PROBLEM 5.1:

Tf K= §la-1] - 28[n-4]

Hew Hie [iller coefficiends are
bkr_% o, 1,0,0, -2¢

Twe difference ecbuah‘m« s
yll= x[n-1) = 2xLn-4-]
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PROBLEM 5.2: e | Il
) n
L B A S A B
-5 -\ Vo2 3 4 > nNn.

(b) L=5 => O\V3 Y Powd's
Make table:
n s |4 )22 ) lel |z |3l 4)slel s 2}1_@_
o} \

X‘n‘l: u\n\ o\O

ys.\_‘ D O
\_____________._-——J
() AVG ovER 5-PoIinTS
Cc
i ——“—XXXT X
-§9903‘113+'§e7 N

() General For::u\o.:
yiwy= -5 uln-k)
k=0

uln] + Lupe- FLa-2] s +-’Cu[n~L+l]

L
T L

For n<o, yInl=0

For nzL-l, ylnl= SOt = (=1
L times

Be,*ween) S:Dr o<n < L‘l) +«he OU+PU+ 15 ,I‘neafl\j
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PROBLEM 5.3:
y[nl]z 2 xnl - SK[ﬂ-I”‘ + 2xin-2]]
() MAkE A TABLE:

n_|<oloelt |23 |45 |¢c|7 |28

"“‘10'\232—1!/11

W‘“lo?_li?_-izaLL 1

ylel= Zxfol =3x1 +2x{-2] =2()= 2
Fi= 260 3] 4 2x(] = 2(0)300- £
)‘\ﬂ‘— 2xf2] 2] +2x[e]= 2(3)-3(2) +2()) =2
y[’;l“— 2(x)-3(3)r2(2)= -¢
ylal= 200 -3(2) +2(3)= =
yis1= 2(») = 2(1) +2(2)=3
ylel= 2(1) -3 +2(n) =t
Yyl = 2(1) —3(D+z(1) =1
yiel=s 200 =3 (D +2() = t
((3) Iw\Pu\S_e. EesFawS—Q_
hicl= 2(V) -3 +2(0) = 2=
Wil = 2(0) —30)+ 2(01=-3
hWi2l= 2()—3(0) +2(0) =2

Nolce  hin| just ‘reads ouvt" o
‘P'\\\'?J\ COQH\‘C\‘MS :
vl hinl= b

n

)
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PROBLEM 5.3 (more):
Plots via MATLAB

INPUT SIGNAL x[n]

3 ' Q

~ 5-n
%
2r ¢ \

JLLLITTTTTTT

UNIT IMPULSE delta[n]

o
1t
O-Tcoocoooooo-

IS

3t

McClellan, Schafer and Yodegignal Processing FirstSBN 0-13-065562-7.
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OUTPUT SIGNAL y[n]
3 ©

JLLL [ITTTTT
I

0 5 10
TIME INDEX (n)
IMPULSE RESPONSE h[n]

219y, 9

(o) 2
1.
Or o—60—6—6—6—06—6——29
-1-

-3r . 0] b| . B
0 5 10
TIME INDEX (n)
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PROBLEM 5.4:

yinl = 2x[n] = 3x[n-1] +2x[n-2].

a)
( X[l UNIT UNIT EcT
DIR
DELAY DELAY | FORM

2 -3 2
+ — y[n']

UD) Trans Posecl Fovm
xinl

2 2

IV l

UNIT pELAY | y(n]

DELAY
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PROBLEM 5.5:
(o yln) = L“Z: bkx[n~k] x[nl=0 for n¢o 2 n=z=N
k=0
Assvme b,#0 awd bu*O =
Since x[n)=o0 ﬂ;(- n<o, 7[0]: l)o)([O] -l—b,}/('/l!_l + etc.

Thes ylol#o if x[el+0.

Wwrite ovt +he som:e
yW]= by X[r-M] + by Kn-M+1] +by x[-MEZ] +

To find the largest n such that yxj#0, look ot the
term X[n'M]- We need n-M <N, otherwise, x[n-m]=0

Thes n< N+M is the condition
When n= N+Mm-1, then x[n-mii)= x[N+M-I'M+G=XLN]=°
so +the Other ferms in the sum drola ovt.

