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Chapter 1

introduction

I took this course in Fall 2008 at CSUF to learn more about DSP.

This course was hard. The textbook was not too easy, The instructor Dr Shiva has
tremendous experience in this subject, and he would explain some difficult things with
examples on the board which helped quite a bit. The final exam was hard, it was 7
questions and I had no time to finish them all. It is a very useful course to take to learn
about signal processing.

DIGITAL SIGNAL PROCESSING (CLOTH)
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Authar; DPFENHEIM
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Instructor is professor Shiva, Mostaf, Dept Chair, EE, CSUF.
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Chapter 2

Final project

nal project|


/my_notes/EE518_CT_project/index.htm




Chapter 3

Study notes

3.1 DSP notes

For fourier transform in mathematica, use these options
infg]= FouriexrTransform[l, t, s, FouriexrParametexrs » {-1, 1}]

out[g]= DiracDeltals]
From Wikipedia. Discrete convolution

Discrete convolution e

For complervalied unctions f, ¢ defned onth setof tegers, the discrete convolution of  and gis

genby:
(ef
(frolhl = z fnl-qn-n
e
= z f [n -m‘ -g[m]. (commteity

Autocorrelaton

energy. Signals that "last forever" are treated instead as random processes, in which case different
definitions are needed, based on expected values. For wide-sense-stationary random processes, the
autocorrelations are defined as

Rys(r) =B f(O)f(t - 7)]
Re.(j) = E [2,70-] .
For processes that are not stationary, these will also be functions of t, or n.

For processes that are also ergodic, the expectation can be replaced by the limit of a time average. The
autocorrelation of an ergodic process is sometimes defined as or equated to

Ry(7) hm T/ flt+1)f

| N-1

R..(j) —1111;\211,”

These definitions have the advantage that they give sensible well-defined single-parameter results for
periodic functions, even when those functions are not the output of stationary ergodic processes.

function nma_show_fourier

t=-4:.1:4;
N=4;
T=2

59
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3.1. DSP notes CHAPTER 3. STUDY NOTES

plot(t,y(t,-N,N,T));

function v=c(k,T)
term=pix*k/2;

v=(1/T) *sin(term) /term;
end

function v=y(t,from,to,T)

coeff=zeros(to-from+1,1);
k=0;
for i=from:to
k=k+1;
coeff(k)=c(i,T);
end

v=zeros (length(t),1);

for i=1:length(t)
v(i)=0;
for k=from:to

v(i)=v(i)+coeff (k)*exp(sqrt (-1)*2*pi/T*k*t(i));

end

end

end




Chapter 4

HWs

4.1 HW2

Local contents

[4.1.1  Problem 1. . . . . . . .
4.1.2  Problem 2. . . . . .
M.1.3 graded HW2l . . . . . . . .

4.1.1 Problem 1

Compute an appropriate sampling rate and DFT size N = 2" to analyze a single with no

significant frequency content above 10khz and with a minimum resolution of 100 hz

4.1.1.1 Solution

From Nyquist sampling theory we obtain that sampling frequency is

£, = 20000 hz

Now, the frequency resolution is given by

where N is the number of FFT samples. Now since the minimum Af is 100 hz then we

write
I
= =Af>100
N f -
or
[
22> 100
N2
Hence
20,000
- 100

< 200 samples

Therefore, we need the closest N below 200 which is power of 2, and hence

N =128




4.1. HW2 CHAPTER 4. HWS

4.1.2 Problem 2

sketch the locus of points obtained using Chirp Z Transform in the Z plane for M =
8Wo=2,¢9 = 15,40 = 2,00 = 7

16°

Answer:
Chirp Z transform is defined as
N—-1

X(z)=> zn]z" k=0,1,---,M—1 (1)

