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Abstract : As autonomous vehicles and connected car technologies advance, the types of data that must be collected from or
provided by vehicles have been expanding. An IVN(In-Vehicle Network) or V2X(Vehicle to Everything) communication
system shares vehicle data internally and externally. The acceleration of automobile software development increases the
safety and convenience of automobiles by sharing various vehicle data with surrounding vehicles, roadside devices, and
control centers. This paper proposes a vehicle data collection structure that transmits or receives vehicle data generated from
autonomous vehicles or connected cars to roadside base stations and control centers that receive vehicle communication. In
particular, the time delay is analyzed through V2X data collection experiments for several V2X communication methods.
The results were compared to the time delay performance between autonomous vehicles and the control center for each
communication method in an urban environment. By utilizing the V2X-based vehicle data collection structure proposed in
this paper, we expect to expand into advanced autonomous driving technologies, such as remote control, big data analysis,
and accident record analysis that improve the safety standards and convenience offered by autonomous vehicles and
connected cars.
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Table 1 Comparison of specifications by vehicular communication

standard
WAVE LTEC-V2X | NGV 5GNR V2X
IEEE 3GPP IEEE 3GPP
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802.11p |Rel.14/Rel.15| 802.11bd | Rel.16/Rel.17
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Fig. 1 Diagram of vehicle data generation and collection architecture based on V2X communication
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Fig. 2 Location of RSU in autonomous driving demonstration
area and Coverage of WAVE communication
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Fig. 3 RSU in autonomous driving demonstration area
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Fig. 4 V2X communication data collection system using
autonomous vehicle
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Fig. 5 RSU in autonomous driving demonstration area

"vehicleType": {},
"@timestamp": "2023-01-19T09:32:18.087Z",
"testld": "DzzVExH2ISEA",
"centerTime": 1674120738085,
"startVector": {
"heading": 90,
"long": 128.4225195,
"lat": 35.6535368,
"speed": {
"speed": 0,
"transmisson": "park"
}7
"elevation": 92.61,
"utcTime": {
"day": 19,
"hour": 18,
"offset": 0,
"minute": 32,
"year": 23,
"month": 1,
"second": 15
}
2
"commType": "WAVE",
"verifyld": "FzpaOSlpqlab",
"relayTime": "1674120737057",
"vehicleld": "katech 001",
"msgSpec": "SAE",
"drivingTime": 10840569,
"snapshots": [

"thePosition": {
"long": 128.4225195,
"lat": 35.6535368

Fig. 6 SAE J2735 standard PVD message collected from the
autonomous driving control center



ASFYAY 2YIE JI8S

1000

900

80

o

~
o
o

W o
/y \A v /y\/www/% w/v\/mﬂ/v\

—— WAVE-PVD
— LTE-PVD
5G-PVD

2}
o
o

Latency(ms)
w
o
O

. . .
0 20 40 60 80 100
Time(s)

Fig. 7 Comparison of vehicle data collection delays for
each communication method

T patency = LToroe v Thuewe T Torans T Lorop Q)
A7V Tpppeney = F A A WL 7, =
SFE ol A LA sh= AA AR, 1, 5 BRFE Ol T
718= AR, 1,5 A Aol dele Al T

A SAA7HA] FFlo] A= Al

o} oA = Ak B4l HlolHE At 1
] AR ARE E3Fel7] wliel 2 2)F F

o8] =3 T30 AAAS AL 5 T

Tyeniae @

TLatency = TCenter -

AN Tppone = V2X WA A 2] A1 A
Tyieniae = AT AP A V2X HIA A & A4 g Al7HO]
. T = AHET B BANAE | A A A& 415

Al el Alzteltt XA AlZke] 9= mse]th PVD ||
AlA U] ZF AlIZE 3= Unix Time 22 FHETE A
A ARS8 A7 MAIA 2 W Zete] 5 ms ©H91 7t
A& vl aLsHA| Fh Fig 78 AHET A7 A A e et
D:Vﬂ oF 10032 Eo} ﬁ‘_] }ﬂ—)\h:ﬂ x].al: H]O]Eﬂ )\;(1 :rL
Zo] A AT Hlﬂﬁi Azfort. 270l A A7) E 2=
B2 Bee] AAAZEE A AlE B ] T g AA
AZHE omfgit) B Aol A= AREFE Aol A A
2 FHEE dolH e a84S wdslr] 98] AA )
oJEI7} A E AL HF AFREHE ARE Ve e® A
AFE FAsIitk 1 A9 56 $A41S Sl E
PVD H|A]A] 9] A7) Hat 169 ms= 7Hd whe A

