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ABSTRACT To remove ringing and increase vertical resolution of GRP data, signature deconvolution was applied
. to GPR data obtained using a 100 MHz antenna in the Soyang Lake. The signature was extracted
through stacking reflection signals from the lake bottom. Results of this deterministic deconvolution
was compared with those from the conventional Wienner method. Due to increased vertical resolution,
both deconvolution methods are able to resolve three or more layers in an apparent single layer on
the input data. However, identification of reflection boundaries from ringing is not easy due to poor
definition in the output data of the Wienner filter. On the contrary, the signature deconvolution greatly
enhances both vertical resolution and definition of reflection boundaries, showing detailed internal
stratigraphic features of the three sedimentary layers. Since extraction of signature at various depths
is possible, this deconvolution method can be appled effectively to unstationary GPR data.

Key words GPR, vertical resolution, signature, deconvolution, Wienner, definition

1.NE 14 AP otk GPR AF=+= 412.9] &% (ringing)d
Aol 5 Agk o] glew, ﬂﬁﬂ% S

A Z-H o] tHGround Penetration RADAR, -2 GPR) A7} ASA A 71T FA ) 7Hashe EAJo] )
AL 10 MHz WA 4 GHz Thede] Aslop 828 o s} de] 49, 59 SUBNE AASL 24
FE AR AR R IR ss ol i w2 A =E Hals= £017] Helire geiei(deconvolution)o| gt =}

Corresponding Author : 7 7] % (kykim@kangwon.ac.kr)
AT A4 20064 19 6¥  AASAL : 20064 2¢¥ 3¢



227 ¥Rjo] &38| AMG-HT: 224 GPR A& F4
A (minimum phase)o] ofUEZ2 7P RH A 02 A}
L5 Wienner #4X%5dE(Yilmaz, 1987)5 Z-&
sto] 2 ATE 97] o] Hh. Wiener TH Qo= o=
Q=¥ (prediction error filter)o:= A|HAl(time vary-
ing)©| 73t A= o] & 7HA Q1 ZH(Kalman)Z | Burg
e S wo] Aok vl gy, Aol
RS A B RS ATE B 74 ohs
thJurkevics and Wiggins, 1983).

TR GPR 422 eAtigeht o2 717
HEo] AtE et A7 Sl B8, FAA
ol 7123 ZE = o S(anticipation)d 29| F2
“d(causal) F-23} 7] ¢}(memory)/d22 H|-FAA F
Hog LAY oFH(two-sided)o]ojoF 3T Robinson
and Treitel, 1980). Porsani and Ursin(1996)= 214
(causal) T8 @ 4AE 4% H(minimum delay)d} Zoj
A ¥ (maximum delay) A0 2 H3||stal, §204 AL
I HRR1AY AR IS t(convolution) 3t HE
Utk A AL PHoRE 7|53 A 5ug S o
f3lo] AlFuty Sog(signature deconvolution)2 -
3171 % sR=t|(Ziolkowski, 1991), A5 7} A|7ko] we}
W] Yh=th= 713 Stoll AAISHA HE = A= Ae
7h Aztel whet 5 A3] Meh= GPR A7 9] 7o 2
Z2HE 7|87 olH K Xia et al., 2001). 2 o547
Aol ZAT AT utg Ao R o] 2757 = sl
L(Loewenthal and Jakubowicz, 1983), <=0} o2}
7HEET 3 7158oF St AldRA R o g
Z8HA Fskal Qs Aol

GPR A159] A Hl55 =0]7] 93 A9 g
SR, o] =RoNe 2agTolA 853 GPR AEA
o] FY3t HkAPHA HEALE FojrutE S5k
Aoz Azudge 7hds] FE5ta A3uty A
3H(signature deconvolution)Z Z-&A17] A5 71&2]
Wienner  E|HIH 1} v @ 5te] A7l%ict

