printf("% % % % % %\r\n", iSteer[0],iSteer[1],iSteer[2],iSteer[3],iSteer[4],i Steer[5]);
1404:
1405: ftoa(Csteer[0], 2,CSt0);
1406: ftoa(Csteer[1],2,CSt1);
1407: ftoa(Csteer[ 2], 2, CSt2);
1408: ftoa(Csteer[ 3], 2, CSt 3);
1409: ftoa(Csteer[4], 2,CSt4);
1410: ftoa(Csteer[5], 2,CSt5);
1411:
1412: printf("% % % % % %\r\n", CStO,CSt1,CsSt2,Cst3,Cst4, Csth);
1413:
1414: Steer Crisp = Scal ed_Defuzzy_ Steer(-100.0,100.0,1.0);
1415:
1416: if (Steer_Crisp == 0.0) Direcao = 0; // Stright
1417: else if (Steer_Crisp > 0.0) Direcao = -1; /I Right
1418: el se Direcao = +1; // Left
1419: Steer Crisp = fabs(Steer_Crisp);
1420:
1421: Rg = 57.3 * SPACOFE. Velocity / Steer Crisp;
1422: if (Rg < (1.5 * eixo) & Rg >= eix0) Rg = 1.5 * ei xo;
1423: else if (Ryg < eixo) Rg = 0.0; // This signifies that the robot must rotate on its vertical axis
1424: el se;
1425:
1426: Rul es_Accel eration();
1427:
1428: printf("nAcc = %\r\n", nAcc);
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1429: printf("%d % % % % %\r\n", iAcc[O],iAcc[1l],iAcc[2],iAcc[3],iAcc[4],iAcc[5]);
1430:
1431: ftoa(CAcc[O0], 2,CSt0);
1432: ftoa(CAcc[1],2,CStl);
1433: ftoa(CAcc[ 2], 2, CSt 2);
1434: ftoa(CAcc[ 3], 2, CSt 3);
1435: ftoa(CAcc[4], 2, CSt4);
1436: ftoa(CAcc[5], 2, CSt5);
1437:
1438: printf("% % % % % %\r\n", CStO,CSt1,CSt2,Cst3,Cst4, Csth);
1439:
1440: /I New acceleration
1441: Accel eration_Crisp = Scal ed Defuzzy Accel erati on(-SPAOFE. Maxi mum Accel er ati on, SPAOFE. Maxi num Accel erati on, 0. 5);
1442:
1443: /I New velocity
1444: SPACFE. Vel ocity = SPACFE. Vel ocity + Accel eration_Crisp;
1445:
1446: i f (SPACFE. Vel ocity > SPAOFE. Maxi mum Vel oci ty) SPACFE. Vel ocity = SPAOFE. Maxi num Vel oci ty;
1447: el se if (SPAOFE. Vel ocity < SPACFE. M ni mum Vel ocity)
1448: {
1449: SPACFE. Vel ocity = 0.0;
1450: Brake = 10; // Stop smoothly
1451: }
1452: if (Acceleration_Crisp < -(0.875 * SPAOFE. Maxi mum Accel erati on))
1453: {
1454 SPACFE. Vel ocity = 0.0;
1455: Brake = 9; // Stop abruptly
1456: }
1457:
1458: ftoa(Steer_ Crisp, 2, Char Conv);
1459: printf("Steer Crisp = %\r\n", Char Conv);
1460: ftoa(Accel eration_Crisp, 2, Char Conv) ;
1461: printf("Acceleration Crisp = %\r\n", Char Conv);
1462: printf("Direction = %\r\n", Direcao);
1463: ft oa(Rg, 2, Char Conv) ;
1464: printf("Rg = %\r\n", Char Conv);
1465: f t oa( SPACFE. Vel oci ty, 2, Char Conv) ;
1466: printf("New velocity = %\r\n", Char Conv);
1467: printf("Brake = %\ r\n", Brake);
1468:
1469: // SPAOFE kR
1470:
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ad_aet er nun

}
//*****************S PAO FE FU N CTIO NS**************** *kkkk
voi d Msectors_Nao_Zero(float *Vetor, unsigned char Conp, unsi gned char *Indices, unsigned char *Num)
{
/IVerifies the first "Comp" elements of the array " *VVetor" to verify which are non zero.
/[The indices of the non zero elements are stored i n the array "*Indices" and the indices
/[quantity is stored in "*Num"
unsi gned char i;
*Num = 0;
for(i=0;i<Conp;i++) if (Vetor[i] > 0.0) Indices[*Nunm++] = i;
}
1

voi d Rul es_Steer(void)

{

/[Evaluates the 20 Steer rules. As inputs uses the
/[Calculates the Steer sectors to be aggregated and

Perception Value and Perception Angle membership se
it's cutoff (or scaled) value "CSteer][]".

