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 Abstract - The authors developed a rehabilitative training 
robot which detects and analyzes the intention when a person 
tries to move a wrist with a biological signal, such as muscle 
action potential, and makes a wrist movement as one's intention. 
It consists of a grip for wrists, an actuator, a biological signal 
primary means, biological signal processing part, and a training 
controller.  
Due to its small, compact size, training can be performed in a 
small space at a hospital or home. 
The new system which can conduct both wrists training is 
successfully developed for practical uses. 
 
 Index Terms - Compact rehabilitative training robot, Both 
wrist, Biological signal, Passive mode, Active mode. 
 

I.  INTRODUCTION 

 Repetitive training for hemiplegic patients is effective to 
improve the function of upper and lower extremities and to 
increase the ranges of motion [1]-[8]. The mild physically-
disabled patients can undergo self-training with tools such as 
blocks. In contrast, the massive physically-disabled patients 
generally undergo forced training with training support device. 
However, a higher effectiveness of training cannot be obtained 
because patients cannot exercise on their own. Therefore, the 
effect of the treatment reaches a critical limit. Although 
occupational therapists can give the patients undivided 
attention, the numbers of occupational therapists are limited 
and there is a compelling need to reduce their workload. 
Although many research results for the rehabilitative training 
robot have been reported [9]-[14], it is often the case that the 
system is large, complicated process. Therefore it is difficult to 
feel free to use the system for patients. 
 The purpose of this study is the development of a 
rehabilitative training robot that enables the training of a 
patient. This training robot detects the myoelectric potential by 
myoelectric sensors on patient's muscle, and analyzes the 
patient's intention to flex their wrist [15]. Through this the 
training robot can provoke training, and the patients can 
undergo effective training.  
 A new system based on this function is developed for 
rehabilitative training of both wrists as shown in Fig.1. 
 
 

 

II.  SYSTEM 

A. System Architecture 
 A configuration diagram is shown in Fig. 2. The 
rehabilitative training robot consists of the following parts; 
 1) Grip: The patient holds this grip for undergoing 
training. 
 2) Actuator: The training movement is generated by 
servomotor etc. 
 3) Biological Signal Detector: The myoelectric potential 
is detected by myoelectric sensors. 
 4) Biological Signal Processor: The intention of patients 
is judged by myoelectric potential. 
 5) Training Controller: The training movement pattern is 
generated. 
 6) Both Wrists System: The training is done using both 
wrists. 
 The state transition diagram is shown in Fig. 3. 
 
 
 
 

 
Fig. 1 The new rehabilitative training robot. 

 
 



 
 

Fig. 2 The configuration diagram of the rehabilitative training robot. 
 
 

 
 

Fig. 3 The state transition diagram of the rehabilitative training robot. 
 

 
Fig. 4 The myoelectric sensors. 

 
 

 
Fig. 5 The extensor carpi radialis longus/brevis muscle and flexor carpi 

radialis muscle. 
 
 

 

 
Fig. 6 The appearance of the prototype rehabilitative training robot. 

 
 
 



 
Fig. 7 The advanced settings screen. 

 
 

TABLE I 
SIZE OF PROTOTYPE REHABILITATIVE TRAINING ROBOT 

 Size [cm] 
Width 50 
Height 34 
Depth 30 

 
B. Myoelectric Sensors 
 The patient's intention to flex their wrist is transmitted to 
the muscles of the wrist through nerves from the brain as 
myoelectric potential. The myoelectric potential is detected by 
myoelectric sensors. The myoelectric sensors used in our 
system are shown in Fig. 4. The four myoelectric sensors are 
worn on the extensor carpi radialis longus/brevis muscle and 
flexor carpi radialis muscle as shown in Fig. 5. The 
myoelectric potential which is detected by myoelectric sensors 
is amplified and is analyzed by software on a personal 
computer. The actuator is moved based on the analysis result. 
The developed rehabilitative training robot system supports 
rehabilitative trainings based on the patient's intention to flex 
their wrist. 
 
C. Passive and Active Mode 
 The developed rehabilitative training robot is equipped 
with active mode in addition to passive mode.  
 1) Passive Mode: Although the robot moves according to 
the flex of patient, the robot is only to assist the force. 
 2) Active Mode: The myoelectric sensors detect the 
patient's intention to flex their wrist, and the robot takes the 
lead in moving. 
 The patients are able to undergo not only passive training 
but also active training with the use of the passive and active 
modes. Therefore the training effectiveness can be expected to 
increase. 
 
 
 

 

 
Fig. 8 The developed rehabilitation robot in an excited condition. 

 
D. Appearance of Robot 
 The developed rehabilitative training robot is easy to carry 
because of its compact size. The training can therefore be 
performed in a small space at the hospital or home. Table 1 
shows the size of the prototype rehabilitative training robot. 
Fig. 6 shows the appearance of the prototype rehabilitative 
training robot. 

 

III.  EXPERIMENTAL TRIAL 

 Fig. 7 shows an advanced settings screen of the developed 
rehabilitative training robot. The middle graphic (green line) 
represents the myoelectric potential which was detected by 
myoelectric sensors. The myoelectric potential data is 
analyzed and the actuator (servomotor) is moved based on the 
analysis result. Fig. 8 shows the developed rehabilitative 
training robot in an excited condition.    

 

IV.  FEEDBACK FROM EXPERIMENTAL TRIAL 

 Fig. 9 shows a new display by feedback for training. It is 
user-friendly for patients with easily recognizable touch panels 
which should provide little chance for operational user error. 

 

 



 
Fig. 9 The user-friendly screen of the new rehabilitative training robot. 

 

 
Fig. 10 The CAD design of the new rehabilitative training robot. 

 

 
Fig. 11 The CAD design of the new rehabilitative training robot for hospital 

use. 
 
 
 

V.  REHABILITATIVE TRAINING ROBOT FOR PATIENTS 

 Fig. 10 shows a CAD design of the rehabilitative training 
robot for patients’ use. Fig. 11 shows a CAD design of the 
rehabilitative training robot for hospital use. The height of the 
robot is changeable. 

VI.  CONCLUSIONS 

 The authors reported a simple rehabilitative training robot 
which detects and analyzes the intention of a patient, and 
assists patient's wrist movement. It consists of a grip for the 
wrist, actuator, biological signal processor, and controller. 
Motor unit action potential is detected as a biological signal, 
and the signal is processed to assist wrist movement. Although 
there are many rehabilitative training robots developed, most 
of the robots are complicated, expensive, and difficult to use. 
Because this rehabilitative training robot is a small sized 
device and is easily operated by a patient and family members, 
it will be useful for home use as well as hospital use. 
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