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Abstract: With the increasing interest in autonomous navigation, studies on vehicle to vehicle (V2V) and vehicle to infrastructure
(V2I) communications based on wireless access for vehicular environments (WAVE) are actively being conducted. The V2I com-
munication method, which is a communication method between a vehicle and peripheral base station, has a longer transmission
reception distance than the V2V communication method; hence, fading due to various factors such as steel structures and exist-
ing terrain generally occurs. This greatly affects the reception rate and is a critical issue as it may threaten the safety of drivers
and pedestrians in severe cases. It is difficult to apply the V2I channel modeling derived from overseas studies to domestic
highways where radio communication infrastructure is well equipped and mountainous as well as urban areas are comparatively
frequent. Therefore, in this study, to analyze the large-scale propagation characteristics of the WAVE communication channel that
are suitable for domestic highway environments, the received signal strength indicator (RSSI) is measured through an actual ve-
hicle on the Yeoju Test Road where the V2I communication infrastructure is built. We propose a WAVE communication channel
model suitable for domestic highway environments by comparing and analyzing large-scale propagation models.
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Table 1: Comparison of standard IEEE 802.11a and 802.11p

IEEE 802.11a

IEEE 802.11p

Frequency | <15 585 o | 5.85~5.925 G
band
Occupied
MHz MH:
bandwidth 20 = 10 Atz
Subcarrier
. 0.3125 MHz 0.15625 MH=
separation
Symbol duration 4 ps 8 us
Guard period 0.8 us 1.6 us
Data rates 6, 9, 12, 18, 24, 36,3, 4.5, 6, 9, 12, 18,
48, 54 Mbps 24, 27 Mbps
RF power < 23 dBn < 44.8 dBm
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Large scale model 1* lane 2" lane

Frii’s free space model 3.16 dBm | 3.39 dBm
Two-ray log distance model 3.15dBm | 3.01 dBm
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cost-231 walfisch-Ikegami model | 3.13 dBm | 4.18 dBm

Large-scale A3} 222 Small-scale 713} XA = Ty
Avte] v 2= 1%
ZF AR SAS 74l Alse 7P 2333
o] mdolgt &  Qlvh 54 4o A}
dl Foll A Cost-231 o] q of] A
2.95dBm o] 22l A= Ht 2.9
= As 0 & 5 glom, afe] B
A Al A seke] ek Al A
T} 3 Large-scale A3} 22 24
of A&ste] T nELERE Aol #
A3} Cost-2315%00] 71 A3t Ae <
Al ] &R 3ol A8o] 71538 Large-scale

4 @l ekl st e E

>,

2 ol

2

Hu Lo,

oo
2 XN oM

lo

i)
ofy
2
>,
&I
R
2

L]

0,
e
>

. %O,
o

>
%0
o
A
oft L b e
HLoofN ot ox

o

b

Cost-231 2 &1-&-

=% Ak

L, =46.3+33.9log(f) —13.82l0g(h,) —
+ Alog(d)+ C

~
\O
~

a = [1.1log(f) —0.7]h, —[1.56l0g(f) —0.8]
A=44.9—6.55l0g(h,)

S =959GHz, h, =6m, h, = 1.5m,C= —8dB

>
E
b
fru
o
e -4
o
40,
S
ot ok
oY, o

0
2
of H ouo
[\S)
R0
2
(o
il
ot
e o
tlo ok
ol S
0 U ooft b2 HI 2 do of

1% M & fo
o 1x o rob
2
(o
o
a
)
=

:?1:,"
o fo

2
™

Apdo] Al mE&LR e} 71w
Arge] Espdefol whet 7o) H4 ue]

oy

by
do |o M
S

N
-

919



WEBFATINLAY ] A

T AFH

References

[1] R. Atallah, M. Khabbaz, and C. Assi, “Multihop V2I

Communications: A Feasibility Study, Modeling, and
IEEE  Transactions
Vehicular Technology, vol. 66, no. 3, pp. 2801-2810,
2017.
B. Xu, X. J. Ban, Y. Bian, J. Wang, and K. Li, “V2I
based cooperation between traffic signal and approach-
IEEE Intelligent Vehicles
Symposium(IV), pp. 1658-1664, 2017.
0. S. Eyobu, J. Joo, B. Senouci, and D. S. Han, “A

distance based event driven broadcast (DEB) mecha-

Performance  Analysis,” on

ing automated vehicles,”

nism for V2V safety communications,” IEEE Ninth

International Conference on Ubiquitous and Future
Networks (ICUFEN), pp. 200-202, 2017.

C. H. DIEM and T. Fujii, “Relay selection method
using radio environment database for multi-hop V2V
IEEE International
Information Networking (ICOIN), pp. 543-548, 2017.
M. Abdulla and H. Wymeersch, “Fine-grained reli-

ability for V2V communications around suburban and

communications,” Conference on

urban intersections,” arXiv preprint arXiv:1706.10011,

2017.

M. Boban, X. Gong, K. Manolakis, and W. Xu,

“Towards Spatially and Temporally Consistent Channel

Modeling Reliable  V2X

Proceedings of 21" International ITG Workshop on

Smart Antennas, pp. 1-5, 2017.

T. W. Tedesso, C. Rowe, C. R. Anderson, and C. B.

Dietrich, “Propagation Measurements at 5.8 GHz for

Railroad IEEE

Wireless Communications and Networking Conference

(WCNCQ), pp. 1-6, 2017.

W. L. Stutzman and G. A. Thiele, Antenna Theory

and Design, 3™ ed., John Wiley & Sons, 2012.

[9] S. H. Lee, J. C. Kim, K. T. Lim, H. R. Cho, and D.
H. Seo, “WAVE Communication based V2I Channel

for Communication,”

Intelligent Transportation Systems,”

(8]

o

Zupad Aol sta A 4417 A9E(2017.11)

- AEE - 239

Modeling,” Journal of the Korean Society of Marine
Engineering, vol. 40, no. 10, pp. 899-905, 2016.
[10] S. Kurt and B. Tavli, “Path-Loss Modeling for
Wireless Sensor Networks: A review of models and
IEEE  Antennas
Propagation Magazine, vol. 59, no. 1, pp.
2017.
T. G. Gwun, Radio map Algorithm of Fingerprint
based on Log-Distance Path Loss Model using WiFi
and BLE, M.S. Dissertation, Department of Electrical

and
18-37,

comparative  evaluations,”

[11]

& Electronics Engineering, Korea Maritime and
Ocean University, Korea, 2016 (in Korean).
[12] Y. Singh, “Comparison of Okumura, Hata and

COST-231 Models on the Basis of Path Loss and
Signal Strength,” International Journal of Computer
Applications, vol. 59, no. 11, 2012.

Y. Oda, R. Tsuchihashi, and M.
Hata, “Measured path loss and multipath propagation

K. Tsunekawa,

characteristics in UHF and microwave frequency
bands for urban mobile communications,” IEEE VTS
53 Vehicular Technology Conference, vol. 1, pp.

337-341, 2001.

920



	국내 고속도로 환경에 적합한 Large scale 전파 분석에 관한 연구
	요약
	Abstract
	1. 서론
	2. 관련 이론
	3. WAVE 통신 채널 측정 방법
	4. WAVE 통신 측정 및 모델 분석
	5. 결론
	References