=0

3

Where
2 = AW_k

and A = Ape?% and W = Wye 7%

Hence
. . —k
2 = (Aoejeo) (Woe_”’o)
— ﬂej(%-i-kd)o)
e
Hence
4l =
2k ey
Wi
2
T2k
and
phase of z, = 6y + kg
T T
4 16
Hence
k| |zl = 35 | phase of z, = 5 + k¥ | phase of z, in degrees
12=1 THlx & =2m 56.25
2|2=1 IT4+2x E=3n 67.5
3|2=1 T4+3xZ=1Lnx 78.75
421 Tt4xEZ=1g 90
5|l s=1% | 3+0XfE=mm7 101.25
6| 5=%5 |T+06x%E=2 1125
T = |3+ TxE=hn 123.75




4.1. HW2 CHAPTER 4. HWS

2z[k_, WO , AB , 60 , #0 ] :=AGExp[I 69] (WO Exp[-I #0]) "

We = 2;

AO=2;

60=Pi/4;

$0 = Pi/ 16;

m=8;

zValues = Table[z[k, WO, AQ, 60, ¢0], {k, ©, m-1}];

arg = Arg[zValues]

abs = Abs [zValues]

data = Transpose[{arg, abs}];

pl = ListPolarPlot[data, AxesOrigin - {@, @}, PlotRange - All, Joined - False, PlotMarkers - Automatic,
PlotStyle - Red] ;

p2 = ListPolarPlot [data, AxesOrigin - {0, 0}, PlotRange » All, Joined - True];

p3 = PolarPlot[1, {t, @, 2Pi}];

Show([p1, p2, p3]

{55131”577
4’ 16° 8’ 167 2° 16° 8 16

111 1 1 1

2,1, 2, =, = =, =

{’ 27 4°8° 16’ 32’64}
151

Figure 4.1: plot of the above contour

This is [Mathematica notebook|{ used to make plot of the Chirp Z transform contour. This
is my graded HW2



HWs/HW2/HWs/HW2/second_prob.nb

4.1. HW2 CHAPTER 4. HWS

4.1.3 graded HW2

HW2, EGEE 518. CSUF, Fall 2008
Nasser Abbasi
bo October 11, 2008
-
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4.1. HW2 CHAPTER 4. HWS

1 Problem 1

-
Compute an appropriate sampling rate and DFT size N = 2? to analyze a single with no significant
frequency content above 10khz and with a minimum resolution of 100hz
Solution
From Nyquist sampling theory we obtain that sampling frequency is
fs = 20000 hz
Now, the [requency resolution is given by
fs
Af =2
! N
where N is the number of FFT samples. Now since the minimum A f is 100 iz then we write
s
= =Af>100
N fz
or
fs
= >100
" N i
-
Hence
y> 20, 000
] it
100
< 200 samples
Therefore, we need the closest N below 200 which is power of 2, and hence
N =128 2 j\

11
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2 Problem 2

sketch the locus of points obtained using Chirp Z Transform in the Z plane for M = 8, Wy = 2, ¢ =
%, A[) = 2, 0() = E
Answer:
Chirp Z transform is defined as
N-1
X(zk)=zl-[n]zk_" k:U)I,---?ﬂ/f—l (1)
n=>0
Where
2 = AW*
and A = Agei® and W = Wje %o
Hence
2 = |4 u(fdon) (I’V()e_j{m)_k
— Ao \jaopis)
WE
Hence
.
k| =
Wi
2
Tk
and
phase of z, =y + kdy
416
Hence
k sz| = 7 | phase of z = T+ kL | phase of 2z in degrees
e n L §
2 (—}=? §T2X§=§7ﬂ' 67‘0,_,
3 gz—“al 1+3X-@=FW 78.75
e e LT Lk CR
& 5 32—,_,"——-11—6 §+ux§:j’5ﬂ' 101.30
2

12
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Below is plot of the above contour

wiEep= 2Lk, WO_, AO_, @0_, ¢0_) := AOExp[I #0] (wOExp[-I g0])™*

WO =2:
A0 = 2;
€0 =Pi/4;
$0 =Pi/16;
m=B;
zValues = Tabla[=z[k, WO, AO, 80, 0], {k. O, m=-13}]:
arg = Arg[zValuesz]
abs = Abs [zValues]
data = Transpose[{arg, abs}]:
pl = ListPolarPlot[data, AxesOrigin = {0, 0},

