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(54) AIRBORNE/SPACEBORNE DISTRIBUTED APERTURE MULTI SENSING PULSED RF SYSTEM

(57) An Airborne/Spaceborne Distributed Aperture
Multi Sensing RF Pulsed System (1) comprises one or
more Radiating Groups (4), which are designed to be
mountable to an aircraft/spacecraft skin surface in a (qua-
si-)conformal way, are independently and selectively op-
erable to perform the same or different RF functions, and
each comprises a basic Transmit-Receive Module (8),
where transmit and receive functions are separated, and
comprising a Transmit-only Antenna Module (9) compris-
ing a phased array of transmit-only antenna elements
designed to transmit a wide transmit beam, and an Re-
ceive-only Antenna Module (10) comprising a phased
array of transmit-only antenna elements designed to si-

multaneously receive multiple narrow receive beams.
The number of antenna elements in the Transmit-only
Antenna Module (9) is lower than the number of antenna
elements in the Receive-only Antenna Module (10). The
Transmit-only Antenna Module (9) has antenna gain low-
er than the Receive-only Antenna Module (10). The
Transmit-only and Receive-only Antenna Modules (9,
10) are designed such that the transmit beam has a lower
directivity than the individual receive beams so as to re-
sult in the transmit beam having a wider azimuthal and/or
elevational beamwidth than the individual receive
beams.
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Description

Priority Claim

[0001] This application claims priority from Italian Patent Application No. 102016000111859 filed on 07.11.2016, the
disclosure of which is incorporated herein by reference.

Technical Field of the Invention

[0002] The present invention relates in general to airborne/spaceborne pulsed radars, and in particular to an air-
borne/spaceborne pulsed radar architecture based on an ensemble of wide band antennas and RF transmitters designed
to be mountable to an aircraft skin surface in a conformal or quasi-conformal way in order to have low impact on aircraft
shape and aerodynamics and to allow simultaneous multi RF pulsed sensing.

Subject and Summary of the Invention

[0003] As is known, Communication, Data Link and Electronic Warfare are mandatory aspects for modern airborne
missions, especially for Remotely Piloted Air Systems (RPAS), which make use of different bands of the Electromagnetic
(EM) spectrum, thus requiring additional hardware (HW) components which need to be mounted on the platform and
used in simultaneity with radar. This has impact on the total weight of the mission payload and put issues on the total
affordable Size, Weight and Power (SWaP) budget to allow simultaneous multi-RF sensing, as well as on the availability
of platform surface for antennas deployment.
[0004] The Applicant has experienced that airborne Active Electronically Steerable Antenna (AESA) technology cur-
rently exploited in modern airborne surveillance and combat mission systems is adversely affected by several problematic
issues, some of the main ones of which are:

- Cost / Affordability

[0005] AESA radars rely on a very expensive technology and give rise to very complex systems, since thousands of
Transmit/Receive Modules (TRMs) need to be controlled one by one. The total system cost is mainly driven by the
number of TRMs required to form the full antenna aperture. Moreover, the full exploitation of all its advantages requires
highly qualified know-how and long development time

- Cooling / Weight / Power Consumption / Installation

[0006] High performance AESA systems require very often liquid cooling and are characterized by high power supply
and high weight impacting significantly on installation feasibility (full performance AESA installation is feasible only on
mid-high size aircraft)

- Electronic Warfare (EW) Detectability

[0007] High performance achievable by AESA technology increase radar probability of detection by ESM/EW systems

