Second Year C Programming Assignment 2

Michael Prior-Jones

1
Requirements Specification

The brief is summarised as follows:

Design and implement a C program to display the summation of a number of sine waves, which may be of differing phase, amplitude and frequency. The characteristics of each component wave should be supplied by the user and held in a linked list. The display should show the wave relating to the current entry in the linked-list as well as the wave resulting from the summation of all the entries. It should be possible for the user to:

· add component waves

· delete component waves

· edit component wave characteristics

The resulting wave should reflect the contents of the linked-list at all times.

In addition to this, I intend to also implement the following features:

· The data entry screen will allow the user to review the waves that they have entered.

· Auto-scaling will be carried out on the summation wave, so that two cycles are always shown, and so that the amplitude fills the plot area. The current wave will be shown at the same scale, to allow it to be easily compared.

· The plot will be easy-to-read, with axes, gridlines and plot in different colours to aid readability.

2
Program Structure


The structure chart above shows the data flow within the program. The two calculation routines produce an array of y-values, calculated from the wave parameters. This approach is used to allow the scale-and-plot routine to auto-scale the graphs.

2.1
Table of functions

	Unit name
	Function name
	Description

	Drawing the summation of sinewaves
	int main(void)
	Main program

	Add wave to list
	void add_wave(WAVE **first, WAVE**current)
	Add a wave (with null parameters) to the list

	Edit wave details
	void edit_wave(WAVE *current)
	Allows the user to change the wave parameters

	Delete wave
	void delete_wave(WAVE **first, WAVE **current)
	Deletes a wave from the linked list.

	Calculate values for a single wave
	void calculate_single(WAVE *current,  double *single_wave)
	Takes the data for a single wave and compiles an array of y-values for the wave.

	Calculate values for sum of waves
	void calculate_total(WAVE *first,  double *total_wave)
	Compiles an array of y-values for the summation of all the waves in 

the linked list.

	Calculate single wave value
	double calculate_yval(WAVE *wave_data, double xval)
	Calculates a single y-value from wave data and an x-value.

	Scale value to pixels and plot
	double plot_waves(double * single_wave, double *total_wave)
	Converts to pixels and plots the point on the graph

	not shown on diagram
	void draw_screen(void)
	Draws axes, gridlines etc


During implementation, a number of additional “service functions” were added, mostly to handle the GUI. These are detailed below:

	Function
	Description

	double graphical_input_number(char* string,int xpos,int ypos)
	Allows user to input values in graphics mode. It takes a prompt string and xy co-ordinates and returns a double-precision floating poin number.

	void print_wave_parameters(WAVE *current, char title[20])
	This function plots the current wave’s parameters

	double findscalefactor(WAVE *first)
	This function calculates the horizontal scaling factor for the graphs, based displaying two cycles of the lowest frequency wave in the list.


2.2
Table of variables

	Data name
	Data type
	Description

	current
	WAVE *current
	Pointer to the current wave’s data within the linked list

	first
	WAVE *first
	Pointer to the first wave’s data within the linked list

	single_wave[]
	double single_wave[]
	Array of y-values for the current wave

	total_wave[]
	double total_wave[]
	Array of y-values for the summation of all the waves

	wave_data
	WAVE *wave_data
	Pointer to one wave’s data

	xval
	double xval
	Current x-value being calculated

	yval
	double yval
	Currently calculated y-value


2.3
Data structure:

The waves will be held in a linked list based around this structure:

typedef struct wave_parameters {


double amplitude;


double frequency;


double phase;


struct *next;


struct *previous;

} WAVE;

3
Details of the calculations

The sinewave function is as follows:
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where:

· A is the wave’s amplitude

· f is the wave’s frequency

· x is the x-value

· is the phase angle in radians.

4 Implementation

// WAVES.C - Program to draw summations of sinewaves under user control

#include <stdio.h>

#include <ctype.h>

#include <math.h>

#include <string.h>

#include "n:/course/elec/include/gfxlib1.h"

// define number of data points to calculate (= no of pixels on graphs)

#define DATAPOINTS 460

// main linked-list structure made global

typedef struct wave_parameters {


double amplitude;


double frequency;


double phase;


struct wave_parameters *next;


struct wave_parameters *previous;

} WAVE;

// function to draw axes and other stuff on the screen

void draw_screen(void) {


cleardevice(); // clear the screen


// draw screen divisions, in green


setcolor(BLUE);


line(0,240,640,240);


line(500,0,500,480);


// draw axes


setcolor(YELLOW);


line(20,120,480,120);


line(20,10,20,230);


line(20,360,480,360);


line(20,250,20,469);