PlotRange = All, Joined -» False,

PlotMarkers - {Automatic, Automatic}]
p2 = ListPolarPlot [data, AxezOrigin - {0, 6 0},

PlotRange = All, Joined = True] :
p3 = PolarPlot[l, {t, 0, 2Pi}) "
Show [pl, p2, p3]

11 =
» Sk
.
L8
\
0s l.;ﬂ
/
-05
10

13
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CHAPTER 4. HWS

4.2

HW3

Local contents

2.1

my solution| . . . . . ...

[4.2.2  keysolution| . . . . . . ...

4.2.1 my solution

—Dn‘g\\ :"'l\ X

(3 onde <ovreladion R«(M,vwm) ; Measuen WS'*W”"?'”"Q “t+
BB KA A Hee n oand X o labar el e

' Exx(h)nﬂm) = E%X(h) Xséw-m)}

@ Sﬁﬁfmﬂa? P)’acess.
Tl Yo 4 ﬁqh,é;m/QVch;,s whe se 57%”4;5);'% 4{0 no?

&Aa\md‘e. With J/L;ﬁk I Fme d;’/‘(fﬁn,

@ hosde Sense gﬁw/’%
This v e romelom process X(+] wheh Atabifie Mo

Wlo«-«-’u‘w Mf% ; .
l. Qf MNen loé'ymj‘afn'/ /e E/X]= Drctnt
@ Z. )M}Ldﬁwa”” W‘[a M o Ama )n?‘-n—vm//)"’ﬂ.
e /Qxx (rimtm) = Rxx (7).
Iy e Aot 576,79mﬂ4{;. Preeas 5, L/SS
’
heccesrorf  Sfpfymog W

@ 7 me Tueretes ;, hsen Ll Averep~—
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LJIFA'/‘C Eh_f‘zv—‘ LLQ_ 45/.&(&_&‘_ io S?‘Tiﬁsx“’%ﬂ ’11E i

Xt SRv.

bt hss w net
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4.2.2 key solution
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(m) - My m,a

= Pry (M)

Fyg m) = yy Em)
T ) » (E[ ta-m) (Xnm-my 1)

s (Lt mO (=m0 ])
E[(tn.-Mp)LXn.+m-m;)] o
2 3y (m) '
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pnz (m) = Byy (=m) )
¢a‘ ('"\) b ( E[L'zl\ ga) (Ln-m ,)])
N (E[(?r\'a-m m )Lt"' mﬂ])

= E[ (e 'mi)(lan'"n- m'ﬂ)]

= By )

Js‘mA tm)* &y (-m)

(-m) = (E[ (.taﬂ-m.z] U‘O’"‘- mx)])
: (E[- (‘znwm'mg) ("n-““t\]‘)
3 (x ,~my) (9 nrbem” mca)J
= 3‘ ().

(d) Consider the inequal: ty

{(<6Ex~))‘> (e[,*:m]) )} =0

nkly rside +he bracheds s >0

)“3,

Thie 18 true since  Hhe c'bua

for all m ard n.

Now ,\mm] )(
E[E[x*3]+ E[ E\:anm]] m

s counr be wwrtew as

e (©) + 455“(0) - 2 @g(”"') > o
i, Iz
P (0 Pyy (0 B20) B, (0)
+ (m) 7 .
Ml = (R Byy@]® | By ()
“‘”¢y 10)

Meeww 1{, e veblace Aa b.a_ (xn_m,‘) ouad \.km

~
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§
7

I3

{[-K‘.,to) ﬂs‘wlvz = % (M){

Mmﬂ-u\-\m 4o
¢ii!co) - ¢.«o¢ ("M)
W, (0> = Ll

(e) Lt Y = X —Arg .
CP,” (Nf*) - EC \3'* "ﬁmw]
= E- r_ D(M-M. XMnt-M—M. ]

= B ()

(zoa guwos |
(f) L=t Bix () =—> [} () o
n: () = t:;( b
-Mm -|d
Lot Zam €7 () Tutw - Lo P
ﬁx (o) = 6:2= —_ r’(é)z 'Jz
— 'j 2"6

L () = Yox (cam)

X

(1) Ue Louwse alowi —Hak
Waradeva = = Z‘s‘“(w) 27"

[ (') = N [l 2™ - )?_'f
_— an-.o gn F «
- (AM _
EY"“ ) '3. - Ex(i) @
\1 f—? h’) g M - o0 .