- International Traffic in Arms Regulations (ITAR) restrictions

[0008] AESA components are very often limited by ITAR restrictions

- Volume/Installation limits

[0009] High performance airborne AESA systems are bulky and far to be thin. This prevents ease of installation and
conformal or quasi-conformal mounting on aircraft skin surface.
[0010] One of major causes of the above limits is that, in order to fully exploit available surface, traditional pulsed RF
sensing systems, and particularly radars, are based on transmission and reception through the same antenna.
[0011] In general, even not considering AESA but also traditional RF pulsed sensor technology, in addition to the
above issues, it is a widespread experience among those skilled in the art that today airborne systems adopt a dedicated
equipment configuration for each type of RF sensor needed for the mission (namely, Radar, EW, Communications,
Data-Link, IFF, etc.), with significant impact on the total system weight, power consumption and cost.
[0012] For illustrative purposes only, Figure 1 sketches a traditional AESA architecture, where TRMs are organ-
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ized/combined in Planks, Planks are then combined in one or more RX channels, and the maximum antenna elements
interspacing is little more than half (0.54) the operating wavelength for a maximum look angle of 60°.
[0013] EP 2 857 858 A1 discloses a digital active array radar comprising a Frequency-Modulated Continuous-Wave
(FMCW) radar array including a housing, a transmit array comprising a plurality of transmit antenna elements configured
to output an FMCW transmit beam, a receive array comprising a plurality of receive antenna elements, and a slotted
choke disposed between the transmit array and the receive array. The transmit array and the receive array may be
mechanically coupled to the housing. The slotted choke comprises a plurality of slots having dimensions selected to
provide cancelation of electromagnetic radiation from the frequency modulated continuous wave transmit beam to reduce
a magnitude of radiation from the transmit array to which the receive array is indirectly exposed.

Subject and Summary of the Invention

[0014] The aim of the present invention is to face with the above-described main issues of the airborne AESA and
present alternative RF pulsed sensors technology solutions.
[0015] The present invention relates to an Airborne/Spaceborne Distributed Aperture Multi Sensing RF Pulsed System,
as claimed in the appended claims.

Brief Description of the Drawings

[0016]

Figure 1 schematically shows a traditional AESA architecture.
Figure 2 schematically shows an airborne Distributed Aperture Multi Sensing RF Pulsed System (DAMSS) according
to the present invention and exemplarily made up of four DAMSS Modules arranged on an aircraft in the form of an
unmanned combat aerial vehicle (UCAV).
Figure 3 schematically shows a functional block diagram of a DAMSS Module and an example of electrical connection
of DAMSS Modules to a Central Control Electronic Processing Unit.
Figure 4 schematically shows a function block diagram of a DAMSS Radiating Group in a DAMSS Module.
Figure 5 schematically shows a functional block diagram of a DAMSS Multi-Channel Digital Receiver in a DAMSS
Module.
Figure 6 schematically shows an antenna array manufactured according to a Printed Circuit Board (PCB) Active
Array (PAA) technology.
Figure 7 schematically shows superposition of a Radiating plate PCB and an RF Combiner PCB in an antenna array
according to the PAA technology.
Figures 8 and 9 show 3D rendered images of an antenna array, in an assembled configuration and in an exploded
configuration, respectively.
Figure 10 comparatively shows the spatial arrangement and area occupation of a Transmit-only, Receive-only and
Transmit-Receive Antenna Modules in the Radiating Group.
Figures 11 and 12 schematically show an example of a single stacked patch radiating/receiving antenna element,
both in an assembled configuration and in an exploded configuration, respectively.
Figure 13 comparatively shows graphical representations of operation principles of a Radiating Group and of a
traditional AESA or a standard technology TX/RX system.
Figure 14 schematically shows a graphical representation of a Multi Beam on Receive operation principle shown in
Figure 13.
Figure 15 shows a graphical representation of operating and rejected frequency bands of the Radiating Group for
simultaneous radar modes.
Figure 16 schematically show a sub-arraying technique.
Figure 17 schematically shows a block diagram of a circuit designed to apply phase shifts to digitized output signals
from the antenna sub-arrays.
Figure 18 shows a diagram plotting phase shift discontinuity over sub-arrays.
Figure 19 shows the effect to phase shift discontinuity in the far field radiation pattern of five multiple narrow beams.
Figure 20 shows the effect of the provision of differently-sized and overlapping Sub-Arrays in the far field radiation
pattern of five multiple narrow beams.

