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#define
#define

Lo (param)
Hi (param)

#define
#define
#define
#define
#define
#define
#define

MMA8451_ADDR 0x38
true 1

false 0

WARNINGZ 2061
LIMITZ 1806
WARING2Z 1870
FAILSAFEZ 1543

#define ON 0
#define OFF 1

// eprom R/W Leds

sbit LIMIT at RAl bit;
sbit
sbit
sbit
sbit
sbit
sbit
sbit
sbit
sbit
sbit
sbit

WARNING at RAO bit;

WARNING2 at RA6 bit;

FAILSAFE at RA7 bit;

HEARTBEAT at RBO bit;

char MMA8451 error;
//Software I2C Globals

sbit Soft I2C Scl

sbit Soft I2C Sda

sbit Soft I2C Scl Direction
sbit Soft I2C Sda Direction

WARNING2 DIR at TRISAG .
OVERRIDE BTN at RA2 bit;
OVERRIDE BTN DIR at TRISA2 bit;
FAILSAFE DIR at TRISA7

HEARTBEAT DIR at TRISBO bit;

((char *)&param) [0]
((char *)é&param) [1]

//Red Led
LIMIT_DIR at TRISAl_bit;

//Needs to be set to 0 for output

//Orange Led
WARNING DIR at TRISAO_bit;

//Needs to be set to 0 for output
//Orange Led

bit; //Needs to be set to 0 for output

//Orange Led

//Needs to be set to 1 for output
//Orange Led

bit; //Needs to be set to 0 for output
//Green Led

//Needs to be set to 0 for output

at RB4 bit;
at RB1 bit;
at TRISB4 bit;
at TRISB1 bit;

unsigned char MMA8451 start (unsigned short MMA8451 Addr, unsigned char mem addr);
char MMA8451 read(unsigned short MMA8451 Addr, unsigned char mem addr);
char MMA8451 readblk (unsigned short MMA8451 Addr, unsigned int mem addr, char *buf

ffer,unsigned short bsize);

char MMA8451 write (unsigned short MMA8451 Addr, unsigned int mem addr, char edata

)7

void activate();

void testMode () ;

unsigned char selfTest();
void selfTestFail();

void read xyz (unsigned char
void output xyz();

void enterOverride();

char txt[60];
unsigned char accelbuf[7];

hb) ;

int xaccel=0,yaccel=0,zaccel=0;

long int sx,sy,sz ;

unsigned short heartbeatCounter=0;

int 1Hyster=0,wHyster=0;
#define HYSTER 20

void testl() {
unsigned short i;
char value;
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for (i=0; i<16;i++) {
ShortToStr (i, txt);
uartl write text (txt);
uartl write text( );
value=MMA8451 read( MMA8451 ADDR, 1i);

/*Soft I2C Start();

}

void

}

void

Soft I2C Write (0x38);

Soft I2C Write(0x00); //start at address 0
Soft I2C Start();

Soft I2C Write (0x38+1);

value=Soft I2C Read(0); // Read byte

Soft I2C Stop(); // Issue stop signal*/

byteToHex (value, txt) ;
txt[2]=10;
txt[3]=13;
txt[4]=0;
uartl write text (txt);

}

test2 () {
unsigned short i;
int value;

MMAB8451 readblk (MMA8451 ADDR,0x00,accelbuf,7);
for (i=2; i<7;1i=i+2) {
ShortToStr (i, txt);
uartl write text (txt);
uartl write text( );
byteToHex (accelbuf[i], txt);
uartl write text (txt);
Lo (value)=accelbuf[i];
Hi (value)=accelbuf[i-
value=value/4;
intTostr (value, txt);
uartl write text( );
uartl write text (txt);
uartl write text( );

117

test3 () {
unsigned short i;
int value;

strcpy (&txt[0], ) ;
MMA8451 readblk (MMA8451 ADDR,0x00,accelbuf,7);
byteToHex ( accelbuf[0], &txt[strlen(txt)]);

strcat (txt, )7
Hi (value)=accelbuf[l];Lo(value)=accelbuf[2];
intToStr ( value/4, &txt[strlen(txt)]);

strcat (txt, )7
Hi (value)=accelbuf[3];Lo(value)=accelbuf[4];
intToStr (value/4, &stxt[strlen(txt)]);

strcat (txt, )7

Hi (value)=accelbuf[5];Lo(value)=accelbuf[6];
intToStr (value/4, &stxt[strlen(txt)]);

uartl write text (txt);

uartl write text( );
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void test4 () {
#define MEAN 5L
unsigned short i;
long int value;
/*x=(long int) xaccel;
y=(long int) yaccel;
z=(long int) zaccel;*/
read_xyz(l);

