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In the future, small UAVs will become an important part of national security. This kind of aircraft has proven to be tremendously flexible devices and can be used for many civil and military purposes. Telecommunications plays a more important role in the operation of UAVs than it does for manned aircraft since all the decision-making occurs on the ground (either before or during the flight). Currently, communications between UAVs and ground stations are based on RF systems and low-earth-orbiting satellite links. Both are long range communications but also have low bandwidth (usually in the order of hundreds of kbps or less). The move to optical carrier frequencies means a qualitative leap because it provides a shift from MHz  to hundreds of thousands of GHz, lowering the signal divergence by five orders of magnitude. Lower divergence allows higher reception power and signal-to-noise ratio, enabling faster communications with lower bit-error-rates. It is also a more secure technique since the laser communication beam can not be intercepted without being noticed, as interception leads to signal fading. Another big advantage is that this technology enables lower power consumption and smaller and lighter terminals.

This paper describes briefly the design of a free-space laser communication system as an improvement to standard radio frequency (RF) links from Unmanned Aerial Vehicles (UAV) to ground stations. The work reported here belongs to the SINTONIA program (acronym in Spanish for low-environmental-impact unmanned systems), led by BR&TE (Boeing Research and Technology Europe) with the purpose of boosting Spanish UAV technology. The work of GDAF-UC3M is under the coordination of INDRA, S.A. and INSA, S.A. Since an essential target in the SINTONIA program is developing low-impact technology onboard UAVs, optical communications fit ideally to these requirements.
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Figure 1: Modulating retroreflector principle.
Given the strong effort needed to optimize the telecommunication payload, a modulating retroreflector (MRR) has been proposed as a communication terminal on board UAVs (Fig. 1). This device combines a retro-reflector and an optical modulator and is capable of returning light from a distant interrogating laser source, without any additional pointing requirement onboard, while simultaneously modulating its intensity on the way back. Such a system allows both the laser transmitter subsystem and the acquisition, tracking and pointing (ATP) subsystem to be eliminated on one end of the link, which results in a considerable reduction of power, size and weight onboard the UAV. The burden moves to the ground station but the ATP subsystem is also eased, since the MRR acts as a pointing reference by reflecting the incoming laser beam back to its source.

Despite the great potential of this technology for UAV communications, little research has been made concerning fast optical modulators for MRRs, so data rates are still in the order of the RF ones. Nevertheless, the communication payload is smaller, lighter and takes less power. In high-performance UAVs, the potential of free-space optical communications is bigger, since the technology needed to go far beyond RF communications in terms of data rate is already available –bitrates over the Gbps frontier are indeed achievable. Within SINTONIA program, the viability of lasercom with minimum communication payload onboard UAVs is going to be demonstrated –for which MEMS-based (MicroElectroMechanical Systems) MRR will be used in the order of hundreds of kbps– as well as high-rate communications with UAVs –for which the ground laser transmitter will be OOK-modulated in the order of hundreds of Mbps–.

The MEMS modulator is a reflective diffraction grating with controllable groove depth (Fig. 2). It acts as one of the three mirrors that make up the retroreflector and is capable of modulating a continuous laser beam by switching between an unpowered flat-mirror state to an energized-diffractive state.
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Figure 2: Modulating retroreflector based on MEMS optical modulator.
The ATP subsystem is a key part of the system and is based on a two-axis gimbal for tracking and coarse pointing, and a fast steering mirror (FSM) for fine pointing. The pan-tilt gimbal continuously tracks the trajectory of the UAV, aided by its GPS position, and transmits a beacon laser with a beam width wide enough to make up for the GPS-position error, so that the UAV is always illuminated by the beacon. Based on the retroreflector principle, the reflection of the beacon can be constantly monitorized through an IR camera in order to determine the exact position of the UAV. The communication laser, with a much smaller beam width than the beacon laser, is transmitted through a telescope controlling its fine position with a FSM. Fine pointing is based on a biunivocal correspondence between the position of the beacon in the camera image and the movement of the FSM that is needed to illuminate the MRR with the communication laser. This strategy makes it possible to maintain a real-time fine pointing with the UAV in a continuous mode.

The IR laser beacon technique just explained is a novel tracking method, that has the potential to increase the resolution of UAV tracking systems, even if they don’t have to do with optical communications. This system would be based on a retroreflector –or an array of retroreflectors– onboard the UAV and a ground station consisting of a GPS-aided pan-tilt gimbal carrying an IR laser transmitter and an InGaAs high-speed camera (each of them with a divergence-control lens). Such a simple system would be able to improve the accuracy of airplane tracking compared to the current RF multi-beam antenna systems.
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Figure 3: Beam divergence control to ensure a constant beam width regardless of the distance.
The laser-beam width that reaches the UAV needs to be designed carefully. Regarding the communication laser, this width has to be small enough to achieve the needed signal-to-noise ratio considering the way back from the retroreflector, but big enough to make up for the movements of the UAV that the FSM can not correct. In the design of this beam width it is also important to consider the FSM range of angular laser movements before entering the telescope and the minimum divergence achievable taking into account the largest link distance. Thus, since the UAV-to-ground station distance may vary greatly, a beam-divergence control has been designed to produce the same beam width in the UAV regardless of the distance (Fig. 3).

Using an MRR as a transmitter in an optical communication link implies that the optical axis is the same for the transmitted and the received beam, considering that the beam width is always bigger than the retroreflector aperture. The simplest solution to enable the reception of the laser on its way back is to shift the ground receiver out of the optical axis, but an important part of the returning light is lost this way. The solution proposed in this design is creating two different optical paths within the same physical path. This is possible by deflecting the laser on its way back to a different direction towards the photodetector without loss of power: the ground station transmits in linear polarization and the detector receives the laser in the orthogonal polarization.
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Figure 3: Current state of the ground station.
Future system updates will include higher data rates using fiber optics technology at ground station, atmospheric turbulence mitigation with aperture averaging and adaptive optics, and active inertial stabilization of the ground station to make it suitable for mobile platforms.
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