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Abstract

This paper illustrates a prototype of Passive Bistatic Radar (PBR)
system that uses FM radio transmitter as the Source of Illuminator.
Software Defined Radio (SDR) approach is used to simulate and
implement the Radar. SDR Board is used to receive the direct signal
and the reflected signal from the target by means of Yagi-Uda Antenna.
Signal processing operations are performed offline over the direct and
reflected signal in order to detect the presence of the target and estimate
the target range and speed. In order to analyse the performance of the
proposed SDR based passive bistatic radar, MATLAB simulation is
used with predefined target settings
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1. INTRODUCTION

Passive radar is a type of bistatic radar that uses a commercial
transmitter and a dedicated receiver in order to form a bistatic pair.
Passive Radars use the illuminators of opportunity like
Commercial TV, FM, and GSM transmissions for the detection
and estimation of targets [1]. This type of radar has no dedicated
transmitter and hence does not require frequency allocation. The
passive radar exploits common RF energy transmitted from
commercial transmitter and the RF energy reflected by the target
in order to extract the range and Doppler information about the
target.

In the proposed work passive bistatic radar is implemented
using FM signals [2]. FM signals are preferred as they constitute
adequate power needed for detecting the targets from the reflected
signals and also there are plenty of FM stations available for
experimentation. Software defined radio-based approach is used
to implement the proposed passive radar [13]. Software radios
represent a major change in the design paradigm for traditional
radios in which large portion of functionality is implemented
through programmable digital signal processing devices, giving
the radio the ability to change its operating parameters to
accommodate new features and capabilities [14]. A software radio
approach reduces the content of radio frequency (RF) and other
analog components of traditional radios and emphasizes digital
signal processing to enhance the overall receiver flexibility [15].

Universal Software Radio Peripheral (USRP) is a low-cost
hardware platform used to develop software-defined radios [3].
USRP architecture consists of a motherboard which includes
subsystems like clock generation and synchronization, FPGA,
ADCs DACs, host processor interface and power regulation [16].
FPGA is used to baseband signal processing after converting the
signal from Analog to Digital format. Before ADC, analog
operations like up/down-conversion, filtering, and other signal
conditioning operations are performed using RF front-end, called
a daughterboard [17]. Daughterboards are available in various
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frequency ranges which permit the USRP [4] to support
applications operating between DC and 6 GHz [18]-[20].

In the proposed work, two USRP boards (B200 Series) are
used to receive the FM signal reflected from aircraft and to receive
a copy of transmitted FM signal simultaneously. Yagi-Uda
antenna is used to receive signals owing to its high gain and
directivity, in order to receive a strong directional component of
reference signal.

2. SYSTEM SETUP

The setup consists of two USRP boards (B200 Series) and two
Yagi-Uda antennas. The USRP B200 platform supports frequency
coverage from 70 MHz — 6 GHz. It has fully integrated single
board architecture. The advantages of B200 include low cost SDR
development with 56 MHz of real-time bandwidth, an open and
reprogrammable Spartan6 FPGA, and fast and convenient bus-
powered Super Speed USB 3.0 connectivity. The Fig.1 represents
the USRP B200 series used to receive the FM signal. The Table.1
lists the features of B200 series.

Table.1. Features of USRP B200

SI. No. Features

RF coverage from 70 MHz—6 GHz

GNU Radio, C++ and Python APIs

USB 3.0 SuperSpeed interface

Standard-B USB 3.0 connector

Flexible rate 12-bit ADC/DAC

Grounded mounting holes

1 TX & 1 RX, Half or Full Duplex

Xilinx Spartan 6 XC6SLX75 FPGA

Up to 56 MHz of instantaneous bandwidth

USB Bus powered
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Fig.1. USRP B200 Series

The block diagram of passive bistatic FM radar system is
shown in Fig.2. One of the antennas connected to the USRP board
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(USRP 1) is used to receive the direct signal from the FM station
and the other Yagi antenna connected to another USRP board
(USRP 2) is used to receive the reflected signal from the target
(airplane). The reference Yagi antenna used to receive the direct
signal is oriented in such a way that its main beam focuses towards
the FM station and the antenna used to receive the reflected
component is oriented such that its major lobe focuses towards the
target and the minor lobe is directed towards the FM station [5].

There exist two channels as shown in Fig.2, one with respect
to reflected signal referred to as echo channel and the other
channel with respect to direct signal known as Reference/Direct
channel [6]. FM station is selected in such a way that the received
power from the transmitter is not so strong as to saturate the Echo
Channel. The position of the USRP receivers is selected in such a
way that the airport is nearby and the signal received by the Echo
Channel from the reflections from the airplane is strong enough
for easy detection.

