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Abstract—Two 9 years old twin sisters, one with spastic
cerebral palsy (C) and the other healthy (H) without any
impairments, performed the pendulum drop test with EMG
acquisitions. The purpose of this paper is to present a way
to model the knee’s spastic angular displacement of C and H
using mechanical differential equations. Then, we propose a
controller to correct the knee’s angular displacement of C. and
make it converge towards the one of H. To this end, we use a
PID controller to correct the angular position. Both models
of the spasticity and the controller were computed using a
genetic algorithm (GA). Angular trajectories were modeled
with a determination coefficient (R?) higher than 95% for
both spastic and non-spastic cases, and R> > 87% for the
corrected angular position of C.

I. INTRODUCTION

This paper is part of a project to create a customized
exoskeleton for the child with a specific spastic cerebral palsy
and with the final purpose to determine how it can correct
or enhance the gait of this child.

Cerebral palsy (CP) is a "group of non-progressive, but often
changing, motor impairment syndromes secondary to lesions
or anomalies of the brain arising in the early stages of
development" [1]. It is the most common cause of motor
disability during childhood in developed countries, with
an incidence of 2.0 to 2.5 per 1000 live births. Different
causes can provoke CP as gene abnormalities, malformations,
cerebral hypoxia or prematurity. The severity of the CP
is quantified using Growth Motor Function Classification
System (GMFCS): it is decomposed into 5 levels from the
lowest severity to the highest. CP also has subtypes like
ataxic CP, dyskinetic CP and spastic CP which is the subject
of this paper. It is also reported in [2] and [3] that spasticity
is the most common disabling condition seen in cerebral
palsy. Spasticity is a condition in which there is an abnormal
increase in muscle tone or stiffness of muscle, which might
interfere with movements, gait and speech while causing
discomfort or pain. It creates pathological and involuntary
reflexes [4], [5]. Spasticity is known to be a "hypersensitive,
velocity-dependent response to passive muscle stretch” and
also position-dependent [6],[7],[8]: the quicker the move-
ment is, the higher is the effect of the spasticity. It is a
symptomatic behavior of involuntary muscle activations due
to the hypersensitivity of stretch reflex loops. It is then both
dependent on joints position and joints velocity. Exoskeletons
are nowadays widely used to improve the walking of people
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with cerebral palsy, especially spastic ones. Rehabilitation is
a key to enhancing motor impairment but "management of
spasticity should be multimodal" [9] and can be combined
with medication such as botulinum toxin. The pendulum drop
test is a way to characterize spasticity. It was first developed
by [10] then by [11] and [12]. This method was used in [6]
to compute the knee angular trajectory of 3 brothers, two of
them with cerebral palsy.

In this paper, we first focus on the modeling of the effect of
the spasticity on a pendulum knee drop test of a 9 years old
girl called C. who has CP with a GMFCS level of 2. Then,
we propose to control the angular trajectory of the knee joint,
using a PID controller.

II. RELATED WORK

1) Spasticity model: Different methods have been de-
veloped to design a spasticity model as [6], [13], [14].
[6] focuses their work on the muscular contribution in the
knee angular displacement during a pendulum drop test to
clearly put forward the active process of the knee rotation
of subjects with spasticity. Considering the traditional terms
in the mechanical equation such as inertia and gravity, [6]
defined additional velocity-feedback torques to highlight the
velocity-dependent aspect of spasticity. The activation period
of this torque during the pendulum cycle and its amplitude
were defined using an optimization algorithm without any
consideration for muscular activity. This specification can
enhance the performance of the fitting model. However, this
model could be a source of inaccuracy when it conceals
the actual origin of spasticity, which is an involuntary and
pathological activation of the muscles [4][5]. In this context,
the first main contribution of our work to this issue is first,
the realisation of pendulum drop tests on twin sisters with
EMG acquisitions. Then, the second main contribution of
our work to this issue is to specify the activation period of
these torques by using onsets and offsets of muscular acti-
vations extracted from EMG data. We also design additional
position-feedback torques to bring forward the position-
dependent character of spasticity with the same timing as
velocity-feedback torques [8]. The amplitude of those torques
was defined using GA.