(b) xInl=0o for n<N, awd n>N,
This s just a Hwme shifted version of part (a).
The lenﬁH\ of x[w] is Nz—N, +I| which tokes +he

ploce of N.
The ootput will stort at n=N, becawse He time-invariance

property qPF\ics. The ovtput will end at n=M+N;
because the term bux(n-Mm] will be the last one vsed

Heres o skekh

‘ x(wl
p1l18 o
N2

N,
The 0u\*ru+ is |ovn3er Hhan H\i
y[‘q input 5:‘3na\ bj M samples
e ! ‘ ‘ 1 11

1 — N

N, Ng

McClellan, Schafer and Yodegignal Processing FirstSBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
Pearson Prentice Hall, Inc. Upper Saddle River, NJ 07452003 permission has been obtained from the authors. October 8, 2004



{ { HH%,W Wnﬂgmmnw &\“\”H”
PROBLEM 5.6:
Plots for ports (o), (b) awd (¢) arce below.
(d) This aewa,,.a\ solohon will alse app'j +o Parf (c).

X[n) = a"uln) Lo

=—‘C%*x["’k] < Z Q" n-k]
“There are > cases. } - o

.N<O. =D yIx]=© because Ulnk] is always zem

d’——_'-\) n
2. 0&n< -l " -k
- y[nj—Lz_,a “ulnk) =L a

k=0
yin]= & ( '“d”.‘.-l )= T (a:_l,—,‘ )

3. nzL R n Ll
in]= a"Rufk] = & 2 a
y ] L- 2"‘ L k=0
—a" t*“'L)=a"(2L:-'~:.) for nxL
- T:(T:’a‘?« C\g--a

Unit Step u[n]

1 - -
0.5F .
0-0—© 60 ©
-5 N 5 10
x[n] =a" u[n]
1F 1 :
0.5
0.5 .
0.125
oo o o o ? ¢ o 6o 0o 060 0
-5 0 5 10
Filtered Signal
0.438 90.469
04l 0.375 ]
0.25 0.234
021 0.117 1
T 0.0586
0le e o o e ? o o o
-5 0 5 10
time index (n)
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PROBLEM 5.7:
Rn)= 38 + 7811 +138[n-2] +AE[n-3] + 58n-4)

The impulse respomse confoins the valves
of tne Filter coef'ch_ie»&s because
M
-’B\I_vq': p- bk g[_n-—k]
k=o
Thus,
bo=2, b=7, b.=13, b,=9, by =5
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PROBLEM 5.8:

Use cemvolution

n.‘ ¢ 7 -2 —l O l 2 3 4 - e
x[n]: o 1 O 1 o | o
4[n): 12 -1 13

o |1 o 13 © I35 o ....

-3 o0 -13 o -1 o —I%...
O 13 o I3 0 13 O ...

-13 26 =13 2 -13 2 -3

t

A=0O

-13 for n evewn

= [v\]:
3 26 \Cor n OJJ
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PROBLEM 5.9:
Linearity ¢
(a) Yes.
LQ'\' X [“’l =d 1 XJV\—\ + ol ) [V‘] X, wl— )’t [“"
XK1 y. [n
= ylnwl= (o{,x‘[n]+ o(zxz[n’)) cos(oarfn) 2 Yz [n)
= o % [nlcos(0.2wmn) + 42 X2[n] <25 (0.2mn)
N ————
N in) Yz n)

ES.
v yc?’ twl= (] -t ) = (K] ekt (o1

= o, (x'f“’l_mtn-f]) + Ay (Xz (n’)—-?(z.{h-l’l)
~——~

i) Yz (n]
© kl,f:*' X, In] = 18] amd  Xp(nl=-2800].
éy.[n] = &(m) - y V=1 Xoml)= 2 §(n1

Led x[n]= X [n) #% [n) = b(x1-280n1=—4(n) \ o
yinl= | xn)= () > y.r»«]+~,zm=£m+z£t-ﬂ—3 [

NeT EQUAL !

