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Caution:  
 

This presentation is based on the Drake version as of 25 April 2018 
and it could be outdated from the current master.
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Automotive Demo
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$ bazel run automotive:demo -- \
    --num_dragway_lanes=2 \
    --num_trajectory_car=2 \
    --num_mobil_car=1
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$ bazel run automotive:demo -- \
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    --num_trajectory_car=2 \
    --num_mobil_car=1
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$ bazel run automotive:demo -- \
    --num_dragway_lanes=2 \
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    --num_mobil_car=1
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$ bazel run automotive:demo -- \
    --num_dragway_lanes=2 \
    --num_trajectory_car=2 \
    --num_mobil_car=1
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Dynamical Systems

http://drake.mit.edu/doxygen_cxx/group__systems.html


Dynamical Systems  
(Continuous) 
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ẋ = f(t, x, u, p)
<latexit sha1_base64="XK3EmbiC9ZgJIkNeEz1STo0CBss="></latexit><latexit sha1_base64="XK3EmbiC9ZgJIkNeEz1STo0CBss="></latexit><latexit sha1_base64="XK3EmbiC9ZgJIkNeEz1STo0CBss="></latexit><latexit sha1_base64="XK3EmbiC9ZgJIkNeEz1STo0CBss="></latexit>

y = g(t, x, u, p)
<latexit sha1_base64="U12JCIKC/GbhVXSaGgFQQkVGujs="></latexit><latexit sha1_base64="U12JCIKC/GbhVXSaGgFQQkVGujs="></latexit><latexit sha1_base64="U12JCIKC/GbhVXSaGgFQQkVGujs="></latexit><latexit sha1_base64="U12JCIKC/GbhVXSaGgFQQkVGujs="></latexit>



System : Context ! Computation
<latexit sha1_base64="jJgrM4VLY97nLkt1C2GM06pPEcE="></latexit><latexit sha1_base64="jJgrM4VLY97nLkt1C2GM06pPEcE="></latexit><latexit sha1_base64="jJgrM4VLY97nLkt1C2GM06pPEcE="></latexit><latexit sha1_base64="jJgrM4VLY97nLkt1C2GM06pPEcE="></latexit>

Include all the information needed  
to simulate a system at a given time step: 

Time, State, Input, Parameter

Including: 
Time Derivatives (continuous part), 

State Updates (discrete part), 
Output, 

...

System = Stateless/Immutable Function

Drake System Architecture
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Drake System Architecture
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// Simple Continuous Time System 
//   xdot = -x + x^3 
//   y = x 
class SimpleContinuousTimeSystem : public drake::systems::VectorSystem<double> { 
 public: 
  SimpleContinuousTimeSystem() 
      : drake::systems::VectorSystem<double>(0,    // Zero inputs. 
                                             1) {  // One output. 
    this->DeclareContinuousState(1);               // One state variable. 
  } 

 private: 
  // xdot = -x + x^3 
  virtual void DoCalcVectorTimeDerivatives( 
      const drake::systems::Context<double>& context, 
      const Eigen::VectorBlock<const Eigen::VectorXd>& input, 
      const Eigen::VectorBlock<const Eigen::VectorXd>& state, 
      Eigen::VectorBlock<Eigen::VectorXd>* derivatives) const { 
   (*derivatives)(0) = -state(0) + std::pow(state(0), 3.0); 
  } 

  // y = x 
  virtual void DoCalcVectorOutput( 
      const drake::systems::Context<double>& context, 
      const Eigen::VectorBlock<const Eigen::VectorXd>& input, 
      const Eigen::VectorBlock<const Eigen::VectorXd>& state, 
      Eigen::VectorBlock<Eigen::VectorXd>* output) const { 
   *output = state; 
  } 
};

https://github.com/RobotLocomotion/drake/blob/master/examples/simple_continuous_time_system.cc

https://github.com/RobotLocomotion/drake/blob/master/systems/framework/test/diagram_test.cc
https://github.com/RobotLocomotion/drake/blob/master/examples/simple_continuous_time_system.cc