unsi gned char i;
unsi gned char j;
unsi gned char Regra;

nSteer = 0;
for(i=0;i<nPA; i++) /I For all PA[] > zero
for(j=0;]j<nPV;j++) /I For all PV[] > zero
Regra = 10 * iPA[i] + iPV[j]; /I Rule
swi tch (Regra)
{
case O: /l'if ais RB and p is VLP then s is HR
i Steer[nSteer] = O; /liSteer[] = 0 (HR sector index)
br eak;
case 1: /lifais RB and p is LP then s is HR
i Steer[nSteer] = O; /liSteer[] = 0 (HR sector index)

ctors.
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br eak;

case 2:
i Steer[nSteer]
br eak;

case 3:
i Steer[nSteer]
br eak;

case 4.
i Steer[nSteer]
br eak;

case 10:
i Steer[nSteer]
br eak;

case 11:
i Steer[nSteer]
br eak;

case 12:
i Steer[nSteer]
br eak;

case 13:
i Steer[nSteer]
br eak;

case 14
i Steer[nSteer]
br eak;

case 20:
i Steer[nSteer]
br eak;

case 21:
i Steer[nSteer]
br eak;

case 22:
i Steer[nSteer]
br eak;

case 23:
i Steer[nSteer]
br eak;

case 24:
i Steer[nSteer]
br eak;

case 30:
i Steer[nSteer]

/lifais RB and p is MP then s is R
/l'iSteer[] = 1 (R sector index)

/lifais RB and p is HP then sis R
/l'iSteer[] = 1 (R sector index)

/I if ais RB and p is VHP then sis C

/I iSteer[] = 2 (C sector index)

/liffais RFand pis VLP thensis C
/I iSteer[] = 2 (C sector index)

/liffaisRFandpisLPthensisL
/liSteer[] = 3 (L sector index)

/lifais RFand pis MP thensis L
/liSteer[] = 3 (L sector index)

/l'ifais RF and p is HP then s is HL
/I iSteer[] = 4 (HL sector index)

/lifais RF and p is VHP then s is HL
/I iSteer[] = 4 (HL sector index)

/l'iffais LFand pis VLP thensis C
/I iSteer[] = 2 (C sector index)

/lifaisLFand pis LP thensis R
/l'iSteer[] = 1 (R sector index)

/l'ifais LF and p is MP then s is R
/l'iSteer[] = 1 (R sector index)

/l'ifais LF and p is HP then s is HR
/liSteer[] = 0 (HR sector index)

/lifais LF and p is VHP then s is HR
/liSteer[] = 0 (HR sector index)

/l'ifais LB and p is VLP then s is HL
/I iSteer[] = 4 (HL sector index)
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}

I

br eak;
case 31:
i Steer[nSteer]
br eak;
case 32:
i Steer[nSteer]
br eak;
case 33:
i Steer[nSteer]
br eak;
case 34:
i Steer[nSteer]
br eak;
defaul t:
i Steer[nSteer]

I
e

I
W

I
w

2,

100;
}

CSteer[nSteer++] = zand(PA[iPA[i]],PV[iPV[jl]);

voi d Rul es_Accel erati on(voi d)

{

/[Evaluates the 11 Acceleration rules. As inputs us

/[Calculates the Acceleration sectors to be aggrega

unsi gned char i;
unsi gned char j;
unsi gned char Regra;

nAcc = 0;

for(i=0;i<nPC;i++)
{
for(j=0;]j<nPV;j++)
{
Regra = 10 * iPC[i] + iPV[j];
switch (Regra)
{

case O:

/lifais LB and pis LP then s is HL
/I iSteer[] = 4 (HL sector index)

/lifais LB and pis MP thensis L
/I iSteer[] = 3 (L sector index)

/lifais LB and pis HP thensis L
/liSteer[] = 3 (L sector index)

/lifaisLBand pis VHP thensis C
/I iSteer[] = 2 (C sector index)
/I There is no rule. Aggregation will not be applie d

/I Lower value

es the Perception Value and Perception Change membe
ted and it's cutoff (or scaled) value "CAcc[]".

rship sectors.

/I For all PC[] > zero

/I For all PV[] > zero

/l'ifdpis ZE and p is VLP then ac is Z
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1
1

1
1

1
1

1

i Acc[ nAcc] =
br eak;
case 1:
i Acc[ nAcc] =
br eak;
case 2:
i Acc[ nAcc] =
br eak;
case 3:
i Acc[ nAcc] =
br eak;
case 4.
i Acc[ nAcc] =
br eak;
case 10:
i Acc[ nAcc] =
br eak;
case 11:
i Acc[ nAcc] =
br eak;
case 12:
i Acc[ nAcc] =
br eak;
case 13:
i Acc[ nAcc] =
br eak;
case 14
i Acc[ nAcc] =
br eak;
case 20:
iAcc[nAcc] = 3;
break;
case 21:
iAcc[nAcc] = 3;
break;
case 22:
iAcc[nAcc] = 2;
break;
case 23:
i Acc[ nAcc] =
br eak;
case 24:

/l'1Acc[] = 2 (Z sector index)

/lif dpis ZE and p is LP then acis P
/l'iAcc[] = 3 (P sector index)

/l'if dp is ZE and p is MP then ac is P
/l'iAcc[] = 3 (P sector index)

/l'if dp is ZE and p is HP then ac is P
/l'iAcc[] = 3 (P sector index)

/l'ifdpis ZE and p is VHP then ac is Z
/l'iAcc[] = 2 (Z sector index)

/l'ifdpis LO and p is VLP then ac is EB
/l'iAcc[] = 0 (EB sector index)

/lifdpis LO and pis LP then acis B
/l'iAcc[] = 1 (B sector index)

/l'ifdpis LO and p is MP then ac is Z
/l'iAcc[] = 2 (Z sector index)

