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This research investigates a sparse optimal control problem for multi-agent
systems. The novel control approach minimizes the LO control cost, i.e., the length of the support
of control input. This enables us to find an effective activation schedule. Particularly, we have
investigated a distributed bearing-constrained formation control of continuous-time multi-agent
systems based on sampled bearing information. The problem is considered in arbitrary dimensional
spaces. Our proposed method penalizes the control effort by LO control cost, and hence the obtained
distributed control is enhanced to take exactly zero value. The proposed method tracks a distributed

control for an associated discrete-time multi-agent system. The analysis relies on the recently
developed bearing rigidity theory. We have shown the feasibility, closed form, and stability of the
proposed control.
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Algorithm 1 Maximum hands-off distributed control for °
agenti € V 14 ., S
Given a sampling period T' > 0, an initial state z;(0) € *
R, and a positive number £ > 0 0.8 -
for k=0,1,2,... do
Observe z;(kT) and z;(kT), j € N;. 0.6
Compute a maximum hands-off control

uwilk]=  argmin  [ullo 044
wel(zi (kT),z! [k],T)

where z/ [k] is defined in (11). 02+
Apply u;(t) = u;[k](t — kT), t € [kT, (k+1)T] to the °

=
u"
agent 1. 0> R 0.5
0 o2 0
end for L 13
08 1

-0.5

B2, f#H#E7LITY XL [T. lkeda et al., IEEE CDC, 2019] :
BTV IR L TRE/ — FOREBEZIRGL, EBEZ{TS.
BREBEI—Y v FHBEBEALINRT 2RFERT.

(2) A= ZHF IR D U — # —ZIRFIEDOBHFE

R CTHEMERTIE BEAERT 5 7201201%, =Y = MEORFTR R i SO 72 5
T, ROINED D OTIGHI 7RG MOUAE L EE L 22 5. B2, HAMZEESEZHH Lzoik
HIERICIB N T, FEHEWELEEZ & OmERHIEERE 2 33T 57201, V—F—LHIn5
REREZDRL B 2=V PRBEESND. FIC, TFERE ER SHDRBIE R >
~ U —ZEHIERICB N TR, BB ZRERIZLD, SN LIERAES TS Z L DT
EHT—V = bOMEE (HERARY A S— M) 6 JOSMER & D@l Gt 2 23— A 1%)
I RACHIKINFAET D LB bND. 22T, AIETIER Y MU —27 (3 2 KEE
IREA T I ANV AT HIH L, HTRF =D G @RI 2 f eI 9 5 Fi 72
U — 2 —ORE R ETT 21770072 (K3). AR 245 E LT, U —2 —OMEEHIH
(CDOHRIER T DIERMIIETK L, AWFIETITIBAS DEFRIEY A 28— AR F THE 2 LT
T LDEBRIEZ IR L T L RBET 6N 5.

X0 BREIZIE, HIEOE =R —HE2 I T 2fIEE LT, UTFTO 3228 H Lk :
(a) AIHIFEINE S I T D FL—2R
(b) AT 27 2 7 v DTHIR
(c) ATHIAEE 75 2 7 o DR/ NE A

ENENOREOHBEM R EWRIZONT, (a) ITRDIREEMICBWTREZ JFE AT
AL SERRRE 7 T B R S H D BRI L R HH A DR/ =R VX —BOFEEEEFR L,
(b), (c) ITRDRREZEMIZEB T DHESEND, FRINDIZANAXT—RBLITFOANIC LY BE
AREZRIREE D HRERR SN D EA DIRHE, B X O b BN N2V IREE £ TORLEN D D IEEE
EENENET (M4). AFETIE, £TIEENENOHEICHOWT, REEE TH D
EEICET D7 £l A 5 272, ko 2 D A — AVEIZBT 2RI kY, b
ZPEmERE & U CER L bR I S A R Lo~ Th v, RKEa R b2
CITFHEEMICEE L. 22 C, RICYERMTEEZIERA L7 7 a—JF 2 L CRiiEfgo 2
TR AEH L, MERBEE EHE CH DA RE(LIEN SN & 72 5 72D+ 544t
LM L.

b (a) 2B+ AL, EPR<# International Symposium on Mathematical Theory
of Networks and Systems (2R X4, IEEE Conference on Decision and Control DU —
7vayTITBNTCOLEEE TR, £72, ), (o) (BT 2HERITEBRFMEE TEEE
Transactions on Control of Network Systems IZ#Fa L TEY, BAEEFHFT CTH 5.



