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Abstract—This paper explores the use of an over-the-air der-
amping (OTAD) system as a solution for perimeter surveillance.
Over-the-air deramping is a technique for wirelessly synchronis-
ing distributed passive FMCW radar nodes to a dual-frequency
master FMCW transmitter node. Such a system gives the benefits
of simultaneous monostatic and multistatic measurements for
improved clutter resilience, and multiple looks at a target for
reduced susceptibility to signal fading due to target scintillation.
To prove the latter, a simultaneous monostatic and OTAD bistatic
node were set up with a 5m baseline, and a walking person was
measured. The results show that signal fading occurs in both the
monostatic and the bistatic node, but rarely at the same time.
Hence, combining the measurements from the two nodes gives a
consistent response from the target. This demonstrates the benefit
of an OTAD system for a robust perimeter surveillance system.

Index Terms—FMCW radar; multistatic radar; perimeter
protection.

I. INTRODUCTION

Frequency modulated continuous wave (FMCW) radar has
emerged as a widely adopted solution for low-cost systems in
contemporary literature. It has many useful characteristics such
as fine range resolution, good immunity to blocker/interference
signals, and low peak power and sampling rate requirements
[1]. Applications have included autonomous cruise control
systems [2], the measurement of geophysical phenomena [3],
[4] and weather radar [5]. However, these systems are all based
on a familiar FMCW radar architecture, which only allows for
monostatic or wired multistatic measurements [6].

The over-the-air deramping (OTAD) technique has been
suggested as a low-cost method of synchronising passive
FMCW nodes in [7]. OTAD has numerous benefits as a
multstatic system solution. Based on FMCW radar, an OTAD
system provides good range resolution, requires low peak
power and it has low digital throughput requirements.

In this paper, the OTAD technique is analysed as a solution
for a multistatic perimeter security radar system. The paper
begins with a brief explanation of the OTAD technique and a
description of how it may be used to implement a perimeter
surveillance system. A field measurement, using a bistatic
OTAD system, of a walking person is presented as range-
versus-time and range-versus-velocity images. The results are
discussed in the context of perimeter surveillance.

II. OVER-THE-AIR DERAMPING

The OTAD technique was first introduced in [7] where it
was described as a compelling solution for short to medium
range security applications. The technique is based on the
use of a super-heterodyne FMCW radar system where a
linear FMCW signal is generated at an IF and converted to
its operating frequency using an up-conversion process. An
OTAD system taps off a portion of the IF signal in a master
transmitter node and broadcasts it using some antenna with
suitably wide coverage. This is known as the reference chirp
signal. The signal is simultaneously directed towards a target
scene at the radar operating frequency.

The OTAD receivers can be purely passive, with a reference
chirp receiver channel and a target echo channel. The reference
chirp is collected with a directive antenna that is pointed
towards the master node. This signal is filtered and amplified
to a level that can drive a deramp mixer. The target echo is
simultaneously collected and down-converted, before deramp-
ing with the amplified reference chirp signal. A multistatic
OTAD system can easily be arranged to surveil a perimeter,
as shown in Fig. 1, at low-cost. As a multistatic system, it
also has increased resilience to clutter, and multiple looks at
a target for an improved chance of correct classification [8].
Furthermore, using a dual-frequency design, OTAD avoids the
problem of direct signal interference usually associated with
passive bistatic nodes [9].

Using a similar analysis as Stove [1], over-the-air deramping
involves mixing the target signal (assumed to be ideally
converted from operating frequency to IF) and the over-the-air
deramp signal yd as follows:

yd(t) = xs(t) · xt(t)
yd(t) = gocos2π[fo (τt − τs) + αt (τt − τs)

− (1/2)α
(
τ2t − τ2s

)
]

(1)

where fo is the operating frequency, α is the linear chirp rate,
and τt and τs are the propagation delays of the target echo
signal and the reference chirp signal respectively.

Hence the deramp frequency becomes a function of the
propagation delay between the master and slave nodes, or
baseline distance, and the bistatic path. Furthermore, the range
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Fig. 1. Diagram of a OTAD system for perimeter surveillance.

measurement to the target is the bistatic range, that is the
combination of the path from the transmitter to the target and
the path from the target to the receiver as shown in Fig. 1.
Hence, Rt is a simplification of bistatic range Rt,1 + Rt,2

whose inclusion modifies the deramp frequency to

fd = α(τt − τs)

fd =
B(Rt,1 +Rt,2)

cT
− BRs

cT
(2)

The expression of the OTAD deramp signal in Equation (1)
can be expanded to include relative motion, v, of a target in
the field of view, i.e. τt = 2rt/c+ 2vt/c, thus

yd(t) = gocos2π
[

2fo
c

(rt − rs) +
2α

c
(rt − rs) t

+
2fovt

c
+

2αvt2

c

] (3)

where it has been assumed that the two radar nodes have zero
relative motion, and the third term of Equation (1) can be
ignored assuming that the propagation time delay is much
less than the chirp period, i.e. τt � T ; τs � T . The third
term of Equation (3) can be estimated from measurements
using triangular modulation of the chirp waveform or two-
dimensional Fourier analysis [10]. The fourth term expresses
delay-Doppler cross-coupling [1]. Once again, expanding Rt,
the moving target deramp frequency is

fd =
B(Rt,1 +Rt,2)

cT
− BRs

cT
+

2fov

c
(4)

With the locations of the nodes known, curves of constant
range can be plotted for each master-slave node pair giving

Fig. 3. Soprano FMCW OTAD radar PCB.

an precise measurement of target location and velocity vector.
The final aper will include an example of this localisation
from the measurements described in Section IV. This makes
the OTAD technique well-suited to perimeter surveillance.

