ABSTRACT
 What are the minimum number of actuators required for versatile, dynamic and controlled locomotion? This research aims to answer that question by introducing a two-fold symmetric mechanism that shows dynamic versatility. The behaviors exhibited by the mechanism include tumbling, hopping, leaping on top of obstacles, direction reversal and other interesting behaviors using just a single motor. Inspired from simple models of legged locomotion, a reduced order model of the robot is proposed, and its performance shows strong agreement when compared to a boom-and-track tethered mechanism. Symmetry and chirality are identified as key properties for dimensional reduction of the reduced order model. Two instances of this mechanism are then incorporated in the design of Mini-TwSTR in a bipedal configuration. Custom trajectories using parameterization of a trapezoidal input signal yield several gaits of the robot. These gaits, that may be tumbling or non-tumbling, are classified and their characteristics explored in simulation and on the Mini-TwSTR platform. Utilizing the simplicity of a mechanism driven by a single actuator, state-space analysis is performed on the robot to identify the state-conditions and energetics for locomotion. On the basis of the insights from this geometric analysis, controller design is discussed and an Edge Support Boundary Seeking Controller (ESBSC) is presented that aims to resolve the tumble-back issue due to tracking state-agnostic time-based trajectories. Next, other controllers like the Edge Support Triggering Time Regulator (ESTTR) and the Vertex Support Regulator (VSR) are discussed. Finally, the research discusses future applications. 
This research explores dynamic stability of a mechanism that guarantees static stability and views them from the lens of repeatability and recoverability. It is a step towards the appreciation of dynamic versatility emergent from under-actuation: That it is sometimes better to have less control than more. It also explores the idea of tumbling locomotion, which acts as a bridge between walking and rolling. But above all, it presents an alternate form of locomotion exhibited by a simple robot.