2) Control of spasticity: PID schemes are widely used in
the literature as an efficient method to control exoskeletons
[15] and also human gaits in exoskeletons [16], [17]. In [16],
the purpose is to correct the crouch gait of subjects with
cerebral palsy. It corresponds to our goal and is an interesting
starting point for our control. Position control is one of the
most used methods to correct errors between the reference



and the measured value. PID gains are then essential to
determine. Different methods are used: manually as in [16],
using the Ziegler-Nichols method [18] or also using GA as
in [17]. The main contribution of this paper is the use of
GA as a technique to find the optimal parameters for the
proposed PID controller.

3) Human-exoskeleton coupling: The interface between
the human and exoskeleton can be modeled as 2 systems
in parallel with a rigid constraint which implies the same
output for both systems [19][20]. In [19], local deformations
of the skin and muscles due to the exoskeleton’s strap are not
considered and can be specified accurately and completely
as in [20]. In this context, the main outcome of this work is
to design a simple model of a human-exoskeleton interface
based on a damped spring torque [21]. Stiffness and damping
coefficients were identified using GA.

III. MODELING OF THE SPASTICITY USING A GENETIC
ALGORITHM (GA)

A. Methods

The modeling of the knee-muscle spasticity is performed
using equations developed in [6]. An additional position-
dependent term was added to underline the dependent
nature of spasticity. An experiment, based on the EduExo
(Robotic Exoskeleton Kit) is used to obtain the kinematic
and EMG data. The system is composed of thigh and calf
supports 3D printed interfaces integrating angle sensors
as presented in Figure 1. Two ElectroMyoGrams (EMG)
sensors (MyoWare from SparkFun) are added to study
muscle activity. EMG probes are located on two precise
muscles (medial gastrocnemius and vastus lateralis) based
on the SENIAM recommendations [22] which are agonist
and antagonist muscles for the knee joint. The knee’s
angular positions and EMG signals are measured at a
sampling frequency of 70Hz imposed by the system and the
data collected [6].

Two 9 years old twin sisters, one with spastic cerebral
palsy (C) and the other healthy (H) without any impairments,
performed a pendulum drop test. Before data collection,
we obtained informed consent and assent from the parents
and the twin, respectively. The parents also have signed
an informed agreement that the Declaration of Helsinki is
respected during the experiment. This test aims to determine
the knee’s angular displacement. Each child sat on a seat,
which allowed the lower shanks of the legs to swing freely
about the knee. Then, the experimenter moved passively
the leg in rotation until a certain desired angle which will
correspond to the initial position condition. The children
were asked to not actively participate in the movement
during the acquisition. These pendulum drop tests are used
to characterize the rheological model of a spastic knee by
studying the pendular movement of the knee due to gravity.
Two types of drop test acquisition are recorded, in extension
(e) and in flexion (f) with the given initial conditions:
Op =~ £25° (©y = 0° being the vertical position) and
©)= 0°.s71. Those drops were performed for each leg of

each twin 10 times.

Knee Motor

Fig. 1. Overview of EduExo hardware on a child’s leg.

The mean difference between the two anthropometries is
around 11.2% (see column "gap" in Table I). The masses of
the segments were computed using regression equations of
[23] for children of 9 years old. For the modeling, the twins
are considered to have the same anthropometry, the one of
C.

TABLE I
ANTHROPOMETRY OF THE TWO TWINS

[ Parameter [ H [ C. ][ Gap (%) |
Height (cm) 134 123 8.2
Body weight (kg) 25 22 12
Length of the shank (cm) 32 28 12.5
Mass of the shank (kg) 1.25 1.1 12
Mass of the foot (kg) 0.52 | 0.46 11.5

Knee joint

Thigh

e

Fig. 2. Schematic view of the leg.

