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Appendixes 

This section has been constructed for easy access to the most relevant 

information about the developed work. Here is found the application program 

for the standard and extended versions, an illustration of the signal 

superposition methodology, the content of the base, temporary, and output data 

tables, a summary of the user interface, a compact description of the SoC design 

flow, and the final SoC parameters. 

 A.1  Application Program: Standard Version 

The standard version has been developed for the SoC design. It can be stored 

in in-chip ROM or uploaded to chip RAM at boot time. 

/* Name: boardv2.c 

Author: Martha Lopez 

Version: Board_Extended_v2, 256 data sine samples, buffer table OK, all 

frequencies, three operation modes 

Copyright: (C) Copyright 

Description: Board version, standard functionality, sine, saw-tooth, triangle */ 

// include files 

#include <stdlib.h> 

#include <stdio.h> 

#include <math.h> 

//definitions and declarations 
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#define Pi 3.14159265358979323846264338327 

static unsigned int sinedatint[256] = 

{ 127, 130, 133, 136, 139, 142, 145, 148, 151, 154, 157, 160, 163, 166, 169, 

172, 175, 178, 181, 184, 186, 189, 192, 194, 197, 200, 202, 205, 207, 209, 212, 

214, 216, 218, 221, 223, 225, 227, 229, 230, 232, 234, 235, 237, 239, 240, 241, 

243, 244, 245, 246, 247, 248, 249, 250, 250, 251, 252, 252, 253, 253, 253, 253, 

253, 254, 253, 253, 253, 253, 253, 252, 252, 251, 250, 250, 249, 248, 247, 246, 

245, 244, 243, 241, 240, 239, 237, 235, 234, 232, 230, 229, 227, 225, 223, 221, 

218, 216, 214, 212, 209, 207, 205, 202, 200, 197, 194, 192, 189, 186, 184, 181, 

178, 175, 172, 169, 166, 163, 160, 157, 154, 151, 148, 145, 142, 139, 136, 133, 

130, 127, 123, 120, 117, 114, 111, 108, 105, 102, 99, 96, 93, 90, 87, 84, 81, 78, 

75, 72, 69, 67, 64, 61, 59, 56, 53, 51, 48, 46, 44, 41, 39, 37, 35, 32, 30, 28, 26, 

24, 23, 21, 19, 18, 16, 14, 13, 12, 10, 9, 8, 7, 6, 5, 4, 3, 3, 2, 1, 1, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 1, 1, 2, 3, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 16, 18, 19, 21, 23, 24, 

26, 28, 30, 32, 35, 37, 39, 41, 44, 46, 48, 51, 53, 56, 59, 61, 64, 67, 69, 72, 

75,78, 81, 84, 87, 90, 93, 96, 99, 102, 105, 108, 111, 114, 117, 120, 123 }; 

static unsigned int toothsawdat[256] = 

{0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 

24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 

45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 

66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 

87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 

106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 

122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 

138, 139, 140, 142, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 

154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 

170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 

186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 

202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 

218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 
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234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 

250, 252, 252, 253, 254, 255 }; 

static unsigned int triangdat[256] = 

{0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 

46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 

88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 

122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 

154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 

186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216, 

218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 

250, 252, 254, 255, 254, 252, 250, 248, 246, 244, 242, 240, 238, 236, 234, 232, 

230, 228, 226, 224, 222, 220, 218, 216, 214, 212, 210, 208, 206, 204, 202, 200, 

198, 196, 194, 192, 190, 188, 186, 184, 182, 180, 178, 176, 174, 172, 170, 168, 

166, 164, 162, 160, 158, 156, 154, 152, 150, 148, 146, 144, 142, 140, 138, 136, 

134, 132, 130, 128, 126, 124, 122, 120, 118, 116, 114, 112, 110, 108, 106, 104, 

102, 100, 98, 96, 94, 92, 90, 88, 86, 84, 82, 80, 78, 76, 74, 72, 70, 68, 66, 64, 62, 

60, 58, 56, 54, 52, 50, 48, 46, 44, 42, 40, 38, 36, 34, 32, 30, 28, 26, 24, 22, 20, 

