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Abstract Borehole radar is a radar used for underground resources and geological exploration purposes. It needs a
high-speed sampler to transmit electromagnetic waves with a pulse width of several ns and to receive reflected waves
of several tens to several hundreds of MHz reflected from the object to be surveyed. ETS (Equivalent-Time
Sampling), which can achieve sampling performance of several GHz with a sampling frequency of several tens of
MHz, is suitable for use as a sampler of a borehole radar receiver.

In this paper, we propose a method to control the sampling clock delay, which is the most important factor in ETS
sampler design, using four clocks with phase difference of 90° for one clock source.

The proposed method can reduce the time required to acquire the data within the set interval by 1/25 than the
conventional method using the delay generator. When the implemented sampler is applied to the receiver of existing
borehole radar, it is possible to accumulate 58 additional times due to the shortened sampling time.

In addition, by using one delay control logic compared with the conventional method using several sampling clock
delay control logic in order to satisfy the target sampling range, it is possible to omit the correction process which
was necessary in the past. As a result, the structure of the system can be simplified and a uniform sampler can be
realized.

Keywords : Borehole radar, Delay generator, ETS, Geological exploration, High resolution sampler

"Corresponding Author : Chaegon Oh(Korea Polytechnic Univ.)

Tel: +82-31-8040-0475 email: cgoh@kpu.ac.kr

Received December 14, 2017 Revised January 4, 2018
Accepted January 5, 2018 Published January 31, 2018

680



Aol g 479 - o] 8% AlFF Flolth #4718 ETS HEF 44
1. M2 2. B2
GPR(Ground Penetrating Radar) A]Z=§l 1 2}7] 5} 21 GPR A|AH| £AI7|2 & M=py
& AHgete] Agt i S B3 w A Ee whAL A 211 MEY sidx

o A9, 2 Fo A5 WEE BAORA A5
Azol thg AnE Qv AHEHL1-3] GPR
Azge 27 AR 8 TR dolrh Az

Wk A7 ke *l alom *l”ﬂ‘oi o}

|

2

ofl X

31014” ”EHZ*OE a4 %']Oﬂ
A sh=dl Omwol ko] AlFE

Ho1x
ofr
ol

Lo dr oo OB
htt

2

?i
ro
z
>~
>
)

o,

Exploration
Vehicle
= Air
Surface |
Borehole #1° Borehole #2-7 |  Underground:
(A)Receiver—a ansmitted .
| Reflected .(B)Transmitter
wav 4~ (P-Mode) -
(C) Transmitter ] 3
(R-Mode) —»

(Bi-static) Underground :
Anomal 3
Scanl v lScan 3

Fig. 1. Borehole radar for underground cavity detection
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Fig. 3. Electromagnetic wave transmission timing of
borehole radar
(1) Triggering clock (2) Tx pulse
(3) Rx signal (4) Sampling range

Table 1. Permittivity and electromagnetic wave propagation
speed according to materials

Meterial Permittivity Speed
(€,.) (m/sec)

Air 1 300
Dry sand 36 120~170
Wet clay 8~15 86~110

Soil 16 75

Limestone 7~9 100~113
Granite 5~8 106~120

Basalt 8 106

Sandstone 6 112
Concrete 6~30 55~112
Asphalt 3~5 134~173
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Table 2. Sampler design for target specifications
Item 'ljarget' Remark
specifications
Sampling range 500
Number of data 500 S/W specifications
Sampling resolution 1ns 1GHz
Number of data 32 times accumulated,
. 128
accumulation 4 buffers
Data bit L6bit 10bit ADC, 64 times
accumulated
Data IF RS-485 600m communication
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Table 3. Result of logic synthesis

Item Item used Usage
Flip-flops 1,906 26%
4-input LUTs 2,270 31%
RAMBI6s 8 50%
DCM 2 50%

Fig. 12. Implementation of 1-DCM sampler for
borehole radar
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