Once the data are collected, the knee trajectories were
modeled using the equations defined in [6] and additional
position-dependent torques. The schematic view of the leg is
presented in Figure 2. The foot is considered as a point mass
at the end of the shank. The equation of motion of the knee
angle © is given by the following differential equation for



extensors (subscript e, when ©’ < 0) and flexors (subscript
f, when ©" > 0) :

10"+ B, 0’ + K, j©+T, y+BO + KO = mgLsin(0)
(1
with :

e ©, ©, ©": joint angle, velocity and acceleration.

o I: moment of inertia of the shank and the foot expressed
at the center of the joint,

e B., By: damping coefficients,

o K., Ky: stiffness coefficients,

e T,, Ty: nonlinear stiffness torques defined by [24] as
K1, p(e K259 — 1)

o m: mass of the shank and the foot,

e g: gravity acceleration,

o L: distance from the joint to the shank’s center of mass
+ the distance between the joint and the foot center of
mass,

e B = Bp or Br : velocity feedback gains for extension
(Bg) or flexion (Bp).

e K = Kg or K : position feedback gains for extension
(Kg) or flexion (K ).

Br and Bp gains are applied at a given time (the
onsets) and during a certain duration (the delays). Those
gains multiplied by the joint speed are used to model the
contribution of the velocity in the spasticity. Kr and Kp
gains are applied at the same time as Br and Bp and are
the novelty of this model. Those gains multiplied by the
joint position are used to model the limit of the angular
position due to the spasticity. The spastic torques are velocity
and position-dependent [6],[7]. However, the relationship
between these torques and muscular activity remains an open
problem. In this paper, we assume the onsets and the delays
as values corresponding to the beginning and the duration of
the muscular activity of the extensor and flexor muscles.
The values of the damping coefficients (B, and By), spring
coefficients (K. and Ky), and K1/K2 from the non-linear
stiffness torques remain unknown and will be determined
using a GA. This method is used to solve constrained
but also unconstrained optimization problems based on a
natural selection process that copies biological evolution
[25] (Figure 3). It is easy to implement and to interate on
it. It allows the determination of the model parameters by
minimizing a cost function.

A chromosome is a vector of parameters determined by
the GA to minimize this cost function. Thus, in this paper,
the chromosome (Chr) for the model of the knee trajectory
is described as follows:

Chr =[Ke,Kf,B.,By,K1.,K2,, K1, K2y,
Br(1),Br(2),Br(3),Be(1), Bp(2), Be(3), (2
Kr(1),Kr(2), Kp(3), Kp(1), Kp(2), Kp(3)],
To summarize, By, B, Kr and Kg are in Chr defined
as vectors of three values representing the gains of the

velocity and position feedback torques for each muscular
activation during the acquisition. The velocity and position

Initial Population : randomized or
chosen
(lteration = 1)

Y

Evaluation of the
chromosome

lteration = lteration +1 for each

A

to
produce the "child
chromosome™

lteration = max_iterations?

Best chromosome = chromosome which
has the smallest result for the cost function
over all the iterations

Fig. 3. Flowchart of genetic algorithm (GA).

gains of the feedback torques are still unknown and will be
determined later in the paper.

H represents the case of the non-pathology, without spasticity
so for this model, Br, Bg, Kr and Kg are set to zero. To
determine the values of the chromosome Chr, the genetic
algorithm was computed with the following parameters:

o Number of parameters: 8 for H’s model and 20 for C.’s
model.

o Number of iterations: 5000,

e Number of chromosomes to test at each iteration: 300
chosen randomly by the GA,

o Maximum stall generation: 500,

« Function tolerance value: le 5.

