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A lragic Case Study

e March 18,2018:
The first pedestrian was killed by an autonomous car.

e Uber’s ATG operator was distracted (watching TV on phone).

e However, the accident was directly caused by a flaw in Uber’s
driving system.

® We argue that by integrating symbolic methods — in particular,
formal argumentation — with the connectionist methods
currently employed, the accident could’ve been avoided.
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At the start of the event, the vehicle was in autonomous mode in the rightmost of four lanes traveling in the same
direction, and the pedestrian was walking her bicycle across the street starting on the leftmost side of the roadway.




The vehicle’s radar first detected the pedestrian 5.6 seconds before the fatal collision. Less than half a second later,
the lidar detected the pedestrian but classified her as “Other”.




For the next 2.5 seconds, the lidar re-classified her several times, alternating between “Vehicle” and “Other”. The
vehicle’s automated-driving system (ADS) attempted to predict her direction of travel several times, but discarded
any previous information about her trajectory every time it reclassified her.



With 2.6 seconds until collision, the lidar classified her as a bicycle but, as it was yet again changing her classification,
discarded any past trajectory information, and hence determined that she was not moving. Up to this point, the car
had not taken any evasive or corrective action.




With 1.5 seconds left, the lidar re-classified her yet again, this time as “Unknown”. The system once again loses
all of its tracking history. However, since at this point the pedestrian had entered the vehicle’s lane, the ADS
generated a plan to turn the car to the right to avoid her.




would’ve handled it. ..

Three hundred milliseconds later, the lidar re-classified her as a bicycle, and determined that it would be impossible at
this point to maneuver around her.With just 200 ms until collision, the ADS began braking the vehicle, pitifully too late
to stop in time.




Argument | : Argument 2
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Label the time point at which the radar first detected the pedestrian to,
and the location of the pedestrian at that time ¢j.
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Then, denote the next time it detects and re-classifies

the pedestrian as tj, and new location ¢2.



. Argumenti 8  Argument2 |
P(t1,to, At(0®, to, 1)) 11 P(ta, o, At(o®, to, £1)) |
P (ry,ty, At(0%, 11, 1)) 1§ P(ra, t1, At(0*, 11, £2)) |
| U Pt 0 £6)
' B(t1,t1, "Moving(o™)) '

: ~t

. B(t1,t1, Moving(o®))

B?(ty,t;, ~Moving(o*)) . B®(tg, t1, Moving(o*)) \
B?(t1,t1, "NeedToBrake(c)) | B5 (v, t1, NeedToBrake(c))




Next Steps

® Since Publication

e Fully formalize arguments ———————— e

JupyterLab X ° GCAI_Driving — Pythor

python uber_AirSim.py 1

Connected!
© D 127001 Client Ver:1 (Min Req: 1), Server Ver:1 (Min Req: 1)

File Edit View Run Kernel Tabs

Settings  Help Moving actors into their initial positions...
Beginning Simulation of Accident

@ Terminal 1 x Waiting for a response from ShadowAdjudicator

- Response received

_mot_=1011____ |

N
o ==>((R al t1 (Believes! al tl (not (Moving 0))) (Believes! al tl (not (not (Moving 0)))))
> (GIVEN[])))
==> Goals:
@ -->(R al t1 (Believes! al tl (not (Moving o))) (Believes! al tl (not (not (Moving 0))))))

Calling ShadowProver...
ShadowProver Done.

o O Calling ShadowProver...
ShadowProver Done.
Argument found in 3.6860907077789307 seconds.
PROOF OF: (Believes!2 al tl (not (NeedToBrake c)))

Applied 'Arguable from Belief Set' to: (Believes!5 al t1 (forall [?x] (iff (Moving ?x) (and (At ?x t0 —
10) (At ?x t1 11) (not (= 0 t1)) (not (= 10 11)))))); (Believes!S al tl (forall [2c] (iff (NeedToBr ‘a &
ake 2c) (or (and (Moving o) (TrajectoriesCross ?c o)) (InPath o ?c))))); (Believes!4 al t1 (not (InPa P~y ~
th o c))); (Believes!2 al t1 (not (Moving 0)))

PROOF OF: (Believes!S al t1 (forall [?x] (iff (Moving ?x) (and (At ?x t0 10) (At ?x tl1 11) (not (=
£0 t1)) (mot (= 10 11))))))

TVEN

PROOF OF: (Believes!5 al t1 (forall [?c] (iff (NeedToBrake ?c) (or (and (Moving o) (TrajectoriesCro
ss 2c 0)) (InPath o 2c)))))

GIVEN

urce Control

PROOF OF: (Believes!4 al t1 (not (InPath o c)))
Applied 'Perception => Evident Belief' to: (Perceives! al t1 (not (InPath o c)))
PROCF OF: (Perceives! al tl (not (InPath o c)))

GIVEN
PROOF OF: (Believes!2 al tl1 (not (Moving o)))
Applied 'Level-2 Definition' to: (R al tl (Believes! al tl (not (Moving 0))) (Believes! al tl (mot

(not (Moving 0)))))
PROOF OF: (R al tl (Believes! al tl (not (Moving 0))) (Believes! al tl (not (not (Moving 0)))))
Proved via ShadowProver:

Control iode: AP
Aceel: 0.400000
0.000000
0.

B al t1_not_ InPath o c_

-->|_Believes!_al t1_forall ?c__ iff NeedToBrake ?c__or_ and_Moving o TrajectoriesCross_?c
o InPath o_?c
>|_Believes! al_tl_not_ InPath o c_

-->| Believes!_al t1_forall ?x_ iff Moving ?x__and_At_?x_t0_10_ At ?x t1 11_ not_ = t0_tl
___not_=_1011 I

>

-->((R al t1 (Believes! al tl (not (Moving o))) (Believes! al tl (not (not (Moving 0)))))

® ° ° - (GIVEN[])))
. - Goals:
-->(R al t1 (Believes! al tl (not (Moving o))) (Believes! al tl (not (not (Moving o0))))))
Sent output of reasoning to AirSim.
I I . l t l \. S .

(base) root@df267ad26288:/base# []

1Mo ® Terminal 1

e Publish full-length paper
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Questions?
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