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Abstract

Ensuring that autonomous vehicles can safely operate in complex road environments where
they interact with various road users-including pedestrians, motorcycles, bicycles, and e-scoo-
ters-remains a critical challenge for the commercialization of autonomous driving technology.
In particular, Edge Case scenarios, which are characterized by their low occurrence probability
but high risk, are essential for validating the safety and reliability of autonomous vehicles.
However, existing research has primarily focused on safety evaluation scenarios involving
interactions between autonomous and conventional vehicles, with limited consideration of
diverse road users such as pedestrians, motorcycles, bicycles, and scooters in real-world traffic
environments. This study aims to develop Edge Case scenarios that address potential accident
risks faced by autonomous vehicles. To achieve this, 2,410 dashcam dataset were collected
from the youtube channel ‘HanMoonchul TV’. The data were processed through text prepro-
cessing, topic modelling using the Latent Dirichlet Allocation (LDA) technique to extract key
accident risk factors. The identified risk factors were classified according to the Pegasus
5-layer framework. Based on this classification, various Edge Case scenarios involving
interactions with pedestrians, motorcycles, bicycles, and e-scooter were constructed. The
results demonstrate that the designed scenarios enable autonomous vehicles to operate reliably
even in unpredictable accident situations. These scenarios serve as tools for validating the
safety and performance of autonomous vehicles. By employing a data-driven approach, this
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study addresses proposes a methodology for developing scenarios to evaluate safety in complex traffic
environments.

Keywords: autonomous vehicle, edge case, pegasus 5-layer, safety evaluation scenarios, topic modelling
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A} e vhope 97 R0k A7) 70) 4B ko] B EE B 820l 4] Edge Caseetal A%,

Typical traffic
scenarios

0
Critical traffic
scenarios — — —_—

Scenario probability of occurrence in real world traffic

Edge case
scenarios
low probability, but high

efforts to identify and
confirm performance!

Obstructed pedestrian crossing
+ cyclist overtaking

Complexity/risk of scenario

Figure 1. Scenario case definition (Kalisvaart, 2021a)
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Table 1. Pegasus 5-layer format

Layer Components
Layer 1 : Road-Level Road geometry and topology, road surface quality and boundaries
Layer 2 : Traffic infrastructure Traffic signs, barriers, road markings, lane
Layer 3 : Temporary modifications Road construction work, traffic obstructions
Layer 4 : Objects Dynamic of ego vehicle, traffic—relevant object, pedestrians
Layer 5 : Environment Lightning conditions, weather (rain, snow, fog, etc.)
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Figure 2. The intuitions behind LDA (Blei, 2012)
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Table 2. Dash cam data collection components
Layer Data Components
Accident situation Records of the accident situation (ex. A vehicle traveling in two lanes
changes into one lane without a turn signal, causing an accident)
Layer 1 Road alignment Flat alignment (ex. Straight, left curve, right curve)
Road slope Lateral slope, longitudinal slope (ex. Flat, uphill, downhill)
Layer 2 Lane Number of road lanes (ex. 4 lanes round trip, 3 lane one way)
Accident point Point type (ex. General road, side street, crosswalk)
Layer 3 Traffic flow Reasons for congestion (ex. Illegal parked)
Road environment Road surface condition, work status, etc. (ex. Moisture road, no work)
Main cause of accident Cause category of accident (ex. Sudden lane change, reverse driven,
neglect of attention, etc.)
Layer 4 Accident type Accident type (ex. Front—end collision, side—end collision, rear—end
collision)
Maneuvering the vehicle Vehicle driver behavior (ex. Steering wheel excessively, sudden stops,
before an accident etc.)
Accident subject type Accident target, collision site, etc. (ex. Car to pedestrian, car to bicycle,
etc.)
Layer 5 Day/night Time information (ex. Daytime, night)
Weather Weather information (ex. Sunny, rainy, snowy)
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Table 3. Basic statistics of collecting data

Article

Components Case Number of case Ratio
Accident type Car to motorcycle 1,020 2%
Car to pedestrian 732 30%

