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surface be Tr )0,( yx,=  in the space ordinate  XYZO − and be 
Tr )0,,( yx ′′=′  in the surface ordinate ZYXO ′′′−′ , where 

T(...) means the transposed matrix. As the object surface has 

small translations wvu ,,  in the directions of X，Y，Z and 

small rotation angles γβα ,,  about the axes of X，Y， Z 
respectively, Using the method proposed by Wu [9], we find 
the rules of the ultrasonic speckle movement in the space as the 
following,  
 

2

2 2

2 2

(cos cos ) (sin sin ) (1 )

cos cos(1 ) (cos )
cos cos

sin cos( sin )
cos

(sin sin ) (cos cos )

LU L i L i u
S

i L iV L v
S

L i iw
S

L LW v i w i
S S

θ β θ γ

α θ
θ θ

θ
θ

θ θ

= + + −⎧ + +

= − + + +

⎪
⎪
⎪
⎪⎪

+

−

=

⎨
⎪

+ +
⎩

−

⎪
⎪
⎪
⎪

       (3)                                                                                  

 
where U, V, W are the translations of the speckles in the 

ςηξ ,,  directions respectively. It must be pointed out that the 
translations wvu ,,  and the rotation angles γβα ,, of the 
object can not be directly figured out from the displacement U, 
V, W of the speckles in the back-scattering space according to 
Eq. 6. However, if ,0== βα  L = 0, θ = 0, we have U=u, 
V=v, W=w. Thus, the movement of an object surface can be 
directly figured out according to the movement of the speckles 
on the object surface. 

B.   Digital signal Correlation Operation 
The principle of the digital correlation operation[10] used for 

detecting the speckle displacement is as follows. Before the 
object motion, the speckle signal on the object surface received 
by the probe can be expressed as 

mnnTft)f s 1,)((
1

=∑=
=

m

n  
where Ts is the sampling period. After the object motion, the 
speckle signal at the same point on the object surface becomes 
to be 

mntnTg)tg s 1,)((
1

=∑ −=′
=

m

n
Δ

 
where ttt Δ−=′ , tΔ is the time delay caused by object 
motion. The correlation coefficient of )(tf and )(tg ′ is defined 
as 

  ( ) [ ] [ ]
[ ] [ ]

,
)()(

)()(
22 gtgftf

gtgftfC
−+′−

−+′⋅−
=

τ

ττ                    （4） 

where mnTff s∑=
=

m

n 1
)( , ( ) mtnTgg s∑ +−=

=

m

n 1
τΔ  and ( )0 1C τ≤ ≤

. ( ) =1C τ  if  f(t) and g(t’) is totally correlated. By using the 

exhausting search method to find out the maximum of ( )τC , 
the speckle displacement can be calculated according to the 
value ofτ  

 

III. EXPERIMENT 

A. Experimental Arrangement 
The measurement system is shown in Fig.2. A cantilever 

beam, the surface of which was coated with fine aluminium 
powder, was immersed in water and stimulated by a vibration 
generator (HEV-02). Focus probe R（φ20mm, f = 5MHz, F = 

40mm）was perpendicularly placed and focused on a measuring 
point on the surface of vibrating cantilever 

 
Fig. 2 Experimental setup of frequency and amplitude measurement 

using ultrasonic speckle technique 
 

beam. R was generated by an arbitrary function generator 
(Agilent 33250A) via a power amplifier. The sweeping 
frequency and triggering time delay of the ultrasound 
transmitted by probe R were adjusted by the arbitrary function 
generator. The speckle signal was received by probe R too 
when it worked in a self transmitting receiving mode. 
Afterwards, the signal was amplified by the pre-amplifier and 
then was sent to a digital oscilloscope (Tektronix TDS 2014). 
After the signal was digitized and displayed, it was sent to a 
PC. In this case, according to Eq.12 the dynamic displacement 
of the speckle located on point O due to vibration was equal to 
the dynamic displacement of measuring point O on the 
cantilever beam surface.                  

B. Experiment and Results 
The arbitrary function generator was adjusted to change the 

sweeping frequency fs of the transmitting ultrasound until the 
displayed speckle signal had been standing on the oscilloscope 
screen. In this case we had fs= f / n (n=1,2,3…), where f was the 
vibrating frequency of the cantilever beam, otherwise the signal 
displayed would keep moving on the oscilloscope scope. This 
situation was judged by using a MATLAB program. After that, 
the sweeping frequency was lowered to the lowest fs

min , with 
which the speckle signal was still kept standing on the 
oscilloscope screen. Thus, fs

min was equal to the vibrating 
frequency f of the beam. The comparison of the frequency f 
measured by using ultrasonic speckle technique with the 
frequency indicated on the vibration generator is shown on 
Table I. Next, the triggering time delay of the arbitrary function 
generator was adjusted to make the displayed speckle signal 
being located on the maximum time position and the minimum 
time position on the oscilloscope screen respectively. It meant 
that following the beam vibration the speckle arrived at the 
positive maximum position and the negative maximum position 
respectively, which was also judged by a MATLAB program. 
Based on these two triggering time data, the vibration 
amplitude of the speckle could be calculated with digital 
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correlation operation. According to Eq. 6 the vibration 
amplitude of the speckle was equal to that of the cantilever 
beam. The comparison of the vibration amplitude measured by 
using ultrasonic speckle technique with that measured by eddy 
current sensor is shown in Table II. 
 

TABLE I 
COMPARISON OF THE MEASURED FREQUENCY WITH 

 THE VIBRATION GENERATOR FREQUENCY 
NUMBER GENERATOR  

FREQUENCY [HZ] 
   MEASURED 

 FREQUENCY [HZ] 

1 20.00 20.05±0.01 
2 22.50 22.48±0.01 
3 25.00 24.97±0.01 
4 27.50 27.64±0.01 
5 30.00 30.05±0.01 
6 32.50 32.52±0.01 

 
TABLE II  

COMPARISON OF THE VIBRATING AMPLITUDE MEASURED BY ULTRASONIC 
 SPECKLE TECHNIQUE AND EDDY CURRENT SENSOR 

TESTIN
G POINT 

EDDY CURRENT 
SENSOR  

MEASUREMENTS [MM] 

ULTRASONIC SPECKLE           ERROR 
 MEASUREMENTS [MM]         [%] 

P1 0.3795 0.3655±0.0123              3.69 
P2 0.3887 0.4042±0.0155              3.99 
P3 0.6033 0.6300±0.0181              4.43 
P4 0.7357 0.7097±0.0204              3.53 
P5 1.0606 1.0389±0.0239              2.05 
P6 1.1587 1.1556±0.0263              0.27 

 

IV. CONCLUSION 
The relationship between the motion of an object surface and 

the motion of the speckles back-scattered from the object 
surface was deduced based on the Kirchhoff diffraction theory 
and the correlation principles of random signals. Based on this 
relationship, the movement of an object in water can be figured 
out according to the dynamic displacement of the ultrasonic 
speckles on the object surface. To perform the vibrating 
frequency and amplitude measurement using ultrasonic speckle 
technique, a special experimental arrangement was set up. In 
the experiment, frequency is measured by adjusting the 
function generator to have to the same frequency with the 
vibration frequency of the cantilever beam, which is indicated 
by the standing still speckle signal on the oscilloscope screen. 
The amplitude is measured by the correlation calculations using 
speckle signals from the highest position and the lowest 
position of the testing point. The measured results were 
compared with the frequency shown on vibration generator and 
the amplitude detected by eddy current sensor. Good agreement 
was obtained. 
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