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Study of Vehicle-to-Vehicle and Vehicle-to-Infrastructure Communication
Systems for Giving Advantages to Automated Driving Systems

Pk Bz

Toshiyuki ITO

As the level of driving automation becomes higher, the ability of automated driving systems to sense in a wider
range of driving environments is becoming necessary. Deployment of connected vehicle technology will give
advantages to automated driving systems. In this paper, details of the results of our research in four sub-themes
are described. Firstly we will discuss the characteristics of 7Z00MHz radio communication technology in real
environments using actual vehicles. Next we will discuss arbitration ideas for multiple services/messages generated
independently from vehicle-to-vehicle messages, fundamental evaluation results related to the confidence of
messages vs. position accuracies, and several ideas for improving the quality of service of radio communication
performance.

This study was performed as a research project on automated driving systems under the auspices of the Cross-
ministerial Strategic Innovation Promotion Program (SIP).
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Fig. 3 Simulation result (packet arrival rate)
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Fig. 4 Simulation result (communication delay)
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Table 7 Driving assistance methods

O02vw%s A : Time-To-Collision
TEREXERRE
BENZOBRICHBIFTORBZ2ELL. TORBIEVEOERIRY
%o
TTCAZELWEE, OSv) B OBEET-IIEBRBI 3,
O03y) B: Y—ERDBRICLICREVEZEBELRE (F-JI) ([
RVARTE
EHHIEROY -EREERIBEROY -ERLDEXT S,
BHHIEROY-EREBEMY -EX2ELHY-E2LDEEXT S,
RLEMEHAERIZEG. E2HEEEROBAKCLIEETHIR
&, BRIBREEREID.

(TTC : FZERMEFRE) (CLD

(3) FEREEER Y R T LR

FRAEFEBRICTHW 22 27 A Ofi % Fig. 7 1OR T
BB OB SR A WSS L 72856 0 BFi (HMD
ZALAAA TR RS 5 & L DI, AR - B
I S 15 17 R R0 SRR A SR RS ) A SRR R % Lk
THYAT LEBEWL.

EEXBEREG AT LA

GPS
7UTF

1
1
700MHz#% i

| B
(T
1

L34
WD 7—5%BERENIFT U L—/ T IVHDDIZF SR
73

- R RERLEMEE (ERMAv2—D)
- RIBER (Y MREWRR)

- BARREE (RIE, BIE. U2 h—RES)

- BMRMER (BWEIA3. B2 FS50/9)
[E27-1
LO—4TRBLET-2OBERET, Bl 1
A b ERREEF—& LTERNBORSET—

FIEE.

Fig. 7 System architecture of experimental system
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Table 10 Experiment conditions

SR BWARBYY-—F/N-2 (YRP) B, FrkHTED
B 201542 H23H~27H (5 HH)
FERARIR Em3a. FEHHEIA

HHMEERRA
Fig.10 Snapshot of Evaluation

(2) BEREIE B K OBE T

FIEFEBIZ BT, BREEISE T 7 O EE RO
B TTCICH A BB OVWTHERITo 2. BE
KDOBIZHIzo T, BEORECERMEHRHR (T
)77 Ly ANE) AEIML, dEISET 7 ONLE
e LgEEmh L.

B, V77 Ly AMEOHEE RTK-GPSIZLD
BEHAORREY (LT, 7 ¥ F=—2) Ofiiz iz L
EATHHC M ICHE LN, AE=F A AFI12X 5T
YR —=2 BT A LT, MR HE R 10O
T2 2 T2 vz, Elk o B L
Tid, HIICL—F Lo Vo 2B L, Wiz h
THIETHIL .

(3) EREEERY A T LR
FLREEBRIZTH W22 A7 A OfEK % Fig. THIZRT.

FERHEW 213 3 GO R, dEEREERL, 3 MM

O 2525 (DGPS DA, @ GPS +t ¥ H—, @

GPS+tovH—+~<v <y F ) 12X ENENL
RO Z AT 7.
L—f—L A
IM(Rl— K| LEDBSE |
STATRSEA Type | H —— S BB(EH |

B3/ IV 2O SHEAE R Type || - —— Saum(EH
Ny 5 (&8 FEAERE Typell B ——| SHuaEE—
Du-tms — T

Fig.11 System architecture of experimental system

132




133

(4) FBRGAE
EATERZ, Y — v L LTHAVEHE AT
VR ZOOx) TIZ2OWT Table 1R
Eﬁ@%ﬁ%ﬁw,Lﬁ@3ﬁﬁ@ﬂﬁvx%Auih
METEROMAFE T 5 72,

