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Abstract. We report the effect of a window function used in a FFT real time system. Five different window
functions were compared in terms of sideband attenuation in strongly disturbed RF conditions. An FPGA chip
operates in an AC240 sampler card manufactured and sold by Agilent, formerly known as Acqiris (Agilent),
Geneva. The incoming sampled data stream running at 2 GS/s is real time processed in a FPGA Xilinx chip. The
FPGA chip calculates an FFT with 16384 channels within a bandwidth of 1 GHz. All window functions can be
programmed as part of the configuration procedure.
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1. Introduction

Due to limited dynamic range of the 8bit ADC in the FFT
spectrometer combined with high level radio frequency in-
terference (rfi) it is not possible to do acceptable mea-
surements with the AC240 in its standard configuration
with rectangular window only. A rather large quantity of
the incoming signal power is spread over the neighboring
channels and broadens the spectrum. By applying differ-
ent window functions in time domain its then possible to
fulfill the requirements of the Fourier transform infinite
data. Several window functions show different results in
terms of channel width, signal attenuation, side lobe at-
tenuation etc. We are looking for a simple filter to improve
the situation such that we can manage to get an accept-
able spectrum in an rfi polluted environment. The results
of a rectangular and Blackmann filter are presented in this
paper.

2. The Setup

The tests with the Argos FFT spectrometer were done at
Bleien observatory using the 5m parabola dish. A log-per
antenna operating in the range of 1-12 GHz served as feed.
As down converter a Kuhne S-band device (2-3GHz) was
used. The generated IF signal (0-1GHz) was afterwards
fed into the AC240 FFT spectrometer. The incoming 8
bit sampled data stream running at 2 GS/s is real time
processed in a FPGA chip. The FPGA chip calculates an
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Fig. 1. Measurement setup: The incoming RF signal between
2-3GHz is down converted using a Kuhne S-band converter
with 0-1GHz IF. After that follows the sampling and FFT cal-
culation.

FFT with 16384 channels within a bandwidth of 1 GHz
(Fig. 1). It is possible to load up a window function before
calculating the FFT. Many different window functions can
be programmed such as Rectangular, Hamming, Hanning,
Flattop, Blackmann, Keiser and many others.

3. Results Measurements of different Window
Functions

Five different window functions were tested includ-
ing Rectangular, Hamming, Hanning, Flattop and
Blackmann. It was important to see (depending on dif-
ferent windows) how the RF spectrum (2-3GHz) behaves
in terms of really strong interference signals. There are
about four very strong carriers at 2192 MHz, 2333 MHz,
2444 MHz and 2666 MHz with high electric field strength
(Fig. 2).
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Fig. 2. The RF spectrum between 2-3 GHz measured at Bleien
observatory at the 5m parabola dish. An AC240 FFT spec-
trometer was used to detect the signals. The strongest four
electromagnetic interferences are marked with red arrows.

If a rectangular window (eq. 1) is used for the mea-
surements in the RF band 2-3 GHz many nearby channels
around the strongest carriers get a lot of signal energy.
This signal energy raises the overall noise level with the
consequence that many free frequencies in the band can
not be measured. In figure 3 the RF spectrum between 2-3
GHz measured with rectangular and Blackmann window
is shown. The best window function in terms of sideband
attenuation was the Blackmann (eq. 2).

Rectangular : w(n) = 1 (1)

Blackmann : w(n) = a0−a1 cos(
2πn

N − 1
)+a2 cos(

4πn

N − 1
)(2)

a0=0.42; a1=0.5; a2=0.08
where N represents the width, in samples, of a discrete-
time window in our case 32768 (16384 FFT channels for
1 GHz bandwidth) and n is an integer 0≤ n ≤ N-1.

A Blackmann window attenuates the neighbouring
channels with nearly 70 dB from this follows that beside
the strongest carriers many free unaffected frequencies
can be found (Fig. 4). This allows it to get non disturbed
radio spectra in the RF band from 40 to 2500 MHz.

Unfortunately the Blackmann window has a disadvan-
tage. Because of the good sideband attenuation of 70 dB
the channel resolution of the FFT spectrometer is getting
wider. Compared to a rectangular window more than one
channel is involved and the resolution changes from 61
kHz to about 240 kHz (Fig. 6). This fact having a more
bandwidth per channel reduces the overall noise as well.

4. Conclusions

Best results in terms of sideband attenuation were
achieved with a Blackmann window used in front of the
FFT is calculated. The Blackmann window is therefore
useful for doing measurements in strongly disturbed RF
bands especially at low frequencies below 2500 MHz.

Fig. 3. 100Mhz section of the measured RF band at Bleien
observatory. Two different window functions rectangular and
Blackmann are plotted. The Blackmann window is much better
suited for strongly electromagnetic terrestrial interferences.

Fig. 4. A zoom around a strong carrier signal (2192 MHz). If
a rectangular window is used the whole background is raised.
In this case no useful RF measurements can be done.

Fig. 5. Another zoom around the carrier 2192 MHz in the RF
band.

5. Relevant internet addresses

5.1. Agilent Company (Acqiris), Geneva

http://www.agilent.com/
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Fig. 6. The Blackmann window has a good sideband atten-
uation but broadens the incoming signal. The channel band-
width for the rectangular window is 61 kHz and 240 kHz for
the Blackmann, respectively.

5.2. Institute of Astronomy, FFT related links

http://www.astro.phys.ethz.ch/instrument/argos/
argos_nf.html
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