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Research Topics 
・Communication design of human artifacts
・Dementia care support using “weak robots”
・ ”Natural” information sharing using NUI and AR
Research Seeds 
Communication design of human artifacts 

 Artifacts such as robots have recently been 
introduced to human society. We have 
explored social requirements for such artifacts to 
be accepted for use in human society using motion 
analysis, field work, and a theatrical 
approach. We especially have developed a 
speech emotion recognition method and an 
emotional movement generation method 
based on communication model with emotion. 
Subsequently, we applied them to support the 
care for dementia or elderly people using robots based on the concept of “weak robots.” 

Natural information sharing using NUI and AR 

 We have developed natural information sharing applications by 
which people can share information and can work together 
through operation of virtual objects displayed on a smartphone 
or indoors or outdoors using natural user interface (NUI) and 
augmented reality (AR) technology. As a part of this, we 
realized a picture division method on two or more smart phones. 
Additionally, we have been developing a historical site 
information providing systems for learning local area history in 
a primary school or local community using AR. 

Related Technology 
・Motion analysis
・Application using NUI and AR
・Emotional voice analysis
・ Instruction of acting and voice training
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introduced to human society. We have 
explored social requirements for such artifacts 
to be accepted to human society using motion
analysis, field works and a theatrical 
approach. We especially have developed a 
speech emotion recognition method and an
emotional movement generation method 
based on communication model with emotion. 
We have applied them to support the care for
dementia or elderly people using robots based on the concept of “weak robot.” 

Natural information sharing using NUI and AR 

We have developed natural information sharing applications by
which people can share information and can work together
through operation of virtual objects displayed on a smartphone 
or else indoors or outdoors using natural user interface (NUI)
and augmented reality (AR) technology. As a part of this, we
realized a picture division method on two or more smart phones. 
In addition, we have been developing a historical site
information providing system for learning local area history in a 
primary school or local community using AR. 

Related Technology
・Motion analysis 
・Application using NUI and AR
・Emotional voice analysis
・ Instruction of acting and voice training 

Developing an Electric Wheelchair
with a Single-Step Climbing Mechanism 
Kazushi KUMAGAI 
Professor ckuma@sendai-nct.ac.jp 
Affiliated 
Societies 

JSME, JSDE, JSEE 

Keywords Mechatronics(20010), Embedded system (60040), 
Assistive technology(59010), Social welfare for aging (08020) 

Research Topics 
・Achievement of single-step climbing function using six-wheel structure
・Establishment of communication between circuits using USB
・Development of motor control algorithm for four-wheel drive running

Research Seeds 
・Development of element technology necessary for achieving electric wheelchairs

 When using wheelchairs and similar devices, 
barriers such as stairs can hinder movement. 
Although barrier-free structures have become 
widespread recently, field surveys [1] done in 
2001 circumstances clarify that many small 
differences of single steps between the 
pavement and the roadway remain. Because 
slopes are associated with most multi-step 
differences, if small differences of only a single 
step could be surmounted, the electric wheelchair 
users' range of action could be extended 
enormously. 
 Consequently, electric wheelchairs with 
single-step climbing function are developed in this 
laboratory (Figs. 1 and 2). The prototype being 
developed now achieves single-step climbing 
function by adopting a six-wheel structure. 
Moreover, coexistence of the indoor use and the 
commuter use is attempted by transformation of 
the device between usual posture of four-wheel 
contact and the running posture of six-wheel 
contact. 
 This prototype has been developed with the 
intention of trial drive realization. It is a feature of 
the control system to use many subsystems and to 
use internal communication using USB.

[1] Tamura, Kondo, Kumagai, Oizumi: Development
of a single step climbing mechanism for electric
wheelchair (1st Rep.), SPTE, (2002)
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Fig. 1 Structure of prototype. 

Fig. 2 3D model of prototype. 

Related Technology 
・Brushless DC motor control technology
・Power electronics technology
・Built-in microcomputer technology
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