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Abstract—This paper explains the work that has been done on
FM Passive Radar. A commercial FM transmitter was used as
the source of illuminator. The RF spectrum was digitized using
a digitizer which was used for analysis. The analysis was offline
and was carried out using MATLAB.

Index Terms—Passive Radar, FM based Passive Radar.

I. INTRODUCTION

PASSIVE RADAR is gaining importance in the recent
years again. These radars are capable of detecting and

tracking targets using only the illuminators of opportunity.
Illuminators of Oppurtuity like TV, FM, GSM transmissions
etc. are normally not meant for use as Radars but they can
be very well exploited for Radar purpose. These sources have
lot of potential as they are transmitted with very high powers.
They are also often many in number.

These radars are a variant of bistatic radar where the com-
mercial transmitter acting as the transmitter and the receiver
form a bistatic pair. Each pair of transmitter and receiver
makes measurements of the range and doppler as observed
by the pair. These measurements are not the actual location
of the target rather they are known as bistatic range and the
bistatic doppler. These measurements from the individual pairs
need to be finally fused inorder to get the final picture with
the actual locations of the target.

Here the experimentation was done using FM signals as they
are of adequate power as needed and also there are plenty
of FM stations in the vicinity. The FM stations transmit a
power of 10kW with a bandwidth of approx. 150kHz. All
the measurements made here are bistatic ranges and bistatic
doppler only.

II. SETUP

The setup consisted of a digital recorder which was a digi-
tizer. The digitizer wrote data to a high speed semiconductor
hard disk. This digitizer was used to record the FM band of
88Mhz to 108 MHz. The ADC in the digitizer worked till 500
MHz so a decision was made to go for direct digitization of the
FM band. For this purpose an analog front end consisting of
a LNA and a band pass filter tuned to pass only 88-108 MHz
was used. A sampling frequency of 19.63 MHz was chosen.
This frequency was the lowest frequency that could be chosen
without causing an overlap between the frequencies where the
transmissions where going on. The recorder was capable of
digitizing two such channels simultaneously.

Two antennas were used to feed data to the digitizer. One
antenna was an array of Yagi antenna and was made to point
to one of the FM station. This is called the Reference Channel.

The other antenna was a single Yagi antenna which was
positioned so that the FM station was towards the null of its
beam pattern and the main beam pointed towards the airport.
This second channel is called the Echo Channel. Fig.1 shows
the setup configuration and Fig.2 shows the real setup as it
was made.

Fig. 1. Test Setup

Fig. 2. Real Setup

The whole setup was kept at a convenient distance of around
10 km from both the FM transmitter and the airport. This
separation was conveniently selected to satisfy two needs.
Firstly the received power from the transmitter shouldn’t be
so strong as to saturate the Reference Channel or the Echo
Channel. Secondly the signal received by the Echo Channel
from the reflections from the target should be strong enough
for easy detection.

III. PROCESSING

The data was recorded using the setup described in the
previous section. This data was later used for offline pro-
cessing. MATLAB was used for doing all the processing.
Using the processing preliminary detections where obtained.
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Fig. 3. Spectrum of Recorded Data

Fig. 4. Channel of Interest

The processing chain consisted of digital filtering, direct signal
cancellation, Matched filtering and CFAR.

A. Filtering

Both the Reference channel and the Echo channel initially
allowed a 20 MHz of bandwidth from 88Mhz to 108Mhz to
pass through for digitization. This was guaranteed by the use
of the front end filters. As the whole band of 88 MHz to 108
MHz does not contain transmission in it a frequency below
the necessary frequency was chosen. Care was taken so that
frequencies which we were interested in did not alias.

The bandwidth of interest is only 200 kHz. This is the band-
width which is allocated to the commercial FM transmitters.
As the occupancy is only so much the higher sampling rate of
19.63 only packs in redundant information and thus had to be
downsampled. Before it could be down sampled the data was
filtered at the interested frequency.

The frequency spectrum of the recorded data can be seen
as given in Fig.3. Out of these channels the channel which is
our frequency of interest is the one which is at 7.999 MHz
as shown in the figure. We use a filter to filter out only the
desired channel of interest and the filtered data then looks as
shown in Fig.4.

