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ADuC7020 CAHS

DL AN SO & 0 T AE2R T ADuC70208 4% 4% A U 1A bR B3 3% S i AR A,
MAIN.C

main.cSCPE T84 F IR IR 1L «

[ KKK Kk Sk Kk Kk Kk kK ok Kk ok ok ok Kk Kk ok ok k Kk Kk kK kK k ok ok ok Kk k Kk Kk ok kK k ok ok ok Kk k Kk Kk ok Kk Kk Kk kK

Author : J Scarlett

Date : Nov 2006

Files : main.c, display.c, ped.c

Hardware : ADuC7020

Description : Implements a simple pedometer based on application note AN-602

KKK KKKk Kk KK KK KKK KKk Kk Kk kkk kA kA kKA KAk kkkkkkhkkkkk Ak kkk Ak kkkkk Xk kk Kk * /

#include <iocaduc7020.h>

// Function Prototype with required function attribute.
extern void Monitor Function (void);

extern void Display_Init(void);

//*********************************************************************
// Main Function for ADuC7020 Pedometer essentially performs startup functions
//******************‘k**************************************************
int main (void)
{
POWKEY1 = 0x01;
POWCON = 0x06; // set to 653kHz core clock
POWKEY2 = 0xF4;
REFCON = 0x2; // use external reference
// (connected to Vpp)

[ KKK KK kK ok K ok K ok ok K ok K ok ok ok ok K ok K ok ok ko K ok K ok ok ok K ok ok ok ok ok ok K ok K ok ok ok K ok K ok ok k k K ok ok ok ok ok ok Kk Kk Kk

// Initialize Peripherals
//*********************************************************************
// GPIO Configuration
GP4DAT = 0x04000000; // P4.2 configured as an output.
// LED is turned on
GPOCON = 0x00000000; //
GPODAT = 0xE0000000; // 0.7, 0.6, and 0.5 are outputs
// 0.7 =E, 0.5 =R/W*, 0.6 = RS

GP1DAT = OxFF000000; // A1l Pl pins are outputs
ADCCON = 0x20; // Turn ADC on but do not enable
Display Init(); // found in File display.c
Monitor_ Function(); // found in File ped.c

//*‘k*‘k*****************************************************************

// Main Loop

//********************************************************************k
while (1)

} // main()
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DISPLAY.C

display.c U3 A Ui A1 B 7R bf I BT A R R

// File "display.c"

// performs all LCD display interface functions

#include <ioaduc7020.h>

extern char stepbcd[6];

extern char distbcd[6];

void
void
void
void

void

Display Init(void);
display data(void);

display_data_clear (void);

char_load(int RS, int data);

delay (unsigned int cycles);

int reverse_data(int data);

void

{

Display Init ()

int rs, data;

// Display initialization

rs = 0;

data = 0x30;

char_load(rs, data);

data = 0x38;

char_load(rs, data);

data = 0x08;

char load(rs, data);
data = 0x01;
char load(rs, data);

delay (49);

data = 0x06;

char load(rs, data);

data = 0x0C;

char_load(rs, data);

data = 0x80;

char load(rs, data);

data = 0x53;

char load(rs, data);

data = 0x74;

// found in File ped.c

// this too

// used once to initialize display and write

// the "Steps" and

//

//

//

/7

//

//

//

//

//

/7
//
//

//

"Distance" headers

no RAM access yet

function set: 2-line mode,

function set: 2-1line mode,

display off

display off

display off, cursor off, blink off

clear display

~1.5 ms additional delay is required

increment mode, no shift

display on, cursor off, blink off

set data address to home, Jjust to be sure

now writing to data RAM
start of sequence to send

"Steps

nwen
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char load(rs, data);

data = 0x65;

char_load(rs, data);

data = 0x70;

char_load(rs, data);

data = 0x73;

char load(rs, data);

data = 0x20;
char load(rs, data);
char load(rs, data);

char load(rs, data);

data = 0x44;

char load(rs, data);

data = 0x69;

char_load(rs, data);

data = 0x73;

char load(rs, data);

data = 0x74;

char load(rs, data);

data = 0x61;

char load(rs, data);

data = 0x6E;

char load(rs, data);

data = 0x63;

char_load(rs, data);

data = 0x65;

char load(rs, data);

/] rer
// "p"
// "s"
// " " times 3
// "D"
/7 min
// "s"
//omen
// "a"
// "
/] men
// "e"

} // Display Init()

void display data()
{

int i, rs, data, zero;

rs = 0;
data = 0xCO;

char load(rs, data);

// displays the data contained in stepbcd[] & distbcd[]
// beginning at the first and ninth characters

// on row 2 of the display

// want to set address, not data

// start of second line

Rev.0|Page 8 of 16
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if ((stepbcd[i] > 0) || (zero ==1))

zero = 1;

data = 0x30 | stepbcd[i];

char load (rs, data);
}y // if

} // for

0;
data =

rs =
0xC8;

char load(rs, data);

if ((distbcd[i] > 0)
{

(zero ==1))