@)yNol if B#o
if xlf“’\"‘")'\r“" >
A(zxw]) +B = 2 (Axix1+8) —B F 2yl

rest 2x,in|— Zyl~]

Time - TOVARIANT

(a) No! e
Let x[n1= 401, thew Y] () cos(0.2m

Tr norl= Sn-1] Hh ”{'?U\— s
ry X[n-i)=bits OZ{:..(] cos(0.2m)= cos(o.zw) $[a-1].

Bur CDS(D.QW) Q[n—|]¥ y[.\-n = é(,\,q
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PROBLEM 5.9 (more):

Time— DWARIANT ¢

(b) Yes.
TE xml1—>yinl, Let VInl= x[n-no]

ovTPUT = VIn]=VvIn-1])= x[n-ng) - x[n-ne-1]
This 7s t+he same as )'[“'“v.3= X[n-ng]- x[n-1o-1)

(¢) Yes.
Ovtput depévds On'j on X{71 at ™", so yf“-"o}=\9([ﬂ’ﬂo1‘
(8) Yes
yin-nol= Ax[n-ne|+B is always troe.
CAvsaL ?
(@) Yes.

y[u’) at n= No defemls Onlj on xin] ot n= No, and not

on past or future valveg .
(b)Y Yes.
yfv\] at n=ngy cle?em)s ow)\j onm )((vﬂ o\{— n=n, 3\ N=ny-|
so ot OVJ.\.‘, vses +he ‘Present™ amd Hre "P‘g@
(e) Yes
yiwl at n=n, depeuds only ow x(n) at n=ne.
ylnel= lX[V\o])
d) Yes
ywl at n=ns depends only om xfw] ot n=he-

)’{no-) = AX['\o—l +B
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z[n) = é[n] - bn—-1 — y[n] = é[n] — 6[n — 1] +28[n — 3]
z[n] = cos(mn/2) — y[n] =2 cos(mn/2 - n/4)
(a) Make a plot of the signal: y[n] = 6[n] — §[n — 1] + 26[n — 3].

Y Tw)

v

Y R n

(b) Use linearity and time-invariance to find the output of the system when the input is
z[n] = 76[n] — 76[n — 2]
. \
Tn ordenx to vse Linear i"j : Time - In\l/ we
need o expyress xfw] n termg ot knoum s |3v\a| .
Let  xm= Eln] - Sin-t]

Then s 7ER-T80-2] = TxI + Ve

Recause X, fa-il = S{n-11— §m-271.

Now, LTT systewm =
T ——— 760 ~7&in-1] + 1480n-3]
7X’1~“,(\ — 7&(n—'ﬂ - 7€&n-2] + 14 g\n_ﬂ

Add Thew -\vﬂd’ku
(W] ———> 741 ~78&in-2] 14 5m-3) 114 {n-4]

McClellan, Schafer and Yodegignal Processing FirstSBN 0-13-065562-7.
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PROBLEM 5.1

Win = 28 -280n-1) +48[n-2] + 8n-47]

= yWl= 2x0n) = 2x[0-1] + AxX[n-2] + x[n-4]
(@) Direct Form: o\

UNIT DELAY

e o
4

{—x
i—‘ yin]

(b) _n‘ahsposecl Divect Form:
X[}

b

L /oD b |0

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written

Pearson Prentice Hall, Inc. Upper Saddle River, NJ 0745003 permission has been obtained from the authors. October 8, 2004



M
{ { { { Hhr, 1 l JlJ1*'ﬂm“lﬂl}m&ﬂrﬂmfﬁ\ﬁNuﬂw

X[n]= uln) —= Y\ [n]: 8['&‘\ +2£[H-l’)-’£[“~2-]

X2} = Buln] -2u[n-4]

Lse \inearn'|~7 and Hwme-invariance :
Y2lnl= 3yin)- 2y, [n-4]
= 35[n] + 68[n1) -2 §[n-2] -2 b(n-4])
—4 8(n-57] +2§[n-67].
List of values:

" _|¢olojrlz|3)4|5|6]=T
| o

vt e|zlelzlol2]-4|2
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PROBLEM 5.13:

(&) yiwl= x[n] -axln-])

a’uinl) — a(o.""u[n—l’])
CS[n) + auln-N - a"ulr-) = SCn)

(b) Express x[w) as o som: x[w]= a"u[u‘]1—(~a“u[n-ao])
Hhe FIR fillern is am LTI systewn,

we cam find the sotpot for —a*u[n-107 amd odd
£ o Hhe resold frome qut (a0

yz ['\] =

Becamse.