18, 16, 14, 12, 10, 8, 6, 4, 2 }; 

unsigned int timeindex1int[256], timeindex2int[256], timeindexbuffint [256]; 

unsigned int TempTable1int[256], TempTable2int[256]; // Temporary tables 

//modes 2 & 3, scale 0 to 255 

unsigned int BuffTable[256]; // Output table, data to port 

double trunc(double arg); 

float tbs, tbs1, tbs2; // time between samples, signal 1 and 2 

int dat_samples_buff1, dat_samples_temp1, dat_samples_temp2; //number of 

//samples in output table 

int opmode; //operation mode: 1 single signlal, 2 superimposed, 3 separate 

//signals 
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int signaltype; //signal type: 1 sine, 2 saw-tooth, 3 triangle 

float freq1, freq2; //selected frequency for outputs 1 and 2 

int N, n1, n2; //samples per waveform cycle, signal 1 and 2 

void GetOperParam() 

{ 

printf ("Operation mode: 1, 2 or 3:\n "); 

scanf ("%d", &opmode); 

//printf ("Selected Operation mode = %d\n", opmode); 

printf ("Signal type, 1 sine, 2 tooth, 3 triang:\n "); 

scanf ("%d", &signaltype); 

//printf ("Selected signal type = %d\n", signaltype); 

printf ("Output single/low frequency in KiloHertz:\n "); 

scanf ("%f", &freq1); 

printf ("Samples per cycle: \n"); 

scanf ("%d", &n1); 

if (n1<9) n1=8; 

if (n1>8 & n1< 17) n1=16; 

if (n1>16 & n1< 33) n1=32; 

if (n1>32 & n1< 65) n1=64; 

if (n1>64 & n1< 129) n1=128; 
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if (n1>128) n1=256; 

printf(" %d\n", n1); 

if (opmode>1) 

{ 

printf ("Output high frequency2 in KiloHertz:\n "); 

scanf ("%f", &freq2); 

printf ("Samples per cycle 2: \n"); 

scanf ("%d", &n2); 

if (n2<9) n2=8; 

if (n2>8 & n2< 17) n2=16; 

if (n2>16 & n2< 33) n2=32; 

if (n2>32 & n2< 65) n2=64; 

if (n2>64 & n2< 129) n2=128; 

if (n2>128) n2=256; 

printf(" %d\n", n2); 

printf ("Leaving function GetOperParam\n"); 

} 

} 

void SineDisplay(int N) 

{ 
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unsigned int iter; 

printf ("Entering function SineDisplay ORIGINAL SINE TABLE \n"); 

for (iter = 0; iter < N; iter++) 

{ 

printf("[%d] ", iter); 

printf(" %d\n", sinedatint[iter]); 

} 

} 

void BuffTableGen(int N, int n) 

{ 

unsigned int dsepi; 

double dsepd; 

unsigned int iter; 

unsigned int i; 

unsigned int j; 

printf ("Entering function BuffTableGen mode 1\n"); 

i=0; 

dsepd=N/n; 

dsepi=dsepd; 

j=dsepi; 
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printf("data separation int, mode1 = %d\n ", dsepi); 

for (iter = 0; iter < N; iter=iter+dsepi) 

{ 

/*printf("Data number = %d\n ", iter);*/ 

if (signaltype == 1) BuffTable[i]=sinedatint[iter]; 

if (signaltype == 2) BuffTable[i]=toothsawdat[iter]; 

if (signaltype == 3) BuffTable[i]=triangdat[iter]; 

/*printf("Original data = %.6ef\n ", sinedat[iter]);*/ 

printf("%d\n ", BuffTable[i]); 

dat_samples_buff1=i; 

i=i+1; 

} 

printf("Amount of data samples in buffer table = %d\n ", dat_samples_buff1); 

printf ("Leaving function BuffTableGen mode 1\n"); 

} 

void TempTable1Calc(int N, int n1)//prepare temp table signal 1, modes 2 

& 3 

{ 

unsigned int dsepi; 

double dsepd; 

unsigned int iter; 
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unsigned int i; 

float t; 

printf ("Entering function TempTable1Calc, modes 2 & 3\n"); 

i=0; 

dsepd=N/n1; 

dsepi=dsepd; 

if ((dsepd-dsepi)>0.495) 

{dsepi++; //if separation is 12.5 round up to 13 

printf ("Table 1 separation %d \n", dsepi); 

} 

//printf("data separation in TEMPORARY TABLE 1 = %d\n ", dsepi); 

printf ("it time out data\n"); 

for (iter = 0; iter < N; iter=iter+dsepi) 

{ 

t=tbs1*i; 

printf("[%d] >", iter); 

printf("[%d] ", i); 

