[2R2 sz

2 H—F UK}

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbouoooobbobbuodoogon

Functional Order Generation by Local Space Interaction Field for
Automatic Decentralized Swarm Systems

oood

Yuki Origane

O0:00@0),

oOooooo:0oo0ooa,

Oo000:002e70,

000 00:20250 30 260,

ooooo:0o0o0a,

OO00:00 00,00 00,00 00,00 00,00 00

Degree:Doctor (Engineering),

Conferring organization: Institute of Science Tokyo,
Report number:(0 0 2670,

Conferred date:2025/3/26,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(FHRR )

Doctoral Program

WO B

THESIS SUMMARY

Fe A=A AT Ll H HRarhr 8oy « it ( T2
Department of, Graduate major in AT NI a— A Academic Degree Requested Doctor of a

Student’s Name Chief Examiner

I (Fn3C 2000 FFLE)
Thesis Summary (approx.2000 Japanese Characters )

ABFFETIE, AREBEIAREC BT 2 RETELH O 2 2 WO RIHIRIBHEE 1A &, HEE S izl a2 R A
L 7o BERERIRRFFIE R D 1L 2R E T 5.

JRIETRY 7B & 3 B 7 NS & o TEMES D B AR EMARE TIE, SBEMAOHIK) & Rk 7 B i 2 dfE 4
HIRFF DO PN BLEAR TR T 5. KRB 2 R FIRIE T H 2 3R LT B O R — Bz T 2 7201213,
KRIGE) 72 BE D ZE R« B RIRQIRRBIC S DWW T ATEY 2l 2 OB BT DR T T 572003, JRFTH e Bl o
HTREBRREZE ED X D IR T 2003 MEL 2 5. AT HHEMSCWIRBIRIC W TIE, KRRk
ERICLDRAMMHAEEROZZHNTHWLICHEDL LT, BMERRLIBVEEITE S, 2OV ok %
W TR BERERBUCIS AT 2 720121, RFTHEERA» BN OEROBE®RZMOMENHDH. €I T
AWFFETIE, AARIRE) -2 BEMAICHEIR L, AVOMBERRICESSHAEEMZEALL. Zhicky, KH)
TEENED” 57 PHREAREBIS U TR % 5 72di, /PR8N X > TSRO =R E BT 2
THHREHEE TE, WREMRBRF O ATREL 72 5.

BEAM OEEITLZEDOT-ORT 5N R T TR B0V, Y 7EBED &5 IR BERHIRTEY ¥
FADOANEHBIHLTLE S%HE, A7 ERPEDRUMFREREICHND Z L3 H D, FIZ)—F 7400
BIDFFEZAT O BEMATICRWTIE, V=N 7+ UBERICIRY EATLE IER-PEL D, ZOHER
PRI & R 2 7o 1T, SO R 7 B R DM EAE M & ) — X OEAT i A 2 [ S 5 JE TRREF L 7Z.
MEERICEVGICARPECD Z LT, V= BEEROEITHAZET D LI 7+ UBEIREZHES S
ZLDBHRETHD Z LR L.

U — LD AL 72 ZRENMANTFE LA WIGE T HUREEN R BRF O E FiE L T 572918, 2T
ZHEWROWTEEL T D012, N OMAER ZH7-ICRE L. WER O AEER TIBIcBiiko
Xy T — 7 HEEITS U BRI E T 5D 2 & T, BEOHMY - AEt i e ZERREERS, FLE OEFRIZ L & Vo
T KIBRBE A Sy B HEE CTE 5. ZIUSHABMRDSBEMADRE 2 KB L TV A Z &b, BEMKRFE LT
IMEERICE Y, FIRERMIFO L 5 IICZZM Lo ClB RS BERIICHR S Tnb 2 kicks. 2
DA TRIEHEMNT & OXHEEURIC LY, EFHNELEERBIZDDNRT A —EZHiFE T - A< R E2 D
TR FERELT, VAT LAOHEMEREEFEOBRIMEDOHM T ML — RFT7BHEET D Z EBH LM
pofe. YIal—varORENPD, BEEROT A X, BRICBT 2R RALE K OHEROZ L E v oTe
BEOEHREZE, WEABFEAEERICHED —2OHENOWMY B2 Z & 2MRA L.