/l'ifdpis LO and p is HP then ac is B
/l'iAcc[] = 1 (B sector index)

/lifdpis LO and p is VHP then ac is EB
/l'iAcc[] = 0 (EB sector index)

/l'if dpis Hl and p is VLP then ac is P
/l'iAcc[] = 3 (P sector index)

/l'if dpis Hl and p is LP then ac is P
Il'iAcc[] = 3 (P sector index)

/l'ifdpis Hl and p is MP then ac is Z
Il'1Acc[] = 2 (Z sector index)

/l'if dp is Hl and p is HP then ac is EB
/l'iAcc[] = 0 (EB sector index)

/l'ifdp is HI and p is VHP then ac is EB
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1 iAcc[nAcc] = 0; /l'iAcc[] = 0 (EB sector index)
1 break;
def aul t:
i Acc[ nAcc] = 100; /I There is no rule. Aggregation will not be applie d
}
CAcc[ nAcc++] = zand(PC[iPC[i]],PV[iPV[j11); !/ Lower value
}
}
}
1
float Cutted_Defuzzy_Steer(float Xinicial,float Xfinal,float Step)
{
/ICalculates the crisp value of the output value St eer. This is done aggregating the
/lcutted or scaled membership sectors and using the centroid method. The aggregation is done
/Iby the use of the OR for fuzzy sets (union). The centroid method calculates the
/Igravity center of the resulting area.
unsi gned char i;
unsi gned char j;
unsi gned i nt Nanos; /I Number of steps "Step" in the interval "Xinicial " to "Xfinal"
fl oat Fagregado[ 210]; /I Resulting aggregated function
float X 210]; /I X value for each step
fl oat Snunerador; /I Integral of the momentum approximation
fl oat Sdenomni nador; /Il Integral of the area approximation
Nanmos = (unsigned int)((Xfinal - Xinicial) / Step);
X[0] = Xinicial;
Fagr egado[ 0] = 0.0;
for (i=1;i<Nanos;i++)
X[i] = X[i-1] + Step;
Fagregado[i] = 0.0;
for (i=0;i<nSteer;i++)
{
switch (iSteer[i])
{
case O: /I HR
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case

case

case

case

defaul t:

}
}

for (j=0;j<Nanps;j ++)
{

Fagr egadolj ]
}
br eak;
/IR

= zor (Fagregado[j], zand(CSteer[i],fTHR(X[j]1)));

for (j=0;j<Nanps;j ++)
{

Fagr egadolj ]
}
br eak;
IIC

= zor (Fagregado[j], zand(CSteer[i],fTR(Xj1)));

for (j=0;j<Nanps;j ++)
{

Fagr egadolj ]
}
br eak;
/'L

= zor (Fagregado[j], zand(CSteer[i],fC(X[j1)));

for (j=0;j<Nanps;j ++)
{

Fagr egadolj ]
}
br eak;
/I HL

= zor (Fagregado[j], zand(CSteer[i],fL(Xj1)));

for (j=0;j<Nanps;j ++)
{

Fagr egadolj ]
}

br eak;

Snumrer ador = Sdenom nador = 0.O0;
for (i=0;i<Nanps;i++)

{

= zor(Fagregado[j], zand(CSteer[i],fHL(X[j]1)));

Snuner ador = Snunerador + (Fagregado[i] * X[i]);
Sdenom nador = Sdenoni nador + Fagregado[i];

}

return (Snumerador / Sdenomni nador);
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1723: //
1724
1725: float Scal ed_Defuzzy_Steer(float Xinicial,float Xfinal,float Step)
1726: {
1727: /[Calculates the crisp value of the output value St eer. This is done aggregating the
1728: /Iscaled or scaled membership sectors and using the centroid method. The aggregation is done
1729: /Iby the use of the OR for fuzzy sets (union). The centroid method calculates the
1730: /Igravity center of the resulting area.
1731:
1732: unsi gned char i;
1733: unsi gned char j;
1734: unsi gned i nt Nanos; /l Number of steps "Step" in the interval "Xinicial " to "Xfinal"
1735: fl oat Fagregado[ 210]; /I Resulting aggregated function
1736: float X 210]; /I X value for each step
1737: fl oat Snunerador; /I Integral of the momentum approximation
1738: fl oat Sdenom nador; /I Integral of the area approximation
1739:
1740: Nanmos = (unsigned int)((Xfinal - Xinicial) / Step); /I NUmero de steps para o X
1741: X[0] = Xinicial;
1742: Fagregado[ 0] = 0.0;
1743:
1744: for (i=1;i<Nanos;i++)
1745:
1746: X[i] = X[i-1] + Step;
1747: Fagregado[i] = 0.0;
1748: }
1749:
1750: for (i=0;i<nSteer;i++)
1751:
1752: switch (iSteer[i])
1753: {
1754: case O: /I HR
1755: for (j=0;j<Nanps;j++)
1756: {
1757: Fagregado[j] = zor(Fagregado[j],CSteer[i] * fHR(X[j]1));
1758:
1759: br eak;
1760: case 1: II'R
1761: for (j=0;j<Nanps;j++)
1762: {
1763: Fagregado[j] = zor(Fagregado[j],CSteer[i] * fR(Xj]1));
1764:
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}