Detailed Description of Embodiments of the Invention

[0017] The present invention will now be described in detail with reference to the attached figures to enable a skilled
person to implement and use it. Various modifications to the described embodiments will be immediately apparent to
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the expert and the generic principles described may be applied to other embodiments and applications, without thereby
exiting from the protective scope of the present invention, as defined in the appended claims. Therefore, the present
invention should not be considered limited to the forms of embodiment described and illustrated, but should be granted
with the widest scope compliant with the described and claimed principles and features.
[0018] In broad outline, the Distributed Aperture Multi Sensing RF Pulsed System (DAMSS) of the present invention
is a pulsed radar system architecture concept based on an ensemble of wide band antennas and RF transmitters
designed to be mountable to the aircraft skin surface in a conformal or quasi-conformal way in order to have low impact
on aircraft shape and aerodynamic and to allow simultaneous multi RF sensing and operation.
[0019] The DAMSS may be generally seen as a common interface between external RF environment and platform
digital busses shared by a wide set of avionic equipment such as Radar, Communications and Electronic Warfare.
[0020] The DAMSS architecture concept directly originates from the radar equation, which can be written as follows,
by sequentially including constraints facing the above-listed topics: 

 where:

S/N is the Signal to Noise power ratio at the receiver output;
PAvg is the average transmitted power;
GAnt-TX is the antenna gain in transmission;
GAnt-RX is the antenna gain on receive;
λ is the wavelength of the transmitted waveform;
TOT is the Time on Target (target illumination interval);
RCS is the target Radar Cross Section;
kToF is the Density of Noise Power;
L is the loss due to the Tx and Rx paths;
R is the sensor to target distance.

[0021] Radar system detectability is directly related to the transmitted energy, i.e. with the product PAvg·GAnt-TX, which
therefore should be reduced in order to reach a Low Probability of Intercept (LPI) condition. Moreover, cost of an AESA
system is mainly driven by the high number of required TRMs.
[0022] In the DAMSS architecture, reduction of cost and detectability is achieved by separating Tx antenna from Rx
antenna and considering small Tx antennas with a low number of costly transmitting modules and wide beam/low gain
Tx antenna patterns.
[0023] To balance the consequent power reduction in transmission, a high value of GAnt-RX is to be achieved. This
means the wider possible surface to be allocated for the Rx antenna. Some performance recovery can also be obtained
by exploiting the longer observation time (Time o Target - ToT) enabled by the wide beam of the small Tx antenna (Multi
Beam on Receive - MBR). In order to preserve E-scan capability, both Tx and Rx antennas must be fully populated by
phase shifters (one for each antenna radiating/receiving element).
[0024] From this preliminary reasoning, the main DAMSS characteristics follow directly:

- separation between Tx and Rx functions, with
- low-directivity transmit beam resulting in a small size Tx antenna with a small number of Tx-only modules (no need

for Tx/Rx switches or circulators reducing Tx losses and maximizing Tx efficiency),
- high-directivity receive beam resulting in a large size Rx Array with large number of Rx-only (passive) modules (no

need for Tx/Rx switches or circulators reducing Rx losses and maximizing Rx noise figure), and
- Multi Beam on Receive (MBR) processing to exploit the ToT, resulting in a multi-channel Rx antenna.

[0025] This first architectural decision has the following potential advantages:

- the small size, fully populated Tx antenna results in an affordable, low cost and potentially air cooled AESA, and
- the large size, fully populated Rx array comprises a large number of passive modules contributing to the beneficial

effects on heat dissipation, system complexity, weights and cost.

[0026] All other aspects of the DAMSS concept directly derive by forcing the remaining design constraints.
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[0027] Unlike current AESA systems, where pseudo Multi-Functionality is achieved on a time sharing basis, in the
DAMSS real Multi-Functionality is obtained by introducing a second independent Tx/Rx unit, which actually ensures the
implementation of really simultaneous functionalities. To cope with weight and size limitations, a small Tx/Rx antenna
is to be provided.
[0028] Independent Tx/Rx can be used for EW attack or auxiliary radar mode while main radar mode is achieved by
active Tx and passive Rx. When the optional Tx/Rx antenna is not provided, Multi-Functionality is achieved on a time
sharing base as in the current AESA systems.
[0029] Double independent Tx capability enables Multiple-Input, Multiple-Output (MIMO) processing.
[0030] Passive ESA Rx antenna is wide bandwidth (5.0 - 11 GHz) and it incorporates a Tx/Rx antenna to cover COMMS
/ Data-Link / ESM (Electronic Support Measures) operation in the low frequency spectrum (0.8 - 5 GHz).
[0031] To maintain flatness, all antenna elements in the DAMSS are of a Tile type and are conveniently manufactured
according to the known Stacked Patch technology.
[0032] This is achieved by using Printed Circuit Boards (PCBs) both to implement Tx and/or Rx antenna radiating
patterns and to mount all solid state electronic components.
[0033] The main functional tasks of the DAMSS are:

- X and C Band Radar Surveillance Modes,
- ECM and ESM functionalities in C and X Bands,
- Electronic Attack in C and X Bands,
- Point to Point Communication from L to X Band, and
- Data Link from L to X Band.

[0034] The DAMSS architecture is particularly suitable for RPAS applications, particularly Medium Altitude Long En-
durance (MALE) and Unmanned Combat Aerial Vehicle (UCAV) platforms, because it:

- reduces size and weight of the required mission payload
- permits a quasi-conformal distribution of the antennas over the whole platform surface
- enables access to different RF services: Radar, EW, Communications, IFF and Data Link
- enables full passive radar operation, assuming that a stand-off MALE platform illuminates the area of interest, so

highly reducing the risk of enemy detection
- facilitates sensors fusion and integration by relying on a centralized processor for final digital signal processing.

[0035] The DAMSS architecture is also suitably applicable to manned platforms, both rotary and fixed wing.
[0036] The DAMSS has several advantages over all the current AESA technology, namely:

- Cost reduction / Improved Affordability.
- Easier Cooling / lower Weight and Power Consumption / Easier Installation.
- Reduced EM Detectability
- Support to multi RF service requests (Radar, Communication, Data Link, IFF and Electronic Warfare).

[0037] In particular, the main advantages of the DAMSS architecture are:

- reduction in cooling requirements, power consumption, weight and cost due to:

l low number of costly transmit and receive components (TRMs) required,
l use of state of the art high performance packaged Commercial Off-the-Shelf (COTS) components, so avoiding
the need for customized miniaturized devices, e.g.: packaged GaN based and highly efficient High Power
Amplifiers (HPAs) or packaged very Low Noise Amplifiers (LNAs),
l use of a simple PCB for mounting of all required packaged components, and
l use of PCB-based low cost-high performance antenna panels.

- very high reliability (no moving antenna parts, only solid-state components and minority of active components) and
easiness of installation due to the low thickness of the radiating part of each Tx/Rx group (few centimetres),

- ability to perform state of the art advanced processing techniques (Multi Beam on Receive (MBR), Adaptive Digital
Beam Forming (ADBF), Multiple Input Multiple Output (MIMO), Multi-Functionality) due to multi-antenna/multi-chan-
nel architecture, and

- integration of radar with other RF sensors to achieve higher performance combined multi-sensor operation through
centralized further reducing cost and SWaP at platform level.
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[0038] Figure 2 schematically sketches a functional diagram of the DAMSS.
[0039] The DAMSS 1 is a modular system comprising one or more DAMSS Modules 2 depending on application and
need. To achieve 360° Field of Regard (FoR), three or conveniently 4 DAMMS Modules 2 are provided, which are
arranged on an aircraft 3 exemplarily shown in Figure 2 in the form of an unmanned combat aerial vehicle (UCAV), and
may selectively perform the same or different RF pulsed sensing functions.
[0040] Figure 3 shows a functional block diagram of a DAMSS Module 2.
[0041] A DAMMS Module 2 is essentially a Line-Replaceable Unit (LRU) which comprises the following basic Shop-
Replaceable Units (SRUs):

- a Radiating Group (RG) 4, and
- a Multi-Channel Digital Receiver (MCDR) 5,

which may be manufactured as physically distinct components and connected by means of a set of RF cables and
wirings, or which may be integrated in a single component and functionally connected by means of electrical connectors.
[0042] DAMSS Modules 2 are connected, via a bidirectional digital bus, to an external electronic Central Control
Processing Unit 6 that provides commands and settings, route navigation data from an external or embedded navigation
unit.
[0043] Figure 4 shows a function block diagram of a Radiating Group 4 in a DAMSS Module 2.
[0044] The Radiating Group 4 essentially comprises:

