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CROWN Project, towards a European Multifunction AESA system
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INTRODUCTION

In an increasingly complex world, the challenges of peacekeeping are becoming ever more demanding. Obtaining superior intelligence through most modern acquisition and evaluation of surveillance and reconnaissance results is key to gaining the decisive advantage in complex mission scenarios of the future.

The variety in mission roles and task of such future operational scenarios requires the development of so-called Multifunctional RF-Systems (MFRFS). The basic functions to be covered by MFRFS are not limited to conventional Radar applications but comprise nearly all dedicated RF functions used in airborne, shipborne, or ground based military platforms. MFRFS is supposed to allow combining Radar, Electronic Support Measures (ESM), Electronic Counter Measures (ECM), and Data Link functionality in an ultrawide frequency range on a common hardware (HW) to achieve the largest possible flexibility of tasks and operations. This includes for Radar operation Air-to-Air, Air-to-Ground, and Air-to Sea in volume & surface search, tracking, reconnaissance with Synthetic Aperture Radar (SAR) Spot/Strip and maritime Inverse Synthetic Aperture Radar (ISAR) functions, for EW operation Electronic Support (ES), Electronic Intelligence (ELINT), Radar Warning, and ECM functions, and for Data Link in network centric operation Line of Sight (LoS) high data rate links, Beyond Line of Sight (BLoS) data links, as well as Command & Control Communications.

Multifunction RF AESA Systems require solving enormous technological challenges. These challenges are to achieve designing ultra-broadband antenna apertures with large dynamic range to also share multiple functionalities in a simultaneous fashion with high operational flexibility. Typically, these required functions need to operate in a wide frequency range spanning several octaves. The needed flexibilities also call for software defined MFRFS solutions which require broadband digital signal sampling potentially for each radiating element of an Active Electronically Scanned Array (AESA) with ultra-broadband antenna apertures. However, such broadband digital frontends for MFRFS satisfying all the above-mentioned applications are not yet available for operational use [START_REF] Gautier | Broadband multifunction AESA front-ends: New requirements and emerging technologies[END_REF] [START_REF] Brandfass | Broadband Multifunctional RF Systems in ISR Applications[END_REF].

The major advantage of the concept of being able to operate a vast variety of RF functions via shared AESA antennas allows to achieve novel and unprecedented operational capabilities by making use of the higher antenna gain and the higher sensitivities of MFRFS compared to traditional EW antenna systems for ES and EA in use today [START_REF] Gautier | Broadband multifunction AESA front-ends: New requirements and emerging technologies[END_REF] [START_REF] Brandfass | Broadband Multifunctional RF Systems in ISR Applications[END_REF]. These benefits enable earlier detection and recognition, sooner jamming of opposed targets, higher sensitivities beyond the ordinary ES performance, thus allow for Low Probability of Intercept (LPI) operations and, in general, higher operational flexibilities thanks to an additional spatial degree of freedom provided by such AESA antennas. Furthermore, in Radar operation several other important features are provided through ultra-broadband MFRFS. It offers better support for target identification by higher information diversity from different frequency bands, it improves the protection against intentional or unintentional jamming, through dynamic hopping potentially over several octaves to non-jammed frequencies or it operates in LPI mode using a high bandwidth. Such operation is a precondition for stealthy platforms. Moreover, Radar imaging can be improved for radiometric and geometric SAR resolution [START_REF] Brandfass | Broadband Multifunctional RF Systems in ISR Applications[END_REF].

