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Abstract—This paper discusses measurement methods of human 
behaviors based on sensor network and human interaction of 
rehabilitation using robot partners. First, we explain robot 
partners and sensor networks for rehabilitation. Next, we apply a 
steady-state genetic algorithm to extract human motions from 3D 
distance image. Finally, we discuss the effectiveness of the 
proposed methods through several experimental results. 
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I.  INTRODUCTION 

Recently, as the increase of number of elderly people, much 

more caregivers are required for the support for them. The 

mental and physical care is very important in order to avoid 

the progress of dementia of elderly people living alone in 

home, but such people have little chances to talk with other 

people and to perform daily exercise. On the other hand, the 

number of patients of brain damage is also increasing. The 

cognitive therapeutic exercise is useful in the rehabilitation 

after brain damage [1]. In the cognitive rehabilitation, before 

the actual motions, a patient pays attention to the cognitive 

cycle of the pre-planning of actual motions and the prediction 

of sensing in the actual motion in order to recover the 

cognitive ability from perception to action. It takes much time 

and load for a therapist to observe and navigate the behaviors 

of a patient in the rehabilitation program. In the above 

discussion, the motion measurement, natural communication, 

and human-friendly interaction are very important and 

necessary for both elderly people and patients. Of course, it is 

really ideal that these roles should be done by human 

caregivers and therapists, but the number of caregivers and 

therapists is not enough in the current situation. The 

introduction of robot partners instead of people is one of 

possible solutions. Such a robot partner should understand 

human behaviors for natural communication with elderly 

people. However, it is also difficult for a robot partner to 

observe the human behaviors. Therefore, sensor network and 

portable sensing devices can be applied for observing and 

understanding human behaviors [2,3]. 

The emerging synthesis of information technology (IT), 

network technology (NT), and robot technology (RT) is one of 

the most promising approaches to realize a safe, secure, and 

comfortable society for the next generation [4]. NT can 

provide the robot with computational capabilities based on 

various types of information outside of robots. Actually the 

robot directly receives the environmental information through 

a local area network without the measurement by the robot 

itself [5,6]. Wireless sensor networks [7-9] realize to gather 

the huge data on environments. However, it is very difficult to 

store all of huge data in real time. Furthermore, some features 

should be extracted from the gathered data to obtain the 

required information. Therefore, intelligent technology is 

required in wireless sensor networks.  

Intelligence technology and information technology have 

been discussed from various points of view. Information 

resources and the accessibility within an environment are 

essential for both people and robots. Therefore, the 

environment surrounding people and robots should have a 

structured platform for gathering, storing, transforming, and 

providing information. Such an environment is called 

informationally structured space [10,11] (Fig.1). The 

intelligent technology for the design and usage of the 

informationally structured space should be discussed from 

various points of view such as information gathering of real 

environment and cyber space, structuralization, visualization 

and display of the gathered information. The structuralization 

of informationally structured space realizes the quick update 

and access of valuable and useful information for people. It is 

very useful for both robots and people to easily access the 

information on real environments. The information is 

transformed into the useful form suitable to the features of 

robot partners and people. Furthermore, if the robot can share 

the environmental information with people, the 

communication with people might become very smooth and 

natural. 

In this paper, we discuss the measurement method of human 
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motions in the informationally structured space including 

robot partners and sensing devices. First, we apply a steady-

state genetic algorithm (SSGA) [12,13] to perform human 

hand motion tracking by using the time series of 3D distance 

image based on differential extraction. SSGA is one of 

evolutionary optimization methods using selection, mutation, 

and crossover operators [14]. The shape and size of a template 

is updated by SSGA in this study. Next, we show experimental 

results, and discuss the effectiveness of the proposed method.  
This paper is organized as follows. Section 2 explains the 

robot partners, and discusses how to use robot partners for 
rehabilitation. Section 3 proposes methods of human detection 
and human hand motion extraction. Section 4 shows 
experimental results of the proposed method, and Section 5 
summarizes the paper, and discusses the future vision of robot 

partners for rehabilitation. 

II. INFORMATIONALLY STRUCTURED SPACE 

A. Robot Partners 
We can use three different types of robot partners from the 

interactive point of view (Fig.2). One is a physical robot 
partner. We can interact with the physical robot partner by 
using multi-modal communication like a human [15]. The next 
one is a pocket robot partner. The pocket robot partner has no 
mobile mechanism, but we can easily bring it everywhere and 
can interact with the robot partner by touch and physical 
interface. The last one is a virtual robot partner. The virtual 
robot partner is in the virtual space in the computer, but we can 
immerse into the virtual space, and interact with it through the 
virtual person or robot. The interaction style of these three 
types of robot partners is different, but they share the same 
personal database and interaction logs, and can interact with the 
person based on the same interaction rules independent from 

the style of interfaces. 

 

Figure 1.  The concept of informationally structured space 

Figure 2.  Interaction with robot partners 

 

Figure 3.  Data flow in informationally structured space 

B. Data Flow in Informationally Structured Space 
Figure 3 shows the data flow in the developed system based 

on informationally structured space. The developed system is 
divided into four components; (1) database management server, 
(2) robot systems, (3) environmental systems, and (4) human 
interface systems. The environmental system is based on a 
ubiquitous wireless sensor network composed of sensors 
equipped with wall, floor, ceiling, furniture, and home 
appliances. These sensors measure the environmental data and 
human motions. The measured data are transmitted to the 
database server, and then feature extraction is performed. Each 
robot can receive the environmental information from the 
database server, and serve as a partner to the person. 
Furthermore, the user interface device is used for the person to 

access the environmental information. 

