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Abstract. Active participation in training is very important for improving the rehabilitation effect for patients
with upper limb dysfunction. However, traditional upper limb rehabilitation robots cannot drive the patients’
arms by following their varying motion intents during active training. This control strategy can weaken the pa-
tients’ active participation. This paper proposes a novel center-driven upper limb rehabilitation robot and an
electromyogram (EMG)-based motion compensation control method for the upper limb rehabilitation robot in
active training in order to improve the patients’ active participation. In addition, the trajectory planning equa-
tions for the proposed robot manipulator are analyzed and built in order to provide the reference trajectory in
active training. In the end, two experiments are carried out to verify the proposed control method. The EMG
compensation experiments show that the maximum error between the theoretical and experimental motor rotat-
ing speeds is no more than 1.3 %. The active training control experiment results show that the proposed robot
can implement the reference trajectory in real time. The control method can implement the positive relationship
between the rotating speed and the intensity of EMG emerging during upper limb training. It shows that the
proposed rehabilitation robot can provide auxiliary force according to the patients’ motion intents. The proposed
rehabilitation robot can guide the patients in implementing the reference task in active training.

1 Introduction

Starting certain rehabilitation training in the early stage of
stroke can improve the daily motor function of patients.
However, rehabilitation training has a long cycle and a long
process. The active participation of patients plays an impor-
tant role in rehabilitation training. The higher the active par-
ticipation of patients, the greater the effect of the rehabilita-
tion training (Iosa et al., 2021; Mead and Bower, 2000).

For rehabilitation training of stroke patients, exercise ther-
apy is one of the most important treatment means in reha-
bilitation medicine. Exercise therapy is mainly divided into
passive training and active training. In passive training, pa-
tients only need to complete a specific movement by follow-
ing therapists or rehabilitation machines. However, in active

training, patients need to complete a specific movement of
their own will without continuous assistance. Compared with
passive training, active training is more likely to improve the
active participation of patients, enhance the activity of the
cerebral cortex motor center and recovery of nerve function
and limb function, and improve self-care ability (Wu et al.,
2022).

With the development of technology and the increasing
emphasis on post-stroke rehabilitation, rehabilitation robots
are used in the rehabilitation of hemiplegia patients (Cao et
al., 2021; Cui et al., 2016; Jakob et al., 2018; Molteni et al.,
2018; Shi et al., 2019). Upper limb rehabilitation robots can
effectively improve the efficiency of rehabilitation training
and save manpower loss in the treatment process (Liu et al.,
2018; Bertani et al., 2017; Brahmi et al., 2018; Büsching et
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al., 2018). In order to raise the effect of the upper limb robot
rehabilitation training, there are many control methods on the
active training mode of rehabilitation robots in order to mon-
itor the motion intention of patients. The upper limb reha-
bilitation robot is mainly controlled by two kinds of control
signals in the active training mode: terminal motion signal
control and physiological signal control. At present, most
upper limb rehabilitation robots are controlled by terminal
motion signals. These upper limb rehabilitation robots carry
out compound control of the robot through signals received
by various sensors such as force and angle in the training
process. For example, Bai et al. (2019) proposed a home up-
per limb rehabilitation robot using a three-dimensional space
forces sensor and a back-stepping adaptive fuzzy impedance
control method; Furukawa Atsuya of Osaka University de-
veloped an upper limb rehabilitation system that used a small
mobile robot to detect the force applied by the patient and
added assistance from a computer to assist the patient dur-
ing training (Furukawa et al., 2021). However, the current
assist mode of upper limb rehabilitation robots compares
the force detected by the sensor with an invariable threshold
value to judge the assist force. This method cannot show the
best ability of patients in the long process of active training,
and it will reduce the active training intention and weaken
patients’ participation in the training process. Physiological
signal control refers to the use of human organs and tissues
to send physiological information to the human brain. It is
a direct and continuous collection of information from hu-
man organs to the human brain, so it can directly control the
upper limb rehabilitation robot. sEMG (surface electromyo-
gram signal) has a certain degree of connection with the func-
tional state and activity state of muscle, and it can reflect
the neuromuscular activity to a certain extent. Therefore, it
has important practical value in clinical neuromuscular dis-
ease diagnosis, muscle efficacy evaluation in rehabilitation
medicine, fatigue evaluation in sports science, and rationality
analysis of sports techniques (Wang et al., 2020). Sbriccoli
et al. (2003) used the frequency domain eigenvalue – the me-
dian frequency zone eigenvalue of sEMG to study the repli-
cation and spectral characteristics of sEMG of biceps brachii.
Reddy and Gupta (2007) studied the relationship between
sEMG and displacement by using time-domain eigenvalues.
They extracted its eigenvalues and managed to control the
wrist and finger models. Disselhorst-Klug et al. (2009) ex-
tracted the characteristic quantity of sEMG by means of the
average value, namely, the characteristic value of the time
domain, and used it to study the relationship between sEMG
and muscle force. Khezri and Jahed (2007) used the wavelet
transform method and other methods in the surface EMG
analysis of human hand movements and verified the recog-
nition rate of the proposed method for prosthetic hand move-
ments. sEMG control has already been used in the human
body, and it can easily track the patients’ motion intention
continuously. However, little research uses sEMG signals in
the assist mode in the upper limb rehabilitation robot to en-

