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#include "main.h"
void algorithm( void );

long offset;
int  zeroA;
int zeroB;

void calibrate( void ) {
long i;
long aveA =0;
long aveB =0;
long iter = 500000;

LCDDISPLAY ("Calibrating...", 14);
LCDSECONDLINE();
LCDDISPLAY("Move Sensors", 12);

for (i=0; i<iter; i++) {
aveA += ADC12MEMO;
aveB += ADC12MEM1,;

zeroA = aveA | iter;
zeroB = aveB / iter;

LCDCLEAR();
}

void main( void ) {

/I temporary variable used during calibrations
int calib;

/I only use the watchdog timer if we're using the L
#ifdef LCD
WDTCTL = WDT_ADLY_1000;
IE1 |= WDTIE;
#else
WDTCTL = WDTPW + WDTHOLD;
#endif

/I setup the clock for fast as she'll go
DCOCTL = DCOO + DCOL1 + DCO2;
BCSCTL1 |= RSELO + RSEL1 + RSEL2;

LCDINITIALIZE();

Il PWM

TACTL = TASSEL1 + TACLR;
CCRO = 4095;

CCTL1 = OUTMOD_7,

CCR1 = 2048;

CCTL2 = OUTMOD_7;

CCR2 = 2048;

P1DIR |= Ox0C;

P1SEL |= Ox0C;

TACTL |= MCO;

/I ADC

CDh

/I WDT 1s/4 interval timer
/I Enable WDT interrupt

/I Stop watchdog timer

/I SMCLK, Clear Tar

/I PWM Period

/I CCR1 reset/set

/l CCR1 PWM duty cycle

/I CCR2 reset/set

/I CCR2 PWM duty cycle

/ P1.2 and P1.3 output

// P1.2 and P1.3 TA1/2 otions
/I Start Timer_A in up mode



1

P6SEL |= 0x88;
ADC12CTLO = ADC120N+SHTO_2+MSC;
ADC12CTL1 = SHP + ADC12SSEL_2;

ADC12CTL1 |= CONSEQ_3;
ADCI12MCTLO = INCH_7;
ADCI12MCTL1 = INCH_3 + EOS;
ADC12CTLO |= ENC;
ADC12CTLO |= ADC12SC;

/I Port
I

P4DIR |= OxfF;

Il Go
1

/I PWM circuits has just been activated. Do two ca
/I the first simply acts as a delay so allow the fi
/I voltage to settle.

calibrate();

calibrate();

/I NOTE channell uses CCR2, vice versa
calib = CCRL1 - (zeroB - 2048);
if (calib <0) calib=0;
if (calib > 4095) calib = 4095;
CCR1 = calib;
calib = CCR2 - (zeroA - 2048);
if (calib <0) calib =0;
if (calib >4095) calib = 4095;
CCR2 = calib;

/I Do another round of calibration.
calibrate();
calibrate();

/I NOTE channell uses CCR2, vice versa
calib = CCR1 - (zeroB - 2048);
if (calib <0) calib=0;
if (calib >4095) calib = 4095;
CCR1 = calib;
calib = CCR2 - (zeroA - 2048);
if (calib <0) calib =0;
if (calib >4095) calib = 4095;
CCR2 = calib;

/I Delay, letting the filtered PWM voltage settle
calibrate();
calibrate();

/I LCD requires the watchdog timer -- Enable interr
#ifdef LCD

_EINT();
#endif

algorithm();

/I Enable A/D channel AO

/I Turn on ADC12, set sampling time
/I Use sampling timer, use MCLK

/I for conversion timer.

