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Abstract

Snake robots are articulated systems designed to imitate the motion characteristics of biological
snakes. These systems find range of prospective applications due to their salient features like
multi-modal locomotion and flexible motion capabilities. However, these features also pose
challenges from the point of view of dynamical modeling and control. Hence, research in this
field have find traction to make these systems worthy of field deployment.

The motion of a snake robot on a flat surface has been widely studied in literature. The
state-of-art control approach for the planar snake robot, employs a VHC based body shape
control along with singular perturbation based head-angle control and feedback linearization
based velocity control. This approach requires the system to be known, which can be considered
as a conservative assumption for unstructured and unknown environments. Moreover, the
complicated dynamical system structure makes the control design problem challenging which
has been conventionally solved through a multi-layer approach. Furthermore, to incorporate
the versatility of snake motion in the robot, it is necessary to investigate the other modes of
locomotion as well. Such studies would enhance the applicability of these systems in real-life.

The major contributions of this thesis addressing the aforementioned issues are detailed below:

« A sliding mode control (SMC) approach has been adopted to achieve efficient tracking for
a planar snake robot considering bounded uncertainties in the friction coefficients with
known upper bound. To circumvent the requirement of knowledge of the upper bound,

an adaptive-sliding mode control (ASMC) law has been devised, which also alleviates the



overestimation of the switching gain.

e The SMC and ASMC methodologies require the uncertainties to be bounded and are also
dependent upon the friction model. A time-delayed control (TDC) approach utilizing
an artificial delay based estimation, has been adopted to obtain satisfactory tracking

efficiency of planar snake robot while obviating the aforementioned assumptions.

e The bounded estimation error in TDC has a detrimental effect on the tracking perfor-
mance of a planar snake robot, which can only be reduced by choosing high feedback
gain. For this reason, an adaptive robust time-delayed control (ARTDC) law has been
devised to achieve improved tracking performance in the presence of bounded estimation
error. The novel dual-rate adaptation law is aimed at solving the overestimation problem

of the switching gain.

o Differential flatness has been studied and employed for trajectory tracking of wheeled
mobile robot. Subsequently, flatness has been used to establish mapping between the
output and the input variables of the robot utilizing the tangential position as the flat
output. Finally, the serpenoid gait function has been used to derive a flat system for a

planar snake robot, which has been further utilized for controller design.

e The dynamic equations of motion of a snake robot inside a channel has been obtained
through Newton-Euler formulation. The normal and traction forces generated through
the interaction of robot link and channel wall have been modeled. A control law has been

employed to study the tracking performance of the robot inside a uniform channel.

Overall, this thesis contribute towards the dynamic modeling and control design of snake robots

in an attempt to enhance their deployability.
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Vip Contact point velocity of ith link and right wall
il Distance of ¢th link CM and its left wall contact point
Tir Distance of ith link CM and its right wall contact point
Hil Friction coefficient for ¢th link left wall contact
iy Friction coefficient for ith link right wall contact
Cii Friction force applied by the left wall on ith link C eR”
Cir Friction force applied by the right wall on 7th link C,eR"”
Cty.i Traction force on 7th link along Y direction CyyeR?
Ctri Moment by Contact and Traction force on 7th link CireR”
Py i Joint constraint force from ith link to (i+1)th link along h, € R"*

global X direction

hy.i Joint constraint force from ith link to (i+1)th link along h, € R**

global Y direction
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