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1 Introduction

To facilitate studies of radio frequency interference (RFI) mitigation using the Rapid

Prototype Array (RPA), some observations of an L-band radar were made in April

2001 [1]. This report provides an analysis of these observations. Also, a simple time-

domain blanking procedure is demonstrated and found to be quite effective in this

case.

2 Data Collection

The data were obtained at about 14:58 UT 19 April 2001. The radar is believed to

be an ARSR-4 long-range air surveillance radar located in Mill Valley, CA; about

39 km distant. The center frequency of the emmission is 1339.87 MHz. Data were

obtained for a single polarization for a single antenna using an 8-bit A/D at 40 million

samples per second (MSPS). The RPA’s receivers downconverted the nominal center

frequency of 1339 MHz to an intermediate frequency of 7.5 MHz before sampling;

thus, the radar should appear to be centered at 8.37 MHz in the digitized spectrum.

The radar signal causes clipping of the A/D unless attenuation is added in the analog

section. In this data set (34db1.dat), 34 dB additional attenuation is added to ensure

that the A/D never clips. The dataset contains about 1.67 s of contiguous A/D

output.

3 Analysis

The first obvious radar pulses appear beginning at t0 = 629 ms from the beginning

of the dataset. The situation over a 200 ms span starting at t0 is shown in Figure 1,

which shows the maximum amplitude per 512-sample (12.8 µs) block. Amplitude

is shown relative to A/D full-scale. A pulse repetion frequency of about 4.5 ms is

apparent, although the pulses do not seem to be regularly spaced. Also, the smooth

rise and fall of pulse magnitudes suggests that the receiver is being illuminated by

a beam or perhaps a sidelobe which is sweeping past the receive site. Estimating

the time between half-power points in Figure 1 to be about 50 ms, and assuming a
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Figure 1: Maximum sample amplitude per 12.8 µs block starting from t0.

beamwidth of 1.4◦ for the ARSR-4 [2], the estimated rotation rate of the radar is

about 4.7 RPM. This is very close to the value cited in [2] of 5 RPM.

Figure 2 shows the integrated power spectrum computed over the same time period

shown in Figure 1. This data was prepared by breaking the data up into blocks of 512

samples each, applying a triangular window and FFT to each block, and summing

magnitude-squared accross the blocks. Note that the radar signal does appear to be

more-or-less centered at the expected baseband frequency of 8.37 MHz; however, it’s

spectrum appears quite complex with three distinct peaks visible in the spectrum.

To better understand the waveform, Figure 3 shows a time-frequency analysis for

the same time period. This analysis involves breaking the data up into blocks of 512

samples each, and then applying a triangular window and FFT to each block. In

Figure 4, we zoom in to look at just one pulse (in fact, the strongest one), located

near t0 + 82 ms. It appears that the pulse width is about 50 µs, but over this time it

appears to be chirped over a span of at least 1 MHz. [2] cites a pulse width of 150 µs

3



0 2 4 6 8 10 12 14 16 18 20
−40

−35

−30

−25

−20

−15

−10

−5

baseband frequency (MHz)

P
S

D
 (

dB
)

Figure 2: Integrated power spectral density computed over the same period as shown
in Figure 1.
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Figure 3: Time-frequency analysis. The color bar is in units of dB.

for the ARSR-4, so it is not clear whether this is a different radar or a different mode

of the same radar.

Figure 5 shows the raw A/D output over the same time interval; note that the

pulse shape appears to be very complex. It appears that the early and late “subpulses”

correspond to the spectral peaks at about 8 MHz and 9 MHz, respectively, in Figure 2.

4 Mitigation

In [3], Rick Fisher describes two approaches for mitigating radar signals of this type:

“Time Window Blanking” and “Detected Pulse Blanking”. Time window blanking

involves estimating and tracking the timing of the pulses, and then blanking over a

sufficiently long period to suppress both the direct-path pulse and all of it’s significant

multipaths. Detected Pulse Blanking involves blanking whenever a pulse is detected

(using a spectrally-matched filter), for just the period of the pulse. The disadvantages

of the first method are that it requires accurate tracking of a drifting time reference,
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Figure 4: Time-frequency analysis for a single pulse from Figure 3. The color bar is
in units of dB.

Figure 5: Raw A/D output associated with the pulse shown in Figure 4.
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and also it discards quite a bit of useable time between multipaths. The latter method

nominally discards less of the useable data, but is prone to baseline distortion as the

blanker will also preferentially discard spurious noise peaks that happen to occur in

the radar spectrum.

Here, a third, simpler strategy is considered. In this approach, the signal is broken

up into 1024-sample (25.6 µs) blocks. A block is discarded if any sample within that

block exceeds a threshold. The threshold is set to βσ, where σ is the standard

deviation of the squared value of the A/D output samples when RFI is not present,

and β is used to set the aggressiveness of the algorithm. In this study, σ is measured

using the A/D output from t0 + 160 ms to t0 + 200 ms and found to be about 11.

Figures 6 and 7 show the results when this algorithm is used on the entire 200 ms

data block starting at t0, with β equal to 5, 10, 100, and ∞ (no blanking). Note that

the algorithm effectively suppresses the radar contribution when β ≤ 10, and that no

residual RFI is visible for β = 5. The percent of data blanked for β = 100, 10, and

5 is 0.7%, 1.9%, and 44.3%, respectively. Thus, β around 10 appears to be a good

choice for this algorithm under these conditions.

Although the performance of this simple algorithm appears to be quite good in

this case, additional study should be done to determine it’s performance over longer

integration times and for different terrain conditions. For example, this algorithm can

be expected to run into problems as longer integrations begin to uncover weaker pulses

arising from multipath. In this case, Rick Fisher’s time window blanking strategy will

probabably perform better, as long as the pulse timing can be tracked with sufficient

accuracy.
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Figure 6: Integrated power spectral density for (top to bottom) β = ∞ (no blanking),
100, 10, and 5. dB scale.
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Figure 7: Integrated power spectral density for (top to bottom) β = ∞ (no blanking),
100, 10, and 5. Linear scale.
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