hance the patients’ participation in training. In this case, a
new control strategy for the upper limb rehabilitation robot
should be proposed. In conclusion, this paper will study the
control system of the upper limb rehabilitation robot based
on the sEMG signal and propose a motion compensation con-
trol method for the upper limb rehabilitation training robot
based on the sEMG signal in active training mode.

Therefore, the target of this paper is to improve patients’
active participation in active training on upper limb rehabil-
itation. The major contributions of the paper are as follows.
This paper proposes a center-driven upper limb rehabilita-
tion robot at first. The trajectory planning equations for the
proposed robot manipulator are analyzed and built in order
to provide the reference trajectory in active training. On this
basis, an EMG-based compensation control strategy is pro-
posed. Then, an EMG sensor is designed based on the pro-
posed control strategy. Finally, the EMG-based motion com-
pensation controller in active training control is proposed.

The main structures of this paper are as follows. The sec-
ond section proposes the upper limb rehabilitation robot me-
chanical structure and hardware design, the third section is
the movement of the mechanical arm kinematics differential
and the trajectory planning design, the fourth section intro-
duces the control strategy, including the electromyographic
signal acquisition design and active training control method
based on the electromyographic signal design, and the fifth
section is the experiments and demonstration of the proto-
type. In the end, the conclusion is shown in the final section.

2 Building of an upper limb rehabilitation robot

2.1 Mechanical design

In general, the actuators are designed for each joint to im-
plement the joints’ range of motion (ROM). However, this
design will decrease the vision range and increase mental
stress on the users because of the complex structures and
volume. This paper proposes a 3-DOF upper limb robot with
a center-driven mechanism. The frame of the 3-DOF upper
limb rehabilitation robot is shown in Fig. 1a. The character-
istics of this proposed robot are that the actuators for the flex-
ion/extension and abduction/adduction of the shoulder joint
and the flexion/extension of the elbow joint are transformed
under the seat by a multi-level gear drive mechanism (Cao et
al., 2018). The patent number of this proposed design is ZL
201210429385.4. Thus, the lightweight upper limb manipu-
lator is mounted to the seat base and is rotated to generate the
flexion/extension motions at the shoulder joint and the elbow
joint and the abduction/adduction at the shoulder joint by
three stepping motors and magnetic powder clutches. Mean-
while, the ROM of flexion/extension of the shoulder joint is
designed into 45 to 315◦, the ROM of abduction/adduction
of the shoulder joint is designed into 0 to 360◦, and the ROM
of flexion/extension of the elbow joint is designed into 90 to
270◦. There is a handle at the end of the manipulator which is
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utilized to hold the user’s hand and drive the user’s whole arm
to implement the designed motion. It is worth paying atten-
tion that there are no bands between the manipulator and the
user’s arm. Such a design can help the user’s arm to not only
realize the training motion, but can also protect the user from
a second injury. The prototype of the upper limb exoskeleton
rehabilitation robot is shown in Fig. 1b. The physical con-
trol circuit boards of the power control system include one
LPC1766 main control board and three LPC1754 sub-cons.