//printf("%.3ef ", t); 

if (signaltype==1) TempTable1int[i]=sinedatint[iter]; 

if (signaltype==2) TempTable1int[i]=toothsawdat[iter]; 
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if (signaltype==3) TempTable1int[i]=triangdat[iter]; 

timeindex1int[i]=100000*t; 

printf("t=%d ", timeindex1int[i]); 

printf("%d ", TempTable1int[i]); 

printf("%x\n ", TempTable1int[i]); 

dat_samples_temp1=i; 

i=i+1; 

} 

//printf("Data samples in temporary table1 = %d\n ", 

// ( at_samples_temp1+1)); 

//printf ("Leaving function TempTable1Calc, modes 2 & 3\n"); 

} 

void TempTable2Calc(int N, int n2)//prepare temp table signal 2, modes 

2&3 

{ 

unsigned int dsepi; 

double dsepd; 

unsigned int iter; 

unsigned int i; 

float t; 

printf ("Entering function TempTable2Calc, modes 2 & 3\n"); 
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i=0; 

dsepd=N/n2; 

printf(" %.2ef ", dsepd); 

dsepi=dsepd; 

if ((dsepd-dsepi)>0.495) 

{dsepi++; 

printf ("Table 2 separation %d \n", dsepi); 

} 

//printf("data separation in TEMPORARY TABLE 2 = %d\n ", dsepi); 

printf ("it time out data\n"); 

for (iter = 0; iter < N; iter=iter+dsepi) 

{ 

t=tbs2*i; 

printf("[%d] >", iter); 

printf("[%d] ", i); 

//printf("%.3ef ", t); 

if (signaltype==1) TempTable2int[i]=sinedatint[iter]; 

if (signaltype==2) TempTable2int[i]=toothsawdat[iter]; 

if (signaltype==3) TempTable2int[i]=triangdat[iter]; 

timeindex2int[i]=100000*t; 
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printf("t=%d ", timeindex2int[i]); 

printf("%d ", TempTable2int[i]); 

printf("%x\n ", TempTable2int[i]); 

dat_samples_temp2=i; 

i=i+1; 

} 

} 

void BuffTableSuperposition()////prepare output table, mode 2 

{ 

unsigned int i, j, k, l, m, dato1, dato2; 

float t, tbsmin, tmax; 

unsigned int tint, auxt1, auxt2; 

printf ("Entering function BuffTableSuperposition, mode 2\n"); 

if (tbs1<tbs2) 

tbsmin=tbs1; 

else 

tbsmin=tbs2; 

if (freq1<freq2) 

tmax=1/freq1; 

else 
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tmax=1/freq2; 

t=0; i=0; j=0; k=0; 

dato1=TempTable1int[i]; 

dato2=TempTable2int[i]; 

BuffTable[k]=dato1+dato2; 

printf("%d ", k); 

printf(" %.2ef ", t); 

printf(" %x ", dato2); 

printf("+ %x ", dato1); 

printf("= %d ", BuffTable[k]); 

printf("= %x\n ", BuffTable[k]); 

do{ 

t=t+tbsmin; 

tint=t*100000+1; 

auxt1=timeindex1int[i+1]; 

auxt2=timeindex2int[j+1]; 

m=0; 

if (tint<auxt1) 

l=0; 

else{ 
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m=1; 

i=i+1; 

//printf("new data table111, index %d \n", i); 

dato1=TempTable1int[i]; 

} 

//printf("m value after checking table1 %d \n", m); 

if (tint<auxt2) 

l=0; 

else{ 

m=2; 

j=j+1; 

if (j==n2) j=0; // return to begin of temp table for low frequency 

dato2=TempTable2int[j]; 

} 

if(m>0) 

{ 

k++; 

if (opmode==2) BuffTable[k]=(dato1+dato2)/2; 

if (opmode==3) BuffTable[k]=dato1+dato2*256; 

timeindexbuffint[k]=tint; 
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printf("[%d] ", k); 

printf("t= %d ", tint); 

printf(" %x ", dato2); 

printf("+ %x ", dato1); 

printf("= %d ", BuffTable[k]); 

printf("= %x\n ", BuffTable[k]); 

} 

} 

while (t<tmax); 

dat_samples_buff1=k; 

printf("Amount of data samples in BUFFER TABLE = %d\n", k); 

