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ARl T0n Architectural Analogy between Passivity—based Robot Control and
Distributed Optimization] & EL, 6 ML INTWA.

#5 1% ntroduction] TIX, AFmLOMIEH 5w, RS LOHBICHOWTIEART
W5, £, WEIZERTRE L TE e Ry M & RAEZER TR E L TE 0ok
WAL 2 B MEOR R DAFFNTHEAT L, FHAICHE LG D 28T, uRy Ml &5
B E O EIZR L TR FIEZRET DI EBRARIXOEETHL Z L &
ALTWD. DEIL, HiiakaR-E, RSB FIETH 5 H 5 MRMIE,
B L OWERIE T COnEmEIZET 2BEFEME LB L, 26 OFEIZ DN T
WA_TWD . RIS, vl y Ml & oRE bS5 B8 2 Aam LD B k2 7R
LTW5.

% 2 % [Foundations: Convexity, Stability of Dynamical Systems, Passivity and
Scattering Transformation] TIX, ANFm L CHEMHT DEFRIBE G & FHAEH im 2 5i ]
LTW5. 1T, MBEBOERLEEEEZHEATWD. DXL, BN AT LD
ZERB I OZEMEZER L, BEMZRTILOOMBHGRLEANTLE LB, %
EVERRATIC B W T BN EE KB 2 RI2T 2L 2R LTS, 61T, ZEEIC
O BEEBLER AN MEFETH HELEHEZHET L T D.

% 3% [Primal-dual Dynamics for Collective Unknown Object Transport] TIZ,
RKHAOYK GO AR Yy P THET 2MEEZZ X TS, 1ZTDIZ, FuRy ME
TV e LTIRICDEMA, MIRZEDEA T I 7 ALY a—F 4 x—4
OEENZH, R EEFRE SRy MZT7 4 — Ry 795 L0 ik
VAT ARG TIEOBEEZHA LN LTV D, DXL, Rk 2T & & #ux
WALT TV ZLO—FETHDHERZ AT I 7 AOEENFALIMELZH 50 LT
W5, ZOBENEUMEOREELE LT, ARy NALOEELZ U0 EE L es
(257 b & 4U7=PI (Proportional-Integral) filfHlgs 2422 L T\ 5. iz, ZENWEIC
EOF, BET NIV X LORPTHRINEMEZGEA L TWD . &%, BiEY I 2
—YarBrieRy NERIZEY, BEFEAOAIMELZRL TN,

#5 4 % [Continuous—time ADMM] TiX, = —F 4 Xx—F &z —V = MTZXoTH
B SRR S D oy i LR A2 5 2 TV D, 1T UL, REFRFEMEICES &
HMEEZHERE L TnWD. OFIL, RAEFMFELEOE AT LE L TOMWHE
2T 2720, kR BT MRBEZRE L TS, iz, 73 XL




DEY T VAT AOZEMEEZH BN LTS, S BT, EeRE M A2 B 7 M s EEIT,
AREXFRFEICER T 200 E2 250N ATV vy RVATATHDLZ EZRL
TW5h., 2T, SR 27 Az L THWSND T « — L OREFHEIZ b
0, BT7TARY AT AOREFHEE AW CRiEfiE~OIARMEZFER LT 5.
%I, W RECREBS IO R Yy Mok a4 —57 >y MNEPYRTEICK LT, #2
BTN ZALOFIMEEREY I 21— a VL DVRIEL TV 5.

% 5 ¥ [Passivity-based Robustification against Delays] Tl¥, #H 3 EBIW
54 B W o IR LEIZ B W T, BEEBENEAET 2R EEZEZ TS, 1ZLD
2, HiiaET A7 2RO EMEICEHR L, RIS S SBEELEO r XX Ml
FETHLWELEM A BEANT 52 LT, File2moiddllr v ) XA ZRE LT
4. OXIC, BEBETICBITS, 2713 Y X LD REE~D R FTH 72 I ot &
AERI L CTWD . 70, dfgiRFfse A7 msedids & 005 miabE v AR > S filE oM &R R
U2 U, Bl HIC D < B RS B MSRENE D REI 2 REL T D, &
ST, Faxat L7 v 3 U X ADNGE(EBIE N CRBEM~INRT 5 2 & 27 L Twn
5. I, WA X O A LI R R T EA A L, BEass R o
FUMEEREY R 2L —va VICK DR LTV D,

% 6 % [Conclusion] TIX, AimLOMIEMIIZHOWNTE L, 5% OO TN
PEIZOWTigim LTV 5.
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This dissertation investigates architectural analogies between continuous—time
optimization dynamics and robot control based on passivity.

We first reveal a suitable architectural analogy between a continuous—time
distributed optimization algorithm, called primal-dual dynamics, and
collective object transport systems. Based on their similar network structure,
which consists of a central collector and subsystems, and passivity property,
we present a completely distributed solution to the force optimization problem
of transporting an object by multiple robots that does not depend on any a priori
knowledge of the object, does not require any communication between the robots,
and consists of implementing one relatively simple set of dynamics with no
unknown parameters. We prove that the present optimization dynamics converge
locally, and provide both numerical simulations and real robotics experiments
that demonstrate the algorithm’ s performance.

We next propose a continuous—time version of alternating direction method of
multipliers (ADMM), which can be regarded as a variant of the primal-dual
dynamics. The continuous—time ADMM has an architectural analogy with bilateral
teleoperation systems. In addition to convergence speed, problem
decomposability, i.e., network structure of a central collector and subsystems,
and passivity property inherent in the primal—-dual dynamics, the ADMM has
another suitable property such that it can solve non—strictly convex problems.
The simple primal-dual dynamics cannot solve them. By virtue of the
passivity—based perspective, we prove convergence of the continuous—time ADMM.
The effectiveness of the continuous—time ADMM is demonstrated through numerical
simulations of a grasping force optimization problem and a multi-robot
surveillance problem.

Finally, we apply a passivity-based robustification technique, namely
scattering transformation, against communication delays for the primal-dual
dynamics and continuous—time ADMM. From the perspective of passivity, we prove
the convergence of these optimization algorithms with the scattering

transformation. The robustness of the present algorithms against delays is




demonstrated through numerical simulations of the collective object

transportation problem and the grasping force optimization problem.
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