Car to bicycle 592 25%

Car to e—scooter 56 2%

Car to etc. 10 1%

Accident point General road 1,614 67%
Crosswalk 464 19%

Side street 198 8%

Unsignalized crosswalk 80 3%

Parking lots 39 2%

Other 15 1%

Main cause of accident Sudden enter 701 31%
Poor sight distance 536 24%

Jaywalking 315 14%

Signal violation 216 9%

Reversing 179 8%

Sudden lane change 176 8%

Centerline encroachment 69 3%

Sudden stop 43 2%

Other 23 1%

2) ARl 7|1E "HAEQO|Y

AA 27t mg EHUrA HAE folEAlS 7|HE e 8 AU2| oo 8 7]9%
a2 2451 EE3KTokenization)S 4-38519itt o] & 53l - 5A2]
71 EE FE5HAH.

o] & ?lofl @lAE ufo] -2 Python 7]5He] ko] ZFAo| A ] gto]H2j2]Ql KoNLPyE &-&-5tof 4345131t
KoNLPy+= Java 7|5 e 4 B4 Q7S Python 2HF 0|4 88 4= QI =5 2| ¥oh= Qe H o] A2, Hannanum,
Kkma, Komoran, Mecab, Okt 5-2] Jefj4 A SFEAE L3It 2 ALoA = FEj4 AP HY o] golsitt
= A--S 712 KAIST SWRC 7R 9] Hannanum 24715 &-8519tt. g 247|158 59 T2 F2 AHe 9l
719 =X obA Aol glole] o whe} Pegasus 5-layer T O] layer 7|0 utat BHF31 ).

—lN

3) LDA ELZHUE St AlL22 =
Pegasus 5-layer XS 7|F0=2 BERH A11Q 2l 7|YEE 7|RFC 2 Edge Case AU L& F55H7] <4l
8ottt LDA EE R EE B8 Fof dlo|g ol AFxl Z15-& A4t 44 B4

LDA Exrds] 7|He A
< 5o EEE 2] Egso] foulet Agie 7L 5948 GHE 4 e AR EY OF 5 A3
Skt

EQ 0% 4 A3 4 EQ Y dolEo] gy A=A Uehtb=A1E Bk Coherence scoreE 7|02

A7 53l Coherence scorer= 15 Ul 71915 7+] A& 52318 | B & 11 gho] =245 4 U] g3do]

JUIO}Eﬂ F|1HE Hol= ghol 2| H 9] BT = oA Hrt,

AAH 2o BEY 5 S8 7|Ho 2 Ax oA A2FPat HPA}, o|&a), AHdA, AFZHE 5
Ak 2412 el o172 # Q)i 9] AL Hheds}ol, 2411 43 (Accident type)} 71E02 A}

O/\o1

oll_.m_, El

4
S _lé
_O'L
_8'.
=
)
=
Hﬂ
B o
 Ja o
51__“
ol
Hm
x
o F”
4
oll
_cL
_u




Article Development of Autonomous Vehicle Edge Case Scenarios Based on Topic Modelling Through Dashcam Video Analysis : Focusing on Pedestrian,

Pegasus 5-layer @5 whet thA] e A]sto] Au2] @ T1E-2 TS5t o2 A Aeld Alue e 158 719
EE 7|Rko 2 AR A A S5 g5o] ke E, e Qdl, AU, AR ALY T = Al =
A= 719EE 2ot AP o= dAste] Alue & sk 13% JA 0 & AlES|A 4-3ste] 2t BEX
IEolA 5 %ﬂ 7195 7|90 2 Pegasus 5-layer 5ol whef A2 ek 5 S AbaLe] S iy, Ad 7t
57 5= AEsto] ¥ Edge Case AU 2= &5

F

Aldel2 55 2t
1. LDA ELRYY 24

1) B8} AP AR

g5 ey 2ot Hagah 7H AT 4= Qs AR AlUE] 2 52 floll 3 E B A oAl T B iztet Ay
g ARLL HlolEE 7]Rto 2 LDA Exndly 243 Xsgstoit.