2.2 Electronic design

The required actuation units, photoelectric sensors, commu-
nication modules, and main control board are integrated into
the seat base as presented in Fig. 2. The communication mod-
ules include the wireless communication module, the serial
port communication module, and the CAN bus communica-
tion module. In order to improve the control response speed,
this paper proposes a two-level control strategy. Three actua-
tion units for the three DOFs consist of the actuator, the step-
ping motor, the first reduction gearbox, the magnetic pow-
der clutch, and the second reduction gearbox. There are two
kinds of magnetic powder clutches. One is FL50A (manu-
factured by Lanning Electromechanical Company; the maxi-
mum output torque is 50 N m), which is utilized to implement
the rotation of the shoulder joint at the sagittal axis and the
horizontal axis. The other one is FL25A (manufactured by
Lanning Electromechanical Company; the maximum output
torque is 25 N m), which is utilized to implement the rotation
of the elbow joint at the horizontal axis. These three actuation
units are controlled by the sub-controller. The main control
board transforms the control information to the correspond-
ing sub-controller by the wireless communication module.
The photoelectric sensors (manufactured by Omron. E6B2-
CWZ5G) are used to detect the position and the motion in-
formation of the manipulator in order to realize the real-time
control of the robot. There are three photoelectric sensors
placed at the motors to detect their motion states. Another
three photoelectric sensors are placed at the second reduc-
tion gearbox to detect the motion of the end-effectors.

3 Kinematics analysis

3.1 Workspace analysis

The kinematics analysis, as presented in Cao et al. (2018),
can be used to deduce the kinematics equation for the pro-
posed upper rehabilitation robot. According to the Denavit–
Hartenberg (D–H) representation, this paper specifies the
coordinate system for each link of the robot, as shown in
Fig. 1a. The coordinate system {0} is the base coordinate sys-
tem, the coordinate system {1} refers to the flexion/extension
motion coordinate system of the shoulder joint, the coordi-
nate system {2} is the shoulder joint adduction/abduction co-
ordinate system, and the coordinate system {3} is the elbow

joint flexion/extension coordinate system, and the coordinate
system {4} is the coordinate system of the manipulator han-
dle.

3.1.1 End-joint Jacobian matrix

The Jacobian matrix of the robot is based on the concept of a
moving coordinate system. The mapping between robot ter-
minal static force and joint torque can be realized by a Jaco-
bian matrix. The linear velocity v and angular velocity ω of
the robot terminal joint are still related to the velocity q̇i of
each joint, and q is the joint variable. In this paper, the ba-
sis coordinates of the Jacobian matrix are selected as refer-
ence coordinates. The three motion joints of the central drive
upper limb rehabilitation robot are revolute joints, and the
Jacobian matrix of relative fundamental coordinates can be
calculated as

0J3 =
[

∂xp3
∂q1

∂xp3
∂q2

∂xp3
∂q3

]
=

 −l2sθ1cθ2 −l2sθ1sθ2 0
l2sθ1cθ2 −l2sθ1sθ2 0

0 −l2cθ2 0

 . (1)

Then we obtain the transformation of each connecting rod
relative to the coordinate system {0} according to the ob-
tained transformation matrix of each connecting rod and
work out the expression of zi in the base coordinate system
{0}, which is

0
3T= 0

1T1
2T2

3T

=


cθ1cθ23 −cθ1sθ23 −sθ1 l2cθ1cθ2
sθ1cθ23 −sθ1sθ23 cθ1 l2cθ1cθ2
−sθ23 −cθ23 0 −l2sθ2

0 0 0 1

 . (2)

The third column of the rotation matrix is the representation
of zi at the basis coordinates {0}.

