IIR Filter Implementation
1.  a.  Show that an FIR filter with an even number of symmetric coefficients has a frequency response of 0 at the Nyquist frequency.  
b.  Use Matlab to provide a plot of the magnitude (linear not dB) of the frequency spectrum of a filter with coefficients:  [1 2 4 4 2 1].  Let f=[0:0.01:0.5] and fs=1.
In this lab you will choose one of the 3 following labs to do:
Lab A.  Design and implement a band pass and low pass IIR filter.
Lab B.  Implement code which simulates dialing a number on the telephone.  In other words, the output will be a sound similar to that heard when dialing a number on a regular telephone.
Lab C.  Implement code which plays a line of a song which is well-known or which you write yourself.
PRE-LAB
## Answer the following:
1.  What operating system are you using?

2.  How much time does it take to complete the lab (do not include the time to write your program)?

3.  Which of the above labs did you choose to do?
LAB A – PRE-LAB:

You need to design a band pass and low pass filter.  One filter will be applied to a noise input.  The other filter will be applied only to THEFORCE.  The band pass filter should have a center frequency of 2500Hz with a bandwidth of 1000Hz.  The low pass filter should have a cut off frequency of 1500Hz.  You must use two different prototypes (in other words, both filters cannot be based on a butterworth prototype), and you may use Matlab or SPTOOL.  Scale the coefficients in Matlab and put them into a file to be read by your program.  

## Answer the following:
4.  What design tools and algorithms did you use, i.e. SPTOOL or Matlab, Butterworth, Chebshev I or II, etc.? 
5.  What is the order you used for each filter? 

6.  How many second order sections do you have for each of your filters?  

7.  Provide a plot of each set of coefficients.

Write a C program which implements an IIR filter.  

## Answer the following:
7.  Provide a print out of your working computer program.
LAB A - RUNNING THE PROJECT
Run the project for your bandpass filter using a noise input generated with Goldwave.  Connect the output to another opened Goldwave window.  Record the output in Goldwave.  Go to Effects>Filter> Noise Reduction or ParametericEQ and verify that your program is working.  You should see that you have a bandpass filter.  Save the output as a *.mat file.  Go into Matlab and use the PSD or spectrum to produce a plot of the frequency spectrum of the output.
Run the project using THEFORCE wave file as input using the lowpass filter.  Connect the output to an opened Goldwave and record the output.  Save it in a *.wav file and email it to me.  
## Answer the following:
8.  Submit the plot from Matlab of the frequency spectrum of the output of one of your filters to a noise input.

9.  Email the *.wav file to me:  symiller

LAB B & C – GENERAL INTRODUCTION:

Although when programming in C/C++, there is a math library which we can include which provides trigonometric functions, there are no trigonometric functions available to us for assembly language programming.  Therefore, an alternative means of implementing trigonometric functions must be found.  
One way to do this is through the use of difference equations.  There are several different difference equations which can be used to implement a sine wave.  For instance, consider the following difference equation/filter:


y(n) = Ay(n-1) – y(n-2)

where


A = 2cos(wT)


y(-1) = -sin(wT)


y(-2) = -sin(2wT).

The z-transform of y(n) is


Y(z) = A[Y(z) z^-1 + y(-1)] – [Y(z) z^-2 + y(-1) z^-1 + y(-2)]

which can be written as


Y(z)[1 – A z^-1 + z^-2] = sin(wT) z^-1.

Multiplying through by z^2 and solving for Y(z) results in

Y(z) = z sin(wT) / (z^-2 –Az +1).
Taking the inverse z-transform, we find that


y(n) = sin(nwT).

You will notice that we use initial conditions, so in order to implement the above difference equation, the buffer for y must be initialized at the beginning of the program.  Also, you should take note that the difference equation is essentially an IIR filter due to the feedback of the output.
LAB B – SPECIFIC INTRODUCTION & PRE-LAB
For your lab, you will write a program which will imitate the sound of a touch-tone phone while dialing.  The touch-tone phone uses a DMTF (dual-tone multi-frequency) transmitter.  In this transmitter, each key on the telephone keypad generates the sum of two tones expressed as


y(n) = sin(2 pi fL n T) + sin(2 pi fH n T)
where fL and fH are determined by the key pressed as shown in the table below.
	 
	1209 Hz
	1336 Hz
	1477 Hz
	1633 Hz

	697 Hz
	1
	2
	3
	A

	770 Hz
	4
	5
	6
	B

	852 Hz
	7
	8
	9
	C

	941 Hz
	*
	0
	#
	D


Also, the DTMF signal must meet certain timing requirements.  Digits must be transmitted at a rate of less than 10 per second.  The minimum spacing between each digit must be at least 50ms, and each tone must be present for at least 40ms.
Generate the initial conditions and the constant A in Matlab for each of the frequencies.  Save them in a file to be used by your program.  They may be in either floating point or short format, depending on how you choose to write your C program.
Write a C program which will output the sound of a phone number being dialed.  Use the filter from the general introduction to implement the sine function.  Be sure to meet the requirements on spacing between each digit and the length of each tone.  The program may be done in floating point or fixed point format.  
## Answer the following:
4.  Provide a print out of your working computer program.