Drake System Architecture
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  // Create the simple system. 
  SimpleContinuousTimeSystem system; 

  // Create the simulator. 
  drake::systems::Simulator<double> simulator(system); 

  // Set the initial conditions x(0). 
  drake::systems::ContinuousState<double>& state = 
      simulator.get_mutable_context().get_mutable_continuous_state(); 
  state[0] = 0.9; 

  // Simulate for 10 seconds. 
  simulator.StepTo(10); 

  // Make sure the simulation converges to the stable fixed point at x=0. 
  DRAKE_DEMAND(state[0] < 1.0e-4);

https://github.com/RobotLocomotion/drake/blob/master/examples/simple_continuous_time_system.cc

https://github.com/RobotLocomotion/drake/blob/master/examples/simple_continuous_time_system.cc
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Templated System Framework
System<T> where T can be: 

 - double  

 - AutoDiff 
 
 - symbolic::Expression

  
  

 for Simulation / Testing 

 for Optimization-based Analysis & Design 
 
 for Symbolic Analysis & Verification (e.g. SMT)
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Templated System Framework

Gradient

System<T> where T can be: 

 - double  

 - AutoDiff 
 
 - symbolic::Expression

  
  

 for Simulation / Testing 

 for Optimization-based Analysis & Design 
 
 for Symbolic Analysis & Verification (e.g. SMT)
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Templated System Framework
System<T> where T can be: 

 - double  

 - AutoDiff 
 
 - symbolic::Expression

f(x) = x3 + 4x2 � 5x+ 6
<latexit sha1_base64="AoZigEAE6DrgGWqIstQZzbdq+vw="></latexit><latexit sha1_base64="AoZigEAE6DrgGWqIstQZzbdq+vw="></latexit><latexit sha1_base64="AoZigEAE6DrgGWqIstQZzbdq+vw="></latexit><latexit sha1_base64="AoZigEAE6DrgGWqIstQZzbdq+vw="></latexit>

  
  

 for Simulation / Testing 

 for Optimization-based Analysis & Design 
 
 for Symbolic Analysis & Verification (e.g. SMT)



Diagram
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Diagram = A Graph of Systems = A System
Photo Credit: Alejandro Castro @ TRI



Diagram Builder
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    DiagramBuilder<double> builder; 
    adder0_ = builder.AddSystem<Adder<double>>(2 /* inputs */, size); 
    adder0_->set_name("adder0"); 
    adder1_ = builder.AddSystem<Adder<double>>(2 /* inputs */, size); 
    adder1_->set_name("adder1"); 
    adder2_ = builder.AddSystem<Adder<double>>(2 /* inputs */, size); 
    adder2_->set_name("adder2"); 
    stateless_ = builder.AddSystem<analysis_test::StatelessSystem<double>>( 
        1.0 /* trigger time */, 
        WitnessFunctionDirection::kCrossesZero); 
    stateless_->set_name("stateless"); 

    integrator0_ = builder.AddSystem<Integrator<double>>(size); 
    integrator0_->set_name("integrator0"); 
    integrator1_ = builder.AddSystem<Integrator<double>>(size); 
    integrator1_->set_name("integrator1");

https://github.com/RobotLocomotion/drake/blob/master/systems/framework/test/diagram_test.cc

https://github.com/RobotLocomotion/drake/blob/master/systems/framework/test/diagram_test.cc


Diagram Builder
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    builder.Connect(adder0_->get_output_port(), adder1_->get_input_port(0)); 
    builder.Connect(adder0_->get_output_port(), adder2_->get_input_port(0)); 
    builder.Connect(adder1_->get_output_port(), adder2_->get_input_port(1)); 

    builder.Connect(adder0_->get_output_port(), 
                    integrator0_->get_input_port()); 
    builder.Connect(integrator0_->get_output_port(), 
                    integrator1_->get_input_port());

https://github.com/RobotLocomotion/drake/blob/master/systems/framework/test/diagram_test.cc

https://github.com/RobotLocomotion/drake/blob/master/systems/framework/test/diagram_test.cc