o, Q e, Q—$«¢
> \ / e, ;ﬂv—,@,

0<t<t, t,<t<t, t, <t<t,

E3. SHEhroDIEEDNZITEY B0 :
EREAEEICEVT, FATRLEI-Y Y FHFABLLODES%E

ZITES

MBI (a) - HEBTRALF—D SHEBIE (b) : FEADFHE
Tyl HERB(c) - BMoRER
X2 X2

x(T) x(T) /—)
X1 0 / X1
{x(T)| x = Ax + Bu,

x(T) x(T) x(0) =0, |lull2 < U}

K4, FFMEBEBICOWT:
GROBEARFRIANF —EBUTOAHLTEETRELIREI LS
E5%RT

(3) A=Al I B4 5 £ Ol o iR

ui®ﬁ%ﬁ%?%wt7fm~%ugdwf,@%%kbf@&?@ﬁ%%%t.h%
(2) T, RO BEREBIEFE L2V —F —RIRFEICBE L TREEZITR>T0D. 2
T LT, HEERTAE %%5lmmmﬁbw15zt G L, EIRIRREDIE 2 BB\ & i =
A TR L7256 0, Wﬁ@ﬂﬁiﬁ_owT%H%®Mﬁ%ﬁw IEEFNTIAIC IS <
%ﬁﬁ@@%g%#%ﬂﬁﬁ%ﬁaﬁ L7 (X5). 26 opkRIx, EERZEE Automatica
=2 TEEE Control Systems Letters IZELIR X417~

1 1 2
2 2}

3 3| 15
4 4 1

5 5 !

6 6! I
7 7!

8 8/ 05
9 9!

10 i 10 .
12345678910 12734 5 678 910

E5. RigHRDH 3 R/N—ARBFEICOWT :

10D/ —FhHhE332y F7—2RICEVWT, ET v Y ELORBRIEA
HD L° aARbEHF—2y T TRT CRBWIEEADSIhBIERAHEZWL) |
ERIIFEEREBICADD L0 /VLEEBELE-REFEICEZLDOTHY,
ERRBEENL L2 /VLAEERLE-HDOTHS, REFEICLY, BRI

B RN — 2 ERMR R/N— A EDRES NS,

TR FE A A S

o MEREEWC

[1] T. Ikeda and K. Kashima, “On sparse optimal control for general linear
systems,” IEEE Transactions on Automatic Control, vol. 64, pp. 2077-2083, 2019.

(EHAD)



[2] T. Ikeda, M. Nagahara, and K. Kashima, “Maximum hands—off distributed
control for consensus of multiagent systems with sampled-data state
observation,” IEEE Transactions on Control of Network Systems, vol. 6, pp. 852-

862, 2019. (&HHHY)

[3] T. Ikeda and M. Nagahara, “Maximum hands—off control with time-space
sparsity,” IEEE Control Systems Letters, vol. 5, No. 4, pp.1213-1218, 2021.
(EHAY)

[4] K. Ito, T. Ikeda, and K. Kashima, “Sparse optimal stochastic control,”
Automatica, vol. 125, 2021. (&HEHAEY)

S

[6] T. Ikeda and K. Kashima, “Sparse optimal feedback control for continuous—
time systems,” FEuropean Control Conference, 2019. (&FiAY)

[6] T. Ikeda, D. Zelazo, and K. Kashima, “Maximum hands—off distributed
bearing—based formation control,” IEEE Conference on Decision and Control,

2019. (&HAEY)

[7] K. Ito, T. Ikeda, and K. Kashima, “Continuity of the value function for
stochastic sparse optimal control,” IFAC World Congress, 2020. (&EHAHDY)

[8] T. Ikeda and K. Kashima, “Optimal control node scheduling with multiple
sparsity constraints,” International Symposium on Mathematical Theory of
Networks and Systems, 2020. (&FHHE YD)



4 4 0 0

Ikeda Takuya Kashima Kenji

64

On Sparse Optimal Control for General Linear Systems

2019

IEEE Transactions on Automatic Control

2077 2083

DOl
10.1109/TAC.2018.2863220

Ikeda Takuya Nagahara Masaaki Kashima Kenji

Maximum Hands-Off Distributed Control for Consensus of Multiagent Systems with Sampled-Data
State Observation

2019

IEEE Transactions on Control of Network Systems

852 862

DOl
10.1109/TCNS.2018.2880296

Ikeda Takuya Nagahara Masaaki

Maximum Hands-Off Control With Time-Space Sparsity

2021

IEEE Control Systems Letters

1213 1218

DOl
10.1109/LCSYS.2020.3023265

Ito Kaito Ikeda Takuya Kashima Kenji

125

Sparse optimal stochastic control

2021

Automatica

109438 109438

DOl
10.1016/j -automatica.2020.109438




T. lkeda and K. Kashima

Sparse optimal feedback control for continuous-time systems

European Control Conference

2019

T. lkeda, D. Zelazo, and K. Kashima

Maximum hands-off distributed bearing-based formation control

IEEE Conference on Decision and Control

2019

K. I1to, T. lkeda, and K. Kashima

Continuity of the value function for stochastic sparse optimal control

IFAC World Congress

2020

T. lkeda

Sparse optimal control with application to node selection problem

IEEE Conference on Decision and Control (workshop)

2020




T. lkeda

Sparse optimal control with application to node selection problem

National Institute of Informatics

2020

T. lkeda and K. Kashima

Optimal control node scheduling with multiple sparsity constraints

International Symposium on Mathematical Theory of Networks and Systems

2021

2021







