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Towards Fully Autonomous Driving ? The Perception & Decision-making bottleneck

Keywords: Noisy data, Incompleteness, Dynamicity, Discrete measurements + Real time Multi-Sensors Observations Lidar, Radar, Stereo camera, IMU … Underlying Conservative Prediction Capability => Application to Conservative Collision Anticipation sensors Stereo Camera Lidars & Radar Software / Hardware Integration -Motivation Hardware accelerators Embedded Integration for OG processing  Uncertainty, Partial Knowledge, World changes
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  Occupancy probability + Velocity probability + Motion prediction model C. LAUGIER -"Towards Fully Autonomous Driving ? The perception & Decision-making bottleneck" IEEE ARSO 2016, Shanghai , July 7Bayesian 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 under negotiation with Toyota [Coué & Laugier IJRR 05] [Laugieret al ITSM 2011] [Laugier, Vasquez, Martinelli Mooc uTOP 2015] 
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  rights reserved C. LAUGIER -"Towards Fully Autonomous Driving ? The perception & Decision-making bottleneck" IEEE ARSO 2016, Shanghai , July 7MSF -HSBOF on Embedded Many-Core => Improvement factor 6 of "Energy consumption/performance ratio" [1] First step toward an industrial solution Inria /Toyota Lexus (2 Lidars @ 25Hz) PhD Tiana Rakotovao © Inria. All rights reserved C. LAUGIER -"Towards Fully Autonomous Driving ? The perception & Decision-making bottleneck" IEEE ARSO 2016, Shanghai , July 7-9 th 2016 25 © Inria. All rights reserved [2] T. Rakotovao, et al. Multi-Sensor Fusion of Occupancy Grids based on Integer Arithmetic. IEEE ICRA 2016 [3] Patent application  MSF -HSBOF on μController [2][3]  Low Cost / Energy / Size (widely used in Industrial product)  Implementation based on Integer Arithmetic (Quantized Occupancy Probability)  Time performance: increase factor 5-10  Energy Consumption: decrease factor 100  See details in [Short-term collision risk -Outline => Grid level & Conservative motion hypotheses (proximity perception)  Detect "Risky Situations" a few seconds ahead  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 t+d) Proximity perception: d <100m and t<5s d= 0.5 s => Precrash d= 1 s => Collision mitigation d > 1.5s => Warning / Emergency Braking -"Towards Fully Autonomous Driving ? The perception & Decision-making bottleneck" IEEE ARSO 2016, Shanghai , July 7-9 th 2016 32 © Inria. All rights reserved Step 2: Generalized Risk Assessment (Object level) => Increasing time horizon & complexity using context & semantics  Understand the Current Situation & its likely Evolution (on a given time horizon)  Evaluate the Risk of future Collision (more complex maneuvers & trajectories)  Highly structured environment & Traffic rules make Prediction more easy like reasoning paradigm => Detect Drivers Errors & Colliding behaviors  Estimating "Drivers Intentions" from Vehicles States Observations (X Y θ S TS) => Perception or V2V  Inferring "Behaviors Expectations" from Drivers Intentions & Traffic rules Risk = Comparing Maneuvers Intention & Expectation => Taking traffic context into account (Topology, Geometry, Priority rules, Vehicles states) => Digital map obtained using "Open Street Map" 34 [Lefevre thesis 13] [Lefevre & Laugier IV'12, Best student paper] Patent Inria & Renault 2012 (risk assessment at road intersection) Patent Inria & Berkeley 2013 (postponing decisions for safer results) Behavior-based Collision risk (Object level) Approach 2: Intention & Expectation comparison => Complex scenarios with interdependent behaviors & human drivers

  

  

  

  

  

  

  

  

  

  

  

Occupancy Filter (BOF) -Outline • Estimate Spatial occupancy • Analyze Motion Field (using Bayesian filtering) • Reason at the Grid level (i.e. no object segmentation at this reasoning level) Main features: Occupancy Probability (P Occ ) + Velocity Probability (P velocity ) Grid update => Bayesian Filter Sensing Occupancy Grid (static part) Sensors data fusion + Bayesian Filtering Motion field (Dynamic part) Pedestrians Pedestrians Moving car Camera view Free space + Static obstacles Implementation & Experiments (Vehicles) CPU+GPU+ROS / Stereo vision + Lidars + GPS + IMU + Odometry 2 Lidars IBEO Lux (8 layers) Stereo & Mono cameras GPS + IMU + Odometry Toyota Lexus Renault Zoé

  

	Manycore
	SThorm
	GPU
	Nvidia Jetson
	Nvidia Tegra X1

Bayesian Filtering (Grid update at each time step) Bayesian Miniaturization Implementation & Experiments (Infrastructure) IRT Nanoelec experimental platform => Connected infrastructure + 2 Twizy

Equipped Renault Zoé Connected & Movable Perception Box Equipment for pedestrian crash test Experimental connected infrastructure
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C. LAUGIER -"Towards Fully Autonomous Driving ? The perception & Decision-making bottleneck" IEEE ARSO 2016, Shanghai , July 7-9 th 2016 19 © Inria. All rights reserved Experimental Results (Inria -Toyota Lexus) Multiple sensors Fusion (Stereo vision & Lidars) [Perrollaz et al 10] [Laugier et al ITSM 11] IROS Harashima Award 2012 Stereo Vision (U-disparity OG + Road / Obstacles classification) Bayesian Sensor Fusion (Stereo Vision + Lidars) 2 Lidars IBEO Lux (8 layers) Stereo & Mono cameras o Embedded characteristics: Low computing power, Low memory space, Low bandwidth o Embedded constraints: Low purchase cost, Low energy consumption, Small physical size o Algorithmic constraints: High computing requirement, High memory space & bandwidth requirement  Time Performance Analysis
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