The function tolerance value represents the minimal value
considered to determine if 2 consecutive optimal chromo-
somes have a real different cost function. The cost function
used (Equation 3) is based on the error of the model angular
positions (determined by the resolution of the differential
equation using ODE45 with a time step of 0.001s) and the
experimental angular positions of the knee. The cost function
used is based on the coefficient of determination (R?). The
cost function is defined as follows :

m A2
> (Wi — i)

m —\2
Zi:l (i —9)

Cost_Function =1— R* = 3)
with :

« m: number of experimental measurements,

e y;: value of the measurement i,

e 9y;: corresponding simulated data,

o y: mean of all the measurements.

Data processing:

a) Angular displacement values: Knee’s angular dis-
placement values of H. and C. were filtered using a lowpass
filter with a cutoff frequency of 6 Hz [16].



b) EMG: EMG signals are full-wave rectified and
were filtered using a lowpass filter with a cutoff frequency
of 8Hz [26].

Two pendulum drop tests are presented for each twin
H and C:

- One with the beginning of flexion (Pendulum 2 for H and
Pendulum 2 for C).

- One with the beginning of extension (Pendulum 1 for H
and Pendulum 1 for C).

B. Results

TABLE II
VALUES OF 20 PARAMETERS COMPOSING THE FINAL CHROMOSOME FOR
THE PENDULUMS 1 AND 2 OF C.

Pendulum 1 Ke Kf Be Bf Kl K2, Kly
2.98 2.52 1.1614 0.4377 1.85 0.49 1.24
K2f || Bp(l) | Br(2) | BF3) | Bg(l) | BE(2) | Bg®)
0.72 0.05 9.36e-4 0.09 0.008 0.07 0.01
Kr() Kr®) | KrB) | Kg() | Kg@2) | Kg@)
0.002 0.48 -0.2 0.1 -0.48 0.05

Pendul 2 Ke Kf Be Bf Kle K2. Kly
3.44 2.35 0.08 0.06 1.62 1.49 1.83
K2¢ || Bp(l) | Br(2) | BF3) | Bg(l) | BE(2) | Bg®)
1.16 0.17 0.05 0.01 0.06 0.11 0.37
Kr() Kr@2) | Kr®) | Kg(l) | Kg2) | Kg@)
0.2 0.18 0.1 0.27 0.19 0.1

TABLE IIT

VALUES OF 8 PARAMETERS COMPOSING THE FINAL CHROMOSOME FOR
PENDULUMS 1 AND 2 OF H.

[Pendulum 1 || Ke | Kf | Be | Bf | Ki. | K2 | Ki; ] K27 ]
\ [[ 174 7020 [ 0.04 [ 0.05 | 0.48 [ 1.99 [ 0.66 | 1.45 |
[Pendulum 2 [[ Ke [Kf [Be [Bf [ Kle| K2.] Ki;[ K2y |
\ [[ 1.40 [ 1e=°] 0.060] 0.11 [ 0.73 | 1.81 [ 0.69 [ 0.61 |

For H: H. represents the case of the non-pathology,
without spasticity. A normal drop test does not create or
provoke any muscular activations, only gravity affects the
leg. It is admitted [6] that in the case of a healthy child, H.
does not have any muscular activations and does not have
any velocity/position-dependent torque to model the leg
behavior.

For C:

The orange and pink signals in Figure 4 represent the
period when an activation starts and ends for the pendulum
2 of C. It is presented as a Heaviside function for better
comprehension and to see easily the link between the
activations and the knee’s angular displacement.

Three muscular activations per pendulum drop test (for the
flexor muscle and the extensor muscle) were recorded and
studied as in [6]. Values are reported in Table IV.

Some activations were not clear due to the difficulties
during the acquisitions (pathological child, sensor

[Pendulum 2] - Left side of C.

