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Decomposing,

%"°↳>a[

linearity is commutative → order of cascading system

can be rearranged without affecting the
characteristics

of overall combination .

yfn]SAD xD
>•

> F
,
f) → Fits > > FED → F.G)

Superposition
↓

when two signals are added together & fed to
a System

the output is the same as if one had put each signal

through the system separately & then added the output

Multiplication in linear system based onthe

multiplication in linear system→
linear

non-linear } signal it is
multiplied by



C

n aft
yfn]

{× syfn] { ✗ >
a Rafn]

non-linear
linear

Imagine
a sinusoid multiplied

with another sinusoid .

↓

resulting waveform
not

sinusoid .

Systhesis→ the process of combining signals through scaling
& addition

air , [n] -1 aikzfn] -19323
In] = Ag Na

Decomposition → a single signal is broken into two or more

additive components .

opposite of synthesis .

Decomposition is more involved
than synthesis , as there

are

infinite possible decomposition for any given signal

15 + 25 = 40 go
391-1

.
. . .

20+20

191-21
→ 381-2



{
output

input signalsignal components .

cornpone!

The output signal obtained by this
method is identical to

the one produced by directly passing the input signal

through the system .



Decomposition

I

even/odd interlaced fourier
impulse step



Convolution

Mathematical wayof combining two signals to form a

third signal

Use the strategy of impulse
decomposition → impulse

response
↓

way to analyze signals one sample at a
time

when impulse decomposition is used , the procedure can be described

by the mathematical operation
convolution

8fn] → unit impulse
84] s %) > him]

Sfn] > Fat ) > hzfn]

if F. f) = Fat )ÉÉ÷↳§fBg§g⑧un ninth
any impulse can be represented as a shitted and scaled unit

impulse .

signal MAD → composed of all zeros except sample number 8 ,

which has value -3 Ncn] = -38 [n - 8)→ the



each
impulse

in
sum

is

nonzero
for

one
value

can we show Rcn] = { neck] 8 [
n- k] - •≤n ≤•

sum of scaled , delayed unit
k= -00

impulses
REM]

Ai ,
D= I

{ Az , N = 2

az , n =3

0
.
otherwise

Refn] = a. 8 [n
- ☐ -1%8 In -2] + az8[n

- 3) . . .

Each 84 ] is infinite duration sequence



Impulse Response of LTI system

system output (responses if input
= SEN - k]

• General definition of impulse resp se

hln.tk] = F ( 8 In - D)
↓

Timesample) ↓
Index sample when impulse value→1

If sample is shift - invariant

h[n - k] = F (81m -D)
7

function of 1 variable which is thetime difference between current

time & when input equaled1 .

Sfn -k]→ Ft ) → Impulse Response .

For filters impulse response→ filters kernel

convolution kernel

Kennel

Image Processing → point spread function



How a linear system change the input signal to an output signal ?

input signal
↓

decompose into
set of

impulses

(shifted and sealed unit impulse
)

¥☒
↓

output resulting from each input

impulse is sealed &
shifted

input impulse

-

add these scatted & Shifted

impulse response'd

↓

output signal

In linear system convolution is used to describe the relation . between

three signals → input signal
→ impulse signal RED > Ft) - > y

has]
→ output signal ↓

RENT * HAD = YEN]

convolution is used as low-pass filter, high pass filter , inventing

attenuators, discrete derivative.



Derivation of LT convolution sum

· General discrete system: g(n] = F(x(n))

· Rewritesas a sum of 55: j(n] = F(n(n]8(n-x))
· Assume linearity

linear, so sum comes out of FC.)

y(u) =zx(k). F(6(n
-k))
-

k= -X ->impulse response.

just
scaling values
so comes out of F

yCn] is not
a function of R

of
the
impulse

timeindex location of
nOR

· superposition summation ↑

y(x) =x(k).h[n,k)
a
functionena

R=-N

time
invarianracia dis~as it is

hisofjust
· Assuming Time - Invariance

y(n) = x[k]oh[n-k)
= x[n]xn(n)

o
convolution sum of IT system

Thus, IT system fully characterized by impulse resouse: nen-



yfn] ={ nah ] • h In - k]

th=-D t
- k → any

instance in time n

we are taking the
impulse

response of the function
& because there

isa

- k we are flipping
it

around the y
axis

n- R → shift that entered impulse response

by m

then multiply point by point
a event

& sworn it over
time .



9-point input apoint impulse
9+4 - 1 = 12.point

output



÷

Convolution is commutative ⇒ acn] * bln] = bln ] * acn]

Next → Graphical Convolution .


