Second Year C Programming Assignment 1

Michael Prior-Jones

1
Requirements Specification

The brief, as supplied, is as follows:

Design and implement a program to analyse the transfer function of a simple RC (low pass filter) circuit. The program should display the results as a standard Bode plot.

· The log. frequency axis (x-axis) should run from 10Hz to 1MHz with gridlines at each decade.

· The transfer function axis (y-axis) should be in dBV from 0 to –50dB with gridlines at every 10dB.

· The user will enter the resistance and capacitance values, but not alter the plot parameters.

In addition to this, I would suggest the following things are also implemented:

· Resistors usually have large values, and capacitors very small values. It would be convenient for the user to be able to use standard abbreviations for magnitudes (k, M, m, (, n, p) although a lower case “u” will need to be substituted for the Greek (.

· The axes should be properly labelled with scales and titles

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

· Once the program has drawn the plot, it should ask the user if he or she wishes to draw another plot with different component values, and do so if requested.

2
Program Structure


The structure chart above shows the data flow within the program. The calculation and plotting routines are within a loop. Each iteration of the loop increments the variable freq (which holds the frequency) and then calls the calculation routine to get a value for the transfer function in dB. This, together with the frequency, is then passed to the plot routine, which plots the point. The whole cycle then repeats for the next point on the graph.

2.1
Table of Functions

	Unit name
	Function name
	Description

	Bode plot of an RC filter
	int main(void)
	Main program

	Input component values
	void get_values(char *r_str, char *c_str)
	Prompt user for component values

	Process data strings into numbers
	double eng_to_float(char *input)
	Converts a number entered in engineering notation (eg 2k) to a floating point number

	Calculate the current value
	double calculate_value(double r, double c, double freq)
	Finds the transfer function of the RC filter at the frequency specified

	Scale value to pixels and plot
	void plot_value(double logfreq, double output_dB)
	Converts to pixels and plots the point on the graph

	not shown on diagram
	void draw_axes(void)
	Draws axes and gridlines


2.2
Table of variables

	Data name
	Data type
	Description

	r_str
	char r_str[20]
	string holding resistance value in engineering notation

	c_str
	char c_str[20]
	string holding capacitance value in engineering notation

	r
	double r
	resistance value as a number

	c
	double c
	capacitance value as a number

	logfreq
	double logfreq
	logarithm of frequency

	freq
	double freq
	frequency

	output_dB
	double output_dB
	transfer function in dBV


3
How the calculations are done:

3.1
Transfer function

The transfer function of a low-pass RC filter circuit are given by the following formula:
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where:

· H(f) is the transfer function as a linear ratio, 

· ( (omega) is the angular frequency as defined by 
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· C is the capacitance in farads

· R is the resistance in ohms

To get H(f) in dBV, we apply the formula:
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3.2
Logarithmic frequency axis 

Because the frequency axis is logarithmic, special considerations will have to made to get an even spread of points along it. For this reason, the frequency variable freq will be calculated using the following method:

for (logfreq =1 to 6 inclusive in steps of 0.1)

{


freq=10logfreq
}

This gives five decades with 10 steps uniformly spread along the logarithmic graph within each decade,  because log10 10logfreq=logfreq.

3.3
Scaling to fit the graph

The frequency and transfer function values must be scaled to fit onto the axes on the screen. The screen is 640 pixels wide and 480 pixels high.

The frequency axis will be 600 pixels long, so a little maths is required: the variable logfreq (the logarithm of the frequency, running from 1 to 6) is passed to the scale-and-plot function. To scale the value correctly, logfreq-1 is multiplied by 120. A zero offset (20 pixels) is then added to give the screen x-coordinate.

Thus:

xpoint=((logfreq-1)*120)+20

Because the screen coordinates start at the top left of the screen, some lateral thinking is required to find the screen y-coordinate. The dBV axis will be 400 pixels long, so a scale factor of 8 is needed for our minimum value of –50dBV.  In order to correct for the reversal of coordinate systems, the dBV values will be multiplied by –8 (giving +400 for a value of –50dBV) before a 40 pixel offset is added to give the screen y-coordinate. The incoming transfer function values will be clamped off at 0dB and –50dB to prevent graphs overspilling the axes.

