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A Study to implement the Method for Improving traffic flow in the
Mixed environment of Autonomous and Non-Autonomous vehicles

HIROTO FURUKAWAT' RYOZO KIYOHARAT?

Abstract. A part of vehicles may not use Inter-vehicle or Inter-road communication in the mixed environment. Therefore, the
traffic flow in mixed environment is not better than the environment all vehicles are autonomous. In addition, we considered that
the unreliable drivers for autonomous vehicle’s behavior will operate them self because of the difference about their driver sense.
As the result, unexpected problems may occur. In this paper, considering with such driver, we considered a method for realizing

the environment that driver can drive safely and evaluate by simulation.
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Figure 3 Adjustment inter-vehicle distance by human

—1&/E
—2&/H
358
4588
—5&8H
—6&8H
—78H
—8&H
—9&H
—108H

0 10 20 30 40 50 60 70 80 90
E5F(s]

B 1 ACC T & % Hfi] BREER £
Figure 1 Adjustment inter-vehicle distance by ACC

12

10 _1s8

—2&/E8
3488
488

—5&%H8

—6&8H

1 —748

W —8&H
fl “oam

—10&4H

HE(m/s]

0 10 20 30 40 50 60 70 80 90
BsRi(s]

[ 2 CACC (T X 2 H[H] BEpE A A
Figure 2 Adjustment inter-vehicle distance by CACC



15 AL IR
IPSJ SIG Technical Report
BN THDZ ERERTE .
32 XEREAETIL
BE RIS 2 2R~ DR AL E 2R L FEEE O
BEEIToT.

X=VX (f + T;’and) )

x=vx(t +Tana)+d )

X TN L E 7 PR m], x (kA B O EE [m/s], x
IEEA B A 2 S OB I T D RR[s] Th D, 2
ZC Trand ZHEERB L ORI A R LICERESND T
VELHEEME LTRSS, RIA - BRET D
HEFE R EATAIZE 2 2 R L 72 [15]. %08 S5 HRIrER

#F6 vIial—varoFuns g
Table 6 Property of simulation

vIalb—a VIR | 3600[s]
H%E - HAHE T UE N
ENTINEE~ 200[ ]
e 1 40km/h

£ 5 HEEOLEFR
Table 5 Occupancy of vehicles

HA R %]
FH) R oy A EEES | SE4 EENEES
A 100 0 0
B 75 0 25
C 50 0 50
D 25 0 75
E 0 100 0
F 50 25 25
G 25 50 25
H 25 25 50
I 10 40 50
J 0 0 100
LeftRoad ((Bskitpy)  BEfI RightRoad (B 5ci& %)

1000[m] ® 1000[m]

CenterRoad (FE{ESER)
1000[m]
14[m]

4 E¥KET L
Figure 4 Road model

(© 2018 Information Processing Society of Japan

Vol.2018-1TS-72 No.2
2018/3/8

LElGER 4, £51087T. TEABEEETROIZ ) R F
ENEfS & N THERERHzE< & 2mAH 5. £ 2 TR
)E7EE B BhEE B A AR E LT, ()Tt n) 5 23 5
I CE DA INE L. ZAUC XY 524 A BhiEis s

DML D H 256k U CHEIEFR O 2 HEME A 5 212 < V.
F70, RESAGRIFICHRETOEMEM»SFEIND
R CEARE N EA L CLE-HEIE, 27 L —
XEETZ L EBELT, HELE R Olm/s] & 952
A RE L.

4. FlHRER

4.1 RERRE

FRTHER S ITRT LI, FEEO AL TR
EBRELZFHB L. BREFAE, K4 I1rT 55 2 EE
FORHERERE Lic. £z, ERTHRELLVI2L—

300.0

250.0
22000 ygy,
i 153.2
% 150.0 138.9
124.1
! U6 009
#100.0
®
50.0
0.0
A E J
Left
4 5 Left i ¥ o e ] o brii
Figure 5 Comparison of left road
300.0
2553
250.0
_ 210.1
-
g 2000 169.3 170.2
% 150.0 1393 125.8
100.0
i
50.0
0.0
A B Cc D E J
Center
Xl 6 Center i& & 0@ RFH O i
Figure 6 Comparison of center road
300.0
250.0
=
& 2000
i 156.0
= 1436
3 1500
100.0
i

2]
o
=]

