195200 Celebration

MATLAB:

A Tool for Algorithms Development and

6 November 2002

System Analysis

Dr. Bradley J. Bazuin
Assistant Professor
Western Michigan University
Dept. of Electrical and Computer Engineering
College of Engineering and Applied Sciences

|EEE Student Branch 1



Engineering Tools

200 Calahration

« Throughout your engineering careers, you will find
tricks, techniques, and toolsthat are useful for
dealing with tedious, chellenge or just plain difficult
engineering.

e Build your own personal “ Toolbox” of thingsthat
help you understand, explain, or proveyour ideas.

« MATLAB can beone of your tools

— S0 can Mathematica, Maple, etc. can too ... pick the one you
work with best!
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Why Me?

Summary of Qualifications:

Multi-Rate Digital Signal Processing, including Uniform Filter Bank Analysisand Synthesis, Quadrature
Mirror Filtering, Filter-Decimation and Filter Interpolation processing. The derivation and implementation of
algorithms, ar chitectures, and ASICsfor various signal and communicationsreceivers.

Adaptive Beamforming and Filter Processing. Develop and implement blind adaptive spatial beamforming for
interference or jamming mitigation and cochannel signal extraction and recovery. Support to major signal and
communicationsintelligencereceiver systems, principal system engineer for anti-jam GPS processor
technology, and ar chitect of an ASIC based implementation of a custom spatial-code adaptive processor for a
custom discrete multitoneretr odir ective communications system.

Spread Spectrum Communications. System engineering, design, and program support for custom receiversfor
frequency hopped and direction sequence spread spectrum signals.

ASIC Design and Development. Design engineer and design center manager for ASIC development.
Componentsinclude: complex multiplier and special purpose accumulators, aresidue number system (RNS)
based polyphasefilter processor, a quadratureresidue number system (QRNS) based Radix -16 and -256 point
FFT processors, a custom line-of-bearing processor for multiple antenna phase interferometry applications,
and a dual complex multiply-accumulate digital signal processor development with a custom VLIW instruction
Set.

System ar chitecturesfor real-timesignal processing. Analyze, partition, reconfigure, select alternate
implementations, and map complex real-time processing algorithms and systemsinto ASICsand real-time
hardwar e, r eal-time DSPs, commer cial off the shelf (COTS) boards and modules, and embedded controllers.
Providing the system vision and direction for the implementation of advanced concepts.
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Topics

MATLAB Basics

Generating Signals

Time Domain and Frequency Domain
Digital Filters (FIR)

Advanced Demonstrations

— Digital Filter Bank Analysis

— Creating amissile flight path

— GPS

— Spatial Beamforming
— Etc.
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MATLAB Usefulness
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« Mathematical Verification of Concepts
— Linear Systems, Signal Processing, Probability and Statistics, etc.
— Rapid ability to tweak and perform “what 1f” trials
— Visualize what an equation does or says
 Engineering
— System Modeling
— Algorithm Development and Verification
— Implementation Validation
— Test Signal Generation and Results Analysis
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MATLAB Basics

Use tob to go to Current Getielp. Enter Viewor chonge Click to move window  Close window.
Directory hrowser. MATLAB turrent outside of desktop.
funrtions. directory.
<} MATLAB
‘Wor kspac | Climmmand Windosws:
= H | =4 | i | Stad(:IElase vl o get started, select "MATLAE Help™ from the Help mema. =
Hame \ I Size I Bytesl Clas| |-
1 |
M Wiarkspace I éurrentDirectnn,r |
Comrand History
%-— B/12/02 8:52 AM --3% Al
=
q | »r' E
4\ start | % ¥
hpund’u view View or use previously run functions. Drog the seporotor bor to resize windows.
documentation, demos, onid
tools for your produts. Captured from web site
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B} C:\MATLABGp1'toolbox' chanth' CHAN_TSG.m
File Edit Wiew Text Debug Breakpoinks Web Window Help

(SEHE| =g« |aan|8R 28R R8s o X

MATLAB .m File Edit Window

=10l x|

1 E
2 E
3 % Inputs:
4 L
& % Outputs:
B E
¥ % Zignal =
a E a0 =
9 % SM0T =
10 £ noisze =3
11 % aTak =
12 % sT3G_title =x
13 % sT3G_label =3
14 E baseband =
18 % Calls:
16 % CHAN FILT GEN
17 % AAP GEN
18 % charn sig_gen
14 E
20 %  Author:
21 %  Bradley J. Baszuin,
22 % 17 May 2002
23 E:
24 G

a|

Charmmelizer Test 3ignal Generator

TaGr_data :Complex waveform to be filtered

the modilated waveform data

the zighal-of-interest

the zignal-not-of-interest

the noise

Sfimalation identification

title for the type of waweform
parameters describing the waweform
baseband for modulated zignals

=> Filter Generator

=x ALrray Aperture Gehnerator
=> Time domain test signal generator

Ph.D.

