Probabilistic Methods

NMPC -Computational Approach

1: propagate model with a given set of inputs from k•T s .. k•T s +T p 2: J min,k  minimum cost function 3: if J min,k < J min,k-1 , then 4:

apply input with minimum cost 5: else 6:

apply previous input 7: end 
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  www.ifr.uni-stuttgart.de total flight time 24 h, 17 flights path length 260 km area 8 km 2 ground resolution < 2.6cm Motion Planning -Towards Autonomy  3 dimensional, considering 6 degrees of freedom, 12 states  From a given initial state ("in flight") to a final state ("landing")  Under constraints of -position (obstacles) -velocitiy (flight dynamics) -attitude (flight dynamics) -rates (flight dynamics) Motion Planning Research -Overview  Goerzen/Kong/Mettler, J Intell Robot Syst (2010) 57 A Survey of Motion Planning Algorithms from the Perspective of Autonomous UAV Guidance uncertainties and robustness has not been studied much..  ..majority of methods do not include much discussion about practical application.  When they do, they often only provide simulation results..  ..most of the practical implementations of UAV guidance have been of the hierarchical decoupled control type..
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  .uni-stuttgart.de  Prediction horizon T p  d quantization values of controls, simplest case: +1, 0, -1  m intervals with constant controls, simplest case: Dt 1 , Dt 2  n control signals, simplest case: p and q (roll/pitch rate)
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  Prediction over 8 sec  Sample rate 10 Hz  d=81=3 2•2 control options  2 controls (p and q)  3 constant values each (+1/0/-1)  2 time intervals (Dt 1 +Dt 2 =T p )  within constraints, obstacle avoided www.ifr.uni-stuttgart.de  NMPC1  d=3, # of quantized control values  n = m = 2  d n•m = 81 control options  NMPC2  d=9, # of quantized control value  n = m = 2  d n•m = 6561 control options
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 Waypoint RRT and bounding boxes  straight line and steady-state turns  RRTs with motion primitives  becomes complex with non-steady motion primitives  RRTs with closed loop dynamics included ("towards" NMPC) 7 www.ifr.uni-stuttgart.
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