133.1
I I I | 1 I
0.0 I

Right
[X] 7 Right & ¥ i@ R 0O Lk

Figure 7 Comparison of right road



TH AL ST FE R S
IPSJ SIG Technical Report

aroTanT 4 BR6IIRT.
4.2 REER

EBERER S5, K6, B 7IRT. FT 7%, KHEW
DR LA I T, RESZBEET 5 E TITRIE
THRR[s]EZR L TWD. 524 HBNEIRHE O HA RO H
INZEEY, 227812 %F LT Left, Center, Right D4 TDiE
BEOMITREM A EL 7o TVWAH Z EMRBETE S, Zhik
SEA H BYEERRE R O AN R, E 2 O A3/ S g H
ZRERT B2, HFEEROEMNPEAT L LA I T
DEEZT-Z ERERTHD. —HT, K 8 ITmTLH7,
BRFIAEAT %9~ 2 Bl 6F U CHEEEE I ORI 9 2 B A
EATERWGEEREZ N, 22T, K@XTIEED
EARICBO T OB ENE A% O E Tl T &
LIEHIZTAHZ EEAMIC, REREAREO Y g haLk
B’ETD.

5. BREFE

TAHERD D HE S EE A IS 52 &, FEBIRLER
OZ@FNS, K 8 ITRT & D ICHEBEEgE T 5 2 & TIHEE
JEAE I O B DS S B IS EA T E R WA AE T D 2
LN ol 22T, —EORMBRZICIEEERKIC
REERADIRENEART =D O ERmEIE T EERETD.

AFHEIEE 41077 & 5T ZEEO LTI BB Ee %
WETDHI L TRENEN L CERRLEABETES L)
W29 5. BETFEEIRIIRT Ve harTEDLND.

(1) EARBCEFEEEM)

7u b LD A v — i, FEESER TR
BOP RIS L2 IR IS L TEEEN D, Z 0k
ORI NI JEB W A 2 2 M & A A — X iEiE Lz
BRI DRETH D, ZOEARX v E—U0F, #fE
W[ HE 7 HL R (FR 43 1Y B BhE RS HL, SRS H B RS HL A ) O
BITH LB TE B,

(2) EAKBEREREM)

FEABE S B 7> O M AR & 5200 7o B AR5 1 R0 R
FEER A EITT HHEMICH L TRAMKIEA vy E— V%
REETDH. ChEZE L-HET A ENF RS 217
BRI, EBRICIEELEROEmMAEATRE TH 50 %
FRIT 5. HBNEE 10 OFEICLLFOXTEIND.

Ti=D/Vi (©6)
Ti-1=D2/(25/3.6) )
D>= Dresponse + Dstop + (V:) X TZJ) 8)

Zo& xR HESEE A& 25[km/h], 8N EE FE X

(© 2018 Information Processing Society of Japan

Vol.2018-1TS-72 No.2
2018/3/8

1.0[m/s"2] & L7=. D2 133 FE D& A9~ % Bl o0 J s BH
B EERE, FEEESCER ORI DEERED DEHE L
F 7, SORFEMIE 3.5[s], BEEMREE 0.7 & L7z,
(3) EAETATHE
QTEBELIFER, Titl BN Ti LV bREVEERD
iy, HMEBEGRE A L7261, FEE e AN AT
RTHhD LMW IND. FHEIREETS &pllr L 72 B 1 338
HIFHE A v — V& BRI L CEET 5.
(4) HEMEMASKIE
T FTRERIE & (5 L 7o BB IRRIE, F0ZEA v & —
COHINSRESITR b WET A2ER L, Z O

:ﬁl$ﬁ¢¥t) :ﬁxw:ﬁxxﬂﬁﬁp)

10 FEEILEMOEARESY A I 7

Figure 10 Timing when a non-priority road can enter

4. ERIIERERERIE \2. RAKE

: BRI
: JEBKER

: ERBERE R T AT

: R BB RE R AT A B
: BRI BRI AT

B 8 RETIE
Figure 8 Proposed method

T3 2= BB s )

o}
b T GRERmRE)

Vi

25km/h - Vi+2

Dresponse = (25/3.6) x 3.5
Dstop = (25/3.6)"2 x (2.0 x 9.8 x0.7)

4 9 H ] ERAE R E ) E

Figure 9 Judgement of adjustment inter-vehicle distance



TH AL ST FE R S
IPSJ SIG Technical Report

300.0

250.0

N
=}
o
=}

153.4 1426

8 128.7
I I I
0.0
B C D J

Left
X 15 Left 18K O@iERM O LB (R E T15)
Figure 15 Comparison of left road(attached proposal)