Diagram Builder
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    builder.ExportInput(adder0_->get_input_port(0)); 
    builder.ExportInput(adder0_->get_input_port(1)); 
    builder.ExportInput(adder1_->get_input_port(1)); 
    builder.ExportOutput(adder1_->get_output_port()); 
    builder.ExportOutput(adder2_->get_output_port()); 
    builder.ExportOutput(integrator1_->get_output_port()); 
     
    diagram_ = builder.Build();

https://github.com/RobotLocomotion/drake/blob/master/systems/framework/test/diagram_test.cc

https://github.com/RobotLocomotion/drake/blob/master/systems/framework/test/diagram_test.cc
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Automotive Systems

http://drake.mit.edu/doxygen_cxx/group__automotive__systems.html


$ bazel run automotive:demo -- \
    --num_dragway_lanes=2 \
    --num_trajectory_car=2 \
    --num_mobil_car=1

Goal: Demystify Automotive Demo
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Automotive Plants
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SimpleCar
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element { 
    name: "x" 
    doc: "x" 
    default_value: "0.0" 
} 
element { 
    name: "y" 
    doc: "y" 
    default_value: "0.0" 
} 
element { 
    name: "heading" 
    doc: "heading" 
    default_value: "0.0" 
} 
element { 
    name: "velocity" 
    doc: "velocity" 
    default_value: "0.0" 
}

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car_state.named_vector

State

x

y
θ Heading

velocity

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car_state.named_vector


SimpleCar
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namespace: "drake::automotive" 

# The defaults in this file approximate a 2010 Toyota Prius. 
element { 
    name: "wheelbase" 
    doc: "The distance between the front and rear axles of the vehicle." 
    doc_units: "m" 
    default_value: "2.700" 
    min_value: "0.0" 
} 
element { 
    name: "track" 
    doc: "The distance between the center of two wheels on the same axle." 
    doc_units: "m" 
    default_value: "1.521" 
    min_value: "0.0" 
} 
element { 
    name: "max_abs_steering_angle" 
    doc: "The limit on the driving_command.steering angle input  
         (the desired steering angle of a virtual center wheel); 
          this element is applied symmetrically to both left- and right-turn limits." 
    doc_units: "rad" 
    default_value: "0.471"  # 27 degrees. 
    min_value: "0.0" 
}

element { 
    name: "max_velocity" 
    doc: "The limit on the car's forward speed." 
    doc_units: "m/s" 
    default_value: "45.0" 
    min_value: "0.0" 
} 
element { 
    name: "max_acceleration" 
    doc: "The limit on the car's acceleration and deceleration." 
    doc_units: "m/s^2" 
    default_value: "4.0" 
    min_value: "0.0" 
} 
element { 
    name: "velocity_limit_kp" 
    doc: "The smoothing constant for min/max velocity limits." 
    doc_units: "Hz" 
    default_value: "10.0" 
    min_value: "0.0" 
}

Parameter

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car_params.named_vector

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car_params.named_vector


SimpleCar

�25https://github.com/RobotLocomotion/drake/blob/master/automotive/driving_command.named_vector

Input

namespace: "drake::automotive" 

element { 
     name: "steering_angle" 
     doc: "The desired steering angle of a virtual center wheel, positive results in the vehicle turning left." 
     doc_units: "rad" 
     default_value: "0.0" 
} 

element { 
     name: "acceleration" 
     doc: "The signed acceleration, positive means speed up; negative means slow down, but should not move in reverse." 
     doc_units: "m/s^2" 
     default_value: "0.0" 
}

https://github.com/RobotLocomotion/drake/blob/master/automotive/driving_command.named_vector