Equations (1) and (2) constitute the Jacobian matrix of the
coordinate system {3} of the centrally driven upper limb re-
habilitation robot relative to the base coordinate system {0},
which can be expressed as

0J3 =


−l2sθ1cθ2 −l2cθ1sθ2 0
l2sθ1cθ2 −l2sθ1sθ2 0

0 −l2cθ2 0
0 −sθ1 −sθ

0 cθ1 cθ1
1 0 0

 . (3)

3.1.2 The velocity vector of the manipulator handle

The speed of the manipulator handle is mainly controlled in
the control process of the robot. Therefore, the velocity vec-
tor of the manipulator handle in Cartesian space needs to be
solved by calculating the Jacobian matrix of the manipulator
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Figure 1. 3-DOF upper limb rehabilitation robot with the center-driven mechanism. (a) Frame. (b) Prototype.

Figure 2. Electronic design.

handle relative to the base coordinate system. The Jacobian
matrix of the manipulator handle needs to be obtained ac-
cording to the Jacobian matrix of the coordinate system {3}
relative to the base coordinate system {0}. Assuming that the
linear velocity of the manipulator handle is 0v4 and the an-
gular velocity is 0ω4, then[ 0v4

0ω4

]
=

[
I −

0P̂34
0 I

][ 0v3
0ω3

]
. (4)

I is the identity matrix, and −0P̂34 is the antisymmetric ma-
trix of the position vector of the robot coordinate system {4}
relative to the coordinate system {3}.

According to the transformation matrix of each connecting
rod, 0P̂34 can be written as

0P34 =

 l3cθ1cθ23
l3sθ1cθ23
−l3sθ23

 ,
0P̂34 =

 0 l3sθ23 l3sθ1cθ23
−l3sθ23 0 −l3cθ1cθ23
−l3sθ1cθ23 l3cθ1cθ23 0

 . (5)
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Therefore, the Jacobian matrix 0J4 of the robot manipulator
relative to the base coordinate system is

0J4 =

[
I −

0P̂34
0 I

]
J3 =

−l2sθ1cθ2−l3sθ1cθ23 −l2cθ1sθ2+l3cθ1sθ23 −l3cθ1sθ23
l2cθ1cθ2+l3cθ1cθ23 −l2sθ1sθ2−l3sθ1cθ23 −l3sθ1sθ23

0 −sθ1 −l3sθ
2
1−l3cθ

2
1 cθ23

0 −sθ1 −sθ1
0 cθ1 cθ1
1 0 0

 . (6)

The Jacobian matrix of the robot manipulator handle coor-
dinate system {4} is obtained relative to the base coordinate
system {0}, and the velocity vector of the manipulator handle
in Cartesian space can be obtained according to the velocities
of each joint in the actual control process:[

0v4
0ω4

]
=

−l2sθ1cθ2−l3sθ1cθ23 −l2cθ1sθ2+l3cθ1sθ23 −l3cθ1sθ23
l2cθ1cθ2+l3cθ1cθ23 −l2sθ1sθ2−l3sθ1cθ23 −l3sθ1sθ23

0 −l2cθ1−l3sθ
2
1−l3cθ

2
1 cθ23 −l3sθ

2
1−l3cθ

2
1 cθ23

0 −sθ1 −sθ1
0 cθ1 cθ1
1 0 0

 . (7)

3.2 Trajectory planning

The Jacobian matrix of the robot’s last joint and handle can
be obtained by motion differentiation. The position of the
robot’s handle can be determined by knowing the joint vari-
ables and the corresponding joint variables, and speed can
be determined by knowing the position of the robot’s han-
dle. It is necessary to carry out trajectory planning for the
upper limb rehabilitation robot in order to enable the upper
limb rehabilitation robot to compensate patients in the ac-
tive training process. Trajectory planning is to calculate the
expected trajectory according to the requirements; there are
many studies on robot trajectory planning (Li et al., 2022;
Madridano et al., 2021). The trajectory of the upper limb
robot needs the robot to drive the patient’s upper limb to carry
out rehabilitation movement under the condition of ensuring
safety. This paper only plans the displacement and speed of
the upper limb robot, because the characteristics of the reha-
bilitation training need the robot to move slowly, stably, and
repeatedly in active training mode.