} 

void tbsCalc(float freq, float n)//calculate time for requested frequency // 

and number of samples 

{ 

printf ("Entering function tbsCalc\n"); 

tbs=1/(freq*n); 

} 

void WriteToOut()//load data from output table, write to output port 

{ 

unsigned int i; 
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unsigned int j; 

unsigned int k; 

float t; 

printf ("Entering function WriteToOut\n"); 

printf("Time running between samples buffer1 = %.2ef\n", tbs1); 

printf ("it time out data\n"); 

for (i = 0; i < dat_samples_buff1-1; i=i+1) 

{ 

for (j = 0; j < tbs1*1e+5; j=j+1)// 1e+5 proportional to time // between 

samples 

k=k+1; 

t=tbs1*i; 

printf("[%d] ", i); 

printf(" %d ", timeindexbuffint[i]); 

printf(" %x\n ", BuffTable[i]); 

} 

printf ("Leaving function WriteToOut\n"); 

} 

int main(void) 

{ 

N=256; 
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GetOperParam(); //Get operation parameters 

//SineDisplay(N); //Display data samples for sine waveform 

if (opmode==1)// operation mode = 1? 

{ 

tbsCalc(freq1, n1); //calculate separation between samples 

tbs1=tbs; 

BuffTableGen(N, n1); //generate buffer table extracting samples 

} 

if (opmode>1) 

{// operation mode= 2 or 3? 

tbsCalc(freq1, n1); //calculate separation between samples, signal 1 

tbs1=tbs; 

TempTable1Calc(N, n1); //generate temp table for signal 1 

tbsCalc(freq2, n2); //calculate separation between samples, signal 2 

tbs2=tbs; 

TempTable2Calc(N, n2); // generate temp table for signal 2 

BuffTableSuperposition(); // generate buffer table modes 2 & 3 

} 

WriteToOut(); //write to output port 

return 0 ; 
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} 

A.2  Application Program: Extended Version 

The extended version of the application program has been developed for the 

board based prototype implementation. It has added functionality compared to 

the SoC based design. Additional functions were defined and implemented 

according to experimental needs and developing research work in the particle 

manipulation area. 

// Uses Luminary Driverlib for parallel port use 

// Version date: Feb the 3rd, 2011 

// Details: separates frequency ranges in low (<400 Hz) and high (>400Hz) 

// Delivers superimposed frequencies in any mix of available waveforms 

#include <stdlib.h> 

#include <stdio.h> 

#include <math.h> 

#include "hw_memmap.h" 

#include "hw_types.h" 

#include "sysctl.h" 

#include "hw_sysctl.h" 

#include "gpio.h" 

#include "hw_gpio.h" 



 

Appendixes 

 

156 http://www.sciencepublishinggroup.com 

//#define PORT_DATA(GPIO_PIN_0 |GPIO_PIN_1 | GPIO_PIN_2 | 

GPIO_PIN_3 | //GPIO_PIN_4 | GPIO_PIN_5 | GPIO_PIN_6 | GPIO_PIN_7) 

#ifdef DEBUG 

void 

__error__(char *pcFilename, unsigned long ulLine) 

{ 

} 

#endif 

#define Pi 3.14159265358979323846264338327 

static unsigned int sinedatint[256] = 

{ 127, 130, 133, 136, 139, 142, 145, 148, 151, 154, 157, 160, 163, 166, 169, 

172, 175, 178, 181, 184, 186, 189, 192, 194, 197, 200, 202, 205, 207, 209, 212, 

214, 216, 218, 221, 223, 225, 227, 229, 230, 232, 234, 235, 237, 239, 240, 241, 

243, 244, 245, 246, 247, 248, 249, 250, 250, 251, 252, 252, 253, 253, 253, 253, 

253, 254, 253, 253, 253, 253, 253, 252, 252, 251, 250, 250, 249, 248, 247, 246, 

245, 244, 243, 241, 240, 239, 237, 235, 234, 232, 230, 229, 227, 225, 223, 221, 

218, 216, 214, 212, 209, 207, 205, 202, 200, 197, 194, 192, 189, 186, 184, 181, 

178, 175, 172, 169, 166, 163, 160, 157, 154, 151, 148, 145, 142, 139, 136, 133, 

130, 127, 123, 120, 117, 114, 111, 108, 105, 102, 99, 96, 93, 90, 87, 84, 81, 78, 

75, 72, 69, 67, 64, 61, 59, 56, 53, 51, 48, 46, 44, 41, 39, 37, 35, 32, 30, 28, 26, 

