
-iscreteTime Signala ex istous
In DT

,

we use n-X(n] n mayy take integer values !

X[n]
X(t)

I:
Unit spacing between stems

1n]defined for non-integer n

Why DT
?

· Digital computers process discrete data

·Can't perfectly replicate
continuous phenomena

(finite sampling rates

In ECE ,
RT signals usually just sampled representations of CT phenomena

e .g. Analog-to-Digital
Conversion (ADC) of a

continuous voltage signal

For a sampled signal :

X(n) = X(t))
+ = ni

= X(nTs) - Ts "Sampling Period
:

1/Ts = Eg E "Sampling Frequency
:

X(t) X(n)

#



All CT concepts have analagos concepts in DT :

CT convolution -> DT convolution

CT Forrier Series -> RT Farrier Series (DTFS)

CT Forrier Transform -> DT Fourier Transform (DTFT)

Laplace
Transform -> z-Transform

isCrate
- Time Convolutiona

S[n]

Impulse (Delta) function
:

--

Sand = So -
u[n]

Step function : Not
I

un) = So ·
Example : X(n) = u(n) - u(n

- 3) + S(n - 6)
X(n]
i

--- ----

->p
Xn] can be written as a soon of imprises : X(n) = < (n] + ((u -1) + ((n

-2) +G(n -b)



More complex X(n) ? 29 : Xc(n] = (0 .5)"n[n]

-> Still works ! X (n) = ((u) + 0 . 5 S(n -1 + 0 .

256(n -] + ....

-10 .

51" duh) = XcU]n

So... IT signals are sums of scaled , shifted imprisesnat
Recall (TI systems : work the same in DT as in CT

LTI System
h(n] : S[n]-t)-h(m]

Xn]-- y(n)
↑ ↑ ↑

Input DT impulse Output
response

By definition : x[n] = [[n] Eny(n) = h(n]

62n-no] "eh(n-no]
Time - Invariance

:

doG2n-no] + a ,
d(n-u . ) Endohn-no)

+ a
.

h(n-n
. ]

Linearity :

Finally:
X(n] = ....

+ x2+ ]6(n + 1) + x(0]6(n) + x(136(n
- 12 + ..

unL
DT Convolution Sum- > Output of DT LTI system

~ input X(n] & impulse response h[n]



Similarity to CT convolution integral :

↓ (H) + h(t) = %X(t)h(t- i)dT = Integral because domain is continuous

1(n) xh(n)=X()h(n-M) Sum because i must be an integer

tonvolutionProperties X ,

(n)AXz(n) = xc(n) * X ,
2)

b .) Distributive Property : X .
[] * (Xc(n] + Xc (n)) = X ,

(n] * X(n) + X, (n) * Xa(n)

2) Associative Property : (X .
[m] **(n)) * Xz(n) = X, (n] * (xz(] * x(n))

d) Shifting Property : If X .
[n]* X2(n] = y[n] - X,

(n -R] * X(n -p) = y(n - B -)

2) Convolution w/ Impulse: X[n] * G2n] =Xin]2 + &(n -no) = x(n - no)

f) Width of Output : If X . In) has width L samples & Xa(n) has width Le samples

-> y(n] = X .
[n] * X2[n] was width h + 22-1 samples

X, [m] "turns on at n = n,

Xa(n] "tures on at n
= He

-> y(n) = X . [u] * X2[n] "turns on" at =Mother

Similarly for when signals "turn off

9) Causal systems : U(n] = 0 for Uso -y(n) : Xin] * h[n]=XIShC
h .) BIBO Stable systems:CRI



Visual Example :

x[n] = S[n] + 2S(n
- 1) - G(n - 2] -

h(n) = (0 .
9)"cos(n)u(n]

Each imprise in XIn] produces a scaled
,

shifted copy
of hin] ...

u(n]

sin)-hin]
---

26(n - 1 -24(n1..

I-Skewhin

Finally
, y

(n) = h(n] + 24(n - 13
- h(n - 2)

-



#Convolution Methodand shift" method similar to CT convolution

2. For finite sequences X(n] & hin] , can "brute force" the convolution sur

·ruteForceExample a C(u) - 26(n - 2) + 36(n - 3)
h(n) = S(n - 1) - S(n - 2]

h[n]
X(n]

=...- I
Convolution Sum : y (n) = x(n] * h(n)=hChIX

* In "brute-force" convolution, it is easier to

"flip-and-shift" the longer sequence
- X(n) in this case

- h[R] only non-zero for K = 1 & R = 2

-> y(n) = [h(k]x(n -4) = h(1)x(n 13 + h(2)x(n -2)=(n + )
- x(n -2)

Make a table :

R = 1 #LLSGGC-2)-2n

i②



Flip and shift example :

X(n) = (j) "n[n]

h[n] = u(u) - u(n - 6)
h[n]

--
Easiest now

to flip and shift n[n]
-h(n-R) = n2-(R-n)

h[n-k]
u( -R]

Flip...

... -

~retby in

Region:conte
------

-y(n] = 0

Just like CT convolution, we look for

h(n -k]
X(R] regions w/

different overlap such that

# product XCRJh[nt] or URIxCue] is

not zero
,
then evaluate summation

n
- 5

Region Z : Partial overlapfrom Tr = 0 To En
n und for once ----

-> y(n)=
Summation formula (on eg. sheet) :-in

n
= 0

,
n .

n y(n):am()0an25a
= =



Region 3 : Full overlap - valid for>5

u(n-k]
Full overlap from R = n-5 to ken

# - y(u)==El

n
- 5

a = 3 ,
no = u

-5
,
n.

= n

-

g()-

=
Note : at n

= 5
,

the neighboring expressions are equal !

= (1 -(5)5)
= 364(5)5 = 1 .4979-

~ch
the boundary points to see it answers line up !


