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In order to establish effective mechanical systems that are capable of dealing with the real world and being human 
inclusive, development of minimally essential but effective mechanism and software based on the consideration of 
kinematics and flexibility and utilization of visual and tactile sensation are needed. Design of such mechanism should 
overcome the trade-off problem for realizing both enough stiffness against the self-weight of the system and external 
load and enough high force sensitivity to acquire the tactile information. Visual sensation is advantageous from the 
point of view of scalability and ease of installation, and therefore is widely used in these days, but this technique 
essentially needs a conversion from pixel dimension to physical dimension and a fusion with tactile information, to 
enrich the meaningfulness and to complement a blinded situation. Mechanism design and utilization of visual 
information are therefore be said mutually inseparable and complemental. Based on the above background, some 
research projects and obtained results will be explained in this keynote speech. The projects to be introduced will 
be the development of a variable stiffness mechanical manipulator to perform a tactile sensing and a simple 
cooperative transportation system bases on a gentry hierarchical and highly distributed architecture. 

  
 
 
 
 

  
Fig. 1 Plot of a calculation result of “Ease-of-move” index of a target object of rectangular shape with respect to the approach angle and 

force strength of pushing by a robotic manipulator (Left), experimentally observed motion of the object (Center), and concept of a 
gently hierarchical cooperative setup to achieve a human inclusive and oriented transportation system (Right) 
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