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[Abstract]

The limitations of stand-alone automated vehicles, such as limited sensor range, mixed-traffic problem, and fallback issues,
require that a V2X-based cooperative automated driving system be developed. Infrastructure-supported cooperative automated
driving solutions such as INFRA-Guidance are necessary to pave the way for automated vehicles to have longer sensing ranges,
safe driving in mixed traffic, and minimum risk maneuvers. Message sharing and exchange based on V2X communication is
essential for implementation of such services, and questions on the type of contents, From whom to whom, and what exact time
to share are crucial. In such a perspective, the purpose of this study is to propose a communication message structure for
INFRA-Guidance, which can be categorized into several elemental services through an analysis of the system architecture. The
requirements analysis was performed to determine an appropriate structure of messages with clear and appropriate contents. The
message exchange system was implemented using ASN.1 and UPER. Traffic simulation coupled with communication simulation
was adopted to verify the performance of the proposed communication message structure, and we found that the proposed message
is well-designed and appropriate for INFRA-Guidance.

MOIO| : xtedETd olZet 710|HA NEF A|H3L S4 HAIX|, v2X S
Keyword : Cooperative Automated Driving, INFRA Guidance, Traffic Optimization, Communication Message, V2X
Communication

http://dx.doi.org/10.9728/dcs.2023.24.11.2849 Received 05 September 2023; Revised 19 September 2023
This is an Open Access article distributed under Accepted 31 October 2023
@ the terms of the Creative Commons Attribution
S Non-CommercialLicense(http://creativecommons *Corresponding Author; Inchul Yang
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the Tel: +82-31-910-0489

original work is properly cited. . . .
E-mail: ywinter75@kict.re.kr

Copyright (©) 2023 The Digital Contents Society 2849 http://www.dcs.or.kr  pISSN: 1598-2009  elSSN: 2287-738X


https://crossmark.crossref.org/dialog/?doi=10.9728/dcs.2023.24.11.2849&domain=http://journal.dcs.or.kr/&uri_scheme=http:&cm_version=v1.5

C|X|H el = &t5[=&X|(J. DCS) Vol. 24, No. 11, pp. 2849-2856, Nov. 2023

2 = 2}&-538(Stand-alone automated driving)<
Agkd A G, EA 1F 33, 15 A3 o-S(fallback)
SO AR Q] =2 o] AETHE T A &
& Aol Aldlolt}. ulglb V2X(Vehicle-to—everything) %

AL B3 T AN S wEPolAs 25 214 G
& sk, Y DI oI5 B 40 v &
A 7 ke Feln, ) g e U 4% A Q1

2ho] A& Sl FHa o dEHE 1_%]'0]"\_:
FHo® a5ETH1]-[3].

TRaFlAE Ak A &A1 o9 A% 7 wel vt
L[5, o]l H?ﬂoﬂ ek AEA] aE o] S
¥l ERagge] Aol e ARk ARl SAl
Aol 7] wlell ]ﬁlf;ﬂz}'ﬂ' IZF A o] weel] s

= ¥ ¥(cooperation)= 3 4= lojof 3L O]% A=
FS goleke 7‘7401 THEElofof gtt[1]. =EuE 3o

AL ZF Ao WS o] 77 »l%‘}?"“:} 01]3%015

—o"] 7150l 2

2ot ERAREA} Pl BA9 B4, 7)E % ‘é
25 Wo] ARSH AL, A Ftell= SF-FEA (o)A
s, RS )5 T8 o % 7} 7Fsstch ZW
2= ohj_ ]

3}
=
ofi= 74l 34l 7lse] el E‘r‘%}f& AH7}F 255t
8|
o

Short Range Communication), 4G/5G
AEE B A&l e & = 9
ATt 21, [3]

Q1) 7loldA(IG, INFRA-Guidance)= V2X 413}
AR AFE, 2L A 7es FFet] AEF wer
o] A Fa HERE AUt M| AE, 48 o) 11
T AETFE Al2Ee] S A YgtH4]. DSRC 7|8k
WAVE(Wireless Access in Vehicular Environment) %
= Cellular 7]¥Fe]  C-V2X(Cellular Vehicle to
Everything) 415 o]-&3fe] x| AFH o= A 2 ot
g ARE Ttold QM) FER A sl olF &
Ak AF2 Tro|A g 7o 2 HY FIS FTo RN
WE A ~Ele] HA s GAS HaEE gk

