Impedance and Power Factor
in Motion Control

September 2014

Takahiro Mizoguchi



(U 3)

£ W X % 0§

HEEy | H 5 2 K 4 AR =GN

Impedance and Power Factor in Motion Control
(E—varvarbho—nLiBiFa v E—Fr AL %)

(NEDOERF)

DARPA (Defense Advanced Research Projects Agency) Robotics Challenge (2.5 X 9
2, EFEe Ry MERICKRERER RPN EE > TnD, ZRETEERICTBWT
KEAFEZBME L TRELTCEZe ARy MIZOBERE R OISR 23T
HFEMEICRIT D E V) REQBEZBZ T\, Ry RPRARRLEL IR TWD
MRFREREE I W TIIARESN O FR N Z 2 FRE G ITAME T X IEFIT B OG22
Bl IN5, FFICEURE CFHAICTHLE S EMEEICB W TITE B LRED
A= ADEHREZRAX =D I BNRET L7280, 2o O HREIUGE
FERE—Yaryary b —LZBWTHERARRED LD, 61T, BfELEE
&2 hrak U RN BT 2 FiEmmI I EE O L 2O _ L@ BB 5 Hiffr ¢
HHTD, TOWNDLEENTND, RUFZETIFEMEICIBWT, vy b EEEMA
DA E—H 2 ZAFFEDOELB LOZICERT 5 =X — DO b % ) L
LTERBEULIT T2 2 L2 HE LTS,

%1 B TIEAMIIED BRY, SEATHIFEICE L TRl L T 5,

FBo2ETITE—varay bue— VORI CTH D LA 7V — % 7 nE
FERIBEIZ DWW T L TV 5,

BIETITeR Yy FNBIUOREOMEHFMETHDL A LV E—H U RIZONTHFELLSR
RTCWDb, Flo, A v E—X U 2AEEFBHICEBWTHET 2 FETODLI NN, T 7TV
HEIZOW TR L T D, A T T I NHIEREZBIEENEZ DA LV E—F L AD
BLSHORET 2 FEEEEL, 2FHEOBFHORMARZG & L CiRE, FEBricky
RO RMZ FEEEL TV D,

mAETERAEY b BERTOT XL RSO T T AR T B
TEFZL, FHIIHEZRZEL WD, EXRRICBWTHRITERD AR ~O TRV
F—DEEFMEZ TR THIEL LTHOWOLN TE T, #BRICB W THRRICDELE
£TH52&Tury NeREOHEERAZEEIL LT T2 N TEX 5, EXRD
FEARANT) & RIBRIC A EE 2 H R TO AT & L, T 28 L TIRE O PR & ik~
TWo, £7o. FFEZILRE L, RO A RIZRED A3 LA EIEIZB W T
NREBNT D FEERE, BRICE > TEOFHAMEEZ R LTS, 512, HEHEEH
77— =B AE T ROBERREL KD, IRORMEHZEFH L T\D, BEF
EOARRPEIZERIZ L0 FEGE, EENCB T 51 B —F o ZARHEDORRZEE) & RO
REIZENIRIER TH DL Z L2 L, (HREOE(LE L CTEREMICFHME L TV 5,

FBETIEA v E—F U 2B L ONROMEZFH LEEZBURIZ T 5 aHlifaiE &
LTRELTWND, AE L MEE L, BE 2R E2ICMAT 5 = /L% —
DOELENDERLT D FELRE, ERNPOEILEL TWD,

F 6 ETIIAMEDOMREZER L, SBRDOBRLEICHOVTELLTND,

Lk




(BR=CH 4)
SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number First name Syrname ‘
Integrated Design Engineering Takahiro Mizo ngChl
Title
Impedance and Power Factor in Motion Control
Abstract

As DARPA (Defense Advanced Research Projects Agency) Robotics Challenge demonstrated
to world, recent robotics technology attracts attentions and anticipations of society. Robots have
been developed based on the factory automation; therefore their technology is highly
specialized for mass production and is less flexible against unstructured environments. However
in future, robots are hoped to work in ultimate environments where events beyond the
assumption are likely to happen. It is obvious that adaptability is going to be a key technology
in future robotics. In particular, contact motion involves interaction between robot and
environments; impedance characteristic transition and energy transmission are expected to
occur. Observations of such information are indispensable for advanced motion control. In
addition, extension of human sense by augmented information is required for increasing safety
and efficiency of the motion. The research in this dissertation focuses on observing interaction
of robots and environments from the aspects of; impedance characteristic transition and energy
transmission behavior as power factor.

Chapter 1 explains the aim, motivation of dissertation and recent researches about the topic.

Chapter 2 describes the essential technology of the research; acceleration control based on
disturbance observer.

Chapter 3 features on physical characteristic of the environment; impedance. In addition
bilateral control is explained in the chapter. Bilateral control is a method to reproduce
impedance characteristic over a distance. Human sensation of reproduced impedance can be
designed from proposed design methods in the chapter. Two examples are shown and the
effectiveness of the design criteria is shown through experimental results.

Chapter 4 defines power factor in mechanical system. Power factor is originally an index to
evaluate the energy efficiency of the circuit in electrical system. The proposed concept brings
the idea into mechanical system to evaluate the environment interaction to the motion. At first
in the chapter, single-phase sinusoidal input is given to the system in order to realize similar
situation as electrical system, The power factor concept is demonstrated through analytical
study. Then the concept is extended to arbitrary input in mechanical system, since the input in
mechanical system takes numerous forms; ramp, non-periodical, human input, etc.
Experimental results show the evidence that power factor analysis can be applied for
non-periodic signals in mechanical system. In addition, power factor derivation method
specialized for mechanical system is proposed. The proposed method employs short time
discrete Fourier transformation in order to achieve calculated power factor to follow the
chronological change of impedance characteristic. Experimental results are presented to show
the validity of the proposal. The results explained in chapter 4 suggest that observation of power
factor along the motion is equivalent to deriving the chronological transition of impedance
characteristic. The characteristic is evaluated quantitatively as a phase.

Chapter 5 represents the integration of two aforementioned concepts, impedance and power.
An error of trainee motion from the expert is evaluated quantitatively from energy aspect.
Experiments are carried out to validate the proposal.

Chapter 6 concludes the dissertation and explains future aspects of the research results.




