Recovering Periodic Signal from the Noisy Version

Suppose that measurement y(n), is an M-Point sequence as:

y(n) =x(n) + v(n), n=01,2..,(M—-1) (1)

Where x(n) is periodic with fundamental period of N samples and v(n) is the zero mean, uncorrelated
noise.

M-point periodic extension of y(n) is:
yp(n) = Z y(n —IM) (2)
l=—o0

We generate a periodic impulse train as:
L-1
Bu(m) = ) 6(n—qN) )
q=0

Where L = l%] is the number of complete cycles of x(n) in the measurement record.
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Figure (1). lllustration of 8,,(n) with M = 10, N = 4.
The M-Point periodic extension of &,;(n) is given by:
8p(1) = ) By (n— M) @)

l=—00
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Circular/Periodic cross correlation of y,(n) and 6, (n) is:
=
rys() =17 ) Y- Syn—1) )
n=0

Where y(n) corresponds to one period of y,(n) and §,,(n) corresponds to one period of §,(n). For

both sequences the fundamental period is M samples.

M
rys(D) = Z y() - 6y (= D)

1 TIt/I—O L-1
=% yn)- ) 8(n—(gN+1D)
n=0 q=0
L—1 M-
- Z y() - 6(n—(aN + D)
e
= MZ y(gN +1)
q=0
1 L-1
= MZ[x(qN + 1)+ v(gN + D]
L q=0 1<
= Mx(l) +MZ v(gN + 1)
q=0
L
= Mx(l) + () (6)

Where x(1) is the periodic signal and £(1) is the averaged noise.
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Figure (2). Generating x(n) from measurement y(n).

X(n) is the estimate of x(n) and
=
() = x(n) + ZZ v(gN +n) (7)
q=0

Note that our estimate X(n) will be “more accurate” as L increases, i.e. the measurement record
contains increasing number of complete cycles of the periodic signal.