In this paper, the trajectory planning of the upper limb re-
habilitation robot is used for assisted training. With the help
of the robot, patients with upper limb dysfunction actively
exert force to make the affected limb move and complete
certain movements. The position and acceleration informa-
tion of the manipulator handle cannot be obtained directly,
because the required upper limb rehabilitation robot moves
slowly and there is no sensor for detecting the position of
the manipulator handle. Therefore, this paper uses the cubic
polynomial trajectory planning method to carry out trajec-
tory planning. According to the present situation of upper
limb rehabilitation training, this paper carries out rehabilita-
tion trajectory planning according to the diamond movement

commonly used in the rehabilitation process. We set each re-
habilitation action into six segments in order to reduce the
complexity of CPU calculation. The first segment is the pro-
cess of powering up the robot to find the zero position of the
angle sensor of each joint, and the remaining five segments
are the process of returning from the initial position to the
initial position. We recorded the joint angles through each
joint sensor and calculated the cubic polynomial coefficients
to obtain the rhomboid motion trajectory of the robot ma-
nipulator handle without a position sensor at the end of the
handle. In the following two trajectory plans, θ1 represents
the angle of flexion/extension motion of the shoulder joint,
θ2 indicates the angle of shoulder adduction/abduction, and
θ3 indicates the angle of elbow flexion/extension motion. Fi-
nally, the trajectory equations are obtained as a function of
joint angle with respect to time.

4 EMG-based controller design

4.1 Control strategy

This paper proposes an EMG-based compensation control
strategy for the center-driven upper limb rehabilitation robot
in active training as shown in Fig. 3. The EMG-based com-
pensation control strategy can implement the positive rela-
tionship between the rotating speed and the intensity of EMG
that emerged. The rehabilitation robot can provide auxil-
iary force according to the patients’ motion intents under the
EMG-based control method. It consists of a high-level con-
troller, a low-level controller, a motion intent feedback sys-
tem, and a sEMG senor. This paper designed a sEMG sensor
to acquire and pre-process the sEMG signal. The sEMG sen-
sor collects the raw sEMG signal from the human upper limb
when human motion appears according to the reference tra-
jectory. Then the signal will be pre-processing by the sensor
instantly. The high-level controller is a sEMG compensation
controller in order to transform the sEMG signal to the input
signal of the stepping motor. The stepping motor controls the
3-DOF robot arm of the upper limb robot. The motion intent
feedback system tracks the users’ motion intent of the hu-
man upper limb, and the upper limb rehabilitation robot will
provide motion compensation according to the motion intent
and the data of kinematics analysis. The motion signal of the
upper limb robot is also collected by the photoelectric sen-
sor. The signals are sent back to the low-level controller to
complete the closed loop control.

4.2 EMG sensor design

This paper designs an EMG sensor with a single channel to
detect the motion intents of the upper limb in active training.
The designed EMG sensor consists of an acquisition mod-
ule and a pre-processing module in order to detect and out-
put the EMG signal effectively in real time. The acquisition
module is designed as a front-end gain amplification circuit
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Figure 3. Control strategy.

for the obtained EMG signals from the upper limb as shown
in Fig. 4. The method of multistage amplification is utilized
in this paper in order to prevent the signal distortion caused
by amplifier saturation. The signal E(s) introduced through
the surface electrode are fed into the high-input impedance
buffer amplifiers Kb1. The buffer amplifiers are mainly used
to improve the load capacity and reduce the influence of load
on the signal source and increase the anti-interference abil-
ity. This paper adopts an instrument amplifier (AD620, ADI
company) to implement the differential amplifier Kp1 with
a high common-mode rejection ratio. In order to amplify
further the signals, an in-phase proportional amplifier Kp2
is designed here. Then, an adjustable double T notch trap
with positive feedback is adopted in this paper. The filter fre-
quency is chosen as 50 Hz. The transfer function G1(s) can
be expressed as

G1(s)=
1+β

1+K(β − 1)
=

s2+ω
2
0

s2+ 4ω0(1−K)s+ω2
0
. (8)

ω0 is the cut-off angular frequency, and K is the amplifica-
tion coefficient.