Table 11 Test scenarios

BRr | BEXE | F1TI-2 EfTOE
YRP 20V | N5->1 | 8[E (¥159/
=)
aifEE | N9->2 | 8[E (¥ 155/
@)
FRRE | HRVEE | 9->1 | 2[@E (830 5/
@)
N9->2 | 3@ (¥30%5/
=)
AifEE | N9->3 | 2@ (¥ 30 2/
=)
N9->4 | 3@ (¥30 5/
@)
(5) Fhwi R

FERIENtiAs o —ip1 % Fig. 12 %" Fig. 13 1I7R 7.
AR TP LIS BT 2 3E47/8 8 — > 1 TO;
T=F 6, )77 Ly ANLE L T 7o HEALE
& D% B AEAT T IR & A TR 2 o0 L C 4R
L7553 %, BSOSO I LIRS X 2 IEHLG AR O
Hi#i % Fig. 12 12R 9. MLEEHROBED TTC 125 %
LHEBEFRMT A0, V77 LY AMMEISHEHL
72077 LY A TTC EEMALE A SEM L7220 TTC
RWIE L7229 7% Fig. 13 1R, ARSI
BOTITEE SRR ZXD LI 4 I v e GbE:
EATERATH> TRV 20, TTCIIMTHEm ORI 71
OB EAHTFREW O FE S F L. FE O E
FEDDTHNCH BLEITIEFERN TTC 34k TTC
0B, HBAHELET LR TH LI L 2RL
TV,

firiEsR=
TFAETET) ¢ —> 1 OF)

TBESHE | HEUVER
REZIUTIC :

FERODOTTC

ABFEID
HIE&TTEERE
(F75M@AYE)

WIBEmOEASERE
(#TA@EICEM > TENIE)

o
:ET.,,. .

— RS | 04

o

| (=2 ]
e .
o

30 25 WM 15 W 5 0 5 0 15 20 25 30
Exim]

1.3
cENE2E8YE

*
oz
w1

0
———
=0 0w
—
'™ o

0 02
—Typel
- on |
o ‘ —aman| M
. b 5
005
ivun ) .
W B WL WS 0 S W5 I B

En
=¥ 232888
N
g1
gl
cgege
EE

p———
g 2 ] i —ERS & =
L *
a0 I
Fig. 12 Position error analyses (1)
TARBTET) I~ 1B | T
B | MRV “<—>
EFEROMESE
(CLBTTCADRE

10

~Typelll
s | —HRin

HWMTTC(sec)

2 46 2 4 6 2 4 6 s
YI7LYATTC sec) Y7LV ATTCse0) YFALLATTC(se)

Fig. 13 Position error analyses (2)




5. ER{EE(CEY BMAFRE-IE—i
Em7 77— 3> ORMEREE-

(1) FEHEBEE

AWFFEEHTEE, B A 4 EAE 1S & ) BEGELT
THIHIZLERBANTET IV r—arzigel, 2
DT TV r—a & % BT 0 F 7 IR AL R
WCOWTHGEET A2 L2 HIGE LT, K 26 4
WCFERL 2R, DTO 45 TH5.

OBEEEAT HUI JE 32 > — e B D 28 B <0 38 % Se o 3
AL

@F AT S DO & [HEE ) 7R

@—# N 7 4 /N — OB RHIEITIE OB MEATE) E 71 D
INT A—FHEE
ORDHEMOFEREH BRI ROKEREY I2L—vay

(2) AT S DOH 4 @G THER
HAEHEPSOHELWEELY) THRE LT, HEHR
OFMICHEIRBEZIERL, SEERZER L 72

() —f& N7 4 N — O BB H T EAT R OB MEATE) € TV
DI8F X —FHfE5E

—f BT 4 /38— OB RHA T E TR O BBEATEE T L O
NIGA—FHFEELT, FIALEY TV Ialb—F %Ml
ML, ERE~0LTY s, Fo4ErrLa—%
W%, ERA AT WROENT % 8 L CaltE L 7= 52
EATYFIFIIHL, 7= xR L7z ZoffRe R
12 Fig. 14 (R § R 0B 478 o & B yug 7 o —
REKT AL LD, TU—FEERLAT T v 7k
HEONFG A= EHREL.

DENSO TECHNICAL REVIEW Vol.21 2016

A
_— FALVER—_ _NO

—MCABEA?
1 ves
——— FWRE N0

—FIN?
YES

/‘E‘ﬁt‘ﬁzﬁ\\ _YES

\%?36# ?

)
HRTR

Y
YES — F—-OE#E—_ NO

RAREm
LTLSH 3
v N RE 5 E R
Ty '“. ® - —
i __no — BMTAIN?
—_MMTIN? T
NO /f!%ﬁ.ltﬂ'c‘\
T EETEN?