SimpleCar
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Output

1. State vector : Position (x, y, heading)  
                        + Velocity 
 



SimpleCar

�27

Output

1. State vector : Position (x, y, heading)  
                        + Velocity 

2. PoseVector (7D) 
Translation (3D) + Rotation (4D)

template <typename T> 
void SimpleCar<T>::CalcPose(const systems::Context<T>& context, 
                            PoseVector<T>* pose) const { 
  const SimpleCarState<T>& state = get_state(context); 
  pose->set_translation(Eigen::Translation<T, 3>(state.x(), state.y(), 0)); 
  const Vector3<T> z_axis{0.0, 0.0, 1.0}; 
  const Eigen::AngleAxis<T> rotation(state.heading(), z_axis); 
  pose->set_rotation(Eigen::Quaternion<T>(rotation)); 
}

x

y
θ Heading

velocity

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car.cc

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car.cc


SimpleCar
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Output

1. State vector : Position (x, y, heading)  
                        + Velocity 

2. PoseVector (7D) 
3. FrameVelocity (6D)

template <typename T> 
void SimpleCar<T>::CalcVelocity( 
    const systems::Context<T>& context, 
    systems::rendering::FrameVelocity<T>* velocity) const { 
  const SimpleCarState<T>& state = get_state(context); 
  const T nonneg_velocity = max(T(0), state.velocity()); 

  // Convert the state derivatives into a spatial velocity. 
  multibody::SpatialVelocity<T> output; 
  output.translational().x() = nonneg_velocity * cos(state.heading()); 
  output.translational().y() = nonneg_velocity * sin(state.heading()); 
  output.translational().z() = T(0); 
  output.rotational().x() = T(0); 
  output.rotational().y() = T(0); 
  // The rotational velocity around the z-axis is actually rates.heading(), 
  // which is a function of the input steering angle. We set it to zero so that 
  // this system is not direct-feedthrough. 
  output.rotational().z() = T(0); 
  velocity->set_velocity(output); 
}

Derivatives of x-y-z translation (3D) + the derivatives of x-y-z rotation (3D)

x

y
θ Heading

velocity

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car.cc


template <typename T> 
void SimpleCar<T>::ImplCalcTimeDerivatives(const SimpleCarParams<T>& params, 
                                           const SimpleCarState<T>& state, 
                                           const DrivingCommand<T>& input, 
                                           SimpleCarState<T>* rates) const { 
  using std::abs; 
  using std::cos; 
  using std::max; 
  using std::sin; 

  // Sanity check our input. 
  DRAKE_DEMAND(abs(input.steering_angle()) < M_PI); 

  // Compute the smooth acceleration that the vehicle actually executes. 
  const T desired_acceleration = input.acceleration(); 
  const T smooth_acceleration = 
      calc_smooth_acceleration(desired_acceleration, params.max_velocity(), 
                               params.velocity_limit_kp(), state.velocity()); 

  // Determine steering. 
  const T saturated_steering_angle = 
      math::saturate(input.steering_angle(), -params.max_abs_steering_angle(), 
                     params.max_abs_steering_angle()); 
  const T curvature = tan(saturated_steering_angle) / params.wheelbase(); 

  // Don't allow small negative velocities to affect position or heading. 
  const T nonneg_velocity = max(T(0), state.velocity()); 

  rates->set_x(nonneg_velocity * cos(state.heading())); 
  rates->set_y(nonneg_velocity * sin(state.heading())); 
  rates->set_heading(curvature * nonneg_velocity); 
  rates->set_velocity(smooth_acceleration); 
}

SimpleCar
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Dynamics

x

y
θ Heading

velocity

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car.cc

https://github.com/RobotLocomotion/drake/blob/master/automotive/simple_car.cc


Automotive Planners and Controllers
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�31Photo Credit: Youtube - Adaptive Cruise Control (ACC)- Animated Quick Guide

https://www.youtube.com/watch?v=xtuuZaGgy40


�32Photo Credit: Youtube - Adaptive Cruise Control (ACC)- Animated Quick Guide

https://www.youtube.com/watch?v=xtuuZaGgy40
https://www.youtube.com/watch?v=xtuuZaGgy40


�33Photo Credit: Youtube - Adaptive Cruise Control (ACC)- Animated Quick Guide

https://www.youtube.com/watch?v=xtuuZaGgy40
https://www.youtube.com/watch?v=xtuuZaGgy40


IDM (Intelligent Driver Model)