- a power supply unit 7, and
- a basic Transmit-Receive Module 8, labelled and hereinafter referred to as "TxRx1", where transmit and receive

functions are separated, and, as a consequence, are independently and asynchronously selectively performable,
and essentially comprising:

l an Transmit-only Antenna Module 9, labelled and referred hereinafter to as "Tx Array", formed of a fully-
populated phased array of a small number of transmit-only antenna elements and having a low gain and wide
RF transmit beam (floodlight beam) for effective LPI and Electronic beam scan capabilities, namely designed
to transmit an RF beam with a wider beamwidth transmit pattern;
l an Receive-only Antenna Module 10, labelled and hereinafter referred to as "Rx Array", distinct from the
Transmit-only Antenna Module 9 and formed of a fully-populated phased array of a high number of antenna
elements and having electronically-scanned, high gain, simultaneous narrow multi receive beams to cover the
wide transmit beam, namely designed to receive multiple simultaneous RF beams processable to generate
receive beams with narrower beamwidth receive patterns; and
l an Antenna Controller 11 designed to control the Transmit-only and Receive-only Antenna Modules 9 and 10.

[0045] Optionally, the Transmit-Receive Module 8 may further comprise:

- an L/S-band kit devoted to low frequency (L, S bands) applications (Interrogator Friend or Foe (IFF), Communications,
Data-Link, etc.) and comprising:

l an RF-to-digital transceiver 12 for direct up/down conversion from L/S-band to digital, and
l an L/S-band front end 13 comprising transmitting/receiving dipoles and RF circuitry.

[0046] Optionally, the Radiating Group 4 may further comprise a Transmit-Receive Module 14, labelled and hereinafter
referred to as "TxRx2", where transmit and receive functions are not separated, and which is operatively independent
from the Transmit-Receive Module 8, and essentially comprises:

- a Transmit and Receive Antenna Module 15, labelled and referred also to as "TxRx Array", distinct from the Tx and
Rx Arrays 9, 10 and formed of a fully-populated phased array of a small number of antenna elements, approximately
in the same number as in the Tx Array 9, and provided with Sum and Auxiliary channels (Guard, Delta Azimuth and
Delta Elevation signals), for electronically-scanned simultaneous radar modes, MIMO applications, Electronic Attack
capabilities, as well as communications and Data-Link; and

- an Antenna Controller 16 designed to control the TxRx Array 15.

[0047] Figure 5 shows a functional block diagram of a Multi-Channel Digital Receiver (MCDR) 5 in a DAMSS Module 2.
[0048] The MCDR 5 essentially comprises the following components:
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- an Up-Converter 17 for the Tx Array 9,
- a Multi-Channel Down-Converter 18 for the Rx Array 10,
- an Up/Down Converter 19 for the TxRx Array 15,
- a first Digital Front End 20, labelled and hereinafter referred to as "DFE1", dedicated to the Tx and Rx Arrays 9, 10,
- a second Digital Front End 21, labelled and hereinafter referred to as "DFE2", dedicated to the TxRx Array 15,
- a Fast Pre-Processing Unit 22 common to DFE1 20 and DFE2 21, and
- a Power Supply 23.

[0049] The MCDR 5 ensures the simultaneous reception of up to 16 RF channels, enabling wideband down conversion
and digitization (with up to 2.8 GHz of instantaneous bandwidth between 5.0 and 11 GHz).
[0050] Constructively, a Radiating Group 4 comprises a number of wideband fully-populated antenna arrays manu-
factured according to a Printed Circuit Board (PCB) Active Array (PAA) technology.
[0051] As schematically sketched in Figure 6, the PAA technology allows the overall depth of the Tx Array 9 and the
TxRx Array 15 in the Radiating Group 4 to be minimized (basic for impact-less airborne installation over platforms) by
superposing the following layers in the indicated order:

- a Radiating Plate PCB 24 containing the individual antenna elements,
- an optional Notch Filter PCB 25 to increase EM isolation between transmit and receive parts, for asynchronous

simultaneous RF modes. In particular, the Notch Filter PCB 25 is provided when the TxRx Array 15 is provided in
the DAMSS Module 2 and arranged relatively close to the Rx Array 9 to significantly interfere, while the Notch Filter
PCB 25 is omitted when the TxRx Array 15 is omitted in the DAMSS Module 2 or when the TxRx Array 15 is provided
in the DAMSS Module 2 and is arranged relatively far from the Rx Array 9 to weakly or negligibly interfere;

- an RF Module PCB 26 containing Tx/Rx modules and implementing the front end amplification and beam steering
tasks (fully populated arrays, scanning a cone +/-60° around the boresight direction), and

- an RF Combiner PCB 27 containing the RF beamforming network and generating the output channels for the MCDR 5.

[0052] Figure 7 schematically sketches the superposition of the (multilayer) Radiating plate PCB 24 and the (multilayer)
RF Combiner PCB 27 in the Tx Array 9 and the TxRx Array 15 according to the PAA technology, while 3D rendered
images of the TxRx Array 15, both in an assembled configuration and in an exploded configuration, are shown in Figures
8 and 9, respectively, with an integrated Inertial Measurement Unit (IMU)
[0053] Importantly, the PAA technology removes the heavy constraint implied in the AESA technology and according
to which the maximum interspacing of the antenna radiating elements and the electronics of the TRMs is dependent on
the operating wavelength. In DAMSS PAA technology, there is a single and little Tx or TxRx array where the electronics
of the TRMs must not necessarily be placed with demanding half wavelength interspacing constraint as the antenna
radiating elements, so making the antenna design very simple and low cost.
[0054] When DAMSS PAA technology is considered for the Rx Array 10, electronics behind antenna elements must
be placed with half wavelength interspacing because of the large size the Rx Array 10 may have. In this case the
constraint of half wavelength interspacing is much easier to be achieved because electronics must implement low power,
small size packaged Receive-only Modules (RMs).
[0055] Figure 10 comparatively sketches the Tx Array 9, the Rx Array 10 and the TxRx Array 15 in order to give a
rough idea of a possible spatial arrangement and area occupation thereof, and wherein the individual antenna elements
have the same size, but may also have different sizes.
[0056] Figures 11 and 12 sketch a single stacked patch radiating/receiving antenna element in the Tx Array 9, the Rx
Array 10 and the TxRx Array 15, both in an assembled configuration and in an exploded configuration, respectively.
[0057] Figure 13 comparatively shows graphical representations of operation principles of the TxRx1 8 and TxRx2 14
and of a traditional AESA system, while Figure 14 schematically shows a graphical representation of a Multi Beam on
Receive (MBR) operation shown in Figure 13.
[0058] In particular, the TxRx1 8 forms a unique bistatic radar, where a floodlight beam is transmitted by the Tx Array
9 and a set of multiple simultaneous full gain narrow beams is synthesized by the Rx Array 10 (MBR operation). This
mechanization requires a full synchronization between the Tx Array 9 and the Rx Array 10.
[0059] At the same time, the TxRx2 14 forms a monostatic independent radar system, which can be operated auton-
omously and simultaneously to the previous one.
[0060] Moreover, it is also possible an operative mode (of MIMO type) where both Tx Array 9 and the TxRx Array 15
transmit, and both Rx Array 10 and TxRx array 15 receive in a synchronous way.
[0061] Since these two distinct radar systems share the same location, a sufficient isolation is to be guaranteed
between transmitting and receiving antenna elements in order to avoid limiters blanking and Low Noise Amplifier (LNA)
saturation in the various receiving modules. For this reason, asynchronous transmission is allowed only within allowed
bands, corresponding to the rejection bands of the PCB notch filters.
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[0062] Figure 15 shows a graphical representation of the operating frequency bands of the DAMSS Module 2, as well
as the rejected frequency bands (black bands) for simultaneous radar modes. The rejected frequency bands are absent
when the Notch Filter PCB 25 is omitted, so resulting in the performance and flexibility of use of the DAMSS Module 2
being increased.
[0063] In order to improve MBR performance, sub-arraying technique is applied, according to which the Rx Array 10
is subdivided into a multiplicity M of partially overlapped sub-arrays not necessarily of the same size, so resulting in a
corresponding multiplicity of N simultaneous full gain narrow beams being simultaneously synthesized by acting of the
phase shifts applied to the digitized output signals from the M Rx Sub-Arrays.
[0064] Figure 16 sketches the sub-arraying technique, while Figure 17 sketches a block diagram of a circuit coupled
to the individual antenna elements in the Rx Sub-Arrays and designed to apply associated phase shifts to the digitized
output signals from the M Rx Sub-Arrays.
[0065] Sub-Arraying is known to require application of discontinuous phase shifts to the digitized output signals from
the Rx Sub-Arrays, and this phase shift discontinuity is known to produce undesired lateral lobes with remarkable peak
amplitudes in the far field radiation pattern of the multiple narrow beams.
[0066] Figure 18 shows a diagram plotting the phase shift discontinuity over the Rx Sub-Arrays, while Figure 19 shows
the effect to the phase shift discontinuity in the far field radiation pattern of one of the multiple narrow beams.
[0067] In order to reduce peak amplitudes of the undesired lateral lobes, conveniently the Rx Sub-Arrays may be
different (non-uniform) in size, namely may be formed of different numbers of antenna elements, and/or may partially
overlap, namely the antenna elements in an Rx Sub-Array are shared with antenna elements in others Sub-Arrays.
[0068] Figure 20 shows the effects of the provision of differently-sized and partially overlapping Sub-Arrays in the far
field radiation patterns for five of the possible multiple narrow beams. It may be appreciated that the provision of differently
sized Sub-Arrays together with the provision of partially overlapping Sub-Arrays results in a remarkable reduction of the
side lobes peak amplitudes.
[0069] The different distinct distinguishing features of the DAMSS allow the following distinct technical advantages to
be achieved.

