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Cars Can Be Unsafe
~32k killed in 2012
~2.5M injured
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Driving Cars: Synoptic Scheme
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Autonomus Cars: Synoptic Scheme
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Can We Make Vehicles Safer?
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Can We Make Buildings Greener?
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Advanced Active Safety System
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Basic Idea

Avoid Region

Avoid Region

time

x : t control traint
uman, environmen action constraints

T 4 v
y(k +1) = y(k) + bww(k) + buu(k), y(k) € V(k)
At step t decide on u(t) based on prediction on w(t),..., w(t+N), XAt),..., Ht+N)

Two Combined Effects : Anticipation and Coordination
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Steps Towards Success

human, environment control constraints
action l
=

T~
y(k +1) = y(k) + bww(k) + buu(k), y(k) € V(k)
At step t decide on u(t) based on prediction on w(t),..., w(t+N), J(t),...,)(t+N)

N

@ “Good” Model Abstraction

@ Quantifying Uncertain Predictions
w(t + 1|t) € W(t + 1|t),...,w(t + N|t) € W(t + N|t)

@ Safe Control Design and Architecture
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Driving Cars: Synoptic Scheme
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Human-Vehicle Interface

[———) Steering Angle

Actuation I::) Wheels Traction Torque
System |:> Wheels Braking Torques
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Hydraulic Brake Unit
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Driving Cars: Synoptic Scheme

Vehicle

Environment
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Vehicle-Road Interaction
FEM Simulation and Simplified Nonlinear Model

Longitudinal Force
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Friction Coefficient Estimation
Through Embedded Tire Sensors
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Smart Tire Sensor

RELLl
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Driving Cars: Synoptic Scheme
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Human/Environment-Vehicle Interaction

Sensory Inputs
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“We know that a lot of the brain has an internal neural simulator”... “to anticipate
or predict the future for a given a input”

Eric Kandel (Charlie Rose interview, 2008)



Anti-Lock Braking and Traction Control Systems

Mental Model
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Counter-Steering and Over-Steering

No driver model exists in this regime....
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Driver Modeling & ‘
In-Vehicle Sensors for Detecting Distraction
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Useful Model Abstraction

@ Nonlinear Dynamical System

my — _m{b¢ + Fyf,l + Fyf,'r‘ + FyT,l + Fy'r’,r
mi = my+ Fopy + Foy, + Fop + Fy
I¢ - a’(Fyf,l + Fyf,r) o b(Fyr,l + Fy'r‘,'r-)

+C(_F$f’l _|_ me,r o Fmr,l + Fxr,r)

T,Tr

Y  =dsiny+ycosy b
X =icosy —gsiny E &
b 55 E’“ é i
@ Static Nonlinearities ——L

@ Tires

oeUncertain Predictions

@ Drivers Behavior and Environment

@ Inequality Constraints

@ Safety region
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Steps Towards Success

human, environment control action | | constraints

W / l
y(k +1) = y(k) + bww(k) + byu(k), y(k) € V(k)
At step t decide on u(t) based on prediction on w(t),..., w(t+N), J(t),...,.)(t+N)

N

@ “Good” Model Abstraction

@ Quantifying Uncertain Predictions
w(t + 1|t) € W(t + 1|t),...,w(t + N|t) € W(t + N|t)

@ Safe Control Design & Architecture
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Can We Make Vehicles Safer?

Forecast ??

Vel

Semi-Autonomous
System

System Dynamics, Friction, Obstacles, Driver Behavior



Big Challenges

@ Cost Effective and Evidence-Based

Uncertain Quantification

@ Assessing the Value of Uncertainty in Closed-Loop

@ Real-time Use of Uncertain Prediction Maps
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Understanding the Environment (foundation)

@ Robust reconstruction of a scene in
order to identify objects with
guarantees.

| @ Hierarchical approaches that provide a
trade-off between computational
power and precision.

30
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Understanding the Human Drivers (foundation)

@ How will the driver act/react? How will other drivers
act/react?