�34https://en.wikipedia.org/wiki/Intelligent_driver_model

https://en.wikipedia.org/wiki/Intelligent_driver_model


IdmPlanner
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http://drake.mit.edu/doxygen_cxx/classdrake_1_1automotive_1_1_idm_planner.html


IdmPlanner
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http://drake.mit.edu/doxygen_cxx/classdrake_1_1automotive_1_1_idm_planner.html


Ego Car
Target Distance

Ego Velocity

IdmPlanner

�37http://drake.mit.edu/doxygen_cxx/classdrake_1_1automotive_1_1_idm_planner.html

http://drake.mit.edu/doxygen_cxx/classdrake_1_1automotive_1_1_idm_planner.html


Ego Car
Target Distance

Ego Velocity

template <typename T> 
const T IdmPlanner<T>::Evaluate(const IdmPlannerParameters<T>& params, 
                                const T& ego_velocity, const T& target_distance, 
                                const T& target_distance_dot) { 
  const T& v_ref = params.v_ref(); 
  const T& a = params.a(); 
  const T& b = params.b(); 
  const T& s_0 = params.s_0(); 
  const T& time_headway = params.time_headway(); 
  const T& delta = params.delta(); 

  // Compute the interaction acceleration terms. 
  const T& closing_term = 
      ego_velocity * target_distance_dot / (2 * sqrt(a * b)); 
  const T& too_close_term = s_0 + ego_velocity * time_headway; 
  const T& accel_interaction = 
      cond(target_distance < std::numeric_limits<T>::infinity(), 
           pow((closing_term + too_close_term) / target_distance, 2.), T(0.)); 

  // Compute the free-road acceleration term. 
  const T accel_free_road = pow(max(T(0.), ego_velocity) / v_ref, delta); 

  // Compute the resultant acceleration (IDM equation). 
  return a * (1. - accel_free_road - accel_interaction); 
}

IdmPlanner

�38https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_planner.cc

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_planner.cc


IdmController
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Input

Ego Car

1. PoseVector(7D) for the ego car 
2. FrameVelocity (6D) of the ego car 
3. PoseBundle for the traffic cars

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.h

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.h


IdmController
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Input

1. PoseVector(7D) for the ego car 
2. FrameVelocity (6D) of the ego car 
3. PoseBundle for the traffic cars

Ego CarTraffic Car

Traffic Car

Traffic Car

Traffic Car

PoseBundle

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.h

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.h


IdmController
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Output

1. Acceleration of the ego car

Ego CarTraffic Car

Traffic Car

Traffic Car

Traffic Car

PoseBundle

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.h

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.h


IdmController
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template <typename T> 
void IdmController<T>::ImplCalcAcceleration( 
    const PoseVector<T>& ego_pose, const FrameVelocity<T>& ego_velocity, 
    const PoseBundle<T>& traffic_poses, 
    const IdmPlannerParameters<T>& idm_params, 
    const RoadPosition& ego_rp, 
    systems::BasicVector<T>* command) const { 
 RoadPosition ego_position = ego_rp; 
  if (!ego_rp.lane) { 
    const auto gp = 
        GeoPositionT<T>::FromXyz(ego_pose.get_isometry().translation()); 
    ego_position = 
        road_.ToRoadPosition(gp.MakeDouble(), nullptr, nullptr, nullptr); 
  } 

  // Find the single closest car ahead. 
  const ClosestPose<T> lead_car_pose = PoseSelector<T>::FindSingleClosestPose( 
      ego_position.lane, ego_pose, traffic_poses, 
      idm_params.scan_ahead_distance(), AheadOrBehind::kAhead, 
      path_or_branches_); 

  const T headway_distance = lead_car_pose.distance; 
  const LanePositionT<T> lane_position(T(ego_position.pos.s()), 
                                       T(ego_position.pos.r()), 
                                       T(ego_position.pos.h())); 
  const T s_dot_ego = PoseSelector<T>::GetSigmaVelocity( 
      {ego_position.lane, lane_position, ego_velocity}); 
  const T s_dot_lead = 
      (abs(lead_car_pose.odometry.pos.s()) == 
       std::numeric_limits<T>::infinity()) 
          ? T(0.) 
          : PoseSelector<T>::GetSigmaVelocity(lead_car_pose.odometry); 

