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General form of Difference equations

yin]= Zazy[n —[] +Zbkx[n — k]

Recursive equation; Represents IIR filters

a, ... feedback coefficients
b, ... feed — forward coefficients

N+ M +1...Total coefficients
N ...Order of IIR filters




IIR: Block Diagram Representation

Consider a first —order general equation

yinl=ayln—1]+bx[n]+bx[n—1]
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Example : [IR Filter

yinl=ay[ln—1]+bx[n]+bx[n—1]
Let, a, =0.8

b, =5
y|n]=0.8y|n—1]+5x|n]

Initial rest conditions :

x[n]=0 forn<OQ

y[n]=0 for n<0






y[1] = 0.8y[0] + 5x[1] = 0.8(10) + 5(=3) = —7
y[2] = 08y[{] + 5x[] = 0.8(=7) + 5(0) = 5.6
y[3] = 0.8y[2] + 5x[3] = 0.8(—5.6) + 5(2) = 5.52

y[4] = 0.8y[3] + 5x[4] = 0.8(5.52) + 5(0) = 4.416
y[5] = 0.8y[4] + 5x[5] = 0.8(4.416) + 5(0) = 3.5328
y[6] = 0.8y[5] + 5x[6] = 0.8(3.5328) + 5(0) = 2.8262
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Impulse response of first order IIR system
yln]=ayln—1]+bxn]

Solution :
n=1 1] = a,y[0]+byx(1]
n=2 V2] =a 1]+ byx[2]

= q, (a1 y[0]+ box:ﬂ_]) + Dy, x[2]

= a; y[0]+ a,b,x{1] + b, x[2]
n=3 V[3]=a,y[2]+byx[3.
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= q, (alz Y0+ a,byx[1]+ box[2]) +b,x[3]
N3] = afy[O] + afbox[l] +a,b,x[ 2]+ byx[ 3]
Generalizing the 1" order discrete —time system,

y[n]=a; y[0]+b, [aln X1+ a7 x[2] ... +a, x[n]]

y[n]l=a, y[0]+b Za(” ") X



If x[n]=0[n] then y[n]= h|n]
vln]l=a,yln—1]+bx|n]

hln]=a,y|n—1]+b,0[n]
yln]=ay[0]+b, Z al("_m)x[m]

m=1
wY[0]=a,y[-1]1+b,x[0]=a,.0+b,.1 =5,

hin]l=>bya, +b, Z a""™0
m=1

h[n] = -




hln]=ah[n—-1]+b,0[n]

n 0 1 2 3
5[n] 0 0

hin —1] by bo(ar) | bo(a)?
hin] by | bo(a) | bo(ar)* | bolay)’

From this table it is obvious that the general formula is

| by(ay)” forn > 0
hn] = {0 forn < 0
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Impulse response of a more general 1" order IIR system
ynl=a,y[n—1]+bx[n]+bx[n—1]
h[n]=ah[n—1]+b,0[n]+bo[n—1]
Using the principle of superposition and

previous result;

h[n]=b,(a,)" u[n] for the system

yln]= ay[n=1]+byx[n]
For the present system

h[n]=b,a'u[n]+ba" uln—1]
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Unit Step Sequence Input
yn]=ayln—1]+byx|n]
Let x[n]=u[n]=1 for alln, n=0

Wn] = ay[01+b, | @ 'x[1]+a/x{2]+.......+ a/x[n]|
y[0] = a,y[-1]+b,x[0] = ,.0 + b,.1 = b,




vin] = ayy[n — 1] + box[n]

x[n]

y[n]

- bo(ay)

- bo(ay) + bo(a)?

bo(1 -

bo(1 -
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ylnl=a b, +b, [af_lx[l] +a'x 2] +....... + alox[n]]

= b, [al’”’ +a' " +a T et 1]

_ n+l
y[n]=b0(1 - j @, #1

l—a,

n+l

if a >1 a' "~ will dominate the denominator

. 1
lim a5 —

n—0

vln]...Will be unstable



if a, <1 then lima"™" — 0;

y[n].. . Will be stable; y[n]= D
1—aq,
: 0
if a =1, yln]= 0’ unbounded output
1—a 51(1—51;1“)

limbo( 1 ]zbo lim —
a; —1 1_ al a;—>1 d

— (1 —q, )

da,

(n+1a/

-

=by(n+D1" =b,(n+1)
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Example: Unit Step Response
y[n]=0.8y[n—1]+3x[n]

a, =0.8

b, =3
1—a™

y[n]=b, a, #1
1—aq,

_4(1-08"") _(1-0.8""
1-0.8 0.2

:15(1—0.8”“)
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