@ Needs to be fast, and with accuracy guarantees

1. Develop detailed cognitive model
2. Use model to inform approximations

with abstraction, precision, and speed as needed

boundaries on precision/computational cost tradeoff

parametric formulation to capture driver variability

parameters ascertained empirically using real-world driving behavior and new data from the driving
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Drive Modeling in Complex manouvers ‘
Driver performs 180° turn by drifting

Snow test track

Record:

uUu=9 |
£: [y.7 £7¢7¢7 Y? X],

Car equipped with GPS, IMU

Drifting in ground vehicle
@ Vehicle operating in the saturated regions of tires
@ Hard to control, near unstable equilibrium points
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Switched Differential Equation Model

Vehicle states:

(Inputs to LS fit) Driver steering:
BT (Output of LS fit)
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Example 2: Test maneuver .

S i(t;)=0 ° |dentify driver, Yk
- L . — — throttle action
- braking — switching condition
£ |
= - switch » Regressor:
X 5 .
T — accelerating Yk—1, 0, O, &
_ | il
#(to) = 0
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Steps Towards Success

human, environment control action | | constraints

W / l
y(k +1) = y(k) + bww(k) + byu(k), y(k) € V(k)
At step t decide on u(t) based on prediction on w(t),..., w(t+N), J(t),...,.)(t+N)

N

@ “Good” Model Abstraction

@ Quantifying Uncertain Predictions
w(t+ 1t) e W(t + 1|t),...,w(t + N|t) € W(t+ N|t)

@ Safe Control Design & Architecture
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Control Design and Architecture
Moving from deterministic optimization to evidence-based and stochastic

VEHICLE
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eometric Modelfrom 3D Reasoning Model
\ In-Vehicle Camera
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The Basic Setup - Finite Time Optimal Control

min J 20, 11
7"0('),71'1(-),...,71']\7_1(.) O_>N( 0 )

( Lr+1 — f(xk7uk7wk)

U :Wk(a;k)
ur € U, xp, € X, Ywr € W

subj. to
kEk=0,...,.N—1

I\

\

mr(-) Feedback Control Policies: mp: xx € X — up € U
Problem Class

@ 231 = A'zy + Bup + D'wy + ¢ if [ap,ui] € &”
@ X, U, W polyhedra

9 Piecewise Linear or Quadratic Costs

Jo v (2(0), T1) = maxu,, ., [P(n) + Shsg alor, 7o)

Tox (@(0),T) = Bu,.ouny [Plow) + 0" alan, wlan))]
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Curve with and without ice patch

Vx=10m/s, uncertain mu, steering only
30 ‘: Ice patch

Point2

Projection of safe
sets:

-Yellow: no ice patch
-Red: with ice patch

pdot 031 vy
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Curve with and without ice patch
Vx=14m/s, uncertain mu, steering only
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Semi-Autonomous Driving — Volvo Experiments 2012
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Cars Can Be Unsafe
~32k killed in 2012
~2.5M injured

Table 1: Fatalities and Fatality Rate in 2010

Vehicle Miles of Fatality Rate per 100 Million Vehicle Miles of
Travel Travel

32788 37050 Millions 1.13
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Experimental Validation

Platform 1. The Jaguar in Figure 5 is equipped with active steering, braking and throttling. GPS,
accelerometers, gyros and 3D stereo vision. The controllers are run on a dASPACEAutobox system.

Platform 2. The VIRtual Test Track Experiment (VIRTTEX) simulator, pictured on the left, is a
spherical dome (with a actual car inside) on top of a hydraulic system to mimic vehicle movement.
In addition, it has image rendering technologies to provide a high-resolution, digitally projected 360-
degree horizontal field-of-view to test and measure driver acceleration, braking and steering
performance as well as overall driver reactions in varying conditions.

Platform 3.The vehicular test bed is a car equipped with outward looking and inward looking cameras
observing the interior and exterior of the vehicle, illustrated on the left. Drivers will employ the test bed
during daylong experiments (in real driving) while the driver's input, the vehicle's state, observations of
the driver, and observations of the environment will be recorded for post-
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Semi-Autonomous Driving CPS
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