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Abstract of Thesis

A human body functions the best when all the parts operate together as a coherent unit. The natural walking
behavior of humans, for instance, results from the interaction among all the parts of the body, and it is not
merely a result of the dynamics generated by each leg separately; the synergy between the two legs and the way
they interact with each other, along with their interactions with other limbs, plays a major role in the adaptive
walking behavior of humans. Therefore, to realize a robot with adaptable behavior, it should be enabled to adjust
its morphology accordingly in response to environmental changes. From this perspective, recent studies have
considered variable compliant actuation to change the physical characteristics of the robot as it interacts with
the environment. Robots with this ability showed a variety of efficient stable motions during contact with the
environment. However, having locally variable compliant parts with independent dynamics under the same
body may be insufficient for achieving adaptability in diverse environments. To extend the idea of variable
compliant actuation, from being used locally to the level of whole-body dynamics, in the present study, we used

the principle of Actuator Network System (ANS) in developing our robots.

To test the feasibility of using ANS in legged robots, we started by developing an eight-legged rimless wheel
robot with ANS that allows energy transfer among limbs. With this simple mechanism that resembles bipedal
robots' dynamics, experiments were conducted to examine how changing the connection patterns between legs
will influence the efficient behavior of the robot. As the experimental results showed, to obtain optimum

efficiency during the different gate phases, the robot needs to select a different connection pattern respectively.

Since the feasibility of implementing ANS was proven on an approximate representation of bipedal robots, the
next step of this study was to develop an actual bipedal robot with ANS. The developed robot utilizes the
principle of actuator network system to manipulate its whole-body dynamics. With its adaptive morphology, the
current robot is able to adjust the physical characteristics of its legs (compliance and stiffness), as well as
changing the way its legs are interacting with each other and the environment. The main finding of the
experiments conducted with this robot is that the robot performance in varying environments cannot be at its
best with a single body morphology, but it needs to appropriately change its whole body dynamics for better

adaptation.

For the next step of our research, we investigated the influence of adding an upper-body to the bipedal robot on
its stable walking behavior. The movement pattern of the added upper-body (the way it oscillates) depends on
the type of interactions created with other limbs since all body parts are mutually interconnected through an
actuator network system. Throughout the experiments, various connection patterns between the lower and
upper body parts were tested. The results clearly demonstrated the significance of engaging upper-body
movements through its interaction with other body parts during locomotion. The robot with a fixed (motionless)
upper-body exhibited unstable walking behaviors, however, once the same upper-body was involved and

interacted properly with other body parts, its movement helped to retrieve the stable behavior of the robot.
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