Amplitude

Angle (degrees)

-20
-25

-30 ¢

-35 0
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[Pendulum 2] - Left side of C.
1

Angle (degrees)
=
Amplitude

-20
-25

230 ¢ ‘ |

|
0 500 1000 1500 2000 2500 3000 3500
Time in ms

Fig. 4. Knee’s angular displacement (blue) and muscular activity of the
flexor muscle (bottom, pink) and extensor muscle for pendulum 2 (top,
orange) represented as a Heaviside function.

TABLE IV
VALUES OF THE ONSETS (MS) AND DURATION (MS) OF THE
ACTIVATIONS OF THE PENDULUM 1| AND 2 OF C.

\ [ Flexor [ Extensor |
Pendul 1 Onset (ms) | Duration (ms) | Onset (ms) | Duration (ms)
Ist activation 60 600 159 559
2nd activation 680 300 736 323
3rd activation 1427 443 1059 599
Pendulum 2 Onset (ms) | Duration (ms) | Onset (ms) | Duration (ms)
Ist activation 323 267 0 907
2nd activation 1078 465 1015 590
3rd activation 1772 623 2002 436

placements, the effect of the fatigue during the acquisitions)
and were not considered.

1) Pendulum modeling:

a) For H: The velocity and position feedback, which
have the goal to mimic the contributions of the spasticity on
the knee movement, are set to zero (Bg = Br = Kg =
Kr = 0) as long as H is not pathological.

The simulated and measured knee’s angular displacements
of H. are presented in Figure 5. These results highlight the
same amplitudes and frequencies between the simulated
and measured data and are obtained with R? = 96.7% for
pendulum 1 (mean error: 0.37° + 1.4°) and R? = 97.4%
for pendulum 2 (mean error: 0.63° + 1.02°).
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Fig. 5. Experimental (measured) and modeled (simulated) knee trajectory
for the initial condition in extension (pendulum 1) and flexion (pendulum
2).

The values obtained for the final chromosome of
each pendulum are presented in Table III. Values of
those chromosomes are in the order of magnitude as the
ones described in [6]. Those models will be used to be
the reference to reach for the control part in the next section.

b) For C: For those models, velocity and position
feedback torques are considered as C represents the spastic
case. These results also highlight the same amplitudes and
frequencies between the simulated and measured data. Figure
6 presents the comparison between experiment and model
with R? = 99.3% (mean error: 0.09°+0.85°) for pendulum 1
and R? = 98.2% (mean error: 0.39°+1.06°) of for pendulum
2.

The values obtained for the final chromosome presented
in Table II of each pendulum were compared to the ones of
the passive plant [6]. Velocity feedback gains obtained were
also compared and are in the same range [6].

IV. CONTROL OF THE SPASTICITY USING PID
CONTROLLER AND GA

After the modeling of the knee’s angular displacement
of the twins, the next step is to control the knee angular
trajectory of C by using a PID controller to converge towards
the one of H. Management of spasticity does not directly

[Pendulum 1] - C. left side
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Angles in Degrees

L
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[4)]
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Fig. 6. Experimental (measured) and modeled (simulated) knee trajectory
for the initial condition in extension (pendulum 1) and flexion (pendulum
2).

include forcing the limbs into the spastic region but the goal
of this controller is to determine what range the correction
can reach. Indeed, a complete correction is the aim to achieve
after several months or even years of rehabilitation.

A. Representation of the control

The interface between the exoskeleton and the lower limbs
must be modeled for a better design of the exoskeleton and
the motor specification. It is essential to determine how
we are going to model the interface between the human
(child) and the exoskeleton (only represented here as a
simple motor) [27]. This connection is not unalterable. When
assisting, the exoskeleton applied constraints on the soft
tissues of the body. These tissues get deformed under the
pressure applied by the device. The interface between the
human and the exoskeleton is simply defined as a torsion
torque 7}orsi0n With spring and damping contribution (Figure
7) [21].