=(MEAN-1L) * ((sx + ((long int) xaccel)*100L)/MEAN) ;
xaccel=(int) (sx/(MEAN 1L)/100L) ;
sy=(MEAN-1L) * ( (sy ((long int) yaccel)*100L) /MEAN) ;
yaccel=(int) (sy /(MEAN 1L)/100L) ;
sz=(MEAN-1L) * ((sz + ((long int) zaccel)*100L)/MEAN) ;
zaccel=(int) (sz/ (MEAN-1L)/100L);
strcpy (&txt[0], ) ;

byteToHex ( accelbuf[0], &txt[strlen(txt)]);
strcat (txt, ) ;
intToStr ( xaccel, &txt[strlen(txt)]);

strcat (txt, )7
intToStr (yaccel, &txt[strlen(txt)]);

strcat (txt, )7
intToStr (zaccel, &étxt[strlen(txt)]);

uartl write text (txt);
uartl write text( );
}
void main () {
unsigned short i, st count;
unsigned char override state=0;
char value;

OSCCON=0x7c; //Osc -> 8MHz
//Set TRISx bits to 1 for input,
TRISB = 0x00; //All output
TRISA = 0x04; //RA2 1s the Override button
ANSEL = 0x00; //No analogue
//Clear Limits
LIMIT=0FF;
WARNING=OFF;
WARNING2=0FF;
FAILSAFE=0FF;
HEARTRBEAT=1;
PSA bit=0;
WDTCON=0b00010110;
asm CLRWDT;
SWDTEN_bit=1;

0 for output

//Enable WDT

UART1 Init (9600)
Soft I2C Init();

;//Serial potr setup
//I2C Init

vdelay ms (500);

activate () ;
read xyz(1);

//Configure the MMAS8451
//Get some initial readings

/*//Initialize running mean
sx = ((long int) xaccel)* (MEAN-1L) *100L;,
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184: sy = ((long int) yaccel)* (MEAN-1L)*100L;,

185: sz = ((long int) zaccel)* (MEAN-1L)*100L;*/

186:

187: override state=0;

188: st _count=0;

189: //Run the self test pass==0, fail==1

190: if (selfTest()==1) SelfTestFail();

191: //Start looping forever

192: do {

193: //testd () ;

194: asm CLRWDT;

195: /*if (st count++ > 64) |

196: selfTest () ;

197: st count=0;

198: AV

199: read xyz(1l);

200: if (zaccel < FAILSAFEZ+1lHyster) {

201: FAILSAFE=0ON;

202: LIMIT=ON;

203: WARNING=OFF;

204: 1Hyster=HYSTER;

205: }else if (zaccel < LIMITZ+1lHyster) {

206: LIMIT=ON;

207 : WARNING=OFF;

208: 1Hyster=HYSTER;

209: if (OVERRIDE_BTN==0N) { //has to be pressed for 3 reads

210:

211: if (override state<=3) { //button needs to be unpressed to activate ove
eeride again

212: override state++;

213: if (override state==3) enterOverride();

214: }

215: } else {

216: override_state=0; //reset state to unpressed

217: }

218: } else {

219: if (zaccel < WARNINGZ+wHyster) ({

220: WARNING=ON;

221: LIMIT=O0OFF;

222: 1Hyster=0;

223: wHyster=HYSTER;

224: } else {

225: WARNING=OFF;

226: LIMIT=0OFF;

227: 1Hyster=0;

228: wHyster=0;

229: }

230: }

231: output xyz();

232: } while (true) ;

233: }

234:

235: JSS S S S S S S SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS S S S
236: wvoid selfTestFail() {

237: while (true) {

238: LIMIT = ON;

239: WARNING = ON;
240: HEARTBEAT = ON;
241 : asm CLRWDT;

242 : vdelay ms( 100);
243: HEARTBEAT =O0FF;
244 : vdelay ms( 100);
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}

return ;

}
LI7S7S S S S S SSSSSSSSSSSSSSSSSSSSSSSSSSSSS SS
void enterOverride () {
int orZlimit; //Holds current Altitude less 20 counts
int loopCount; //Counts to 1 minute then exits override mode
loopCount=0;
orzlimit=zaccel-20; //If zaccel gets smaller than this then cancel the overr
ride
LIMIT=0FF; //cancel the limit
WARNING=ON; //Make it a WARNING
do {
asm CLRWDT;
read xyz(1);
if (zaccel<orZlimit) {
LIMIT=0ON; //Reinstate the LIMIT
WARNING=OFF;
return;

if (zaccel > LIMITZ+HYSTER) { //Cancel Overide we're safe again
WARNING=OFF;
return;