Digital frontends for MFRFS have even more operational benefits [START_REF] Bil | Broadband Digital Frontends as Enabler for Software Defined Radar[END_REF]. Making use of digitization for each AESA radiating element provides the highest possible flexibility in terms of adaptive signal processing. Due to multiple-beamson-receive techniques scanning via volume or surface search might not be necessary anymore. Space-Time Adaptive Processing (STAP) at radiating element level in combination with adaptive nulling of antenna patterns against potential jammers can be performed with very sharp spatial notches, leading to high sensitivity improvements in severe clutter and interference environments and to much lower moving target detection velocities compared AESA systems with a small number of sub-apertures. Likewise, a similar concept can be applied to transmission. In addition, such digital MFRFS frontends also have decisive advantages for ESM applications. By filling a spatial domain with simultaneous digital beamson-receive, eliminating the need for scanning and having a directivity and beam width corresponding to the AESA's aperture, much higher sensitivity and selectivity is achieved compared to ESM systems in use today. With all the advantages described, the key objective of the CROWN project is to achieve tangible progress towards the development of a future operational, high-performance European MFRFS combining Radar, EW, and COMMs functions on common HW.

II. BACKGROUND

Scalable Multifunction RF (SMRF) Systems have been object of different studies and projects under the European Defence Agency (EDA) within the Radar CapTech. The concept advocates not only the multifunction aspect but also the definition of modular and scalable architectures to enable industrial cooperation in the design and manufacturing process that can be finally translated into advantages as cost reduction. Several projects have been carried out under this framework from 2005 to 2019. STRATA (SMRF TRAde Off STudies, All nations) project studied the feasibility of SMRF systems regarding aspects as technology, architecture or cost assessment. Due to the positive outcomes the project SIMPLE (SMRF IMPLEmentation) was started and devoted to study in depth the SMRF architecture and the technological building blocks for different platforms and scenarios. The project covers two types of activities, at system level and at component level. System requirements, architecture definition and system modelling together with developments for wideband antennas, DBF and resource management are work packages that are driven at system level. The development of a compact and high-performance transmit and receive module (TRM) is done in a work package at component level. This last activity covers the design, manufacturing and test processes, within European foundries, needed for the components identified within the project.

A laboratory demonstration will be carried out integrating the different developments at system and at component level in order to demonstrate the joint and coordinated multifunction operation.

Another relevant activity is the technology assessment for critical technologies identification, supply chain analysis and technology roadmaps elaboration that will help to push new programs and initiatives for further developments in the framework of European Multifunction RF AESA systems.

A. System Engineering Approach

CROWN project follows the methodology of Systems Engineering. Related activities are:  Definition of System CONOPS and Requirements. Scenarios  Definition of the System Architecture framework following the baseline defined in the System requirements, functions and operations in the scenarios of interest.  Development and Test a small-scale system prototype.

The methodology employed by CROWN consortium is based on System Engineering V-model, so that the project will include all activities needed to collect operational needs of the European Union and the CROWN Participating States to define CONOPS (Concept of operations). Upon CONOPS, CROWN will also define the system specification (comprising system requirements, system architecture, system states, operation modes, platforms interfaces, and system requirement means of verifications) of the Multifunction RF AESA system.

The integration and coordination of Radar, EW and COMMs into a single multifunction system suitable for different platforms, also addressing SWaP-C constraints will give response to the end-users needs identified during the dedicated activities and meetings. Before addressing the system design stage, the CROWN Consortium has conducted an internal Design Requirement Review (DRR), integrating the comments and considerations received from the end-users to validate the system concept, requirements and architecture. Specifically, the end-users provided Initial Common Requirements (ICR), confirming their interest in such technological development to the European Commission. The consortium has further developed such ICRs in User Requirement during the CONOPS definition activities and clarification meetings has been conducted with national representative to clearly identify the operational needs and the descending requirements. This activity is fundamental to provide inputs to the following development activities and the completeness of the requirement list is a prerequisite to achieve a final system that fully satisfies the user needs. The identification of a missing requirement at a later stage would cause modifications and redesign with high impacts in terms of increase of Life Cycle Costs of the system.

Outcomes of DRR will be used to carry out the next design phases out (Preliminary Design Review, PDR). This will consist in designing the system building blocks and defining the relevant sub-system requirements.