All the different parts of this model are represented in Figure
8 and are determined further.
The torsion torque Tyyrsi0n can be defined as :

= 5(0,, — Or) + D(O, — ©}) )

Ttorsion

with:
S and D: gains respectively for the spring and the damper,
O,,,, O: angular position of the motor and the human knee,
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Fig. 7. Scheme of the torsion torque composed of a spring and a damper.
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Fig. 8. Schematic view of the control with all the main systems:
exoskeleton, human, interface and controller.

©’,,, ©’: angular velocity of the motor and the human knee.

1) Spastic knee: For the spastic knee, the pendulum
modeling of C. is used. Based on the equations seen in
the Methods section (II.A), the torsion torque Tiopsion Will
be added as a help for the movement of the human to
counteract the effect of the velocity-dependent torque which
represents the spasticity. T}o,si0n 1S instead seen as a brake
for the exoskeleton which prevents it to perform the reference
movement. Both cases are described in Equation 5.

I@” + Be7f®/ + Ke,f® + Te,f + B@/ + K@ :l: Ttorsion
=mgLsin(0) (5)

The parameters in those equations are the same as those
explained in the Methods section (II.A) and for the values,
the chromosome determined in Table II is used.

2) Motor: For this model, an FLA-20A-09HP-H24 motor
from Harmonic Drive with the parameters presented in Table
V is chosen. Those motors are known to be used to power
exoskeletons like in [28].

TABLE V
PARAMETERS OF THE FLA-20A-09HP-H24 MOTOR

Parameter Value
Reduction 9
Inertia (kg.m?) 0.0026

Ke (Vrad—T.s~T) 0.56

Kc (N.m.A—T) 0.51
R (ohm) 0.03
L (mH) 0.07

Using the mechanical and electrical equations of the
motor, a model is designed (Figure 9). The saturation boxes
and the reduction are not represented in the following figure
but are considered in the model. It will be considered as

Tiorsion

P |
u 1 | Ccm 1 or
Ls+ R ke Ts+f ] >
L ( y

Fig. 9. Block diagram of the motor.

a restraint for the motor as we consider that the human
will refrain from the movement of the motor. The friction
coefficient f is set to 0.

3) PID controller: PID controller is a common method
to correct errors (defined as the gap between the reference
and the measure) and to control a system that can be a
simple motor or a more complex system [29]. The controller

Motor
G(s)

Sheterence Oresure

Controller
Cls)

Fig. 10. Controller block diagram

C(s) represented in Figure 10 minimizes the error e(s) and
products a torque 7{(s) applied to the plant studied (here, a
motor G(s)). The error is then computed as the difference
between the input (O¢ference) and the output of the motor
(O¢z0). The controller C(s) can be defined as follows:

K;
C’(s):Ker?Jrde (6)

Different ways exist to define the PID parameters (K, K;,
Kg) [30] as Ziegler-Nichols method (Z-N) [18] but also
Genetic Algorithm (GA) and Particle Swarm Optimization
Algorithm (PSO) [31]. GA and PSO are known to be used
for optimization problems which is our case: the model must
have the best parameters to optimize the knee trajectory
control of the spastic child. In this paper, GA was chosen
for determining those parameters.



4) Position reference: For the reference, the pendulum
modeling of H. was chosen. The parameters of the model
used are those presented in Table III. Thus, the angular
position (Orcference) i used to be the reference for the
motor and to compute the error e(s).

B. PID and torsion torque parameters using GA

The PID parameters (K, K;, Kg) and the torsion torque
parameters (S, D) remain unknown in our model. To deter-
mine them, GA was defined in the Methods part (II.A) as in
[17],[7]. The chromosome to be determined by the GA for
this part is defined as follows :

C= [SaDaKpaKide] (7)

The genetic algorithm was computed with the following
parameters:
o Number of parameters to determine: 5,
o Number of iterations: 10000,
e« Number of chromosomes to test at each iteration: 3000,
o Maximum stall generation: 100,

5

o Function tolerance value: le™°.
To determine the best chromosome, the cost function used
is the same as defined previously. The cost function is here
based on the error between the angular reference position
and the angular position of the spastic child’s knee.