WA, A EY IF 55 AHs5H7] 16l Coherence Scores 215t tt. Figure 59F o] ZEd =
oAl E] T15&F 4 4717} Coherence ScoreZt 7V =7 Uehdel wiet 245 91 EY 5 5 412 4
otgitt. 222 LDA Egrds 7Hg &-gote] Hagat Afare] tisf] 242 Jsgsialy, Alvee 1
B} layer =1 7] 9IEE Table 43t Zo] &3]t

0.29 A
0.28 '
0.27
0.26
0.25

Coherence Scores

0.24
0.23

1 2 3 4 5 G .
Number of Topic

Figure 5. Pedestrian accident topic coherence score

Table 4. Pedestrian accident edge case scenario topic group

Layer Components Topic group 1 Topic group 2 Topic group 3 Topic group 4
Layer 1  Road alignment 1. Straight, 1. Straight, 1. Right curve, Straight
2. Right curve 2. Left curve 2. Straight,
3. Left curve
Road slope Downhill - Uphill Uphill
Layer 2 Lane 10 lanes round trip 2 lanes round trip - 4 lanes round trip
Accident point 1. General road, 1. General road, 1. Crosswalk, 1. General road,
2. Parking lots, 2. Crosswalk, 2. Side street, 2. Crosswalk,
3. Crosswalk 3. Unsignalized 3. Unsignalized 3. Unsignalized
crosswalk crosswalk, crosswalk
4. Road within
Apartment,

5. Parking lots,
6. General road
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Table 4. Pedestrian acciden t edge case scenario topic group j(continued)

Layer Components Topic group 1 Topic group 2 Topic group 3 Topic group 4
Layer 3 Traffic flow 1. No obstacles, No obstacles No obstacles 1. Parked vehicles
2. Parked vehicles, 2. Traffic congestion
3. Traffic
congestion,
4, Tllegal parked
Road environment 1. Normal, Normal Normal Normal
2. Moisture road
Main cause of 1. Poor sight 1. Jaywalking, Poor sight distance 1. Poor sight
accident distance, 2. Sudden enter distance,
2. Negligence to 2. Sudden enter,
look ahead, 3. Jaywalking,
3. Centerline 4. Signal Violation
encroachment
Layer 4  Accident type 1. Collision, 1. Collision, Collision Collision
2. Open door 2. Side—end
accidents Collision,
3. Rear—end Collision
Maneuvering the 1. Driving, 1. Driving, Driving Drivin,
vehicle before an 2. Sudden stop, 2. Sudden stop
accident 3. Sudden braking
Accident Car to Pedestrian Car to Pedestrian Car to Pedestrian Car to Pedestrian
subject type
Layer 5  Day/night Night 1. Night, 2. Daytime Night -
Weather Rainy - - -
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Figure 6. Motorcycle accident topic coherence score

Table 5. Motorcycle accident edge case scenario topic group

Layer Components Topic group 1 Topic group 2 Topic group 3 Topic group 4
Layer 1 Road alignment 1. Straight, 1. Right curve, 1. Straight, 1. Straight,
2. Left curve 2. Straight, 2. Left curve 2. Left curve
3. Left curve
Road slope - - -
Layer 2 Lane 1 lane one way 1. 2 lanes round trip, 3 lane one way 1 lane one way
2. 4 lanes round trip
Accident point 1. Crosswalk, 1. General road, 1. General road, 1. General road,
2. Unsignalized 2. Side street, 2. Parking lots, 2. Intersection,
Crosswalk, 3. Rodeside 3. Road within 3. Side street
3. General road, Apartment
4, Parking lots,
5. Roundabout
Layer 3  Traffic flow 1. No obstacles, 1. No obstacles, No obstacles No obstacles
2. Parked vehicles 2. Ilegal parked
Road environment  Normal Normal Normal Normal
Main cause of 1. Sudden enter, 1. Poor sight distance, 1. Sudden enter, 1. Negligence to
accident 2. Poor sight distance, 2. Sudden enter, 2. Sudden lane look ahead,
3. Signal violation, 3. Reversing change, 2. Unsafe distance,
4. Directive violations 3. Signal Violation, 3. Signal Violation,
4, Centerline 4. Negligence to
encroachment, look Rear—end
5. Overspeeding,
6. Jaywalking,
7. Dilemma Zone
Layer 4 Accident type 1. Collision, 1. Collision, 1. Collision, 1. Collision,
2. Open door 2. Side—end Collision 2. Rear—end Collision, 2. Rear—end Collision
accidents 3. Side—end Collision
Maneuvering the 1. Driving, 1. Driving 1. Driving, 1. Driving,
vehicle before an 2. Sudden stop 2. Sudden stop 2. Sudden stop,
accident 3. Sudden braking
Accident Car to motorcycle  Car to motorcycle  Car to motorcycle  Car to motorcycle
subject type
Layer 5 Day/night - 1. Daytime, 2. Night Night -
Weather - - - -
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Figure 7. Bicycle accident topic coherence score