1;
0x30

zero =
data = distbcd[i];

char load (rs, data);

}y // if
} // for

} // display data()

void display_data_clear (void)
{

int i, rs, data;
0;

data =

rs =
0xCO0;
char load(rs, data);
1;

=0x20;

rs =
data
for (i=0;

i<16; i++)

char load (rs, data);

} // display data clear()

void char_load(int rs, int data)

{

//

/7
//

!/
/7

//
//

//

//
//

/7
//

//

Rev.0|Page 9 of 16
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suppress leading zeroes,

but not embedded zeroes

numbers on display character table

begin at 0x30

set address

ninth character of second line

display distance

used to clear display data field

before new measurement

want to set address

start of second line

put spaces across Row 2
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// signal timing assumes a core clock < 4MHz

// delay at end is ~6lus, to allow write to complete

data = reverse_ data(data); // board layout dictated reversing MSB/LSB
GP1CLR = 0xO00FF0000; // ensure clean slate for next character
GP1SET = data << 16; // set Port 1 to new character data
if (rs)

GPOSET = 0x00400000; // RS bit =1
else

GPOCLR = 0x00400000; // RS bit = 0
GPOCLR = 0x00200000; // WR bit = 0 (this is a write command)
GPOSET = 0x00800000; // set E bit to begin transfer process
GPOCLR = 0x00800000; // clear E bit to complete transfer process
delay(2);

} // char_load()

void delay(unsigned int cycles)
{

T2CON = O;

T2CLRI = 0;

T2LD = cycles;

T2CON = 0xCO; // enable Timer 2, periodic mode, 32.768 kHz
while (! (IRQSIG & WAKEUP TIMER BIT)); // wait for timeout
T2CON = 0; // disable Timer 2

} // delay()

int reverse data(int data)

{

int i, temp;
temp = 0;
for (i=0; i<4; i++)
{
temp |= (((0x01 << i) & data) << (7 = (2 * 1)));
} // fill top 4 bits of temp
for (i=4; i<8; i++)
{
temp |= (((0x01 << i) & data) >> ((2 * i) - 7));
} // £ill bottom 4 bits of temp

return temp;

} // reverse dataf()
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PED.C
ped. S AT S R R B R R

// file "ped.c"

// performs pedometer and misc functions

#include <ioaduc7020.h>
#include <math.h>
#include <stdlib.h>

// Function Prototype & variables

char stepbcd[6];

char distbcd[6];

char stepflag;

float stride, avgstride, accel_dat[50];

float maxavg, minavg, accel_avg, velocity, displace;
float distance;

int steps;

void Monitor_ Function(void);

void get sample (unsigned int *xdat, unsigned int *ydat, unsigned int *zdat);

char IsStep(float avg, float oldavg);
void display prep (void);

long int bin to bcd(long int bin no);
extern void display data(void);

extern void display data clear (void);

// functions

void Monitor_ Function ()
{
char flag;
unsigned int xdat, ydat, zdat;

int i, cycle count, tot samples, avgconst = 1,

// found in File display.c
// found in File display.c

latency = 4, avglen = 8;

float rssdat, newmax, newmin, oldavg, newavg, avgthresh=1.0;

float walkfudge = 0.0249;

flag = 0;
T1CON = 0;
T1CLRI = O;
while (1)

{
if (IRQSIG & XIRQO_BIT)
{
while (GPODAT & 0x00010);
if (!'flag)
{
T1CON = 0;
T1CLRI = 0;

stepflag = 2;

// turn off interval timer and clear any IRQ

// XIRQO button has been pressed

// wait for XIRQ to be low again

// turn off interval timer

// clear any timer IRQ
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maxavg = -10000.0;
minavg = 10000.0;
newmax = -10000.0;
newmin = 10000.0;
oldavg = 0.0;
newavg = 0.0;

cycle_count = 0;

tot_samples = 0;
steps = 0;

distance = 0.0;
accel_avg = 0.0;

velocity = 0.0;

I
o
o

displace =

avgstride = 0.0;

display data clear(); // clear old data from display
flag = 1;

T1LD = 1092; // ~30 Hz sample rate

T1CON = 0x2CO; // 32.768 kHz clock, timer on,

// periodic mode
} // if not running, start.
} // look for stop button
if (GP2DAT & 0x01)
{

while (GP2DAT & 0x01);

flag = 0;
} // if running, stop
if (((IRQSIG & GP_TIMER BIT) && (flag)) != 0) // wait for timeout
// and flag
{
TI1CLRI = 0;
if (tot samples > 7) // subtract first sample in sliding boxcar avg
{
oldavg = newavg;
newavg -= accel dat[cycle count - avglen];
b/ At
get sample (&xdat, &ydat, &zdat); // get data from accelerometer

xdat -= 8192; // subtract Zero g value

ydat -= 8192;
rssdat = sqrt((float) (xdat*xdat + ydat*ydat)/16.0); // vector sum
accel dat[cycle count] = rssdat; // place current sample data in buffer

newavg += rssdat; // add new sample to sliding boxcar avg

if ((abs (newavg-oldavg)) < avgthresh)

newavg = oldavg;

if (rssdat > newmax)
newmax = rssdat;
if (rssdat < newmin)

newmin = rssdat;
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tot samples++;

cycle count++; // increment count of samples in current step

if
{

(tot_samples > 8)

if (IsStep(newavg, oldavg))
{
for (i = latency; i < (cycle count - latency); i++)

accel avg += accel dat[i];

accel avg /= (cycle count - avglen);
for (i = latency; i < (cycle count - latency); i++)
{

velocity += (accel dat[i] - accel avg);

displace += velocity;

