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ABSTRACT � Sore muscle is a common symptom 

happens after post-workout. While, pulled muscle or a 
torn muscle is categorized as muscle injury which cause 
muscle weakness and reduces performance of muscle. 
Thus, rehabilitation is needed in order to re-energize the 
performance. This paper presents a degree-of-freedom 
(6-DOF) Steward platform-based designed for ankle 
exercise. In this study, there are several lower limb 
muscle will be focused on. The posterior and anterior 
muscle activates when the ankle moves. LabVIEW 
software was used as a host target and platform 
interface. The platform was analyzed based on its motor 
performances which optimized by auto-tuned PID 
controller. The comparative assessment of the transient 
response between simulation and experiment is 
presented and discussed. 

 
1. INTRODUCTION 
 

Since the increasing trends of the elderly society, 
the essentials of health care and rehabilitation must be 
taking into consideration. The idea of rehabilitation 
robot may contain a wide range of mechatronic tools to 
support rehabilitation session in medical centre. Robotic 
rehabilitation can replace the training effort by 
therapist, spend a reasonable cost to perform a therapy 
and observe the level of motor recovery by measuring 
the performances  

Steward platform is one of the parallel robots that 
have been developed. It consists of six actuator�s 
interaction and coordination which is called as six 
degree-of-freedom (6-DOF). There are many control 
method have been proposed in order to control the 
platform movement. Proportional-Integral-Derivative 
(PID) controller is a potential controller that can control 
the platform. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 The Steward platform and control design 

 
 
2. METHODOLOGY 
 
2.1 Steward platform and control design 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 The Steward  platform and control design 

 
Figure 2 shows the operation of Steward platform  

which is controlled by myRIO. The system consists of 
six independent loops or joints under robot control 
model. This model receives a command created in 
LabVIEW to perform motor operation based on the 
position receives by encoders. A myRIO acts as data 
acquisition which has 10 analogue inputs, six analogue 
outputs and 40 digital inputs/outputs line. A platform 
control system represented as a host target. All of the 
data collected can be illustrated directly through the 
graphical user interface. 

 
2.2 Monitoring platform angle projection 
 
 
 
 
 
 
 

Figure 3 GUI monitoring  
Based on Figure 3, the platform angle projection 

can be chosen directly from the graphical user interface 
provided. This platform can be moved in 6-DOF which 
is in x-axis direction, y-axis direction, z-axis direction, 
roll, pitch and yaw. The Steward platform can be 
controlled by using either USB configuration or Wi-Fi 
configuration. If Wi-Fi configuration is used, myRIO 
must be set up with a valid internet protocol (IP) 
address. Otherwise, myRIO cannot be synchronized 
with the host target. On the host target, there are a 
toolbar provided in order to move the platform based on 
the range of motion that was set up in the programming. 
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2.3 Platform Range of Motion 
 

Basically, the muscle that affected from this 
movement is knee muscles which are quadriceps and 
hamstrings. However, this research concentrates only at 
the ankle muscle. There are six platforms of angle 
projection which are x, y and z-axes, roll, pitch and yaw 
platform. The roll movement is similar to the ankle 
range of motion which is plantar flexion and 
dorsiflexion. Besides, pitch movement which is defined 
as inversion and eversion of the ankle rotate on y-axis 
while yaw is the rotation on z-axis. Clinically, the 
movement for the ankle called as external rotation 
(abduction) and internal rotation (adduction). The angle 
for each motor is tabulated in order to ensure the 
platform moves in 6-DOF as in Table 1.  

