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ABSTRACT

As the competition among the autonomous vehicle (AV, here after) developers are getting fierce,
Korean government has been supporting developers by deregulating safety standards and providing
financial subsidies. Recently, some OEMs announced their plans to market Lv3 and Lv4 automated
driving systems. However, these market changes raised concern among public road management
sectors for monitoring road conditions and alleviating hazardous conditions for AVs and human
drivers. In this regards, the authors proposed a methodology for monitoring road infrastructure to
identify hazardous factors for AVs and categorizing the hazards based on their level of impact. To
evaluate the degrees of the harm on AVs, the authors suggested a methodology for managing road
hazard factors based on vehicle performance features including vehicle body, sensors, and algorithms.
Furthermore, they proposed a method providing AVs and road management authorities with potential
risk information on road by delivering them on the monitoring map with node and link structure.
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<Table 1> A-&FYAN 2R ol 2 vl ¢ A= =2 Az} A48 849 dF] WA € A
&5 Azd 84 I3, o 91F 84F FHIS] AT WEFE AL AT AeFHA 2T
ol FIF& WA= B S 99 8hdE BB AEE, ERuS 4, A =z, F 5o 5
Aol wheh ZhlAE A 2de I B2 o el W ®AS WY, 1% %A WEH g
AETS] EA, 22 1w e ¥, 2 AMES WY Fo] ol APk

<Table 1> Directions for Classifying Road Infrastructure Risk Factors

Hazardous Factor
DD Info.  |Direction for Classifyi 1
o Road Monitoring Infrastructure Monitoring Info. (vehicle/sensor/ o RN B QR IS0
features Features of Hazardous Factors
network)
Performance of vehicle body
S functional
Pavement condition Pothole, Bump Sensors, Vehicle | Static and senscors (uncFlona
performance algorithm
performance)
Performance of vehicle body
Road .. . . and senors(functional
Road surface condition |Dry, Wet, Icy, Snowy | Sensors, Vehicle | Dynamic .
Pavement performance algorithm
performance)
Performance of vehicle body
Ponds Existence of water Sensors, Vehicle| Dynamic and senors(functl(?nal
ponds performance algorithm
performance)
Physical Lanes Quality of Lane marks Sensors Static | Ferrormance of vehicle sensing
Infra. the target factors
Road Marks - X .
Temporary lanes, Shoulder,| Existence of marks, Sensors Static Performance of vehicle sensing
Miscellaneous road marks |Quality of lane marks the target factors
Traffic . Installment and . Performance of vehicle sensing
Cautions and marks . Sensors Static
Mark operation of marks the target factors
Subsidiary | Guardrail median strip, . Performance of vehicle sensing
. . Damage Sensors Static
Facilities Lane regulation bar the target factors
. . . Sensgrs, . . | Performance of vehicle sensing
Intersection traffic signal Normal operation | Communication | Dynamic
the target factors
Traffic network
Signal Normal operation of L Performance of algorithm and
. . Communication . .. .
Signal info V2X V2X messages, network Dynamic communication terminal
Strength of signal equipment
High Alteration info. on high| Communication
Definition Facility alteration info N Static Performance of algorithm
definition map network
Map
Road construction, Traffic | Occurrence, Location, . Sensors, Performance of
Events . . . Sensors Static .
accidents, Pedestrian feature, Road blocking, etc. algorithm
Digital | . . Semsors,
Infra. Digital LED signboard Fliker, LDM pI:lOl‘ map | Communication Static Sensors, Performance of
Mark configuration network, algorithm
Algorithm
Local Sensors,
. Configuration of traffic| Communication . Sensors, Performance of
Dynamic LDM message e Dynamic .
Ma, condition, Events, etc. network, algorithm
P Algorithm
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<Table 1> Directions for Classifying Road Infrastructure Risk Factors (continuation)

