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Abstract 
 
Many stroke patients nowadays prefer home rehabilitation, which limits their access to proper rehabilitation equipment, treatment, or 
assessment by therapists. Currently, the rehabilitation programs neglect to maintain a patient’s motivation in doing rehabili tation exercis-

es. The programs also lack a monitoring system to evaluate the patients’ performance quantitatively although this is the most crucial 
element in rehabilitation. In order to solve these problems, we have developed a novel measurement system for upper limb motor disor-
der rehabilitation using an optical sensor. This system consists of an optical sensor device, a personal computer and a computerized cal-
culated program for upper limb locus position. The optical sensor detects the user’s motions and calculates posit ion and velocity. The 
sanding block position, velocity and the motion length of the block during the sanding task of five subjects with motor funct ion disorder 
were measured. The accuracy of the trajectories was similar in all the actual measured subjects.  These outcomes have a potential for the 
development of rehabilitation training programs and evaluation methods. 
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1. Introduction 

The development of medical technology and medical equipment 
benefits human health and prolongs human life. It needs to counter 
various problems related to aging due to the prolongation of life 
expectancy [1]–[4]. Thus, there is a great need for rehabilitation 
training due to an increase in motor disorder and cognitive im-
pairment, resulting from cerebrovascular disease [5] that affects 
elderly people [6]–[8]. 

Previously, most of the conventional motor disorder rehabilitation, 
training and function recovery assessment approaches relied only 
on qualitative evaluation by observation. The evaluation by physi-
cians, physiotherapists and occupational therapists was relatively 
subjective and different. Therefore, quantitative evaluation with 
objective and accurate measurement system is required [9]. The 
total time training with sanding movement and desk wiping mo-
tion, which is widely used in occupational therapy, is based on 

individual effort and the occupational therapist's subjectivity. It is 
difficult to judge whether a patient has reached or achieved a suf-
ficient degree of movement to shift to the next level of training 
[10]. There are several devices for upper limb function training at 
the development stage [11][12], which are bulky and require a 
large space. Thus, in general a common rehabilitation center is 
necessary to provide such devices. However, in reality it is diffi-
cult to use it for patients [13]. 
Normally, occupational therapists perform the sanding movement 

for muscle training, and at the same time observe the amount of 
load and repetitive activity that occurs during the rehabilitation 
session [14] [15]. The repetitive activity and moving distance are 
used as indicators to recognize the effect of training. In addition, 

the desk-wiping motion is usually implemented as training to ex-
pand the range of motion of the patient's elbow and shoulder 
joints. In normal practice, assessment by occupational therapists is 

subjective in assessing the range of expansion of the range of mo-
tion. Moreover, it is not a quantitative assessment method. There-
fore, there is a crucial need for the development of a measurement 
system for objective evaluation which defines the movable range 
of motion from the patient's upper limb and simultaneously tracks 
the movement trajectories during rehabilitation activities [16]. 
In this study, a device was developed which can measure the 
movement and does not restrict the sanding movement training 

and desk wiping motion training that are almost regularly prac-
tised in hospitals and rehabilitation centers. The measurement 
system has innovative features to measure the sanding movement 
speed and trajectories of each subject with upper limb motor dis-
order simultaneously during the training session. The obtained 
data were scrutinized using an objective and quantitative method 
to evaluate the effectiveness of the training. Furthermore, compar-
ative study with the conventional evaluation sheet was also con-

ducted at the same time during the training session. 

2. Materials and Methods  

2.1. Development of the Measurement System  

Figure 1 illustrates the measurement system set up for the upper 
limb movement function using a developed optical sensor. This 
system consisted of an optical sensor attached to a sanding block, 
and a personal computer (PC) and integration with software spe-
cific to a measurement control program. The optical sensor’s core 
part consisted of an LED, an optical sensor Integrated Circuit (IC) 
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and software designed specifically for a measurement program. 
The optical sensor optimized and improved the wireless optical 
mouse as well as established a surface plane for the movement 
measurement device. Figure 2 shows the block used for the optical 
sensor and sanding movement training. The optical sensor was 
fixed to the bottom part of the sanding block, hence not restricting 
sanding movement training which was conducted during occupa-
tional therapy. 

Once the sanding block moved, the optical sensor IC automati-
cally captured movement data on the desk surface at a sampling 
frequency of 1 kHz, calculated each position, and calculated the 
movement volume in the direction of the x and y-axis. The de-
tailed calculation related to the position can be referred to in the 
report collection of the year of 2010 at the Hyogo Prefecture Re-
habilitation Center (Hyogo Assist Tech) [17][18]. 