/I Use consecutive mode

/I Enable conversions
/I Start conversion

librations,
ltered PWM

upts
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#include "main.h"
#ifdef COSINE

#define READ\
a=(( int ) ADC12MEMO) - zeroA;\
b=(( int ) ADC12MEML1) - zeroB; \
if (a<0){aMag=a*-1;}
if (b<0){bMag=b*-1;}

extern const unsigned int div2[];
extern const long squares[];

extern const unsigned char cosine[];

extern long offset;
extern int zeroA,
extern int zeroB;
extern long fastMultiply( int a,

void algorithm( void ) {
signed char last=0;
signed char delta =0;
signed char signal = 0;
signed char current =0;
int arrayPos;
long amp = 800;
long ampSQ;
int i
int I;
int r;
unsigned char quadrature = 0;
int a,b;
int aMag, bMag;

READ;
while (1) {

ampSQ = fastMultiply(a,a);
ampSQ += fastMultiply(b,b);

else {aMag=a;}\
else {bMag=b;}

b);

/I This next block of code performs a cheap square

if (ampSQ < squares[1024]) {
| =0;r=1023;
} else {
| =1024; r=2047;
}

if (ampSQ < squares[l+512]) {
r-=>512;
} else {
| += 512;
}

if (ampSQ < squares[l+256]) {
r -= 256;
} else {
| += 256;
}

if (ampSQ < squares[l+128]) {
r-=128;
} else {
| +=128;

root

OF



if (ampSQ < squares[l+64]) {
r-=64;
} else {
| += 64;
}

if (ampSQ < squares[l+32]) {
r-=232;
} else {
| +=32;
}

if (ampSQ < squares[l+16]) {
r-=16;
} else {
| += 16;
}

if (ampSQ < squares|[+8]) {
r-=8,;
} else {
| +=8;
}

if (ampSQ < squares[l+4]) {
r-=4;
} else {
| +=4;
}

if (ampSQ < squares[l+2]) {
r-=2;

if (ampSQ == squares[l]) {
amp = |;
} else {
amp = I+1;

}

READ;

/I We use either signal a or signal b as the "looku
/I depending on which signal is smaller (smaller is
if (aMag < bMag) {

arrayPos = (fastMultiply(a,div2[amp]) >> 10)
if (arrayPos < 0) arrayPos = 0;
if (arrayPos > 4095) arrayPos = 4095;

current = cosine[arrayPos];
if (b <0)current=COSINERES - 1 - current;

} else {
arrayPos = (fastMultiply(b,div2[amp]) >> 10)
if (arrayPos < 0) arrayPos = 0;
if (arrayPos > 4095) arrayPos = 4095;

current = cosine[arrayPos];
if (a>0) current = COSINERES - 1 - current;
current = (current + (COSINERES / 4));

/I the previous operation could bump this above the

p" source,
better)

+ 2048;

+ 2048;

resolution.
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/I This is a cheap way to perform a modulo divide b
current &= COSINERES - 1;

}

delta = current - last;

/I check for overflow or underflow
if (delta> (COSINERES/ 2)){
delta -= COSINERES;
} else {
if (delta<-(COSINERES/2)){
delta += COSINERES;
}
}

/l output
if (delta < 0) {
for (i = 0; i > delta; i--) {
quadrature = ((quadrature & 0x01) << 1) |
P40OUT = quadrature;
}

}
if (delta > 0) {
for (i = 0; i < delta; i++) {
guadrature = ((~quadrature & 0x01) << 1)
P40OUT = quadrature;

}

}

P4OUT |= 0x04;
_NOP();

P40OUT &= ~0x04;

last = current;

}
}

#endif

y COSINERES

((~quadrature & 0x02) >> 1);

| ((quadrature & 0x02) >> 1);

</
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public static void main(String[] args) {

String s = ("unsigned char cosine[] = {");

for (double i=0; i < 4096; i++) {

double y = (i - 2048d) / 2048d; // returns 0 to pi
double x = Math.floor( (Math.acos(y) / Math.PI) * 1
s+= ((int) x) +", ",

/I if this is a newline
if (I1+1)%64==0)&(i!=0))
s +="\n";

}

System.out.printin(s);

s = ("float divisors[] = {\n");
for (float i=0; i < 2048; i++) {

String ¢ =" + (int) ((2048f /i) * 1024);

for (intj = c.length(); j < 10; j++) {c +=""; }
st=c+" "

/I if this is a newline

if ((I1+1)%64==0)&(i!=0))
s +="\n"

}

System.out.printin(s);

s = ("const long squares[] = {\n");

for (long i=0; i < 2048; i++) {

String ¢ =" + i*i;

for (intj = c.length(); j < 10; j++) {c +=""; }
st=c+","

/I if this is a newline

if (I1+1)%64==0)&(i!=0))
s +="\n"

