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Abstract 

 
A novel haptic sensor probe, consists of 64 
piezoelectric devices, PZT, is capable of clearly 
sensing the differences in degrees of hardness and/or 
softness of different objects. The haptic sensor probe is 
designed to detect and quantify the real time physical 
characteristic, for example, the hardness and/or 
softness of an object, in a simple way, like the human 
hand. To date, conventional tactile sensor, containing 
a strain gauge, conductive elastomer and piezoelectric 
polymer film, confined solely to data acquisition 
relating to pressure or force. However, using the new 
sensor probe proposed here, we can make a haptic 
visualization. 
 
1. Introduction 
 
To date, a great deal of research effort has been paid 
attention for  the development of visual and auditory 
sensors[1], and then many sensors are now available. 
But, unfortunately, haptic sensors capable of detecting 
the physical properties, for example, hardness and/or 
softness of an object, have not been developed.  

In general, in order to make the haptic sensor to act in 
a manner analogous to the human hand, and use it in a 
virtual robotics or biomedical field, the following facts 
should be kept in mind.  

 
(1)The sense of touch for detecting hardness below the 

surface depends on the thickness of overlying soft 
tissue( it dose not depends on the thickness of hard 
tissue). 

(2)As the thickness of soft tissue is reduced, the “felt” 
hardness increases. 

(3)The “felt” hardness for soft tissue depends on the 
contact pressure applied by the hand “touching”. 

This is not the case for hard tissue. 
(4)The human hand is capable of distinguishing the 

differences between hardness and/or softness, from 
soft materials such as rubber to hard materials such 
as metal, with just one finger.  

While there are currently many types of tactile sensors 
used in a variety of fields, haptic sensors fulfilling the 
above conditions have not yet been fully developed. 
Thus we have developed a new type of haptic sensor 
for sensing the hardness/and or softness of an object. 
The new haptic sensor which consists of a piezoelectric 
transducer can be designed to operate with a new phase 
shift circuit developed by us.  
 
2. Basic principles of haptic sensor 
 
Figure 1 shows the basic component of each individual 
transducer with a finite vibration rod made of PZT 
transducer, an oscillator, and a new phase shift circuit 
proposed here[2].  
 

 
             (a)                                                (b) 
Fig.1 (a)PZT transducer employed as a tactile sensor 
element; (b) Phase shift circuit designed to correct the 
phase on the feedback circuit so that  Δθ1 + Δθ2 ＝ 0 
 
In this system, for example, if the contact area is about 
r>>1.0 for softer materials, the change in resonance 
frequency will be as shown in the following equation: 
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Where Zo is the acoustic equivalent impedance, k0 is 
the equivalent stiffness, kx is the stiffness of the object, 
m0 is the equivalent mass, and mx for the mass of an 
object. 

 
Fig.2 Tactile sensor device made of PZT transducer 
and 8-channel elements. Contact area is about 3.5mm 
in diameter. 
 
The PZT transducer employed as a tactile sensor 
device is a cylindrical type of 15mm in length, 3mm in 
diameter, 1mm in thickness. The hemisphere of 
silicone ball, which is about 3.5mm in diameter, is 
attached to the top of the PZT transducer. The haptic 
sensor probe shown in Fig.3 is arrayed with 8x8 
channel with the PZT transducer of its resonant 
frequency, about 100 kHz. Fig.3 (a) and (b) shows the 
64-channel haptic sensor probe composed of a tactile 
sensor device, PZT, and phase shift circuit with a 
personal computer and control box. The haptic sensor 
probe and instrument are very compact and simple in 
construction.  
 
3. Results and conclusion 
 
Figure 4 shows the results for the breast cancer model 
displayed on the computer monitor. The buried hard 
silicone ball in the soft gelatin of 13mm in diameter, 
and about 1cm in depth, was employed as a tumor 
model. As shown in this figure, the stiffness of the 
tumor model made of a silicone gum is represented by 
color, where red and blue indicates harder and softer 
tissue, respectively.  
From these results, it is evident that the haptic sensor 
probe can detect tumors with sufficient accuracy if 
located at a depth of less than approximately 30mm. 
Such a haptic sensor probe was applied to 3 breast 
cancer patients, and was confirmed to be capable of 
clearly detecting the tumors. In conclusion, we 
presented the pilot results of our primary goal to 

construct a novel resonance sensor technology to 
generate stiffness imaging of breast cancer, which is a 
haptic visualization. 

 
Fig.3 (a) 64-channel haptic sensor probe. 

 

 
Fig.3 (b) 64-channel haptic sensor probe system 

 

 
Fig.4 Breast cancer model displayed on the computer 
monitor using the 64-ch. haptic probe. 
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