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I. INTRODUCTION

The satellite community has seen a change in the market as operators consolidate their fleets, assess the future demand and try to anticipate how best to answer and remain competitive. In parallel, satellite manufacturers have been progressing their technologies, capabilities and development schedules. The outcome of both, is a move towards flexible satellites which are quick to market.

However, this does not answer all the demand. There are still applications for 'traditional' satellites, and at the other end of the scale, Very High Throughput Satellite (VHTS) systems offer capacities and economies of scale potentially not reached in classical configurations. One theme is common however, the need and evolution of active antennas.

The following sections will highlight some of the key system aspects, design drivers, technology evolutions and industrialisation considerations.

II. MARKET AND APPLICATION FLEXIBILITY

In recent years, capacity demand has been on a vast upward trajectory, as evidenced by a number of published reports. To answer such demands, satellite systems are being designed for a number of applications and the solutions vary between GEO and NGEO as manufacturers, operators and commercial entities seek to find cost effective solutions as we move into the realm of global user connectivity. Two trends are becoming increasingly evident:

1. Flexibility 2. Increased overlap between systems, their applications and functions Both of these points are being answered by the increased role of the active antenna. Commercial systems are utilising designs to increase the adaptation to a number of applications, government markets continue to realise the flexibility, granularity and performance offered by active antennas and VHTS systems are utilising active antennas as they look to provide very small, high gain beams either in distributed geographies or via dynamic beam hopping configurations.

III. SYSTEM CONSIDERATIONS AND DESIGN DRIVERS

Clearly different systems will require a variety of approaches and exhibit differing drivers in the final configuration, however there are top level system considerations and implementations that require close attention in the design phase in order to maximise the system to the application. Such considerations include:

• Mass • Power • Thermal design • Number of elements and pitch • Beamforming technology
IV. TECHNOLOGY EVOLUTION Satellite manufacturers, with the help of the agencies, continue to drive technology advancement and this is no more evident than in active antennas. One key area is in the manufacturing technique of the passive section of active arrays. As highlighted in the previous section, mass is a key equation in the system budget. Evolution in manufacturing techniques means that they may now be implemented further in the RF domain and no longer restricted to structural supports or brackets. Utilising additive manufacturing brings benefits in terms of mass, number of piece parts, assembly and integration process and schedule. With techniques and processes bringing improvements in granularity and mechanical representation, more complex shapes, required by RF components are more readily achievable. This is particularly advantageous when we consider applications which require the number of elements to increase towards the large 10's, 100's and 1000's in the case of VHTS missions.

Employing additive manufacturing has been envisaged and utilised in structural supports for some time, but as manufacturers search to find mass efficient solutions, this brings its own lessons to be learned as we seek to extend the application of such techniques. Fig. 2 illustrates a lattice structure that was manufactured to add additional support to a feed structure. The lattice was intentionally made thin to reduce unnecessary mass, however on cooling the lattice sections we observed to shrink, reducing the structural stability required. Compromises therefore need to be considered when looking to maintain structural stiffness and mass efficient solutions.

When considering implementation on a larger scale, such as in HTS and VHTS missions the passive sections subsequently increase in size. Considerations therefore need to be made in terms of tolerances achieved, or required, across the array, or indeed if the array is formed as a single unit, or multiple sections. In the latter scenario, if multiple sections are employed, considerations of how these sections interface must also be made.

V. BEAMFORMING TECHNIQUES AND CORRESPONDING ANTENNA DESIGNS

There is a continuous increase of capacity in Space Telecom Systems to cover wider scanning areas with narrow and high directive beams, sometimes to provide even global coverage. This is particularly relevant when we consider high and VHTS applications. Similarly some applications, require or indeed benefit from an analogue layer. In both instances, classical solutions present some limitations Direct radiating arrays are an alternative that produce many narrow beams within a wide field of view (f.o.v.), advantageous when coverage flexibility over the visible Earth is required. However, even when considering hybrid implementations that combine analogue and digital beam forming layers, the beam width is limited by the aperture size. So, for very directive beams, bulky and heavy arrays would be needed and the gain potentially limited without the benefit of magnification from a reflector.

Single feed per beam antennas are another known alternative, in this case, the separation of consecutive beams is limited by the size of the horn aperture, to overcome this limitation several parabolic reflectors are used.

Image phase arrays could overcome all these limitations although still there would be Grating Lobes in the f.o.v. Using combined analogue and digital beam forming allows the possibility of combining the elements with weights at two different levels which could be used to keep GL out of the observation area.

A large parabolic reflector fed with a Direct Radiating Array, using subarrays cleverly combining digital and analogue beam forming techniques, provides a complete Earth coverage highly populated with high directive beams. A global coverage high capacity service can be provided with a very limited degradation at the edge of the coverage while keeping the area of interest free of GL.

VI. INDUSTRIALISATION

Once the system has been designed, it moves into the Industrialisation phase. However, this phase must not be forgotten or delayed. It is clear that a cost effective approach will only be possible if industrialisation of any active antenna system is considered early in the design phase. This will enable, where possible, a modular approach, schedule optimisation via parallel activities or automation, designs including AIT considerations etc. In addition to assembly, the time taken to test shall need to be closely considered. This is valid for repeat build of modular, generic designs, but also when considering large implementations of elements. In this aspect automation techniques are clearly required to maintain testing standardisation, minimise setup and down town and optimise the validation sequence.

As manufacturers take benefits from the streamlining approach employed in constellation manufacturing and assembly processes, robots and cobots are becoming more prevalent. This enables a systematic approach to testing but also requires consideration of generic use and application in order to fully benefit from potential improvements.

VII. CONCLUSIONS

Airbus Defence and Space continue to innovate their active antenna designs to meet customer requirements and push technology and processes. With this comes great advancements that are crucial for competitive solutions but in themselves bring a variety technical considerations and challenges that must be overcome to fully provide performance, cost effective solutions within ever demanding schedule constraints.
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