Transmitted

- Signal
Aircraft

FM Station

Y Direct/Reference
| Echo Signal | Signal
Antenna 2

Echo Reference Antenna 1
Channel Channel

Y A\ 4

uskp2 | | usrpP1
Signal
»  Processing |«
(MATLAB)

Fig.2. Block Diagram of Passive Bistatic Radar

The reflected signal from echo channel and the direct signal
from the reference channel are subjected to signal processing
operations which are performed offline in MATLAB Software.
The signal operations can also be performed using GNU Radio
[7]. In the proposed work, USRP boards are configured using
MATLAB software. The Table.2 shows the FM receiver
parameters which gives the information regarding USRP radio
clock rate, audio sampling frequency, radio gain, frame size and
stop time indicating the duration upto which the song would be
played. These parameters are obtained through simulation in
Matlab. FM signal reception in Matlab requires installation of
USRP support package.

Table.2. FM Receiver Parameters

Parameters Values
Radio Master Clock Rate|[20000000
Radio Gain 40
Radio Sample Rate 200000

Radio Decimation Factor| 100

Audio Sample Rate 48000
Frequency Deviation 75000
Filter Time Constant 7.500e-05
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Radio Frame Length 4000
Buffer Size 4000
Audio Frame Time 0.02
Stop Time(seconds) 60

The radio parameters of the FM receiver which includes
information regarding the number of samples per frame, channel
mapping (dual or single), whether the source of generation of
clock signal is internal or off board and master clock rate are
illustrated in Table.3.

Table.3. Radio Parameters

Parameters Values
Platform B200
Serial Number FAE5A8
Channel Mapping 1
Centre Frequency 93500000

Local Oscillator Offset 0

Gain 40
PPS Source Internal
Clock Source Internal
Master Clock Rate 20000000
Decimation Factor 100
Transport Data Type Int16
Output Data Type Single
Samples Per Frame 4000
Enable Burst Mode False

The hardware information about the USRP board being used
to receive the FM signal, parameters like centre frequency to
which the board is tuned, gain and version of the board, sampling
rate, minimum and maximum centre frequency are listed in
Table 4.

Table.4. Hardware Information

Parameters Values
Mother board B200
RXSubdev FE-RX2
TXSubdev FE-TX2

Minimum Centre Frequency 40000000
Maximum Centre Frequency |6.01e+09

Minimum Gain 0
Maximum Gain 76
Gain Step 1
Centre Frequency 9.35e+07
Local Oscillator Offset -0.0605
Gain 40
Master Clock Rate 20000000
Decimation Factor 100
Baseband Sample Rate 200000




S MOHANDASS et al.: IMPLEMENTATION OF PASSIVE BISTATIC FM RADAR USING SOFTWARE DEFINED RADIO

3. SIGNAL PROCESSING

The reflected signal from the target and the reference signal
are processed in MATLAB. The processing is however carried
out offline. The FM reception by means of USRP board is also
performed in MATLAB. The transmitted signal from the FM
station hits the target and is reflected back towards the receiver
which is received by the receiving antenna connected to USRP
board (USRP 2). The FM signal with carrier frequency 93.5 MHz
was used as reference signal. Hence, Hello FM, Trichy Road
Coimbatore, was chosen as the transmitter in the proposed work.

One of the design challenges involved is the cancellation of
direct signal in the echo channel, as there is a possibility that the
transmitted signal would be directly received by the receiving
antenna along the echo channel. Sequential cancellation algorithm
[8] is used to eliminate the direct signal in the echo channel. This
algorithm finds the correlation between the signal from the
reference channel and the direct signal component present in the
Echo channel.

Various amounts of delays and doppler shifts are introduced
to the direct signal from the reference channel and it then
correlates the signal with the reflected signal to find the strength
of these signal components and hence subtracted from the echo
channel signal.

Also, it is necessary to identify the static objects in the terrain
and separate it from the moving target. This could be achieved by
observing the Doppler shift associated with the varying objects in
the environment. For the static object, Doppler frequency would
be zero, hence clearly the objects with zero Doppler shift could be
considered as static and could be removed from moving ones. The
signal received from the echo channel and reference channel are
subjected to matched filtering operation whose coefficients could
be used to estimate the target range and velocity based on the
initial position of the target.

4. MATLAB SIMULATION

In order to analyse the performance of the proposed passive
bistatic radar, MATLAB simulation is used with predefined target
settings. In the simulation work it is assumed that the direct
component is completely eliminated from the reflected signal at
the receiving end. For the purpose of simulation, the initial
position of the transmitter, receiver and targets are assumed in
order to compute the target range with respect to transmitter and
receiver and target speed. Also, it is assumed that the targets are
moving with constant velocity.