I

br eak;

case 2: /I C
for (j=0;j<Nanps;j++)
{

Fagregado[j] = zor(Fagregado[j],CSteer[i] * fC(X[j]1));

br eak;

case 3: /'L
for (j=0;j<Nanps;j++)
{

Fagregado[j] = zor(Fagregado[j],CSteer[i] * fL(Xj1));

br eak;

case 4. /I HL
for (j=0;j<Nanps;j++)
{

Fagregado[j] = zor(Fagregado[j],CSteer[i] * fHL(X[j]));

br eak;
defaul t:

}
}
Snumrer ador = Sdenom nador = 0.0;
for (i=0;i<Nanos;i++)

{

Snuner ador = Snuner ador + (Fagregado[i]
Sdenom nador = Sdenoni nador + Fagregado[i];

* X[01);

return (Snumerador / Sdenom nador); // Centroid - Crisp value for Steer

float Cutted_Defuzzy_Acceleration(float Xinicial,float Xfinal,float Step)

{

/[Calculates the crisp value of the output value Ac
/lcutted membership sectors and using the centroid
/Iby the use of the OR for fuzzy sets (union). The
/lgravity center of the resulting area.

unsi gned char i;

celeration. This is done aggregating the
method. The aggregation is done
centroid method calculates the
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unsi gned char j;

unsi gned i nt Nanos;
fl oat Fagregado[ 210];
float X 210];

fl oat Snunerador;

fl oat Sdenom nador;

/I Number of steps "Step" in the interval "Xinicial
/I Resulting aggregated function
/I X value for each step
/I Integral of the momentum approximation
/I Integral of the area approximation

" to "Xfinal"

Nanos = (unsigned int)((Xfinal - Xinicial) / Step);

X[0] = Xinicial;
Fagregado[ 0] = 0.0;

for (i=1;i<Nanos;i++)
X[i] = X[i-1] + Step;
Fagregado[i] = 0.0;

}

for (i=0;i<nAcc;i++)

{
switch (iAcc[i])

case O: /l EB

for (j=0;j<Nanps;j++)
{

Fagr egadolj ]
}
br eak;
case 1: /I B

= zor (Fagregado[j], zand(CAcc[i],fEB(X[j]1)));

for (j=0;j<Nanos;j++)
{

Fagr egadolj ]
}
br eak;
case 2: 1z

= zor (Fagregado[j], zand(CAcc[i],fB(X[j1)));

for (j=0;j<Nanps;j++)
{

Fagr egadolj ]
}
br eak;
case 3: IIP

= zor (Fagregado[j], zand(CAcc[i],fZ(X[j1)));

for (j=0;j<Nanps;j++)
{
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}

I

Fagregado[j] = zor(Fagregado[]
}
br eak;
defaul t:

}

}

Snumrer ador = Sdenom nador = 0.0;

for (i=0;i<Nanos;i++)

{
Snuner ador = Snunerador + (Fagregado[i] * Xi])
Sdenom nador = Sdenoni nador + Fagregado[i];

}

1, zand(CAcc[i],fP(X[j]))):

return (Snumerador / Sdenomi nador); // Centroid - Crisp value for acceleration

float Scal ed_Defuzzy_Acceleration(float Xinicial,float Xfinal,float Step)

{

/[Calculates the crisp value of the output value Ac
/Iscaled membership sectors and using the centroid
/Iby the use of the OR for fuzzy sets (union). The
/Igravity center of the resulting area.

unsi gned char i;

unsi gned char j;

unsi gned i nt Nanos;
fl oat Fagregado[ 210];
float X 210];

fl oat Snunerador;

fl oat Sdenom nador;

/I Resulting aggregated function
/I X value for each step

Nanos = (unsigned int)((Xfinal - Xinicial) / Step);
X[0] = Xinicial;
Fagregado[ 0] = 0.0;

for (i=1;i<Nanos;i++)

X[i] = X[i-1] + Step;
Fagregado[i] = 0.0;

/I Number of steps "Step" in the interval "Xinicial

celeration. This is done aggregating the
method. The aggregation is done
centroid method calculates the

" to "Xfinal"

/I Integral of the momentum approximation
/Il Integral of the area approximation
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for (i=0;i<nAcc;i++)

{
switch (iAcc[i])
{
case O: /I EB
for (j=0;j<Nanps;j ++)
{
Fagregado[j] = zor(Fagregado[j],CAcc[i] * fTEB(X[j1));
}
br eak;
case 1: /I B
for (j=0;j<Nanos; | ++)
{
Fagregado[j] = zor(Fagregado[j],CAcc[i] * fB(X[j]1));
}
br eak;
case 2: Iz
for (j=0;j<Nanops;| ++)
{
Fagregado[j] = zor(Fagregado[j],CAcc[i] * fTZ(X[j]1));
}
br eak;
case 3: /I P
for (j=0;j<Nanps;j ++)
{
Fagregado[j] = zor(Fagregado[j],CAcc[i] * fTP(X[j]1));
}
br eak;
defaul t:
}
}

Snumrer ador = Sdenom nador = 0.O0;
for (i=0;i<Nanps;i++)

