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abstract

The wearable robotics have gained huge popularity in recent years due to its applications in various fields
especially rehabilitation, military, and industrial fields. It is important for the wearable robots to maintain
smooth interaction with the user while evolving in complex environments with minimum effort from the user.
This is achievable only when the wearable robot is autonomous i.e., it needs to identify the activities of the
user in real-time and provide the assistance based on the activity.

This dissertation proposes two real-time human activity recognition algorithms intelligent fuzzy inference
(IFl) algorithm and Amplitude omega (Aw) algorithm to identify the human activities i.e., stationary and
locomotion activities. The IFl algorithm uses knee angle and ground contact forces (GCFs) measurements
from four inertial measurement units (IMUs) and smart shoes. Whereas, the Aw algorithm is based on thigh
angle measurements from single IMU. This dissertation attempts to address the problem of online tuning of
virtual impedance for an assistive robot based on real-time gait and activity measurement data to
personalize the assistance for different users. An automatic impedance tuning (AIT) approach is presented
for a knee assistive device (KAD) in which the IFl algorithm is used for real-time activity measurements. This
dissertation also proposes an adaptive oscillator method known as amplitude omega adaptive oscillator
(AwWAQ) method for HeSA (hip exoskeleton for superior augmentation) to provide bilateral hip assistance
during human locomotion activities. The Aw algorithm is integrated into the adaptive oscillator method to
make the approach robust for different locomotion activities. Experiments are performed on healthy
subjects to validate the efficacy of the human activities recognition algorithms and control strategies
proposed in this dissertation. Both the activity recognition algorithms exhibited higher classification
accuracy with less update time. The results of AIT demonstrated that the KAD assistive torque was smoother
and EMG signal of Vastus Medialis is reduced, compared to constant impedance and finite state machine
approaches. The AWAO method showed real-time learning of the locomotion activities signals and it
reduced the average metabolic cost of healthy subjects while wearing HeSA during locomotion activities.
Additionally, to understand the influence of the assistive devices on the inherent dynamic gait stability of
the human, stability analysis is performed. The stability metrics derived from dynamical systems theory are
used to evaluate unilateral knee assistance applied to the healthy participants.
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