~a™ufn-10] —afa™ ' u(n-n))
-a®S[n-18) - a’uln-n] +a"uf[n-n}
= -a®§[n-10]

Yoo yInY= ) —a®{n-e]

\ from peat (o)

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7.
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PROBLEM 5.14:

(@) A= §[n-2) > filter is o delay by 2
yix) = u(n-3) —u[n-4)
To find x[n) we wneed +to ”un-delaj" yml.
= x[w)= u[n-1]- uln-4]

(b) First -difference FIR => K= SIn1-E0n-1]
The first-difference filken has 2 nhovzero ovtput
st n whea xin] 2 x[n-1] are not eﬁual-

If yimd= &n) - £0n-4] , thew the input xiu)

OMMﬁe_S valve af n=0 owd n=4. Al n=o0,

jomps VP by eme; al n=4, it jomps downm.
=> vas]: u[n] - u[”-4]

‘ ’\
Jump LP

() 4-pt averagen ! y[n]=— #(an'l‘\—)(fu'l]-)-)([ﬂ-z') +Xf"‘5)>
Tf ywl= -54Iw] - 5§[n-2]
ylol= =5 = & (x00) #x(-] #x[-2] +x(-31)
x% if{ we assume xWw]=0 for W<O, then X[0)=-20
yin=o = & (%01 +xl6] + x[-7] +x[-27) = §x0) -5
= x[1] = 20
yl2)= -5 = L (x[21+ x[V ¢ x[1+ x[1)) {xw-:zo
= % (x[2) + 20 -20 +2) = F (2]
Y131 = 0= 4 (x[3] + #[2] + x[1) #x[oT) % x{3]=-20

O {Bor w< o

= xIwW)= {-20  for w evew
20 &+ w odd
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PROBLEM 5.15:

(8> xMW)=w[n) omd  yM)= uln-1]
We weed a “delay by ome™

=> ‘R[n'\ = S[V\—I—)

(l)) xfnl= u[n) and yfn'): g[n]

Sivce W[n] jumps fomr ©0 to L ot n=0, we

need o Riten +hat delects juwps. This can

be done with a fivst-differince Liljen.
Rnl= Lin) - §[n-1]

(C—) X[V\’)z ("i)“u[v\-] ad y[y\']—_ g[lﬂ—l—l

Use Mhe convolubonn suma o write livecn
2% !R)’W . ...Aé,
® Yi“] = ZA R [x) x[m—k’}.
k=0
yiol

o

I

Note: x[w]=0
«Rfo’) x[e1 + R[N X[—l]‘:.z-/ ]oear n<o

161 (3)° = Rl6] = Rpl=o0

Y0 = R« (] + RO x[e1 +f[:))a‘_-a4'._.
1= 0 +R01(L) =f11 = Rid=1{
yiz]) = Rlo]x[2] + R0 + R[2]x[2]
D = O + | (%) + R (H)°

-—

o = L +R[2] => K)-)
yI3) = RV« [37) + R0 x(2] + Ki2] k0] + K15 xfol,
O = O + 1(5H)* -1 (L) +Rs)(5)°
o = o +z-%+4[3] > R[I=o0

. “’PYV\'S: S[_n—\’) -—\z gY_t\-—Z]

McClellan, Schafer and Yodegignal Processing FirstSBN 0-13-065562-7.
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PROBLEM 5.16:

Sometimes it is not possible to solve the deconvolution process for a given input-output pair. For example,
prove that there is no FIR filter that can process the input x[n] = §[n]+8[n—1] to give the output y[n] = S[n].