Hazardous Factor
ODD Info.  |Direction for Classifying Level
Road Monitoring Infrastructure Monitoring Info. (vehicle/sensor/ ° ection. for S1ass Ve
features Features of Hazardous Factors
network)
. . Wind speed, Intensity
Wind, Rain, S; . A, .
Weather e, Ram, Show, of rainfall, Visibility Sensors Dynamic Performance of sensors
Temperature .
distance, Temperature
Environ- Atmospheric
ment Palti:le Fog, Smog, Dust Visibility distance Sensors Dynamic Performance of sensors
Lights Street h“?’ht’ Head'hght, Sun Light strength Sensors Dynamic Performance of sensors
light location
. . Sensors,
Dmmc traffic control, . . Communication . Sensors, Performance of
Traffic Variable speed control, LDM configuration Dynamic .
Exclusive lane network, algorithm
CZIIMOI Algorithm
imitati ea
meutatlo Passenger stop/freight Existence of operation Sensors Dynamic Sensors, Performance of
r(l); Anea/ loading area pe yna algorithm
eraion
Dedicated parking area, Existence of street, . Sensors, Performance of
Street Park . . . Sensors Dynamic .
Illegal parking illegal parking algorithm
Location, Duration, Sensors, Performance of sensors,
Construction Road construction Traffic control facility,| Communication | Dynamic Communication terminal,
V2X network Algorithms
Breakdown Break down car Location Sensors Dynamic Sensors, Perfo ce of
Car algorithm
Miscellaneo Sensors, Performance of
. Miscell . . D . 8
Objects us Objects iscellaneous objects Location Sensors ynamic algorithm
Trees Blocking road si; marks Location, Status Sensors Dynamic Sensors, Perfo ce of
£ £, " yoi algorithm
. . Through put, Latency, | Communication . |Performance of communication
V2X Road- D
oad-side equipment Signal blockage network ynamie terminal equipment
Connecti -
. Geographic . . S .
vity . GPS, GLONASS, Galileo, |Signal strength number| Communication . |Performance of GPS receiver,
al Location . . Dynamic . . .
Info Beidou of satellite network Location estimation algorithm
=2 Amehe Y Qat A LAMNAE 4 84 AEY 5 9ok, of| A A2FYAN 2
of Folt &< MA 5 e 2ol Atk ol ATl AgH A dagfFe S wE AAE
go] A7 2ebd 7] wWEolth BUE o] Bog E7 Qlxele= AR Aol wel AA~HA F4
of Wakshe AXetE SRER 4, 2 U wE BAZL ol SR =AY, FYRW, A2 FA
¥ 53 2L S BOAAS R Fh0 oF &40 Fho| WY & U3, BT B3 AEA
o719 Bl wFsk B4 Aof Fol ME LR/ WAT & Uk ool RUHY By Qzmete] SHL
Aol gt A, 24|, B4, dd g Ale] daEls Tl FEFE vAH, A7 240 AA A= A
ol wheh AH a4% $8 QAT TR 5 Utk olF 54 nelstel AP SFAH 9 9
Y I 249 AR BA wet AdE WUF a4 S TR & A
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<Table 2> Safety test items for partially automated vehicle
Target Objects
Non Vehicle Pedestrain Obstacle
Cartegory Specific test items crash | crash | non- crash | non- | crash | non-
avoid | avoid | crash avoid | avoid | crash avoid | avoid | avoid
cond. | cond. cond. cond. cond. cond. | cond.
Verify vehicle performance for lane keeping and
. . @) ©
) stability function
Lane keeping - - - -
performance Ve.nfy vehicle Pehavmr reépon.dlng to a target
vehicle approaching lateral direction from the next @)
lane
Verify vehicle behavior responding to a target o
vehicle in steady state
Verify vehicle behavior responding to a target o
pedestrian in steady state
Crash avoidance Verify vehicle behavior responding to a target o
performance for pedestrian crossing a crosswalk
vehicles, pedestrians, | Verify vehicle behavior responding to a target o
and other objects object blocking the lane
Verify vehicle behavior responding to a target o
object partially blocking the lane
Verify vehicle behavior responding to
o . . © @)
muliti-objects posed in the lane consecutively
Verify vehicle behavior responding to a front target
vehicle for keeping safety distance when it @)
Performance for decelerates
forward car following
Verify vehicle safety when following front vehicles o
within the same lane (laterally located vehicle)
Verify vehicle behavior responding to a target
; L . © o
vehicle for merging in front of ego vehicle
Perf01tmance for Verify vehicle behavior responding to a target
responding to target . .. . .
. . vehicle for merging in front of ego vehicle with O 0
Vehicle for their lane
. steady speed
changing and
merging in Verify vehicle behavior responding to a target
vehicle for merging in front of ego vehicle while @) )
decelerating
Performance for
r:;g::il:ilgﬁt;h?lgzgrs Verify vehicle behavior responding to objects
the front vehicle has appeared right af.ter the front vehicle has changed @) © @)
. its lane to next
changed its lane to
next
Performance for | Verify vehicle performance for sensing straight road @)
sensing area Verify vehicle performance for sensing curved road O
@) Test to decide whether the test vehicle comply or not comply
0] Test to evaluate strategy for avoiding crash (minimal risk operation, etc.)
Note: Criteria of compliance responding to a crash avoidance condition: crash avoidance
Criteria of compliance responding to a inevitable crash condition : mitigate crash impact (By evaluating minimal risk operation strategy)
21 No.2(2022. 4) The Journal of The Korea Institute of Intelligent Transport Systems 69
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= EUEY %S Tl AlEHd A2 &, ZUEY AF%2 AT AA GH, 23 HH}
AAREE ZUEF AE | gt gAY dzete] 4 8as ZUEY A3 d¥d dLeE A
5o} Hlalste] AFolglo] HHE e, ¥ E2 UEHZ ARE A A5 fAd 24 5 54 A
Hol 75 AR AR st Adolio] AT g ARE AE AFIeth 714 2 o] dH,
x% BF T S B9 BUEE 2] AlE e dgsta, AEdA 345 Aite] Hd=E Hrtsto]
BEUEY o] A3 ofgA HFE FHRe dzet BUET tide] AR FAIE ] #4
i, AEFd Ago] T8 UEF AW B2 AL Yol AT F e AEE AT

