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ABSTRACT

This paper develops scenarios to evaluate the safety performance of Unmanned Ground Vehicle on military

circumstances. The scenarios were created using Pegasus Project 6—layer format. These scenarios consist

of straight road, curved road, merging road and crossroad. We adapt these scenarios to unpaved road. The

characteristics of unpaved roads were divided into roughness, friction coefficient and road frequency. This

adaption is validated via computer simulation. We observe the scan lines of vehicle become tangled of the

straight road that make the cognitive abilities of the vehicle low and the lane—keeping is unable when vehicles

entering curved off—roads over 40 km/h. The developed scenarios will contribute to enhancing stability from

the perspective of introducing autonomous driving technology to Korean military.
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3.1. Functional Scenario
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Table 1 Functional scenario

Division Figure Explanation
TR—P-N A solo drive in own
1 lane
P .
TR—P—F ™| Driving in congested
1 lane
"]
GS—P—CI { 1 Driving corresponding
i i to cut—in vehicle
o ii Driving corresponding
GS~P=C0 ié to cut—out vehicle
GS—P-MR 3 N Q Driving cor'respondmg
' to merging road
"
TR-P—CR - Driving corresponding
i [-' to crossroad
I A solo driving in a
GS-U-N ‘ narrow and straight
H unpaved road
‘ I A solo driving in a
TR-U-N narrow and circular
E unpaved road
Static obstacle
GS-U-SO _FJ avoidance maneuvering
i in unpaved road
GS—U=-DO Stop when dynamic

obstacle occurs




2 A3k AT 8-S Table 12 Fsha 82

o 91 ARl eg e e ek el 5

£9) b3 ke A 715 Ad, 0L 29 4
ulo.

TH 34 9 AU s K3t
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Table 2 Common concrete scenario variables (Paved road)
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3.3. Concrete Scenario

FEAE 24 9] Concrete Scenario %= Layer 1,2,3,5,6
o S O FARE 202 7RIt FEEE PRl
Table 2% w2 42]3lth. TR-P-N, TR-P-F, GS—
P—CI, GS—P-CO, GS—P-MR, TR-P-F, GS—P-C],
GS—P-CO, GS—P-MR, TR-P—-CRY] Alu}g] &= 747}
Table 3, Table 4, Table 5, Table 6, Table 7, Table 8%

Table 3 Concrete scenario (TR—P—N)

- Layer Component Parameter Variable
Layer Component Parameter Variable
- One—lane
Planning Speed 40 km/h Road Road Number Road
Road Width 3.5 m 7 Geometry . ;
Road Layer Road i Road Layer Y Roadway Radius 60 m
(Layerl) Geometry | Cross—fall Grade 1.5% (Layer1) of Curvature
Maximum Bmking 08 Others In the case of _
Coefficient necessity
Types of Traffic | Orange (line) / Road Road Structure Types -
Lane White (dotted) Furniture Infrastructure
. and Rules .
Dotted Lane (Layer2) Others In the La'se' of _
Painting 10 m Y necessity
foad ngercalfffliccatllg?le()f Lane Gap 10 m Moving Object | Default Setting | Required Vehicles Ego
Fuljgﬁir . mrﬁ’jﬂgs Lane Width 15 (Layer4) Ego Initial Speed 40 knvh
and Rules am
(Layer2) et Yellow / White Table 4 Concrete scenario (TR—P—F)
Performance of -
Lane Painfi (150 mcd)
ane ramung Layer Component Parameter Variable
Guide Lane X _
N Road Number One-lane
Others In the case of _ Road Road
necessity Road Layer Geometry Roadway Radius of 60 m
Roadside | Bus—only Lane X (Layer1) Curvature
Teln'qporlal Facilities Shoulder Lane X . In the case of
modifications - Others necessity -
and events PfOt?FFlon Traffic Cone X
(Layer3) Facilities . Road S T _
Road Furniture | {pfrastructure | SFHCWe 1ypes
Others Type - and Rules
Type Clear (Layer2) Others In rE:iezi?t(; of -
Whether Temp, iarature 10 Required Vehicles | Ego, Actor
Environmental Nga)qmum 0 m/s Default Setting Initial V2V
e Windspeed . 35 m
Conditions distance
(Layer5) , Type Day Vehicle Speed | 40 km/h
Intensity of Minimal -
Illumination Surrqunding 4000 Moving Object Acceleration E)I()peeg;?:i?ntal
[llumination Averd )
(Layer4) Ego -
Communication , Taliget vav 35 m
Delay X distance
Digital Sensor cay " .
Information | Performance | Communication & X Time to Collision 42s
(Layer6) Localizing Error Act Vehicle Speed 30 km/h
ctor
Others Others - Acceleration -
8 ANSAerEES Xl M15&A, M4s, 2023
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Table 5 Concrete scenario (GS—P—Cl)
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Table 7 Concrete scenario (GS—P—MR)

Layer Component Parameter Variable Layer Component Parameter Variable
Road Number Two—’lane Road Number Two-lane
Road Road Road G ; Road
Road Layer Geometry Roadway Radius Straight Road Layer oad Lieometry Roadway Radius Straich
(Layer1) of Curvature e (Layer1) of Curvature traight
In the case of _ In the case of .
Others necessity Others necessity Merging Road
- Road , - Road .
Roaddp},ér?lture Infrastructure Structure Types Road Furniture | oo Structure Types | Guardrails
and Rules p <
(Layer2) Others In the case of - and Rul‘es In the case of .
necessity (Layer2) Others - Merging Road
. - necessity
Pt e Required Vehicles | Ego, Actor Required Vehicles | Actor, Ego
t Sett: iti Y .
claull setling Ianlal Vv 50 m Default Setting Initial V2V _
distance distance 50 m
Vehicle Speed 40 Wh Vehicle Speed 40 km/h
Acceleration Exp el_*lmgntal . Experimental
Definition Acceleration e
Ego - VoV B Definition
. . t V2 - . . g0
Moving Object E:jlige 35 m Moving Object Target V2V )
istance . 35 m
(Layer4) - — (Layer4) distance
Time to Collision 4.2 s - —
- Time to Collision 42's
Vehicle Speed 30 km/h P p
- Vehicle Speed 30 km/h
Acceleration Experimental E imental
Definition . i XPErmenta
Actor Second Actor Acceleration | "o fiition
Moving Direction Lane — Moving Direction Merging —
First Lane First Lane

