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Heavy traffic congestion daily occurs at merging sections on highway. For
releasing this congestion, possibility of alternative configuration of vehicles on
multiple-lane road is discussed in this paper. This is the configuration where no
vehicles move aside on the other lane. It has a merit in making smooth merging
at an intersection or a junction due to so-called the "zipper effect”. We show,
by developing a cellular automaton model for multiple lanes, that this config-
uration is simply achieved by local interactions between vehicles neighboring
each other. The degree of the alternative configuration in terms of the spatial
increase of parallel driving length is measured by using numerical simulations.
Moreover, we successfully construct a theoretical method for calculating this
degree of the alternative configuration by using cluster approximation. It is
shown that the theoretical results coincide with those of the simulations very
well.
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TRELTE/, &DERZEHIBRMARICE 2HMNOBIES., MEREOBANS
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[5]. Agent Based Simulation ZfH\7z% D [6], 35& T Optimal Velocity Model (3] ic
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DEDOEEDE(LZMENTT 5, MHTICH/ZD . CA IC X 3 Simulation £. Cluster &
K XLHEMBF 2T, —HRWDOI /7 asMHEHIZ. Multiple Lanes Stochastic
Optimal Velocity (MLSOV) model ¥FER CA EFIVEHAWVTRIET 3, TOEFILIL.
Stochastic Optimal Velocity (SOV) model [8] ic EsRIHEEIERZMNMLIZ & DTH B,
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C T T, MLSOV model iICDWTEHAET 5, T OEREFETIVORRE LT SOV
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a = 0 DFEIX. MLSOV model 3B EFRD Asymmetric Simple Exclusion Process
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B 1 The movement of i-th vehicle obeying MLSOV model. i-th vehicle on
each lane moves one cell in front in one time step with probability v} at time ¢
provided that the next cell is empty. Az} ; is the distance between i-th vehicle
and the nearest vehicle ahead of it on the same lane, Azgyi is the distance
between i-th vehicle and the nearest vehicle shead of it on the opposite lane.

3 Simulation

AFIC BT 2AHERET 35X, K2 (a)-(b) D& S Ic ZEHFEMICKEHES] <
TLTHb, CORERIEOERETERTIMTH D, mEF LOHEOHE/ERICH
Woh, HEXRBRBLEZS I ECTLHfINS, $5L. COKERBLICKD.
M EMEEN RN T EREEICEBR T 2 L EE IS,

REHRZT W ETE. K2 (c) DX ST cell RICRYIBN B, cell DAEXIZ—ET
B, —DD cell CFEETEBZHDERRE—BETLT 5, HREM IFHEIMHPFMENT
$ D . update i3 parallel update Zf\ %, REIZEENSHA L., EHEEHET T ICHE
MOFHT 5, ERERERLAVENSE, SERIRNEHRLOEOH %2 R CHEE
¥ %, Simulation iKH 7D, RERAERBE, SEEN/-EBBAZELZRAL. TEH
ECBE(LORHEZITS . THid. Kl z = 0 DFEEHF LD cell HEDIREDH, Lo T
CHRRICFARFICMAT ARG TH S, DS A—%IZ, M2 HICEHREIND, & lane
JG=12)Dcell BZ d THD, Elffidz=0. Gz =d -1 TH%, GIEFRHESR
&, B; TH3,



206

Bifurcation
(a) Before our plan

Merging

v

ne

[

Alternative ~ Smooth

configuration lane change
(b) After our plan
Compartment Line
o — ]

Lane1

Lane2 m

(c) CA model a—1

2 (a) An example of traffic flow on a weaving section before acting our
plan to draw a compartment line at the merging area. Disordered lane changes
cause traffic congestion at the merging area. (b) An example of traffic flow
after acting our plan. The line prohibit vehicles from changing lanes, and is
expected to make smooth lane changes by achieving alternative configurations.
(c) CA model of a two-lane road which contains the line. Each vehicle enters in
the cell at £ = 0 on both lane 1 and lane 2 simultaneously with the probability
o, and goes out of the cell at £ = d — 1 with the probability g; (i = 1,2).
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W T, Simulation ICB I SR EBETCHET 5, REEBLOWHELX LT,
Geminity(Ge) ZE&RT 5. Ge XEEE z DEAKTH D, Ge(k) 12, = = k ICHMNEFE
TRRAIK, TOLSGHOTTENKY OENLERBRE. $4bb. Azl > 1
MO Azh; > 2 DREEEZRLTVBOWEERET 5, Ge(k) . I3 DL %
= (k,k+1)IcBIT5 10KE S =1,...,10) ZEZ LFTEHBEENh S, K, —
HRRONHEIEREINTV S, 10REDS BT, ¢ =k ICHEIEET 50D S(n)
(n=3,56,7,89,10) TH3, D5 BT, TLATHIERE (K 4) MNEREhBD
X SQ) DHTHB. WAIT, Ge(k) & c(j)x % SG) PEX LFohzEKE LT,

