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ABSTRAK

Beban strok memerlukan pengunaan teknologi robotik untuk mengurangkan
ketidakupayaan ahli fisioterapi untuk menampung permintaan yang semakin meningkat
untuk pemulihan mangsa strok. Latihan gerakan pasif yang berterusan menunjukkan
bahawa pesakit strok boleh mendapatkan semula pergerakan mereka. Tambahan pula,
bentuk pemulihan ini adalah penting terutamanya dalam fasa neurorehabilitasi akut dan
sub-akut. Tesis ini bertujuan untuk menilai satu kelas skim kawalan yang tegap iaitu
kawalan daya aktif (AFC) pada dua darjah kebebasan rangka luar anggota atas yang dapat
mengimbangi gangguan yang timbul daripada berat bahagian atas yang berbeza dan unik
untuk setiap individu tanpa perlu untuk penalaan semula. Untuk menilai keberkesanan
pengawal yang dicadangkan, siasatan simulasi dilakukan. Dinamik sistem yang di nilai
itu diperolehi berdasarkan rumus Euler-Lagrange dengan memasukkan pengukuran
antropometri pada anggota atas manusia. Keberkesanan pengawal yang dicadangkan,
iaitu senibina terbitan berkadaran (PD) AFC (PDAFC) klasik yang dioptimumkan
melalui logik kabur (FL), rangkaian neural buatan (ANN), pengoptimuman kawanan
partikel (PSO) dan simulasi penapisan Kalman (SKF) terhadap pengendalian PD klasik
dalam mengurangkan konfigurasi gangguan yang berbeza (tiada gangguan, gangguan
berterusan 30 N.m. dan gangguan harmonik 30 N.m. pada kekerapan 10 Hz pada kelajuan
yang berbeza, iaitu perlahan (0.375 rad/s), sederhana (0.430 rad/s) dan pantas (0.502
rad/s) trajektori pemulihan yang lazim untuk sendi bahu dan siku dinilai. Hasil keputusan
dari penyiasatan simulasi menunjukkan bahawa skim PDSKFAFC adalah lebih baik
berbanding semua skim yang dinilai, terutamanya skim kawalan PD klasik. Satu model
berasaskan data dibangunkan berdasarkan prototaip rangka luar anggota atas manusia
yang dibina. Satu simulasi perkakasan-dalam-gelung dijalankan untuk menilai gandaan
yang bersesuaian bagi parameter PD dan inersia AFC yang diperolehi melalui algoritma
SKF. Hasil keputusan eksperimen menunjukkan bahawa skim PDSKFAFC mampu
mengimbangi gangguan yang disebabkan oleh jisim lengan atas (2 kg) dan lengan bawah
boneka (1.5 kg) masing-masing kepada prototaip rangka luar berbanding dengan skim
PD klasik.
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ABSTRACT

The burden of stroke has necessitated the employment of robotics to mitigate the inability
of physiotherapists to cope with the increasing demand for rehabilitation by stroke
survivors. Continuous passive motion training has been demonstrated to be able to allow
stroke patients to regain their mobility. Furthermore, this form of rehabilitation is non-
trivial particularly in the acute and sub-acute phase of neurorehabilitation. This thesis
aims at evaluating a class of robust control scheme, namely active force control (AFC)
on a two degrees of freedom upper-limb exoskeleton that is able to compensate
disturbances arising from different upper-limb weights that are unique for different
individuals without the need for further re-tuning. In order to evaluate the efficacy of the
proposed controller, a simulation investigation was performed. The dynamics of the
system are derived based on the FEuler-Lagrange formulation by incorporating
anthropometric measurements of the human upper limb. The efficacy of the proposed
controllers, namely classical Proportional-Derivative AFC (PDAFC) architecture
optimised by means of fuzzy logic (FL), artificial neural network (ANN), particle swarm
optimisation (PSO) and simulated Kalman filter (SKF) against classical PD control in
mitigating different disturbance configurations (no disturbance, constant disturbance of
30 N.m. and harmonic disturbance of 30 N.m. at a frequency of 10 Hz at different speeds,
i.e., slow (0.375 rad/s), medium (0.430 rad/s) and fast (0.502 rad/s) of a typical
rehabilitation trajectory for the shoulder and elbow joints were evaluated. It is shown
from the simulation investigation that the PDSKFAFC scheme is better in comparison to
all the evaluated schemes, particularly the classical PD control scheme. A data-driven
model is developed based on the exoskeleton prototype built. A hardware-in-the-loop
simulation is carried out to evaluate the appropriate gains of both the PD and the AFC
inertial parameter gained that is tuned via the SKF algorithm. It is demonstrated through
the experimental works, that the PDSKFAFC scheme is able to compensate against the
disturbance attributed by the attached mannequin mass of the upper arm (2 kg) and
forearm (1.5 kg), respectively to the exoskeleton prototype in comparison the classical
PD scheme.
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