  // Saturate the net_distance at `idm_params.distance_lower_limit()` away from 
  // the ego car to avoid near-singular solutions inherent to the IDM equation. 
  const T actual_headway = headway_distance - idm_params.bloat_diameter(); 
  const T net_distance = max(actual_headway, idm_params.distance_lower_limit()); 
  const T closing_velocity = s_dot_ego - s_dot_lead; 

  // Compute the acceleration command from the IDM equation. 
  (*command)[0] = IdmPlanner<T>::Evaluate(idm_params, s_dot_ego, net_distance, 
                                          closing_velocity); 
} 

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.cc

Ego CarTraffic Car

Traffic Car

Traffic Car

Traffic Car

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.cc


Automotive Planners and Controllers
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Automotive Planners and Controllers
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Kesting, Treiber, and Helbing 5

ac

n

co

ac~

Figure 1: Sketch of the nearest neighbors of a central vehicle c considering a lane change to the left.
The new and old successors are denoted by n and o, respectively. Accelerations after a possible change
are denoted with a tilde.

sα to the front vehicle (α − 1) and the relative velocity ∆vα = vα − vα−1. The acceleration of
these car-following models is of the general form

aα :=
dvα

dt
= a(sα, vα, ∆vα). (1)

Some examples are the model of Gipps (1986), the ’optimal velocity model’ (Bando et al.,
1995), the ’intelligent driver model’ (Treiber et al., 2000), or the ’velocity difference model’
(Helly, 1959; Jiang et al., 2001). Moreover, a generalization to models taking into account more
than one predecessor (Belexius, 1968; Lenz et al., 1999; Treiber et al., 2006), or to models with
explicit reaction time, is straightforward.

A specific lane change, e.g., from the center lane to the median lane as shown in Fig. 1
depends generally on the two following vehicles on the present and the target lane, respectively.
In order to formulate the lane-changing criteria, we use the following notation: For a vehicle c
considering a lane change, the successive vehicles on the target and present lane are represented
by n and o, respectively. The acceleration ac denotes the acceleration of vehicle c on the actual
lane, while ãc refers to the situation on the target lane, i.e., to the new acceleration of vehicle
c on the target lane. Likewise, ão and ãn denote the acceleration of the old and new followers
after the lane change of vehicle c.

2.1 Safety criterion

Like other lane-changing models (Gipps, 1986), we distinguish between an incentive to change
lanes and safety constraints. The safety criterion checks the possibility of executing a lane
change (gap acceptance) by considering the effect on the upstream vehicle on the target lane.
Formulated in terms of longitudinal accelerations, our safety criterion guarantees that, after
the lane change, the deceleration of the successor ãn on the target lane does not exceed a given
safe limit bsafe, i.e.,

ãn ≥ −bsafe. (2)

Although formulated as a simple inequality, this condition contains all the information provided
by the longitudinal car-following model via the acceleration ãn(t) typically depending on the
gap, the velocity and, eventually, on the approaching rate, cf. Eq. (1). In particular, if the
longitudinal model has a built-in sensitivity with respect to velocity differences, this essential
dependence is transfered to the lane-changing decisions. In this way, larger gaps between the
following vehicle in the target lane and the own position are required to satisfy the safety
constraint if the following vehicle is faster than the own speed. In contrast, lower values for
the gap are allowed if the following vehicle is slower. Compared to conventional gap-acceptance

MOBIL (Minimizing Overall Braking Induced by Lane Changes)

Minimizing Breaking Requirement: 
- for the Ego Car 
- of Any Trailing Cars within the Ego Car's Neighborhood

MOBIL: General Lane-Changing Model for Car-Following Models

http://www.mtreiber.de/publications/MOBIL_TRB.pdf


MobilPlanner
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Input

1. PoseVector for the Ego Car 
2. FrameVelocity for the Ego Car 
3. Ego Car's Commanded Acceleration 
4. PoseBundle for the traffic cars