// Write graph labels and control panel options


setcolor(WHITE);


outtextxy(200,5, "Current Wave:");


outtextxy(200,245, "Sum of all waves:");


outtextxy(510,245, "Control Panel");


outtextxy(510,260, "A= add wave");


outtextxy(510,280, "D= delete wave");


outtextxy(510,300, "E= edit wave");


outtextxy(510,320, "N= next wave");


outtextxy(510,340, "P= previous wave");


outtextxy(510,450, "Q= quit program");


return;

}

void print_wave_parameters(WAVE *current, char title[20]) {


char tempstring[40];


// clear the "wave parameters" area of the screen, using a flood fill 


setfillstyle(SOLID_FILL,BLACK);


floodfill(510,20,BLUE);


setcolor(WHITE);


outtextxy(510,5,title);


sprintf(tempstring,"Amplitude=%.2lf", current->amplitude);


outtextxy(510,40, tempstring);


sprintf(tempstring,"Frequency=%.2lf", current->frequency);


outtextxy(510,60, tempstring);


sprintf(tempstring,"Phase=%.2lf", current->phase);


outtextxy(510,80, tempstring);


return;

}

void add_wave(WAVE **first, WAVE **current) {


WAVE *new_wave;


WAVE *tempstore;


new_wave=malloc(sizeof(WAVE));


new_wave->amplitude=0;


new_wave->frequency=0;


new_wave->phase=0;


new_wave->next=NULL;


new_wave->previous=NULL;


if (*first==NULL) {



*first=new_wave;



*current=new_wave;



return;


}


tempstore=NULL;


if (current!=NULL) {



tempstore=(*current)->next;


}


(*current)->next=new_wave;


new_wave->next=tempstore;


if (new_wave->next) new_wave->next->previous=new_wave;


new_wave->previous=(*current);


(*current)=new_wave;

return;

}

/* graphical_input_number allows the user to enter numbers whilst in graphics mode: it takes a string array and x and y co-ordinates; and returns the double-precision floating-point value entered. */

double graphical_input_number(char* string,int xpos,int ypos) {


char tempstring[40],kbchar,kbstring[4], numberstring[40];


double return_val;


strcpy(tempstring,string);


outtextxy(xpos,ypos,tempstring);


/* get characters from keyboard, if they’re valid, add to string and print to screen */


do {



kbchar=getch();



if (isdigit(kbchar) || kbchar=='.') {




sprintf(kbstring,"%c",kbchar);




strcat(tempstring, kbstring);



}



outtextxy(xpos,ypos,tempstring);


} while (kbchar!=13);


strcpy(numberstring,tempstring+strlen(string));


return_val=atof(numberstring);

 // convert string to floating-point number


return(return_val);

}

void edit_wave(WAVE *current) {


print_wave_parameters(current,"Editing wave");


setcolor(RED);


outtextxy(510,100,"New values:");


current->amplitude=graphical_input_number("A=",510,125);


current->frequency=graphical_input_number("F=",510,145);


current->phase=graphical_input_number("P=",510,165);


setcolor(WHITE);

return;

}

void delete_wave(WAVE **first, WAVE **current) {


WAVE *item;


item=*current;


if (item==NULL) return;



if (item->next ==NULL) {   // end of list




(*current)=item->previous;




(*current)->next=NULL;




if (item->previous==NULL) { // only item in list





(*first)=(*current)=NULL;




}



} else if (item->previous == NULL) {  // start of list




(*current)=item->next;




(*current)->previous=NULL;




(*first)=(*current);



} else {




item->previous->next=item->next;




item->next->previous=item->previous;




(*current)=item->next;



}



free(item);

return;

}

double calculate_yval(WAVE *wave_data, double xval, double xscale) {


double return_val;


// formula is A*cos(2*pi*F*t+P) NB- xval is normalised to give t between 0 and 1


return_val=wave_data->amplitude *




cos((2 * M_PI * wave_data->frequency * xval / xscale) +




(wave_data->phase / 180 * M_PI));


return(return_val); 

}

double findscalefactor(WAVE *first) {


WAVE *this_wave;


double lowfreq=HUGE_VAL;


this_wave=first;

// loop to find lowest frequency wave in the list


while (this_wave) {



if (this_wave->frequency<lowfreq && this_wave->frequency>0) lowfreq=this_wave->frequency;


this_wave=this_wave->next;




}


/* return a scale factor that gives 2 cycles of the lowest frequency component */


return(0.5*lowfreq*DATAPOINTS);

}

void calculate_single(WAVE *first, WAVE *current, double *single_wave) {


int i;


double xscale;


if (current->frequency==0) return;


xscale=findscalefactor(first);


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



single_wave[i]=calculate_yval(current,i,xscale);


}

}

void calculate_total(WAVE *first, double *total_wave) {


int i;


WAVE *this_wave;


double xscale;


this_wave=first;


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



total_wave[i]=0;


}


xscale=findscalefactor(first);


while (this_wave) {



if(this_wave->frequency==0) { this_wave=this_wave->next; continue;}



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




total_wave[i]+=calculate_yval(this_wave,i,xscale);



