
The vibration velocity of the mortar surface is 
excited by irradiation with the high-intensity 
acoustic wave is measured in a non-contact way by 
the LDV. In addition, the LDV can move accurately 
by a three-axis precision stage. Each measurement is 
made 1 s after movement is complete, whereupon the 
vibration information of the measurement point is 
acquired with the rising of an oscillator-applied 
voltage signal as a trigger. Furthermore, the 
fundamental frequency and each harmonic 
component are extracted using a bandpass filter 
(center frequency: ±1 kHz), and imaging is 
performed from the distribution of instantaneous 
vibration velocity of each frequency component. 

The sample used in the experiment is mortar 
of dimensions 220 × 150 × 50 mm. In addition, its 
sample was heated in an electric furnace until the 
surface temperature reaches 900 °C. 
 
4. Result and Discussion 

In the experiment, the measurement area 
(100 mm × 30 mm) is around the center of the 
sample surface and is measured in 1-mm intervals. 
In addition, the sound source is driven at 20 cycles 
and an applied voltage of 10 V, and the waveform is 
acquired over a measurement time of 1 ms. As an 
example, Fig. 2 shows the state of the surface wave 
propagation (second harmonic: 80 kHz) in the 
measurement area at a certain time. The results are 
extracted waveform with 2D FFT and are normalized 
by the measured maximum value of vibration 
velocity during the measurement time. 

Comparing before and after fire damage, the 
intervals between the acoustic sound waves length in 
the surface of the burnt sample are clearly shorter, 
which expects that the propagation speed is 
decreased. Here, we calculate the propagation speed 
of the surface acoustic waves based on the 
vibration’s velocity distribution along the dotted line 
(y = 15 mm) in Fig.2. Fig.3 shows the extraction 
results of the vibration’s velocity distribution. From 
this figure, the propagation speed is calculated by 
averaging the distance between some amplitude 
peaks of the surface acoustic waves. The calculated 
results are given in Table I. The propagation speed 
of the surface acoustic waves is decreased by 
approximately 500 m/s, which is sufficient to be able 
to detect the influence of the fire damage. From the 
above results, we confirm that mortar has fire 
damage can be diagnosed by measuring the 
difference in propagation speed of surface acoustic 
waves that is caused by heating to high temperatures. 
 
5. Conclusion 

We attempted to measure in a non-contact way 
a change in the propagation speed of acoustic waves 
in the surface of mortar that was exposed to high 
temperatures. As a result, we showed that mortar has 

fire damage can be diagnosed by measuring the 
difference in propagation speed of surface acoustic 
waves that is caused by heating to high temperatures. 
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   (b) Fire damage 

Fig.2 Distribution of vibration velocity by 
instantaneous value 

 
(b) Fire damage 

Fig.3 Normalized vibration velocity by instantaneous 
value 

 
Table I Speed of surface wave 

Non-fire damage (m/s) 2111.2

Fire damage (m/s) 1603.7  
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1. Introduction 

Indoor positioning is one of the essential tech-
niques for new location service such as indoor navi-
gation and evacuation guide system. Existing meth-
ods such as ultrasound methods are suitable for 
small-scale area localization [1-5]. However, the 
methods have several problems. The one is that clock 
synchronization becomes complicated between 
transmitter and receiver. Another one is that ultra-
sound attenuates rapidly in the air as frequency in-
creases. Hence, the number of ultrasound sensors in-
creases as positioning area increases. Therefore, it is 
difficult to use existing methods directly for large-
scale area localization. 

On the other hand, the authors have proposed 
an acoustical positioning using transponder-based 
method and audible sounds [6]. An overview of the 
proposed method is shown in Fig. 1. The method re-
quires no clock synchronization between the termi-
nal and each transponder. In addition, audible sound 
can cover wide area compared with ultrasound. 
However, in reflection environments, such as actual 
indoor environment, the positioning accuracy may 
be deteriorated due to interference among direct and 
reflected signals. The purpose of this study is to per-
form large-scale area positioning by investigating the 
effect of reflection environment on positioning accu-
racy. 
 