Ge(k) = c(3)k/(c(3)k + ¢c(5)k + c(6)k
+e(T)k + c(8)k + c(9x + ¢(10)). (6)

DEIILEZDNS, 0<Ge(k) <1 THD. Ge(k) B LIENIEE z =k IcBIT B
HECEOEREIZE,

r=kxrx=k—+1 _Compartment Line

—— S i

S(1)  S(2) 5(3) 5(4) S(5)

M W o e
S(6) S(7) S(8) S(9) S(10)

3 10 kinds of the state labelled by S(n) in the four cells at z = {k, k + 1}.
The symmetry between lane 1 and lane 2 is taken into account.

CD Ge ZEHZEULT LT, Ge(r) versus =z # Simulation TH T 3, Sim-
ulation R4, TEHEDEITH B, OVEHDNRASA—4% . p = 1 BLU
(g,7) = (0.99,0.99),(0.8,0.8),(0.5,0.5) DX S IC=FEHERET B, p>q=1r THDH
5, Hid. BHEEKR LOEIPV B LHERWSEEEZECTISIKBEEN TV, 585
DRIEINT A—R%, a = (0,0.001,0.01,0.1,1) DX SICHET %, % lane D cell i,
d=100 £§ %, EIRTOUWERAHERIZ. a=0.05 L9 %, AHHHHERS ((=1,2)
. GURICHBT B RED intension &5 3, ThHDEREETIE. Fih3EICEBRIC
Rz b, FA—RHETD Simulation EEIX 10 EICEE L. & Simulation TORIERER
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r=k,x=k+1 Compartment Line

1 (B

S(3)

B 4 The perfect alternative configuration on the two-lane road. When at

least one vehicle exists at £ = k, only S(3) represents this perfect alternative
configuration.

#lZ. 100000 <t < 200000 &3 3,

Simulation 8% X 6 IcR”Y ., a = (0.001,0.01,0.1,1) DFEIE. Ge(z) Z0MH 1
ETHAYML, a =0 DFEE Ge(z) 3—EMOE LD, a PRELADBIFE, Fk,
qg(=7r) HWNEL2BIZE. Ge(z) EHHLEMNT 5,

6 1. ZEiEhicx U TRBEEBIEAZEREN TV RTEAMKICRL TS, TODZEH
ArEDOREARBEIZ. Az, <1 ORBICHT 5 RATNE ZERBHEEROLB TEXE
NTW3, KIS A—& o & Ge(z) DEMOBE & OBIFEH, S, BEHSBHEERLED
HICTIERLARIET %12 8, 2eAaRAEEBLEERT 57-DICHBEEXERROE X A%
KB LHHRAMND, Kz, q & Ge(z) LOBFEND, Azl <1 DBEOFEIK
EFWE Y, REERERBILEERT DA BEAXEROEINEL &3 T EHFEH
% g I

4 Cluster 3L

Simulation 7213 Tid#x < . “HIERSADOEFHIRERALEHR TS LT, HOKE
DZERE(bZFTMT 2 & ZERhPH D, TDFELERTIE. Cluser inftlZRHWS, T DU
Tid. M2 (c) FO_HEEHER, = (k,k+1)(k=0,1,2,...,d —2) IZBIT B 4cell i
DENT B, TD4acell Z Cr EBE, Cr DEHEBEBKREEHET S, TOHRICHD,
BRI £ ICHBUT B O DIRRERY b L% ITE = {I1(1)4, I1(2)%, ..., II(10)L} L E&HT . T
2T, M(n)t (1 <n<10)id. BRIt ICBNT C BIRE S, ZHAMERTH B, Ck I
B HREEBIL. KEEBTH Py ZENLTTROKSIICEXSNS,

IIiH = P, IIL. (7)
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Wo T, Cr lTBUT B EHIREE IIR 13,
II;° = P, II? (8)

DRRYLTEABNB,
P, ZHR L. I 23 ET3EFRTROL > IC5% 5N 5,

IRPF (1) P, ZR L, I =18%

IEPF (i +1) P, 2L, II° 2183
(1<i<d-3)