Table 1 Platform of angle projection [1]  
Motor 1 2 3 4 5 6 

       

x-axis 
45
 to 15
 to 

20
 
45
 to 15
 to 

20
 
15
 45
 15
 45
    

       

y-axis 20
 20
 
0
 to 40
 to 40
 to 0
 to 

40
 0
 0
 40
    
       

z-axis 
0
 to 0
 to 0
 to 0
 to 0
 to 0
 to 

40
 40
 40
 40
 40
 40
  
       

Roll 
45
 to 0
 to 0
 to 0
 to 45
 to 45
 to 

0
 20
 20
 20
 0
 0
  
       

Pitch 
35
 to 35
 to 

0
 
0
 to 0
 to 

0
 
0
 0
 18
 18
    

       

Yaw 
0
 to 25
 to 0
 to 25
 to 0
 to 25
 to 

18
 0
 18
 0
 18
 0
  
       

 
3. RESULTS AND DISCUSSION 

 
3.1 System Optimization 

 
The response data for each motor which connected 

at the Steward-platform are collected. The obtained 
transfer function had been validated by comparing the 
motor model (simulation) with the actual motor model 
(experiment) with sampling time of 0.01 second. The 
transfer function for each motor is tabulated in Table 2.  

Table 2 Motor transfer function  
Motor     Transfer function 

1 
G(s)=     

6.516s 2+ 0.7296s + 8.706        

          

   

s 3 + 0.1591s2 +1.034s + 0.01425     
       
               

2 G(s)=       
6.32s 2− 0.439s + 7.898          

           

  
s 
3 + 0.03695s2 + 0.9698s + 0.00152 

    
                

3 G(s)=       
7.334s 

2 + 8.932s + 5.462         

          

  
s 3 + 0.09462s 

2 + 0.6219s + 0.001008 
     
          

4 G(s)=

      8.011s
2

 +1.741s + 7.65 

 s
3

 + 0.2572s
2

 + 0.8734s + 0.001889   

5 
G(s)=    

6.914s 2  + 0.2693s +10.75       

          

   

s 3 + 0.455s 
2 +1.192s + 0.00296     

        
         

6 G(s)=

      7.77s
2

 + 2.773s + 4.804 

 s
3

 + 0.3516s
2

 + 0.5688s + 0.007417  

 
The Steward platform is optimized by auto-tuned 

PID controller in order to obtain the proportional gain 
(Kp), integral gain (Ki), derivative gain (Kd) and filter 
coefficient (N) shown in Equation (1). The parameters 
of PID controller are tabulated in Table 3.  

PID = K 
 + K 

 1 + K 
  N  (1)

p 
i  s d 1        

       

1+ N 
   

       s   

 
 

Table 3 Parameters of PID controller  

Motor 
 Auto-tuned PID  
    

Kp Ki Kd N  
     

1 1.50 0.17 0.16 14.50 
     

2 1.29 0.12 0.15 12.31 
     

3 1.11 0.27 0.17 9.97 
     

4 2.82 0.46 0.21 17.17 
     

5 1.39 1.03 0.17 14.53 
     

6 1.92 1.27 0.20 16.97 
     

 
Figure 4 shows the comparison response in 

Steward platform between simulation and experiment. 
The transient response of Steward platform which 
optimized by auto-tuned PID controller improved the 
overshoot (OS), settling time (Ts) and rise time (Tr) 
compared to the response before optimized with any 
controller. The comparison of transient response 
between before optimization and after optimization is 
tabulated in Table 4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4 Motor performances 
 

Table 4 Comparison of motor performances  

Motor 
Before Optimization After Optimization 

      

OS (%) Ts (s) Tr (s) OS (%) Ts (s) Tr (s)  

1 15.70 0.94 0.19 8.63 0.32 0.11 
       

2 18.50 1.05 0.20 9.18 0.39 0.12 
       

3 19.10 1.08 0.20 9.04 0.41 0.13 
       

4 17.50 0.97 1.19 11.30 0.42 0.12 
       

5 17.30 0.96 0.19 10.60 1.60 0.11 
       

6 13.50 0.68 0.20 10.10 1.32 0.09 
       

 
4. CONCLUSION 

 
A platform based ankle rehabilitation robot is 

developed through Steward platform for the patients 
who are suffered from injuries and muscle fatigues. In 
this research, the transient response of Steward platform 
controller by PID controller optimized by auto-tuned 
shows a better performance compared to the before 
optimized. In the future, a Wi-Fi nunchuck remote will 
be used to control the platform movements. An 
electromyography (EMG) also will be attached in order 
to evaluate muscle potential. 
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