L L TP TR LT ey

i

Feady
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% Test Scri pt

c=a+b;

for 1=1:10
a=i *i

end

a=0

for i=1:2:25
a=a+(1/1)*sin(2*pi *(i*b/100)*(1:400));
pl ot (a); dr awnow;, pause

end

pl ot (a)
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Row and Column Vectors
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>> 1:10
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Vectors(Cont. 1)

12000 Celebration
>> (1:10)*(1:10)
??? Error using ==> *
I nner matrix dinmensions nust agree.
>> (1:10)*(1:10)'
ans =
385
>> (1:10) .* (1:10)
ans =
1 4 9 16 25 36 49 64 81 100
>> (1:10) .~(1:10)
ans =
1. 0e+010 *
Colums 1 through 7
0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0001

Col ums 8 through 10

0. 0017 0. 0387 1. 0000
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Vectors (Cont. 2)
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>> (1:4)' *(1:4)
ans =
3 4
6 8
9 12
2 16

A WN PP
oo~ N

1
>> sum((1:4)'*(1:4))
ans =
10 20 30 40
>> cunmsum((1:4)' *(1:4))
ans =
1 2 3 4
3 6 9 12
6 12 18 24
10 20 30 40
>> prod((1:4)'*(1:4))

ans =

24 384 1944 6144
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>> (1:4)'*(2:5)

ans =
2 3 4 5
4 6 8 10
6 9 12 15
8 12 16 20

>> prod(((1:4)'*(2:5)))
ans =

384 1944
>> prod(((1:4)'*(2:5))")
ans =

120 1920
>> x=(1:4)"*(2:5)

X =
2 3 4 5
4 6 8 10
6 9 12 15
8 12 16 20

>> plot(1:4,x)
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Test Signal Generation
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function [waveformstitle, sxl abel, baseband, freq_carri er, rphase, gdB,varl] = ...
chan_si g_gen(wave_type, xform si ze, data_bl ocks,r_or_c,c_freq)

%R808888808888088/8888088888088888080888REEARRRELEAREEARELAMREEM0

% FUNCTI ON [waveform stitle, sxl abel , baseband, freq _carrier] =
% chan_si g _gen(wave_type, xform si ze, data_bl ocks,r_or_c,c_freq)
%BBA88888888888888888868886888888888888888888888888888888888880

% Cenerate test signal waveforns

%

% | nputs:

% wave_type = waveformtype

% 0) Random Sanpl es Test

% 1) Random Si ne Wave Test

% 2) Random Two Tone Test

% 3) Random Bl ock Spectrumwith a Notch
% 4) Fi xed Conb Generat or

% 5) Random Conb Gener at or

% 6) Random 20 ksps CPFSK

% 7) Random AM PTT Si gnal

% 8) Random Frequency Ranp

% 9) | npul se Response

% 10) CPFSK wi th pul se shapi ng

% 11) CPFSK with pul se shaping & alternating data
% 12) DSB AM Radi o (10 kHz BW

% 13) TVI - DSB AM Radi o

% 14) Random Two Tone Test w Gain Diff
% 15) Multi-Dwell CPFSK with pul se shaping
% 16) Pul se

% 17) BPSK

% 18) BPSK with pul se shaping

% 19) Spread Spectrum
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Run ThisCode....
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num pt s=1024
fs=16
freq _1=0.5

rphase=rand(1, 1);

m = exp(sqrt(-1)*2*pi *(freq_1*(1: numpts)'/fs + rphase));
baseband=ones(num pts, 1);

freg_carrier = freq_1;

fprintf('Sine Wave Test:\n")

fprintf(' Tone = % Phase = % deg\n',freq_1, 360*r phase)
stitle = sprintf('Sine Wave ');

sxl abel = sprintf(' Tone = % Phase = % deg\n',freq_1, 360*r phase) ;
pl ot (real (m)

title(stitle)

fprintf([stitle "\'n" sxlabel])
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Signals
e SineWave
e TwoTone

Test Signals

 Phase Modulation

e FEtc.

The Calling Routine

% Channel i zer Test Signal Generator

% | nputs:
% Qut put s:

% TSG dat a : Conpl ex waveformto be filtered

% si gnal =>
% Sa =>
% SNO =>
% noi se =>
% sTSG =>
% sTSG title =>
% STSG | abel =>
% baseband =>
% Calls:

% CHAN_FI LT_
% AAP_GEN

% chan_sig_g
%BB8R8BB0R88 L L LR

the nodil at ed wavef orm dat a

the signal -of -interest

the signal -not-of-interest

t he noi se

sinmulation identification

title for the type of waveform

par aneters describing the waveform

baseband for nodul ated signal s

GEN => Filter Generator

=> Array Aperture Cenerator

en => Time domain test signal generator
BR0088888008888888088888880 88888808

|EEE Student Branch

15



Parks-M cCldllan FIR Filters
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% Parks MO ell an Gener at or

% Parks McClellan | ow pass filter generator BJB
% | nputs:

% LPF_t aps => Nunber of filter taps

% N freq => Nyqui st frequency

% V\p => passband frequency

% W6 => st opband frequency

%

% Calls:

% remez => Parks McClellan Filter coefficients

%

% Qut puts:

% save PMCC LPF LP_ filter sLPF filter_taps filter_gain filter_power
% LP filter => Low pass filter

% sLPF => Text filter description

% filter => The full set of QW coeficients

% LPF_t aps => Assuned nunber of filter taps

% LPF_gain => Coherent gain of the filter

% LPF_power => Power of the filter
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MATLAB Overview

Dr. Bradley J. Bazuin
Western Michigan University, CEAS
Dept. of Electrical and Computer Engineering
brad.bazuin@wmich.edu

http://homepages.wmich.edu/~bazuinb
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