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Intelligent Perception and Situation Awareness for Automated vehicles

Keywords: Intelligent Perception and Situation Awareness for Automated vehicles Christian Laugier, Julia Chartre Embedded Bayesian Perception  Main challenges Basic idea  Multi-Sensors Observations Lidar, Radar, Stereo camera, IMU …  Probabilistic Environment Model  Sensor Fusion Uncertainty, Partial Knowledge, World changes

published or not. The documents may come   L'archive ouverte pluridisciplinaire

Solving for each cell

Joint Probability decomposition:

P(C A O O -1 V V -1 Z) = P(A) P(O -1 V -1 | A) P(O V | O -1 V -1 ) P(C | A V) P(Z | O C)
Bayesian Filtering 



  Approach: Embedded Bayesian Perception  Reasoning about Uncertainty & Time window (Past & Future events)  Improving robustness using Bayesian Sensors Fusion  Interpreting the dynamic scene using Contextual & Semantic information  Software & Hardware integration using GPU, Multicore, Microcontrollers… Bayesian Occupancy Filter (BOF) => Patented by Inria & Probayes => Commercialized by Probayes => Robust to sensing errors & occultation  Used by: Toyota, Denso, Probayes, IRT Nanoelec / CEA  Free academic license available  Industrial license conditions under negotiation with Toyota[Coué & Laugier IJRR 05] [Laugier et al ITSM 2011] [Laugier, Vasquez, Martinelli Mooc uTOP 2015] 

(

  Grid update at each time step) C. LAUGIER & J. CHARTRE -"Intelligent Perception & Situation Awareness for Automated vehicles" GTC Europe 2016, Amsterdam , September 28Spatial occupancy for each cell of the grid P (O | Z ) • Grid update is performed in each cell in parallel (using BOF equations) • Extract Motion Field (using Bayesian filtering & Fused Sensor data) • Reason at the Grid level (i.e. no object segmentation at this reasoning level) Exploiting Dynamic information ! => Drastic memory size reduction (factor 100) + Increased efficiency (complex scenes) + More accurate Velocity estimation (using Particles & Motion data from ego-vehicle )  Conditional Monte-Carlo Dense Occupancy Tracker (CMCDOT, 2015) => Increased efficiency using "state data" (Static, Dynamic, Empty, Unknown) + Integration of a "Dense Occupancy Tracker" (Object level, Using particles propagation & ID) [Negre et al 14] [Rummelhard et al 14] [Rummelhard et al 15] Several implementations (models & algorithms) more and more adapted to Embedded constraints & Scene complexity Jetson TK1 Tracking & Classification => See experimental results at the end of the talk (video) Tracked Objects Classification (using Deep Learning) Grid & Pseudo-objects Short-term collision risk -Main features => Grid level & Conservative motion hypotheses (proximity perception) o Detect "Risky Situations" a few seconds ahead (0.5 to 3s) o Risky situations are localized in Space & Time  Conservative Motion Prediction in the grid (Particles & Occupancy)  Collision checking with Car model (shape & velocity) for every future time steps (horizon h) o Resulting information can be used for choosing Avoidance Maneuvers Proximity perception: d <100m and t <5s d= 0.5 s => Precrash d= 1 s => Collision mitigation d > 1.5s => Warning / Emergency Braking Understand the current traffic situation & its likely evolution  Evaluate the Risk of future collision by reasoning on traffic participants Behaviors  Takes into account Context & & J. CHARTRE -"Intelligent Perception & Situation Awareness for Automated vehicles" GTC Europe 2016, Amsterdam , September 28-29 2016 19 © Inria. All rights reserved  Highly parallelizable framework, 27 kernels over cells and particles. (Resampling, sorting, predict, occupancy, speed estimation)  Real-time implementation (processing 20 Hz sensor output), optimized using Nvidia profiling tools.  700 x 300 Grids  32768 velocity samples  Configuration with 8 to 12 Lidar layers (2x4 to 3 x 4),  Pushing the limits of the algorithm :