REREERE(s]
= =
=3 o
o =]
o o

o
o
o

300.0

250.0
207.1

163.1
! 139.2
I 120.9
0.0
B c D J

Center
13 Center 8 & O i@id FEfE O Ll (2 R F1E)

Figure 13 Comparison of center road(attached proposal)

RERBBRFE(s]
= = N
8 & 8
=] [=] o

[34]
o
o

300.0

250.0
B 2000
t-";
=
i 150.0 1452 136.0 1227
i :
Wi 108.5
X 100.0

50.0

0.0
B c D J
Right

B 11 Right 38 ¥ @i R O Mg (IR E TFikK)
Figure 11 Comparison of right road(attached proposal)

XU CHEMEMFRESKEEL XET 5. ThaziTiio
B L EBICE MR AT 5. 2L, BEEAE
A &3 D EmE, EREBOMRMSICI W TERSE2X
S ATREMEN &, W R B 03 T RE 70 B 12 58 4 B B
HREL DA L L7z,
RETIENEIS SN D FA TR & L TR ARz ERT
HFETTHY, RERZEELEZSEEE, v harok
FTHo THIET D, FZENTOBENEFTSHZ
LEERBET D20, T a b VX EIC | O FETE W (R 2T

ZEBLIHEE2R)D 1B L BMROMTORFIITEND.

6. EHi
BRTFEZHEE LRRET, PSSR & F U4 ok

(© 2018 Information Processing Society of Japan

Vol.2018-1TS-72 No.2
2018/3/8

300.0

250.0
_ 2114
2
2 2000
= 165.3
= 1500 w1 134.9
2 150. .
i
#100.0
i

50.0

0.0
F G H I

Center
14 Center JH & 0> @& IRF ] 0 o (3 FiiH)

Figure 14 Comparison of center road(3 types)
300.0

250.0

= N
a =}
=) =)
=} =)

145.4

I 126.7 124.8 119.3
0.0 I I
F G H I

Right
X 16 Right i&# oW O g3 filH)
Figure 16 Comparison of right road(3 types)

RERBIBRR[s]
=
o
o

2
o
o

300.0

250.0

158.4

. I 1325 130.7 122.1
0.0 I I
F G H |

Left
4 12 Left i ¥ 0> it Rf i o FLige (3 %)
Figure 12 Comparison of left road(3 types)

RE BB [s]
= = N
s 38 8§
o o o

al
o
o

TEREZITo. ERMERZR 1N, K12, R13I15RT.
F7o, HEMEHBOFHIIRTEETH DD, HEAKEN FHE
TRERA MO H EEERE W L E O IRAERK E LB REY K
14, X 15, K16 127 F

RETEEHES LTSS, £ TO/RXH¥— 2T Center DA
FERUBIBRE B LT D 2 E A0 7. Right 1334
— ] BRIV TR ZE SRR S M L TV . 2,
HHEBEORET OT- DI L2 EBFRRTH D LB %
b5, Left bRIBETHD EE XD, 72721, Left & Right
L CHEICET A BIEICEN R S, AT Right ©
FNZ R TOEITHREBARCTH L0 LEZLND.
RETIEIL, EARE K O MR FTRE 22 584 F BhiE
HRHE] &, RARIEO H 03T 2 280 W) B @R B o 5



TH AL ST FE R S
IPSJ SIG Technical Report

HEPERICKRESRETD.

*iﬁﬁﬁ%ﬁﬁ&%ﬂmﬁﬁﬁﬁﬁﬁ®£ﬁ$%%%
DO/RE— 2 FIIEs BEGEREm 2 & £ /e\wi¥— 2 B &
k%#ﬁw#,%%%5%@%$ﬁ%é%_%%ﬁ%bt
NE—=2 GIZBWT, 554 HBEERE T A 50% D /% —
C L REORWVIERNENT-. Z 0BT E BEiSE
W& 50%& Lz F—V HETIZBWTHLRI U BT D
ZENTE.

UEXy, SBEFET-BOICERENZ HLDILDY
AR ERE LT VWEEZOND. EoWETHERE
MiCk Y 7 a b a VB E NSV EDENE LT
WeEEx5.