{
Snuner ador = Snunerador + (Fagregado[i] * X[i]);
Sdenom nador = Sdenoni nador + Fagregado[i];
}
return (Snunerador / Sdenoni nador); /I Centroid - Crisp value for acceleration
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1
float fHR(float x)
{
/[Output function Hard_Right for Steer
/Ix => Steer in deg/sec
if ((x <-100.0) || (x >= -30.0)) return (0.0);
else if ((x >= -100.0) & & (x <= -60.0)) return (1.0);
else return (1.0 - ((x + 60.0)/30.0));
}
1
float fR(float x)
{
/[Output function Right for Steer
/Ix => Steer in deg/sec
if ((x <= -60.0) || (x >=0.0)) return (0.0);
else if ((x > -60.0) & (x <= -30.0)) return ((x + 60.0)/30.0);
else return (1.0 - ((x + 30.0)/30.0));
}
1
float fC(float x)
{
/[Output function Center for Steer
/Ix => Steer in deg/sec
if ((x <=-30.0) || (x >=30.0)) return (0.0);
else if ((x >-30.0) & (x <= 0.0)) return ((x + 30.0)/30.0);
else return (1.0 - (x/30.0));
}
1
float fL(float x)
{
/[Output function Left for Steer
/Ix => Steer in deg/sec
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if ((x <=0.0) || (x >=60.0)) return (0.0);
else if ((x >0.0) & (x <= 30.0)) return (x/30.0);
else return (1.0 - ((x - 30.0)/30.0));

}

1

float fHL(float x)

{
/[Output function Hard_Left for Steer
/Ix => Steer in deg/sec
if ((x <=30.0) || (x > 100.0)) return (0.0);
else if ((x > 30.0) & (x < 60.0)) return ((x - 30.0)/30.0);
else return (1.0);

}

1

float fEB(float Xx)

{
/[Output function Emergency_Brake for Acceleration
/Ix => Acceleration (m/s"2)
/lacelmax => maximum acceleration (cm/sec”2)

if ((x < -SPAOFE. Maxi mum Accel eration) || (x >= -(0,875 * SPAOFE. Maxi mum Accel eration))) return 0.0;
else return (1.0 - ((x + SPAOFE. Maxi mum Accel erati on)/ ( SPACFE. Maxi mum Accel eration - 0,875 *
SPACFE. Maxi mum Accel eration)));

}

1
float fB(float x)

{

/[Output function Brake for Acceleration
/Ix => Acceleration (m/s”"2)
/lacelmax => maximum acceleration (cm/sec”2)

if ((x <= -SPACFE. Maxi mum Accel eration) || (x >= 0.0)) return (0.0);
else if ((x > -SPACFE. Maxi num Accel eration) && (x < -(0.625 * SPACFE. Maxi mum Accel eration))) return ((x -
SPACFE. Maxi mum Accel eration)/(0.375 * SPAOFE. Maxi mum Accel eration));
else if ((x >= -(0.625 * SPAOFE. Maxi mum Accel eration)) && (x <= -(0.25 * SPAOFE. Maxi mum Accel eration))) return 1.0;
else return (1.0 - (x + 0.25 * SPACFE. Maxi mum Accel eration)/ (0.25 * SPAOFE. Maxi mum Accel eration));
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}
I

float fZ(float x)

{
/[Output function Zero for Acceleration
/Ix => Acceleration (m/s"2)

if ((x <= -(0.375 * SPACFE. Maxi mum Accel eration)) || (x >= (0.375 * SPACFE. Maxi mum Accel eration))) return (0.0);
else if ((x > -(0.375 * SPAOFE. Maxi mum Accel eration)) &% (x <= 0.0)) return ((x + 0.375 *

SPACFE. Maxi mum Accel eration)/(0.375 * SPAOFE. Maxi mum Accel eration));
else return (1.0 - (x/(0.375 * SPACFE. Maxi mum Accel eration)));

}

1

float fP(float Xx)

{
/[Output function Positive for Acceleration
/Ix => Acceleration (m/s"2)
if ((x <= 0.0) || (x > SPACFE. Maxi mum Accel eration)) return (0.0);
else if ((x > 0.0) & (x < (0.25 * SPACFE. Maxi mum Accel eration))) return (x/(0.25 * SPAOFE. Maxi mum_Accel erati on));
else return (1.0);

}

1

unsi gned i nt range_sonar_X(unsi gned char sinm unsigned char ender)

/[Simulates the ranging of the sonar with address " ender".
/IReturns the read distance

/Isim => case simulated

/lender => sonar |2c address

unsi gned i nt data;
switch (sinm)

case 0: // Front Left obstacle
switch (ender)

{
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case OxEO:
data = 100;
br eak;
case OxE2:
data = 1000;
br eak;
case OxE4:
data = 1000;
br eak;
case OxE®6:
data = 1000;
br eak;
case OxES8:
data = 1000;
br eak;
case OxEA:
data = 1000;
br eak;
case OxEC:
data = 1000;
br eak;
case OxEE
data = 100;
br eak;
}
br eak;
case 1: // Front Right obstacle
swi tch (ender)
{
case OxEO:
data = 80;
br eak;
case OxE2:
data = 100;
br eak;
case OxE4:
data = 150;
br eak;
case OxE®6:
data = 1000;
br eak;
case OxES8:
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data = 1000;
br eak;
case OxEA:
data = 1000;
br eak;
case OxEC:
data = 1000;
br eak;
case OxEE
data = 1000;
br eak;
}
br eak;
case 2: // Front Left and Front Right obstacle
swi tch (ender)
{
case OxEO:
data = 70;
br eak;
case OxE2:
data = 80;
br eak;
case OxE4:
data = 90;
br eak;
case OxE®6:
data = 1000;
br eak;
case OxES8:
data = 1000;
br eak;
case OxEA:
data = 1000;
br eak;
case OxEC:
data = 1000;
br eak;
case OxEE
data = 150;
br eak;

