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Overview

 Scalable verification and safety guarantees

 Scalability with respect to
e Space: size of road network
* Fleet: number of vehicles
 Specification: rules of the roads
 Traffic: driving scenarios (NEW!)
* Vision: , e
“Provide long-term safety guarantees STy el SRS )
for autonomous vehicle deployment” | :
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Prior Work

* Scalable verification through * Sampling-based reachability
assume-guarantee contracts analysis

nitial Set s N i
— o Reachable Set Approximation|

__Reachable Set Approximation P — —
Ml True reachable set e rue rez

Library of Road Parallel Local Global
Geometries Verification Guarantees
[1] Liebenwein, Lucas et al. "Compositionaland Contract-based Verification for [2] Liebenwein*, Lucas, Cenk Baykal*, etal. "Sampling-Based Approximation Algorithms
Autonomous Driving on Road Networks." International Symposium on Robotics for Reachability Analysis with Provable Guarantees." Proceedings of Robotics: Science
Research (ISRR), 2017, Puerto Varas, Chile and Systems, 2018, Pittsburgh, Pennsylvania
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Safety Contracts

e Use easy-to-implement,
explainable contracts

* Contract = set of state space
constraints

e Contracts help to guard against
other traffic participants
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Overview

Candidate contracts with Refinement through falsification-
reachability analysis based counterexamples
INITIALIZECONTRACT

safe reach sets
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Generate Candidate Contracts

* Same principle as in ISRR’17

e Reachability analysis with
* road segment
* fixed traffic scenario
 safety constraints

t =0.00s

* Can leverage modular approach

to verification
. = Ego Car - = Other Car . = Entry Region . = Exit Region
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Generate Counterexamples

* Refinement of contract through

falsification i ()
h,u,w,x
* We try to find traffic trajectories S Bt — 2 = hfeotocations Wk =0, T~ 1 (dynamics)
v, eX, VE=0,...,T
SUCh that _ - u, €U, Yk=0,....,T -1
* The behavior is ”eXpeCtable” 1o € Xo, Uy EU (initial conditions)
e The candidate contract cannot Ylar) <0 (safety specification)
guard the ego-car Kl (1) <0, Vji=1,...,Q, Vk=0,....T (contracts)
p(w) > aT (chance constraint)

e Direct collocation stochastic
quadratic program (SQP)
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Rules of the Road and Behavior

* The safety contract of the ego-
car consider rules of the roads

Table 1: Rules of the road for highway scenarios.

No. Rule

Constraint set

1 Don’t drive in the left lanes.

2 If driving behind another car, keep a rea- {z],
sonable distance away to avoid collision
if it suddenly stops.

3 If you want to slow down, give clear {z!

warning and do not inconvenience
drivers behind you.
N . . £
4 Don’t cross solid lines. {&,
& : s ¢ : 0
5 Overtake on the left when it is safe. {y.
Vi

6 If another vehicle is trying to overtake {u‘(:
you keep right and don’t accelerate. If y;
necessary, slow down and pull over.

If passing oncoming traffic, leave suffi- {y,
cient lateral space to not get hit. If ob-
structed, slow down.

8 Don’t drive abnormally slowly such that {|v° —

yvou impede the progress of other vehi-
cles. Don’t drive above the speed limit
or abnormally fast.
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* The traffic agents are modelled
as probabilistic IDM agents

Table 2: Parameters used to model driver behaviors for the traffic cars.

Driving Style

Description Symbol Normal Aggressive
Reference speed (m/s) Ure f 10 1.5
Maximum acceleration (m/s”) a 1 4
DM Comfortable deceleration (m/s?) b 3 6
) Minimum-desired net distance (m) 50 1 0.5
Time headway to lead vehicle (s) th 0.1 0.05
Free-road exponent ) 4 4
Pure-Pursuit Lookahead distance (m) Slook 15 10

Perception Range (m)

'qf)(’ f’(’f‘f}f 107

1 : . 2
Steering angle variance (rad”) o5

Disturbances . . -
Acceleration variance (m?/s*) T
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uning of Behavior

Strict Rule Set
Relaxed Rule Set

Table 1: Rules of the road for highway scenarios.

No. Rule Constraint set

f 1 Don’t drive in the left lanes. {0< 20 < L, —npignt - W <92 <0} \

2 Ifdriving behind another car, keep a rea- {2 —20 > e227¢ 0 | Vi . 2l —20 > 0|yl — 40| < W}
sonable distance away to avoid collision

’ 3 If you want to slow down, give clear {20 —a’ > €270 | Vi. 2% —2! > 0A|yl — 42| < Wn

warning and do not inconvenience
drivers behind you.
4 Don’t cross solid lines. {&8 < 2% < ¢CEA—npigne W <942 0|1 < €< nsotial

5 Overtake on the left when it is safe. {92 — 9yl > WAL >0t
Vi. vt > 04 |2 = al| < 2VErtake p
B (|2l — 2| < egrfemovertake Ayl —yl < W)}

6 If another vehicle is trying to overtake {ug <0AYy. - yg >WA yg <o|
you keep right and don’t accelerate. If vy; | y"; - y? <15W AV >0A Ix: _ a:?| < 621“’—”“’“’}
necessary, slow down and pull over. ) ’
s

7 If passing oncoming traffic, leave suffi- {y! — y° > ey“fe |y. > 0Av" <0}
cient lateral space to not get hit. If ob-
structed, slow down.
8 Don’t drive abnormally slowly such that {|v° — 3| < €, |[v°]| < elf9al}
vou impede the progress of other vehi-
cles. Don’t drive above the speed limit

. or abnormally fast. ‘

Normal Driving Style
Aggressive Driving Style

Table 2: Parameters used to model driver behaviors for the traffic cars.

Driving Style

Description Symbolf| Normal[Aggressive
Reference speed (m/s) Upe f 10 1.5
Maximum acceleration (m/s?) a 1 4
DM Comfortable deceleration (m/s?) b 3 6
Minimum-desired net distance (m) S0 1 0.5
Time headway to lead vehicle (s) th 0.1 0.05
Free-road exponent ) 4 4
Pure-Pursuit Lookahead distance (m) Slook 15 10
Perception Range (m) Sperceptiof 100 100
. Steering angle variance (rad?) Ts 0.1 5
Disturbances Acceleration variance (m?/s*) Ta 0.1 2.5
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Results

* Multiple iterations, same rules e Same iterations, different rules
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Explainability

Normalized Log pdf of solutions

* Probabilistic Modelling of Agents -2 e X
. . . 990 ——mmm3<y N
* Falsification is used to capture a “ * ~ e, ol v
. . — relaxed rules, normal behavior
Wlde array Of ||k€|y —2407 - strlfict r:les‘, aggressivg behavior_
== relaxed rules, aggressive behavior
counterexamples 2601
* Probabilities help to assess the o
usefulness of contracts St N .
—320 +
* Rules allow to tune behaviors . . \ . . . . .
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Conclusion

* Probabilistic safety contracts
through verification and
falsification

 Scalability and explainability

* Outlook:
* More scenarios
e Advanced rules of the roads
* Intuitive contracts = use logical

INITIALIZECONTRACT

safe reach sets

e

GENERATECONTRACT
1 _
r3() =0

predicates?
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