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This thesis consists of five chapters.

In Chapter 1, I described the focus of this thesis and its motivation. I classified the symmetric affine systems
from a viewpoint of the Lie bracket, an operation on vector fields that characterizes the structure of nonlinear
controllability. Then I introduced the first-order Lie bracket systems, a class of nonholonomic systems.

Chapter 2 describes the Lie bracket and nonlinear control theory. The first—order systems are defined according
to this background theory. This is also the basis of the following two contributions.

Chapter 3 describes the contributions to control theory. This chapter addresses an optimal path planning
problem on the three—input six—dimensional Brockett’s canonical system. By introducing the input quadratic
norm as a Riemannian metric, I showed that the shortest paths connecting two points are parametrized as helix
paths. In addition, I presented a quasi—analytical procedure to determine the optimal helix path for any given
target point. The characteristic feature of this method is that the optimal paths are parametrized as an explicit
function on the state space, which enables the solution paths to be derived without multi-dimensional
iterations. The approach is validated by numerical computations in two aspects: matching for arbitrary target
points and covering known optimal paths as special cases.

Chapter 4 describes the contributions to mechanism design. This chapter introduces the notion of a
kinematic—dual snake robot, as contrasted with a conventional wheeled snake robot. The well-known snake robot
consists of active joints and passive wheels corresponding side—slip constraints. The purpose of this study
is to present a string—like mobile mechanism as a solution to the difficulty of manipulating the original
snake. The key idea in devising the proposed snake is to reverse the mechanical elements of the original snake
and then refine the reversed mechanism by the kinematics so that it is a dual system of the original snake
Thus, the proposed snake consists of passive joints and active omnidirectional wheels plus two ordinary wheels
at the ends, associated with side-slip constraints. Here, I introduce the concept of the kinematic—dual snake
and explain in what sense it is kinematic—dual. Then, through controllability analysis, motion planning, and
experiments, I prove that the concept of the kinematic—dual snake is reliable as a mobile mechanism.

The proposed robot can improve its manipulability while maintaining the advantages of the string-like body.
This idea is expected to contribute to tasks that require both joint angle manipulation and traveling, such
as transportation with wrapping around an object

Chapter 5 summarizes the contributions of this thesis and their significance
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AL, LA RIS~ 2 R5E O Tl A S & b DRI o A 7 AT DRI T2 b O TH D, FERE
VAT LAOTFHIENEE, AT LETLDRTDHASRT SO Lie bracket & JITNBEEIC L - THIE SN D723,
KL TIEZ DS B, BEDOANEOIEFTHMENBEICHN LREH L LT, ArfilEEREIED 1 BEO Lie bracket (2
LTRSS TN LD AT 7 4 VAT LOHIENZ OV TIR L TWD. BB s ENHRY, H1ELE
2 BT R LG, BIFELPEATE T OOTEREE, B ETH S RITWA.

FHOFEMERTHHHE 3 HIL, BLICHGRA CORBICET 2D THD. ANROFCFRIMEE 2 L7z,
Brockett MTEHER & KIEN D 3 AT 6 IRITTD L AT KIHONWT, Bl EEMEEZ T > Tnb. A2k IV i%
Y=~ B E L TEATDZLICLY, 2 Al SRR MBIEREE LTATA NI B—2 a0 T&EL2 8%
RUTZ 9 2T, ALED 2 sl % il S 7R S HERR I % 2R D 2 MEMATH FIEZ 7R LT D, ATIEORMIL, itk

DORIEZE] EOBGRIKE LT RTA R B =2 arTEHIETHY, KET VI XLEETH 2 L kg%
BHTHZENTED.

FB_OFEFMERTHLHHE 4 ETIE, BEIrRy FOBBERE~OERICET 20 TH L. HigHlo~ B E) o
Ay MIERES MO TWD. ZHUIEHEY LB fill & EBhRAEI 2 & OEHIZ U o 7 R CHERL S 41, #iHE7e
AP E  OFERIE L AT L E L TET /MESND LD TH D, AR TIE, Z ORI O R S \Zx9 B fRIK O
VD EDE LT, WEROBEHCKIT 2 NFMEZEOEHZNESEHZ 212X, Zhe HESFEOCNE &k
DIMAI R~ B A 1R R LT D, ML, REBIBII 4 & & x 7o BhBAEN, SBhHn A Xk 7oA
BT RIS, B D R A BN U AT HIAEE 28R 9 5 720 O Z o O F S B il 2 IS RO, ARGRSCT
X, ZOBEBOEGROTIICHNT, BEOIRIE S AT AL LTOET /UL, FERIE ATHIEMEMRT R L O ik
SHMATI OFEE, RO O ONCHIEESR 28 U<, BRI E ) S S BEEE & U CEBLRE
RLDTHDHZ EERLTND, fREHERT, RREEVI~ETBE Ry hOFREHERE Lo, BfiA (FE
IR ZEDIEAEER M LTS, LendoT, flxidueRy MK EOBEMIEEAZ RN OBETL &0
of, BEfEfAOREEraE—Ya rORGELEETHXATICERT 5 2 BRSNS,

PLED X ST, ARiwsix, FEBIE S AT L O THIEMEREE BT DRV RIC D &, sl A ) O BRI 725k
R NCBEIR AR v FOBIBRGHIOW AR RERETT 20 THY, Miims LTlifid s b o L8
5.




	23_工_03_高木勇樹_要旨
	没23_工_03_高木勇樹_要旨