- Separation between Tx and Rx functions

[0070]

l reduce the system detectability in hostile scenario operations (low directivity on Tx and capability for passive only
radar modes) (LPI characteristic);
l limit the antenna complexity mainly to the design of a passive Rx array, thus dramatically reducing the weight,
cost and cooling requirements of the whole system;
l enable real simultaneity among different RF services (radar, EW, Communications and Data Link) due to the
simultaneous presence of two Tx and Rx antennas;
l exploit a floodlight Tx pattern and a cluster of simultaneous Rx beams (MBR) which permits to extend the Time
on Target integration;
l enable advanced ADBF techniques, such as MIMO and disturbance cancellation algorithms.

- PAA

[0071] The PCB Active Array technology allows:

l Equivalent AESA technology in a flat tile antenna configuration (very low thickness and no planks used);
l COTS - Commercial Of The Shelf packaged Discrete Transmit/Receive Modules enabling an ITAR free, cheaper
implementation of the RF Module PCB board, with relaxed cost and cooling requirements;
l Easy use of state of the art high performance modules (e.g.: High Power GaN based amplifiers) for maximum
performance and power supply efficiency and
l TRMs and electronics interspacing to be unconstrained from the operating wavelength, so freeing the antenna
design from the operating frequency of the DAMSS.

- Wide Band / Multi RF Sensor System

[0072] In the same ensemble, each DAMSS Module hosts antennas and receivers suited for supporting a very large
operative bandwidth (from 0.1 up to 11 GHz), thus supporting a multitude of RF services, as required by the modern
surveillance and combat airborne missions (Radar modes, EW, Communications, IFF and Data Link).
[0073] The concentration of different RF sensors and their simultaneous operation put very demanding requirements
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on the mutual coupling among adjacent antenna elements, which have been addressed in the DAMSS design and have
led to the following innovative solutions:

l Ad hoc design of the radiating group item (real elements, lattice and HW selection), in order to maximize the
radiating elements isolation;
l Introduction of the PCB Notch Layer in the PAA design.

- 360° coverage with no moving parts

[0074] The use of multiple Radiating Groups on the platform skin surface, enable 360° Field of Regard (FOR) with
different functions or mission to be implemented on each panel.