}


this_wave=this_wave->next;


}

}

void plot_waves(double *single_wave, double *total_wave, WAVE *first) {


int i;


double plotx,ploty;


double maxval=0;


double xscale=0;


double lowfreq=0;


double time=0;


char label[20];


xscale=findscalefactor(first);


lowfreq=2*xscale/DATAPOINTS;


time=1/lowfreq;

 // generate time values for time-axis labels


// find largest value of the summed wave, used to scale y-axes


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



if(maxval<total_wave[i]) maxval=total_wave[i];



}


// draw single wave


moveto(20,120);


setcolor(GREEN);


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



plotx=20+i;



ploty=120-(single_wave[i]/ maxval *110);



if (i>0) lineto(plotx, ploty);




else moveto(plotx, ploty);


}


setcolor(WHITE);


moveto(20,360);


// draw total wave


setcolor(GREEN);


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



plotx=20+i;



ploty=360-(total_wave[i]/ maxval *110);



if (i>0) lineto(plotx, ploty);




else moveto(plotx, ploty);


}


setcolor(WHITE);


// draw y-axis labels


sprintf(label, "%2.2E", maxval);


outtextxy(5,10, label);


outtextxy(5,120, "0");


outtextxy(5,250, label);


outtextxy(5,360,"0");


// draw x-axis labels


sprintf(label, "%2.2E", time);


outtextxy(DATAPOINTS/2,125, label);


outtextxy(DATAPOINTS/2,365, label);


sprintf(label, "%2.2E", time*2);


outtextxy(DATAPOINTS,125, label);


outtextxy(DATAPOINTS,365, label);

}

// main function

int main(void) {


WAVE *first=NULL;


WAVE *current=NULL;


char keypress;


double single_wave[DATAPOINTS];


double total_wave[DATAPOINTS];



graphics_on();


add_wave(&first, &current);


draw_screen();


print_wave_parameters(current, "Wave parameters");


do {



//printf("F=%lf C=%lf\n",first->frequency, current->frequency);



keypress=getch();



switch(keypress) {




case 'a':




case 'A':





add_wave(&first, &current); edit_wave(current);break;




case 'e':




case 'E':





edit_wave(current); break;




case 'n':




case 'N':





if(current->next) current=current->next; break;




case 'p':




case 'P':





if(current->previous) current=current->previous; break;




case 'd':




case 'D':





delete_wave(&first, &current); break;



}



draw_screen();



if (current!=NULL && first!=NULL) {




print_wave_parameters(current, "Wave parameters");




if (current->frequency!=0) {





calculate_single(first, current, single_wave);





calculate_total(first, total_wave);





plot_waves(single_wave, total_wave, first);




}



}


} while (keypress!='q' && keypress!='Q');


graphics_off();

return(0);

}

5 Testing Strategy

The mathematical testing of the code was performed before the graphical front-end was written. A spreadsheet was used to generate a list of values of a typical wave, and this was compared with the output of the program.

The user interface was tested for stability by inserting invalid values. It is resistant to entering letters, null values and very large and small values.

There’s only one known limitation- entering waves that sum to zero (entering two waves 180 degrees out of phase) can rather confuse the autoscaling, since it’s calculated on the maximum value of the total waveform.

Sinewave plot program- A User’s Guide

Michael Prior-Jones

Introduction

WAVES is a program designed to draw the summation of a number sinusoidal waves, as an illustration of Fourier series. It runs under MS-DOS or 100% compatible systems, and makes use of standard VGA graphics. It is specifically designed for ease of use.

Getting Started

Change directory to the directory where WAVES is located. Type WAVES at the prompt and press enter.

The computer will switch to graphics mode and draw WAVES’ initial screen.

On the left-hand side of the screen are two sets of axes, whilst the right-hand side shows status information and a list of commands.

The top set of axes show a single wave, the details of which (amplitude, frequency and phase) are shown on the right-hand side. The bottom set of axes shows the total waveform of all the waves entered.

To get going, press ‘E’ to edit the current wave. Enter an amplitude at the ‘A=’ prompt (in relative units) and a frequency in Hertz at the ‘F=’ prompt. Next, enter the phase (in degrees) at the ‘P=’ prompt. The program will then draw the waveform on both sets of axes. The axes autoscale so that it will show two cycles of the wave and the maximum wave amplitude.

To add a second wave, press ‘A’ and enter the values. You’ll now see the program draw your new wave on the top axes, and the total waveform on the lower one. The autoscaling is worked out on the total waveform, and both plots are drawn to the same scale.

To review the waves you’ve entered, use the ‘N’ and ‘P’ keys to move between them. The program will redraw the top waveform for each wave. You may want to delete a wave- just move to the wave you want to delete and press ‘D’. 

To finish the program and go back to the DOS prompt, press ‘Q’.
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