2. Principles of Acoustical Positioning Using 
Transponders Without Clock Synchronization 
2.1 System Overview 

The overview of proposed method is shown in 
Fig. 1 [6]. Multiple transponders are set on a ceiling 
or walls. A terminal is located at arbitrary position. 
The proposed method measures each round trip time 
of flight (TOF) between the terminal and each tran-
sponder. An example of processing chart is shown in 
Fig. 2. First, the terminal transmits a request signal 
modulated by maximum length sequence (M-se-
quence #0) at tTi (i = 1, 2, 3). Second, multiple tran-
sponders record the request signal and detect the re-
quest signal by using cross-correlation function be-
tween the request signal and received one. After 

 
 

Fig. 1  Overview of indoor positioning. 

 
Fig. 4  Overview of experiment environment, 

(a): Ranging experiment and 
 (b): Positioning experiment. 

 
Fig. 2  An example of processing chart. 

  
 

Fig. 3  An example of cross-correlation function, 
(a): example of location and 

(b): cross-correlation function. 
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constant waiting time w, each transponder transmits 
a response signal modulated by M-sequence #i. Fi-
nally, the terminal receives the response signal at tRi. 
By calculating the cross-correlation function be-
tween the received response signal and transmitted 
one, the terminal yields round-trip time of TOF of ti. 

2
wttt ii TR

i
−−

= . (1) 

Distances between the terminal and each transponder 
ri are expressed as follows,  

The value of c is speed of sound. The terminal calcu-
lates its own position by using trilateration method 
such as Newton-Raphson method. 
 
2.2 Effect of reflection environment 

In actual indoor environment, positioning ac-
curacy may be deteriorated due to interference 
among direct and reflected signals [Fig. 3(a)]. Fig-
ure 3(b) shows an example of cross-correlation 
function between the request signal and received one 
obtained in a gymnasium. As shown in this figure, 
there are multiple peaks, however the first peak (cor-
responds to direct TOF) is smaller than other peaks. 
Hence, the proposed method should not measure the 
maximal peak, but the first peak in reflection envi-
ronment. In following experiments, we implemented 
above peak detection technique. 
 
3. Experiment 

Ranging and positioning experiments were 
carried out in a gymnasium of 25 m (W) × 15 m (D) 
× 10 m (H) shown in Fig. 4. Ranging and positioning 
experiment set up are shown in Figs. 4(a) and 4(b). 
Loud-speakers (P650-K, Foster), omni-directional 
microphones (c6797, DB Products), A-D/D-A con-
verters (USB-6221, USB-6259, National Instru-
ments) and personal computers were used as termi-
nal and each transponder. Calculating transmitted 
signal and processing of received signal were per-
formed on a measurement software (LabVIEW, Na-
tional Instruments). The carrier frequency of the re-
quest and response signal was 5 kHz (bandwidth ±5 
kHz). The sampling frequency of A-D/D-A convert-
ers were 50 kHz. By using above parameters, rang-
ing and positioning were performed by changing the 
position of the terminal. In each position, the posi-
tioning was performed for 10 times. 

Figures 5(a) and 5(b) show the error of 
measurement distance obtained from TOF measure-
ment by max and first peak detection. As shown in 
these figures, mean error and standard deviation of 
measured distance calculated using first peak detec-
tion. First peak detection method achieved acoustical 
ranging with average measurement error of 0.011 
±0.004 m when the terminal is within 20 m from the 

transponder. These results suggest acoustical posi-
tioning validity in large-scale area. 

Figure 6 shows an experiment result of posi-
tioning that indicates a relationship between actual 
and estimated terminal position. That result shows 
parts of positioning accuracies are insufficient. How-
ever, most cases achieve within 0.15 m positioning. 
Hence, the proposed acoustical positioning method 
can achieve large-scale area positioning with enough 
accuracy, if the devices can measure direct TOF cor-
rectly. It is considered that positioning errors caused 
by effects of reflection. In the actual indoor position-
ing, positioning accuracy depends on terminal posi-
tion.  

4. Conclusion 
In this paper, actual indoor environment posi-

tioning were performed. It was found that first peak 
detection is more effective than max peak detection 
of TOF in the reflection environment. First peak de-
tection method achieved 0.011 ±0.004 m when the 
terminal is within 20 m from the transponder. The 
positioning results suggested validity of acoustical 
positioning.  
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Fig. 5  Ranging result, 

 (a): maximal peak detection and 
 (b): first peak detection. 

 
 

Fig. 6  Positioning result by using first peak detection 
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