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ระบบควบคุมแบบไฮบริดโดยอิงแรงและสญัญาณไฟฟา้กล้ามเน้ือ 
สําหรับหุ่นยนต์ทํากายภาพบําบัด 
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บทคัดย่อ 

 งานวิจัยนี้นําเสนอระบบควบคุมแบบไฮบริดสําหรับหุ่นยนต์กายภาพบัดโดยใช้สัญญาณจากเซ็นเซอร์วัดแรงและ
เซ็นเซอร์วัดสัญญาณไฟฟ้ากล้ามเนื้อ ระบบควบคุมแบบไฮบริดนี้ได้ใช้ควบคุมการทํางานส่วนข้อศอกของแขนกลแบบสวม
ใส่ได้ 4 องศาอิสระ การควบคุมแรงในระบบไฮบริดนี้ใช้สมการแอดมิตแตนซ์ในการควบคุมการเคล่ือนไหวของข้อต่อแขน
กลให้เป็นไปตามแรงท่ีกระทําจากภายนอก แต่เน่ืองจากผลตอบสนองของระบบควบคุมแบบแอดมิตแตนซ์มีผลตอบสนอง
ที่มีการส่ันมากเมื่อผู้ใช้งานเคล่ือนที่แขนและหยุดอย่างรวดเร็ว ดังนั้นสัญญาณไฟฟา้กล้ามเนื้อจงึถกูนํามาตรวจจับการเกร็ง
ของกล้ามเนื้อผู้ใช้งาน และส่ังงานให้ระบบควบคุมแรงแบบแอดมิตแตนซ์หยุดการรับค่าสัญญาณจากเซ็นเซอร์วัดแรงเพื่อ 
ให้การตอบสนองของระบบไม่มีการส่ันเมื่อผู้ใช้งานหยุดการเคล่ือนที่แขนกะทันหัน นอกจากนั้นในส่วนของการชดเชยแรง
โน้มถ่วงที่ส่งผลต่อแขนกลได้ใช้โครงข่ายประสาทเทยีมแบบ Generalized Regression Neural Network (GRNN) ในการ
ประมาณค่าชดเชยแรงโน้มถว่ง ซึ่งจากผลการทดลองพบว่าโครงขา่ยประสาทเทียมสามารถคํานวณค่าชดเชยแรงโน้มถว่งได้
มีความถูกต้องถึง 97.32% และผลตอบสนองของระบบเร็วขึ้น 83.13% หลังจากใช้ประโยชน์จากสัญญาณไฟฟ้ากล้ามเนื้อ
ในระบบควบคุมแบบไฮบริด 
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Hybrid Force/EMG Based Control System for Rehabilitation Robot 
 

Sarut  Panjan1* and Siam  Charoenseang2 
 

Abstract 
 This paper presents a hybrid control system of rehabilitation robot with force and EMG 

signals. The proposed control system is implemented on the elbow joint of the 4 DOF universal 
exoskeleton. Admittance control method is applied to control this rehabilitation robot. However,  
the transient response of the admittance control cloud lead in a large overshoot when the user 
moves exoskeleton joint quickly then suddenly stops. Hence, the EMG sensor is used to detect the 
muscle contraction and then the force input will be set to zero for improving transient response of 
the hybrid controller. Furthermore, the generalized regression neural network (GRNN) is applied for 
predicting the static gravity force compensation. The experimental result indicates that the GRNN 
can predict the static gravity force with accuracy of 97.32%. Moreover, 83.13% of the transient 
response is improved by the utilization of the EMG signal in the hybrid controller. 
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1.  Introduction 
According to the World Health Organization 

(WHO), 15 million people worldwide suffer from 
a stroke in every year [1]. In the United States, 
more than 4 million people survived from a 
stroke are disabled. Seventy-five percent of 
stroke patients have impaired motor skills [2]. 
For getting back to a normal life, the patient 
should get rehabilitation as quickly as possible. 
Traditional method for stroke recovery is 
rehabilitation therapy by physiotherapist. For 
recent years, some robots have been utilized in 
rehabilitation therapy tasks for improving upper-
limb motor skill. Generally, almost robots are 
pre-programmed before runtime using a position 
control scheme. However, the robot should be 
interacted by physical force from the user during 
rehabilitation. Hence, the most commonly used 
technique to control the interaction between 
patient and robot is an impedance control [3]. 
The impedance control scheme was proposed 
by Hogan [4-7]. In his research, Hogan presented 
the control of dynamic interaction between a 
manipulator and its environment. The position, 
velocity, or acceleration are required for the 
impedance control technique and a resulting 
force is an output of this technique. Another 
important technique is admittance control 
which is the inverse of the impedance control. 
However, the admittance controller is highly 
sensitive to friction and other uncertainties [8]. 
At present, the impedance and admittance 
control technique are applied to many robot 
controllers.  The wearable orthosis for tremor 
assessment and suppression (WOTAS) used the 
impedance control technique for controlling 
each joint of the WOTAS exoskeleton [9]. The 
MIT-MANUS robot utilized impedance controller 
to control the position of the robot end-effector 