}

System.out.printin(s);

)$5
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function errors = sensorSim(cosineres,ampl,amp2,0ffl,off2,ph ase,noise,stepSize,
simEnd, errorHist, speed, sineAmp, timeConstant);

% units

us = 10"-6;

% calculated and initialized

numSteps = floor(simEnd / stepSize);

pos =0; % the actual position

cPos =0; % the simulated / calculated position
last 0; % phase angle for last iteration

delta =0;
%output: the actual output histogram

errors = zeros(1, length(errorHist)); %
sineConstant = sineAmp*simEnd/(pi*2);

expConstant = speed/timeConstant;

% perform an initial sample
[sigl, sig2] = sample(pos, ampl, amp2, offl, off2, phase, noise);

for step = 1:numSteps
time = stepSize*step;

amp = floor(sqrt(sig1"2 + sig2”2));
%exponential + sinusoid
pos = double(speed*time -  speed*exp(time*timeCons tant)/timeConstant -

sineConstant*cos(4*pi*time/simEnd) + sineConstant + expConstant);

%sinusoidal velocity
%pos = double(speed*time - sineConstant*cos(2*pi *time/simEnd) + sineConstant);

Y%ramp
%pos = (speed / (2 * (simEnd)))*time”2;

%constant
%pos = speed*time;

[sigl, sig2] = sample(pos, ampl, amp2, offl, off2, phase, noise);
if (abs(sigl) < abs(sig2))
p = sigl/amp;

if (p>1)

elseif (p<-1)

current = round(cosineres*acos(p) / (2*pi));

if (sig2<0)
current = cosineres - current;
end
current;

current = mod(current, cosineres);

else
p = sig2/amp;
if (p>1)
p=1



elseif (p<-1)
p=-1

current = round(cosineres*acos(p) / (2*pi));

if (sigl>0)
current = cosineres-current;
end

current = (current + (cosineres / 4));
current = mod(current, cosineres);
end

% the predicted change in actual (> resolution) uni
% delta from the last iteration.
predicted = delta;

% using the cosineRes units, figure out how far off
actualOverPredicted = current - mod(last + predict

% check for overflow or underflow
if  (actualOverPredicted > (cosineres/ 2))
actualOverPredicted = actualOverPredicted -

else
if (actualOverPredicted < -(cosineres / 2))
actualOverPredicted = actualOverPredicted
end

end

% correct the prediction accordingly.
delta = predicted + actualOverPredicted;

cPos = cPos + delta;
last = current;

error = (cPos / (20*cosineres)) - pos;
errors = errors + hist(abs(error), errorHist);

end

ts is equal to the

our guess is.
ed, cosineres);

cosineres;

+ cosineres;
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function [sigl, sig2] = sample(pos, ampl, amp2, offl, off2,

sigl = ampl*cos(2*pi*20*pos) + offl + randn(1)*nois
sig2 = amp2*cos(2*pi*20*pos - (pi/2) - (phase*2*pi/
% emulate 12 bit sampling

sigl = floor(sig1*4096/3);

sig2 = floor(sig2*4096/3);

if (sigl >2047)

sigl = 2048;

elseif (sigl < -2048)
sigl = -2048;

end

if (sig2 >2047)

sig2 = 2047;

elseif  (sig2 < -2048)
sig2 = -2048;

end

phase, noise)

€,
360)) + off2 + randn(1)*noise;

<0
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% units

us = 10”-6;

% constants

iterations =100;

ampM =1.4;

ampSd =.05;

offSd =.05;

phaseSd =1,

noiseSd =.02;
timeConsant = -40;

cosineres =32;

stepSize = 50*us;

maxAccel =250 / stepSize;
simEnd =.2;

errorMax =((1/20)/32)*5;
errorStep = errorMax / 1000;
errorHist = O:errorStep:errorMax;

confData= zeros(6,4);

for s=0:5
speed = 10%s;
sineAmp = speed / 10;