Qlazg} hold & V2X $A1E F3 AYEE w'g3dolx)
b AES 7Nk ® Mu| g AlFE] wite] &Fe Ul
o sahs B4 vAAe] A Solut Fasle v
& §39] CITS T A8RFY Aul2g 93 B4 0l
AR E A FETARlA AJSITE v H A AbE5tE]
(SAB)[5]3= V2X &2 wAA] vlo]e] Abdell vhegh An]2
o 875= WAAE XFsgl=t, A& 5ol Ak 7]
B Aol 3k X (BSM, Basic Safety Message), nEAl
S A R(SPaT, Signal Phase and Time), A|=AE(MAP),
o YA B (TIM, Traveler Information Message), =T

_{

N

P
O

O

http://dx.doi.org/10.9728/dcs.2023.24.11.2849

©] H(RSA, Roadside Alert) 59 ZA®I=E Tal gith ®
gk [6lollM= FY 7Nk X274, T 5] Aulzel &
= B2 HAAE Bkl Sl FAIA o R E
F3 o, 78 HH a9, 8 g S

He 53 %ﬂr@ ARE EFFekal itk A7 B3
T(ETSDoIA = thdek o] V2X 2 vAAE EF3)
silEtl txAdom JEy Fye Qg 712 WAIAIR
CAM(Cooperative Awareness Message)[7], @& <l
-2 913 CPM(Cooperative Perception Message)[8]
ol Atk IuelMe ATHIGAAGS NN ARG
C-ITS(Cooperative Intelligent Transport Sy'stem)i 4
gk B2l WAIF[9], TS Qg B4 WAIX][10] Sl
A= o] &-g-¥]ar gl

V2X EAl 71ke] Rl Mu) o] s ffsie A
H|2 2ol H-ekehs Al miAA o] AAZE Aol of
o & AgolM= Qlzel Zheld s TS| 8 REEA|
g HH B4 vrAe] A HHow it /12 7}
oJdxi= 7]FE C-ITS, T 59 An|zoke= ApHshe
54ez Qg 7= A A ] A5 AAHEE )= ofH7]
ol & dA7E Fol AEE $A AAAE e ol
sl o1z} 7lojed A A]AH o].7]Eﬂ;qE Bl 84 A
HE Eeha, S Aulze] WE B4 WAX 87AR)
2 S5 F ol /NOR B AN AAR vk
oz AKE FA WAAE Amgele] AE HA4e 7
Z3hul,

[I. OFZ|EX 7|8 24 MH[A £

e} Zhold Xz IA Y 71Nk wE 45k A
H| o]t} dix]el] g5l RSU(Roadside Unit)ol] A%
AA el 12RE Ao R FSH-EE 22434 AR E wE
Al 24 B ddske] AExte] A 8 dEUteld )&
Qkiet7] wizell AlE] WAfell ulsl At H-go] Hoky]= &
A bt B sloldas A A8 7k gEFAS
53 Qebt lohsks wERe A45 9gE 5 ok
RSUE AHI2s 73k o) A8z ie] 7% 0= Abe) An.
2 FH 01X ARE FAISH] O]ﬁa]. TtoHA 2ol A= o] =
el et Gojshzrl ol Qzel AMERE FHE F
Aed Arg A3t 4= 3= 7kl (redundancy) 7153
Sl o] EA T AHEAE RS $19k 8 eE 8Enh

iz} Zhold o] opy|elA= 9 13} Ptk Au|29

A sk =aals A RSUE Q12 AAZ3RE AA
7to 2 FAAA AR(A)S =A%) o]]d TR FH

= SAE E—i— 1119 w2} % %%E]r —geﬂou] ARB)+= A
SxREE X RSUR AEH L, o]& A8k dIX] RSU+=
AMZEE 208 SAAA qu_g} et sk
LDM(Local Dynamic Map)< AA3sHA H&=Hl, oju 54



o IS HR TS 2I8h 54l HAIX| ¢

Cooperative Perception

(A)

Sensor Moving Object Edge RSU

(B)

Guidance

CAV1

©

A

Cooperative
Driving (D)

A 4

CAVZ

a8 1. 9lZ2} JjoleiA AlAE of|E X
Fig. 1. INFRA-Guidance system architecture
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Table 2. Example of message usage

Message type Count Total size(byte)
Cooperative perception 50 5,834
Guidance 35 532
Cooperative driving 0 0
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