The project will also include a preliminary System Verification during which the identified architectural solutions will be assessed, and subsequently the selected solution will be tested and evaluated by a simulation.

For this purpose, a small-scale demonstrator will be also built to conduct test at in laboratory environment (described in Section D of this paper).

B. Architecture Definition

1) High-level drivers. So far, to equip an aircraft with a Radar, an EW system and COMMs devices, at least three RF apertures are required each of them dedicated to a specific function. As space on board is limited, the main choices made for the systems currently in operational use are: One of the advantages of a multifunction system is to limit this number of RF apertures:  For a combat system, this makes easier to achieve a reduced signature.

 Large (high
 On a surveillance system, especially on drones, this helps to communalize the resources, and therefore to reduce the weight, size and overall cost [5].

The design of this multifunction system must make it possible to perform the three roles mentioned above at the same time [START_REF] Kemkemian | Radar and Electronic Warfare cooperation: How to improve the system efficiency?[END_REF].

The aim of the project is to analyze the trade-offs associated to such Multifunction AESAs. First, the total targeted frequency bandwidth [2-40 GHz] has been split into 3 sub-bands corresponding to challenging targets in the field of radiating arrays (see Section C.a). For each frequency bandwidth, the achievable performances have been estimated and compared to the targeted capabilities defined in the CONOPS and to the identified system requirements. The objective is to address the full digital AESA ie digitization at radiating element level. This kind of AESAs is already in operational use for land systems for narrow band applications. However, making use of digital broadband MFRS could be a game changer for aerial platforms as explained in detail in the following paragraph.

To achieve this objective, several steps are under analysis to manage the opposite constraints of SWaP-C and RF performances such as instantaneous bandwidth and EIRP. The on-going analysis of the architecture proposes to define an AESA populated with two kinds of modular digital sub-blocks behind the radiating panel: a full digital one with a limited instantaneous frequency bandwidth and an analog one allowing a higher instantaneous frequency bandwidth and with a digital output interface.

2) Digital Antenna. This multifunction AESA must be able to receive signals coming from several simultaneous directions, i.e. allow the DBF:  In monostatic operation, the DBF on receive makes it possible to observe a wide angular domain while having an acceptable revisit rate and a realistic waveform. This DBF shall be used jointly with a wide transmit beam. As the same AESA is used for transmission and reception, it is necessary that all the TRMs be transmitting for optimal power efficiency: this implies that several orthogonal waveforms are simultaneously transmitted by several groups of TRMs (MIMO). In the case of low manoeuvring platforms such as surveillance systems, a 1D-DBF architecture may be an acceptable compromise in the years to come. On the other hand, highly manoeuvring platforms such as fighters require 2D-DBF in order to be efficient whatever the attitude of the platform.

 Future Radar systems should be able to operate in multistatic mode for covert operationa standoff illuminator and silent Radar receivers -. As soon as the bistatic angle is no longer zero (monostatic or quasimonostatic cases), the DBF (at least in the horizontal plane) is necessary, otherwise the efficiency decreases considerably in terms of required power and revisit time.

 On the one hand, a very sensitive ESM function is achieved by using a wide band high gain antenna. On the other hand, a narrow beam makes the scanning strategy very difficult and obtaining a high POI (Probability Of Interception) implies the use of DBF.

The ultimate goal is thus to have a broadband AESA with element-level digitization. This digitization must satisfy both the Radar requirements (high dynamic range, moderate instantaneous bandwidth) and the EW requirements (moderate dynamic range but maximum instantaneous bandwidth). Combined with an efficient beam forming device, such a digital antenna makes it possible to receive simultaneously in a large angular domain whatever the platform manoeuvres.

C. Technological Building Blocks (TBBs) a) Antenna

A very broad band, dual polarized radiating panel with wide-angle scanning capabilities is a key component of scalable RF AESA system architectures. This challenging concept, based on a unique aperture, will provide reception and transmission functionalities for Radar, EW and COMMs.

