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A Fourier transform may have a leakage error, whereby energy is smeared across adjacent
frequency bands.

The leakage error can be reduced by subjecting the time history to a window, such a Hanning
window. The Hanning window is given in equation (1).
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The Hanning window forces the signal to start and stop at zero amplitude as shown in Figures 1
and 2.
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Figure 2.

A compensation factor must be applied to the windowed signal so that the RMS value remains

SAMPLE SINE FUNCTION WITH HANNING WINDOW APPLIED
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the same as the original signal.

Derive the compensation factor.

Consider a sample sine function.

y(t) = Asin(2nft)

Assume that the duration is such that an integer number of cycles occur, for simplicity.

Let Yh,rms be the rms value of the signal with the Hanning windowed applied.

yh,rms2 = %IJ {W(t))’(t)}z dt
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Note that the total signal duration T is such that

f:ﬂ , Nh=integer >2
T

Again, equation (5) is a simplifying assumption.

ot < 35 [ o2
Vb e = —fo { [2nntj_%AsinKZnTntjcos[Zitj}zdt
o 51 o2 2 of 2

2 _ 2
Yh,rm32 = A— (;r{Sin[znnt]—%Sin(mj_%sin(M]} dt

4T T T

(4)

(5)

(6)

)

(8)

(9)



Yh,rms

Yh,rms

+A_ij i 270t
4t ’o T

+2_T2 T{Sin(Zn(n;l) js LG(T tj}dt

4770 T
A2 T 2(2n(n+1)tj
— |, S dt
0 T

2 _

AT T g2 2nn -1t o

16T70 T

2
A__[T _sin 2nnt 2nn+1t dt
41770

t }dt

0
(10)
A2 T (1 1_ (4nnt
— ———C0S dt
4170 {2 2 ( T j}
2
AT 1 1 (Anln+)t)]
16770 |2 2 T
2
AT 1—icos(—mt(n_l)tj dt
16770 |2 2 T
2
CAS T _Co(Zn(2n+1)t] OS(@) it
8T /0 T T
2
AT (Zn(Zn—l)t] COS(@) it
8T /0 T T
A2 T 2nnt At
+—J' —CO0S +cos| — |[pdt
1670 T T
(11)

The last three terms of equation (11) are zero by inspection given that an integer number of

cycles occur with n > 2.
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The respective integrals of the cosine terms of equation (12) are zero by inspection given that an
integer number of cycles occur with n > 2.
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The rms value of the data with the Hanning window applied is
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The rms value of the original data is

1
Y.rms = EA

Define a compensation factor as

Y, rms

Yh,rms

The modified Hanning window equation is thus
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