ARt SEY v2x S HolE S0 AP A7

Table 2 Results of PVD message reception delay time in
vehicular communication data collection experiment

WAVE LTE C-V2X 5G
Number of Msg 3,582
Avg 757 624 169
Std 62 41 50
Max 960 882 443
Min 637 518 84

ARZHS A3t thS-0 % LTE C-V2X7} it 624
ms, WAVE E412] 7% 757 ms2] A AA1ZHS #8313

& a2} i A e = Sl

H ST 5G SA1e] -9 HA A DRSO = 84 ms
o] %52 1301 WAVE 5419 739- 960 ms®] | h
A A7 JERAQITE LTE C-V2X £21 9] A A 7H
k40 ms2] X5 xR o2 BRI ) v) &) x| I 7H

o] W3} Eo] 7bg AL AL Slsgeh
B 92 B B4 BANA Akel A F2)
o} 57 0] 7H EA AP Ao A7E S

I

4 SIEk W AYE BT A ]

TA] }\]/\Eal o] 3}
H2Ich, A 2 e 75 ol B4 714 5
2 B3 $505E 4 B2 dole g A Az
A A3k @7dol wheh Aol & 1glon o) 7t Hlolg
o] A& WA} o] §be] & Aol whel Ao
28 7Fesit

il

6. 3 2
AgFa) o] Wb o 2 Qls) R E|E] Hel g Sst
%) 31 AbgA) AFEis oAtk o]l gk 3ol 2}
oA A E = dloly, Ao 5= HolE 9
S TR 7RSIt 53] A SAlS ntE e o
&gk ol 7} xbekat b, xFegat <1z e}, Ak} 1a)
b5 V2X T4l AE| 2 I o ® S w A Qi & =

Transactions of the Korean Society of Automotive Engineers, Vol. 31, No. 12, 2023 1009



Jihun Kim + Taewon Kim + Woosik Kim + Dong-Whan Lee + Tae-Lim Kim « Seong-Jin Kwon

Feate] AEARTL &
o= v
e } LTE
Flakoich. 53]
A AE ol =3

& s3I e AEF
Ex o7 tfkdt HojE 848 ¥
o} e AR, #HS AAA
C-V2X B3= 5G 541 Wh2jo] 3t

AR A AT A7E 6

rr
2
>

fr X 1
1 oft
BN

2

{0 ol.ﬂ
ol

[od

I

S‘J‘Fk

]o

o
o

15

oo o
o

H A= Hr e} AEF ]l Ad2kE] = EDR/DSSAD
dlolg] §3+ &5t AE&Td nsAtaL Alye L vl
W50 5 AFE 7HsEd o2 g,

% 7
B ATE 2023 % AR ] Ao 33k erzl 3
AE B AR T 7R ] X9l S vho} =

a5l E}(092021D74000000 AT 715744 )
o]]ﬂ ZZ Eﬂ \:'/H}CI/\ET-_B’ 7H%—)

X

References

1) J. Bhatia, Y. Modi, S. Tanwar and M. Bhavsar,
Defined Vehicular Networks: A
Comprehensive Review,” International Journal of
Communication Systems, Vol.32, No.12, e4005,
2019.
2) M. H. C. Garcia, A. Molina-Galan, M. Boban, J.
B. Coll-Perales, T. Sahin and A.
“A Tutorial on 5G NR V2X
Communications,” IEEE Communications Surveys
& Tutorials, Vol.23, No.3, pp.1972-2026, 2021.

3) A. “Revolutionizing  Intelligent
Transportation Systems with Cellular Vehicle-to-
Everything (C-V2X) Technology: Current Trends,
Use Cases, Emerging Technologies, Standardization
Bodies, Industry Analytics and Future Directions,”
Vehicular Communications, Paper No.100638, 2023.