}

if (orZlimit<zaccel-25) orZlimit=zaccel-25;

loopCount++;
output xyz();
} while (loopCount<384); //exit after 1 minute (60 * 6.4Hz))
}

void read xyz (unsigned char hb) {

while ( (MMA8451 read(MMA8451 ADDR,0x00)&0x0f) != 0x0f ) {vdelay ms(l);} //wait
t for new x,y,z

if (heartbeatCounter++ >=10) {HEARTBEAT=1;heartbeatCounter=0;}

MMA8451 readblk (MMA8451 ADDR,0x00,accelbuf,7);

if (hb) HEARTBEAT=0;

Hi (xaccel)=accelbuf[1l];Lo(xaccel)=accelbuf[2];

xaccel=xaccel/4;

Hi (yaccel)=accelbuf[3];Lo(yaccel)=accelbuf[4];

yaccel=yaccel/4;

Hi (zaccel)=accelbuf[5];Lo(zaccel)=accelbuf[6];

zaccel=zaccel/4;

}
LILLLSSS LSS S

void activate () {
char value;
MMA8451 write (MMA8451 ADDR, 0x2A,0x00); //standby
value=MMA8451 read (MMA8451 ADDR, 0x2B);

value=(value & 0b01100111) | 0b00010000 ; //Set high res mode bits, clear te
est-mode

MMA8451 write (MMA8451 ADDR, 0x2b,value); //write new ctrl reg?2

MMA8451 write (MMA8451 ADDR, 0x0e, 0x00) ; //Range +/- 2g

//MMA8451 write (MMA8451 ADDR,0x31,0x00); //Cal_Z offset

MMA8451_write(MMA8451_A5DR,Ox2a,0b10110101); //6.25hz,low noise, + goto active
mode
}
SIS S S S S S S S S SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SS
void testMode () {
char value;
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MMA8451_write(MMA8451_ADDR,OX2A,OXOO);
value=MMA8451 read (MMA8451 ADDR, 0x2B);

value=(value & 0b11100111) | 0b10010000

est-mode

MMAB8451 write (MMA8451 ADDR, 0x2b,value);
MMAB8451 write(MMA8451 ADDR, O0x0e, 0x00) ;
//MMA8451 wrlte(MMA845l ADDR, 0x31,0x00) ;
MMA8451_wr1te(MMA8451 ADDR, O0x2a,0b10110101) ;

mode

}

//goto standby mode
//read ctrl reg2

//Set high res mode bits, clear te

//write new ctrl reg2
//Range +/- 2g
//Cal Z offset
//6.25hz,low noise, + goto active

LILLLS LSS LSS S S S SSSSSSSSSSSSSSSS

unsigned char selfTest () {
long int ax,ay,az;
long int x,y,z,xt,yt,zt;
unsigned char i;
ax=ay=az=0L;

//average 10 readings before self test

asm CLRWDT;
for (1i=0;1i<10;i++) {
read xyz(0);

ax = ax + (long int) xaccel;
ay = ay + (long int) yaccel;
az = az + (long int) zaccel;
output xyz();

}
asm CLRWDT;
testMode () ;

read xyz(0); //we'll ignore the first reading

//get the mean of the before self test readings

X = ax;
Yy = ays
z = az;

//average 10 self test readings
ax=ay=az=0L;
for (1=0;1i<10;i++) {

read xyz(0);

ax = ax + (long int) xaccel;
ay = ay + (long int) yaccel;
az = az + (long int) zaccel;
uartl write ( )

output xyz();
}
asm CLRWDT;

activate(); //Leave self test mode
read xyz(0); //we'll ignore the first reading
//Get the mean of the self test readings

xt = ax/10;
vt ay/10;
zt az/10;

//average another 10 readings to bracket the self test readings

ax=ay=az=0L;
for (1i=0;1i<10;i++) {
read xyz(0);

ax = ax + (long int) xaccel;
ay = ay + (long int) yaccel;
az = az + (long int) zaccel;
output xyz () ;

}
asm CLRWDT;

read xyz(0);
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//get the mean of the before and after
x = (x + ax)/20;

Yy (y + ay)/20;

z = (z + az)/20;

//Now compare

//print the results

#define X SELF TEST 344
#define ST DX 50
#define Y SELF TEST 512
#define ST DY 150
#define Z SELF TEST 3560
#define ST DZ 200

xaccel = (int) x;

yaccel = (int) vy;

zaccel = (int) z;

uartl write text( );

output xyz();

xaccel = (int) xt;

yaccel = (int) yt;

zaccel = (int) zt;

uartl write text( );

output xyz();

xaccel= (int) xt - (int) x;

yaccel= (int) yt - (int) vy,

zaccel= (int) zt - (int) z;

uartl write text( );

output xyz();

if (( xaccel < X SELF TEST - ST DX) ||
(1)

if (( yaccel < Y SELF TEST - ST DY) ||
(1)

if (( zaccel < Z SELF TEST - ST DZ) ||
(1)

return (0) ;

