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This research thesis introduces the development of body weight support gait training
system known as the AIRGAIT exoskeleton and delves into the design and evaluation of]
its leg orthosis control paradigm. The implementation of the antagonistic mono- and bi-
articular actuators using pneumatic muscle actuator (PMA) as the actuation system were
initiated to generate more power and precisely control the leg orthosis. This research
proposes a simple paradigm for controlling the antagonistic mono- and bi-articular|
actuators movements co-contractively by introducing a co-contraction model. Three tests
were performed. The first test involved control of the orthosis with mono-articular
actuators alone without a subject (WO/S); the second involved control of the orthosis with
mono- and bi-articular actuators tested WO/S; and the third test involved control of the
orthosis with mono- and bi-articular actuators tested with a subject (W/S). It comprises of]
five comparisons for evaluating the performance of the design controller scheme. The first
assessment involved comparison between simulated co-contraction model control scheme,
and derived co-contraction model control scheme test WO/S; the second assessment
involved comparison between the mono-articular actuators acting on their own (i.e., hip
and knee joints), and with the addition of bi-articular actuators; the third assessment
involved comparison between the position (P) controller based on co-contraction model
control scheme, and the position-pressure (PP) controllers based on co-contraction model
control scheme; the fourth assessment involved comparison between the control of the leg
orthosis WO/S and control of the leg orthosis W/S; and the fifth assessment involved
comparison between the conventional PID based control schemes, and co-contraction
model based control schemes tested WO/S. Full body weight support (BWS) was
implemented in this study during the test W/S as the load supported by the orthosis was
at its maximum capacity. This assessment will optimize the control system strategy so
that the system operates to its full capacity. The evaluation was based on the gait cycle
(GC), trajectory of the hip and knee joints, maximum angle extension of the joints, foot]

trajectory, effective work, inertia, gravitational effect, and time shift. The results revealed




that the proposed co-contraction model control scheme and strategy were able to co-
contractively actuate the mono- and bi-articular actuators simultaneously as well as

increase stiffness and stability at both hip and knee joints.
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