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Abstract: Pedestrian-to-vehicle communication, in which pedestrians transmit their position information to
surrounding vehicles, has attracted much attention recently. Its performance, however, heavily depends on
positioning precision of pedestrians. Satellite-based positioning, such as GPS and other GNSS and quasi-
zenith satellite system, is generally used for pedestrian positioning, but their performance is much degraded
in urban areas with high buildings. It is possible to improve pedestrian positioning, by using roadside units
(such as traffic lights) as anchors as well. But positions of roadside units usually are not well measured, and
cannot be directly used as anchors, and it takes a huge amount of time and expense to accurately measure
positions of all roadside units. In this paper, we propose an efficient method to accurately measure positions
of roadside units by using inter-vehicle communication messages that are originally designed for driving safety
support system. A simple radio is installed on each roadside unit so as to (1) receive position information
(with potential errors) from passing vehicles and (2) measure distances to vehicles by using the signal strength
of direct waves. In addition, such measurements are repeated in a long term for high-precision positioning
of roadside units. In our simulation, when average positioning error of vehicles is 6 m and time resolution
at each roadside unit is 50ns (same as general wireless LAN card), the positioning error of roadside unit
is 72cm. When the time resolution is improved to 1ns, the positioning error of roadside unit decreases to
50 cm, and further decreases to 1 cm if the average positioning error of vehicles is decreased to 1m in the era
of autonomous driving.
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Fig. 3 Determination of LOS path presence based on CSI.
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Fig. 4 Outline of proposed method.
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Table 1 An illustration of vehicle selection.
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Fig. 5 3D building data and aerial photographs near Ginza.
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Fig. 7 CSI under the constraint of time resolution of the re-

ceiver.

*® 2 BRI FEEREE & MR

Table 2 Roadside unit-vehicle distance errors.

EHEE | T — %% [RSSIZ MW=z CSI % W 7= I BERAZE [m)
[m] [&] MIBERE [m] | *50ns | * 10ns | *5ns | * Ins
0~5 10,284 0.21 0.17 | 0.16 | 0.16 | 0.00
5~10 30,652 0.80 0.67 | 065 | 0.65 | 0.00
10~15 20,162 2.08 1.87 178 | 176 | 0.07
15~20 20,774 6.22 6.09 | 6.10 | 6.09 | 490
20 ~25 22,746 9.75 954 | 954 | 953 | 7.96
25 ~30 18,190 11.82 1156 | 11.57 | 11.55 | 9.29
30 ~35 28,379 13.24 1297 | 13.05 | 13.03 | 9.72
35~ 40 12,557 14.22 13.77 | 13.82 | 13.79 | 9.39

* BB AERR LAN £ 30 = — /L ORI SR e &2 33,

ST VAT o 7o, FEPEBE 40m LA IZ W B B2 5 DRk
D CSI 7— % % 10 478 L TRAMGE % 1T > 72 [16]. I
HEET OWHRRAEEZ /NS KT 5720, 714074 7%
ER R EREE 10m DI OB 7 — & DA TEE L 7.
(6) HDOP

B OME DALY, WRREEANZENT 5 2 & % GE
T 5728, 4% epoch % il L CAE K TS BN & L&
(M OESMR) 556 L, BRI DI
HU] & BLlE (RO ESAANE) §5550 2885 —
YCOKGEEL 72, 2 8% — Y O ALE 5346 © HDOP il &
WIRCHEEE 2 el L, BEmALE S &2 BET 5 2 & OB
AL 7.

(7) BIRIFE

B A7 {554 © HDOP 2B LA T & 7% 2 fl A DB
W7—4 255 GEME N7 epoch T, VXY T4 NF
EEAT A, WET— 2131 EOWUNFIATOAFIHYT S
bOET 5. Fio, AFFEIMARE IHECIE & FAE
DK B OEEEE L, DI, AR L AR,
10,000 epoch #E @I DR R %2, Fdeny 2 B AR O L
MEETD.

52 YIal—33 ER

% D A B R R & AT A SRS D W TR B

5.2.1 REFEHEHER

EERIBE OB /BRI ©, CSI & 1 JE5RE % v 72850
[0])7 TR - IR PR EE OIS 2 R 2 1SR T.
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Fig. 8 Horizontal positioning errors of roadside unit per

roadside-unit to vehicle distance.
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Fig. 9 Horizontal positioning errors of roadside unit per time-

resolution (Average position error of vehicles is 6 m).
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Fig. 10 Horizontal position errors of roadside unit per time-

resolution (Average position error of vehicles is 1 m).
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Fig. 11 Horizontal positioning errors of roadside unit per ve-

hicle positioning error range.

5
| —— EEHERETY Im
4 e B LB ERZE T 1Y 6m
— ERMERETY 10m
ﬂ% 3
R
A 2
=
1
l e A
0 1 5,000 10,000
epoch

12 BRARAIEE [EARCE]
Fig. 12 Horizontal positioning error of roadside unit (with bal-

anced vehicle position distribution).
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Fig. 13 Horizontal positioning error of roadside-unit (with bi-

ased vehicle position distribution).
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