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Abstract - According to the “brain plasticity” theory, the
hemiplegia patients could improve the ability to keep balance
through rehabilitation training. This paper proposes a method of
collecting sEMG signals and interaction force signals during the
rehabilitation training which is completed by continuously making
specified actions driven by external forces. The signals are
collected to classify the rehabilitation stage and evaluate the
rehabilitation effect to solve the problem of stroke rehabilitation
physician’s shortage. This paper conducted an experiment of
rehabilitation exercise based on the manual muscle testing (MMT)
scale, fitted a fuzzy neural network and verified its predicted
performance for the assessment of rehabilitation stage.

by external forces. The rehabilitation for the post-stroke chronic
patients can efficiently recover the ability of body control from
brain. And it can also prevent the muscle from disuse atrophy
by maintain the activity of the joints. The movement function
will largely be raised after rehabilitation.
However, the rehabilitation treatment should not follow by
some standard process, it should vary from person to person by
duration, damage degree, frequency and so on. Some patients
could hardly move a little while some is only weaker than the
strength of normal people. Even the treatment for a single
person is not the same in different stage. So, the key problem in
rehabilitation progress is how to evaluate the rehabilitation
stage and how to reflect the improvement.
Nowadays, the rehabilitation process mostly leads by
rehabilitation physician, which largely relies on the physician’s
experiences. The patience should stay in rehabilitation centre or
come there every day to acquire proper treatment, it is
inconvenient and inefficient for both the patient and the doctor.
What’s more, the progress during the rehabilitation process
cannot be quantified [4]. Upper limb rehabilitation robot can
effectively solve the problem of inconvenient rehabilitation
process and insufficient number of rehabilitation doctors.
Upper limb rehabilitation robots can effectively complete
the training program for patients with hemiplegia, but it only
focuses on assisting the patient's training process [6] while
neglects the patient's autonomous training link, and cannot
make timely feedback on the patient's progress. What’s more,
the assessment of the rehabilitation stage still requires
participation of the rehabilitation physician to adjustment the
mode of robots to meet the status of post-stroke patient. Mostly,
the evaluate of rehabilitation stage is determined by
rehabilitation physicians based on some scale. Brunnstrom
motor function assessment scale is a quantitative assessment
method which treats paralysis caused by central injury as a
qualitative process that loses motor control. Rehabilitation
physicians allow patients to perform certain actions and to
judge the post-stroke patients’ motor impairment according to
the completion of the action refer to this scale. The Brunnstorm
scale has different training methods for different stages.
Compared to the Brunnstrom scale, the Bobath scale and heel
focus on evaluating early inhibition of abnormal limb
movements. The Fugl-Meyer scale is the most commonly used
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I. INTRODUCTION
Stroke, also as known as cerebrovascular accident (CVA),
could easily lead to hemiplegia, facial paralysis, visual
impairment, and language impairment, and many other longterm disabilities. About 1.3 million people die of stroke each
year in the world. China is one of the countries with the largest
number of stroke patients in the world. Among the stroke
survivors, 75% of them live with long-term disabilities [1].
Hemiplegia is a common sequela of stroke. Hemiplegic patients
lose the motor function of one side of the limb, some of them
are inconvenient to move even unable to take care of
themselves independently [2]. Hemiplegia will impact poststroke chronic patients' psychology, and also bring heavy
burden to their families.
More and more attention has been paid to the rehabilitation
training and treatment for post-stroke chronic patients. The
recent theory has showed that stroke patient will restore most
motor function and nerve function through the rehabilitation
during the first three months after stroke [3]. The rehabilitation
progress will be slow down in the next one year. The sequela
could hardly have any progress after one year after stroke. The
key period for post-stroke chronic patients to restore body
function is the first three months. Doctors and stroke patients
need efficient efforts and scientific method. According to the
“brain plasticity” theory, the hemiplegia patients could improve
the ability to keep balance through rehabilitation training which
is completed by continuously making specified actions driven
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flexors, and diaphragms to obtain the sEMG singnal. The
equipment is shown in Fig.1

quantitative evaluation scale for rehabilitation physicians, and
is usually used to evaluate the balance function of patients with
hemiplegia. This method examines seven items of patients, and
each item is divided into three levels of 0 to 2 points. The lower
the score, the more severe the balance disorder.
This paper proposes a method to evaluate the rehabilitation
stage during the rehabilitation exercise. During the exercise
sEMG signals and interaction force were collected during the
rehabilitation exercise of the patient using the upper limb
rehabilitation robot. The rehabilitation effect is evaluated by
calculating the participation level and interaction force to build
a fuzzy neural network, and the future rehabilitation
recommendations will be proposed based on the patient's
athletic ability.
II. SYSTEM COMPOSITION

