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Abstract

In this paper, the UWB(Ultra-Wide Band) modules such as a pulse generator and the LNA(Low-Noise Amplifier)
with AGC(Auto Gain Control) are designed to construct a cross-borehole pulse radar system, of which performance
is compared with the existing system. The budget and specification of the radar system are determined by calculating
the total path loss of the underground medium including an empty cavity. The pulse generator is fabricated to have
the repeatation frequency 40 kHz, the pulse width lower than 5 ns and the peak signal level +73 dBm. The UWB
LNA is designed to have the noise figure 3.77 dB, the variable gain range 100 dB and the frequency range of 20
MHz to 200 MHz. Compared with the existing system in an actual test site, the implemented system renders it possible
to detect the blind area due to the UWB LNA with low noise figure.
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Fig. 1. Block diagram of the transmission mode bore-
hole radar system.

. BHR A|AH]
21 M

BHR AI2HY] A& A" 2= 2l
5 98 714 21ES 2efsiA 24 E ok BHR A
29 g ZHe R $4387] el Foil F N
ol NEF Ately A AN FES T
A-dE Asd FHE AL SEHojoF gtk
% 2914 BHR Al2"E AMSIA A8k 42 2
o AXF TES BArste FHL HaFgll
3% 394 I8 29 #FE AAAM At B m
o FEFo] EAlste XM FA Y FF
ZA3A B 140 me] A & v w G 1Y)
th IA 7t2EE g ATE vEE A
Z AMgelr, AEFE 4 4718 vehlE ADC
(Analog to Digital Convertor) Zto]th. A3}359] &
A GFE JLNMAYE A5 B3 A7} A7),
A5 B 5 RHOT B #9E &
[o]

Atk FFol 3712 A A4, TEAM A



N%Z ol Axdol AH$SE UWB B89 47 2 4% 24

Borehole Radar

Tneident
Wave

A
" P T -
Transmitting E 1’-‘ . Receiving
HH40m  \ngeana v Antenna

PDepth .

T8 2. BHR A29E AR 2
Fig. 2. Detection of deeply located air cavity using BHR

& 39 FE BA

system.
Arrival time ]
[
B {1
] |
4—»5 Time difference between
4k - 1 182 peak signal
]
x|

ADC values

—— without cavity (140 m)
—O— with alr cavity (73 m)

] 100 200 300 400
Samples
A8 3 Ag FFol TAY Wt TAA #e
o 4 3 W
Fig. 3. Received waveforms for two cases: with air ca-
vity and without cavity.

e SE7 A uAe FHE W B
o] A5 B2 Aol T EANA QL
Much Mo E¢ FE Al 2o BE Fis:
Hee) 34 B 97 BROE 5 Fo5 A
w9 749 24, 2193 0 F27 244 A
A A58 277k 53 A WA A2 259 5

WAl 5|3 A58 2F0] WAtk woke) FEo

22 492 A%olE A58 £ AL JyHe
2 mEAL BAE O A5l B4 Ao,

kv R
Underground medium (rock)
2. tmd o
water 7 [
Lo e
L T\ 140
ok lzmxzml i[
J8 4. U A2 &4 F437) 94 A 43
2d3
Fig. 4. Underground modeling for maximum path loss
estimation,

20 50} B2 &M 27

AzR e MRS 7] AsiA A JEe 2d

F& 53 Ao A2 &4E FHskolof gt 4
218} A}at T Atol9] 7+4

S I 49} Zo] T AF

0} 30 mo] Y F7oll 712 AYZ 2 mx2 m FEO]
233 73T A A2 £48 Fadch
oIV S T3 Ase) &AL A ()F 7o

L total = L e+

d71M g9 L & gEHY 89 o3 48 Y
Ehdich BHR Al2E 9 FoiY 548 TEA917
AAME A Soto] H 45Y tholE <tEu)
Agtslty. G7|Me 47 QU Zg g
<2 dBE 7HY3A F A Y ey T &9
&£4LE 4 dBolt). L, et & 524l Al
3 Gehg & Aol H J=UE L}EM{%
B o3 &Hoj), gtelvte] A
AN&dd & Zjte] HEE A7) UH%
of gJajA BAsE E4L ol F FHrh o7
7te] <relvtoll A A 0.5 dBS] FA éOl %lu}
I MM &1 dBY FAY £4% 7HYsath
TO2 L, AFF Wl AstFrt AH9A
A7 wEeo $4 U 9 AEFREEH A
WAZ Az st £348 o £ oede] JuHs
Ao 2 B s EMolth EE L = W E A
3t MAZRE F4 FdEY Fo A2 T3
g o A} o] &AL A3 A As)H B
A& 43 glo™ 4 ()8 AMEA AT F 3
N