III. SOPRANO SYSTEM

Soprano is a unique, PCB-based FMCW system developed
at UCL for testing the OTAD technique. A high-level block
diagram of its design is shown in Fig. 2. The system operates
in the 2.4GHz and 5.8GHz ISM bands for broadcasting the
reference chirp signal and the radar signal respectively. The
waveform bandwidth is limited to 83.5 MHz to adhere to UK
Ofcom regulations, however wider bandwidths are possible
with the design. The transmit power is +13 dBm and the
receiver nominal noise figure is 2.5 dB, not accounting for
losses in antenna and PCB interconnecting cables.

The system can be programmed to operate as a conventional
monostatic FMCW tranceiver, known as a master node, or
as a passive bistatic FMCW receiver, known as a slave
node. To date, two Soprano PCB’s have been constructed,
hence simultaneous monostatic and bistatic measurements are
possible and have been reported in [7].

It can be seen that the downconversion process in the trans-
mitter and the receiver nodes operates on separate reference
clocks. This causes a time-varying mismatch in frequency that
is captured by the deramp signal as follows:

yd(t) = docos2π
[
foτt + ατtt− (1/2)ατ2t

+∆fLO(t)t]
(5)

where ∆fLO(t) is the time-varying frequency error. This can
be corrected for by estimating the frequency error using the
reflection from a bright, stationary target as suggested in
[7] (direct signal from the transmitted could also be used,
however this is filtered in the baseband frequency-gain control
filter prior to digitisation in the Soprano system). Following
correction, the system is capable of recording multistatic
range, velocity and micro-Doppler measurements.

IV. FIELD MEASUREMENTS

The OTAD technique has the advantage of providing simul-
taneous monostatic and multistatic measurements of targets.
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Fig. 2. Simplified system block diagram of Soprano FMCW OTAD radar.

TABLE I
SOPRANO FMCW OTAD RADAR SPECIFICATION.

Centre Frequency 5.8GHz

Transmit Power 13 dBm

Waveform Bandwidth 83.5MHz

Base-bandwidth 125 kHz

Noise Fig. 2.5 dB

Phase Noise
@ 1 kHz −83 dBm/Hz
@ 100 kHz −85 dBm/Hz
@ 1MHz −125 dBm/Hz

With the available Soprano hardware, monostatic and bistatic
measurements are possible. To demonstrate the gain provided
by an OTAD system in terms of target localisation and
resilience to target scintillation, some field measurements with
Soprano was taken. The measurement presented in this paper
is of a person walking from the centre of the master-slave
baseline (Rd = 0 m), towards a stationary target (an open-
circuited, 30◦ antenna) at Rd = 50 m, and back again.

Two Soprano radar nodes were used in the experiments; one
was configured as a master node and the other as a slave node.
The two nodes were separated to give a baseline, Rs, of 5 m
forming a bistatic angle range of 90◦ and 5.7◦ between 2.5
and 50 m. Fig. 4 shows a diagram of the experiment setup.

The transmit power was kept at its maximum level
(+13 dBm). The chirp period was set to 1 ms and bandwidth to
83.5 MHz, and a sawtooth modulation scheme was used (i.e.
up-chirps only). Such waveforms give a nominal range reso-
lution of 1.8 m. The over-the-air deramp signal was broadcast
using a c. 2 dBi horizontally omnidirectional antenna and the
chirp-facing antenna on the slave node had a gain of c. 12 dBi.
Each of the 5.8 GHz radar channel antennas were 30◦ yagi
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Fig. 4. Diagram of experiment setup.

antennas with a gain of 12 dBi. The antennas were mounted
1.5 m above the ground.

Fig. 5 shows a range-versus-time image of the walking
person. These images are produced following moving-target-
indication filtering. Additionally, the frequency mismatch in
the bistatic OTAD data described by Eq. (5) has been corrected
using a stationary target within the field-of-view, as described
in [7].

Fig. 6 shows an image of a sample of the spectrogram, that
is velocity-versus-time, of the walking person data. It can be
seen in Fig. 6a that there is a fade in the signal seen by the
master monostatic node. This is due to target scintillation as
the radar-to-target geometry, and therefore look angle, varies
with time. By employing the OTAD technique in the form
of a bistatic pair, the system would be able to overcome this
particular issue. Fig. 6b shows that the fade in signal is not
present in the view of the bistatic OTAD node.

In this case, the signal fade lasts just over 1 s, which is
not a terminal period of time for an target moving at these
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Fig. 5. Range-versus-time image of person walking away from and towards
the radar baseline from the perspective of (a) the master monostatic node, and
(b) the slave bistatic OTAD node.

speeds. However, for a target approaching at faster speeds,
signal fades of this duration become more of an issue. This
shows the benefit of using a spatially-diverse bistatic OTAD
system.

In this dataset, there are also instances when fading affects
the bistatic OTAD node and not the monostatic node. There is
also a case where both nodes experience fading for some 1 s.
It has been shown that with system comprised of multiple
distributed radar nodes, the susceptibility of the system to
fading can be reduced [11]. Hence, the appearance of signal
fades with the bistatic OTAD system currently used in this
measurements can be improved with the addition of more
bistatic OTAD nodes. The approach of increasing the number
of passive OTAD nodes is visualised in Fig. 1 for a multistatic
perimeter surveillance system.

V. CONCLUSIONS AND FUTURE WORK

In this paper, we have discussed the use of the over-
the-air deramping technique for perimeter surveillance. The
technique allows for the synchronisation of distributed passive
FMCW nodes which allows for spatially diverse surveillance
of a perimeter. A simultaneous monostatic and OTAD bistatic
measurement of a walking person has been shown. The angular
diversity that the OTAD technique provides has been shown to
reduce the susceptibility of the system to signal fading from
target scintillation. This makes the OTAD technique a good
solution for a perimeter surveillance system.
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