7. SHROFRE

HEFIL, THE TIREREICRT SR FEIC O

<, ,x%“ HEAETTNVZERB LTE72[10]. LaL, 46

HICHEBEOBRET LVEBMLEZZ & TEBHIZBERD
&ﬁ&%ﬁ%ﬁ%f%:&ﬁ?%t.%@%%,Eﬁ%f
HEAMET 52 L T, RBROWENR Ao 72721
FIREEC D72 D RS A L2 5A, FEELEK O I
WBEHZDZ &ﬁﬁﬁf%t.% THER D BRI T
EERWD Z L THFEOMICEAT 22522 2 L5
T&ET.

7efE L, EREREREOFRE R OEE A 25[km/h]i, JEGE N
WA 1Om/s"2)IZEE LT 2% =0, Bis EE o & B il
DOWREIZRZRITR DEWVHEBEZER L WD AR LY, H
WOBHEET LV EZEZEBLRVERTEEZ L TWARYD, BED
KR HDEEZD.

8. £&H

K G TIL, A%AELD 2 ENTRIND FENEG T,

[y E B, 24 HEERER O 3 SO AR
E?é#ﬁ WCHEB L, BERORR &2 ORIz~ 7z,
F72, ZNFETOMEITH L CHE B OBHEE T V2B
THZETRYRENRBERREET VEBEST L2260
T&T7-.
BEE AW O—ERI1% ISPS BHIFE 16K00143 DBIRR % 521
7=t DTT.

&E

BE M

[1] SEFARRER Y b U — 7 S ERIE A B R ITS 4
M- m— <y 72017, BHEBG T4 ), AFE
https://www.kantei.go.jp/jp/singi/it2/kettei/pdf/20170530/roadmap.
pdf, (B 2018-02-10).

[2] EEPRRC, PRARI. <8 BhiEER B BhE O AT ER SE B & FEEL O
AR, BT ENG], Vol.133, 1 + 2 B, pp.9-16, Jan2013.

[3] B BhHRRA RGN Wi R, BB EAR A RN
W 74 0), ANFEE
http://www.airia.or.jp/publish/file/r5c6pv000000g7wb-att/r5c6pv0
00000g7wq.pdf , (/& 2017-02-10).

[4] BIEZ “HEELROME", S FRaEYs, Ll Ha

(© 2018 Information Processing Society of Japan

Vol.2018-1TS-72 No.2
2018/3/8

Y H 7 1, Vol.10, No.2, pp.93-99, 2016.

[5] fﬂﬁ\#%k REFIEF, FHPHK. <HLE R - B IR &2 vz
R RITIT 2 PREIRIC BT 5 —BEy, ERFRIER,
vol.25, pp.57-62, 2011.

[6] Chihiro Miyazaki, Seiji Matsuyama, Masashi Saito, Yuichi
Tokunaga, Ryozo Kiyohara. “A Study of Driver’s Behavior with
Autonomous and Non Autonomous Vehicle”, IWIN(2016).

[7] Guni Sharon, Peter Stone. “A Protocol for Mixed Autonomous and
Human-Operated Vehicle at Intersection”, In ABMUS 2017, Sao
Paulo, May.2017.

[8] AECHEK, MEMRAE, HEBS. “BHHIR O 72 % D CACC DH %)
PEIZBE- D98, TEF T — 2 ¥ 3 » 7 2015(WoNF2015)ii
C4E, C3-2, CD-ROM(2015).

[9] JRUERR, VER R = B BEEE R T T D # ) e A 2 i
ANETN?, FSE~AVTF AT 4 TiBEE DRI —7 v ay
T C4E, 2017, pp.29-44, 2017-10-04.

[10] Hiroto Furukawa, Masashi Saito, Yuichi Tokunaga, Ryozo
Kiyohara. “A Method for Vehicle Control at T-Junctions for the
Diffusion Period of Autonomous Vehicles”, NBIS(2017).

[11] Space-Time Engineering, LLC, https://www.spacetime-eng.com/

[12] K AAR. “wE s B B S B I8 AT, TR RRa SR,
2000 4, 660 5, pp.39-51, 2010.

[13] FZRMFnoT, BAMRIERE, R EVTHE, 87—, REPEL. *@A%‘
DFRHN - FRAERE Fé?H“Z) FEBRHIRRL, 5& Gifzgeessrnyibin
F2NFEMEEE, 2005 &, pp.93-98, 2005 4F

[14] B3, Ak, <8 B EEL T O 22RO I B % 8
Fa OB, AR L%, Vol.38, No.6, pp.324-332, 2002.

[15] KHERE “ASV BAFE~ D@ LB & DS, IATSS
review, Vol.36, No.143, pp.50-56, Aug.2011.



