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3.1 The First Prototype ����

The first design and fabricated prototype is shown in Figure 1.  The 
prototype consists of a platform, arm rest and independent 
mechanism. The independent mechanism drive the prototype to move 
in horizontal (X -Y axis) and vertical (X-Z axis) direction. The 
prototype was fabricated using aluminium material due to its 
strength, lightweight, corros ion resistance and reasonable price.  
 
The prototype consists of 12 V battery to drive the DC motor, three 
sets of sensors, a microcontroller and a motor driver. The sensor was 
used to detect the location of the arm rest, to perform angle rotation 
movement and to count the number of completed oscillations of the 
arm rest. The prototype was controlled by Funduino UNO model R3 
with stackable motor driver and DFRduino Input Output Expansion.  
 
Figure 2 shows the kinematic analysis conducted for the first 
prototype at X -Y axis using the Working Model software. The analysis 
was conducted by adjusting the angular velocity value of the arm rest. 
The adjustment was required to complete the one cycle of movement 
in horizontal plane roughly in 25 seconds. This will cover the angular 
movement of approximately 110 degrees and total distance of 220 
degrees. Details discussion of the prototype including the X -Z axis 
analysis was presented in [15].  
 
Based on the test and evaluation conducted, the prototype takes 26 
seconds to complete the one cycle of movement in the horizontal 
motion. At t he same time, the prototype needs an average of 32.5 
seconds to complete 10 cycles in the vertical plane. The angle of 
rotation was approximately at ~110 degrees (X-Y axis) and ~90 
degrees (X-Z axis). 
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Figure 1: The first design (left) and fabricated prototype (right)  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2: Kinematic analysis of the first prototype [15 ] 

 
3.2 The Second Prototype 

The second design and fabricated prototype is shown in Figure 3. The 
prototype consists of upper and lower platform with 770  mm in 
length, 135 mm in width and 220  mm in height. The prototypes 
consist of two mechanisms to move the shoulder and elbow namely 
the scissors lift and armrest. 
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Figure 3: The second design (left) and fabricated prototype (right) 
 

The scissors lift mechanism was used to lift the shoulder and elbow in 
Z-axis direction. At the same time the armrest mechanism was used to 
move the shoulder and arm in line bi-directions. The bi-direction 
refers to the X or Y axis direction movement. In overall the prototype 
was able to perform the X-X and X-Z or Y-Y and Y-Z axis direction 
movement based on the position of the device and patient. 
 
Figure 4 shows the kinematic analysis of the second prototype. The 
analysis was conducted to determine the maximum height required 
for the scissor lift mechanism. The maximum height data was used as 
an input for the controller programming design. As shown in Figure 
4, L is the distance between the holes at both end of each link. L is 
340mm while L34 and L35 are equal to 1/2L. 
 
S is the distance between link 4 and 5 and H is the height of the 
mechanism from link 1 to 4. S = 303 mm when the mechanism at rest 
and S = 335 mm when the mechanism is fully extended. By using 
Pythagoras theorem, the maximum height of the scissors mechanism 
can be determined. Based on the analysis conducted, the scissors 
mechanism was able to extent up to 96 mm. 
 
 
 
 
 
 
 

 

Figure 4: Kinematic analysis of the second prototype [16] 
 
The prototype was fabricated using aluminum and plywood. In order 
to give comfort for the patient to place the arm, non-slip rubber pad 
was attached to the platform. The prototype consists of two 12 V DC 
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linear motors with 50 mm and 200 mm stroke length. The prototype 
also consists of four channel motor drivers. The total weight of the 
prototype is around 7 kg. Details discussion of the prototype was 
presented in [16]. 
 
3.3 Comparing First and Second Prototype 

The two prototypes were compared in order to reflect on the research 
objective and to understand the gap between the existing devices. The 
focus is on the dimension, weight, mechanism, applied motion and 
the control strategy. The comparison is important to further enhance 
the development of upper limb rehabilitation device for stroke 
patients. Table 1 show the comparison between the first and second 
prototype. The device can be considered as compact and transportable 
since both prototypes are around 5 kg and 7 kg respectively. 

 
Table 1: Comparison between first and second prototype 

No. Area of Discussion First Prototype Second Prototype 
1 Dimension (mm) 900 × 500 × 400 700 × 135 × 220 
2 Weight (kg) 5 7 
3 Mechanism Platform, Armrest and 

Independent 
Scissor lift and Armrest 

4 Applied motion X-Y and X-Z axis movement Linear for all axis 
(X-X, X-Z, Y-Y and Y-Z) 

5 Control strategy Adruino as controller. Sensor to 
give feedback 

Arduino as controller. 
Linear motor drive the 
movement without any 

sensor 

 
However, the dimension and weight is depending on the type of the 
actuator used for each prototype. Besides, although both mechanisms 
are trying to support the rehabilitation exercise, there is no variety on 
the applied motion. Applied motion refers to the movement that can 
be performed by using the prototype. 
 
First prototype only focuses on the rotation movement while second 
prototypes only have linear movement. In order to support the 
rehabilitation exercise, there is a need to combine the rotation and 
linear motion to the device. Only first prototype consists of set of 
sensors to give feedback on the movement. Lastly, there was no 
testing and evaluation conducted using real patient. 
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The two prototypes were compared in order to reflect on the research 
objective and to understand the gap between the existing devices. The 
focus is on the dimension, weight, mechanism, applied motion and the 
control strategy. The comparison is important to further enhance the 
development of upper limb rehabilitation device for stroke patients. 
Table 1 shows the comparison between the first and second prototype. 
The device can be considered as compact and transportable since both 
prototypes are around 5 kg and 7 kg respectively.
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4.0 CONCLUSION  
 

This paper discussed the development of two prototypes of upper 
limb rehabilitation robot device based on similar conceptual design. 
Both prototypes were designed, fabricated, controlled and tested. The 
objective to develop a compact, transportable/portable and simple 
operation of the device is considered achieved. Both prototypes were 
capable to perform basic movement that is required for the upper 
limb rehabilitation exercises. As a future development, ethical 
approval need to be considered before the prototypes can be tested 
using the real patient. 
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