Solution: The deconvolution filter that turns x[n] into y[n] must have an impulse response
h[n] satisfying
yln] = h[n] * x[n] forall n

The method of proof will be to assume that /[n] is the impulse response of an FIR filter and
show that we get a contradiction. If 4[n] has finite length, then the most general statement
we can make about i[n] is that it’s zero outside of a finite region, i.e.,

hin]=0 forn < Nyorn > N> (D

Note: it is not necessary to assume that /[n] is the impulse response of a causal filter, but
if it were then Ny would be greater than or equal to zero.

We could consider several separate cases depending on whether Ny is less than zero, equal
to zero, or greater than zero. However, the most general case to consider would be the one
where N1 < 0, so we now write out a few terms of the convolution equation to see the
general form:

yIN1]=0=h[Ni]+ h[N; — 1] = h[N1] 40 = h[N]=0
yINi 4+ 11 =0 = A[N; + 1] + h[N/] — AN +1]1=0
YIN1 4+ 2] =0 = A[N; + 2] + h[N; + 1] = AN +2]=0
yI=1=0=hl=1]+ h[=2] = h[-1]1=0
y[0] =1 = h[0] + h[—1] = A[0] + O —  h[0]=1
yI11=0=h[1]+ A[0] = A[1]+ 1 == h[l]=-1
YI21=0=h[2] +Al1] = h2] = 1 —  h2]=1
YIN2 =11 =0=h[Ny — 1] + h[N> — 2] = h[N—1]=-1
Y[N2] =0 = h[N2] 4+ h[N2 — 1] = hN2]=1
YIN2 + 11 =0 = A[Ny + 1] + h[N2] = WM +1]=-1
yIN2 +2] = 0= h[Ny + 2] + h[N2 4 1] — AN +2]=1

where we have assumed that N, is an even integer.

The solution for the values of i[n] is done by solving the equations one at a time from top
to bottom. The final two equations show that A[n] will be nonzero even when n > N; and
thus provide the contradiction of the FIR assumption in equation (1). Hence, we are able
to conclude that there is no FIR filter that can process the input x[n] = §[n] 4+ é[n — 1] to
give the output y[n] = é[n].
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PROBLEM 5.17:
(@) hinl= 8[n)-8[n-1]
h,0n) = (0] + &(n-2]
hy[nl= 8[n-1] + §(n-2]

ATl
{ [ { it wwﬂﬂmmm oty wﬂv‘(m

(b) The overall hin) is +he convolubion of the h;[n].
hinl= h/r]1 hy [n] % haln]

W Iw) % hgtn = (8001 = $n-17)

x (S(V\__\ + A[V\—Q..]B

= &[w] - §n-1) ¥ (-2} - EDn-3]

Now cenvolve with haln)
I I

(€Y yinl= Rwl*xIx
= (&[n—ﬂ— 8‘:“‘5]) * Xiw]

y[,;\__. %[n-1) - XD""";—]

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7.
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The MATLAB programn has +wo fillers +hat are
added bge{—ker‘, and t+hen filtered aﬁam

)'n[vﬂz X [W) + X[n-1] 4 x[n-27) +X[V\—3—]
YZ['\,):— X[ﬂ] -—x[n-f] —- x[n_z') + x[n_al
winy= y,[n] + Y2 [n]

yinl= win) + win-1] + Win-2]
SYSTEM S|
yiw]

hg=guLig » :
- | T
thig= g4, la Siin) SYSTEM Sy
SYSTEM Sa
S, R[nl = Sinl+ Sn-i] +$ln-2) +30n3]
gz . R, ]= &[] —8[n-1]- §[n-2] +8(n-3)
Sat Rgnl = oln)+ §(n-1] ¥8n-2]

when xfml =801 win)= R0+ R, )
(b) When xn] oy =2 §[w) +2 §(»-3)

(=

X}

Thew yinl= Rg (0] % W)
=2 (] + 2601+ 28[n-2]) +28103) +28(n-4)1250-5)

The overall difference e%ua{—ion is obtained
by no\'inﬂ hat e Bilten elfs are ecbua) to
the impulse vespomse vadves 3 b, = hnd|,_,

yinl=2x W] +2x [a-1] +2x[n-2] + 2x[n-3] +2x(n-4] + 2X [n-5)
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