Thus:

if (output_dB>0) output_dB=0

if (output_dB<-50) output_dB=-50

ypoint=(output_dB*-8)+40

4
Reading Engineering Notation

The formula specifies capacitance in farads and resistance in ohms. However, in the course of normal use, the resistance may be up to several megohms and the capacitance may be as small as a few picofarads. Since 1pF is 10-12 F, it’s obviously extremely convenient to allow the user to use Engineering Notation to enter the component values. The abbreviations I intend to support are:

	Abbreviation
	Value

	M
	x106

	k
	x103

	m
	x10-3

	u
	x10-6

	n
	x10-9

	p
	x10-12


The abbreviations will be read from the last character of the string inputted by the user. The code will check for a valid ASCII letter, and then convert all but the last character of the string to a number. The number will then be multiplied by the value of the abbreviation to give a final value. If a number forms the last character of the string, the program will assume that the value entered was already in the base unit. If an invalid ASCII character is entered, the program will prompt for another value.

5
Implementation

5.1
Source Code

// BODE.C - draws bode plots for RC filter circuits //

#include <stdio.h>

#include <math.h>

#include <conio.h>

#include <string.h>

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

void draw_axes(void)

{


int x;


char label[5];


cleardevice(); // clear the screen


moveto(0,0);


setcolor(GREEN);


// vertical gridlines


for(x=120; x<=600; x+=120)


{


line(20+x,450,20+x,40);


}


// horizontal gridlines


for (x=0; x<=400; x+=80)


{


line(15,40+x,620,40+x);


}


setcolor(YELLOW);


line(15,40,620,40); // x-axis


line(20,40,20,450); // y-axis


// y-axis labels


for (x=0; x>=-50; x-=10)


{



sprintf(label,"%d",x);



outtextxy(0,(x*-8)+42,label);


}

// x-axis labels


outtextxy(20,455,"10");


outtextxy(140,455,"100");


outtextxy(260,455,"1k");


outtextxy(380,455,"10k");


outtextxy(500,455,"100k");


outtextxy(620,455,"1M");


outtextxy(10,10,"Transfer Function dBV");


outtextxy(280,470,"Frequency Hz");


setcolor(WHITE);

}

// calculate_value()

// This function does the calculation for a single data point.

// It returns the output of the filter in dBV at the given frequency.

double calculate_value(double r, double c, double freq)

{


double output; // raw value for transfer function


double output_dB; //20 log10 of output


output=sqrt(1/(1+pow(2*M_PI*freq,2)*pow(c,2)*pow(r,2)));


output_dB=20*log10(output);


return output_dB;

}

// plot_value()

// This function draws a single point on the graph, given the   

// logarithm of frequency and the dB value

void plot_value(double logfreq, double output_dB)

{


int xpoint, ypoint;


static int oldx=-1, oldy=-1;


if (logfreq==-1 && output_dB==-1) // special case to reset old variables...


{



oldx=-1;



oldy=-1;



logfreq=1;

      output_dB=0;


}


xpoint=20+((logfreq-1)*120); // scale frequency value to axis


setcolor(WHITE);


if (output_dB>0)   // constrain top end of dB axis


{



output_dB=0;



setcolor(YELLOW);


}


if (output_dB<-50)


{



output_dB=-50; // constrain bottom end of dB axis



setcolor(GREEN);


}


ypoint=(output_dB*-8)+40; // scale dB value to axis


if (oldx!=-1 && oldy!=-1)


{



line(oldx,oldy,xpoint,ypoint);


}


oldx=xpoint;


oldy=ypoint;

}

// get_values()

// Get the input values from the user

void get_values(char *r_str, char*c_str)

{


printf("Welcome to the RC Bode Plotter\n\n");


printf("Please enter component values. You may use engineering\n");


printf("(M, k, m, u, n, p) suffixes to your values.\n\n");


printf("For example, 100pF may be entered as 100p\n\n");


printf("Please enter a value for the resistance ");


scanf("%s" ,r_str);


printf("\nPlease enter a value for the capacitance ");


scanf("%s", c_str);


return;

}

// eng_to_float()

// converts Engineering notation strings to floating-point numbers.

double eng_to_float(char *input)

{


int length;


char number[20];


double output=0;


double multiplier=1;


length=strlen(input);


switch (input[length-1])


