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Abstract—Many of patients who have suffered from serious 
illnesses such as the cerebral infarction and ALS and elderly 
people have many inconveniences in their daily life. In order 
to help people with disabilities in the upper limbs to eat, 
operate computers or paintings, and improve the quality of 
life of persons with disabilities in the upper limbs, this paper 
has developed a vertical movement support device for upper 
limb disabled persons. First of all, the overall structure of 
the support device was designed and vertical movements 
were explained. Then, the design and description of the 
control system were performed. Finally, the user experience 
proved that the system design of the upper vertical support 
device was feasible and could be solved Part of the needs of 
the upper hand disabled. 
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I.  INTRODUCTION  
With the ageing of the population, the elderly are the 

vulnerable groups of the disease. Among them, the stroke 
has the characteristics of acute onset and high morbidity 
rate for the elderly. There are about 2 million new patients 
and nearly 80% disabled in China every year[1]. This 
caused an economic burden of 40 billion yuan. Among 
them, the upper limbs of the person are required to perform 
more complex exercises than the lower limbs, and the 
neural control system is more complex and the recovery is 
slower after injury. After 3 months of concurrent 
treatment, 55% to 75% of patients have upper limb 
disorders[2][3]. It is of great significance to improve the 
upper limb mobility of patients. As mentioned above, the 
main purpose of this study is to develop a support device, 
which mainly describes and discusses the mechanical 
structure system and the control system of the device. 
Finally, through the user experience, this study 
demonstrated the feasibility of the upper limb vertical 
motion support device. 

II. SUPPORTING DEVICE FOR VERTICAL MOVEMENT 
The whole configuration of the proposed supporting 

device for vertical movement is shown in Figure1. 

 

Figure 1.  Configuration of the system 

This main mechanical device was designed and 
produced by our lab many years ago, and based on the old 
machine; we do some changes and improvements on the 
machine to help us to do the research. Fig.2.1 is the 
mechanical system configuration and the controller system 
configuration. 

Supporting device is different from spring balancer in 
power applied method. DC motor rotates a drum to reel a 
string for rising up parallel links. At the end of the parallel 
links a horizontal arm is connected. Inside the horizontal 
arm a force sensor is mounted to measure the assistive 
force applied to user’s arm. On the tip of the horizontal 
arm a supporting rod is connected. User’s arm is fixed on 
this supporting rod by using two belts. It should be noticed 
that only the vertical movements of the arm is assisted. 
Therefore, the assistive device is designed not to restrict 
horizontal movements. The assistive applies the ability to 
support their body against the gravity. 

The control unit is composed of a system controller, a 
motor driver, a current sensor, a signal amplifier for force 
sensor and a signal conditioner for muscle activity sensor. 
The system controller is configured by using PIC 
(Peripheral interface controller). The system controller 
generates PWM (Pulse width modulation) signal to control 
the DC motor so that the assistive force keeps the desired 
level. A PC is connected to the system controller and used 
as an input device to set control parameters or user’s body 
size information. 

A. Mechanical system configuration 
1) Mechanical configuration of the whole device 

 
Figure 2.  Pictures of supporting device 

Figure2. shows the whole mechanical configuration of 
supporting device for vertical movement.  

This device is designed to support vertical movement 
against the gravity for the upper limb disabled persons.  

The main material of the assist device is aluminum 
alloy, and some the other materials.  The total height of the 
unit is 430mm .And the lengths of parallel links and 
horizontal link are 250mm and 180mm.Moreover, some 
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other dimensions are showed in Figure3. 

 
Figure 3.   Name of some parts and main dimensions 

Learned from the Figure3., the main dimensions of the 
supporting unit could be known, and deduce the active 
range of the device. In vertical direction, the highest 
position is 450mm and the lowest is 65mm. In the two 
positions, the angle difference is 90°. In addition, there are 
two bearings in the end of the prop. Based on the lengths 
of the parallel and horizontal links, the largest radius 
600mm’s circular motion can be permitted.  