}

br eak;
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case 3: // Lateral Right obstacle
swi tch (ender)
{
case OxEO:
data = 1000;
br eak;
case OxE2:
data = 150;
br eak;
case OxE4:
data = 100;
br eak;
case OxE®6:
data = 150;
br eak;
case OxES8:
data = 1000;
br eak;
case OxEA:
data = 1000;
br eak;
case OxEC:
data = 1000;
br eak;
case OxEE
data = 1000;
br eak;

}

br eak;

}
if (data <= SPACFE. M ni mum Di st ance) SPAOFE. Sonar _Condition[ender] =1

el se SPAOFE. Sonar _Conditi on[ender] = 0;
del ay_ns(65);
return data;

}
I

voi d General _Perception_Vector(void)

/ICalculates the value and direction of the Genera
/lof the 8 sensors. The velocity vector is at 90°.

Perception vector using the individual Perception
Are calculated: General_Perception_Value (0.0 to 1.

vectors
0-
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2182: /Inormalized value); General_Perception_Angle (-180 .0 to 180.0 - direction of the General Perception v ector
2183: /Irelative to the velocity vector. Negative to the right, positive to the left and 0 on heading)
2184:
2185: float Xp;
2186: float Yp;
2187: float Pt;
2188: const float to_radians = 0.0174532925199;
21809:
2190: unsi gned char i;
2191:
2192: SPACFE. Gener al _Perception_Val ue = 0.0;
2193: Xp = 0.0;
2194 Yp = 0.0;
2195: /[For each sensor
2196: for (i=0; i<SPACFE. Sonar_Nunber; i ++)
2197: {
2198: i f (SPACFE. Sonar _Di stance[i] > SPACFE. Maxi mum Di stance) Pt = 0.0;
2199: el se i f (SPAOFE. Sonar_Di stance[i] <= SPAOFE. M ni mum Di stance) Pt = 1.0;
2200: else Pt = (float) (SPACFE. Maxi mrum Di stance - SPAOFE. Sonar _Di stance[i])/(fl oat) ( SPACFE. Maxi nrum Di st ance -
SPACFE. M ni mum Di st ance) ;
2201: SPACFE. Perception_Val ue[i]= Pt;
2202: if (Pt > SPAOFE. General _Perception_Val ue) SPAOFE. General _Perception_Value = Pt;
2203: if ((Pt >0.0) & (Pt <= 1.0))
2204:
2205: Xp = Xp + (Pt * cos(SPACFE. Sonar_Angle[i] * to_radians));
2206: Yp = Yp + (Pt * sin(SPACFE. Sonar_Angle[i] * to_radians));
2207: }
2208: printf("Pt=% Xp=% Yp=% GPV=%\r\n", Pt, Xp, Yp, SPAOFE. Gener al _Perception_Val ue);
22009: }
2210: /[Heading
2211: if ((Xp == 0.0) & (Yp > 0.0)) SPACFE. General _Perception_Angle = 0.0;
2212: /Back
2213: else if ((Xp == 0.0) && (Yp < 0.0)) SPACFE. General _Perception_Angle = 180.0;
2214: /IPerpendicular right
2215: else if ((Yp == 0.0) & (Xp > 0.0)) SPAOFE. General _Perception_Angle = -90.0;
2216: /IPerpendicular left
2217: else if ((Yp == 0.0) & & (Xp < 0.0)) SPACFE. General _Perception_Angle = 90.0;
2218: /[Other
2219: el se SPAOFE. General _Perception_Angle = (atan2(Yp, Xp) / to_radi ans);
2220:
2221: printf("GPA=% \r\n", SPAOFE. General Perception_Angle);
2222:
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if ((Xp <0.0) & (Yp < 0.0)) SPAOFE. General _Perception_Angle = 270 + SPAOFE. Gener al _Per cepti on_Angl e;
el se SPAOFE. Gener al _Perception_Angl e = SPACFE. Gener al _Percepti on_Angl e - 90.0;

printf("GPA=% \r\n", SPAOFE. General Perception_Angle);

}
i

voi d General _Perception_V_Change(voi d)
{

/ICalculates the variation of the General Perceptio n value. Only the positive variation is considered.

unsi gned char i;
float tenp;

SPACFE. Gener al _Percepti on_Change = 0.0;
/[For each sensor, verify the positive variation
for (i=0; i<SPACFE. Sonar_Nunber; i ++)

i f (SPACFE. Sonar _Di st ance_Change[i] < 0)
{
tenmp = - ((fl oat)SPAOFE. Sonar_Di stance_Change[i] / (((float)SPACFE.DTi[i] / 1000.0) *
SPACFE. Maxi mum Vel ocity));
temp = fmn(l.0,temp);
}

el se tenp = 0.0;
if (tenmp > SPACFE. General _Percepti on_Change) SPAOFE. General _Percepti on_Change = tenp;

