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1. Introduction 

    Measurements of material properties using elastic 
waves have been widely used in various engineering 
fields.1) Elastic wave can be roughly classified mainly as 
bulk wave, surface acoustic wave (SAW) and guided 
wave, and are utilized as visualization of biomedical tis-
sue or non-destructive evaluation to long distance struc-
ture.2-3) In particular, at viscoelastic evaluation field, 
Morita et al. have reported a method using 
shear-horizontal surface acoustic wave (SH-SAW).4) By 
using SH-SAW, which propagates along surface of pie-
zoelectric substrate, shear modulus and viscosity can be 
measured from the propagation characteristics. It is one 
of the best solution to evaluate material viscoelasticity in 
small quantity. However, SH-SAW can propagate only 
surface of piezoelectric substrate. Moreover, viscoelastic 
evaluation area is limited within dimensions of the pie-
zoelectric substrate. Therefore, viscoelastic evaluation 
using SH-SAW may not suitable for viscoelastic evalua-
tion that distributed over wide area.  
    In this study, to evaluate material viscoelasticity in 
wide area, the author proposes viscoelastic evaluation 
method using Love wave Love wave is the shear hori-
zontal wave propagating along substrate on surface lay-
er5). Love wave does not require piezoelectricity of sub-
strate, therefore material viscoelasticity of surface layer 
on non-piezoelectric substrate can be evaluated. The au-
thors have reported calculation method of propagation 
characteristic from displacement of Love wave and esti-
mation method of viscoelastic constants from propaga-
tion characteristics of Love wave. 6) In this paper, as pilot 
study, displacement of Love wave is measured using lase 
Doppler vibrometer, and phase velocity of Love wave is 
calculated by using measured displacement.  
 

2. Experimental setup  

    Figure 1 shows an experimental system for measur-
ing displacement on surface of layer-structured specimen. 
The specimen consists of acrylic resin and aluminium 
alloy as viscoelastic surface layer and elastic substrate, 
respectively. The surface layer and the substrate adhered 
each other by using epoxy resin adhesive. To excite Love 
wave, two piezoelectric vibrators (C-213, Fuji ceramics) 
having thickness shear mode were used. Electric field 
direction of the vibrator was the same, and poling direc-

tion of that was opposite as shown in Fig. 1. The vibra-
tors were applied to sine-burst signal emitted from a 
function generator (FG; 33120A, Hewlett Packard). Fre-
quency, amplitude and duration time of the signal were 
150 kHz, 1.5 V and 26.67 µs, respectively. The voltage 
of signal was amplified 100 times by using a power am-
plifier (HSA4052, NF).  
    Displacement on surface of the specimen were 
measured by using laser Doppler vibrometer (LDV). The 
specimen was inclined that angle between the surface 
and axis of laser light radiated from a sensor head 
(AT0023, GRAPHTEC) of the LDV was 45 degrees. 
Displacement were measured by radiating laser light 
toward the inclined surface and converting scattering 
light using a demodulation module (AT3700, GRAPH-
TEC). When laser light was radiated toward the surface 
of the specimen, scattering light from the surface was 
converted to displacement. Displacement were recorded 
by using A-D converter (NI USB-5133, National Instru-
ments) while syncing signal output of the FG. Sampling 
frequency and record time of the A-D converter is 2 
MHz and 150 µs, respectively. When displacement was 
measured, a point to be 4 mm away from a vibrator to-
ward x-axis was set as origin of coordinates. The speci-
men was moved by x-stage from the measurement start 

Fig. 1 Experimental system for measuring displace-
ment of Love wave on surface of layer-structured 
specimen.  
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3.2. Experimental result 

In the proposed method of the Doppler velocity 
measurement, the Doppler shift is estimated from the 
shift of the cycle length of the received M-sequence 
modulated signal. First, a moving target indication 
(MTI) filter was employed to remove the direct wave 
and echoes from stationary objects in the received 
signal. After that, the cycle length of Doppler-shifted 
M-sequence modulated signal was measured by the 
Fourier transform of amplitude spectrum. For example, 
Fig. 2 shows the Fourier-transformed spectrum. The 
cycle lengths of M-sequence modulated signals are 
determined from the peak in the Fourier-transformed 
spectrum. The estimated cycle length at mic1 in non-
ST and ST. Theoretical cycle lengths CL1, CL2 of 
signals transmitted from sp1, sp2 and cycle length CL0 

 
of the original transmitted signal are shown in dashed 
lines.  

