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Causal LTI Systems (1)

ayyln—N]+-+a,y[n—1]+a,y[n] = b, ,x[n—M]+---+b,x[n—1]+b,x[n]

ya+N]+a,y[n+N—-1]+-+a,_ y[n+1]+ayy|[n]
= by yx[n+M]+by . x[n+M—-1]+--+b, x[n+1]+ byx[n]

yn+N]+ a,y[n+N—-1]+ -+ ay_,y[n+1]+ ayy[n]
= byx[n+M]+b,x[n+M—1]+ -+ by_,x[n+1]+ by x[n]

ylnl+a,y|n—1]+-+ay_y[n—N+1]+ayy[n—N]| = byx|n]+b,x[n—1]+-+by_x[n—N+1]+b, x[n—N|

(EY+a, EN '+ 4ay_E+ay)y(t) = (byEY+by_,,  E" '"+-+b, E+b,)x(t)
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Closed Form h[n] (1)

ylnl+a,y[n—1]++ay_y[n—N+1]+ayy[n—N] = byx[n]+b,x[n—1]+-+by_x[n—N+1]+b, x[n—N|

(EY+a,EN '+ 4ay_E+ay)y(t) = (b,EY+by_,,  E" '"+-+b, E+b,)x(t)

h[n] : system response to input d[n]
When n <0, hfn] =0

When n > 0, hfn] must be made up of characteristic modes

When the input is zero, only the characteristic modes can be sustained
When n = 0, it may have non-zero value A,

hln] = A4d[n] + ylnluln]

>

linear combination of the characteristic modes
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Closed Form h[n] (2)

ylnl+a,y[n—1]++ay_y[n—N+1]+ayy[n—N] = byx[n]+b,x[n—1]+-+by_x[n—N+1]+b, x[n—N|

(EY+a,EN '+ 4ay_E+ay)y(t) = (b,EY+by_,,  E" '"+-+b, E+b,)x(t)

O(E)y(t) = P(E)x(t) O(E)h(t) = P(E)d(t) causal hfn]

hin] = A4,8[n] + y.[n]ul[n] initial condition h[—1]=h[-2]=---=h[-N]=0
a

O(E) (405[n] + y[nluln]) = P(E)d(z) Y. is made up of characteristic modes
a O(E) (y[n]uln]) = 0

O(E) (4,8[n]) = P(E)d(t)

Ay(8[n]+a,d[n—1]++ay d[n—N+1]+a,8[n—N]) = b,d[n]+b,8[n—1]+-+b, 8[n—N+1]+b,8[n—N]
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Example (1)

y[n+2]-06y[n+1]-0.16 y[n] = Sx[n+2]

Characteristic polynomial

y—06y—0.16 = (y+0.2)(y—0.8)

Zero Input Response  y,[#]

y[n] = C,(-02)" + C,(0.8)"

yoln] = %(—0.2)” + %(0.8)"

DLTI Difference Equation

(E* = 0.6E —0.16) y(¢t) = 5E x[n]

initial condition ~ y[~1]=0, y[-2] = %TS

input x(t) = 47" uln]
Characteristic Equation  (y+0.2)(y—0.8) = 0

Characteristic Roots y = —-02, y =08

1

yJ_”:=_5C1+'ZC2_'O C1='§

25 25 4

yo[_z] = 25C, + 1_6C2 = T C, = g
6 Young Won Lim
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