24, 23, 21, 19, 18, 16, 14, 13, 12, 10, 9, 8, 7, 6, 5, 4, 3, 3, 2, 1, 1, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 1, 1, 2, 3, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 16, 18, 19, 21, 23, 24, 

26, 28, 30, 32, 35, 37, 39, 41, 44, 46, 48, 51, 53, 56, 59, 61, 64, 67, 69, 72, 

75,78, 81, 84, 87, 90, 93, 96, 99, 102, 105, 108, 111, 114, 117, 120, 123 }; 

static unsigned int toothsawdat[256] = 
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{0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 

24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 

45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 

66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 

87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 

106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 

122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 

138, 139, 140, 142, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 

154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 

170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 

186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 

202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 

218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 

234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 

250, 252, 252, 253, 254, 255 }; 

static unsigned int triangdat[256] = 

{0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 

46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 

88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 

122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 

154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 

186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216, 

218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 

250, 252, 254, 255, 254, 252, 250, 248, 246, 244, 242, 240, 238, 236, 234, 232, 

230, 228, 226, 224, 222, 220, 218, 216, 214, 212, 210, 208, 206, 204, 202, 200, 

198, 196, 194, 192, 190, 188, 186, 184, 182, 180, 178, 176, 174, 172, 170, 168, 

166, 164, 162, 160, 158, 156, 154, 152, 150, 148, 146, 144, 142, 140, 138, 136, 

134, 132, 130, 128, 126, 124, 122, 120, 118, 116, 114, 112, 110, 108, 106, 104, 

102, 100, 98, 96, 94, 92, 90, 88, 86, 84, 82, 80, 78, 76, 74, 72, 70, 68, 66, 64, 62, 

60, 58, 56, 54, 52, 50, 48, 46, 44, 42, 40, 38, 36, 34, 32, 30, 28, 26, 24, 22, 20, 

18, 16, 14, 12, 10, 8, 6, 4, 2 }; 

unsigned int timeindex1int[256], timeindex2int[256], timeindexbuffint[256]; 
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unsigned int TempTable1int[256], TempTable2int[256]; // Temporary tables, 

//modes 2 & 3, scale 0 to 255 

unsigned int BuffTable[4096]; // output table, all modes 

double trunc(double arg); 

float tbs, tbs1, tbs2; // time between samples, para senal 1 y 2 

int dat_samples_buff1, dat_samples_temp1, dat_samples_temp2; //data 

samples 

int opmode; //operation modes: 1 single signal, 2 superposition, 3 separate 

//signals 

int signaltype, signaltype2; //signal type: 1 sine, 2 saw-tooth, 3 triangle 

float freq1, freq2; //frecuency for output signals 1 & 2 

int N, n1, n2; //samples per waveform cycle 

void GetOperParam() 

{ 

//printf ("Operation mode: 1, 2 or 3:\n "); 

// scanf ("%d", &opmode); 

opmode=2; 

//printf ("Selected Operation mode = %d\n", opmode); 

//printf ("Signal type, 1 sine, 2 tooth, 3 triang:\n "); 

//scanf ("%d", &signaltype); 

signaltype2=2; 

signaltype=2; 
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//printf ("Selected signal type = %d\n", signaltype); 

//printf ("Output single/low frequency in KiloHertz:\n "); 

//scanf ("%f", &freq1); 

freq1=500; 

//printf ("Samples per cycle: \n"); 

//scanf ("%d", &n1); 

//if (freq1>399) { 

//n1=240000/freq1; //write to port, high frequencies 

//n2=16; 

//} 

//if (freq1<400) { 

//n1=64; 

//n2=64; //write to port, low frequencies 

//} 

n1=64; 

if (n1<9) n1=16; 

if ((n1>8) & (n1< 17)) n1=16; 

if ((n1>16) & (n1< 33)) n1=32; 

if ((n1>32) & (n1< 65)) n1=64; 

if ((n1>64) & (n1< 129)) n1=128; 
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if (n1>128) n1=256; 

//printf(" %d\n", n1); 

if (opmode>1) 

{ 

//printf ("Output high frequency2 in KiloHertz:\n "); 

//scanf ("%f", &freq2); 

freq2=5000; 

//printf ("Samples per cycle 2: \n"); 

