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Abstract—The potential of single-node mmWave radar systems
can be expanded with more sophisticated configurations, such
as multi-frequency, multistatic, or phased-array radars. This
paper presents a 120 GHz radar node, designed with a focus on
transitioning to multistatic or phased-array setups, emphasizing
scalability for integration into phased-array configurations. This
involves addressing critical factors often overlooked, such as
synchronization and data handling. A 120 GHz phased-array
radar has been developed based on the custom-made single-node
radar sensor. The array comprises 15 synchronized radar nodes
with a Multiple-Input Multiple-Output setup. After a calibration
procedure with a point-like target, the array is used to generate
a range-crossrange image.

Index Terms—Millimiter wave, LFMCW radar, phased array,
multistatic radar.

I. INTRODUCTION

Millimeter wave (mmWave) radar systems feature high-
range resolution, high-gain small-sized antennas, non-ionizing
radiation, day-and-night detection, penetration through obsta-
cles, privacy preservation, and availability of commercial off-
the-shelf components [1]–[3].

Among the short-range mmWave radars existing in the liter-
ature, single-node (monostatic) systems, with one transmitter
and one receiver (Fig. 1a), have found application in various
scenarios, including concealed weapon detection [4], [5], gait
monitoring [6], vital sign monitoring [7], [8], and structural
health monitoring [9]. Single-node radars are often integrated
into multi-node radar networks to provide diverse perspectives
when monitoring a specific scenario [10], [11].

However, traditional monostatic systems present some lim-
itations [12]. For instance, slow mechanical systems are re-
quired for a high pixel resolution. Moreover, they misrepresent
areas of the target where the specular reflection is oriented
away from the incident direction. Finally, they cannot simul-
taneously monitor multiple targets in different locations. Con-
sequently, the evolution of mmWave radar systems is pushing
towards the development of multi-frequency, multistatic, and
phased-array configurations:

• Multi-frequency radars, shown in Fig. 1b, harness the
frequency-dependent properties of material penetration
and range resolution [12]. They are not usually imple-
mented because they involve the fabrication of one node
at each frequency.

(a) Monostatic (b) Multi-frequency

(c) Multistatic (d) Phased array

Fig. 1. Representation of different radar configurations.

• Multistatic radars, shown in Fig. 1c, display transmit-
ters and receivers in different locations. They illumi-
nate diverse target areas from different incidence angles,
providing spatial diversity [13]. The primary challenge
in multistatic radar systems lies in achieving a precise
synchronization between the different nodes.

• Phased-array radars, shown in Fig. 1d, employ multi-
ple transmitters and receivers to steer the radar beam.
Digital phased arrays digitize the received signal at each
transceiver antenna element. They enable the simultane-
ous and quick detection and tracking of several targets.
Phased-array radars face the challenge of efficiently hand-
ling the vast amount of data generated [14].

This paper covers the key aspects in the design of mmWave
radar nodes and their integration in multistatic and phased-
array configurations, presenting a in-house developed multi-
static phased array based on a custom-made single-node radar
sensor [9].

II. RADAR NODES DESIGN CONSIDERATIONS FOR
MULTISTATIC AND PHASED-ARRAY SYSTEMS

Transitioning from monostatic mmWave radars to more
sophisticated configurations, such as multi-frequency, multi-
static, or phased-array radars, entails careful consideration of
aspects such as synchronization, data handling, and calibration.
In this section, important implications associated with each of
these aspects are summarized.



1) Synchronization: Multistatic and phased-array radars
demand precise synchronization among elements. This
entails distributing a clock or local oscillator reference,
and triggering all repetition intervals using a synchro-
nized trigger signal. Commercial radars do not provide
the possibility to introduce or extract reference or trigger
signals. This complicates their synchronization.

2) Data handling: Multistatic and digital phased-array
radars involve the management of significant data volu-
mes. In multistatic radars, the vast amount of data
extracted and processed is usually the bottleneck of the
system. Poor data handling leads to either information
loss or short captures. Commercial radar systems usually
use processors, FPGAs or microcontroller units (MCUs)
unable to process extensive data volumes.

3) Calibration: Fine calibration is critical for achieving
accurate measurements with phased-array radars. There
are several calibration techniques [14], often requiring a
known target and an electromagnetically isolated envi-
ronment to attain optimal results.

III. IN-HOUSE DEVELOPED 120 GHZ RADAR NODE

This section presents a in-house developed LFMCW radar
node operating at 120 GHz, which will be used as an element
of a multistatic phased array. This node is designed keeping
in mind the considerations outlined in the previous section.
Thus, the main design requirements are:

• Trigger input to ensure synchronization between radar
pulses.

• Clock reference inputs to ensure phase coherence.
• Analog in-phase and quadrature (IQ) outputs to be digi-

tized with a commercial ADC.
The radar node consists of two main stages, handled in

different printed circuit boards (PCB): the radiofrequency (RF)
stage, and the intermediate-frequency (IF) stage.

The 120 GHz radar node [15] is shown in Fig. 2. The
mmWave electronic components and antennas are integrated
inside an MMIC from Indie Semiconductor [16]. The half
power beamwidth of the integrated antenna is 60º. An external
lens can be added to the radar to increase directivity.

Fig. 2. In-house developed 120 GHz radar node proposed for a multistatic
phased-array configuration. Printed-dipole antennas are integrated inside the
MMIC [16]. Radar parameters such as bandwidth and sweep time are
configurable: 0-20 GHz and 0.1-10 ms, respectively.