[10,11]. Beside the impedance control, the 
admittance control is applied to the MGA upper 
limb exoskeleton for controlling position/velocity 
when external force exert on each joint [12]. 
The unique exoskeleton system (EXO-UL7) used 
the PID admittance control as the upper-level 
control and the linear PID control as the lower-
level control [13]. The impedance and admittance 
control generally require system modelling. 
However, the system modelling of complex 
structure is hard to obtain. Hence, the neural 
network could be applied to estimate the system 
modelling. Xiuxia and team proposed the lower 
extreme carrying exoskeleton robot adaptive 
control using wavelet neural network [14]. They 
used the neural network to identify the dynamic 
model of exoskeleton. The exoskeleton joint 
angle, joint velocity, and joint acceleration are 
set as inputs of the network while the joint 
torque is set as output. The input and output of 
the system are used to predict the dynamic 
parameters of that system. However, recording 
the input and output of the system with dynamic 
parameters takes a longer time than the recording 
of the static parameters. However, the network 
trained with static parameters cannot take care of 
the dynamic parameters, effectively. Hence, the 
electromyography signal (EMG) is explored to 
control the exoskeleton. Rosen and team 
proposed the Performances of Hill-Type and 
Neural Network Muscle Models-Toward a Myo 
signal-Based Exoskeleton [15]. In their research, 
the EMG signal is applied to that system as an 
input and the output of this system is the 
estimated force. Generally, the controller with 
EMG signal from the human muscle does not 
require the dynamic parameters of the robot 
but it requires gain tuning to determine the 
appropriate thresholds for each user. 
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Hence, this paper focuses on the utilization 
of hybrid control systems for controlling the 
exoskeleton arm. The developed control system 
presents the hybrid control technique which 
combines force and EMG sensors to solve the 
problems from each previous controller. This 
control system will be implemented on the 
single joint of the universal exoskeleton arm. It 
was designed and built at the Institute of Field 
Robotics (FIBO), Thailand [16]. The generalized 
regression neural network (GRNN) is utilized for 
predicting the static gravity compensation which 
is maps between the joint angle as input and 
the force at the elbow as output of the training 
model. However, the dynamic parameters of the 
exoskeleton structure cannot be compensated 
with GRNN. So, the transient response will be 
oscillated if the user moves the arm quickly. To 
solve this problem, the EMG signals of the biceps 
and triceps muscles are used to detect the 
muscle contraction. However, each person has 
different EMG signal magnitude during the user 
move his/her arm. Hence, a time-relationship of 
the biceps and triceps EMG signal is used to 
control the input force of the exoskeleton joint. 
The force input will be set to zero when the 
EMG signals of the biceps and triceps muscles 
appear simultaneously. Hence, this proposed 
hybrid control system can be utilized for controlling 
rehabilitation robot with force and EMG signals. 
This control system does not require exact 
dynamic parameters of the robot. Moreover, the 
EMG and force sensors are utilized to this 
proposed control system for improving the 
system transient response. 

 
2.  System Overview 

Configuration of the proposed system is 
shown in Figure 1. This system consists of a 

universal exoskeleton arm used to assist human 
arm movement. Force sensors are mounted on 
each joint of the exoskeleton. Joint angle and 
joint torque will be sent to the main computer 
via the motion control card and the data 
acquisition module. The MYO™ armband with 
eight EMG electrodes is used to detect the 
electrical activity of the biceps and triceps 
muscles as shown in Figure 2. All sensors send 
data to the main computer for calculating joint 
position and velocity of exoskeleton arm. 

 
Figure 1 System Overview of  

   Exoskeleton Arm 

 
Figure 2 Number of Electrodes on  

    the MYO Armband 
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Figure 6 Software Components 

 In Figure 6, the joint manager is used to 
control the elbow joint motion of the 
exoskeleton arm. It will receive a physical force 
data, current position, and velocity from the 
exoskeleton arm. The force input manager 
calculates the static gravity force compensation 
and sends that data to the joint manager for 
compensating the physical force input. The EMG 
data are sent from the MYO armband to the 
bio-signal manager via BLE module. Data from 
MYO armband were filtered by bio-signal 
manager with the median pass filter. After that, 
the EMG signal will be sent to the joint manager 
through UDP protocol for limiting the force 
input. The joint manager will receive  
all data for calculating the desired position  
and velocity command and send them to  
the exoskeleton arm.  
 
5.  Force Input Manager 

Force input manager is used to calculate the 
static gravity force compensation. This 
compensation value will be sent to the joint 
manager for compensating the physical force 
input. In general, the physical parameters of the 
system are used to calculate the gravity force 
compensation. However, the exact physical 

parameters of this system are hard to be 
modelled because the friction force in bowden 
cable which is applied to transmit the power of 
this exoskeleton is nonlinearity. As mentioned 
above, the proposed gravity compensation 
focuses on the compensation without physical 
parameters of the exoskeleton arm. To solve 
this problem, the generalized regression neural 
network is applied to predict the gravity 
compensation value of given joint position 
because the training time of the GRNN is short 
ant it can take care a large input-output 
mapping. 

 
6.  EMG-Signal Manager 

The EMG-signal manager is used to receive 
an array of biological signals from the MYO 
armband manager via the UDP protocol. The 
biological signals of 8 EMG electrodes on MYO 
armband are converted to the root mean 
square values by Equation 1. The electrode 
number 1-4 obtain signals from the biceps 
muscle activity and the electrode number 5-8 
receive signals from the triceps muscle activity. 

����������������������������� � ���
�∑ ������                   (1) 

The RMS EMG data is used to detect an 
activation of the biceps and triceps muscle. 
During elbow flexion movement, the biceps 
muscle is contracted and the triceps muscle is 
relaxed then the biceps RMS EMG value is 
greater than the triceps RMS EMG values. On the 
contrary, the triceps RMS EMG values are greater 
than the biceps RMS EMG value during elbow 
extension. Therefore, the biceps and triceps RMS 
EMG values appear simultaneously during the 
user arm contraction. 
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