  
Figure 4.  Range of the supporting unit 

2) Components of the device 

� DC motor 
The DC motor is produced by servo Japan. DC motor 

connects drum with coupling and applies the power of the 
whole mechanical device.  
� Parallel links  

Parallel links rotates with sector part to do the vertical 
movement and with the sector part the torque transmit to 
parallel links. Because of the parallel links are adopted, the 
horizontal link can always keep horizontal direction.  
� Arm supporting part 

This part consists of two parts, horizontal link and 
supporting rod. Horizontal link is connected with the end 
of the parallel links and supporting rod is fixed on the 
horizontal link. In order to get the user’s assistive force, 
pressure sensor is set between the horizontal link and 
supporting rod part. User’s arm is fixed on the supporting 
rod by two belts. 
� Pressure sensor 

In this research, pressure sensor is used to detect force 
applied on user’s arm. the pressure sensor is mounted 
inside the horizontal arm to measure the assistive force 
applied to user and the load value is calculated with the 
following equations. 

Output voltage quantity 

V)output(mV/ Rated
)Capacity(N Rated(N/mV/V)t coefficien alibration =C

Load value 
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) voltage(VBridge
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� Sensor for muscle activity detection 

In our assistive device an original sensor that detects 
muscle activity level is employed as a man-machine 
interface. This sensor is a tactile sensor to detect the level 
to which the target muscle is stiffened. The level of muscle 
activity can be estimated from the stiffness information of 
the target muscle. The sensor is fixed on user’s shoulder by 
using an elastic belt. The user’s intention to lift his arm is 
detected by measuring activity level of a deltoid muscle 
located on the shoulder that works for eternally rotating 
shoulder. One advantage of this muscle stiffness sensor is 
that the muscle activity can be detected even over clothes. 
These features and advantages of the muscle stiffness 
sensor contribute to make the assistive device reliable, safe 
and access friendly. This muscle stiffness sensor is easy to 
attach and hard to be affected by skin condition, so it can 
detect muscle activity even on clothes. And for it uses 
muscle stiffness, it is robust against to noise that 
transferred through skin. 

B. Control system configuration 
The control configuration make up of motor controller 

and motor driver. As the controller, PC and PIC based 
control are adapted. PC interfaces with the user to set up 
the target load and notices the present state to user. PIC 
based controller is used to archive position, speed and 
current data, and sends PWM signals to motor drive 
circuit. The motor controller is configured by using PIC. 
As is shown in Figure5. 

 
Figure 5.   Control system configuration 

1) Contents of control system 
� Motor driver 

In this research, a motor driver is developed. In motor 
driver circuit, two current streams are shown, one is for 
positive rotation, and the other is for negative rotation. 
Motor driver has following input-output relation. The 
motor driver drives the DC motor based on the command 

signal outU  sent from the system controller. outU  
represents direction of motor rotation and duty ratio of 
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PWM signal to operate the motor drive circuit. The motor 
is driven by the rule described below. 
Rotation direction: 
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Duty ratio of PWM signal: | outU | 

In the motor driver, in order to detect the output, a 
current sensor is used. 
� Protect circuit 

  In motor driver circuit, if the control signals from PIC 
as the case of short 1 or short 2, will cause short circuit. To 
solve the problem, in this research, a protect circuit is 
necessary. 
� motor controller 

To interface with user and to provide safe and effective 
motions, it is desirable to measure sensor signal like 
pressure sensor, current sensor, and muscle activity sensor 
and so on. Figure6. shows the computer screen that is used 
to set the necessary dates and control the actions of the 
device. 

 
Figure 6.  Operating PC screen 

From the screen, user’s state and some information can 
be getting, and the dates will be recoded every time. With 
the program, the device could help the people with upper 
limb disability better and better.  

III. CONCLUSION 
In this research, the mechanical device is proposed to 

help elderly people so that they can keep living an 
independent life by themselves. The mechanical machine 
let user to eat, operate computer or draw pictures by itself. 
The daily actions about upper limb are very important To 
keep their quality of life and for care workers to care 
patients or elderly with upper limb disability with less 
energy. 
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