L m+L t1+L s+L sc+L mat+L 12(1)

—

S}l

r“r‘

ol {r L [ 1o P

-t

omeh > ook

_4__,ol_>,

rir

1323



EEBHRBERNEE 205 F15% 2009F 115

47 47
12t 7 2

L 11,2:20 IOg 10( ) dB

@
A7 5,9 g .= A2 Askest Ae WA &
QYo B4 dudaE 4 (328 Fo
At

| — 0,
7 e—j_g)‘ [7le o
o714
I7/I=\/Ie*_]—2—1?
[1+(e) ]
& 1

NS

° [1+(tan?0,)?] @

a9 Ast 2 713 54U RAEH

SAGAE e AA AFTE o HHE core rock
AES NUDHT E2H TZEWS AFRE 37
o g At Adstgd” RS T8 core
o A% HFAE A5RI A 65, £ BAE
LAY 012 SHHYL, o] A2 AL £
£4S AN 376 dB7F AN

Ol U ~Z ] Y(spreading) &4 L = obd 24

0= 78 F Urh
GA o

L ,=10log 4 (4R ?) 2 ()
A7 G, AU o5, A, tEY AT
W, R ¥3 A, 182 4= RCS(Radar Cross-
Section)= WERATE &714E A9 A7 3 m
o|F, MTFHL 0.09 ;2 223 QL 015 159),
2m AFE 2 FFIRCSE 3145 A A
Abstd QE|v 2z Y &4L2 6027 dB7F W2 th
TEol Yol AAL YA FriE £41 e}
FA AHUZFHY FFY AR Aol H,
At A Tl A5 A AL W7t A
Ao} A gih
EAS HANTIE 847 7HE & FEE A

£ As el 98 &4 4 oz Ava

e

L,,,a,=8.686><R><w\/ (4= (/1+tan” —1)) 6)

1124

VAR 7| ME A Fg As) A
EALS ARLEA 100 MHzOAM & - $417] Apol9)
A2l 30 mE s A &S AL
69.53 dB7} W2t}

T FEol ofg g &4 L = RCSE A
AbEle] 994 dBE AlAME 4 9dTh

oj¢ Zro] F3Z FES A (1)l YA 3
U &4e P Lo,.,=15226 ap7t YA
#r,

23 % - 447 77 2%

;5}
o A7) NAHA 2Tk Ballsd] s 4
(N3 7o) AR AT,

resolution = m ™

o]ZA AAH 294 molAM 029 me Fdss 3
= 20 MHzo Al 200 MHz7FA 9] t 9S8 71A 2 4
@)l &S Ade 7Fad o3 2ok

[ NoiseLevell = [ kTB  y,1+ 10 log (BW,)

—91.28 dBm (3)

i
o A S48 gl AAEEA she $41719

2 5] Aol ofa)

Y

[o
oy
Sy
il
)
ﬁo{_l’
rg
1<)
ko
ok
oy

P > NoiseLevell + NF ,+ L 10
=+65.98 dBm &)

4714 FA1Y FE AFE 5 dB oMME At
foh 2F $A/1E Fis WAS B2 9
B4 5 s o B2ES AL, IS T
A +68 dBm ol HAE P AT}
gk



AFg doltl Alxdel AHEEE UWB 289 A 3 4% ¥4

18 5 Y 7hd o5 ARE $E719 £S5 ¢
ojo] 18
Fig. 5. Block diagram of the UWB LNA with AGC.
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Fig. 10. Test result of implemented transmitter.
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Table 1. Temperature operation test result of implemented transmitter.

Date 2008-08-25
Time 10:48 | 11:29 | 12:01 | 12:30 | 12:57 | 13:54 | 14:32 | 15:13 | 15:33 | 16:07 | 16:29 | 16:58 | 17:28 | 17:42
Temperature 25 43 60 60 60 25 0 =10 =25 | =25 | -25| O 25 25
Vpp(V) 943 | 904 | 893 | 883 | 882 | 899 | 943 | 954 | 961 | 962 | 972 | 950 [ 929 | 917
Rise time(ns) 167 | 169 | 1.82 | 1.86 | 1.88 | L7 | 1.67 | 1.54 | 1.52 | 149 | 1.53 | L57 | 1.65 | 168
Pulse width(ns) 335 | 349 | 349 | 36 | 353 | 347 | 338 | 335|333 | 336 | 331 | 336 | 344 | 343
PRF(kHz} 40 40 40 40 40 40 40 40 40 40 40 40 40 40
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