28



4.2. HW3 CHAPTER 4. HWS
L7y nyfh)=7;:<('m) >/,
-5} -m o0 % ~h1 /
ﬂy(z) = Z Txy ()2 = Z Yyx (-m)z
o M- _op ::—‘0
= (ez T?x[”’gf)
i - -f %k N
- * |
= ( Eb’yx('p)(z ) ) = I.;x(/z*
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4.3 HW4, Some floating points computation

Local contents

4.3.1  my solution, First Problem| . . . . .. ... ... ... .. 0. 30
4.3.2  my solution, second problem| . . . . . ... ..o 31
1.3.3 keysolution|. . . . . ..o 32

4.3.1 my solution, First Problem

Looking at 2 floating points problems. The first to illustrate the problem when adding
large number to small number. The second to illustrate the problem of subtracting 2
numbers close to each others in magnitude.

N
Investigate floating point errors generated by the following sum Zn%, compare the result
n=1
to that due summation in forward and in reverse directions.

4.3.1.1 Analysis

When performing the sum in the forward direction, as in 1 + % + 1175 + ﬁ we

observe that very quickly into the sum, we will be adding relatively large quantity to
a very small quantity. Adding a large number of a very small number leads to loss
of digits as was discussed in last lecture. However, we adding in reverse order, as in
ﬁ + (Ni1)2 + (Ni2)2 +---+ 1, we see that we will be adding, each time, 2 quantities that
are relatively close to each other in magnitude. This reduces floating point errors.

The following code and results generated confirms the above. N = 20,000 was used. The
computation was forced to be in single precision to be able to better illustrate the problem.

4.3.1.2 Computation and Results

This program prints the result of the sum in the forward direction

PROGRAM main
IMPLICIT NONE
REAL :: s
INTEGER :: n,MAX

s = 0.0;
MAX = 20000;
DO n = 1,MAX
s = s + (1./n*x2);
END DO

WRITE(*,1) s

1 format('sum = ', F8.6)
END PROGRAM main

sum = 1.644725

now compare the above result with that when performing the sum in the reverse direction

PROGRAM main
IMPLICIT NONE
REAL :: s
INTEGER :: n,MAX

s = 0.0;
MAX = 20000;
DO n = MAX,1,-1
s =5 + (1./nxx2);
END DO

WRITE(*,1) s
1 format('sum = ', F8.6)
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END PROGRAM main

sum = 1.644884

The result from the reverse direction sum is the more accurate result. To proof this, we
can use double precision and will see that the sum resulting from double precision agrees
with the digits from the above result when using reverse direction sum

PROGRAM main

IMPLICIT NONE

DOUBLE PRECISION :: s
INTEGER :: n,MAX

s = 0.0;
MAX = 20000;
DO n = 1,MAX
s = s + (1./n**2);
END DO

WRITE(*,1) s
1 format('sum = ', F18.16)
END PROGRAM main

sum = 1.6448840680982091

4.3.1.3 Conclusion

In floating point arithmetic, avoid adding a large number to a very small number as
this results in loss of digits of the small number. The above trick illustrate one way to
accomplish this and still perform the required computation.

In the above, there was 1.644884 — 1.644725 = 1.59 x 10~ error in the sum when it was
done in the forward direction as compared to the reverse direction (for 20,000 steps).In

relative term, this error is Wloo which is about 0.01% relative error.