C. Rehabilitation Support in Informationally Structured 
Space 
Figure 4 shows an example of rehabilitation support by a 

physical robot partner. A patient can perform the rehabilitation 
program through interaction with the robot. The robot can 
repeatedly show the behaviors demonstrated for the 
rehabilitation programs, and can observe behaviors of the 
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the robot supports the edges of iPad (Fig.11 (c). Finally, the 
behavior mode is transited to the normal mode after the person 
leaves the chair. In this way, the robot changes the behavior 

mode according to the human interaction. 

 

Figure 10.  A rehabilitation support system using a robot partner 

   
(a) 

 

   
(b) 

 

   
(c) 

 

   
(d) 

Figure 11.  Interaction mode of the robot partner 

III. HUMAN HAND MOTION TRACKING 

A. Measurement by 3D Distance Image Sensor 
We have proposed the concept of evolutionary robot vision 

based on the active vision and evolutionary search [15]. The 
time series of evolutionary search in dynamic environment is 
the most important in evolutionary robot vision. The structure 
of environmental changes is applied to the next visual search. 
We use a reliability space for human localization. The 
reliability space is built according to the temporal difference 
based on distance image. Figures 12 and 13 show the procedure 
of human hand motion extraction and an example of image 
processing, respectively. In the initialization, the long-term 

memory images of illumination and distance;
  
ai, j

L  is generated 

using the current images of distance, 
  
ai, j

C  where i=Xmin, ..., Xmax 

and j=Ymin, ..., Ymax. Furthermore, each value of the reliability 

space  is initialized at 1. Next, the new images of 

illumination and distance are taken from the 3D distance image 
sensor. Figure 13 (a), (b), and (c) show the original images of 
distance, the result of edge detection, and the long-term 
memory images of distance, respectively. When a person enters 
into the view angle of the camera, we obtain the temporal 

difference images
  
di, j  by the differential extraction between the 

current images and the long-term memory images in the 

following; 

 
  
di, j = ai, j

C − ai, j
L     (1) 

Next, the reliability space is updated in the following; 

 

  

bi, j ←
bi, j −α1

B if di, j >θ
B

bi, j +α2

B otherwise

⎧
⎨
⎪

⎩⎪
    (2) 

where  and . The reliability of a pixel 

(i,j) decreases, as the temporal difference is large. 

 

  

ai, j
L ←

1−α
1

L( )ai, j
L +α

1

L ⋅ai, j
C if bi, j >θ

L

1−α
2

L( )ai, j
L +α

2

L ⋅ai, j
C otherwise

⎧
⎨
⎪

⎩⎪
  (3) 

where  and 
  0 <θ L <1 . If the amount of the 

update of the long-term memory is large as the reliability is 

high. Next, we construct the search space, ( ) by 

combining the temporal images of illumination and distance in 

the following weighted sum; 

 
  
ci, j =α1

S ⋅d
1,i, j +α2

S ⋅d
2,i, j    (4) 

where . 

 

 

Figure 12.  Procedure of human localization 
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corresponding to human hand by SSGA. Figure 15 (a) shows 
the 3D distance image where the degree of gray depth indicates 
the distance from the 3D distance image sensor; (b) shows the 
result of differential extraction; and (c) hand detection and 
tracking results (t=10, 20, 30). The experimental results show 
that the proposed method can extract human hand position 
according to the size of the template and the distance from the 

distance image sensor.  

   

   

           t=10            t =20         t=30 

(a) Distance image 

   

(b) Differential extraction 

   

(c) Hand detection and tracking result 

Figure 15.  A trajectory of human hand motion by human hand tracking 

(triangular gesture) 

Figures 16 show the tracking results of human hand 
motions of a horizontal circular gesture. Figure 16 (a) shows 
the result of differential extraction; (c) hand detection and 
tracking results; and (c) the 3D distance image where the 
degree of gray depth indicates the distance from the 3D 
distance image sensor but the viewpoint is changed to the bird 
view from the person (t=10, 20, 30). Basically, it is very 
difficult to extract this gesture only by image processing, but 
the proposed method based on the distance image sensor can 
extract this complicated gesture. Furthermore, the transformed 
image of viewpoint from the person is very useful for a 

therapist to understand the hand motion of a patient.  

V. SUMMARY 

This paper developed a measurement system of human 
hand motion based on sensor network and robot partners for 
rehabilitation. First, we proposed the interaction system for a 
robot partner. Next, we applied a steady-state genetic algorithm 
to extract human hand motions from the 3D distance image. 
Experimental results show the effectiveness of the proposed 
methods. The obtained results are available for understanding 

and analysis of human hand motions. 

As a future work, we intend to combine the voice 
recognition and visual perception to realize natural interaction 
of robot partners for rehabilitation. Furthermore, we use iPhone 

and iPod touch for cognitive rehabilitation therapy. 

   

      t=10         t =20            t=30 

(a) Differential extraction 

   

(b) Hand detection and tracking result 

 

   

(c) Distance image 

Figure 16.   A trajectory of human hand motion extracted by SSGA 

 (a horizontal circular gesture) 
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