YES

REER
w%ﬁm am

Fig.14 Assumption of decision making flow

(4) BB OF AR AR RO 32—V 3
M

S Y 3 2 L — 5 FICERRH E TR O — i B 0
BRATE T AHA A, HL & EAE IS X 2 REH OFLE T
W — MRS 23R T T =Y a YO R
FEL, RRAEDENT X 5B OB R 2 AREE L
7o AN, ZEEENZSefh & U/ INBUE T — A
WD FEATHREED N — S 2 e L7z,

Re

™

TIME 00:00:43:44

Fig. 15 A simulation scenarios

F72, BEEWOEERORMIEE LT, Rk
WMoOARERML22YA L, Z2TMZ T EEHRD 24t
LBEICOWTHGEL 72, 51, —EHEE~D IR
PO J FIC & 2 BEHM OB B O#ENITOWTH
Wt 217 -7z

134




135

ORI, —IEM DR ST 0 OB EAHEM AT 5 ¥
F 1) AIZBW T (Fig. 15), fZEMHROFMEIC L ) B2
Hiplj DR B & BHE T & W REMED D 5 Z &Aoo
z. =T, B E OB 1% bR )
B9 HIRPUS BT, BSOS B IE R o KR
RER SN Lh ol 4HIZL) RBBEOLRE R TR
fili LI D A 1 % & R BT 2 FFli 2 &
ZrRbNb.

(1) FEHumEE

AHFZERFEE, HBETOEBICMT, BUEOREE
FXELEBT L0 A MMEY AT 5 LHEL,
BB 72 ik X v T OB R R A 72 Hr kR % LS &
D EICEFBEA ORI MLEE 2 HIg L7, RN
LAy NI =7 OB HBE LTV,

PR 26 AFEEICHE L 72NEIL, LT D3 KTH 5.
DL WITHRUHFN & 2 BAZ R 4 @15 oA - P58

(D —1 53 #l# ¥ Space-Time Block Codes (STBC : I
22 T) IS X BEEET VT Ry TRk okEt

O —2 HPERIE OB S OHEFH LI & 2 SRR
FH DR
@R MR RRER I K B HER ST R AR K S 2 T 2 R
1 - Wige
QE R - IR REH & W15 2 928§ R4 ) BT IERF 51
Haly oA - Wige

(2) ZITo BRI & % 15 M % [l AS O R AT - BF

7% — Skl il STBC I X 2 BB~ VT v TR%ED
Wi —

HEETERIE TS BB REE TRAER S
5. —77, BURoOFAMMEELZ oL @M L7 G
Tr—=T VTR R4 Y7 EAEEMIET, K&
TSR BRI R 1512 & B Mo HE & [ EAE  K~ DT
W, REDBENDH 5.

DL HRHGEICKH L, ARIFFETIE STBC 23D {45
Hkl7# Automatic Repeat reQuest (ARQ : HH B FF %K )
P IRE L T 5 (Fig. 16). BRMYIZIE, STBC @A L,
B — i 70— F ¥ v 2 M X A EIEN R

BLEBIT, BHMOMERLBENY ML EZREL,
FEH NS> 72 R D B LR EEATY. MAT, 7
FEEEIR) LICEBRL TV ) — RO A Z kRN 5 2
ETARELBDELRELZHIKL, &y FT—274ko
BEINMEBEBF(LE > T2,

STBC-1

"’w %,
Ll A"&o <z
= Xla

STBC-2 STBC-2

Fig.16 Conceptual diagram of STBC Multi-hop Network

AKFHEOHEMEZ RS 5720, H A HEEZHE
L72BRARWWBRBLIC BT, N7y MEREROE)
WROFM 2T o7, =B, KiHliE, REE»LZE
FEAOEFHHEE, AODV(Ad hoc On-Demand Distance
Vector) (2 & 5~V F kv Tk, EPf#kilo STBC 4
i ARQ /7D 3 Tz L 5 Tlro 7z

FHIOAE R, F—ETIE AODV LI L TEIEED
VBB EEBTEL I LML (Fig. 17). $72,
1737 N 2Rk 5 OB R IHH B ORI 2 3¢l

SRR LS B R Rt BB THEITE S

Z & &FkRE L7 (Fig. 18).
100
101 f !
B
K _
m 28R £
X
£
< 102
--AODV
2
- EEE
> RETH
= IR A "N T T TS T S B T T S
10%5 5 10 15 20

Z{EE S [dBm]

Fig.17 Packet error rate



—o— 2R OSTBCHBARQA R

—o— REFE
R 2
& .
) 207 HEAHE
o (RiEHO &
= FIRA%hERM L)
R 15+
S
RY|
'I_Ll 10
~
£
S 5f
~o
0
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