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How do humans control their complex musculoskeletal systems to generate various movements, including walking?
Of course, the advanced processing of the brain contributes to the control of the human musculoskeletal system.
However, in addition to this, other mechanisms are considered to contribute to simplifying its control. Various
types of such mechanisms exist, which can be broadly classified into three categories: the reduced inputs
anatomy trains (ATs), and the external force environments. The human musculoskeletal system is expected to
generate diverse movements with simple control by utilizing all three of these mechanisms.

However, the design principle of the human musculoskeletal system enabling such control ability still needs
to be clarified. I assume that musculoskeletal humanoid models, such as physical and mathematical models
are practical tools for understanding the design principle of the human musculoskeletal system. This is because
humanoid models belong to the same inertia—dominated environment as humans and possess similar skeletal degrees
of freedom; therefore, their design principle is assumed to apply to humans, even if the material properties
of the bodies differ

In this study, as an initial attempt, I design physical and mathematical models that incorporate the three
mechanisms and achieve quasi—-passive walking with simple control. Additionally, I propose qualitative design
guidelines for the models through experiments using the physical model and simulations using the mathematical
model. By referring to both the physical and mathematical models proposed in this study and accumulating
knowledge through their interaction, it is expected that the underlying design principle of the human
musculoskeletal system can be mathematically clarified in the future, offering significant potential for
related academic fields and medical applications. This dissertation is composed of five chapters and the outline
of each chapter is as follows.

In Chapter 1, as the introduction to this study, I explain the background and purpose of this study.

In Chapter 2, I describe the design of the humanoid physical model “’PEARL II.’” PEARL II has three types
of ATs, including the superficial back line (SBL), but has no actuators. In Chapter 2, prior to walking, I
experimentally demonstrate that PEARL I1 can passively maintain standing postures and withstand minor external
disturbances. Based on this result, I explain that in behaviors with minimal posture changes, such as standing,
the disadvantages of full-body mechanical constraints imposed by ATs are not problematic

In Chapter 3, I describe the design of the humanoid physical model “’PEARL III.”’ PEARL III has the superficial
back line (SBL) on the dorsal side and monoarticular and biarticular muscles on the ventral side. Here, the
areas corresponding to the hamstring of the SBL and the rectus femoris are McKibben—type pneumatic actuators
In this chapter, I discuss how the three mechanisms of reduced inputs, ATs, and the external force environment
are all utilized to achieve quasi—passive walking in PEARL III, as well as the design policy for the model

In Chapter 4, I describe the design of the mathematical model of PEARL III. I also demonstrate that through
numerical parameter exploration, the step count can be improved under the specific combinations of the values
of two design parameters, the spring constant and the contraction timing of the whole—-body line. Furthermore
based on the simulation results, I discuss the relationship between these parameters and the step count, and
propose a tuning method for the SBL to enhance the step count in the physical model of PEARL III.

In Chapter 5, the last chapter, I summarize this study and discuss the insights suggested by the results

of this study, as well as future perspectives
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AN SOIE, & b OEHEZR B R O TEEHIE 4 AL D 72 D O S (RER G HE IR ORIRAIMRI 4 Jem) 22 HEE L L,
ZOMEL LT, WEET VB LOHIEE T L ORE 2 b NS THIEIE AL A I = XL ORF 21T o2 b D THDH. K
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H2EETIE, b hOHEOWETET L TPEARL 11] OFEFHIOW TR TU S, PEARL 1113, Superficial Back Line
(SBL) Z&#e 3FHIED AT ZFT 203, 77 Fax—F [ TRIESN TV, KETIE, #TITHILSH, PEARL 1T 235
BRI SNIEB A HERF L, UIMMELICIt 2 Hh D 2 L 2 FERINICR L TWD. $7o, EBRFERICKSE, SIAfERio X
INTEBDEAL DD TO R WEENC BT, AT NS OEEH REZFERT S Z L NEHOLITICR RN L
Him LTV D,

EIWETIE, & FOHEKOWEEET /L PEARL 111) OFFFHIOWTIRRTVW A, PEARL I11 %, {AiZ SBL %, AE1HI
BB L OV TR 2 EE LT, & VT SBL ® Hamstring 38 & i @D Rectus Femoris (RF) [ZAHY 9
DENLITIX, McKibben BUZERIET 77 F o =— A NHNLN TS, KETIE, HIFNESEICE - OBRMIC & e
T4 @ SBL & RF % ON/OFF BUIUUHG « i S 257217 C, PEARL TTT AMERNA LT 2 Wn#EZ B I T2 ER TEDH 2
LERERRITRLTWS. Fio, ERRERICESE, SNREAED LIESEATHICEN T, [HRIED SBL & RF 23
BHOEBHBELZWRT L LR, SEHITORE ORI & RESFFNER SN D 2 L0, SliERkIED SBL
& RFE N2H O H REOHER AL Z L1280, B COEECENATE /B /2 M L& ORERN T b
WZ & EEm L TWD, E6IT, SBLIAZ D& ) REREAIIHT 5720101, SBL OREKEEHE (V27 R) IKhH> &D
W 2 A FHMER, RF 246D & T 28N A8 AT 20N H D &0 ) REHESHBIREL TV 5.

%43 TIE, PEARL 111 OEFEE T VORERIZOWTIRRTU A, SBL {E Main Line & Branch Line ® 2 FEEAD 5|3
235D, Branch Line 233E2 28hEeiC & - T SBL &EDORIE SN R 5720, BHET NVOMEIIHECTH D L F
2%, LinL, RiwCTIHE, SBLOFREHZBITHITEZY 5 2 b DICRE LR THEDTTHZ Lk by, BEET
NOREFIZEH LTS, F£72, Main Line DIFRESkIB L OUGEX A 2> Tab ), SBL OEHEZIRET S 2 DD
RET AT A—F DEZBMERNIRERT 2L 2B LT, ARSI E Lk L aDEOMAEDERL LBV ITHMT S
TEERAOLMNCT D E LB, BBORNG & ENE TOBEITE SN BN LD Dk & aDfEDTF 2 —=2 7k
FREL TS, S5, BERLEFTRABERE RSk aDEOMABEHLETOY I 2 b — a VEREZE 3D
AITEBRER L T 5 2 L 28 L C, ERET /LA PEARL 111 OYESZ BT OARE M I fe¥a EMEMIC BT 5 2 &
ERER LTS,

PLED X 51T, AT, MEFIAT) AT - S HBREED 3 SO THRNBE N OEHER T EH R OSTHIE 2 L Tx %
TEERFEBRELI A L— g URITINBRETH E L BT, AT ORI Z WTREZR IR W R E LB T LA L,
S DIZHEA EOT=o D AT OBRGFHEEHI DWW THIBEL TS, IRLOFIERIE, AT 28t hOBTICE 2 D AREM 72
HEZ S BBERNITIENT L COL T OBEBER B2 LT 500 TH 5. Lo TRMIIHM LR E LTMESH S b
DERDD.