W8FF (d— 1) Py, ZRRL, 1P, #5835

C DIFF THEBSEDOEHIREEBRT 3 7-DICIE. P, 2RI 2L E T HE
WHB. BEELIE, Pl EEHEINTORVIS,, IKEKETEHSTH 5B, Bk
WCid, S DX ST Py BERRASMA L NI5° LICKEL, Pe (k=1,2,..,d—3) 3 TP,
IR, EREEEL, Py o B IP ; LARFKHESE LICEFET 3, ChdOREEGRE,
Py = Po(a, II{°), P = Pp(I124,T1%,) (k=1,2,...,d — 3), Py_y = Py 5(IIX 4, 8) D
XHIKERHT 3,

left right left right left right

B 5 The B.C. of each P (k = 0,1,2,...,d — 2). The right B.C. of Py
is approximated as a pair of vehicles existing on both cells at £ = 2 with
probability &. & is approximated as & = a/(1 + «) which is the expected
density of the loss system. The right B.C. of P, (1 < k < d — 3) is the
stationary state of Cx41 which is approximated by TI ;.

WAIC, BEROBEMEDOHRZRNT. AN P, KT 5. £9. Pyo,IIP) %
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P ZAVTICHEKRT %, z = 2 KB BERRERAEUNICEZST LT, P %28
R BT ENAREICKRD, FTT. 2 =2 KBI3THIKESL, “HRL L ICHIHEER
6 CHEETDEHRET S, CORER. £ = 0 I _ERAERFKH|ALTHMSE, LA
FPEEOKRETz =21KEBLTVWAILEZEKT S, a DEIX. THERICBIBIEE
MREOHFEG=a/(1+a) ELTEX %, §5&. Py(a,lI{°) & Py(a,a&) DL IC
EMEND, RS, P(IP , 0X,) (k= 1,2,...,d — 3) Z IR, ZAVTICHEET 3.
= (k+1,k+2) ICEBTBEFRERLLUT ST LT, P, ZHRT 5 T EAAHEICE S,
FCT,z=(k+1,k+2) ICBFBEERER., BEHD z = (k- 1,k) KB 2EHNKE
12, TRAT 3., §5&, PR, I8 ) & P(IIR ,1IP ;) DX SIEME NS,

UEED, PROHEIEFT P 28R L. [IP Z5HT 5 LAFREICAS, TO Py
DEBRAEFTOLOREMTHEHN, EHEINB P BIEHICHRBMTH S0, FRTIE
FBEFET. BEXH (11] BT %,

BonERREIIR ZAVT. z=Fk KB 5EHRETOXEABERE Gep® ZE
#H#T 5, GeP l&. TNk icEXBN%, |

Gep® =TI(3)3°/(TI(3)%° + I(5)%° + II(6)%°
+I1(7)° + I(8)%° + II(9)7° + IT(10)%°). (9)

Simulation IC#F% Ge(z) LARRIC. 0 < Ge® < 1 THDH, GeP M 1ITEWIEE,
r=kICBIREHRETORERBILIIESERINTNS,

MU EDEHZEBEEX T, Ge versus ¢ ZH L. Cluster SEHHIC X 52X HERBERED
ZZZ(t %R %, Cluster FI{lDMiE. Simulation &4 & RIRICRET 5,

#55% Simulation $5R & & HICK 6 1T/RT . Cluster IEHIDFER Ged® (&, Simulation
R Ge(z) EEL—HLTVD, AT a R gIINLTIO—HUENRONBE T D5,
T @D Cluster JAflA, KERBEEZZEKT HHOBRVEHRAELTHZ T LARKBREIN
%, ThHOHEERIZ, RERBLOZEKT 5HOXEMORE ZHS LT, EHEBR
HEREGEENDHDHLEZALNS,

5 &R

APE TR, —HFH THOTHEBLZME T MR AEEZEE LT, MLSOV
model 2T Simulation Z1To -8R, S 7ohHKHHEAERICX > T 704k3
HEB(ENMEREINBCLEZRHLE, CORHEEBILOZERIX, BELRICBWTRE
EHEERT AL TAEEEBIH DL EZ SN, D, Cluster :EHUC XK 2R EASL
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(c) Ge versus z, g =r = 0.5
B 6 Ge versus z obtained from simulations represented by points, and from
the four cluster approximation represented by lines. Both results agree with
each other very well. Ge(z) increases monotonically as z increases, and the
increase of Ge becomes sharper as a becomes larger.
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