% this should set the time constant so as to ra
% speed with maximum acceleration
timeConstant = -1 * maxAccel / speed

mp up to the target

% output: the histogram bins for logging errors

numErrorSteps = floor(errorMax / errorStep);
errorsSum = zeros(1,numErrorSteps + 1);
for i=l:iterations

if .(mod(i-l, 10) ==0)
i
end

ampl = randn(1)*ampSd + ampM;
amp?2 = randn(1)*ampSd + ampM;
offl = randn(1)*offSd,;

off2 = randn(1)*offSd,;

phase = randn(1)*phaseSd;

noise = randn(1)*noiseSd;

errors =
sensorSim(cosineres,ampl,amp?2,0ffl,0ff2,phase,noise
rorHist, speed, sineAmp, timeConstant);

errorsSum = errorsSum + errors;
end

% dump the data and plots

errorPDF = errorsSum / (iterations*simEnd/stepSize );

paramStr =
strcat( 'res' ,numa2str(cosineres), '"_ampM' ,num2str(ampM),
), 'offSd" ,num2str(offSd), ' phaseSd' ,num2str(phaseSd),
seSd), '_speed' ,num2str(speed));

paramStrV =

,stepSize,simEnd,er

'_ampSd' ,num2str(ampSd
' _noiseSd'

,num2str(noi

<<



strcat( 'Res=' ,num2str(cosineres), ',
AmpSD=',num2str(ampSd), ',
PhaseSD=" ,num2str(phaseSd), ;
Speed=" ,num2str(speed));

conf = dumpData(errorPDF, errorHist, paramStrV, pa

save(strcat( 'data_' , paramStr, ".mat'

~

confData(s+1, 1) = speed;
confData(s+1, 2:4) = conf;

end

NoiseSD='

‘errorPDF'

AmpM="'
OffSD="

,num2str(ampM),
,num2str(offSd),

, numa2str(noiseSd),

ramstr);
, ‘'conf );

'
1
’

1



% errorPDF - normalized PDF of error distribution

% errorHist - the x-axis labels for the distributio

% paramStrV - Verbose String that describes the plo

% paramStr - Condensed String that describes the p

function conf = dumpData(errorPDF, errorHist, paramStrV, par

pdf = errorPDF;
cdf = cumsum(pdf);

9 = find(cdf >=.9);

d9 = errorHist(f9(1));

99 = find(cdf >= .99);
d99 = errorHist(f99(1));
f999 = find(cdf >= .999);
d999 = errorHist(f999(1));
conf = [d9 d99 d999];

figure(1);
bar(errorHist, pdf);
set(gca, 'xlim" , [0 errorHist(length(errorHist))]);
title(sprintf(strcat('Probability Distribution F
paramsStrV)));
xlabel(‘|Position Error|, mils (.001 in)";
ylabel('Probability Density");

generateFigure(strcat( '‘pdf_" , paramsStr));
figure(2);
plot(errorHist, cdf);

set(gca, 'xlim" , [0 errorHist(length(errorHist))]);;
title(sprintf(strcat('Cumulative Distribution Fu

paramsStrV)));

xlabel(’|Position Error|, mils (.001 in)');

ylabel( 'Probability’ );

generateFigure(strcat( 'cdf ', paramStr));
%figure(3);
%clf

%time = 0:50*107-6:2*(1/(20*speed));

%cossample = ampl*cos(2*pi*20*speed*time) + offl +
%sinsample = amp2*sin(2*pi*20*speed*time) + off2 +
%plot(time,cossample, time, sinsample);

% Title(sprintf(strcat('Example Sample Path, 2 Cy
% XLabel('Time, Seconds");

% YLabel('Voltage");

% print ('-depsc2', -tiff', strcat('samplePath_'

figure(3);
plot(1./(1 - cdf), errorHist);
set(gca, 'XLim" , [0, 1074]);

ts
lots
amsStr);

unction of Position Error\n’,

nction of Position Error\n',

randn(size(time))*noise;
randn(size(time))*noise;

cles\n', paramsStrV)));

, paramStr, '.eps'));

title(sprintf(strcat( 'Sensor Accuracy versus Confidence\n' , paramStrV)));
xlabel( '‘Confidence’ );
ylabel(’'|Position Error|, mils (.001 in)");
set(gca, 'XScale' , 'log' );

set(gca, 'XTickLabel', [90% ' '99% ';'99.

9% '; '99.99%);
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