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OCTAVE, an automatic flight control system based on visual guidance
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OCTAVE, un système visuel de contrôle automatique de l’altitude pour microdrone OCTAVE, a visual altitude AFCS for micro-air vehicles Ruffier F. and Franceschini N. Biorobotique, Lab. Mouvement et perception, Marseille CNRS / Univ. de la Méditerranée



Optic flow definition • Generation of a retinal slip speed during translation Buchner, 1982 • Optic Flow : - high when the flower is close - low when the cloud is far away • Winged insects use optic flow for navigation



Pichon, Blanes, Franceschini SPIE (Vol. 1195) 1989



2 cm



Ruffier, Franceschini SPIE (Vol. 5119) 2003



Viollet, Franceschini AMIRE 2001



Previous developments in Aerial Robot Visual Guidance at the Biorobotics Lab ¾Mura F. PhD thesis (1995) Simulation and bibliography



¾Netter T. PhD thesis (2000)



Fania, Aerial robot Netter and Franceschini (1999, 2002)



Characteristics of a natural micro-aircraft : the fly • Mass : < 1g Size : < 2cm • Linear speed max : ≈10m/s Angular speed max : ≈ 4000°/s



Avoiding obstacles Chasing at high speed



Landing with a high accuracy



Hovering



Elementary structure of a compound eye Acceptance angle ∆ρ Interommatidial angle ∆ϕ Visual axis



Ommatidium



Horridge (1977)



Elementary eye



A delay ∆t appears between the two photoreceptors outputs ⇒ The eye converts the optic flow Ω into a delay ∆t Elementary Motion Detector (EMD) processes ∆t to estimate Ω



EMD processes ∆t to estimate the optic flow Ω Blanes 1986, Franceschini et al. 1986



• Functional diagram relies on findings in fly’s EMD neurons (characterization of the dynamics and the various nonlinearities, Franceschini 1985, Franceschini and al. 1989)



New µc-based EMD design



Ruffier, Viollet, Amic, Franceschini IEEE ISCAS 2003



• Implemented in a tiny 8 bits Microcontroller (3×3 mm) • Digital filtering • Sampling Freq : 1 kHz • Fixed point processing with MATLAB (RTW embedded coder)



µC-based EMD circuit Original analog SMD EMD circuit



µC-based EMD circuit



1250mm²



540mm²



100mW



40mW



6 grams



0.8 grams



• Mass and Consumption reduction • Far from VLSI integration and consumption performances Top view Bottom view



Photodiodes + Lens + EMD = 2.5 grams



Proof-of-concept MAV



¾Small, tethered rotorcraft (100-gram) ¾Eye position servo system ¾Gaze automatically oriented downwards



OCTAVE system implementation



Ruffier, Franceschini SPIE (Vol. 5119) 2003



Test-rig and visual environment ¾ Test-rig : makes the rotorcraft free to lift itself and travel in circle ¾ Visual environment • richly contrasted • low effective edge contrast: 4% to 30% ¾ Relief : part of the printed disc mounted on a slanted surface



Trajectories as a function of speed • Altitude varies automatically as required by the relief • OCTAVE operates here at ground speeds from 1m/s (curve 1) to 3m/s (curve 4) • OCTAVE automatically generates a safe altitude, which suitably increases with ground speed Ruffier, Franceschini SPIE (Vol. 5119) 2003



Trajectories as a function of optic flow set point • OCTAVE system generates a safe altitude • Altitude varies automatically as required by the relief • The lower the optic flow set point, the higher the altitude • ΩEMD =1V corresponds to Ω=45°/s ; 2V≡80°/s; 3V≡160°/s Ruffier, Franceschini SPIE (Vol. 5119) 2003



Conclusions •



EMD miniaturization using digital filtering



Easy reprogramming Connectivity (stand alone modules, serial communication bus) Compact module



•



Visual Guidance onboard MAV with OCTAVE



“Optic Flow regulation” based strategy No need for any explicit knowledge of ground speed (no Doppler) No need for any explicit knowledge of local altitude (no radio-altimeter)



•



OCTAVE system well suited to MAV constraints



• Defence of PhD dissertation planned for Spring 2004 • Looking for a position for mid-2004 (Postdoc or ATER) • Contact : Franck RUFFIER [email protected] www.laps.univ-mrs.fr/~ruffier
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