4.3.2 my solution, second problem

Investigate the problem when subtracting 2 numbers which are close in magnitude. If
a,bare 2 numbers close to each others, then instead of doing a — b do the following

(a —b) EZ:[Z; = “Z;ZQ. The following program attempts to illustrate this by comparing

result from a — b to that from M for 2 numbers close to each others.

PROGRAM main
IMPLICIT NONE
DOUBLE PRECISION :: a,b,diff

a = 32.000008;
b = 32.000002;
diff = a-b;

WRITE (*,1), diff
diff = (a**2-b**2)/(a+b);
WRITE(*,1), diff

1 format('diff = ', F18.16)
END PROGRAM main

diff = 0.0000038146972656
diff = 0.0000038146972656

I need to look more into this as I am not getting the right 2 numbers to show this problem.
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4.3.3 key solution

Sol,  W.w 4 EE 5134 [%

1-4
- Y(hy = & ¥(h-1) +X(h)
wariaddiy & Cotfficienty : Mgn - & ~ magmilidy
nerelly ot omudh s 1 Dedmeatsf
= Wiy = QLaxWm-1)7 +Xxn)
QLT ; Mgn - &-mag. Dumenlopn -
pessilidily of o 3ug -impeul imif cytle
[Wim | = | Wn-y] V¥V »n
s hon that i the ideal syp. in Naldl 5 thin me
Zets - nput At Cyels antrist+ Inthe
- Wﬂl@w{f{m ZSMMW#W

50/'

7o haye prg-mput Limot Cqele
Iwiny | = JW(an]
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32



4.3. HW4, Some floating points computation CHAPTER 4. HWS

= [/ 1K e Kyo ot X(o
Lt X = °((-'U(l'l--l) .
[ Q[a(bwn-r)]l }«wrn :)] ( 3)

(3) &(2) = |QTawn-nl| £ | qwin=y| < Jwin-n]

fm(:)%MWM my PAs mpit
Limitt cucly b ronilde -

b) Fou QL1 = fiugs comploment

3 4 Qx)-x<g0 v«

NG

I %>o x 3 QT ma I3 & (4

If X<q | Qi ] |4 (5)

————

Foy % W(n-1)>0

| RTxwin-nl ] g Txwinn] < | winmy|
®

=>MWW c (1) © met WW
FM ¢ (U("-l) <o

& win-y | § ) QEKwn-nl| L‘) (5)
Pt ‘KWM-I}\ <\ W(n-:)s '(]/"‘J (2)

Powsilde thot | & [xwin-y| = |t tn- i
Kwini) o D Loyt Gele

33




4.3. HW4, Some floating points computation

CHAPTER 4. HWS

€
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Qr 1:
FW-M.%’ LM
Frompul — Y1) ikl conf.
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So/,
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. ~-b
RWM : -’Z-z‘< R [ o Win-1)]- & Win -y \<A_£li
I -b
KN - /4
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v | QCxa1 -4 g l-lzli
oo o it Cele \RT%43| = A
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Thur 4 A= 'ﬁ&WWMWW

o The Lot Cyely .
o =15 .
o 7 Ytny= Q [ Ynun] = @\[ 16 Q[Zw] :
. ~15 5
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(n) 6
!
- - 15
L fo 1 23 A o = /’6
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jn 1 —-3a .
Thus we have: W= QL _ L 15) 2 CP[q59_ﬁ_._é_] =-304 |
2 76 F 2 G
{5 2 L=
W(L) - CP[_Ié,.JoA_]_ GP[SG;JFL:_%J: 28A
Ueice we rePew{ the aboue procedure cud we g=l: ), e 4 2
Wi-ij = 32/6§
WCO) = _30/54
W(l) = 28/6Y4 - ) 0
W) - 26/ey =
W) = 2M/6) A vowuding up”
W) - -3/eya— L L P | foom N
| W(S) = 23/6"4 . ,ZL,{_’.IJ__]_ l
| W)= -2y/6y &[ aH ] ’
| w(®) = -19/ey :
W)= 1g/sy
L wo) = -13/6Y :
i | Lw[m: i6/ey
- | WU - -isfey .o | X
' wW(3) = 1{Y[6y
W(u) = -13/6y _
w(is) = {2l6y e
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(™ w(e) =-11/gy
w(i?) = 1o/6y
wW(lg) = —3/6y
W9) = 8/6y . _ rounding wp
w(20) = ~g/6y
w(el)= 8/6y
wi2) = ~¥/6y