//scanf ("%d", &n2); 

n2=64; 

if (n2<9) n2=8; 

if ((n2>8) & (n2< 17)) n2=16; 

if ((n2>16) & (n2< 33)) n2=32; 

if ((n2>32) & (n2< 65)) n2=64; 

if ((n2>64) & (n2< 129)) n2=128; 

if (n2>128) n2=256; 

//printf(" %d\n", n2); 

//printf ("Leaving function GetOperParam\n"); 

} 

} 
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void SineDisplay(int N) 

{ 

unsigned int iter; 

// printf ("Entering function SineDisplay ORIGINAL SINE TABLE\n"); 

for (iter = 0; iter < N; iter++) 

{ 

//printf("[%d] ", iter); 

//printf(" %d\n", sinedatint[iter]); 

} 

} 

void BuffTableGen(int N, int n) 

{ 

unsigned int dsepi; 

double dsepd; 

unsigned int iter; 

unsigned int i; 

unsigned int j; 

//printf ("Entering function BuffTableGen mode 1\n"); 

i=0; 

dsepd=N/n; 
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dsepi=dsepd; 

j=dsepi; 

// printf("data separation int, modo1 = %d\n ", dsepi); 

for (iter = 0; iter < N; iter=iter+dsepi) 

{ 

// /*printf("Data number = %d\n ", iter);*/ 

if (signaltype == 1) BuffTable[i]=sinedatint[iter]; 

if (signaltype == 2) BuffTable[i]=toothsawdat[iter]; 

if (signaltype == 3) BuffTable[i]=triangdat[iter]; 

// /*printf("Dato original = %.6ef\n ", sinedat[iter]);*/ 

// printf("%d\n ", BuffTable[i]); 

dat_samples_buff1=i; 

i=i+1; 

} 

// printf("Amount of data samples in buffer table = %d\n ", 

//dat_samples_buff1); 

//printf ("Leaving function BuffTableGen, mode 1\n"); 

} 

void TempTable1Calc(int N, int n1)//prepare temp table, signal 1, modes 

2&3 

{ 
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unsigned int dsepi; 

double dsepd; 

unsigned int iter; 

unsigned int i; 

float t; 

// printf ("Entering function TempTable1Calc, modes 2 & 3\n"); 

i=0; 

dsepd=N/n1; 

dsepi=dsepd; 

if ((dsepd-dsepi)>0.495) 

{dsepi++; //if separation es >. 495 round up to next integer 

// printf ("separation table 1 %d \n", dsepi); 

} 

//printf("data separation in TEMPORARY TABLE 1 = %d\n ", dsepi); 

//printf ("it time out data\n"); 

for (iter = 0; iter < N+1; iter=iter+dsepi) 

{ 

t=tbs1*i; 

// printf("[%d] >", iter); 

//printf("[%d] ", i); 
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//printf("%.3ef ", t); 

if (signaltype==1) TempTable1int[i]=sinedatint[iter]; 

if (signaltype==2) TempTable1int[i]=toothsawdat[iter]; 

if (signaltype==3) TempTable1int[i]=triangdat[iter]; 

timeindex1int[i]=100000*t; 

//printf("t=%d ", timeindex1int[i]); 

//printf("%d ", TempTable1int[i]); 

//printf("%x\n ", TempTable1int[i]); 

dat_samples_temp1=i; 

i=i+1; 

} 

//printf("Data samples in temporary table1 = %d\n ", 

(dat_samples_temp1+1)); 

//printf ("Leaving function TempTable1Calc, modes 2 & 3\n"); 

} 

void TempTable2Calc(int N, int n2)//prepare temp table signal 2, modes 

2&3 

{ 

unsigned int dsepi; 

double dsepd; 

unsigned int iter; 
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unsigned int i; 

float t; 

//printf ("Entering function TempTable2Calc, modes 2 & 3\n"); 

i=0; 

dsepd=N/n2; 

//printf(" %.2ef ", dsepd); 

dsepi=dsepd; 

if ((dsepd-dsepi)>0.495) 

{dsepi++; 

// printf ("separation table 2 %d \n", dsepi); 

} 

//printf("data separation in TEMPORARY TABLE 2 = %d\n ", dsepi); 

//printf ("it time out data\n"); 

for (iter = 0; iter < N; iter=iter+dsepi) 

{ 

t=tbs2*i; 

// printf("[%d] >", iter); 

//printf("[%d] ", i); 

