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Smooth merging for autonomous vehicles by centralized control

«T. Ishii, A. Sakaguchi, and K. Yamamoto (Kyushu Univ.)

Abstract: This paper studies a merging control problem for autonomous vehicles. We revisit the cen-
tralized optimal control method proposed by Rios-Torres and Malikopoulos where an analytical solution
is given for an energy-and-space efficient cooperative merging. We first observe that in some practical
situations, their method results in sudden acceleration, causing a deterioration in ride comfort. Therefore,
we propose several modifications to their method to smoothen the behavior in these situations. Numerical
examples demonstrate the effectiveness of the proposed method.
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Fig. 1: Merging and control zones with connected and
automated vehicles controlled by a centralized con-

troller.
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Fig. 2: Position and velocity of the vehicles using the
original method with ¢* = 18 [s].
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Fig. 3: Position and velocity of the vehicles using the
original method with ¢7* = 22 [s].
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Table 1: Values of the evaluation function (4) for each
method

Method J(uf) x 10%

Original method [4] 215
Proposed method 1 18
Proposed method 2 214
Proposed method 3 80
Proposed methods 1,2, and 3 7
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Fig. 4: Position and velocity of the vehicles using the
proposed methods 1,2, and 3.

Dfi% Table 112773, Bk [4] DRERTFIL, 1REFIE
2, BBEFIE3ITIE, t7 =18 [s] ¥ L. BREFEE
w2 Z 2T, ERFELD D FHEREB DM Z BT
XTW5, 5T, TRTORETFE12,3 2HAED
52T, TANF—a X2 RIEICHRTETWS.
ZOr ZOHEMWME p;, HE v; DBEEINE % Fig. 412
~Y. Fig. 2 & Fig. 4 2t F 2, BRFIE1ICK
D, BN THEALK 6 BEHLBEOHEGOETRY — v it
AR ¢ 2 EREFERR G U TEE T 5 Z 8 T, fi#ED
BRXhTws., BEFE21CED, EFEOANED

D Z /BRI ID BEHEI NS Z & THE KR X
NTV3. IBEFIE3 LD, 1 BHIKE R NEH
BETTETVS.

—HT, HileBEEDELCTVS. Fig. 4 DFED
R Z L DL KX % Fig. 5131 T. mONSHEA L2
N— T OEREREETT 2HEHIERHT 5 &, s
NEXTBHEHBOFRRMICKRE EEZLZNS., I
X, BEFELIID AP LT oERATHL e
*EZLNDG. ZOBHRZ, ZLOEHANFL EH5T
HlEY — A L 2ZBRICE TR 0.

5 &bbIC

ARWFFETIE, HENERE TR OFEFELD
DOFEZRRE L. B> I 21— aitkd X

591

50

—-——-High Speed Lane
Low Speed Lane

25

v; [m/s]

0 Il Il Il
10 20 30

t [s]

40

Fig. 5: Velocity of the vehicles using the proposed
methods 1, 2, and 3.
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