 

 
Fig. 1: Overview of the optical sensor setup in the measurement system  

 

 
Fig. 2: Optical sensor system and sanding block  

 

 
Fig. 3: Measurement device and System Control Architecture  

2.2. Motion Measurement  

Figure 3 demonstrates the overview of the operational flowchart in 
the block diagram which comprised the developed device and 
control program. In this system, an optical sensor was integrated 

with the sanding block body. Once the therapist or subject acti-
vated the optical sensor, the training would start after the start 
button was pressed. After the training finished, the therapist 
needed to press the stop button to stop the measurement system 
and the data were automatically captured and saved on the PC 
hard disk. The measurement system setup was mechanically sim-
ple and the operative procedure was user friendly. 

2.3. Participants  

All the subjects who participated in this experiment had motor 
impairment due to intracerebral hemorrhage, polyneuro pulmo-
nary fibromatosis, cervical spinal cord injury and stroke related 
disease. The method of diagnosis in the study was the Manual 
Muscle Test (MMT) and Brunstrom stages. The upper limb motor 
function test indicated that the patients involved in this study 
could be categorised with impaired recovery stages of upper limbs 

in stages IV and V, hands in stages III and IV, lower limbs in 
stages III and IV. Table 1 shows detailed profiles of the patients. 
Clinical trial approval was obtained from the ethics committee of 
the Hyogo Prefecture Rehabilitation Center (Hyogo Assist Tech). 
Informed consent was also obtained before conducting a health-
care intervention on persons related experiment. 

2.4. Experiments Protocol  

During the occupational therapy session, upper limb disabled sub-

jects did the sanding movement training with the supervision of 
the occupational therapist. The measurement system simultane-
ously measured the movement speed and displacement trajectory 
of each movement. Subjects sat in a wheelchair in front of the 
sanding block, and the technical staff then measured the height of 
the wheelchair and the distance from the sitting position to the 
operation area. The overview of the experiment setup is as illus-
trated in Figure 4. 

During the sanding movement training, the measured data were 
examined according to the sanding block speed, trajectory and the 
repeated number of movements and distance. Since this experi-
ment was carried out in the training program at a random speed, 
the achievement cycle and the number of times were different for 
each subject. The speed rate of each subject was calculated using 
equation (1). 
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Here, Px(t) is the position coordinate in the lateral direction of the 

sanding block, Py(t) is the coordinate in the longitudinal direction 
of the sanding block, t is the time, t1 is the starting time of each 
cycle, and t2 is the ending time of each cycle and E is the average 
value. 

 

 
Fig. 4: Sanding movement training  
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3. Results  

The speed of the sanding movement and the position of the sand-
ing block were automatically measured and calculated using the 
developed measurement system. 

 

Table 1: Profile of five subjects 

 
 
Figure 5 (a) shows the motion trajectory when subjects performed 
the sanding movements. From the trajectory, we observed the 
position of the sanding block during the training session and rec-
ognized that the repeat of extension and flexion movement region 
was more on the right side if compared to the original position or 
the center of the movement region. The behavior shown in the 
trajectory graph indicated that the subject has a disorder of the 

right hemiplegia. In the case of the right hemiplegia, the coopera-
tive movement of both hands performed during the extension and 
flexion movement indicated that the movement was accomplished 
by the left hand rather than the right hand. Moreover, it was real-
ized that the moving distance was not constant while each exten-
sion and flexion was executed. 
From the operation cycle, it was observed that the extension and 
flexion movement was repeated two to three times from the start 
of operation. It was presumed that the two to three times is a good 

margin execution of the extension and flexion movement. Fur-
thermore, the trajectory profile demonstrated that the sanding 
block shifted to the right, yet the lateral deviation was in the range 
of about 100 mm. In Figure 5 (b), the horizontal axis shows time 
and the vertical axis shows the position of the sanding block dur-
ing the extension and flexion movement of the training session. 
The working distance of the extension and flexion movement was 
short as it was in a duration of less than 30 seconds. In the training 

session of 1 minute, extension and flexion movement achieved 
seven times each.  
Figure 6 shows the operation speed during the extension and flex-
ion movement of the training session. Both the extension and flex-
ion movements indicated the highest speed of about 200 mm / sec, 
which confirmed that the training session was conducted at a con-
stant speed. 
When compared with the trajectory at around 30 seconds, the 