//printf("%.3ef ", t); 

if (signaltype2==1) TempTable2int[i]=sinedatint[iter]; 
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if (signaltype2==2) TempTable2int[i]=toothsawdat[iter]; 

if (signaltype2==3) TempTable2int[i]=triangdat[iter]; 

timeindex2int[i]=100000*t; 

//printf("t=%d ", timeindex2int[i]); 

//printf("%d ", TempTable2int[i]); 

//printf("%x\n ", TempTable2int[i]); 

dat_samples_temp2=i; 

i=i+1; 

} 

} 

void BuffTableSuperposition()////prepare output table mode 2 

{ 

unsigned int i, j, k, l, m, dato1, dato2; 

float t, tbsmin, tmax; 

unsigned int tint, auxt1, auxt2; 

//printf ("Entering function BuffTableSuperposition, mode 2\n"); 

if (tbs1<tbs2) 

tbsmin=tbs1; 

else 

tbsmin=tbs2; 
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if (freq1<freq2) 

tmax=1/freq1; 

else 

tmax=1/freq2; 

t=0; i=0; j=0; k=0; 

dato1=TempTable1int[i]; 

dato2=TempTable2int[i]; 

BuffTable[k]=(dato1+dato2)/2; 

//printf("%d ", k); 

//printf(" %.2ef ", t); 

//printf(" %x ", data2); 

//printf("+ %x ", data1); 

//printf("= %d ", BuffTable[k]); 

//printf("= %x\n ", BuffTable[k]); 

do{ 

t=t+tbsmin; 

tint=t*100000+1; 

auxt1=timeindex1int[i+1]; 

auxt2=timeindex2int[j+1]; 

m=0; 
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if (tint<auxt1) 

l=0; 

else{ 

m=1; 

i=i+1; 

//printf("new data table111, index %d \n", i); 

dato1=TempTable1int[i]; 

} 

//printf("m value after checking table1 %d \n", m); 

if (tint<auxt2) 

l=0; 

else{ 

m=2; 

j=j+1; 

if (j==n2) j=0; //returns to beginning of temp table, low frequency 

dato2=TempTable2int[j]; 

} 

if(m>0) 

{ 

k++; 
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if (opmode==2) BuffTable[k]=(dato1+dato2)/2; 

if (opmode==3) BuffTable[k]=dato1+dato2*256; 

timeindexbuffint[k]=tint; 

// printf("[%d] ", k); 

// printf("t= %d ", tint); 

// printf(" %x ", dato2); 

//printf("+ %x ", dato1); 

//printf("= %d ", BuffTable[k]); 

//printf("= %x\n ", BuffTable[k]); 

} 

} 

while (t<tmax); 

dat_samples_buff1=k; 

//printf("Amount of data samples in BUFFER TABLE = %d\n", k); 

} 

void tbsCalc(float freq, float n)//calculates time between samples 

{ 

// printf ("Entering function tbsCalc\n"); 

tbs=1/(freq*n); 

} 
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void WriteToOutLow()//load data from buffer table, write to output port 

{ 

unsigned int i; 

unsigned int j; 

unsigned int k; 

//float t; 

// printf ("Entering function WriteToOut\n"); 

// printf("Time running between samples buffer1 = %.2ef\n", tbs1); 

//printf ("it time out data\n"); 

// delayed cycle for slow signal generation 

k=11000/freq1; // k in inverse proportion of desired frequency 

for (;;) 

for (i = 0; i < dat_samples_buff1+1; i=i+1) 

{ 

for (j = 0; j < k; j=j+1) {} // generates time between //samples for slow 

frequencies running k wait cycles between output updates 

// printf("[%d] ", i); 

// printf(" %d ", timeindexbuffint[i]); 

// printf(" %x\n ", BuffTable[i]); 

GPIOPinWrite(GPIO_PORTA_BASE, GPIO_PIN_0 |GPIO_PIN_1 | 

GPIO_PIN_2 | GPIO_PIN_3 | GPIO_PIN_4 | GPIO_PIN_5 | GPIO_PIN_6 | 

GPIO_PIN_7, BuffTable[i]); 
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} 

// printf ("Leaving function WriteToOut\n"); 

} 

void WriteToOutHigh()//load data from buffer table, write to output port 

{ 

unsigned int i; 

//unsigned int j; 

// printf("Time running between samples buffer1 = %.2ef\n", tbs1); 

//printf ("it time out data\n"); 

for (;;) 

for (i = 0; i < dat_samples_buff1+1; i=i+1) 