Table 6. Bicycle accident edge case scenario topic group

Layer Components Topic group 1 Topic group 2 Topic group 3 Topic group 4
Layer 1 Road alignment 1. Straight, 1. Right curve, Straight . Straight,
2. Right curve, 2. Straight, Left curve,
3. Left curve 3. Left curve . Right curve

Road slope Downhill

D= = W=

Layer 2 Lane 1. 1 lane one way, 1. 6 lanes round trip, 4 lanes round trip,
2. 2 lanes round trip 2. 2 lanes round trip 2. 6 lanes round trip
Accident point 1. General road, 1. General road, 1. General road, . Crosswalk,
2. Side street, 2. Crosswalk, 2. Bicycle lane, . Unsignalized
3. Parking lots, 3. Side street, 3. Crosswalk crosswalk,
4. Road within 4, Road within 3. General road
Apartment, Apartment,
5. Crosswalk 5. Parking lots
Layer 3  Traffic flow No obstacles 1. No obstacles, 1. No obstacles, 1. No obstacles
2. Parked vehicles 2. Illegal parked 2. Working on
Construction
Road environment  Normal Normal Normal Normal
Main cause of 1. Sudden enter, 1. Sudden enter, 1. Jaywalking, 1. Signal Violation,
accident 2. Negligence to 2. Reversing, 2. Poor sight distance, 2. Jaywalking,
look ahead, 3. Poor sight distance, 3. Centerline 3. Poor sight
3. Reversing, 4. Sudden lane change,  encroachment, distance,
4. Jaywalking, 5. Signal Violation, 4. Sudden enter, 4. Sudden enter
5. Poor sight distance, 6. Directive Violations 5. Negligence to
6. Signal Violation, look ahead,
7. Sudden lane change 6. Reversing
Layer 4  Accident type Collision Collision 1. Collision Collision
2. Open door
accidents,
3. Rear—end Collision
Maneuvering the 1. Sudden stop, 1. Driving, 1. Driving 1. Driving,
vehicle before an 2. Driving 2. Sudden braking 2. Sudden stop
accident
Accident subject type Car to bicycle Car to bicycle Car to bicycle Car to bicycle
Layer 5 Day/night - Night Night 1. Night 2. Daytime
Weather - - - -

Sot9l4], Al 43 4| 5=, 20254 10 567



Article

Development of Autonomous Vehicle Edge Case Scenarios Based on Topic Modelling Through Dashcam Video Analysis : Focusing on Pedestrian, «+

4) MSZIEC Al AlL2|R
npz|eko 2 AE5ZIHE BT Figure 89t o] &5 Cohernece Score 1| oA EX 17 & 47f= A 45t

o] LDA ExRdla-g APPct. 24 A} Table 77+ Zo] AU @ 15 layer F5E 719ES EEF

el @ F&0f AR layer F5E 7|YEE Table 43t Zo] 72 242

Coherence Scores

0.38
0.37

0.36

0.34

3 4
Number of Topic

PECEE]