The output will be:
T ®
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r ®
L 1o ] 2! T ts T R BT PR
-4 o 1 23

?lé]d

- laeadbaucl

3 ] s |2 20 | 2=
B RN

{ .
G

W)

»
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, = X0 em) ml LN~
T ~ nZ, ) $
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sdow That
j 2
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Ly
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N e
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Local contents
[4.4.1 Problem 11.11 . . . . . . . . 40
4.4.2  Problem 11-20 . . . . . . . 41
4.4.1 Problem 11.1
1. Let Xie™) be the Fourier transform of a real Anite-length sequence x(x) hat i3
z-:':ra1 rl-u:si}dcblhelvintcrvall 0. n= N — 1 The I'-'“ri':"i‘?i-r-T“1!_1 Fylw) is defined
in Fg. (11.24) as the Fouricr transform of the 2V — 1 point autocorrelation
estimale | By |
o) =— % x{mxin 4o [m| = N — 1.
o N w0 o
Show ihat the periodogram is related to the Fourier transform of the finite
lengih sequence as follows: l
Foplon) I._IJ.’{:J-'”]F.
Figure 4.2: the Problem statement
N-1 .
In()= > cp(m)e ™™
m=—(N-1)
N2 . .
X ()] = X (o) X7 ()
N-1 N-1 . *
= ( x (m) _me> (Zm (n) 6_7“’">
m=0 n=0
N-1 N-1
= ( x (m) ej“’m> (Z:c* (n) e]“’">
m=0 n=0
N-1N-1
= x(m)x* (n)e7“men
m=0n=0
But
e—jwmeju.m _ e—jw(m—n)
and
z(m)x*(n) =z (m)z" (m+ (n—m))
So
g N-IN-1 ‘
‘X ((33“)‘ =3 Y a(m)z* (m+ (n—m))emm
m=0n=0
Let n — m = 7 then above can be rewritten as
g N-IN-1 '
X (@) = X X wm)a (m+7) e
m=0n=0
When n =0,m = —7 and when n =N — 1,m = N — 7 — 1, hence the above becomes
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‘X (ej“’) ‘2 = :Z z(m)az* (m+71) el
-1 N—|7|-1
=2 ( ; z(m)z* (m+71) e + Zo z (m)x* (m+7) ej”)

x(m)z* (m+7)e™" + N cpp (M) ejw)

I made another attempt at the end,

4.4.2 Problem 11-2

2, The smoothed spectrum estimate S;(w) is defined as

M-1
Se(w) = Z Cax (M)W (m)e—Tom
m=—(M—1)

where w(m) is a window sequence of length 2M — 1. Show that

-

E[S,.(w)] = ;—#J : E[In(0)]W (e (@-0)y 4o,

where W(e’®) is the Fourier transform of w(n).

Figure 4.3: the Problem statement

We see that S, (w) is the Fourier transform of ¢,, (m)w (m). i.e.

Spe (W) = F [Cpr (M) w (mM)]

Where F is the Fourier transform operator. Using modulation property

Spe (w) = ;ﬂ (F [cax ()] @ F [w (m)])

But Iy (w) = F [cze (m)] and let W (w) = F [w (m)], then the above becomes

1

1/ﬂIN(9)W(w—9)d9

:27T -

S (W) (In (W) @ W (w))

Hence, taking expectation of LHS, and since only Iy (6) is random, then the above becomes
(after moving expectation inside the integral in the RHS)

B[Ss0 (@) = o [ Bl (0) W (o~ 0) do

2T -

41



	introduction
	Final project
	Study notes
	DSP notes

	HWs
	HW2
	HW3
	HW4, Some floating points computation
	HW5


