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Introduction ANFIS-NDO-DSM controller Table 1. ANFIS training results using different MF
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as hemiplegia, is brought on by the brain's motor nerve cells being and generate unwanted h'Qh'frequency dynamics. Numerous RMSE 0.0036309 0.0011223 0.0059423 0.0018349
impaired. Patients with hemiplegia experience walking problems and techniques have been used in prior studies to reduce chattering. [3] e R —= —= =2
exhaustion as a result of reduced muscle strength and mobility suggests using a dynamic sliding mode controller (DSMC) to get the T
impairment. control law by integrating a function that includes the switching control Epoch 10 10 5 5
term. The chattering is significantly reduced by this integration. In this Tt . 00062425 00019350

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 Al-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.

work, ANFIS and DSMC are used together to address the parametric
variation, disturbances caused by patient spasms, jerks, ground
response effects, and unmodeled uncertainty that situated to the
system adaptively. An observer for nonlinear disturbances (NDO) is first
designed because the knee orthotic system has patient induced
disturbances and uncertainty.
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Fig. 3. Structure of the proposed ANFIS NDO dynamic sliding mode
controller

The hemiplegic/stroke patient is enabled to follow trajectory collected
from healthy person. A normal knee joint trajectory taken from normal
person is utilized as a reference, and the tracking accuracy of the
reference trajectory is used to evaluate how well the control system is
working. Coefficient of determination (R#) is also used to quantify the
tracking performance of the proposed controller. The proposed control
strategy's gait tracking effectiveness is compared with that of the
conventional SMC. Then, using patient-induced disruptions and
parameter changes, the controller's performance is evaluated.

Table 2: Performance comparison of SMC and ANFIS-NDO-DSMC

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

E - - : . . Steady state error 0.0000005 0.000006 0.00055 0.00003
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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

The dynamic equation governing the nonlinear model of
human/orthosis is given as:

M(0)6+C(6) 8%+ G(0) =¢

Where 6 is joint angle, M(8) is inertial matrix, C(6) is Coriolis-
centrifugal matrix, G (0) is gravity effects matrix and ¢ is torque

The dynamic equation to focus on in swing phase is:
mgl,rscos(0, — 6,)0, +(mg r2+1) 0, — mgl,1.sin(6, —
8,) 6, +mygr, sin O + By + Agsign(6s) = L+ {4
Where 6, is thigh angle and 6, is shank angle.

The dynamic equation for stance phase is:
(ms(ls_rs)z'l'mtlsz"'ls) é.s'l'mtls (lt_rt) COS(BS o
. _ . 2
0¢) Optmels(li—1¢)sin(bs — 0;) O, + (ms(ls—75) +
melg)gsin 65+ B0, + Assign(93)= (s + (4
In the equations of motion, the length and mass requirements of the
wearer's limbs are constant and must be determined separately for

each wearer. A man with a weight of 80 kg and a height of 1.75m was
considered in this study.
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have fuzzy reasoning and network calculations, in other words. It is
commonly utilized in a variety of domains for complex and nonlinear
systems. [4] developed the ANFIS design, which is shown in Fig. 4 with
a fixed node in the circle and an adaptable node in the square.
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Fig. 4. ANFIS Configuration [4]

The ANFIS control approach is employed to enhance the normal knee
trajectory tracking performance of knee orthosis system by addressing
the parametric variation in the system. MATLAB R2021a neuro-fuzzy
designer GUl is used to develop the ANFIS controller. NDO-DSMC and
DSMC strategy for stance and swing phase respectively are used to
create a training dataset with two inputs and one output. The two inputs
utilized to create the neuro-fuzzy controller are the sliding surface (s)
and derivative of the sliding surface (ds).

The nominal mass values are raised by up to 20% to account for the
parametric variation/uncertainties. For data generation, switching
control is retrieved for different parameter variation varying from 0% to
20% with a step size of 20% parameter variation. Total 2004 number of
dataset of sliding surface (s), its derivative (ds) and switching control
(g, ) are collected by NDO-DSMC and DSMC. Among those dataset,
1670 dataset was used for training and 334 dataset was used for
testing purpose.
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For parameter fluctuations in the orthotic system, the ANFIS model
offers adaptive switching control (w4, f;s)- The ANFIS structures are

created and trained after numerous simulation runs with different MF
and epoch numbers have been performed. Then, the ANFIS
architecture is inputted to the coupled human-orthosis system by
adding up with the NDO-DSMC.
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Fig. 5. Stance phase (a) angular position tracking, (b) angular position error,
(c) sliding surface and (d) Motor and MR control effort responses using SMC
and ANFIS-NDO-DSMC with disturbance and parameter uncertainty
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Fig. 6. Swing phase (a) angular position tracking, (b) angular position
error, (c) sliding surface and (d) Motor and MR control effort responses
using SMC and ANFIS-DSMC with disturbance and parameter

uncertainty

Conclusion

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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