Finally, another buffer amplifier Kb2 is designed at the
end of this acquisition module to ensure the stability and ac-
curacy of the output signal U01(s).

The pre-processing module is designed as a filter amplifi-
cation circuit as shown in Fig. 5. Signal U01(s) is introduced
through the RC high-pass filter to filter the low-frequency
signals below 20 Hz. Its transfer function G2(s) is expressed
as follows:

G2(s)=
GT 1

1+ ω0
s

=GT 1
s

s+ω0
, (9)

where GT 1 is the passband gain.
Then, this paper designs a low-pass filter with 200 Hz. The

signals passing through the 20 Hz high-pass filter are filtered

through the RC low-pass filter to filter the high-frequency
signals above 200 Hz. The transfer function of the low-pass
filter G3(s) is expressed as follows:

G3(s)=
GT 1

1+ s
ω0

=GT 2
ω0

s+ω0
, (10)

where GT 2 is the passband gain.
Before the EMG signal is processed in the digital circuit,

this paper designs a first-stage gain amplifier Kp3 to fit dif-
ferent strengths of the EMG signal. The gain-adjustable cir-
cuit can be used to increase the overall amplification for peo-
ple with a weak signal strength. It can also be used to reduce
the amplification to meet the needs of control for people with
a large signal strength. The buffer amplifiersKb3 amplify the
signal further. Therefore, the EMG signal can be used to con-
trol the upper limb robot by taking the absolute value of the
signal through Kb3.

4.3 EMG-based compensation controller

The EMG-based compensation controller judges the exercise
intention by detecting the patients’ EMG signals. We pro-
pose a method to determine the direction of movement by
comparing two channels of EMG signals detected from the
upper limb. In the design, as shown in Fig. 6, the intensity
of the two channels of the EMG signal is utilized firstly to
judge whether their values reach the starting value of 1. If
any of them reaches the starting value of 1, the next judge-
ment is entered. The judgment is to compare the size of the
two signals. Then the process will go back to initialization
if data(a) is equal to data(b) or take the difference between
data(a) and data(b) if data(a) is not equal to data(b). Then
the next judgement will judge whether their difference value
reaches the starting value of 2. If the difference is greater than
the starting value of 2, the motor can be controlled after the
motor steering is judged.
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Figure 4. EMG sensor: acquisition module.

Figure 5. EMG sensor: pre-processing module.

In the process of active training, the intensity of EMG is
adopted to express the upper limb motion intents. The motor
rotating speed is constructed as the function of the intensity
of EMG produced by the upper limb. The relationship be-
tween the motor rotating speed and the intensity of EMG is
positive because that EMG signal is utilized to describe the
motion intents in real time. The maximum intensity, as for
a patient, shows the strongest motion intents. Therefore, the
patients can do their best in their rehabilitation training. The
relationship function is

n= 0.0019ve− 1.3137, (11)

where n is the motor rotating speed, and ve is the intensity of
the EMG signal.

5 Experiments

The prototype of the central drive upper limb rehabilitation
robot is shown in Fig. 1b. There are two experiments carried
out to verify the proposed control strategy.

