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A passive walker can Waﬂc down a gentle slope powered only by gravity vmhout any actuator and
control. Tts similarity to human gait’ implies that human walking may sufficiently wtilize passive
dynamics, and passive walkers have high energy efficiency. “Therefore, study of passive ‘walking
contributes to an mlderstaj_dmcr of the mechanism of blped \walkucr and tfo- demgu and control of blpud
robots. ‘

table passive walking can be realized under the condmon of appropriate demgn._, appr opnaLe initial
state -and appropriate slope angle. However, it is difficult to stabilize passive walkers in variable
environments, such as a variable slope with different slope angles and elastic coefficient. Therefore,
addition of some stabilization control is necessary to stabilize the walking gait of passive walkers.
Some researchers have focused en actuation of the hip, ankle and -kmes, However, most of these
quasi-passive walkers can only walk on flat ground. In the previous study, it hds been experimentally
demonstrated that synchronization of the period of lateral motion 77, with the penod of swing leg
motion T is a necessaty condition for stable 3D passive walking, which is used as a necessary
stabilization condition and is named peuod stabilization condifion in this research. In the fiext step, a
mechanical oscillator actuated by a stepping motor has been mounted on a 3D pagsive walker with
spherical feet, and can roll in-the frontal plane to control 73, and, to synchrouza Tt into Ts. . The
movement of the mechanical oscillator is-always entrained into the lateral motion of the qua51 passive
Wa]ker based on forced enﬁanunem realized by Vaii der Pol oscillator, and the quasi-passive walker
can be stabilized on flat ground.

However, the pr oblems of excess or deu101ency of input energy from the mechanical oscillator exist
under uncertain ground conditions due to the determination method of the amplitude of the mechanical
oscillator based on perfod stabilization condition: In order to solve the - problem, This research proposes
a gait "stabilization method based on energy balance and examines the method numerically and.
expe“lmentally tinder uncertain ground condition. In this stabilization method, the target path of the
mechanical oscillator is determined based on energy balance and forced enfrainment. The energy
balanice means that the input energy in periodic stable walking is fransformed to the dissipation energy
and the changé in potential energy of the quasi—passive walker during one step. If energy balance is
satisfied, the change in kinetic energy during one step is equal to 0, which means that the quasi-passive
walker-can keep pe‘lodlo stable walking. The stabilization method based on energy balance has two
advantdges, First, since energy balance can be satisfied in different ground conditions such as
downward and upward slopes, the proposed methad based on sunergy balance cam stabilize the gait of
the quasi-passive walker under complex and even uncerfain ground conditions. Second, the control

‘method doss. not rely on a specific parameter of gait, so the qilﬁSi—passive walker under the control

based on energy balance is robust to the. sudden chancre of the gait caused by the change of ground
condition. Moreover, the energy ﬁansm:rmauon and the energy transfer of walking are investigated,

and 1t is found that me Input energy is “transformed into the mechanical energy consumption and.the
change in potential energy during periodic stable walking.




In chapter 1, the background of the research is fmtroduced. In chapter 2, simulation model and
experimental quasi-passive walker are mfro duced, and uphill-, level-waking and turn control methods
based on' stabilization control ars preposed. The proposed. methods are examined numerically and
experimentalily, and the tesults are indicated. In chapter 3, energy efficiency of downhill, uphill- and
level-walking are investigated riumerically and compared with other biped robots and Thuman walking.
Energy transformation and euergy trausfer of walking are investigated to show the importance of
energy. balance for stable walking by using Open Dynamics Engine simulation. In chapter -4, a
stabilization algorithm based on energy balance is proposed and examined numerically and
experimentally under uncertain ground -condition, and a direct method and an indivect method are
proposed to caloulate the input energy based on energy balance. Moreover, the dynamics of lateral
mofion of the quasi-passive walker is infroduced, and the relation between the amplitude of the
mechanical oscillator and mechanical work performed by the quasi-passive walker is nvestigated
- malytically based on the dynamics of the lateral motion of the quasi-passive walker. In chapter 5, the

proposed methods including direct method and indireot method are examined under uncertain ground
conditions. In chapter 6, s'omg conclusions and findings of the research and future work are
summarized. . C T
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