Claims

1. An Airborne/Spaceborne Distributed Aperture Multi Sensing RF Pulsed System (1) comprising one or more Radiating
Groups (4), which are designed to be mountable to an aircraft/spacecraft skin surface in a conformal or quasi-
conformal way, are independently and selectively operable to perform the same or different pulsed RF functions,
and each comprises a basic Transmit-Receive Module (8), where transmit and receive functions are separated, and
comprising a Transmit-only Antenna Module (9) comprising a phased array of transmit-only antenna elements
designed to transmit an RF beam with a wider beamwidth transmit pattern, and a Receive-only Antenna Module
(10) comprising a phased array of receive-only antenna elements designed to receive multiple simultaneous RF
beams processable to generate receive beams with narrower beamwidth receive patterns;
wherein the number of antenna elements in the Transmit-only Antenna Module (9) is lower than the number of
antenna elements in the Receive-only Antenna Module (10),
wherein the Transmit-only Antenna Module (9) and the Receive-only Antenna Module (10) are designed such that
the transmit beam has a lower directivity than the individual receive beams so as to result in the transmit beam
having a wider azimuthal and/or elevational beamwidth than the individual receive beams, and
wherein the Transmit-only Antenna Module (9) has an antenna gain lower than the Receive-only Antenna Module
(10).

2. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of claim 1, wherein each Radiating Group
(4) further comprises an additional Transmit-Receive Module (14), operatively independent from the basic Transmit-
Receive Module (8), and where transmit and receive functions are not separated; the additional Transmit-Receive
Module (14) comprises a phased array of transmitting and receiving antenna elements, wherein the number of
antenna elements in the additional Transmit-Receive Module (14) is lower than the number of antenna elements in
the Receive-only Antenna Module (10).

3. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of claim 1 or 2, wherein the basic Transmit-
Receive Module (8) further comprises an L/S-band kit devoted to applications in L/S frequency bands and comprising
an RF-to-digital transceiver (12) for direct up/down conversion from L/S-band to digital, and an L/S-band front end
(13) comprising transmitting/receiving dipoles and RF circuitry.

4. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of any one of the preceding claims, wherein
the antenna elements in the Radiating Group(s) (4) are Printed Circuit Board (PCB) antenna elements.

5. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of claim 4, wherein the antenna elements
are stacked patch antenna elements.

6. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of claim 4 or 5, wherein each Radiating
Group (4) is a Printed Circuit Board (PCB) Active Array (PAA) comprising the following superposed Printed Circuit
Boards: a Radiating Plate Printed Circuit Board (24) containing the antenna elements; a Notch Filter Printed Circuit
Board (25) provided when the additional Transmit-Receive Module (15) and designed to electromagnetically isolate
transmit and receive parts for asynchronous simultaneous RF modes; an RF Module Printed Circuit Board (26)
containing the Transmit-Receive Module(s) and implementing front end amplification and beam steering tasks; and
an RF Combiner Printed Circuit Board (27) containing RF beamforming network and generating output channels.

7. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of any one of the preceding claims, wherein
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the Radiating Groups (4) are independently and selectively operable to individually perform one or more of the
following RF functions: Radar, Communication, Electronic Warfare, Data-Link, Interrogator Friend or Foe.

8. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of any one of the preceding claims, wherein
the Radiating Groups (4) are independently and selectively operable to individually perform two or more of the
following RF functions: Radar, Communication, Electronic Warfare, Data-Link, Interrogator Friend or Foe.

9. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of any one of the preceding claims, wherein
the phased array of receive-only antenna elements in the Receive-only Antenna Module (10) is subdivided into a
multiplicity of sub-arrays of receive-only antenna elements designed to receive multiple simultaneous RF beams
processable to simultaneously synthesize a corresponding multiplicity of simultaneous receive beams with narrower
beamwidth receive patterns by acting on phase shifts applied to digitized output signals from the sub-arrays.

10. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of claim 8, wherein the sub-arrays of
receive-only antenna elements have different sizes.

11. The Airborne/Spaceborne Distributed Aperture Multi RF Sensing System of claim 8, wherein the sub-arrays of
receive-only antenna elements partially overlap.
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