Table 6 Concrete s

cenario (GS—P—-CO)

Table 8 Concrete s

cenario (GS—P—CR)

Layer Component Parameter Variable
Road Number Twolane
. Road
Road Geometry -
Road Layer Roadway Radius Straieht
(Layerl) of Curvature g
Others In the case of _
necessity
. Road
Road Furniture | Ipfrastructure Structure Types -
and Rules
(Layer2) Others In the case of _
necessity
Required Vehicles | Ego, Actor
Default Setting Tnitial V2V
. 50 m
distance
Vehicle Speed 40 km/h
Acceleration Expell’lr'nfemal
Definition
Ego T Vav
Moving Object Eg}igmg 35 m
(Layer4)
Time to Collision 4.2's
Vehicle Speed 30 km/h
Acceleration EXDeW?mal
Definition
Actor
First
Moving Direction Lane —

Second Lane

s xerEsts| X M153,

M4, 2023

Layer Component Parameter Variable
Road Number TW()—'lane
Road
Road Geometry -
Road Layer Roadway Radius 60 m
(Layerl) of Curvature
Others In the case of Crossroad
necessity
. Road N i _
Road Furniture | Infrastructure Structure Types
and Rules
(Layer2) Others In the case of Crossroad
necessity
Required Vehicles | Ego, Actor
Default Setting Tnitial V2V
; 50 m
distance
Vehicle Speed 40 km/h
Acceleration E)]%)erlm.emal
efinition
Ego
Target V2V 35 m
Moving Object distance
(Layerd) Time to Collision | 4.2’
Vehicle Speed 30 km/h
Acceleration E)]%)erlm.emal
efinition
Actor First Lane
. — (South—North)
Moving Direction | ™ First Lane

(West—East)
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Table 9 Common concrete scenario variables (Unpaved road) Table 12 Concrete scenario (GS—U—-S0)
Layer Component Parameter Variable Layer Component Parameter Variable
Planning Speed 30 km/h Road Width 8 m
Road Number One~lane Road Layer Road Geomelry | Roadway radius of Straight
Road curvature i
Road Layer | . - - (Layer1)
(Layerl) oad Geometry | Cross—fall Grade 3% Others In the case of B
Maximum : necessity
Braking 0.5 Default Settings | Required Vehicles Ego
Coefficient —
Initial Speed 30 km/h
Type Clear Ego -
7 Temperature 0 Scepario Distance to Actor 30 m
Whether Objects
N ] Type Fallen
Road Furniture rax1mum 0 m/s (Layer4) P Tree
d Rul Windspeed Actor
and Rules - Range (Lateral) 3 m
(Layer2) Type Day :
Intensity of Minimal Distance to Ego 30 m
[llumination Surrounding 4000
Hlumination Table 13 Concrete scenario (GS—U—DO)
Communication X
Sensor Delay Layer Component Parameter Variable
D1g1talA Performance | Communication & Road Width 3 m
Information Localizing E X
(Layer6) ocalizing Brror Road Laver Road Geometry Roadway radius of Straight
Others Others In the catge (Layer1) curvature
of necessity .
Others In the case of _
necessity
Table 10 Concrete scenario (GS—U-N) Default Settings | Required Vehicles Ego
Layer Component Parameter Variable Ego Initial Speed 30 km/h
Road Width 3 m Scenario Distance to Actor 30 m
Road Geometry ; i Objects ) wild
Road Layer Roadway radius of Straight (Layer4) Type Animal
curvature
(Layerl) Actor —
In the case of Initial Speed 40 km/h
Others . - -
necessity Distance to Ego 30 m
Scenario Required Vehicles Ego
Objects Default Settings
(Layerd) Initial Speed 30 km/h
=l GS-U-DO2] Alv}e] @3 72} Table 10, Table 11, Table
12, Table 1322 YeRfISICh
Table 11 Concrete scenario (TR—U—N)
Layer Component Parameter Variable = _
20| =kA M
Road Width 3m 4. NEefold & 7d
Road Geometry e i
Road Layer Roadw ayr radius of 60 m o R
(Layerl) curvature 4.1. AH _9___|-O o c-)l
T
- FRERY RS olv] AyH AT Ak B A
Scenario Required Vehicles Ego -
Objects Default Settings o2 7o tdsh= A w3 7= Ay 2.8 2R
Initial Speed 30 km/h - =
(ayerd i 7)ol EAERANG AP Yokl
£ =odlAE B2 5498 ARV s vEA, &
el TFIFE %UJ‘?S} At} A3 7]= International Roughness
Bl ZGEZ oA B3 Layer 1,2,35,69 2 598 Index(RDE FaLakgivt
Hago] A EAST SY g WMol tisiAl= Table 2 =M e FaAtEko 2 MATLAB TruckSImellA

9% Yehglen, GS-U-N, TR-U-N, GS-U-S0,

10

A 3-3k= “Military: Armored Combat Vehicle, 8x8(i_ii)”
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