Ego CarTraffic Car

Traffic Car

Traffic Car

Traffic Car

PoseBundle

https://github.com/RobotLocomotion/drake/blob/master/automotive/mobil_planner.h

https://github.com/RobotLocomotion/drake/blob/master/automotive/mobil_planner.h


MobilPlanner
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Output

1. LaneDirection

Ego CarTraffic Car

Traffic Car

Traffic Car

Traffic Car

PoseBundle

https://github.com/RobotLocomotion/drake/blob/master/automotive/mobil_planner.h

https://github.com/RobotLocomotion/drake/blob/master/automotive/mobil_planner.h


Automotive Demo
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template <typename T> 
void IdmController<T>::ImplCalcAcceleration( 
    const PoseVector<T>& ego_pose, const FrameVelocity<T>& ego_velocity, 
    const PoseBundle<T>& traffic_poses, 
    const IdmPlannerParameters<T>& idm_params, 
    const RoadPosition& ego_rp, 
    systems::BasicVector<T>* command) const { 
 RoadPosition ego_position = ego_rp; 
  if (!ego_rp.lane) { 
    const auto gp = 
        GeoPositionT<T>::FromXyz(ego_pose.get_isometry().translation()); 
    ego_position = 
        road_.ToRoadPosition(gp.MakeDouble(), nullptr, nullptr, nullptr); 
  } 

  // Find the single closest car ahead. 
  const ClosestPose<T> lead_car_pose = PoseSelector<T>::FindSingleClosestPose( 
      ego_position.lane, ego_pose, traffic_poses, 
      idm_params.scan_ahead_distance(), AheadOrBehind::kAhead, 
      path_or_branches_); 

  const T headway_distance = lead_car_pose.distance; 
  const LanePositionT<T> lane_position(T(ego_position.pos.s()), 
                                       T(ego_position.pos.r()), 
                                       T(ego_position.pos.h())); 
  const T s_dot_ego = PoseSelector<T>::GetSigmaVelocity( 
      {ego_position.lane, lane_position, ego_velocity}); 
  const T s_dot_lead = 
      (abs(lead_car_pose.odometry.pos.s()) == 
       std::numeric_limits<T>::infinity()) 
          ? T(0.) 
          : PoseSelector<T>::GetSigmaVelocity(lead_car_pose.odometry); 

  // Saturate the net_distance at `idm_params.distance_lower_limit()` away from 
  // the ego car to avoid near-singular solutions inherent to the IDM equation. 
  const T actual_headway = headway_distance - idm_params.bloat_diameter(); 
  const T net_distance = max(actual_headway, idm_params.distance_lower_limit()); 
  const T closing_velocity = s_dot_ego - s_dot_lead; 

  // Compute the acceleration command from the IDM equation. 
  (*command)[0] = IdmPlanner<T>::Evaluate(idm_params, s_dot_ego, net_distance, 
                                          closing_velocity); 
} 

Q: Sensors?
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Ego CarTraffic Car

Traffic Car

Traffic Car

Traffic Car

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.cc

https://github.com/RobotLocomotion/drake/blob/master/automotive/idm_controller.cc


Q: Python Bindings?
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https://github.com/RobotLocomotion/drake/blob/master/bindings/pydrake/automotive_py.cc

Currently, we expose a subset of C++ APIs: 

- SimpleCar 
- IdmController 
- PurePursuitController 
- DrivingCommand 
- ...
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- Alejandro Castro 
- Jonathan Decastro 
- Evan Drumwright 
- Liang Fok 
- Naveen Kuppuswamy 
- Michael Sherman 
- Prof. Russ Tedrake

The following people at TRI helped me make this presentation. Thank you all!

More Questions?



Some Tips
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Find a bug? Have a feature-request? 

-> File an issue at https://github.com/RobotLocomotion/drake/issues/new


Questions? 

-> Ask a question at https://stackoverflow.com/questions/ask with drake tag.

https://github.com/RobotLocomotion/drake/issues/new
https://stackoverflow.com/questions/ask