speed for a short working distance was less than 200 mm / sec for 
both extension and flexion movements. It was observed at the 
trajectory that when the operation speed after 40 seconds was 
increasing, the operating distance was also relatively longer. 
Figure 7 illustrates the average value of the extension and flexion 
movement speed when five subjects completed the sanding 
movement training session. On comparing the extension motion 
speed (97.1 mm / sec) and the flexion motion speed (86.3 mm / 

sec), it clearly indicated that the extension motion was faster than 
the flexion motion. 
Table 2 shows the average value of the operating speed for 5 re-
cruited subjects, and Figure 8 shows the graph of the average op-
erating speed and average working distance during the sanding 
block movement training. The average working distance for the 

duration of the one-minute training session was 5.3 ± 0.4 metre 
while the average operating speed was 91.7 ± 6.5 mm/sec. 
 

 
Fig. 5: Typical profiles of the sanding block position trajectory (a) and 

real-time position (b)  

 

 
Fig. 6: Operating speed during the extension and flexion movement of 

training session  

 

 
Fig. 7: Experimental results of the velocity of extension and flexion 

movement of 5 subjects during the sanding movement training session  
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Table 2: Summary of the length and velocity of extension and flexion 

movement during the training session 

Training Session 

Velocity of Extension (mm/sec) 97.1 ± 13.1 

Velocity of Flexion (mm/sec) 86.3 ± 11.7 

Average Velocity (mm/sec) 91.7 ± 6.5 

Length (m) 5.3 ± 0.4 
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Fig. 8: Average velocity and operating distance during the sanding block 

movement training  

4. Discussion  

All recruited subjects were went through the measurement proce-
dure without disturbing the sanding movement training that is 
normally practised in occupational therapy. There were five sub-

jects recruited in this experiment. It was impossible to perform 
statistical analysis because of the training times and the different 
level of disabilities due to a variation of diseases after the onset of 
illness. In comparing the method used by measuring the repeated 
number of movements by a medical institution and the subjective 
judgement by physicians and physiotherapists, it was clear that the 
measurement system used was a more objective and quantitative 
evaluation method. 

According to Lee et al., the upper limb motor function rehabilita-
tion system can be evaluated by the parameters such as operating 
speed, working distance, error and other parameters during the 
movement of the training to recognize the behavior of the upper 
limb movement function [19]. Furthermore, even in clinical prac-
tice, especially to assess the patients with motor function disorder, 
the working distance and movement pattern is studied to observe 
the improvement of motor function recovery. The inspection pro-

cedure not only considers one aspect or point of view but the 
standard protocol of the evaluation also considers multidimen-
sional aspects such as the progress of the motor function recovery, 
the mechanism of recovery, the body change to the paralyzed side 
of the patients and other aspects related to the patient’s condition 
which are quantitatively analyzed [20]–[22]. Therefore, the evalu-
ation method of the sanding movement training assessed in our 
novel measurement system suggests that obtaining motion dis-

tance and motion speed, which objectively evaluate the exercise 
capacity and the range of motion during the training session is 
effective.  

5. Conclusion  

In this study, a novel measurement system was developed, which 
has the ability to measure the amount of training when targeted 

patients performed the sanding movement, in order to assess upper 
limb motor disorder in occupational therapy. The movement speed 
and trajectory of the sanding movement of five recruited subjects 

with upper limb motor disorder were measured. It was clearly 
indicated that the measurement system could assess the behaviour 
of the patients without interrupting the movement of the five re-
cruited subjects during the training session. The outcomes 
achieved from the training session are briefly summarized and 
discussed below. 
Firstly, our system has features to demonstrate the movement 
trajectory in the sanding movement training. Thus, it is easy to 

identify the motion characteristics of every recruited subject espe-
cially during the extension and flexion movement. A simple, easy 
and quantitative approach to evaluate the degree of disability was 
implemented. It was also discovered that the extension motion was 
faster than the flexion motion for all recruited subjects during the 
sanding movement training. 
Our system was able to measure the operating speed and working 
distance and was a beneficial approach to diagnose the recovery 

stages of the motor function. The measurement of the training 
activity and the data evaluated by the therapist improved the ac-
cessibility of the evaluation. 
From this study, it was clearly revealed that our system is effective 
for the quantitative assessment of the degree of training at the 
clinical site. 
In the future, a multifaceted examination is necessary, such as 
conducting clinical trials on a larger number of recruited subjects 

and generalizing the results before getting the feedback from the 
clinical site for our measurement device system. 
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