In the proposed simulation work, three targets are taken into
consideration whose range and speed has to estimated. Among the
three, first two targets are assumed to be moving ones and the
third one is assumed to be the static target. To realise the entire
operation of PBR as described above the FM signal required to
detect the targets is generated and an array of dipole antenna is
used at the transmitting and receiving end. The environment
required for the propagation of the FM signal is assumed to be
free space. Also, in the simulation work it is assumed that the echo
channel is free from the effects of multipath and interference. The
simulation flow of passive bistatic radar beginning from the
generation of FM signals till the computation of target range and
speed is depicted in Fig.3.
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Define the simulation parameters such as maximum radar range,
operating frequency, wavelength, PRF, Time-BW product, range-
resolution

v

Create a short dipole antenna element

v

Generate a linear FM waveform

v

Create an array of transmitting antenna comprising of dipole
elements

v

Define the transmitter platform and specify the transmitter
orientation and position

v

Create an array of receiving antenna define the receiver initial
position

v

Specify the method used for range processing and define the
parameters for generating Range-Doppler Map

v

Set up the targets initial position and initial velocities and scattering
matrices.

v

Define the transmitter and receiver channel as free space

v

Transmit the generated FM waveform, radiate the generated signal
and allow it to propagate through free space

v

Transmitted signal is reflected by target and allowed to propagate
towards receiver

v

Use range-angle function to compute the range of target with
respect to transmitter and receiver. Also calculate angle from
transmitter to target and from receiver to target

v

Compute the target speed with respect to transmitter and receiver

v

Collect the received signal and correlate with direct signal using
matched filter

v

Use the matched filter response and radar range and speed to
generate range-Doppler response

v

Plot the initial position of target receiver and transmitter and target
trajectory using 3D plot

v

Repeat for 256 transmitted FM pulses

Fig.3. Simulation Flow for passive Bistatic Radar
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5. SIMULATION RESULTS AND DISCUSSION

5.1 SYSTEM DYNAMICS

The Fig.4 shows the initial position of the transmitter, receiver
and the three targets in three-dimensional space. The transmitter
is considered to be the FM Station, ALL INDIA RADIO which is
located at the origin of the three-dimensional space. The position
of the receiver is fixed in accordance to the transmitter which acts
as a reference.

The receiver in the proposed work is the USRP board and is
located at PSG College of Technology, Coimbatore. The target is
aircraft, hence the location of airport from the receiver is
considered to be the target position and is shown in the three-
dimensional view.

The spatial coordinates corresponding to the position of
receiver and targets are obtained using the latitude and longitude
information with respect to the location of receiver and target by
assuming the transmitter as the reference.

The initial position of transmitter, receiver and the targets are
mentioned below.

* Transmitter: (0,0,0).

« Receiver: (20000,1000,100).

« Target 1: (15000,1000,500).

« Target 2: (35000, -1000,1000).
- Target 3: (25000,2000,1000).

Targets are assumed to be moving with constant velocity as
mentioned below.

* Target 1: (200,50,0).
* Target 2: (-160,0, -50).
* Target 3: (0,0,0).

This indicates the presence of static target (Target 3) which is
taken into account to illustrate how to segregate static target from
moving ones. Also, the trajectory of motion of target starting
from their initial point to the point that they have travelled (till the
listening time) is shown in Fig.4.

System Dynamics

Target2

Targel 1

[> Receiver

¥ fkm)

Fig.4: System Dynamics
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5.2 RANGE - DOPPLER MAP

The Range-Doppler map is a plot created using matrix viewer
in Matlab. This represents a plot of range of the radar (km) versus
the speed (km/hr). This plot would enable to identify the moving
targets and static ones. As it is well known that for static targets
such as buildings, mountains and other objects surrounding the
terrain the Doppler frequency is zero, hence their speed would be
zero which could be observed from Fig.5. However, for moving
target Doppler would be changing with respect to target motion,
hence they have a finite velocity [9]. This is how the moving
targets are separated from the static targets.

Range-Doppler Map

Speed (km/h)

Fig.5. Range-Doppler Map

It could be observed from Fig.5 that target 3 has a speed of 0
km/hr which clearly indicates that it is a static one. The speed
corresponding to target 1 and 2 are 3.5km/hr and 322km/hr
respectively.

The range associated with the three targets are specified
below.

* Target 1: 8.67 km.
* Target 2: 23.02 km.
* Target 3: 11.4 km.

Thus, in the simulation, the static target is removed and the
moving targets are considered for further analysis according to the
application.

6. CONCLUSION

In the proposed work passive bistatic radar is simulated using
Matlab by generating FM signal in order to detect the presence of
targets (aircrafts) and estimate their speed and range. Also, the
static targets are identified and separated from moving ones using
range-doppler map. The measurements made for target range and
Doppler do not represent the actual location of the target rather
they are known as bistatic range and the bistatic Doppler.
Identification and elimination of clutters and multipath
components is a great challenge in real time which needs to be
tackled in the future work [10] [11].

The implementation of passive bistatic radar using multiple
transmit receive pairs (diversity techniques) in order to estimate
the exact location of the target would be the part of future work.
The measurements from the individual pairs need to be finally
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fused in order to get the final picture with the actual locations of
the target [12].
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