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Shallow Underground Exploration by Correlation Analyses of Chirped Supersonic Wave

Katsumi Hirata* and Takayuki Shimizu**

In this paper, we propose a simple method to estimate positions of buried objects under the ground

(remains, water pipes, and so on) without digging up. The method is based on comrelation analyses between

radiated chirped supersonic wave and reflected one. The principle and possibility to apply the proposed

method to underground exploration are shown with experimental results.
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Fig.1 An example of chirped signal, where f=35[Hz],
Af=50[Hz], and T=1[sec].
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Fig.2 An example of cross-correlation between a chirped
signal and delayed one in absolute value, where
fo=350[Hz], Af=500[Hz], and T=1[sec]
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Fig.3 The arrangement of a radiator T, detectors Ry, R,,
and an object.
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Table 1 Experimental conditions,

OBJECT PORTABLE GAS CYLINDER 500] ; ;
DEPTHA 02,0408 ]ﬂ [ m HWH
- {0}
RADIATED SIGNAL  CHIRPED SUPERSONIC WAVE L ‘ W‘HN\ i“ .|
BANDWIDTH Af 200, 500, 900 Hz ~sonl ‘ . | _ |
DURATION PER A CYCLE 0.5 sec 0 0.1 02 03 0.4 93,
LOWER FREQUENCY 100 Hz soaF ' -
DETECTOR OYO GEOSPACE GS-20DH . lm
DISTANCE FROM RADIATOR 0.15and 0.3 m ® 9 1“”
=5
1
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REBOBEZEEL, k1, TR/ A XRLTOMD m““
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SEEEIZ F L F 0.15m, 0.3m & L7-. Fig.4 Radiated chirped signals, where bandwidths Af
are (a)200Hz, (b)500Hz, and (c)300Hz, respect-
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Fig.7 Estimated cross-correlation function between

detected signal and radiated one, where the solid
line is for the detected signal by R, and the broken
line is for by R,.
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Table 2 Arrival time of direct/reflected wave at Ry and R,.
They were estimated from peak-time of
cross-correlation.

[msec]

-[ R, R,

I direct reflected | direct reﬂect;
no object 4.48 = 5.59 ==
@=2.0[m] 4.58 7.85 10.68 28.90
d=0.4[m] 4.03 16.74 7.12 12.10
d=0.8[m] 10.45 18.46 7.75 13.57
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