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ABSTRACT 

 
To assist not only motor function but also perception ability of elderly and/or handicapped 

persons, the power-assist robots which have perception-assist function have been developed. 

These robots can automatically modify the user’s motion when the robot detects inappropriate 

user’s motion or a possibility of accident such as collision between the user and obstacles. For 

this motion modification in perception-assist, some actuators of power-assist robot are used. On 

the other hand, since some elderly persons, handicapped persons or some workers need not use 

power-assist function but perception-assist function only, another new concept perception-assist 

method was investigated in our previous study. In this perception-assist method, only vibrators 

are used for generating motion change with kinesthetic illusion to assist perception-ability only. 

In this study, since the perception-assist is often used during tasks under a loaded condition, the 

features of motion change under the loaded condition are investigated. 
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1. INTRODUCTION 

 
Since not only motor function but also perception ability to surrounding environment are 

deteriorated in some elderly and/or handicapped persons, some power-assist exoskeleton robots 

which have perception-assist function have been proposed [1], [2]. The power-assist robot with 

perception-assist function keeps monitoring the interaction between the user and the environment 

by using its sensors and if the user is making inappropriate motion or dangerous motion, the robot 

modifies his/her motion automatically by generating additional external force with some 

actuators. 

 

On the other hand, there are also some elderly persons, handicapped persons and workers whose 

motor function is not so deteriorated but only perception ability has problem. To assist such 

persons, another new concept perception-assist method has been proposed in our previous study 

[3], [4]. In this perception-assist method, a vibrator is used to generate motion change with 

kinesthetic illusion and it has a possibility to realize an effective perception-assist device.  

 

When vibration stimulation is added to the tendon of antagonist muscle around a human joint, a 

person feel as if their antagonist is elongated and feel as if their joint is rotating. This 
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phenomenon is called as “kinaesthetic illusion” and it is discovered by Goodwin in 1972 [5]. This 

kinaesthetic illusion has been studied in the field of neurophysiology. The cause of this illusion is 

that the receptors in a muscle, called as muscle spindle, is stimulated by vibration and it generate 

electric signals, called as Ia afferents, to brain. By receiving this Ia afferents, the brain makes 

misinterpretation that the vibrated muscle is elongated and the body parts which is connected to 

vibrated muscle are moving despite the body parts are not moving actually [6], [7].  

 

We found that the motion change can be generated by using this misinterpretation generated by 

vibration stimulation in previous studies [3], [4]. In those studies, vibration stimulation is added 

to biceps brachii and triceps brachii during elbow joint flexion/extension motion and owing to the 

gap between actual elbow joint angular velocity and subject’s elbow joint feeling, motion change 

was generated.  

 

In this study, vibration stimulation is added to biceps brachii during elbow extension motion 

under some loaded conditions. Since many daily tasks are conducted under a loaded condition, 

the features of motion change under the loaded condition induced by vibration stimulation must 

be investigated. The experimental results show that the motion change can be generated under the 

loaded condition by vibration stimulation and the changing rates of motion change are 

investigated. 

 

2. METHODS 

 
2.1. Experimental devices 

 
In this study, vibration stimulation is added to biceps brachii of subject’s right elbow. Subjects are 

seated on a chair (see Figs. 1 and 2). Subject’s both arms are fixed to the frame of goniometer 

(rotary encoder: RE12D-300-201). The angle range of elbow extension motion is 0 (deg)-45 

(deg). Elbow angle and angular velocity are recorded by workstation. According to previous 

study [3], 70-100 Hz vibration stimulation can generate kinaesthetic illusion and motion change. 

The vibrator used in this study (Fig.1) can also generate 70-100 (Hz) vibration stimulation and its 

amplitude is 1.0 (mm). 

 

2.2. Procedure of the experiments 

 
In this experiment, the effect of loaded condition to motion change caused by vibration 

stimulation is investigated. To make the amount of motion change with kinaesthetic illusion clear, 

subjects are assigned to make the elbow angle of the right “Vibrated arm” correspond to the 

elbow angle of left “Reference arm”. It is assumed that a gap between the elbow angle of 

Vibrated arm and Reference arm is generated when an illusion is generated with vibration 

stimulation. Procedure of the experiment is shown below. There are a practice part and an 

experiment part. 

 

A) Practice part 

 

1. Practices are conducted to position their elbow angle of both arm 20 (deg) without 

watching. 

 

2. Other practices are conducted to generate extension motion with both elbow angles’ 

angular velocity 3 (deg/s). 
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B) Experiment part 

 

1. Subject’s elbow angle is adjusted to 0 (deg). 

 

2. The encoders recording are started and subject’s both elbow angles are adjusted to 45 

(deg). 

 

Figure 1. Experimental device and vibrator 

 

 

Figure 2.  Experimental conditions 

 

 

Figure 3. Loaded condition during motion change 
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3. Experimenter gives a weight to the subject and the subject hold the weight by his/her 

hand (see Fig. 3). After that, vibration stimulation is started and then extension motion 

with 3 (deg/s) of both arms are started 10 seconds later. 

 

4. When the reference arm comes up to 45(deg), encoders are turned off and vibration 

stimulation is ended. 

 

5. Once trial is finished, a weight is changed by the experimenter and the next procedure is 

restarted. 

 

Subjects are shown as bellow (Table 1). We have 3 patterns of loaded conditions; 1000 (g), 500 

(g), and 0 (g). Subject’s eyes are closed and subjects hear white noise during the experiment. 

 
Table 1. Subjects 

 

 Sex Age Weight (kg) Height (cm) 

Subject1 Man 23 57 166 

Subject2 Man 25 57 156 

Subject3 Man 23 62 178 

 

3. RESULTS 

 
Trials are conducted 3 times on each loaded conditions with each subject. From the records of 

subject’s elbow joint angle during the experiments, the changing rate of the gap between the 

Reference arm and the Vibrated arm is calculated (see Fig. 4). In almost all subjects, the data of 

the elbow angles of both arms during 13s to 18s, after vibration stimulation start, are used in this 

calculation. The average of the changing rates in 3 trials and elbow angle of the Vibrated arm are 

shown in Table 2.   

 
Figure 4. Calculation Method 
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Table 2 Results of experiments 

 

 0 (g) 500 (g) 1000 (g) 

Subject1 

Changing rate(deg/s) 0.8 1.2 1.5 

Angle (deg) 45 40 38 

Subject2 

Changing rate(deg/s) 1.6 1.2 1.4 

Angle (deg) 42 36 44 

Subject3 

Changing rate(deg/s) 2.4 3.1 1.6 

Angle (deg) 44 46 48 

 

4. DISCUSSION 

 
In all subjects, the gap between the Vibrated arm’s elbow angle and the Reference arm’s elbow 

angle was generated. These experimental results suggest that motion change can be generated 

under loaded condition by vibration stimulation. 

  

The correlation between the increasing of load and the increasing or decreasing of changing rate 

was not seen clearly in these experiments. There is a possibility that the kinaesthetic illusion is 

enhanced as the load increases since the muscle spindles are more strongly elongated by load. On 

the other hand, as the angle of the elbow joint decreases, however, the moment due to the load 

applied to the elbow joint increases because of the gravity effect. Consequently, there is a 

possibility that the gap between the Vibrated arm’s elbow angle and the Reference arm’s elbow 

angle was decreased by the effect of the moment. 

 

The results suggests that there is a possibility that the correlation between the load increase and 

the increase/decrease of the changing rate can be obtained more clearly if the constant torque is 

added to the Vibrated arm’s elbow joint during its extension motion. 
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