} // create integration and double integration

// calculate stride length
stride = displace * (newmax - newmin) / (accel_avg - newmin);

stride = sqrt(abs(stride));

// use appropriate constant to get stride length

stride *= walkfudge;

// generate exponential average of stride length to smooth data
if (steps < 2)
avgstride = stride;
else

avgstride = ((avgconst-1)*avgstride + stride)/avgconst;

steps++;

distance += avgstride;

// need all data used in calculating newavg

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

accel dat[i] = accel _dat[cycle count + i - avglen];
cycle count = avglen;
newmax = -10000.0;

newmin = 10000.0;
maxavg = -10000.0;
minavg = 10000.0;
accel avg = 0;

velocity = 0;

displace = 0;

display prep();
display dataf();

// temporary
if (GP4DAT & 0x04) // toggle LED to reflect step
GP4CLR = 0x040000;

else
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GP4SET = 0x040000;

} // we have a new step

} // enough samples to start checking for step (need at least 8)

} // if timeout

} // continual loop

} // Monitor Function ()

void get sample (unsigned int *xdat, unsigned int *ydat, unsigned int *zdat)
{
// gets new samples for x, y, z axes

// sums together 4 measurments to get average

int i;

*xdat = 0;
*ydat = 0;
*zdat = 0;

for (i=0; i<15; i++)
{

ADCCP = 0; // x axis

i++; // delay one command cycle

ADCCON = 0xA3;

while (! (ADCSTA));

*xdat += ((ADCDAT >> 16) & OxFFF); // data is in bits 16 - 27, so shift is necessary
ADCCP = 1; // y axis

i++;

ADCCON = O0xA3;

while (! (ADCSTA)) ;

*ydat += ((ADCDAT >> 16) & OxFFF);

ADCCP = 2; // z axis
it++;

ADCCON = 0xA3;

while (! (ADCSTA));

*zdat += ((ADCDAT >> 16) & OxFFF);
} // for

} // get_sample ()

char IsStep(float avg, float oldavg)
{

// this function attempts to determine when a step is complete

float step_thresh = 5.0; // used to prevent noise from fooling the algorithm

if (stepflag == 2)
{
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if (avg > (oldavg + step thresh))
stepflag = 1;

if (avg < (oldavg - step thresh))
stepflag = 0;

return 0;

} // first time through this function

if (stepflag == 1)
{
if ((maxavg > minavg) && (avg >
((maxavg+minavg) /2)) &&
(oldavg < ((maxavg+minavg/2))))
return 1;
if (avg < (oldavg - step thresh))
{
stepflag = 0;
if (oldavg > maxavg)
maxavg = oldavg;
} // slope has turned down
return 0;

} // slope has been up

if (stepflag == 0)
{
if (avg > (oldavg + step_thresh))
{
stepflag = 1;
if (oldavg < minavg)
minavg = oldavg;
} // slope has turned up
return 0;

} // slope has been down
return 0;
} // IsStep()
void display_ prep ()
{
int i;
long int temp;

// convert steps to BCD values for sending to display

temp = steps;

temp = bin to bcd(temp) ; // function to convert binary
for (i=0; i<6; i++) // to BCD
{

stepbcd[i] = (char) (0xF & temp); // load each digit

temp = temp >> 4;
} // for

// convert distance to BCD values for sending to display
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temp = (long int) (distance);

temp = bin to bcd(temp);

for (i=0; 1i<6; 1i++)

{
distbcd[i] = (char) (0xF & temp);
temp = temp >> 4;

} // for

} // display prep()

long int bin to bcd(long int bin no)

{

int i;

long int divisor, multiplier, bcd no,

divisor = 100000;
multiplier = 1048576;
bcd no = 0;

temp = 0;

if (bin_no > 999999)
bin no = 999999;

for (i=0; i<6; i++)

{
temp = bin _no/divisor;
bin no -= temp*divisor;
temp *= multiplier;

bcd no += temp;
divisor /= 10;
multiplier = multiplier >> 4;

} // for

return bcd no;

} // bin_to_bcd()
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temp;

//

//

//
//
//
//
//

//
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convert float to long int

load each digit

determine each digit starting
with most significant
subtract this amt

generate hex equivalent

put bcd value together

go to next digit
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