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Research Topics 
・Hearing loss by kendo players
・Development of sweep frequency impedance (SFI) meter
・Construction of finite element (FE) model of neonatal ear canal and middle ear
Research Seeds 

・Impact-induced bone conduction simulation to ascertain the cause of hearing loss
in kendo players

Kendo, Japanese fencing, is a modern martial art descended from 
swordsmanship. It is practiced widely in Japan, Korea and many other countries today. 
To get points and win matches, each player tries to hit one of the four target areas on an 
opponent’s body with a bamboo sword.  

Many reports on the subject of audiometry have described that kendo training 
over many years often causes sensorineural hearing loss at 2000 Hz and/or 4000 
Hz.  Although the risk of kendo-associated hearing loss has long been known, its 
mechanism remains unclear.  

Our hypothesis is that the cause of hearing loss by kendo might possibly be related 
to accumulation of small concussions in the inner ear by the excessive impact-induced 
bone conduction.  We evaluated this hypothesis using impact experiments with a 
skull bone model (Fig. 1) and simulation using a finite element (FE) model of a human 
head and a kendo helmet (Fig. 2).   

Related Technology 
・Measurement of microscale and nanoscale vibration using a laser Doppler velocimeter
・Measurement of otoacoustic emissions (OAEs)
・Measurement of auditory brainstem response (ABR)

Fig. 1. Experimental setup for 
bone conduction map using a 
skull bone model.  

Fig. 2. Distribution of von Mises 
stress for Impact using FE 
model of kendo helmet.
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swordsmanship, and is widely practiced in Japan, Korea and many other countries today.
In order to get points and win matches, each player tries to hit one of the four target areas
on opponent’s body with a bamboo sword. 

Many audiometric studies have shown that kendo training over many years often 
causes sensorineural hearing loss at 2000 Hz and/or 4000 Hz. Although the risk of 
kendo-associated hearing loss has long been known, its mechanism is still unclear. 

Our hypothesis is that the cause of hearing loss by kendo may possibly be related to
accumulation of small concussions in the inner ear by the excessive impact-induced bone
conduction. We evaluated this hypothesis by impact experiments using a skull bone 
model (Fig.1) and simulation using Finite Element (FE) model of human head and kendo
helmet (Fig.2).
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Related Technology 
・ Image processing
・Single camera stereo vision

3D image processing algorithms for real time calibration of the base line length in  a 
single camera stereo system are presented in this paper. Performances of less than 
0.03 mm depth measurement in precision and about 0.45 s processing time in 
inspection are also presented based on applications to the experimental equipment. It is 
technically noted that the baseline of this single camera stereo was calibrated precisely 
using the image processing procedure. This system of simple composition can expand 
the application range as a method of 3D measurement in an industrial field. To do this in 
our research, we propose an inspection environment for realizing an inexpensive 
and highly precise 3D measurement scheme and its algorithm. 

Because stereo measurement has a simple system configuration, and because 
highly precise measurements are possible when the corresponding point information of 
the image is clear, wide utilization is advanced on various scenes such as use in an 
industry and security field. To realize the function of stereo views with one camera, a 
mechanism shown in Figure 1 was fabricated, where a camera is fixed and the work is set 
as movable along with the feeder. The left and right stereo images were captured at the 
respective moments before and after the mechanical feeder motion. The baseline was 
calculated precisely using corresponding feature points extracted from these two 
images. Some feature points are extracted precisely by the original algorithm for 
image processing.

Figure 1. Single camera stereo model. 
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