{ 

//for (j = 0; j < tbs1*12; j=j+1)//con 1e+5 is time between //samples 

// t is accumulated time in cycle, last values is period T of //waveform 

//t=tbs1*i; 

// printf("[%d] ", i); 

// printf(" %d ", timeindexbuffint[i]); 

// printf(" %x\n ", BuffTable[i]); 

GPIOPinWrite(GPIO_PORTA_BASE, GPIO_PIN_0 |GPIO_PIN_1 | 

GPIO_PIN_2 | GPIO_PIN_3 | GPIO_PIN_4 | GPIO_PIN_5 | GPIO_PIN_6 | 

GPIO_PIN_7, BuffTable[i]); 
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} 

// printf ("Leaving function WriteToOut\n"); 

} 

int main(void) 

{ 

// 

// If running on Rev A2 silicon, turn the LDO voltage up to 2.75V. //This is a 

workaround to allow the PLL to operate reliably. 

// 

if(DEVICE_IS_REVA2) 

{ 

SysCtlLDOSet(SYSCTL_LDO_2_75V); 

} 

// 

// Set the clocking to run directly from the crystal. 

// Default values assume an external crystal of 6MHz. See Luminary 

// driverlib documentation for other values. 

// Clock source can be: 

// 'SYSCTL_USE_OSC | SYSCTL_OSC_MAIN' - use the xtal without PLL 

// 'SYSCTL_USE_PLL | SYSCTL_OSC_MAIN' - use the xtal with PLL 

// If using the PLL, the oscillator runs at 200MHz and then you select 
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// a division of this frequency to clock the core. Otherwise the //divider just 

//directly divides the XTAL frequency. 

// Use a 6MHz external XTAL directly with no division 

//printf ("Entering sysctlclokset \n"); 

SysCtlClockSet(SYSCTL_SYSDIV_1 | SYSCTL_USE_OSC | 

SYSCTL_OSC_MAIN | SYSCTL_XTAL_6MHZ); 

// Use the XTAL directly to clock the PLL with division by 4 

//SysCtlClockSet(SYSCTL_SYSDIV_4 | SYSCTL_USE_PLL | 

SYSCTL_OSC_MAIN | 

// SYSCTL_XTAL_6MHZ); 

// printf ("Entering sysctlperipheralenable \n"); 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOA); 

//printf ("Entering define gpio as output \n"); 

GPIOPinTypeGPIOOutput(GPIO_PORTA_BASE, GPIO_PIN_0 

|GPIO_PIN_1 | GPIO_PIN_2 | GPIO_PIN_3 | GPIO_PIN_4 | GPIO_PIN_5 | 

GPIO_PIN_6 | GPIO_PIN_7); 

//printf ("Entering write to port \n"); 

GPIOPinWrite(GPIO_PORTA_BASE, GPIO_PIN_0 |GPIO_PIN_1 | 

GPIO_PIN_2 | GPIO_PIN_3 | GPIO_PIN_4 | GPIO_PIN_5 | GPIO_PIN_6 | 

GPIO_PIN_7,0x55); 

// printf ("Leaving write to port \n"); 

// Use the XTAL directly to clock the PLL with division by 4 
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// SysCtlClockSet(SYSCTL_SYSDIV_4 | SYSCTL_USE_PLL | 

SYSCTL_OSC_MAIN | 

// SYSCTL_XTAL_6MHZ); 

N=256; 

GetOperParam(); //Get operation parameters 

//SineDisplay(N); //Display data samples for sine waveform 

if (opmode==1)// operation mode = 1? 

{ 

tbsCalc(freq1, n1); //calculate separation between samples 

tbs1=tbs; 

BuffTableGen(N, n1); //generate buffer table extracting samples 

} 

if (opmode>1) 

{// operation mode= 2 or 3? 

tbsCalc(freq1, n1); //calculate separation between samples, signal 1 

tbs1=tbs; 

TempTable1Calc(N, n1); //generate temp table for signal 1 

tbsCalc(freq2, n2); //calculate separation between samples, signal 2 

tbs2=tbs; 

TempTable2Calc(N, n2); // generate temp table for signal 2 

BuffTableSuperposition(); // generate buffer table modes 2 & 3 
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} 

if (freq1>399) WriteToOutHigh(); // write to output port, high //frequencies 

if (freq1<400) WriteToOutLow(); //write to output port, low //frequencies 

while(1); 
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