In CROWN, three different approaches, operating in distinct and overlapping bands, are studied:

-Low band design: 2 GHz -X GHz (X≥10) -Medium band design: Y GHz -18 GHz (Y<X) -High band design: 16 GHz -Z GHz (goal: Z=40)

For the low and medium band antennas, the technologies are based on multi-layer PCB techniques. They provide low profile and light weight antenna solutions. The antenna designs rely on technologies such as coupled radiators and metamaterials inspired approaches.

For the high band antenna, Printed Circuit Board (PCB) and / or other technologies based on Vivaldi elements (for instance) are considered.

To improve radiation efficiency over scanning angles up to ±60°, the concepts will use Wide-Angle Impedance Matching (WAIM) techniques. Finally, to maximize the array performance in terms of efficiency and gain, low loss dielectric and conductors will be selected for the design.

b) Digital Beam forming

A growing trend in phased array systems is an increased number of radiating elements per system to adopt beam forming technology. This tendency improves the sensitivity and selectivity of the system.

AESAs are the latest version of phased array systems. A continuous evolution of the technology in Analog/Digital converters allow digital integration to provide higher performance, reduced power consumption, smaller footprint and common front-end compared to previous converters. This evolution enables a change in specific solutions where widebandwidth RF applications requires small form factor, reduced cost and scalability. With previous converters, a heterodyne architecture must be implemented by using RF devices to cover the operational bandwidth that is out of converter bandwidth. Nevertheless, RF signal can be digitized an processed directly with new converter solutions.

Analog, digital and hybrid are the main approaches to beam forming in antennas with electronic steering. DBF approach is considered superior to Analog Beam Forming (ABF) in terms of flexibility, for example when multi-beam applications are considered, or wideband signal processing.

However, certain DBF applications increases complexity and power consumption in current designs. Fortunately, new techniques on silicon processes will reduce complexity and power consumption in mid/long-term.

As long as DBF does not provide the desired performance in current designs, the hybrid solution is the best option. Hybrid beam forming achieves a balance between analog and digital beam forming.

Considering a Uniform Linear Array (ULA). The system can be classified as narrowband or wideband depending on application deployed:

Narrowband 𝑁 * 𝜏 ≤ 𝑇 𝑠 Wideband 𝑁 * 𝜏 > 𝑇 𝑠
Where N is the number of antennas in the array, 𝜏 is the delay between the adjacent elements in the array, and 𝑇 𝑠 is the inverse of the received pulse bandwidth.

Phase shifting technique provides a good performance for narrowband beamforming. However, on wideband beamforming phase shifting produces beam squinting, causing antenna defocussing. To avoid this effect, a time delay must be included. Currently, resource allocation frameworks for AESA Radars are usually rule-based with a priority queue scheduling [START_REF] Butler | Tracking and control in multi-function radar[END_REF][8][9] [START_REF] Moo | Adaptive Radar Resource Management[END_REF]. Although such frameworks can be extended to multifunction RF AESA systems unifying Radar, EW and COMMs, a quality-of-service-based approach [START_REF] Moo | Adaptive Radar Resource Management[END_REF][11] [START_REF] Durst | Quality of service based radar resource management for interference mitigation[END_REF] is preferable in this context. Such an approach uses quantifiable and objective quality measures assessing the expected benefit of a task execution to guarantee optimal overall system performance and load balancing via a global optimization scheme, while meeting required service levels. This is even more true for the concurrent operation modes within the CROWN project, which allow the system to conduct multiple RF tasks concurrently instead of sequentially. Concurrency will be achieved by interleaving RF tasks, by using multifunction waveforms or by using multiple beams or subarrays to perform multiple tasks simultaneously.