5.1 EMG-based compensation experiment

In the EMG-based compensation experiment, we chose the
flexion and extension of the shoulder joint as the experimen-
tal object of active training. We extracted the EMG signals
of normal people’s arms. For different patients, the optimal
threshold value is different, and the selection of the thresh-
old value directly affects the degree of completion of training
movements. The threshold values of 600, 1000, and 1400 mV
were set as the maximum detected intensity of EMG in this
paper. The subject was required to force his arm upward
and downward for 20 times, respectively. The recognition
times, misrecognition times, and non-recognition times are
recorded, respectively, as shown in Table 1. The recogni-
tion accuracy of the EMG-based controller can reach 98 %.
The theoretical and experimental relationships between mo-
tor rotating speed and intensity of EMG are shown in Fig. 7.
The maximum error is no more than 1.3 %. The result shows
the characteristic of motion compensation in real time based
on the EMG signal. The distribution of experimental data in
Fig. 7 is close to the given linear change, but there is a cer-
tain error. This is because, in the experiment, the change in

the EMG signal is used to indicate the movement conscious-
ness of the subject, which is not a uniform change. When the
EMG intensity is 0, the motor will stop rotation in a very
short time. It also shows that the control strategy can guaran-
tee patients’ safety in active training.

5.2 Active training control experiment

To draw a diamond active training that is chosen in this work,
first, the trajectory of drawing a diamond task is defined ac-
cording to Sect. 3. Then, the trajectory is defined as the re-
ferring trail in the control system. Finally, adults without up-
per limb dysfunction were selected as subjects to draw a di-
amond actively under the active training mode of the robot
(Fig. 8). In the process of the experiment, the robot provides
auxiliary force according to the subjects’ motion intents. The
experiment result includes 96 groups of data of (x,y,z) co-
ordinates, which shows a complete diamond drawing active
training. The end-effector trajectory is shown in Fig. 9 to-
gether with the theoretical trajectory. The experiment curves
are almost the same as the theoretical trajectory drawn above.
It shows that trajectory input by the EMG signal can help
compensate the active movement when completing the train-
ing action. The experimental curve does not coincide exactly
with the actual curve, because as in Sect. 5.1, there is no more
than 1.3 % error between the motor rotating speed and the in-
tensity of EMG. Such errors do not affect the training effect.

Even if only one degree of freedom of a pair of antago-
nist muscle shoulder joint-assisted triggering training is tem-
porarily realized in this paper, it is also necessary to realize
the power-assisted training of all DOFs of the rehabilitation
robot corresponding to muscles.

6 Conclusions

The main contributions of this paper are as follows. This
paper proposes an EMG-based motion compensation con-
trol method for the upper limb rehabilitation robot in active
training in order to improve the patients’ active participation.
A center-driven upper limb rehabilitation robot is proposed
at first. The trajectory planning equations for the proposed
robot manipulator are analyzed and built in order to pro-
vide the reference trajectory in active training. On this ba-
sis, this paper proposes an EMG-based motion compensation
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Figure 6. Flowchart of the EMG-based compensation controller.
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Table 1. Training action recognition in different thresholds.

Direction Threshold (mv) Identification Misidentification Non-recognition Recognition rate (%)

Forward 600 17 3 0 85
1000 20 0 0 100
1400 16 0 4 80

Backward 600 15 5 0 75
1000 19 1 0 98
1400 15 0 5 75

Figure 7. The relationship of motor rotating speed and the intensity
of EMG.

Figure 8. Active training control experiment.

controller in active training control to improve patients’ ac-
tive participation. In the end, two experiments are carried out
to verify the proposed control method. The EMG compen-
sation experiments show that the maximum error between
the theoretical and experimental motor rotating speeds is no
more than 1.3 %. The active training control experiment re-
sults show that it can implement the reference trajectory in
real time. The control method proposed in this paper can im-

Figure 9. End-effector trajectory in the active training control ex-
periment.

plement the positive relationship between the rotating speed
and the intensity of EMG that emerged during upper limb
training. This shows that the proposed rehabilitation robot
can provide auxiliary force according to the patients’ mo-
tion intents. The proposed rehabilitation robot can guide the
patients in implementing the reference task in active train-
ing. The control strategy in this paper improves the present
situation in a traditional upper limb rehabilitation robot. It
can improve the rehabilitation effect for patients with upper
limb dysfunction and the patients’ active participation in ac-
tive training. In addition, the proposed control method can be
applied to other control systems requiring motion compensa-
tion under given trajectories.
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