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Abstract 

In our daily life, we unconsciously adjust our personal space according to the intimacy with others. It is also said that 
personal space is classified into non-verbal communication. In this research, we analyzed the distance that a person 
can tolerate when the robot approaches to identify the minimum distance that the person is able to interact comfortably. 
As a result, we could get parameters which can be index of initial distance between robot and users. 
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1. Introduction 

Nowadays, the rapid development of high technology 
has produced robots not only for industrial factories (in-
dustrial robots) but also for museums, homes, healthcare 
institutions and so on (non-industrial robots). Among 
various types of non-industrial robots, recently, service 
and personal robots have attracted global attention[1]. 
What makes them unique is that they are required to 
have "user affinity" that gives the user a sense of affin-
ity as well as functions such as intellectual behavior and 
communication ability. Generally, human communica-
tion can be divided into two simple categories verbal 
communication and nonverbal communication. Moreo-
ver, it is said that almost 60 percent of the human com-
munication consists of nonverbal communication 
whether through facial expression, the tone of voice or 
body movement[2]. All of these are essential to convey-
ing intent or emotional state. Thus, robot control system 
should be considered the impression from the standpoint 
of users. 
      E.T. Hall introduced for the first time the concept of 
interpersonal distances[3].  People create their own ter-
ritories around them unconsciously, which define and 

determine the interactions they can have with other peo-
ple. In a word, we all are creating our own portable bub-
ble in public space to keep others far from each other. 
Interpersonal distances are classified into non-verbal 
communication. Furthermore, the interpersonal distance 
between them is reflected the social relationship they 
have. E.T. Hall has proposed a model to represent these 
different spaces; it divides the space around a person in 
4 distinct zones (i), (ii), (iii), (iv), as shown in Figure 1. 

 

Fig. 1. Definition of Hall’s personal space model. 
 

[m]
0 1 2 3 4 5

(i) Intimate distance(0~0.46m)
(ii) Personal distance(0.46~1.2m)

(iii) Social distance(1.2~3.6m)
(iv) Public distance(3.7m~)
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He defined that the Intimate distance is for embracing, 
touching or whispering, the Personal distance is for in-
teractions among good friends or family, the Social dis-
tance is for interaction among acquaintances, the Public 
distances used for public speaking. Moreover, space 
within (i) intimate distance and (ii) personal distance is 
called personal space. 
      In this research, we designed the robot system and 
conducted an experiment with considering the personal 
space between human and robots. 

2. Structure of the Robot 

The robot we developed is depicted in Figure 2. This 
robot consists of 4 major parts: the head with 2 
degrees of freedom, the Body with 3 degrees of 
freedom, the Arm with 6 degrees of freedom and the 
Base with a 4-wheel-drive. The height of the robot is 
approximately 1.5 m. 

 

 
Fig. 2. Structure of the robot 

3. System Configuration 

The control diagram is depicted in Figure 3. In this 
system, each part of the robot constructs a control 
system. The control flow of the Base part is as follows. 
First, a user is detected by the Kinect V2 sensor, and 
a target vector command is sent from the PC to the 
microcomputer according to the information received 
from the sensor. The microcomputer calculates speed 
and direction from each parameter and control the 
motors via the servo controller. 

 
 
 

 
Fig. 3. Control diagram 

4. Motion Model of the Moving Device 

The mecanum wheel adopted for the Base part is 
covered with a barrel whose surface is inclined at 45 
degree with respect to the axle. By controlling the 
rotation direction of each wheel as shown in Figure 4, 
omnidirectional movement is realized by a 
combination of rotation of the wheel and movement 
of the barrel on the circumference.  

 
Fig. 4. Various combination of wheel rotation 

 
Let V0 be the vector according to the angular velocity. 
Let  be a velocity vector in rectangular coordinates. 
In equation (3), "I" represents the distance from the cen-
ter of gravity to the lateral edge, and "L" represents the 
distance to the longitudinal edge. 
 = [  ] ∈ × (1) = [   ] ∈ × (2) 

=
1 −1 −( + )1 1 ( + )1 1 −( + )1 −1 ( + )

(3) 
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Vw can be expressed by using the equation (2), (3). 
 =  ∙ (4) 
 
 
Here, the speed control of the moving device gives the 
vector ( x, , ω ) as input to the microcomputer and 
controls the speed Vw of each wheel by PWM output. 
 

5. System Flow of the Movement Control 

Figure 5 shows the flowchart of the movement control 
of the Base part. In the movement control, base part is 
controlled so as to keep a specific position according to 
the sensor value. Specifically, the distance and angle are 
calculated, and the robot approaches the user until the 
distance of the threshold. 
 

Fig. 5. Flow chart of location control 

6. Measurement of the personal space  

 As I said in chapter 2, People update, control, and ad-
just their personal spaces continuously. Therefore, psy-
chological strains between human to robot could be 
measured by physical distances.  
      In this time, the personal space between robot and 
subject were measured using the following procedures. 
 
(i) The robot approached at each velocity (0.2, 0.3, 0.4, 
0.5, 0.6[m/s]) to a subject who was standing 
(ii) The subject raised his hands as a signal if he felt 
      uncomfortable (too close to the robot). 
(iii) The distance was measured by a sensor installed at  
     the front of the robot and these procedures were    
     repeated for the 10 subjects. 
 
      The measurement result is depicted in Figure 6. 

As the velocity increased, the standard deviation tended 
to be higher. However, there was no significant relation-
ship between the velocity and the distance. The average 
distance was almost same as any velocity. 
 

 
Fig. 6. Measurement result 

 
 
7. Evaluation of the personal distance 

 
Based on the measurement values obtained from the 
previous experiment, the evaluation experiments were 
conducted. The moving speed was controlled within the 
range of 0.0 ~ 0.3 [m/s] so that the boundary of the per-
sonal space was kept about 0.6 m, which was the aver-
age distance of the previous experiment. 
      The evaluation experiment was conducted as fol-
lows. 
 
(i) A subject sat on the chair on casters in front of the      
     robot.  
(ii) The subject moved freely in the specified range for  
      a minute. 
(iii) The robot kept the distance as shown in Figure 7. 
(iv) After the experiment, the subject answered the  
      questionnaire of the impression about the robot’s    
      approach. Repeat for the 12 subjects. 
 

 
Fig. 7. Evaluation questionnaire 

 
      The result of the evaluation experiment is depicted 
in Figure8. Each result of the questionnaire was quanti-
fied as shown in Table 2.  
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Fig. 8. Evaluation result 

 
 

Table. 2. Conversion table for the result 
 Uncom-

fortable 
----- Nei-

ther 
----- Com-

fortable 
Evaluated 
value 

1 2 3 4 5 

 
Table.3.Average and standard deviation of the result 

average 3.8 
Standard deviation 1.1 

 
The average score is shown by a red horizontal line. The 
average score was 3.8 and close to “comfortable”. 

8. Conclusion and Future work 

It is considered that the velocity range and the distance 
could be adapted to realize the appropriate approach to 
most of the users. It means that the distance can be in-
dex of initial distance between robot and users. How-
ever, to optimize the personal space for each users, we 
need to create the database to store the information. 
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