Figure 8. e-scooter accident topic coherence score

Table 7. e-scooter accident edge case scenario topic group

100, Al

Layer Components Topic group 1 Topic group 2 Topic group 3 Topic group 4
Layer 1 Road alignment 1. Right curve, 1. Straight, 1. Left curve
2. Left curve, 2. Right curve, 2. Right curve
3. Straight 3. Left curve
Road slope - Uphill - Uphill
Layer 2 Lane 1 lane one way 1. 3 lanes one way, 1. 2 lanes round trip, 1. 1 lane one way,
2. 6 lanes round trip 2. 4 lanes round trip, 2. 4 lanes round trip
3. 10 lanes round trip,
4. 6 lanes round trip
Accident point 1. Side street 1. General road, 1. General road, 1. General road,
2. General road, 2. Crosswalk, 2. Crosswalk 2. Side street
3. Unsignalized 3. Side street, 3. Road within
crosswalk, 4, Road within apartment
4. Crosswalk apartment,
5. Parking lots
Layer 3  Traffic flow 1. No obstacles, 1. No obstacles, No obstacles 1. No obstacles
2. Parked vehicles 2. Parked vehicles 2. Parked vehicles
Road environment Normal Normal Normal Normal
Main cause of 1. Sudden enter, 1. Poor sight distance, 1. Sudden enter, 1. Centerline
accident 2. Reversing, 2. Reversing, 2. Poor sight encroachment,
3. Poor sight distance, 3. Sudden enter, distance, 2. Reversing,
4, Signal Violation, 4. Sudden lane change, 3. Centerline 3. Sudden enter
5. Jaywalking, 5. Negligence to encroachment,
6. Negligence to look ahead,
look ahead 6. Jaywalking
Layer 4  Accident type 1. Collision, 1. Collision Collision Collision
2. Open door accidents 2. Rear—end Collision
Maneuvering the 1. Driving, Driving Driving 1. Driving
vehicle before an 2. Stop 2. Parking
accident
Accident Car to e—scooter Car to e—scooter Car to e—scooter Car to e—scooter
subject type
Layer 5 Day/night 1. Daytime, 2. Night Night 1. Daytime, 2. Night Night
Weather - - - -
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Table 8. Edge Case scenario development results

Class No. Contents Scenario Situation
Pedestrian 1 A car driving straight on a 10 lanes road occurs in a
collision with a pedestrian entering the crosswalk due

to poor sight distance because of congested traffic
and Moisture road surface due to rain at night.

2 A car driving left curve turn on a 2 lanes road
occurs in a side—end collision with a pedestrian
jaywalking an crosswalk.

3 A car driving right curve turn on an uphill road with
poor sight distance occurred a collision with a

pedestrian entering a crosswalk.

4 A car driving on a straight uphill section of 4 lanes
at an unsignalized crosswalk collided with a
pedestrian who suddenly entered from between parked
cars, resulting in a collision.

Motorcycle 1 A car driving straight on a 1 lane one way road
collided with a motorcycle that suddenly entered from

between parked vehicles, resulting in a collision.

2 At night, a car driving straight on 2 lanes round trip
road in a side street was involved in a side—end

collision with a motorcycle encroaching the centerline
due to illegal parking.

3 At night, a car driving on 3 lanes one way road
collided with a motorcycle during a left turn curve

due to the motorcycle's signal violation.

4 A motorcycle that was following a car that suddenly
braked due to construction work on a straight section
of 1 lane one way road failed to maintain a safe
distance, resulting in a rear—end collision.
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Table 8. Edge Case scenario development results (continued)

Class No. Contents Scenario Situation
Bicycle 1 On 1 lane one way downhill side street, a car driving
straight collided with a bicycle that suddenly entered

the road, despite the car making an emergency
sudden stop.

2 At night, a car turning right curve on a road within
an apartment complex collided with a bicycle that

suddenly entered from between parked cars.

3 At night, a car driving straight on 6 lane round trip
road with illegally parked cars collided with a bicycle

jaywalking at a crosswalk.

4 At night, a car making a left curve turn on 4 lane
round trip road attempted an emergency sudden stop
upon spotting a bicycle crossing at an unsignalized
crosswalk but collided due to poor sight distance.

E-Scooter 1 At daytime, a straight section of 1 lane round trip
side street with parked vehicles, a dooring accident
occurred as a patked car opened its door with poor
sight distance of an e-scooter

2 At night, On uphill 3 lanes one way road with cars
parked on the side, a car driving straight collided
with an e-scooter that suddenly entered at a
crosswalk.

3 At night, a car driving on 2 lanes round trip road
collided with an e-scooter due to traveling in

centerline encroachment.

4 At night, On an uphill, 1 lane one way side street, a
car making a left curve turn collided with an
e-scooter that suddenly entered the road.
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