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Stepsfor Graphical Convolution: y(t) = x(t)*h(t) ‘

Note: | uset for

Re-Writethe signalsasfunctions of T. x(t) and h(r) ] |t the book

usesA... ltisnot

.. : , abig deal asthey
Flip just one of the signals around t = O to get either X(-t) or h(-t) | arejust dummy
a.  Itisusually best to flip the signal with shorter duration variables!!!

b. For notational purposes here: we'll flip h(t) to get h(-t)

Find Edges of the flipped signal
a.  Findtheleft-hand-edge t-value of h(-t): call it 7,
b.  Find theright-hand-edge t-value of h(-t): call it 7,

Shift h(-t) by an arbitrary value of t to get h(t - t) and get its edges
a Find the left-hand-edge t-vaue of h(t - ) asafunction of t: call it 7,
e |mportant: Itwill alwaysbe... 7 =t+1 g

b.  Find the right-hand-edge t-value of h(t - t) asafunction of t: call it 7,
* Important: Itwill alwaysbe... 15, =t + 15,

Note: If the signal you flipped is NOT finite duration,
one or both of 7, and 1, will beinfinite (tr, ,=—0 and/or 15,= )




Steps Continued
5. Eind Regions of T-Overlap
a. What you aretrying to do hereisfind intervals of t over which the product
X(t) h(t - t) has asingle mathematical form interms of 1
b. Ineachregion find: Interval of t that makes the identified overlap happen
c. Working examplesis the best way to learn how thisis done

Tips: Regions should be contiguous with no gaps!!!
Don't worry about < vs. < etc.

6. For Each Region: Form the Product x(t) h(t - 1) and I ntegrate
a.  Form product x(t) h(t - 1)
b. Findthe Limits of Integration by finding the interval of t over which the
product is nonzero
I.  Found by seeing where the edges of x(t) and h(t - ) lie
I, Recal that the edges of h(t - 7) are 7, ,and 1, which often depend on
the value of t
. $0... the limits of integration may depend on t
c. Integrate the product x(t) h(t - t) over the limits found in 6b
I.  Theresultisgenerally afunction of t, but isonly valid for the interval
of t found for the current region
ii.  Think of the result as a*“time-section” of the output y(t)




Steps Continued

7.  “Assemble’ the output from the output time-sections for all the regions
a.  Note you do NOT add the sections together
b. You define the output “piecewise”
c. Findly, if possible, ook for away to write the output in asimpler form




Example: Graphically Convolve Two Signals‘

y(t) = ]oh(r)x(t—r)dr

= Tx(r)h(’[ —1)dt

J X(t)
2
2 t
h(t)
.
1 t

\

-

_

We'll seelater
that thesetwo
formsare Equal

Thisiswhy we
can flip either

signal




Step #1: Write as Function of t

>
I 2 T
Ah(7)
1]
>
1 T

Step #2: Flip h(z) to get h(-1)

5 X(1)
T g Usually Easier\

: : i to Flip the

h(-1) -
[3 Shorter SlgnaI/
>




Step #3: Find Edges of Flipped Signal

5 Tx(r)

lO 2 T

/A

TLo~ TRo— 0




Motivating Step #4: Shift by t to get h(t-t) & Its Edges

Just looking at 2 “arbitrary” t values

‘ In Each Case We Get ‘

h(t-t) =h(-2-1)

Try = [+ TR0

Ty = t+0
\R-2= —2+0

‘Fort:Z I

h(t-t) =h(2-7)
A

Try = [+ TR0

Ty = t+0

QR,z =2+0




Doing Step #4: Shift by t to get h(t-t) & Its Edges

‘ For Arbitrary Shift by t I
h(t —1)
0]
>

t—1 t ' T




Step #5: Find Regions of t-Overlap

2Tx(r) ™
4 .
| 2 T Region |
ht-
( T)3 > No t-Overlap
t<0
Tt TreZl
=t-1
mo 2> t<O0
2Tx(r) ™
| 2 e Region ||
il-m(t R > | Partial t- Overlap

t-1
[Wantr, <0 & t1<0 -) t<1 \mz/o-) t>0

N——




Step #5 (Continued): Find Regions of t-Overlap
ZT X(1) T

| ” > 4 Region |11

h(t-t) , >| Total T-Overlap
1<t<L?

t-1 t

T
(Wantr, >0 & t1>0 > t>1 mz > t<2

X(t) T
d T re
| egion IV

2 T

>| Partial t-Overlap

h(t-1)
3
I ‘ | 2<t<3
' t-1 t .
[(Wantr <2 > t-lﬁm>2 > (>
- ,




Step #5 (Continued): Find Regions of t-Overlap

2Tx(r) ™

e .
! 2 T Region V

h(t-1)

(nl

t-1 t

T
Wantt >2 9 t1>2 9 t>3

No t-Overlap
t>3

11



Step #6: Form Product & Integrate For Each Reqgion

2 ‘ 2
h(t-1)

1%

t-1 t !

0t

t
A h(t-t) X(t) :IGdTZ[GT]B=6t—6xO:6t
0
/y(t):6t o

T

( Regionl:t<0 I

y(t) = Tx(r)h(t —1)dt

With O integrand
thelimitsdon't

- IOd'c -0 matter!!!

y(t)=0 foral t<O

| Regionll:OStSll

o0

y(t)= [x(@)h(t-r)dr

—0o0




Step #6 (Continued): Form Product & Integrate For Each Region

X(1) 5
i >

h(t-1) T
-T
3
A S
AN(t-1) x(7)
6
t-1 t

h(t-1) ILI '
T-1 t :
h(t-1) x(7)
6

t-12
T

t
/ = [6dr =67}, =6t—6(t-1)=6
t-1

|Region|||: 1<t32l

o0

y(t) = j x(r)h(t —7)dr

—0o0

y(t)=6 foraltsuchthat: 1<t<2

| Region IV: 2<t<3 I

"

o0

y(t) = j x(r)h(t - 7)dz

—00

2
= [6dr=[6rf; =6x2-6(t-1)=-6t+18
t-1

y(t)=-6t+18 for 2<t<3




Step #6 (Continued): Form Product & Integrate For Each Region

(t) | ' ; I
>2<$ RegionV:t>3

T >
2 T

h(t-1)

3 o
T [ ] R y(t) = [X(©h(t-T)de

I -
t-1 t .

h(t-t) X(t) = 0 / =_fw Odr =0
% y(t)=0 foral t>3

T

14



Step #7: Assemble OutputS|qnaI

Region | Region || Region |11 Reqmnlv Region V

t<O 0<t<1 1<t<L?2 2<t<3 t>3

y(t):O y(t) = 6t| y(1) = 6' y(t)=—6t+18| y(t)=o|
: |/ |

y(t)

e

P - ==

15





