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1. Introduction 

Acoustic sensing in air has the potential to obtain 
various information about a surrounding object 
such as its position, shape, material and movement. 
Therefore, the advance of acoustic measurement 
techniques is required. We have examined the 
reflection characteristic of human body, and showed 
that breath in the standing position and heart beat in 
the supine position can be measured 1).  

To measure human breath and heart beat stably, it 
is important to evaluate measurement error 
distribution of small movement using acoustic 
signal. In this paper, we estimate the error of human 
surface movement quantitatively for the 
measurement using M-sequence signals, MTI filter, 
and phase tracking. Phase tracking after MTI filter 
causes offset error in the measurement of small 
movement on the body surface like the heart beat2). 
We also present error reduction technique to realize 
high accuracy measurement of small movement like 
the heart beat. 
 
2. Distribution of the measurement error 
2. 1 Theoretical analysis 

The theoretical distribution of measurement error 
was estimated when using MTI filter and phase 
difference. The k-th received signal that measured 
successively is defined as  

,  
where  is the reflected signal from the target, 

 is reverberation signal, and  is ambient 
noise.  Processed results by MTI filter,  is 
given by  

  
Then  is converted to  that is the complex 
notation by quadrature demodulation. Next, the 
result of phase tracking that is calculated by 

 is shown as  
  

  

.  (1) 
 

 is the phase difference of reflected signals at 
times of successive measurements.  is the 

amplitude of ,  is the standard deviation of 
, therefore  is the SN ratio of . N 

and N  are 2-D Gaussian noise distribution on 
complex plane that standard deviation is 1. Figure 
1 is the schematic diagram of  that plots on 
complex plane. (a), (b), (c) and (d) in Fig. 1 
correspond to 1st, 2nd, 3rd and 4th terms in Eq. (1). 
Summation of (a)-(d) become elliptical distribution 
as shown in Fig. 1. 
 

 
2. 2 Measurement error 

We simulated about tracking the target based on 
Eq. (1). Figure 2 shows the complex plot of Eq. (1) 
and probability density distribution of phase in case 

 is 8 dB and  is . This figure also 
shows estimated value and true value. There is an 
offset error between estimated value and true value. 
Figure 4 (a) shows the 2-D plot of error between 
estimated value and true value with changing 

 and . Error becomes larger in case of 
lower SN ratio or smaller . 
 
3. Method of error reduction 
 We examined the method of error reduction. 

Phase difference was calculated as . 
From this calculation, offset error in estimated 
movement occurs. If we can estimate the standard 
deviation of ambient noise, we can cancel the offset 
error in phase difference using the calculation of  

Fig. 1  Schematic diagram of the processing in 
the complex plane 
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. This process is indicated as a 
modified vector, (b) in Fig. 1 (b). Using this simple 
processing, we can improve the target movement 
estimation. Figure 3 shows the complex plot and 
provability density distribution of phase after the 
improvement, in case  is 8 dB and  is 

, and also shows estimated value and true 
value. Figure 4 (b) shows the 2-D plot of error 
between estimated value and true value after the 
improvement with changing  and . Error 
was reduced in case SN ratio is low and  is 
small. Figure 5 shows the enlarged view of Fig. 4 
and the phase difference in case of breath and heart 
beat with measurement interval 200 ms. Ultrasound 
frequency is 25kHz. From Fig. 5(a) and (b), error is 
reduced and it is possible to measure the heart beat 
amplitude clearly.  
 

 
4. Conclusion 
  We presented theoretical error analysis for high 
accuracy measurement of small movement using 
MTI filter and phase tracking. We also presented 
error reduction technique to realize high accuracy 
measurement of small movement like the heart 
beat.  
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Fig. 2  Simulation data (SN ratio : 8 dB, )  
(a) Complex plot  (b) Probability density distribution 
of angle   
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Fig. 3  Simulation data after the process (SN ratio : 8 
dB, )  (a) Complex plot  (b) Probability 
density distribution of angle 
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Fig. 4  Error of estimated value 

Fig. 5  Error of estimated value and 
indication of breath and heart beat 
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