In the course of the project, a resource management framework comprising the modules task generation, priority assignment, resource allocation, scheduling and waveform optimization will be developed, allowing for the concurrent operation of multiple RF tasks. Furthermore, a tactical optimizer serves as an interface between resource manager, the rest of the system, operator and environment to assist the multifunction RF system in the assessment and processing of mission-specific information. The use of approaches based on artificial intelligence, in particular reinforcement learning [START_REF] Durst | Quality of service based Radar resource management using deep reinforcement learning[END_REF], will be investigated, while also considering robustness and explainability.

Besides the challenges involved in the general design of a framework with such capabilities, key aspects include the definition of the required performance models for the evaluation of the different modes and tasks to enable a global optimization of resource utilization as well as the design and optimization of suitable specialized waveforms.

d) Transmit and Receive Modules

Highly integrated components and TRMs capable of high power, high-frequency, high tunable as well as instantaneous bandwidth and operation under harsh military conditions are key enablers for the realization of future multifunction AESA systems. The main design requirements to be fulfilled include increased carrier frequencies, broader instantaneous and tunable bandwidths, high degree of integration, increased power and efficiency levels. Furthermore, the combined radar, COMMs and EW application sets new standards for power consumption, bandwidth, linearity and dynamic range. To address these challenges, novel TRM component architectures exploiting the most advanced semiconductor processes need to be implemented. Typically TRM definition does not discriminate between single-channel or multi-channel architectures and corresponds to a specific physical implementation, where all the components would be housed in a single unit.

Within CROWN scope, TRMs are defined as the AESA demonstrator building blocks including all the RF analogue functions from the analogue to digital interface on one end to the antenna elements on the other end. Consequently the TRM may be also housed across separate physical units.

In the mainframe of the Transmit and Receive Module task the objective is to develop wideband and tunable channels, covering the entire spectrum from 2 GHz to 18 GHz for combined radar, EW and COMM application. The ultra-wide bandwidth will be covered by novel low band and medium band components. Furthermore, the high band TRM will address frequencies up to 40 GHz for EW and COMM applications.

The overall research and development is divided into three main categories:

The first category focuses on the development of TRM based on the selection and integration of the State of the Art (SotA) Monolithic Microwave Integrated Circuit (MMIC) components as available on the market today targeting the level of maturity of TRL4. These TRMs will be assembled into a scalable demonstration system to fulfil the functionalities and as much as possible with respect to the specifications of future system needs.

The second category is mainly devoted to investigation, design and manufacturing of novel components fully addressing future system requirements. In particular, aspects such as integration level, heat dissipation, linearity, bandwidth and cost-effective packaging will be of focus. Open foundries established in the European Union, including UMS and Leonardo for will be evaluated for Gallium Nitride (GaN) production capabilities. At least two foundries will be selected for the MMIC design and manufacturing, with the objective of assuring a strong supply chain in terms of available EU open and trusted foundries.

The third category focuses on the feasibility study to assess the alternative technologies for future TRM design. Here in particular the aspect of integration will be addressed. The most advanced European GaN and Silicon Germanium (SiGe) technologies will be assessed on simulation level to evaluate the achievable performance and compliance with the AESA system requirements.

D. Laboratory Demonstration

The main objective of the Laboratory (LAB) Demonstration is to assess the joint and coordinated operation of the Radar, EW and data link functions in a laboratory environment. To obtain that evidence, a set of test cases will be conducted on a small-scale system demonstrator composed by a sample of the four building blocks: The first activity comprises the definition of the LAB demonstrator specification based on the final system requirements specification. Then it is described the architecture design of the LAB demonstrator that integrates the building blocks. These requirements and architecture not only affect to the LAB demonstrator, but also to the building blocks themselves, in order guarantee compatibility between elements, the fulfillment of the requirements and Key Perfomance Indicators (KPIs) and to facilitate their integration. It is in this phase, that the necessary elements not provided by the building blocks are identified and defined, to be procured. This integration of the building blocks in a system able to be operated in a laboratory, involves the definition and development of a HW and SW setup. This setup will be as a building block itself, because it will take into account, not only the structure to accommodate the TBBs, power source, cooling, external synchronization and interfaces, but also, the SW applications to control and communicate with the TBBs, generating the waveforms and analyzing the recorded information.