Physical Infrastructure Digital Infrastructure Environment Condition

Field Monitoring Vehicle Field Monitoring Vehicle Field Monitoring Vehicle
= Assessed
Menitoring Data ) Discrepancy Local Meonitoring Data - Lighting isk lovel
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<Fig. 1> Management Scenarios for Hazardous Road Infra Info Provision
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<Table 3> Directions for map design for road infrastructure monitoring

ODD Lo .. .
Road monitoring infrastructure Monitoring Info Map design factors
features
Pavement condition Pothole, Bump Link Node
Road pavement Road surface condition Dry, Wet, Icy, Snowy 0]
Ponds Existence of water ponds
Lanes Quality of Lane marks O
Road marks Temporary lanes, Shoulder, |Existence of marks, Quality o
. Miscellaneous road marks of lane marks
Physical
infra. Traffic mark Cautions and marks Installment and operation of O
marks
- - Guardrail median strip,
Subsidiary faciliti . D )
ubsiciary factiities Lane regulation bar amage
Intersection traffic signal Normal operation O
Traffic si i
gnal Signal info V2X Normal operation of YZX o
messages, Strength of signal
High definition Facility alteration info Alteratlor} .mfo‘ on high o
map definition map
Events Road construction, Traffic Occurrence, Location, o o
accidents, Pedestrian feature, Road blocking, etc.
Digital infra. Hik
.. . iker, LDM pri
Digital mark LED sign board et . p1.10r map @)
configuration
. Configuration of traffic
Local dynami LDM (6]
g © map message condition, Events, etc.
Wind speed, Intensity of
Weather Wind, Rain, Snow, Temperature | rainfall, Visibility distance, O
Temperature
Envi t Atmospheri S .
fvironmen osP ere Fog, Smog, Dust Visibility distance (@)
particle
Lights Street light, Head. light, Sun light Light strength o
location
Dynamic traffic control, Variable .
. LDM configurat (@]
TrafﬁZrControl speed control, Exclusive lane configuration
ea
Limitation of Passenger stop/freight loading area | Existence of operation @)
area/ Dedicated parking area, Illegal | Existence of street, illegal
; , > o
operaion Street Park parking parking
Construction Road construction Location, Dur'aflon, Traffic 6]
control facility, V2X
Breakdown Car Break down car Location O
Miscell S
Objects 1sce'aneou§ Miscellaneous objects Location @)
Objects
Trees Blocking road signs, marks Location, Status @)
h ignal
V2X Road-side equipment Through put, Latency, Signa )
blockage
Connectivity Ge Hical S " ber of o
ographical | g GLONASS, Galileo, Beidou | > €1 Strength number o
location info satellite e}
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