}

self test readings

( xaccel > X SELF TEST + ST DX) ) return
( yaccel > Y SELF TEST + ST DY) ) return
( zaccel > Z SELF TEST + ST DZ) ) return

LILLLSS LSS S S SSS S SSSSS

void ljustify(char *txt) {
unsigned short i, 3j;

i=0; j=0;

while (txt[i]== ) i+t

while (txt[i]!=0) txt[j++]=txt[i++];
txt[J]=0;

}

LILLLSSSS LSS S S S SSSSSSSSSSSSSSSSS

void output xyz () {
unsigned char p;
strcpy (&txt[0], )
p=strlen (txt);
byteToHex ( accelbuf[0],&txt[p])
ljustify(&txtp])

strcat (txt, )7
p=strlen (txt);

intToStr ( xaccel, &txt[pl)
ljustify(&txtp]);

strcat (txt, )7
p=strlen (txt);

intToStr ( yaccel, &txt[pl)
ljustify(&txtp])
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strcat (txt, ) ;
p=strlen (txt);

intToStr ( zaccel, &txt[pl):
ljustify(&txtp])

uartl write text (txt);
uartl write text( )

}
LIS S S S S S S SSSSSSSSSSSSSSSSSSSSSSSSSSS SSSSSSSS SSSSS S
/// Start communicating with MMA8451 and set initial address
LIS S S S S S S S S SSSSSSSSSSSSSSSSSSSSSSSSS SSSSSSSS SSSSSS
unsigned char MMA8451 start (unsigned short MMA8451 Addr, unsigned char mem addr)
{
unsigned short byte;
do {
Soft I2C Start(); // issue I2C start signal
byte=Soft_I2C Write (MMA8451_Addr); // send byte via I2C (device address + W
(W=0))
if (byte!=0) { //I2C could be busy
Vdelay ms (1) ;
MMAB8451 error++;;
if (MMA8451 error>10) {Soft I2C Stop();return(l);}
}
} while (byte!=0);
if (Soft I2C Write(mem addr)) {Soft I2C Stop();return(l);}
return (0) ;

}

SIS S S S SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS S
/// Read a single byte from the MMAS8451

A A A A A A A A A A A A A A A s
char MMA8451 read(unsigned short MMA8451 Addr, unsigned char mem addr) {

char byte;
MMAB8451 error=0;
byte=0;
//Loop till we read without an error
do {

byte=MMA8451 start (MMA8451 addr,mem addr);

if (byte==0) {

Soft_I2C_Start(); // issue I2C signal repeated start

byte=Soft I2C Write (MMA8451 Addr | 0x01);
}

} while ( byte!=0 ); // send byte (device address + R (R=1))
//Now read the byte
byte = Soft I2C Read(0u); // Read the data (NO acknowledge)

Soft I2C Stop();

return (byte);
}
LSS S S SS S SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SS
/7S
/// Read bsize bytes from the MMA8451
LSS S S S S SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SS
/7S
char MMA8451 readblk (unsigned short MMA8451 Addr, unsigned int mem addr, char *buf
ffer,unsigned short bsize) {

char byte;

register int ack;

MMA8451 error=0;

byte=0;

//Loop till we setup the read without an error

do {
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479: byte=MMA8451 start (MMA8451 addr,mem addr);

480: Soft I2C Start(); // issue I2C signal repeated start

481: byte=Soft I2C Write (MMA8451 Addr | 0x01); // send byte (device address + R (
(R=1))

482: if (byte!=0) {Soft I2C Stop();}

483: } while (byte!=0);

484:

485: //Now read the data

486: byte=0;

487: ack=1;

488: while (byte<bsize ) {

489: if (byte+l==bsize) ack=0; //ack=0 for last read

490: buffer[byte++] = Soft I2C Read(ack); // Read the data (with acknowledge
e)

491: }

492: Soft I2C Stop();

493: return (0);

494: }

A95: J/// /0SS S S S S S S SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
/77

496: /// Write a single byte to the eprom

SN R o e
/

498: char MMA8451 write (unsigned short MMA8451 Addr, unsigned int mem addr, char edata

) A

499: char byte;

500: MMAB8451 error=0;

501: byte=0;

502: if (MMA8451 start (MMA8451 addr,mem addr)) return(l);

503: if (Soft I2C Write (edata)) {Soft I2C Stop();return(l);} // send data
a (data to be written)

504: Soft I2C Stop(); // issue I2C stop signal

505: return (0) ;

506: }
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