4) W. Anwar, N. Franchi and G. Fettweis, “Physical
Layer Evaluation of V2X Communications
Technologies: 5G NR-V2X, LTE-V2X, IEEE
802.11bd, and IEEE 802.11p,” 2019 IEEE 90th
Vehicular Technology Conference(VTC2019-Fall),
pp-1-7,2019.

5) J. Cui, L. S. Liew, G. Sabaliauskaite and F. Zhou,
“A Review on Safety Failures, Security Attacks,
and Available Countermeasures for Autonomous
Vehicles,” Ad Hoc Networks, Vol.90, Paper No.
101823, 2019.

6) J. Kim, D. S. Han and B. Senouci, “Radar and
Vision Sensor Fusion for Object Detection in
Autonomous Vehicle Surroundings,” 2018 Tenth
International Conference on Ubiquitous and Future
Networks(ICUFN), pp.76-78, 2018.

“Software

Gozalvez,
Kousaridas,

Rammohan,

1010 $=2AZAB6E =33 A31H AH123, 2023

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

7. Hameed Mir and F. Filali, C-ITS Applications,
Use Cases and Requirements for V2X Communication
Systems—threading through IEEE 802.11 p to 5G,
Towards a Wireless Connected World: Achievements
and New Technologies, pp.261-285, 2022.

L. Lusvarghi, C. A. Grazia, M. Klapez, M. Casoni
and M. L. Merani, “Awareness Messages by
Vulnerable Road Users and Vehicles: Field Tests
Via LTE-V2X,” IEEE Transactions on Intelligent
Vehicles, 2023.

Y. H. Kwon, “Improving Multi-channel Wave-based
V2X Communication to Support Advanced Driver
Assistance System (ADAS),” Int. J. Automotive
Technology, Vol.17, pp.1113-1120, 2016.

L. Sun, A. Jafaripournimchahi and H. Wusheng, “A
Forward-looking Anticipative Viscous High-order
Continuum Model Considering Two Leading
Vehicles for Traffic Flow through Wireless V2X
Communication in Autonomous and Connected
Physica A: Statistical
Vol.556, Paper

Vehicle Environment,”
Mechanics and Its Applications,
No.124589, 2020.

B. Jo, D. Kim, J. Shin, S. Kim and S. Cho, “A Study
on V2V Communication Environment in K-city,”
Journal of Auto-vehicle Safety Association, Vol.13,
No.1, pp.26-30, 2021.

U. S. Department of Transportation, Testing Long-
Term Evolution Vehicle-to-Everything (LTE-V2X)
Radio Performance Capabilities within the 5.9 GHz
Safety Band, https://www.its.dot.gov/research_areas/
emerging_tech/htm/ITS V2X Testing. htm, 2023.

V. Maglogiannis, D. Naudts, S. Hadiwardoyo, D.
Van Den Akker, J. Marquez-Barja and I. Moerman,
“Experimental V2X Evaluation for C-V2X and
ITS-G5 Technologies in a Real-life Highway
Environment,” IEEE Transactions on Network and
Service Management Vol.19, No.2, pp.1521-1538,
2021.

K. Z. Ghafoor, L. Kong, S. Zeadally, A. S. Sadiq, G
Epiphaniou, M. Hammoudeh, A. K. Bashir and S.
Mumtaz, “Millimeter-wave Communication for
Status,
Perspectives,” IEEE Internet of Things Journal,
Vol.7, No.9, pp.8525-8546, 2020.

SAE, V2X Communications Message Set Dictionary,
12735, 2020.

H. Kang, T. Kim and S. Kwon, “A Study on FOT of
Core Parts and Systems of Autonomous Vehicles by
Using Open Urban Autonomous Driving Test-bed,”
KSAE Fall Conference Proceedings, pp.1255-1257,
2022.

Internet of Vehicles: Challenges, and



	자율주행차량 운행정보 기록을 위한 통합형 V2X 통신 데이터 수집에 관한 연구
	Abstract
	1. 서론
	2. 선행 연구 조사
	3. 자율주행을 위한 차량 통신 표준
	4. V2X 기반 차량 데이터 수집 구조 및 종류
	5. 차량 통신 데이터 수집 구조 실험 및 결과
	6. 결론
	References