The tests definition will start from the demonstrator requirements and KPIs previously defined to describe the necessary tests to be performed over the demonstrator. These tests will also define the required test setup (necessary equipment, tooling and site) to be built for verifying the starting assumptions.

The tests defined will measure the performances of the LAB demonstrator in single beam operation for Radar, EW and COMMs operation. These tests will demonstrate that these functionalities can be accomplished by using a single system.

Then, coordinated (non-concurrent) operation of Radar, EW and COMMs will be tested in same single beam and different beams for each operation following the RSM schedule.

Finally, two functions will be tested in joint and coordinated operation, dividing the array into two subarrays and multiple beams, demonstrating the capability of concurrent operation.

Tests results, as well as, any deviation to the expected results will be registered in the test report. Compliance with the LAB requirements and recommendations will be evaluated to provide a final assessment, determine the TRL achieved and identify future works.

These results and assessment will serve as input to system modelling and simulation to verify and validate future system's performances.

E. Modelling and Simulation

The main purpose of modelling and simulation activities within the CROWN project is to assess the performance of the proposed system and the benefit by the advancement of the technological building blocks described in Section C. This applies to both a future operative system and to the LAB demo system in section D. It is clear that apart from the model of the CROWN system, models are also needed for one or more reference legacy systems as a baseline for comparisons.

A set of KPIs have been identified that will be used in the assessment. By analyzing each KPI and deciding on a way to determine the value, it is found that a multitude of methods must be used. Some of the KPIs can be measured, some can be calculated by static methods, and some should be determined by simulation. A flexible simulation framework is required and we can find examples of earlier attempts to develop such frameworks [START_REF] Boman | Antenna RF-system simulation including hardware artifacts[END_REF] [START_REF] Chen | Phased array system simulation[END_REF].

The simulations aim to address requirements connected to missions and scenarios. The basis for the simulations are the CONOPS, describing how the system is intended to be used in general, with examples of specific missions. This will be further expanded to provide detailed definition of the environment and the actions of all involved simulation entities.

The CROWN system in the simulations is defined by the system architecture with its parameters and the installation on the platform. It will be modelled through subsystem models describing the resource-management, the digital beamformer, the Transmit Receive Channels and the antenna. Some parameters and details of the scenario can be randomized to enable Monte Carlo simulations.

The combination of models describe how the system is used in the scenarios and predict the performance of concurrent operation of Radar, EW and COMMs modes.

Initially, a simplified resource-manager will be implemented that will allow to schedule beams for all the modes of operation in a predictable manner. It may eventually be substituted by the full resource manager described in Section C.

F. Critical Technology Assessment

The CROWN demonstrator will require state-of-the-art building blocks to fulfil the challenging specifications. These components are today source both from Europe as well as from the rest of the world. However, to secure access to the critical components and technologies, an assessment of the capabilities within Europe is carried out. The need for access to critical technologies is not only identified by the CROWN Consortium, and the European Union has therefore initiated the European Chips Act [16] to support development and manufacturing of critical technologies within EU. The CROWN project will point out the key technologies needed to keep European Defence industries competitive, and as well in which areas Europe need to invest further. The specific areas of initial assessment are microwave electronics for the frontend, digital electronics for mixed signal as well as data processing, and advanced packaging technologies.

V. SUMMARY AND CONCLUSIONS

Today's systems are not limited to completing a single task. Systems that can execute several functions from a single unit are in high demand. As a result, to accommodate for specific requirements, numerous subsystems are integrated into a single system. To address the complicated difficulties of integration, the construction of such modern systems necessitates an engineering approach [17] [18]. This paper discusses the fundamental issues that must be considered in the design and development of a Multifunction RF AESA system, where Radar, EW and COMMs are RF capabilities to consolidate inside CROWN's system.

