Digital Signal Processing

A discrete signal is an infinite sequence of numbers {y,} where k
IS an integer

TABLE | Examples of Signals

Signals

Name Symbol Vector Formal Description

delta § (....0.0.0,1,0.0.0,...) (d,), where d;, = ;' =0
0 ik #0

unit step U (oo B, 000 ok ) fuy}, where uy, = {1 if_k =0
0 ifk <0

constant b d Gmindi Aol t ettt ) {cp ), where ¢ = 1



Digital Signal Processing

A periodic signal is signal for which there exist a positive integer g
such that { p, = py,, }

FIGURE 1
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TABLE 2 Applying a Shift Signal

ST2(8) (N K5 B B »

S—1(8) Bodi 00

8 (s s B0 140305

S'(8) (o s 05000: 7,005

S2(8) Coc o BOB0T 2
t

/{ = {)

{u}k }a Where wk — :
0 ifk # -2
{xk }, where X = I . k
0 itk # —1
dy }, where d; =
{ A} € dj % e # .
{ } he lfk ——
Iy WHETE V. =
" a 0 ifk # 1
{z&}, where z; = d_ ffk = 2)
0 ifk # 2




Digital Signal Processing

EXAMPLE 2 For any positive integer m, the moving average LTI transformation
with time period m is given by as M i Crease

1 k i l)(!(om?.s
My ({xk}) = {yic} where yg = — ¥ SMapther

Figure 3 illustrates how M3 smooths out a signal. Section 4.2, Figure 3 illustrates
e smoothing that occurred when M; was applied to the same data. As m is increased,
pplying M,, smooths the signal even more.
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EXAMPLE 4 Using the basis B> = {8, 5(8). S*(8)} for S, represent the signal

{Yt}, where N nere 0la¢
[t Qifk <Qork >\3_—\>. 3 gQC'fgrS
2 k=0 in bys)s
o' KT 3 ifk=1 3 dimension
5O 1 k=2

e k=0 K=\ k=2 k=3
asavectorin R*. Y= ¢,p,9 2/3,-1,0000

SOLUTION First write {yx } as a linear combination of the basis vectors in ;.
Yk= as+ bXQ) 4¢82(S)
because = 2/ Wiki|= 20 +l35(8) + (=1)S?(8)

AL A - X=0 3 -\
The coefficients of this linear combination are precisely the entries in the coordinate

2
vector. Thus [{_yk}]32=|: 3:| }\QS -)‘D }DQ ';Y\ OYdQY 3
-1



Linear Difference Equations

Given scalars ay, . .., a,, with ag and a, nonzero, and given a signal {z; }, the equation

AoYik+n + Q1 Yk4n—1 + o F dp1 Vi1 + @y = Zx  forall Q .3
ovyput = NPT §ignal

is called a linear difference equation (or linear recurrence relation) of order n. For

slmphcny, dg 18 often taken equal to 1. If is the zero sequence, the equation is
homogeneous; otherwise, the equation is nonhomo ¥

EXAMPLE 3 Solutions of a homogeneous difference equation often have the form

{yr} = {r¥} for some r. Find some solutions of the equation
Yi43 —2Vk42 — 5Vk+1+ 6y =0 forallk
SOLUTION Substitute r* for y in the equation and factor the left side:
pAd_oukdd mikbl ik g
rk(r* —2r*—5r 4+6) =0
rr=D0r+2)(r—3) =

Dc Since (5) is equivalent to (6), {r*} satisfies the difference equation (4) if and only if r
ee \ 3 ? satisfies (6). Thus {1%}, {(—2)*}, and {3¥} are all solutions of (4). For instance, to verify

%‘%%'\0 K that {3*} is a solution of (4), compute
3k+3_2.3k+2_5_3k+l +63l\
=35Q27-18-154+6) =0 forallk



THEOREM 19

THEOREM 20




Reduction to Systems of First-Order Equations

In general, the equation

can be rewritten as x; | = Ax; for all k, where

X

| Yi4n—1 _

Yk
Yk+1

re duce

0

0

0
—dy

‘o (egree © 1

0
—ly—

0
—dp-2
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EXAMPLE 6 Write the following difference equation as a first-order system: X
X +\

i Y+

degree 3 Yrsa
71|43

Yi43 = 2¥k+2 — SVik4+1 + 6y =0 forallk
SOLUTION For each k. set

0 o (

0 \ 0o TN Hie her
Jp +bIk+1+ CYKke 1 07 (yitger+H
Xe+1 = Ax;  forallk, where \ A 0 1 (]

] o 0]
Yk
gy |7 5 2] &

¢
(=
S