B. Direct Signal Cancellation

Now that the channels are filtered we were left with basi-
cally two channels recording the same frequency. Reference

channel which is the channel we obtained from the antennas
looking at the transmitter in the setup will be used as the
true copy of the signal. There will be some amount of
interference and multipath in this channel which will result
in the deterioration of the performance of the radar. This
deterioration can be reduced by wisely placing the receive
station. Nothing can be done to improve it once the data is
digitize.

The second channel, Reference Channel was obtained using
antennas which where pointing away from the transmitter.
Careful efforts were made to place a null of the antenna to
point towards the transmitter. On analysis it turned out that
the channel still had a strong influence of the direct signal.
This happened because it is not possible to practically have a
very deep null. This direct signal had to be removed inorder
to detect any target as it the direct signal from the transmitter
always masked the target echo. For this sequential cancellation
algorithm [1] was used. This algorithm takes into account the
correlation between the signal from the Reference channel and
the direct signal leak into the Echo channel.

Sequential cancellation works by initially replicating the
reference channel signal with various amounts of delays an
doppler shift. These are the delays and the dopplers for which
the methods expects unwanted signal. It then correlates to find
the strength of the returns at these values. These strengths are
then used to weight the signal and subtract from the main
signal. This theoretically eliminates those interferences.

In our trial we basically removed the first 20 range bins at
0 Hz,-1 Hz and 1 Hz of doppler. These corresponds to the
clutter that was being received. These values where obtained
by trial and error. The success of this method depends on
how clean the reference channel is. If the reference channel
contains echoes from the target also then the algorithm will
remove the target as well.

C. Matched Filtering

After the echo channel was cleaned of any reference signal
that must have entered from its sidelobe matched filtering was
carried out between the two channels. An approach very close
to the Cross Ambiguity Function was utilized. The signal from
the Reference channel acts as one of the input and the Echo
channel acts as the other. The ambiguity function matches the
first signal with the second. This process is then repeated for
all the different dopplers. The ambiguity function is written as
given in Eqn.1.

∣∣ψ(RR, fd)
2
∣∣ =

∣∣∣∣∣∣
∞∫

−∞
S1(t).S2(t+RR).exp[j2πfdt]

∣∣∣∣∣∣
2

(1)

Fig.5 shows how the CAF looks when the direct signal is
not cancelled. As a matter of fact it closely resembles its self
ambiguity function. Once the direct signal is removed from
the Echo channel the major peak at (0,0) ie. 0 range and 0
doppler vanishes and other targets starts appearing at different
locations as shown in Fig.6.
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Fig. 5. CAF without cancellation

Fig. 6. CAF after cancellation

D. CFAR

One dimensional Cell Averaging CFAR was used for target
detections. This method works by choosing a cell to be tested
as and calling it as the Cell under test. Then a few cells on
either side of the Cell under test is taken as an estimate of
the background. These cells are averaged. Note that in this
modification of CA-CFAR we do not leave any guard cell.
This was done because of the size of the range bins. The
bandwidth of the channel is only 200kHz. This results in a
range resolution far greater than the targets of influence. Hence
there is no need of leaving few cells as guard cells which is
done inorder to remove the influence of the presence of target
in the Cell under test.

This process is repeated for every doppler bin. It resulted in
a cluster of detections and the peak of the cluster was taken as
the target location. The accumulated detections for a duration
of 10 mins is shown in the Fig.7. Targets at ranges greater
than 60km of bistatic range can be seen in the tracks. There
is also a stationary clutter visible at around 85kms of bistatic
range.

IV. CONCLUSION

Passive Radar is a very promising technology which is still
in its initial stage. Preliminary detections using one transmitter
and one receiver has been achieved and this verified algorithms
like the sequential cancellation and extensive cancellation. It
also shows that one dimensional CFAR is capable of providing
preliminary detections.

V. FUTURE WORK

There are several other challenges which needs to be tackled
before the radar could be completed. Challenges like the target
localization using multiple such transmit receive pairs which is

Fig. 7. Accumulated target track

required before the true location of the target can be known has
to be done. A further challenge will be to develop an efficient
target association algorithm which has to be implemented
before the multilateration can be done. These challenges are
not addressed by this paper.
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