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Despite the many results suggesting the universal principle in which animals select some gaits consistent with their own body and
the surrounding environment, underlying mechanisms for generating the motor patterns in nature animals are still enigmatic,
Motor patterns of animals are, in general, produced as a result of interaction between the brain--nerve, body, and uncertain
environment. Although this interaction is quite complicated to clarify, it is challenging to identify which factor is crucial in gait
generation and transition, In quest of this issue “what is the source of motor patterns?”, this thesis proposes two distinct
approaches based on robotics and physiology.

This thesis is composed of two parts. In Part I, we develop a quadruped robot that provides a clue to the issue: a sufficient
condition for generating the animal gaits. The major contribution of this part is discovery of a new phenomenon in which an
extremely simple robot exhibits various animal gaits and adaptive transition. Among them, although the robot has no sensor,
microprocessor or explicit controller, the robot changes their gait from walk to gallop according to the input voltages. Moreover,
the different types of brainless robots (snake and earthworm-like) generate various animal motiens that suit their own body
dynamics and the environments, The key of the adaptivity is an electrical passivity of low-torque DC motors which rotate each
timb of the robot. When disturbance force is applied from the ground surface to the foot, load torque is applied to the motor shaft,
and the torque affects the rotational speed of the motor through the electrical passivity. In the robot design, instead of considering
this defay as disturbance, we exploit this external torque as a control law to adjust the phase differences between the limbs, In
other words, the low-torque DC motor is a physical device that has functions of sensor, microprocessor, and actuator.

To evaluate this control strategy, we conduct some walking experiments and show that the robot exhibits the animal gaits and
adaptive transition (walk to gallop) according to the input voltages. Moreover, to further investigate this characteristics of the
low-torque motot, we conduct some experiments, simulations, and theoretical analysis for two fundamental systems. The
experiments and simulations show a key feature that the electrical passivity of the motors generates resonant modes of the system.
In Part IT, we construct a physiological model showing that the interaction among the local controllers in animal muscles plays an
important role for generating motor patterns. The major contribution of this part is to suggest that the fundamental basis of animal
motor patterns is found in the body dynamics, and the simple reflex controllers play a role to adjust the waveforms of the body
motions. This model utilizes a primitive local control in animals, called the stretch reflex, and it is based on the analytical results
of the brainless walking, which is introduced in Part I. To construct the physiological model, we exiract a dominant dynamics
from the brainless walking in two steps. First, we construct a model based on a dominant dynamics of the brainless walking,
called the DFFB (Direct Force Feedback) model, To verify this model, we show some simulations for a spring-mass system and a
planar quadruped model. The DFFB model provides almost the same time response and resonant mades as the low-torque DC
motor model.

Second, we focus on the other aspect of the DFFB model. The DFFB model can be considered as a rough model of the stretch
reflex strategy of actual animals. When an animal muscle receives a force from the body or environment, the streich reflex
functions to maintain its current muscle length, As with the stretch reflex, the DFFB model maintains the current length of the
linear actuator by decreasing the oscillation speed when the module detects the reaction force. Based on this analogy, we modify
the DFFB model using the physiological knowledge, and as a result, we construct a physiological model that explain a function of
the reflex chains. In the simulations, the reflex model automatically generates resonant modes without any explicit neural
connection between the models. Moreover, the mode! adjusts these motor patterns adaptively to changes in the parameters of the
body structure. From these results, we conclude that a source of pattern formation is in the body dynamics, because the physical
interaction between the local stretch reflex controllers has a function to adjust the waveform of the bedy motion.
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