2. Ng 945 W B/NE

APAEE BAE QAT A%E AF FLE
38°00 ' 8.5 ” ~38°00 ' 20.5 ", E7 128°06 25.6 "
~128°06 " 23.0 7)ol A 2006 1Qo|| 24T E 712
2= % 375 mY 42 o} 100 MHz ¢H| U2 g5

aHIthFig. 1). o] A EAAE 1973W A9 AMZ A
-0

4d T2 AFAGeR, FH 72 AE

2001), 4= AR di= A EFHEZ 29 Yk

A8 71540 29 RAMACAL AIE22 05 s
HASR AT WYL, & - A7) HH0] 0.5 m
2 345 0] 9l 100 MHz R g QFEUR 52415131
o, MEZFul4= oF 900 MHzZ 500 ns Zo|eHE-S 16
H E (bit) A2 7]E81) Fig 25 E410 BEAZR
AR A 72F HoETh 50 ns 0] WY 27| AR o= ¥
7] o2 Agd Axviel d2te Aol o7t &t
7} 2 o] M3t u] meko & 7|2 o] glom, HhAHAl
T 715AIR 0] F7FRel whet ol | R|7E Al Eof oF
A= S Bk Feoll A & Flojrhut &= 0.033
m/nsE 7P SR ALRRE HupA o] vlFshs =221
2 o]5x4(Programmed Gain Control, PGC)& &85}
UthFig. 2b). o] 524 Foll= AlZte] whet AZo] of
2F dgste] o] 3 5H Hgd B

3 MT Y FE

5ol AAE GPR EF|o]A T A=y S(t)7F
HEARAI RO dighel 2dl= Are o Qi

(1) = S(t)* R(¢)

o714 Alsatd S(t)o] AsIT 7HAEHE, FolR
gk GRP Ego] T(1)9] T ¥sh= A& 54t
HEAHAISE R(1) 9] AIZHA] Wsto] it FRE EFetal
Aok, whEkA] 5= QAR S]] Rl HEAR BAH
E9 o7t For M -, FolX WA A9
olg] Elo|AES HolH BhAA|IG=2] 422w W3t
o] Fgo] Zra=E o] Yl Az of 7l ZIct. o] F
A e ez 3 A5y S(H)E ©]-835to] GRP E
glo|A T()E Agshd Als a3l $iado] Tgel 7
o= =T} = WhAle TS S 4= Y

A@&A BEAZ =7 1233~13799 Ato]2] 147
7| EFo]A Aol FEE HAIFH 80 ns Bk TAH
SIS AIFEREE AAsig) o] wiamE Hds)
T 5HEFE T, 4.8 ns Zo|THE(40 HZ)S A Sut
3

O g5kl F o HEE H5te] A5 2520 0=



A SrEie St AEoIt A=Ol AEHE By

Survey b
site

Fig. 1 Location map of the study area. The test GPR data were recorded on the NNW part of the 375 m profile on the frozen
Soyang Lake.

SSE Trace Number NNW SSE Trace Number NNW
1000 1100 1200 1300 1200

b b b b 0

0

100 100

= ¥ o

w w

g g

o 200 o 200

8 g

= B
300 300
400 400

(a) (b)

Fig. 2 The test GPR sections recorded with a 100-MHz antenna: (a) before and (b) after application of a programmed-gain control
to compensate the geometrical spreading effect.
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Fig. 3 Signatures (a) extracted from reflection signals and (b) recorded in the air using the same 100 MHz antenna. The width
of dominant frequency in the middle figure of (b) is wider than that of (a). Both phase spectra indicate the signatures are of mixed

phase.
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Fig. 4 Deconvolved output sections using (a) the Wienner filter and (b) the signature deconvolution. Both deconvolution methods
increased vertical resolution so that an apparent single layer in Figure 2 is resolved into three (A, B, and C) or more sedimentary
layers. Definition of boundary is greatly enhanced in (b) compared with the output from the Wienner filter in (a). For display
purposes, an automatic gain control with a 30 ns length was applied. The radar data in the box are enlarged in Figure 5.

SoE Trace Number NNW o Trace Number NNW

1080 1100 1120 1140 1080 1100 1120 1140
80 80

_ =
120 ' 120

140 140

Time (ns)
Time (ns)

160 . ’ : 160
180 . - y ' 180

200 ' - 200

(a) (b)

Fig. 5 Enlarged sections of the deconvolved output. The signature deconvolution greatly enhanced both vertical resolution and
definition so that detailed stratigraphic features inside each sedimentary unit can be interpreted. For display purposes, an automatic
gain control with a 30 ns length was applied.
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Fig. 6 Amplitude spectra of (a) the input data, and the outputs of (b) the Wienner deconvolution and (c) the signature deconvolution.
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