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Table 1. Structure of BDD scenario
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Fig. 1. Environment of autonomous driving
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Fig. 2. Evaluation process of RL model
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Table 2. Safety constraints for Highway

D Content

Do not collide with the vehicle when
SC-1 :

controlling speed.

Do not collide with the vehicle during lane
SC-2

change control.

Do not accelerate when the distance from
SC-3 ) o

the previous vehicle is close.
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Table 3. BDD scenarios for safety constraints

ID Context Content
. there’s another vehicle in front or
Given .
behind.
SC-1 When wheh controlling the speed of the
vehicle.
Then it mqst be prevented from
colliding.
. there’s another vehicle in the
Given
mearby lane.
sc2 When when oontrolllng the lane change
of the vehicle.
Then it mqst be prevented from
colliding.
Given | there’s another vehicle in front it.
303 When wheh controlling the speed of the
vehicle.
Then it must not accelerate.
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/| given('there’a another vehicle in front of begind’)
func other_vehicles_in_front_or_begind():
if near_the_same_lane() == true:
return true
else retum fasle

// when('when controlling the speed of the vehicle’)
func speed_controlling_vehicle():
if acceleration_vehicle() == true \
or deceleration_vehicle() == true:
return true
else retumn false

// then(’it must be prevented from colliding’)
func not_crash_between_vehicles():
if not crash_vehicle():
return true
else retumn false
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Fig. 3. Pseudocode for SC-1 based on BDD scenario
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Table 4. Reward structure of Highway
Reward Content
collision_reward The reward received when
(default: -1) colliding with a vehicle.

The reward received when
driving on the right-most lanes,
linearly mapped to zero for
other lanes.

right_lane_reward
(default: 0.1)

The reward received when
driving at full speed, linearly
mapped to zero for lower
speeds.

high_speed_reward
(default: 0.4)

The reward received at each
lane change action.

lane_change_reward
(default: 0)




LR Na,! 0O6A e« WVL
PP5-P ) P 5 «N E u
AU Sc 1, Uw [ PPR »e I# $
<A”  gZ ke#! 0a AAR WV L
HI $e<A,’ Coi S< 1, «NE
[ E&&FP5N E/ de AUR 6 -$D 0]
R HI ™2t (@R x°& wY Z 3
'a HID ~ HI/ 17 2E §R[ A
R ~ HID 2-AU \ § §'5 §
R °|a5 AUN ¢R _4&a g §
R ' "UJ

L(9) = -$.
Elmin(r(0)A, clip(r(0),1—€,14+¢€)A)]

Step 2. ;2 1,

bL Uw ;2" "e#! 1, 0

[ 1, ecei Sc¢ 1, ;@ G~ Oup
gz U EO! ,°f]

Step 3. ;2 U
5A U E©O LR 1, eei S«
1, ;@ Z >4408 ~! ¥Wi U
’ uAU 2/ G~ Op [

A U ’ Z u” . G~
cé On ITUARS 1C | qri sDR
S¢ 1, 23/ B. g HI! c u
fl Y °° 31% g® EAR !
K' i @ of

U png =8, g® ul/ B.A” gZ

a7 EO©! y7f[ dA 20 o
-5 DH ®)AU ;2/ G~ a0
3[

/| Given
if other_vehicles_in_front_or_behind() == true:
// When
if speed_controlling_vehicle() == true:
/l Then
if not_crash_between_vehivies() = true:
/| SC-1 violation
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Fig. 4. Pseudocode for SC-1 violation
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Table 5. Configuration of hyper-parameters

Model Total timesteps Learning rate
1 10,000 0.0001
2 10,000 0.0002
3 10,000 0.0003
4 10,000 0.0004
5 10,000 0.0005
6 20,000 0.0001
7 20,000 0.0002
8 20,000 0.0003
9 20,000 0.0004
10 20,000 0.0005
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Table. 6. Driving simulation safety assessment results

model | SC-1 SC-2 SC-3 | mean rewards
1 51 1 223 19.03
2 20 12 109 2382
3 33 21 75 18.40
4 26 30 73 17.57
5 7 20 42 2339
6 51 5 179 17.11
7 37 4 172 1822
8 1 20 42 2369
9 34 0 173 20.80
10 26 13 117 21.87
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Fig. 5. Safety comparison of models 2, 5, and 8
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