Fig.1 sEMG signals acquisition equipment

The hardware of the system consists of three parts: sEMG
signals acquisition part, grip strength acquisition part and the
upper limb rehabilitation robot. Simulation experiments based
on the MMT scale are set as the basis for classification.
Volunteers simulated the muscle strength of patients in
different rehabilitation stages according to the MMT scale, and
collected sEMG signals and force signals during the
rehabilitation exercise. The simulation is divided into five
levels based on MMT scale which is shown in Tab. I. During
the rehabilitation exercise, the patient systematically collects
myoelectric signals and gripping force signals and evaluates the
degree of active participation and strength of the patient in the
rehabilitation exercise through the fuzzy neural network, and
obtains the rehabilitation stage and accordingly the form and
complexity of the rehabilitation exercise Degree adjustment.
The fuzzy neural network has two inputs, which are the
participation level and the interaction force.

The first problem is the denoising of sEMG signals. The
sEMG signals are mainly described as a one-dimensional signal
model, as shown as follow:
∗
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In the formula, s (k) is defined as the sEMG signals
obtained directly from the signal acquisition, e (k) is the noise
signal among them, and f (k) is the sEMG signals useful after
the noise is removed. After many denoising experiments and
literature surveys, f (k) is usually distributed in the low
frequency band and e (k) is usually distributed in the high
frequency band. Denoising work is mainly performed by
wavelet decomposition. The f(k) signal will be obtained after
wavelet denoising from the raw signal. Then, features are
extracted in time and frequency domain from the sEMG signals.
Feature extraction should choose features that are sensitive to
changes in muscle strength and have discernibility. Selecting
root mean square (RMS) features and iEMG value in the time
domain. The iEMG value is the total discharge per motor unit of
neuromuscular activity in a certain time range can reflect the
fluctuation of sEMG signals with time.

TABLE I
MMT MUSCLE STRENGTH STAGE

1

2

The x (i) is the sEMG value, and I = (0,1,2…N-1), N is the
total length of the figure.
1
A. Evaluate of the Participate Level
The participate level (PL) is generated by the probabilistic
neural network (PNN) with sEMG signals. The amplitude and
frequency of the sEMG signals are affected by many factors,
especially the placement of the electrodes. After many
experiments, the electrode can be placed along the muscle fiber
direction to obtain the largest amplitude and highest quality
sEMG signals. This paper chooses biceps, triceps, ulnar wrist
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The x(i) is sEMG value, and i= (0,1,2…N-1), 。N is the
total length of the figure. N is data length.
The Probabilistic Neural Network is a widely used
nonlinear neural network. The approximation ability,
classification ability, and learning speed of the PNN network
are superior to those of the BP neural network [7]. The structure
is simple, the training is simple, the learning convergence speed
is fast, and it can approximate arbitrary nonlinear functions. The
PNN network can overcome the local minimum problem

262

between the input vector and the center, and finally returns a
scalar value.

because the parameter initialization is based on a certain
method, not random initialization. PNN network combines
density function estimation and Bayes decision theory on the
basis of RBF network, and the discriminative boundary realized
by PNN approaches the Bayesian best decision surface
progressively. The PNN network are choose to evaluate the
participate level. Its theoretical basis is the Bayesian minimum
risk criterion. The participate level can be divide into 3 level.
Assuming the prior probabilities are
1
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The Input vector x=[x1,x2,….xN] describes the feature
extracted from sEMG signals. The basis for classification is:
(take two types as an example)

set PNN network
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The formula written as probability density is:
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End
Fig2. The flow chart of the PNN network

6

The number of neurons is the same as the number of input
training samples. The PNN network measures the degree of
patient participation through EMG signals and divides them
into three categories. Then compare the average value of each
category, and classify this data into the category with the largest
value. The training results are shown in the Fig3. Red represents
the wrong classification, and the final classification accuracy is
86.67%. By optimizing the network, the accuracy rate can
eventually be increased to about 92%.