IV. IN-HOUSE DEVELOPED MULTISTATIC PHASED ARRAY

A sparse multistatic linear phased-array radar has been
developed based on the 120 GHz radar node. The array size
aperture is fixed to 96 cm. Since a traditional densely-sampled
array would result impractical in terms of hardware complexity
and data handling [17], a sparse configuration with 15 nodes
is selected. Eight nodes are used as transmitters and seven
nodes are used as receivers1. Due to physical constraints, the
minimum distance between elements is set to 2 cm = 8λ,
where λ is the wavelength. The node positions are obtained
by minimizing the side lobe level (SLL) of the array [18], and
they are shown in Table I.

TABLE I
120 GHZ ARRAY ELEMENT POSITIONS ALONG X-AXIS IN CENTIMETERS.

Transmitters ±3.6 ±10.8 ±18.0 ±25.2

Receivers 0 ±16.0 ±32.0 ±48.0

The imaging performance of the designed array can be
characterized with the point spread function (PSF), which is
the response of the system to an ideal point-like target [18].
The PSF of the system at a certain point pi can be obtained
from the PSF of the transmitting and receiving arrays as shown
in equations 1-3 [18], where κl is the wavenumber at the l-th
frequency, tm are the positions of the transmitters and rn are
the positions of the receivers.

PSFtx(pi) =
∑
l,m

e−jκl|tm−pi| (1)

PSFrx(pi) =
∑
l,n

e−jκl|rn−pi| (2)

PSF (pi) = PSFtx(pi)× PSFrx(pi) (3)

For the positions given in Table I and a target placed at 3
meters, the simulated PSF is shown in Fig. 3. The diameter of
the main lobe is approximately 1 cm and the SLL is 15 dB.

Fig. 3. Simulated PSF of the developed 120 GHz array for a target placed
at 3 meters. The main lobe has a diameter of 1 cm and the SLL is 15 dB.

1This configuration, with multiple transmitters and multiple receivers, is
commonly referred to as a Multiple-Input Multiple-Output (MIMO) radar.



The hardware architecture of the designed phased array
is shown in Fig. 4. A reference clock signal is in-phased
distributed to the 15 nodes. A copy of such clock signal is
driven to an MCU and an external ADC via a programmable
divider, which allows to configure the clock frequency of both
devices independently. A demultiplexer module controlled by
the MCU allows a correct distribution of the trigger signals.
The MCU also drives a trigger signal to synchronize the
system with the external ADC.

Fig. 4. Architecture of the designed 15-element phased array. A reference
clock is driven to the radar nodes, the MCU and the external ADC. The MCU
controls the radar nodes via a demultiplexer module and drives a trigger signal
to the external ADC for capturing the data.

Fig. 5 shows the in-house developed multistatic phased array
based on the 120 GHz radar node mounted on a tripod. As
shown, 15 radar nodes are allocated in three separate PCBs.
The central PCB accommodates the control unit alongside nine
radar nodes, while the remaining six nodes are positioned on
the side PCBs.

Fig. 5. 15-element multistatic phased array based on the 120 GHz radar node.

Due to different length of triggering signal paths, additional
delays have been detected in each transmitter - receiver pair.
This results in a wrong estimation of the target location.
Therefore, such delays must be characterized to calibrate
the system. For this purpose, a calibration measurement is
performed. A metal cylinder is used as point like target. A
cylinder scatters radiation uniformly in all directions, which
implies that all echoes must have similar amplitudes. The
calibration setup is shown in Fig. 6, where the cylinder is
located 1 meter away from the array and aligned with the
central receiver (X = 0 m).

Fig. 6. Calibration setup. A metal cylinder is placed at 1 meter from the
array and aligned with the central receiver.

The calibration results are shown in Fig. 7 for receiver Rx1.
Prior to calibration (a), each transmitter generates a target echo
at an inaccurate distance. Since with this setup all bistatic
distances are known, a correction can be applied in each
transmitter-receiver pair to obtain the correct distance. After
calibration, accurate distance estimation is achieved across all
transmitter-receiver pairs (b). This process is also extended to
receivers Rx2-Rx7, but it is not shown here for simplicity.

(a) Before calibration

(b) After calibration

Fig. 7. Range profile obtained in receiver Rx1 for all transmitters with a
metal cylinder located 1 meter away from the array.



After the calibration procedure, the developed array gener-
ates a range-crossrange image of a 30cm x 30cm metal plate.
The plate is placed 1.5 meters away from the array, as shown in
Fig. 8. Fig. 9 shows the resulting range-crossrange image from
the measurement and the comparison with a simulation of the
same scenario. As observed, results from the measurements
are similar to the ones obtained in the simulation.

Fig. 8. Measurement setup. A 30cm x 30cm metal plate is placed 1.5 meters
away from the array.

Fig. 9. Range-crossrange image of a 30cm x 30cm metal plate at 1.5 meters
generated by the developed array. On the top: results from the simulation. On
the bottom: results from the measurement.

V. CONCLUSION

Transitioning to multistatic and phased-array radars requires
the consideration of the data processing and synchronization
chains. A 120 GHz phased-array radar has been designed and

manufactured based on a scalable 120 GHz radar node with
trigger and reference oscillator inputs. Data volume has been
considerably reduced by using a sparse-array configuration.
The system has been successfully calibrated with a metal
cylinder and has been used to generate a range-crossrange
image of a metal plate.
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