Discrete-Time Convolution

EE 327



Addition Method of Discrete-Time
Convolution

* Produces the same output as the graphical method
Effectively a “short cut” method

Let x[n] = O for all n<N (sample value N is the first non-zero value of x[n]
Let h[n] = 0 for all n<M (sample value M is the first non-zero value of h[n]

r 0 for n<M+N
Zx[l]h[”_l] for n=zM + N

LI=N

)= b Al = 12

To compute the convolution, use the following array



Discrete-Time Convolution Array

Sum down a column

X[N] X[N+1] X[N+2] X[N+3]
h[M] h[M+1] h[M+2] h[M+3]
X[NJh[M] X[N+1]n[M]  x[N+2]h[M] X[N+3]h[M]
XNIN[M+1]  X[N+1]n[M+1]  X[N_2]h[M+1]
X[NJn[M+2] X[N+1]n[M+2]
‘ +
y[N+M] Y[N+M+1] y[N+M+2] Y[N+M+3]
—_ S

The resulting values in the output sequence

1st row — values of x[n]
2nd row — values of h[n]
(1t row) x (15t element of 2" row)

(18t row) x (2" element of 2" row)

(18t row) x (3" element of 2" row)



Discrete-Time Convolution Example

Find the output of a system if the input and impulse response are given as follows.

x|n]=8|n+1]+20[n]+30[n—1]+45|n-2]
hln]|=-6ln+2]+58|n+1]+36]n]

Solution
Then, N = -1 - Index of the first non-zero value of x[n]

M = -2 - Index of the first non-zero value of h[n]

Next, write an array



Discrete-Time Convolution Example

1 2 3 4 Coefficients of x[n]
-1 5 3 Coefficients of h[n]
-1 o 3 4 First Row times (-1)
5 10 15 20 First Row times (5)
3 6 9 12 First Row times (3)
-1 3 10 17 29 12 Summation of columns

y[n] = 0 for n < N+M = -3
yln|=-6ln+3]+38|n+2]+108[n+1]+176[n]+298|n - 1]+126[n - 2]



Numerical Convolution Using

MATLAB
* Define x[n] and h[n]
-xx = [5 7 =9 10];
~hh = [1 2 3]1;

— May also be useful to use the zeros and
ones functions (especially for matching up
sample values)

« Use the conv function
—yy = conv(xx,hh);