Probabilistic neural network consists of input layer, hidden
layer, summation layer and output layer. The input layer
receives the values of the samples, and the number of neurons
is equal to the length of the input vector [8]. The hidden layer
is a radial base layer, and each neuron corresponds to a centre
(corresponding to a sample data). The input data is divided into
class i, because PNN is used for classification, that is, the
network is first trained with samples, and then the data is input.
Identify which kind of data it belongs to [9]. The number of
neurons in the summing layer is equal to the number of data
classifications, and the summing layer obtains the average value
of each type of data [10]. Then compare the average value of
each category, and classify this data into the category with the
largest value.
The flow chart is shown in Fig.2. The training convergence
speed of the PNN network is fast, and the weights of the
neurons directly depend on the input sample values, and can
achieve arbitrary nonlinear approximation [11]. Its
classification result is not sensitive to the form of the basis
function, has good expansion performance, and the number of
neurons in each layer is fixed. In this paper, we simulate the
small force, medium force and large force defined in the scale,
and collect the EMG signal data. After feature extraction, we
input the PNN network to carry out the labeled classification
training. The input layer is used to receive the values of training
samples, then the data is passed to the hidden layer. The number
of neurons is equal to the length of the input vector. The hidden
layer of the second layer is the radial base layer [12]. Each
neuron node of the hidden layer has a center. This layer receives
the sample input of the input layer, calculates the distance

Fig3. The result of the PNN network

B. Evaluate of the Interaction Force
The interaction force (IF) is measured using a fingertip
force sensor as shown in the Fig.4. It uses the Finger TPS
system and uses a highly sensitive capacitive pressure sensor to
quantify the pressure exerted by the human hand.
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Through the experimental simulation of the muscle
strength in the scale, the contact force is measured, and the
sliding window method is used for feature extraction. The
group of abscissas in the figure is a group obtained by
continuously sliding the sliding window method. The greater
the interaction force of the patient in the rehabilitation exercise,
the better the recovery [16], and the higher the degree of
participation in the rehabilitation exercise. Studies have shown
that the active type of stroke patients with hemiplegia in
rehabilitation exercise will greatly affect the effect of
rehabilitation exercise. The system is equipped with a wearresistant, comfortable and fit sensing system that can be used
for hand operation research, and a minimally invasive and
comfortable tactile sensor can be closely matched with human
interaction activities [17].
The sensitivity and repeatability of finger tactile
measurement systems can be adapted to complex finger shapes,
so users can design their products based on accurate and
repeatable data, as well as test on curved surfaces. The system
can connect two wrist signal adjustment components at the
same time, so it can be used for two-handed motion capture.
Just put it in your hand, calibrate the sensor and Chameleon will
automatically detect your configuration. Portable, rechargeable
wireless Bluetooth devices are simple to use and don't need to
worry about obstructing use due to excessive wire connections
[18]. Simple calibration procedures are easy to use while still
providing accurate results. Chameleon visualization software
provides intuitive, easy-to-use, high-quality visualizations, easy
access to data, and export to other applications. The sensor
supports a pressure value of 0-10 PSI, the signal-to-noise ratio
is 1000: 1, and the pressure resolution is only 0.01psi [19].

Fig4. Finger TPS system

Finger tactile pressure sensing system is used to measure
the pressure exerted on the object by the hand when grasping
the object [13]. Finger tactile pressure sensing system is a
comfortable, minimally invasive, measuring device that can
collect high-quality data in specific locations such as fingers
and palms. Minimal interference in motion coupled with highquality sensors make it the most accurate and easily integrated
finger sensing system. Doctors and researchers can also use the
device to quantify the pressure of a finger on a medical
procedure for training and evaluation. The system includes a
range of sensors of different sizes [14]. These sensors are
connected to the wrist signal conditioning components (6
sensors can be connected), as well as a rechargeable electronic
interface module, which can be connected via Bluetooth. These
modules are connected to the PPS Chameleon visualization
software on the computer. The entire system includes a finger
sensor, a finger holder, a connection module, a wireless
Bluetooth module, a calibration unit, a Bluetooth receiver, and
a high-definition camera [15]. The feature extraction of
fingertip force is similar to the feature extraction of EMG
signals. The contact force data at different stages are simulated
through experiments, and the corresponding feature are
calculated as shown in Fig5.

