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Introduction

The neuromuscular and musculoskeletal systems must work together

for human mobility to occur naturally, and any accident, ailment, or

disease will change how a person moves [1]. Pathologies that affect

the neuromuscular and musculoskeletal systems have severe mobility

implications. A handicap that affects only one side of the body, known

as hemiplegia, is brought on by the brain's motor nerve cells being

impaired. Patients with hemiplegia experience walking problems and

exhaustion as a result of reduced muscle strength and mobility

impairment.

The use of assistive devices to control the loss of strength and range of

motion is becoming common. Knee-Ankle-foot orthoses (KAFOs) are

frequently employed to help hemiplegic patients correct their gait. [2]

used a spring at the patient's knee joint to generate the necessary knee

extension at the end of the swing phase. Energy stored in the spring

was also used to create knee flexion at the start of the swing phase.

In this article, a knee orthosis that is monitored by dynamic SMC is

designed in conjunction with an AI-based technique called ANFIS,

which combines the benefits of neural networks with fuzzy inference

systems. Nonlinear disturbance observer (NDO) and dynamic sliding

mode controller-based adaptive neuro-fuzzy inference system (ANFIS)

tracking control for knee joint is developed. In unusual instances, such

as a large patient jerk, spasm and undesired disturbances, nonlinear

controllers are required to maintain the patient's safety.
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ANFIS-NDO-DSMC is employed in this study. By integrating a function

that contains the switching control term, the control law is derived. The

chattering phenomenon observed in classical SMC is significantly

reduced by this integration. Additional dynamics are added by using

dynamic sliding mode control. The added dynamics are intended to

increase system stability, resulting in the desired system behavior and

performance. Dynamic sliding mode control improves precision while

also reducing or eliminating chattering brought on by the control's high

frequency switching. The ANFIS control approach is utilized to improve

the typical knee trajectory tracking performance for parametric

fluctuations in the orthotic system. The performance of the proposed

controller is verified and excellent trajectory tracking performance is

obtained.
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By considering the thigh and shank segments of the human leg as

depicted in Fig. 1, the Euler-Lagrange technique is utilized to derive the

nonlinear dynamic equation of motion for the coupled human orthosis

system.

Fig. 1. Configuration of knee orthosis

A double pendulum can be used to model a human leg in the swing

phase of walking on level ground as shown in Fig. 2(A). A double

inverted pendulum can be used to model a human leg in the stance

phase of walking on level ground as shown in Fig. 2(B).

Fig. 2. Knee actuated orthosis model: (A) swing phase, (B) stance phase

Euler-Lagrange equations of motion 

MF type Training

Parameters

Phase

Stance Swing

Motor function MR function Motor function MR function

trimf MF number 10-10 10-10 10-10 10-10

Epoch 10 10 5 5

RMSE 0.0003714 0.0001147 0.0137231 0.0042421

trapmf MF number 10-10 10-10 10-10 10-10

Epoch 10 10 10 15

RMSE 0.0005923 0.0001830 0.0095968 0.0029852

gbellmf MF number 10-10 10-10 10-10 10-10

Epoch 10 10 5 5

RMSE 0.0036309 0.0011223 0.0059423 0.0018349

gaussmf MF number 10-10 10-10 10-10 10-10

Epoch 10 10 5 5

RMSE 0.0031917 0.0009933 0.0023447 0.0007303

gauss2mf MF number 10-10 10-10 10-10 10-10

Epoch 10 10 5 5

RMSE 0.0023855 0.0007387 0.0062425 0.0019350

Results

Performance Stance Swing

SMC ANFIS-NDO-DSMC SMC ANFIS-NDO-DSMC

Rising time(s) 0.045 0.006 0.03 0.006

Settling time(s) 0.06 0.01 0.1 0.01

Steady state error 0.0000005 0.000006 0.00055 0.00003

RMSE 0.000643 0.000516 0.003252 0.00302

0.9997 1 0.9994 0.9999
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