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Lecture 2-1

Linear Time-Invariant System
(LTI System)



‘qe71 dsa % oipny

y Audio & DSP Lab.

Review

Linear Property:
«Scaling
* X(t) =2 y()
e C X(t) = c y(t)
eSuperposition
* Xy(t) 2 y1(1)
* X,() 2 Y,(1)
* X1 (D+X,(1) 2 y1(D)+y,(0)
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Review

Time-Invariant Property:
* X(t) 2 y(t)
* X(t- 1) 2 y(t—1t)
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Overview
. (Convolution Sum)
. (~ Evaluation Procedure)
. (Convolution Integral)
. (~ Evaluation Procedure)
oL TI
oL TI
. (Step Response)
. LTI

‘MATLAB
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(Impulse Response):.

- ()6
o(t)

o | SYSTEM |
oln|

h(t)
or
h[n]
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(convolution sum)

(convolution Integral)
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1 n=0

oln] =+ .
0, otherwise

. X[n]

. X[O] n=0

, . X[n] o[n] = X[ 0] o[n]

= constant
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1, n=0
0, otherwise

- X[n] o[n—K] = X k] o[n—K]
t i

. X[K]

= X[n] o[n] = X 0] O[N]

n=Kk

= constant
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” =0
° 5[n]:<l " , . X[n] o[n] =X 0] o[n]

0, otherwise

- X[n] o[n—k] = X[K] o[n—K]

X[n]=...+ X[-1]o[n+1] + X O]o[n] + X[l o[n—-1] +...

= 3 x(kloln- k]

k=—00

X[n] 9
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If the systeminput is X n] and the H{} represents
the system, the system output y[n] will be,

yin] = H{x(nl}
— H{ S KIS K]},

k=—0o0

10



‘qe71 dsa % oipny

y Audio & DSP Lab.

If the systeminput is X n] and the H{} represents
the system, the system output y[n] will be,

yin] = H{x(nl}
— H{ S KIS K]},

k=—0o0

- fH{x[k]a[n—k]}, - Scaling

k=—o0

11
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If the systeminput is X n] and the H{} represents
the system, the system output y[n] will be,
yin] = H{Xn]}
= H{ > xklo[n—kK]},
k=—o0
= S H{x{K]STn— K]}, - Scaling
k=—o0

= 3 XKIH{S[n—k]}, - let h{n] betheimpulse responseof [n].

k=—o0

- fx[k] hn—Kk].

k=—o0

12
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xnl= S (k]sn—K]

k=—00

r|=2]d[m + 2]

i I.I-?I
i o o

0

w[=1]d[n =+ 1]

4 e
g
v|-1]

] —=1]
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A = ]‘ £
0

|l |d[n = 1]
x1]

et o o T
0

|2 jdn = 2]
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o o 0
il

#l

n

n
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|
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Notation of the Convolution Sum

~+00

yinl = > XKklh[n—k] =xn]*h[n]

k=—o0

(a)

14
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k=—]

k=1

k=1

k=2

-1 d[m 1] :

L= i o Ll Ao 1
! 1 2 3 4
=1
x[0) din |
142
Ay li‘ o s ] £
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(1) dln=1]
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14
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anl o1 3
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'r|n|=i xlk] dlm - k]
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LTI bl
*[0] e[ | k=0
12
— h[n] — ooV i i oo o
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|
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X[n] = X[-o[n+1] + X[ O]o[n] + X[1]o[n—1] + Y 2]o[n— 2]
h[n] = h[O]o[n] + N[A]o[n—1] + N[ 2]d[n— 2] + h[3]o[n— 3]

X[-1o[n+1] — X-Yo[n+1*hn]=x-Yhn+1]
X 0]o[n] — X0]s[n]*h[n] =X 0]h[n]

X[1o[n-1] — Xo[n-1=*hn]=xX1hn-1]
X[2]o[n—-2] — X2]o[n-2]*hn]=X2]hn-2]

yin] = X[—Jh[n+1] + X{0]h[n] + /Y h[n—1] + X{2]h[n— 2]
= ZX[k] h[n—K]

16
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Example 2.2

3

hnj :(Zj uln],  X{n]=un,

vinl=? V[-5]=2, y[5] =2, y{10] = ?

n=-5 +5, +10

17
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‘qe71 dsa % oipny

TTT??-u-

TTTTT?-u-

TTTTT?-u-

TTTTT?-u-

"n

y[n] =7

Y 0]o[n]*h[n] = X O]n[n]

X[15[n—1] * h[n] = {1 N[N —1]

X[2]o[n—2]*h[n] = X 2]h[n—2]

> o
N 18
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y Audio & DSP Lab.
BUOUOOn 1111111 K e
1()
3k
w el |71y,
0

k]  hKk] = 2
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k] =@ (K]

0977

h[-k] = -~

20
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h[n—k] = Gj u[n—K]

o911

Q

0] n

N-k+n] = 72



‘qe71 dsa % oipny

O ? Audio & DSP Lab.