III. ASSESSMENT RESULTS
The rehabilitation process of stroke patients is divided into
seven stages based on Brunnstorm scale, which last about three
months. The first phase is the lag phase, which usually lasts 12 weeks. The second stage is the spasm phase, the onset time is
3-4 weeks, the third stage spasm is relieved, the fourth stage
spasm is alleviated more, and some separation movements can
occur. In the fifth stage, the joints can move a little bit more.
The sixth stage basically returned to normal. The seventh stage
returns to the normal stage. The entire seven stage lasts for three
months, so it is often said that the stroke recovery time is three
months. These seven stages can be divided into three periods,
which are the soft paralysis phase and the spastic phase and the
relative recovery phase.
In this system, the data of rehabilitation training is
imported into MATLAB, the degree of participation is first
calculated for the sEMG signal through the PNN network, and
then the results and interaction are input into the fuzzy neural
network. The entire system is completed in MATLAB. The data
flow diagram of this system is shown in Fig.6. In the figure,
“Obscured” means the obscured layer, the participate degree
and interaction force will be obscured in this layer. This system
uses fuzzy neural networks to collect different sEMG signals
and gripping force signals during the rehabilitation exercise,

Fig5. The Standard deviation of interaction force
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and recommend different rehabilitation exercises for patients at
different rehabilitation stages.

Fig6. The Data flow diagram

Fig8. The accuracy check of fuzzy neural network

After obtaining the participation level and contact force,
use the fuzzy neural network as the input to obtain the final
classification result. In the fuzzy network, the first layer is the
input layer, which buffers the input signals. The second layer is
a blurring layer, which blurs the input signal. The third layer is
the fuzzy rule layer [20]. The fourth layer is the fuzzy decisionmaking layer, which mainly classifies the quantities that meet
certain conditions and deblurred the fuzzy quantities. The fifth
layer is the output layer, which outputs the operation results.
The number of fuzzy sets can be different according to the
controlled object, and the shape of the membership function is
usually different according to the actual situation, but usually a
triangle or trapezoid is selected. The main work of a fuzzy
controller is to make fuzzy inference decisions based on
language rules. Fuzzy rules also take different forms according
to the different dimensions of the input and output of the fuzzy
controller. Fig.7 shows the fuzzy neural network generated
from MATLAB.
The rehabilitation is divided into four stage. The system
selects the corresponding rehabilitation stage for the patients
and gives recommendations about the training mode [21].
1) Passive training mode: In patients with soft paralysis, the
hands can hardly move autonomously. In passive training
mode, patient’s hands will move in a naturally relaxed state
which is drawn according to the upper limb rehabilitation robot.
2) Assisted in training mode. For patients with certain
exercise ability, this mode will assist and pull the patient's
movement.
3) Active training mode. For patients whose motor function
recovers to more than 50%. This mode does not provide
assistance force and resistance force, only serves as a
monitoring tool to record posture and movement process.
4) Resistance training mode. Fingers to restore athletic
ability, muscle strength to be strengthened, a certain resistance
is applied in this mode.

Fig.8 shows the test of training results, where ‘*’ represents
the predicted value of the neural network and ‘+’ represents the
actual value. The final classification accuracy rate is 95.13%.
The data corresponding to Fig.9 is given Tab.II. The
existing rehabilitation scale divides the rehabilitation stage into
five levels, and collects data through simulated rehabilitation
exercises in the experiments mentioned above. Then establish a
fuzzy neural network for labeled training. Finally, the test set is
used to detect the network accuracy. After rounding, the output
value of the fuzzy neural network is basically consistent with
the label from experiment.
TABLE II
CHECKING DATA OF THE NETWORK
Checking Data

Network Output

0

-0.06

Stage
Zero

3

3.00

Normal

1

1.00

Small

2

2.01

Middle

3

3.00

Normal

2

2.00

Middle

0

0.04

Zero

2

2.00

Middle

4

4.01

Large

4

4.01

Large

1

1.00

Small

1

0.96

Small

2

2.01

Middle

3

2.99

Normal

2

1.99

Middle

1

0.77

Small

4

4.06

Large

0

-0.02

Zero

The EMG signal characteristics and grip strength data are
input into the system and calculated by fuzzy neural network to
give the classification of the final rehabilitation stage and
recommendations for corresponding rehabilitation exercises.
The data is divided into a training set and a test set, the results
generated by the system in the test set are compared with the
original results.
IV. CONCLUSION AND FUTURE WORK

Fig7. The structure of fuzzy neural network
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This paper proposed a method which could evaluate the
rehabilitation stage and the quality of rehabilitation exercise.
This method measuring the patient's myoelectric signal to
obtain the patient's level of participation in rehabilitation
exercise, and measuring the interaction force through fingertip
force sensors. Evaluate the patient's rehabilitation exercise
process based on the patient's participation level and interaction
during the rehabilitation exercise. Then recommend the
corresponding rehabilitation mode for patience. With this
system and the upper limb rehabilitation robot, patience can
efficiently recover the brain damage and restore the ability of
body control.
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