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Abstract: In this paper, we propose a continuous scanning measurement method of surface compliance distribution 

from remote position. This method measures the surface displacement distribution generated by ultrasound acoustic 

radiation pressure using a rotated mirror driven by a stepping motor. The two dimensional scanning of the displacement 

measurement on the surface can be continuously performed by a motorized mechanical stage moving in a direction 
parallel to the mirror rotation axis. This paper also evaluates the theoretical limit of the scanning speed which depends 

on the pressurization process and the viscosity of the measured object. 
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1. INTRODUCTION 
 

Simultaneous sharing of tactile sensation among 

many people is a challenging theme in haptic 
transmission. For simultaneous haptic sharing, it is 

necessary to generate the numerical object model [1] 

which includes its haptic information such as shape, 

hardness, tactile texture, temperature, etc. Furthermore, 

high-speed haptic information sensing is desired for 

synchronized display of visual, audio, and haptic 

information. For high-speed spatial distribution sensing 

of haptic information, a remote measurement system is 

required. 

We have proposed a remote measurement method of 

surface compliance distribution as one of the haptic 
information which is perceptible by hand exploration 

[1]. The compliance is a critical property for recognition 

of an object and simply quantified as spring constant on 

a point in the surface. The proposed method utilizes 

acoustic radiation pressure of convergent ultrasound 

beam for pressing a point in an object surface. The 

generated displacement on the point is measured by a 

triangulation-type laser displacement sensor. The 

scanning of the pressurization point and displacement 

measuring point are performed by an ultrasound phased 

array and a motorized XY-axis mechanical stage to 
which the laser displacement sensor is attached, 

respectively. The scanning time of the measurement 

point for obtaining the compliance distribution is 

limited by the movement time of the laser displacement 

sensor. 

In this paper, we propose a scanning method using a 

continuously rotated mirror to fold the optical axis of 

the laser displacement sensor for shortening of the 

measurement time. This method does not require 

movement of the sensor head which has large mass in a 

single direction. The scanning of the remaining 

direction is performed by a motorized mechanical stage 
as before. The theoretical limit of measurement speed is 

also surveyed for synchronous continuous scanning of 

the pressurization and displacement measuring point.  

 

2. NONCONTACT COMPLIANCE 

MEASUREMENT USING ACOUSTIC 

RADIATION PRESSURE 
 

The measured hardness is defined in this paper as the 

ratio of vertical force F applied to a spot circle area on 
an object surface to vertical displacement ûh at its 

center. And the corresponding compliance is the 

reciprocal of the hardness. Linear deformation is 

assumed in this model so that the compliance c is equal 

to  a unique value ûh / F at each point. In our 

measurement, the vertical force F is sufficiently small to 

satisfy this assumption. The hardness and the 

compliance defined like this depend on the 

pressurization area and its shape. Supposing a virtual 

situation that a human finger pushes the surface, we 

choose about 1cm diameter circle pushed area as our 
previous work [1]. 

Our method is a direct measurement method which 

presses the target surface and measures the displacement 

caused by the pressurization. Our implemented system 

is composed of an airborne ultrasound phased array, 

which is the identical to a tactile display developed in 

[2], and a laser displacement sensor (LK-G80, Keyence 

corp., Japan) based on triangulation principle. The 

ultrasound phased array generates convergent 

ultrasound beam which pushes a target point on the 

surface by acoustic radiation pressure illustrated in 
following section. The laser displacement sensor 

measures height from a reference plane determined by 

the arrangement of the sensor. The hardness distribution 

is obtained by scanning the measuring points: the 

pressing point and the displacement sensing point. In 

previous work, the laser displacement sensor is moved 

by an auto XY-axis mechanical stage (SGSP (CS) 

26-200(X), SIGMA KOKI CO., LTD., Japan) and thus 

the measuring time is limited by the stage moving time. 

 

2.1 Acoustic radiation pressure 
Ultrasound acoustic radiation pressure, which is used 

to press the target surface, is constant pressure derived 

from non-linearity of medium [3]. This phenomenon 

appears remarkably in high amplitude sound by 

increasing the second order term of wave equation. For 

propagation of large amplitude ultrasound, the acoustic 

radiation pressure appears as the DC component of 
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