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Abstract 

The purpose of this research was to develop a combined sense system that uses both force feedback and visual 
feedback to determine the shape of the microscopic features of a sample. We constructed a haptic device that gives 
a sense of that force to the operator when touching the sample. The experiment was tested for recreating touching 
force of salmon roe as the samples in a minute of the period time. 
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1.    Introduction 
Technologies that can accurately perform minute 

work are now being sought for medical treatment and in 
the field of manufacturing semiconductors. Such minute 
work is improved by using micromanipulators, but their 
operation is difficult because the operator has no sense 
of force; he or she relies only on sight through a 
microscope. As a result, a person skilled in the use of 
this technology is needed for all minute work. The 
efficiency of minute work would be improved if the 
operator were able to have a sense of force while using 
a manipulator. 

Here we describe the development of a more efficient 
system for minute operations. Our aim was to develop a 
system using not only the sense of sight through a 
microscope but also a sense of force from the 
manipulator. For this fundamental research, a system 

was created to assess the reaction force when a minute 
sample was touched. A cantilever was used to touch the 
sample, and the reaction force was obtained from the 
degree to which the sample bent. In addition, we used a 
haptic device and amplified the force feedback from a 
minute sample of a virtual object.  

 
2.    System Structure 

2-1.    System summary 
The system structure is shown in Fig. 1a, and a 

schematic view is shown in Fig. 1b. This system 
consists of a microscope with an automatic x-y stage, a 
piezo stage, a feedback stage controller to control the x-
y stage, a piezo stage controller, a haptic device for 
transmitting force feedback (Fig. 2), a cantilever (Fig. 3), 
and a PC via which the user can control and operate 
these components. The sample was fixed on the x-y 
stage by an injector (Fig. 4) and a holding pipette (Fig. 
5). When the cantilever, which was fixed to the piezo 
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