FMAFA AR 2 WV THEE TE A RIBUREEZ W T, B —MEOHERFOE R O & W\ o T BRI 2R B
B EITo 72, EBHEO Y — 7 B bHEAEROBENIRELHET 2 2 & C, BAERORBEERMNPTIE L
ZEEETOBEEPRHT I ENTEDL. ZhE2EBEEOX RV EBSFMFIIRETDHI LT, Halks
LU CATERBER 2 RMIANCITO 2 &N TE D, £, BRMAEUEZEZRBELALOFEENLREL, S561I2F
FENTBIC BT DRI EHEE A FIAT 5 2 & C, AHEE OER & 72 2 %A 722 7 — F 1S & W22 72 FEXHR
TN L > T CTE D 2 L 2R L2,

H B EIARE O MM ECIRENE & W o R 2T 09 7202, MHAERICKERBERN NI N &R
LELV. ZOBLENG, BEBTIEEZFERBER VAT ADO FRERT DI, BHLA I TEHWEE
VAT LEFOBEIRR v MIX LT, MEFEOEELITo. EEIZBWN T, fFFCRETE2BEHED
FHOHKN D, EFEOZRAXF—PER LWL 2ERE LTIz oewn. Loy LREhEE A EH B K
NETINX—ZRETIMHEERH Y, OoRy U —7 OO S I L DA b D R X —1E
AZRET SN2V D, FEEE AREOEANC L > TR 3L X —EMEITo7-. Eue Ry b &
AW FEBROFER, FWHEODVRWEE L0 T A 22BN T, WA AR % v 7z Kk e
HEENRBETH D Z EMA LMo T,




lbEX Y, MAEERZEG LBIRIRSh 2 HEREA ST 5 2 8T, RFTHIDIERRIT OB & Kk
WHEHEE & BRRERIRRFF OTERIE 212 R LTz, BB BB AR AT 2B O A THIETE 5 2 A7 X0
BREEDIERS IR 2722 LT, KV IRWSG i TS EEECIR R EN I 2T L O L ATRE L LTC.
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This research proposes a method that enables robots in a swarm to estimate global geometric
information and achieve functional order using only local observation

In a robotic swarm system, which consists of autonomous and distributed mobile agents, local
constraints can hinder the achievement of global tasks. To overcome disordered situations, such as
deadlock or failure to unify, agents must move based on the global time—space states of the entire
swarm, relying only on local observations

To address this problem, this study implemented a phase oscillator in the agents and introduced
local interactions among the oscillators. By sharing a field over oscillators, the agents can
estimate global time—space information about the entire swarm system.

Collision avoidance constraints, such as those derived from the control barrier function method,
restrict nominal inputs for task achievement. This can lead to an entrainment deadlock problem in
leader—follower navigation. To address this, this study modified the interaction mechanism to
propagate the leader’s direction, enabling movement and resolving the deadlock problem in a
distributed manner

To propagate higher-order information, this study proposed a wave—type interaction. This interaction
generates steady waves across the field, with the frequency and amplitude of these waves reflecting
the interaction network of the swarm system. By extracting this information through Fourier analysis

each agent could estimate the dynamic location changes of all agents and determine their relative
positions. By applying the Von Neumann stability condition to the system with wave—type interaction

the study identified a stable range for the coupling parameter. Simulation results demonstrated that
the agents maintained unification and resolved deadlock situations.

The proposed method was further validated through real-world experiments with robots. In these
experiments, robots communicated their phases via intermittent LED flashes. Implementation required
preserving the virtual energy of the interactions. A viscosity term was introduced to prevent energy
divergence caused by network changes and uncertainties, while a self-excitation term restored energy
to enable repeated detection of steady waves.

Consequently, this study enhanced the swarm's ability to resolve disordered situations and
contributed to the development of robotic swarm systems capable of handling complex tasks and
environments
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