{



case 'M' : multiplier=1E6; break;



case 'k' : multiplier=1E3; break;



case 'm' : multiplier=1E-3; break;



case 'u' : multiplier=1E-6; break;



case 'n' : multiplier=1E-9; break;



case 'p' : multiplier=1E-12; break;


}


if (multiplier!=1)


{



strncpy(number,input,length-1);



number[length-1]=0;


}


else strcpy(number,input);

  //
printf("Number=%s, Multiplier=%lf",number, multiplier);


output=atof(number)*multiplier;


return output;

}

int main(void)

{


// declare variables


double freq; // frequency


double logfreq; // logarithm of frequency (to base 10)


double r; // resistance


double c; // capacitance


double breakfreq; // break frequency


double output; // raw value for transfer function


double output_dB; //20 log10 of output


char r_str[20]; //string value of R


char c_str[20]; //string value of C


char labels[80];


char quit;


// endprogram = FALSE


int endprogram = 0;


// while (endprogram is FALSE)


while (endprogram==0)


{



// initialise variables



logfreq=0;



// read in component values



get_values(r_str, c_str);



//printf("R=%s C=%s", r_str, c_str);



// Process component values



r=eng_to_float(r_str);



c=eng_to_float(c_str);



// Go to graphics mode & draw axes



graphics_on();



draw_axes();



breakfreq=1/(2*M_PI*r*c); // calculate break frequency



// put some labels on!



sprintf(labels, "R=%s, C=%sF, Break frequency=%.0lf Hz",r_str, c_str,breakfreq);



outtextxy(200,10,labels);



// reset the plot...



plot_value(-1,-1);



// for (increasing values of frequency until we reach 1MHz)



for(logfreq=1; logfreq<=6; logfreq+=0.1)



{





// calculate the value at this point





freq=pow(10,logfreq);





output_dB=calculate_value(r,c,freq);





// draw the line





plot_value(logfreq,output_dB);





// end of the above loop



}



// ask user if they want to do it again



outtextxy(150,25,"Draw another plot ? Press y for yes or any other key to exit.");



quit=getch();



// if no, endprogram = TRUE



if(quit=='y' || quit=='Y') endprogram=0; else endprogram=1; // quit!



// graphics off



graphics_off();



// end of main while loop


}


// that's all, folks!


return 0;

}

5.2
Known limitations of the program.

There’s currently no sanity-checking of the strings the user inputs with the component values. The program behaves unpredictably if the user enters a word instead of a numeric component value, and may crash. However, if you enter a number with an unrecognised engineering suffix, it assumes the base unit (Ohms or Farads).

6
Testing strategy

Once the formula had been derived for the transfer function, an example calculation and plot was done within a spreadsheet to have some numbers to work with. The mathematical part of the code was then checked against this reference, to ensure that the calculations were being done correctly. Similarly, the graphical part of the code was checked against the graph drawn in the spreadsheet.

The user interface was tested by throwing invalid values at it! The code will handle numbers entered with and without a suffix, and ignores suffixes that it doesn’t recognise. As described in section 5.2, the string handling can’t deal with a user who enters a word instead of a number, and the program behaves unpredictably.

RC Filter Bode Plotter- a User’s Guide

Michael Prior-Jones
Introduction

BODE is a program designed to draw the amplitude responses of RC filter circuits. 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

Start MS-DOS and change directory to the directory containing BODE.

Type BODE at the prompt.
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The program will display its welcome banner, as shown above, and prompt you for the component values. First enter the resistance value in ohms. You may use a suffix to your number (typically k or M for resistors) if you wish to.

The program will then prompt for a capacitance value, in farads. Again, you may use a suffix if you want.

The suffixes supported are shown in the table below.

	Abbreviation
	Value

	M
	x106

	k
	x103

	m
	x10-3

	u
	x10-6

	n
	x10-9

	p
	x10-12


Once you have entered the capacitance value, the program will switch to graphics mode and draw the graph. This will look similar to the one shown below:
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The axes are drawn in yellow, whilst the gridlines are in dark green. The plot itself is drawn in white.

Notice that at the top of the screen the program displays the resistance and capacitance values you entered, and also the break frequency of the filter. If all you see is a white line along the top of the screen, it is likely that the break frequency is above 1MHz and thus the interesting part of the plot is off the screen.

When you have finished viewing the plot, press a key to exit back to the prompt. However, you may press “y” to enter new component values and draw a new plot.
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