}
}
1
bool Perception_Change_Menbershi p(float Val ue)
{
/[Calculates the membership level for the normalize d General Perception Change value.
/IZE (0) - membership level for Perception Change z ero
/ILO (1) - membership level for low Perception Chan ge
/[HI (2) - membership level for high Perception Cha nge
/IValue => change in lenght of the General Percepti on vector

float x1[4], x2[ 4], xpl[5], xp2[5];
unsi gned char i,inter_i;
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if ((Value >= xpl[i]) && (Value <= xp2[i])) {inter_i =1i;

xpl[ 0] = 0.0;
xp2[ 0] = 0.2;
xpl[ 1] = 0.2;
xp2[ 1] = 0.3;
xpl[2] = 0.3;
xp2[2] = 0.45;
xpl[ 3] = 0.45;
xp2[ 3] = 0.75;
xpl[ 4] = 0.75;
xp2[ 4] = 1.0;
x1[ 0] = 0.0;
x2[ 0] = 0.3;
x1[1] = 0.0;
x2[1] = 0.2;
x1[2] = 0.2;
x2[ 2] = 0.45;
x1[3] = 0.2;
x2[ 3] = 0.75;
inter i = 255;
for (i=0;i<5;i++)
}
if (inter_i == 255) return Fal se;
switch (inter_i)
{
case O:
nPC = 2;

ZE = reta_down(O0, Val ue);
LC = reta_up(1, val ue);

i PC[0] = 1;
i PC[1] = 1;
i PC[2] = O;
return True;
case 1:
nPC = 3;
ZE = reta_down(O, Val ue);
LC = reta_down(2, Val ue);
H = reta_up(3, Val ue);
i PC[0] = 1;

break; }
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}

I

iPC[1] = 1;

iPC[2] = 1;

return True;
case 2:

nPC = 2;

LC = reta_down(2, Val ue);
H = reta_up(3, Val ue);

i PC[0] = O;

iPC[1] = 1;

iPC[2] = 1;

return True;
case 3:

nPC = 1;

H = reta_up(3, Val ue);

i PC[0] = O;

i PC[1] = O;

iPC[2] = 1;

return True;
case 4.

nPC = 1;

H = 1.0;

i PC[0] = O;

i PC[1] = O;

iPC[2] = 1;

return True;

bool Perception_Angl e_Menbershi p(float Angle)

{

/[Calculates the membership levels and sectors for
/IRB (0) - membership level in the Right_Back secto
/IRF (1) - membership level in the Right_Front sect
/ILF (2) - membership level in the Left_Front secto
/ILB (3) - membership level in the Left_Back sector
/IAngle => direction of the General Perception vect

float x1[7],x2[ 7], xpl[10], xp2[ 10];
unsi gned char i,inter_i;

the General Perception angle.

r
or
r

or

PSPad editor 4.5.7 (2450) www.pspad.com

25/01/2014 11:49:30

Filippo



2348:
2349:
2350:
2351:
2352:
2353:
2354:
2355:
2356:
2357:
2358:
2359:
2360:
2361:
2362:
2363:
2364:
2365:
2366:
2367:
2368:
2369:
2370:
2371:
2372:
2373:
2374:
2375:
2376:
2377:
2378:
2379:
2380:
2381:
2382:
2383:
2384:
2385:
2386:
2387:
2388:
2389:

SPAOFE V1.0.c

C:\Users\Filippo\Desktop\Testes SPAOFE\

Pagina:57/63
Ultima alteragéo: 25/01/2014 11:49:14

xpl[ 0]
xp2[ 0]
xpl[ 1]
xp2[ 1]
xpl[ 2]
xp2[ 2]
xpl[ 3]
xp2[ 3]
xpl[ 4]
xp2[ 4]
xpl[ 5]
xp2[ 5]
xpl[ 6]
xp2[ 6]
xpl[ 7]
xp2[ 7]
xpl[ 8]
xp2[ 8]
xpl[ 9]
xp2[ 9]

x1[ 0]
x2[ 0]
x1[ 1]
x2[ 1]
x1[ 2]
x2[ 2]
x1[ 3]
x2[ 3]
x1[ 4]
x2[ 4]
x1[ 5]
x2[ 5]
x1[ 6]
x2[ 6]

i nter

for (i=0;i<10;i++)

- 180.
- 135.
- 135.
-120.
-120.
-60. 0;
-60. 0;
-45. 0;
-45. 0;
0.0;
0.0;
45. 0;
45. 0;
60. 0;
60. 0;
120.
120.
135.
135.
180.

eLeeee

-225
-135
-135. 0;
-60. 0;
-120. 0;
-45. 0;
-45. 0;
45. 0;
45. 0;
120. 0;
60. 0;
135. 0;
135. 0;
225.0;

. 0;
. 0;

= 255;

eLeLeee

if ((Angle >= xpl[i]) && (Angle <= xp2[i])) {inter_i =1i;

}

if (inter_i

== 255)

return Fal se;
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switch (inter_i)
{

case O:
nPA = 1;
RB = reta_up(0, Angl e);
i PA[ O]
i PA[ 1]
i PA[ 2]
i PA[ 3]
return

case 1:
nPA = 1;
RB = reta_down(1, Angl e);
i PA[ O]
i PA[ 1]
i PA[ 2]
i PA[ 3]
return

case 2:
nPA = 2;
RB = reta_down(1, Angl e);
RF = reta_up(2, Angl e);
i PA[ O]
i PA[ 1]
i PA[ 2]
i PA[ 3]
return

case 3:
nPA = 1;
RF = reta_up(2, Angl e);
i PA[ O]
i PA[ 1]
i PA[ 2]
i PA[ 3]
return

case 4:
nPA = 1;
RF = reta_down(3, Angl e);
i PA[ O]
i PA[ 1]
i PA[ 2]
i PA[ 3]

0:
O.