5.  Provide a print out of your data file for the program, i.e. the initial conditions.

LAB B - RUNNING THE PROJECT

Connect the output of the DSP to the speakers.  Verify that your program works.  Then connect the output to an opened Goldwave and record the output.  Save the recorded output as a *.wav file and email it to me.
## Answer the following:
6.  Send the *.wav file to me: symiller

LAB C – SPECIFIC INTRODUCTION & PRE-LAB

In your lab, you will generate a short piece of a song, either one you write or one which is well known.  Music is based on tones which are comprised of a sine wave of a primary frequency and its harmonics.  However, for our purposes, we will concern ourselves only with the primary frequency.  At the end of the lab is a table of frequencies for different musical notes.
Write a C program which will output a line of a song.  Use the filter from the general introduction to implement the sine function.
## Answer the following:
4.  Provide a print out of your working computer program.

5.  What song are you generating, i.e. specify the title or state that it is your own creation?

LAB C - RUNNING THE PROJECT

Connect the output of the DSP to the speakers.  Verify that your program works.  Then connect the output to an opened Goldwave and record the output.  Save the recorded output as a *.wav file and email it to me.

## Answer the following:
6.  Send the *.wav file to me: symiller

ISO note names, frequencies (Hertz) and MIDI note numbers

--------------------------------------------------------------------------------

  PITCH  /  FREQ /  MIDI     PITCH  /  FREQ /  MIDI     PITCH  /  FREQ /  MIDI

--------------------------------------------------------------------------------

    C0       -       12        C4    261.626    60*MC     C8   4186.009   108*PH

   C#0       -       13       C#4    277.183    61       C#8   4434.922   109

    D0       -       14        D4    293.665    62        D8   4698.637   110

   D#0       -       15       D#4    311.127    63       D#8   4978.032   111

    E0       -       16        E4    329.628    64        E8   5274.042   112

    F0       -       17        F4    349.228    65        F8   5587.652   113

   F#0       -       18       F#4    369.994    66       F#8   5919.912   114

    G0       -       19        G4    391.995    67        G8   6271.928   115

   G#0       -       20       G#4    415.305    68       G#8   6644.876   116

    A0     27.500    21*PL     A4    440.000    69        A8   7040.000   117

   A#0     29.135    22       A#4    466.164    70       A#8   7458.620   118

    B0     30.868    23        B4    493.883    71        B8   7902.133   119

    C1     32.703    24        C5    523.251    72        C9   8372.019   120

   C#1     34.648    25       C#5    554.365    73       C#9   8869.845   121

    D1     36.708    26        D5    587.330    74        D9   9397.273   122

   D#1     38.891    27       D#5    622.254    75       D#9   9956.064   123

    E1     41.203    28        E5    659.255    76        E9  10548.083   124

    F1     43.654    29        F5    698.457    77        F9  11175.305   125

   F#1     46.249    30       F#5    739.989    78       F#9  11839.823   126

    G1     48.999    31        G5    783.991    79        G9  12543.855   127

   G#1     51.913    32       G#5    830.609    80       G#9  13289.752    -

    A1     55.000    33        A5    880.000    81        A9       -       -

   A#1     58.270    34       A#5    932.328    82       A#9       -       -

    B1     61.735    35        B5    987.767    83        B9       -       -

    C2     65.406    36        C6   1046.502    84

   C#2     69.296    37       C#6   1108.731    85

    D2     73.416    38        D6   1174.659    86

   D#2     77.782    39       D#6   1244.508    87

    E2     82.407    40        E6   1318.510    88

    F2     87.307    41        F6   1396.913    89

   F#2     92.499    42       F#6   1479.978    90

    G2     97.999    43        G6   1567.982    91

   G#2    103.826    44       G#6   1661.219    92

    A2    110.000    45        A6   1760.000    93

   A#2    116.541    46       A#6   1864.655    94

    B2    123.471    47        B6   1975.533    95

    C3    130.813    48        C7   2093.005    96

   C#3    138.591    49       C#7   2217.461    97

    D3    146.832    50        D7   2349.318    98

   D#3    155.564    51       D#7   2489.016    99

    E3    164.814    52        E7   2637.021   100

    F3    174.614    53        F7   2793.826   101

   F#3    184.997    54       F#7   2959.956   102

    G3    195.998    55        G7   3135.964   103

   G#3    207.652    56       G#7   3322.438   104

    A3    220.000    57        A7   3520.000   105 

   A#3    233.082    58       A#7   3729.310   106

    B3    246.942    59        B7   3951.066   107

*PL, *PH = the (standard) piano's lowest and highest notes.  *MC = middle C.