X K] = u[K]

N[n—k] = Gj u[n—K]

w [K] = u[k]h[n—K]

w_s[k]
]I
O e [
-4 -2 0 2 4

®» N=-5

e
e l????TiTTTI K

6 & 10

@ n=10

22
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Vinl = 3" XKIhin-K] -
Zn: (gjn , n=0

k=0

o

+00

2

k=—o0

0, otherwise

U[ K] (gjn u[n—K]j

23
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Audio & DSP Lab.

y[n] = ix[k]h[n—k] :i u[K] (gj _ un-Kk]j

k:—oo k:—CX)

[ n—k
> (g) - n>0

k=0

o

0, otherwise

@ y-5=0

(3 y10]="? 2
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\;

Audio & DSP Lab.

y[n] = ix[k]h[n—k] :i u[K] (gj _ un-Kk]j

k:—oo k:—CX)

[ n—k
> (g) - n>0

k=0

o

0, otherwise

@ y-5=0

(3 y10]="? =
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Example 2.3 =7

y[n]=%2x[n—k]

k=

Xn] =4[]
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Example 2.3 (cont.)

y[n]=%2x[n—k]

Xn] =4[]

h[n] == Za[n k] == (5[n]+5[n 1 +...+5[n-3])

- (Um-uin-4)

X[n] =u[n] —u[n-10] = 7

27
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Solution:  y[n] = Zx[k]h[n—k]

k=—c0

‘qe71 dsa % oipny

(1) n<0, y[n] =0, no overlay

= 1
(2)O£n£3,y[n]=zz overlayk: 0 ~n
k=0

n

1
(3)4<n<9, y[n] = 2 overlay k:(n-3) ~ n
k=n-3

2, 1
(4) 10 <n <12, yinl = 2, o e L = o
k=n-3

29

(5 n>12,y[n] =0, no overlay
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Example 2.4

yin]—p yin=1] = Xn]

X[n] = b"u[n+4] = 7

( b#p)

Hint: for a causal system, h[n] = 0 for n< 0.

30
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wn
(a) (b)
31
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Solution: impulse response h[n]: h[n] = o h[n-1] +J[n]

‘qe71 dsa % oipny

. causal system: hn]=0, forn<O
N[0] =0[0] =1

[ =p 0] +o[l]=p

2] = p N1 +6[2] = p°

h[n] = p" u[n]

x[n] = b"u[n + 4] [- 4, n]

yin] = X{n]* h(n] ={ p"u[n]} *{b"u[n+4]} = ibk P

32
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Plot y[n], p=0.9and b=0.8.

| ﬂ'n
2 o

SOOI i

-10 —5\ () 3 10 15 20 25 30

n=-4 (c) 33
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Example 2.5 (Applies Ex2.4 solution )
10 1000 7
8% =

x|n|

1000 ¢
10 12 14 IE-

W 1

(%)

1500
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yin] - p yin=1] = Xn]

8% p 1.08

Ex2.4

convolution sum

h[n] = p"u[n] = (1.08)"u[n]

y[n] = x[n] * hn] =7

35
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(1) n<O0, y[n]

(2)0<n<9,

(3) 10< n< 16,

(4) n> 17

=0, noovelay

yin] = > 1000(1.08)"* =12500((1.08)"* - 1]

yin] = 21000(1 08)"* 21500(1 08)"*

k=10

_ 7246.89(1.08) —18750((1.08)"° - 1)

yin] = 21000(1 08)"* 21500(1 08)"*

k=10

= 3340.17(1.08)

37
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9
> 1000(1.08)" ™
k=0

9 9
=1000(1.08)" »  (1.08) ™ =1000(1.08)" » " (1.08™")"
k=0 k=0

=1000(1.08)" 1 E1'0881 ,  finite geometry series
_1000(1.08)" 22308965 _ 1001 08)"(7.2468852)
1—0.9259259

~ 7246.89(1.08)"

38
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> 1500(1.08)"", let m=k-10,
k=10

n-10
=1500(1.08)" Z (1.08) % =1500(1.08)" Z (1.0871)™1°

k=10

n-10 1)
=1500(1.08)"** " (1.08™*)™ =1500(1.08)"*° 1- (1 08 _)1
o ~1.08
B _1 n-9
=1500(1.08)"°(1.08%) = (1'08 _)1 ,
1-1.08
_1500(1.08)"°(1.08™) 1500(1.08 %)
1-1.087 1-1.08%

~ 1500(1.08%)
1-1.08*

(1.08)"° ~1}=18750 {(1.08)"° -1

39
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The y[n] represents the value of the investment immediately
after the deposit or withdrawal at the start of year n.
20,000 o [ |
15,000 S . n
10,000 - [ | ﬂ
5000 I -
D? T ‘ 10 15 20 e
Year ——

(e) 40
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EX: Y[n] = X[n]*h[n] = ?

x|n]

1]

—o—o0—~o0— R

41



	Lecture 2-1
	Review
	Review
	Overview
	脈衝訊號時間平移的加權疊加
	脈衝訊號時間平移的加權疊加
	脈衝訊號時間平移的加權疊加
	Plot y[n],   = 0.9 and b = 0.8.
	The y[n] represents the value of the investment immediately after the deposit or withdrawal at the start of year n.
	EX: Y[n] = x[n]*h[n] = ?