0;

—
—
c
D

ookl

—
=
c
o

11
0;
0;

—
=
c
o

1;
0;
0;

—
=
c
o

eorol
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return True;

case 5:

nPA = 1;
LF = reta_up(3, Angl e);

i PA[ 0]
i PA[ 1]
i PA[ 2]
i PA[ 3]

return

case 6:

0:
1

0;

—
=
c
o

nPA = 1;

LF = reta_down

i PA[ 0]
i PA[ 1]
i PA[ 2]
i PA[ 3]

return

case 7:

erool

—
—
c
D

nPA = 2;

LF = reta_down(4, Angl e);

LB = reta_up(5, Angl e);

i PA[ 0]
i PA[ 1]
i PA[ 2]
i PA[ 3]

return

case 8:

0;
1,

1,

—
=
c
o

nPA = 1;
LB = reta_up(5, Angl e);

i PA[ 0]
i PA[ 1]
i PA[ 2]
i PA[ 3]

return

case 9:

0:
O.

1,

—
=
c
o

nPA = 1;

LB = reta_down

i PA[ 0]
i PA[ 1]
i PA[ 2]
i PA[ 3]

return

Roool

—
—
c
D

(4, Angl e);

(6, Angl e);
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}
I

}

b
{

ool Perception_Val ue_Menbershi p(float Val ue)

/[Calculates the membership level for the normalize
/IVLP (0) - membership level for Very_Low Perceptio n
/ILP (1) - membership level for Low Perception

/IMP (2) - membership level for Medium Perception

/IHP (3) - membership level for High Perception

d General Perception value.

/IVHP (4) - membership level for Very_High Percepti on

/IValue => lenght of the General Perception vector

float x1[5], x2[5], xpl[ 8], xp2[ 8];
unsi gned char i,inter_i;

xpl[ 0]
xp2[ 0]
xpl[ 1]
xp2[ 1]
xpl[ 2]
xp2[ 2]
xpl[ 3]
xp2[ 3]
xpl[ 4]
xp2[ 4]
xpl[ 5]
xp2[ 5]
xpl[ 6]
xp2[ 6]
xpl[ 7]
xp2[ 7]

T T T O T T VN TN VN T O VR R VR TR
POOOOO0OO00O0000000
CROINNOQ2TIRRWONNO

x1[ 0]
x2[ 0]
x1[ 1]
x2[ 1]
x1[ 2]
x2[ 2]

Cooooo
ORrQLWAEDN
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x1[ 3]
x2[ 3]
x1[ 4]
x2[ 4]

inter_

o
Cooo
NG

255;

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

if ((Value >= xpl[i]) && (Value <= xp2[i])) {inter_i =1i;

}

if (inter_i == 255) return Fal se;
switch (inter_i)

{

case O:

NPV = 1;
VLP = 1.
i PV[ 0]
i PV[ 1]
i PV[ 2]
i PV[ 3]
i PV[ 4]
return

O.

1
0
0;
0
0

—
—
c
D

case 1:

nPV 2;

VLP = reta_down(O0, Val ue);
LP = reta_up(0, Val ue);

i PV[O] = 1;

i PV[ 1]
i PV[ 2]
i PV[ 3]
i PV[ 4]
return

1,
0;
O.

0;

—
=
c
o

case 2:

nPV 3;

VLP = reta_down(O0, Val ue);
LP = reta_up(0, Val ue);

MP = reta_up(1, Val ue);

i PV[ 0]
i PV[ 1]
i PV[ 2]
i PV[ 3]
i PV[ 4]

eerRER

break; }
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return True;
case 3:
nPVv = 3;
LP = reta_down(2, Val ue);
MP = reta_up(1, Val ue);
HP = reta_up(2, Val ue);
i PV[ 0]
i PV[ 1]
i PV[ 2]
i PV[ 3]
i PV[ 4]
return
case 4:
nPVv = 3;
LP = reta_down(2, Val ue);
MP = reta_down(3, Val ue);
HP = reta_up(2, Val ue);
i PV[ 0]
i PV[ 1]
i PV[ 2]
i PV[ 3]
i PV[ 4]
return
case 5:
nPVv = 3;
MP = reta_down(3, Val ue);
HP = reta_down(4, Val ue);
VHP = reta_up(4, Val ue);
i PV[ 0]
i PV[ 1]
i PV[ 2]
i PV[ 3]
i PV[ 4]
return
case 6:
nPVv = 2;
HP = reta_down(4, Val ue);
VHP = reta_up(4, Val ue);

erEREe

—
—
c
D

errRee

—
—
c
D

Lo
PRERQeQ

—
=
c
o

i PV[0] = O
iPV[1] = 0
iPV[2] = O
i PV[3] = 1
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i PV[4] = 1;

return True;
case 7:

nPv = 1;

VHP = 1.0;

i PV[O] = O;

i PV[1] = O;

i PV[2] = O;

i PV[3] = 0;

i PV[4] = 1;

return True;

}

”*****************S;P/\()F:E FLJPd(:T]c)h“s****************

*kkkk
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