C. Results

TABLE VI
TORSION TORQUE AND PID CONTROLLER PARAMETERS FOR BOTH
PENDULUM CONTROLS

Parameter Pendulum 1 | Pendulum 2
S[N.m.rad—1] 8 8
D[N.m.rad~1.s71] 2 2
K, 99.88 86.2
K; 302.88 161.4
Ky -0.98 -0.5

To run the model, the same initial conditions (angular
position and speed for extension or flexion) for the spastic
model and the reference model were used.

a) For flexion as the initial condition: The pendulum 2
of H. and the pendulum 2 of C. are computed and presented
in Figure 11.

The angular position of C. improved. The frequency
converges to the one of H. and there is the same observation
for the amplitude of the movement. R? = 93% (mean error:
0.06° 4+ 2.18°).

b) For extension as the initial condition: The pendulum
1 of H. and the pendulum 1 of C. are computed as presented
in Figure 11.

As for the flexion, the angular position of C. improved.
The frequency converged to the one of H. and there is also
the same observation for the amplitude of the movement.
R? = 87% (mean error: —1.41° 4+ 1.9°).

Comparison H., C. corrected and C. non corrected
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Fig. 11.  Knee Angular position evolution of C. corrected (blue), C. non-
corrected ( ), H. (black) and motor angular position evolution (red),
for flexion and extension initial conditions.

The results obtained for flexion and extension allow con-
cluding that this method is accurate enough to correct the
angular trajectory of C to fit the one of H. Rehabilitation
of spastic subjects does not consider fully recovering the
range of motion with short delays. Thus, those results are
preliminary results to continue the investigation and modu-
lation of the control. These results were obtained with the
chromosome detailed in Table VI.

The same torsion torque was considered for both pendu-
lums as it is supposed that the interface is the same in both
cases. The integral gain is higher than the other one to allow
the total correction of the static error. The proportional gain
is also important to diminish the rise time. Damping and
the stiffness coefficient are very important for the correction
of the spastic angular trajectory. Variations of S and D can
create different results and can conduct to the wrong behavior
of the knee.

V. CONCLUSIONS AND DISCUSSIONS

The aim of this paper is to model and control the angular
position of the knee of a child with spastic cerebral palsy.
The main contribution and novelty of this paper is the per-
sonalised model of spasticity including position-dependent
torques whose gains have been found using a method based
on a GA. The interface between the timing of those torques
and muscle activations was realized to support the major role



of spastic muscles in the spasticity model which was not
stated in the literature. Finally, a damped elastic mechanical
system was defined to model the interface between human
and exoskeleton whose parameters were defined using GA.
The modeling of the spasticity using data from EMG, ve-
locity and position-dependent torques allowed to generate
similar behaviour when compared to the experimental data
from H. and C. Two initial conditions were tested (flexion
and extension) which is not common in the literature. The
R? results allow demonstration of the relevance of this
method. Then, to correct the angular position of the spastic
knee, a PID controller was set and a spring-damping torsion
torque was defined between the knee and the exoskeleton.
The parameters were optimized using GA and give accurate
results quantified by the R? method.

This study was mainly focused and personalised for data
of two twin sisters which are not representative of a huge
population. Indeed, the project aims to realize a customized
exoskeleton for each spastic subject. Other cases of study
can be done with other twins or other children with spastic
cerebral palsy. The same method will be used but different
results are expected as the pathology varies greatly from one
individual to another. Moreover, only the angular trajectory
of the knee is studied here with a single degree of freedom
which allows us to focus on designing the model. Indeed,
spastic cerebral palsy has more effect on knee extension and
flexion movements.

After the pendulum test, future works will focus on kinematic
and dynamic data of different gaits of these two subjects and
will target the correction of a walking gait. For this purpose,
an entire exoskeleton will be modeled and controlled.
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