The reference signal was Doppler-shifted using 
peak value of Fig. 2 nearest theoretical value. Cross-
correlation functions by each reference signals are 
shown in Fig. 3. Correlation peaks corresponding to 
moving target could be observed both non-ST and ST. 
Thus, it is possible to measure position of moving 
object by the estimate of Doppler shift in proposed 
method. Fig. 4 shows B-mode images formed from 
cross-correlation functions of mic1, mic2, mic3 by 
synthetic aperture focusing technique. Fig. 5 shows 
positions of moving object determined from the pixel 
that their brightness is maximum. 
 
4. Conclusion 

In this paper, we described position and velocity 
measurement method by multi-channel pulse 
compression using two transducers and microphone 
array. In the case of ST, the interference noise occurred 
by simultaneous transmission of different M-sequences. 
However, the position of the moving object could be 
measured accurately both ST and non-ST. 
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a) Non-ST 

 
(b) ST 

Fig. 2 Fourier-transformed amplitude spectrum 
of mic1. 

 
a) Non-ST 

 
(b) ST 

Fig. 3 Cross-correlation functions of mic1. 

 
a) Non-ST 

 
(b) ST 

Fig. 4 B-mode images around moving object. 

 
Fig. 5 Measured positions of moving object. 
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point to 30 mm at 0.5 mm intervals while measuring 
displacement.  
 
3. Measurement of Love wave displacement us-
ing laser Doppler vibrometer 

    In general, laser light of LDV is radiated toward 
vibrating plane orthogonal to the laser light axis, and 
normal direction vibration of the plane can be detected as 
Doppler shift of the laser light. On the other hand, Love 
wave is in-plane vibration, therefore displacement of 
Love wave cannot be measured by using single laser 
light of LDV. To solve this problem, displacement was 
measured at the same point by using different optical 
path of the laser light (I) and (II). Difference and sum of 
displacements measured by path (I) and (II) were calcu-
lated, displacements by in-plane vibration ((I)-(II)) and 
out-of-plane vibration ((I)+(II)) can be measured.  
    Figure 2 shows displacements of (a) in-plane vibra-
tion and (b) out-of-plane displacement at surface of the 
specimen. Horizontal and vertical axes indicate elapsed 
time of signal output from FG and distance from origin 
of coordinates, respectively. Color bar denotes amplitude 
of displacement. In the Fig. 3(a), displacement by 
in-plane vibration caused by sine-burst signal is observed. 
In addition, number of waves increases according to get 
longer distance from origin of coordinates because of 
dispersity of elastic wave. In the meanwhile, in Fig. 3(b), 
displacement by out-of-plane vibration is hardly detected. 
The observation results indicate that longitudinal or shear 
vertical wave does not propagate in the specimen. 
Therefore, it appears that an elastic wave shown in Fig. 
3(a) is Love wave.  
    Next, phase velocity of Love wave was calculated 
from Fig. 3(a). Time difference of first wave front in 
Fig. 3(a) at x = 0 mm and x = 30 mm was calculated. 
Fig. 2 shows theoretical and experimental phases veloc-
ity of Love wave. Theoretical phase velocity was calcu-
lated by characteristic equation analyzed by Sezawa et 
al.7) Material properties (µ: shear modulus, h: viscosity, 
r: density and h: surface layer thickness) of the surface 
layer and the substrate were below: surface layer were µ1 
= 1.19 GPa, h1 = 0 Pa s, r1 = 1,190 kg/m3, h = 2 mm, 
and substrate were µ2

 = 25.5 GPa, h2 = 0 Pa s, r2 = 2,690 
kg/m3. In the Fig. 2, theoretical phase velocity at 150 
kHz is 1,648 m/s, however, experimental phase velocities 
is 2,400 m/s. Although the experimental phase velocity is 
smaller than shear wave velocity of the substrate (3,078 
m/s), theoretical and experimental phase velocity is dif-
ferent. The reasons may be presented as follows: exist-
ence of adhesive layer between the surface layer and the 
substrate or interference caused by reflected wave.  
 
4. Conclusions 

    In this paper, as pilot study, displacement of Love 
wave propagating viscoelastic surface layer on elastic 
substrate was measured by using LDV, and phase veloc-

ity of Love wave is calculated. As a results, it appeared 
that displacement obtained from LDV is Love wave. In 
the meanwhile, experimental phase velocity was larger 
than theoretical one. In the future works, the authors 
examine factors of error between experimental and theo-
retical phase velocity. Moreover, the authors also meas-
ure attenuation of Love wave． 
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Fig. 3 Displacements on surface of specimen with 
changing measurement point using laser Doppler vi-
brometer. Plots (a) and (b) denote in-plane and 
out-of-plane vibration, respectively.  
 

Fig. 2 Theoretical and experimental phase velocity of 
Love wave.  
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