Up to now, an analysis and evaluation of different architectures for each building block has been accomplished following a methodical, cyclical, and iterative approach to achieve a set of requirements and a list of attributes to be developed. This methodology allows the project to explore the trade-offs, compromises and their implications in the final system performance at first hand. In addition to this, a detailed description of high level KPIs for the main building blocks and low level KPIs for its components has been created. CROWN's next steps comprise three main pillars.

•

Conception, design and development of a combination of models to assess the impact at system level of the technological development made in the building blocks. These models have as input the mission requirements defined in the operational scenarios and the set of requirements and attributes defined in the analysis and evaluation process.

•

The development of an RF-Sensor Resource Manager software simulator which generate tasks and their associated priorities for the multifunction RF system, allocate these tasks to the AESA antenna, and schedule the beams and optimize the waveforms for each task.

•

The attainment of a laboratory system demonstration which integrates small-scaled components and building blocks in order to demonstrate the joint and coordinated operation of radar, EW and COMMs functions.

CROWN laboratory system demonstrator will allow the investigation of an AESA-multifunction architecture based on commercially available technology to demonstrate the principles of such designs. Ultimately, such architecture will be based on future European highest density semiconductor technologies with modular and scalable designs to improve the European manufacturing value chain and strengthen the European Defence Industry. This investigation will allow CROWN to identify European industry gaps in RF system technologies and to provide a roadmap to close those gaps creating a new European manufacturing value chain in order to realize the goal of a European Multifunction RF system.

  The final objective is to have system for an aerial platform at TRL7, without end-user restrictions, by 2027. Current phase has to achieve at least a Technology Readiness Level (TRL) of TRL4 by 2024. Within these premises the structure of the project has been divided into 11 work packages covering management, technical and communication activities.
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It will be addressed research and technological development (R&D) activities to get tangible progress for the

  future development of a high performance European Wideband Multifunction RF AESA-based.

	models (MBSE -Model Based System Engineering) for the
	development of SMRF systems. RM4MRF (Resource
	Management for Multifunction AESA RF Systems) was a
	study financed by EDA focused on the effective resources
	allocation for the implementation of the different system
	functions. Main objective of SREQ (Study on scalable
	architecture for SMRF sensors demonstrator requirements)
	was to define the requirements of a SMRF system
	demonstrator for airborne applications. Finally, within the
	study SPECTER the topic of multifunction RF systems test
	and evaluation was covered. Procedures and European
	capabilities and facilities for testing were reviewed during the
	execution of this study.
	All these projects and studies have led to include a
	specific call in 2019 within the European initiative PADR for
	the development of European Multifunction RF systems.
	III. CONSORTIUM
	CROWN project is being carried out by the main
	representatives of the European Defence Industry. The project
	is coordinated by the Spanish company Indra Sistemas and the
	Consortium is also supported with 4 research centers and 1
	SME. In total, 11 entities from 7 European countries that are
	listed below:
	 Indra Sistemas (lead) (Spain)
	 Thales and ONERA (France)
	 Leonardo and Elettronica (Italy)
	 Hensoldt and Fraunhofer FHR (Germany)
	 Saab and FOI (Sweden)
	 TNO (Netherlands)
	 BPTI (Lithuania)
	IV. OVERVIEW OF THE PROJECT
	CROWN project, starting in July 2021, is conceived to last
	30 months. Main goal is to demonstrate the joint and
	coordinated operation of the different functions (Radar,
	Electronic Warfare, Communications) in a digital RF AESA
	System.
	AMBASSADOR (Advanced Model-Based Approach to
	SMRF Specification, Analysis, Development and
	Obsolescence Reduction) project focused on the advantages
	of applying the System Engineering methodology based on
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