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SIMPLE TECHNIQUE FOR MODELLING
AND RECOMPRESSING SH TYPE CHANNEL WAVES

T. BODOKY*, E. CZILLER* A KORMENDI**

The increasing importance of in-seam seismic techniques used in coal mines necessitates a bet-
ter understanding of seismic channel waves. To achieve this goal different numerical modelling tech-
niques have been developed for studying the different types of these waves under arbitrary condi-

tions.
A simple numerical model of SH type channel waves is presented and utilized to derive a
recompressing filter to remove dispersion of the waves.

Simple model of SH type waves in a seismic wave guiding channel

When studying the propagation of SH type waves in a seam we can use a
similar scheme of the raypaths to that used by Burg et al. to explain seismic
repetitive patterns in shallow water (Fig. 1). We consider the wave propagation
in a seam having parallel plain boundaries and a thickness H. The distance
between the source and the receiver is x. For simplicity’s sake we assume sym-
metry in the model, i.e. both the source and the receiver are placed in the middle
of the seam and the distortional waves have the same velocity both in the upper-
and underlying layers. If this velocity is V2and that in the seam Vu then \2>V1t.

There are a great number of possible raypaths between the source and the
receiver because of the reflections on boundaries of the seam. Thus, at the
receiver, the wavelets, which have propagated along different raypaths and have
different arrival times, are subjected to interference and this interference is
recorded as a seamwave wavelet. In the formation of this interference, two fac-
tors play important roles:

a) a series of “geometrical delays” coming from the geometrical length of
raypaths,

b) phase shifts occurring at total reflections. The lengths of the raypaths and
the travel times belonging to them are given by the geometry of the model. If the
travel times are represented by t, then in the case of n reflections

Tn= 1|/(«5)2+x2 @)
\

The phase shifts are independent of frequency at the total reflection of SH
type waves and are given by the formula
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Fig. 1 A scheme of the raypaths and the “geometrical delays” in a wave guiding channel
1 abra. A geometriai késleltetések vazlata egy hullamvezet6ben
®ur. 1. Cxema reoMeTpuyecKnx 3afepXek B BOJIHOBOJE

where is the phase shift, 3 the angle made by the raypath with the boundary of
the seam, and g is the density.
If a raypath involves n total reflections then its total phase shift is

'I'n=n'J'(9n), (©)

where 3, comes also from the geometry of the model:
3, = arctan — . )]

Now, if we denote the source signal as S(t), the Fourier series of S(t) can be
written as
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A
s(t) = +1”cos (wkt+qk), ()

K

where the series Akis the amplitude spectrum and the series gk s the phase spec-
trum of S(t).

From the source signal the dispersed in-seam wavelet can be derived by
summing all source signals propagating along the possible raypaths and under-
going the attendant phase shifts. If the dispersed wavelet is denoted as W(t) then

W(D) = S(+2 X X Akcos [wk(t- t,)+opk+1A] ©)

The number of summands (m) can be determined from the critical angle. The
summation has to be continued to the last direction having a &smaller than the
critical angle, viz.

y
3m” -arccos Im+1
Y2

The model can be made better by weighting the summands proportionally
to their source angles and inversely proportionally to the length of their ray-
paths. So the last form of the model is

W(t)= £ — X Akc®s [vk(t- t,)+ qk+ d, @)
n=0 Tn K
where bnis given by the formulae
b0=1

bh=-"0On !l if MN=1212,.,m
Po

*
@n = arctan(—znil)—H )
2X

Formula (7) describes what we call the numerical model of the dispersed SH
type channel wave wavelet. In the following we try to decompose the interference
wavelet on the basis of this formula.

Simple recompression filter derived from the described model

The effect of the series of geometrical delays may be described as a convolu-
tion with a G(x) function, where G(x) takes the form
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G(x) = £ (8)

n=0 Tn

where ¢ denotes the Dirac function.

The G(x) function has a special feature: its autocorrelation function is char-
acterized by a sharp impulse-like main peak with comparatively very small side
lobes. This behaviour can be used to eliminate the effect of geometrical delays,
namely if W(t) is correlated by G(x) then the “short” autocorrelation function of
G(x) will step into the place of the “long” G(x) function in the original convolu-
tion. Thus the dispersed wavelet will be significantly shorter, it will be decom-
pressed.

In real practice however, the source-receiver (source image-receiver) dis-
tance, x, is not known therefore we have substituted the t variable for the fixed x
value using the x = tVt equation. Neglecting the coefficients of delta functions, in
this way the following filter operator is obtained:

o= £ ©

To see the effect of this filter a model using phase inversion instead of phase
shifts was computed and filtered.

Figure 2 shows the source signal, the dispersed wavelet and the filtered
result. As can be seen, the dispersed wavelet is not only recompressed by the filter
in an effective manner but also placed exactly where it could have been expected
if it had propagated as a regular S type bodywave.

The elimination of the phase shift of a single frequency can be done in a
similar way. The phase shifts have to be converted into time delays and these
have to be built into the filter operator.

U* =fn T*

where Tk is the period of the given fksingle frequency:

g(t, fk) = £ _a(Tn+urk. (io)
n=0

For accuracy, the measured trace must be reduced to its frequency com-
ponents and the filtering must be performed on each component with the appro-
priate operator. After filtering, the components have to be summed again.

The solution described above is correct, but it is by no means simple. For
this reason we decided to use the following approach:

the measured trace is filtered by several band-pass filters. The band-pass
filters are zero-phase filters possessing triangle-shaped transfer functions. The
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Fig. 2. A — source signal; B — dispersed wavelet; C — filtered wavelet
2. dbra. A — induléjel; B — diszperz csatornahullam; C — szdrt csatornahullam

dur. 2. A — VcxodHblit curHan; B — AucnepcHas KaHanbHas BofHa; C — OTuMAbTpoBaHHas
KaHanbHas BO/HA

lower and upper frequency limits of the transfer functions fall to the peak fre-
quency of the neighbouring ones (Fig. 3). The band-pass filtered versions are
correlated by the above described g(t, fK) operator, in which fkis the peak fre-
quency ofthe applied band-pass filter. After the correlation the different versions
are summed and the result can then be band-pass filtered again.

This simplified way means that the original task is solved exactly only at the
peak frequencies of the band-pass filters. All other frequency components of the
filtered trace are obtained as a sum from the two neighbouring filtered versions.
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AFTER ADDITION

Fig. 3. The scheme of the proposed filtering 3. abra. A javasolt sz(rési eljaras vazlata
A — block diagram; B — transfer functions A — blokkdiagram; B — atviteli fliggvények

dur. 3. Cxema npeanoXeHHoro crnoco6a hunbTpaumm A — Bnok-cxema; B — YacToTHble
XapaKTepuCTUKK

To illustrate the effectiveness of the procedure three dispersed wavelet
models and their filtered versions are shown. For the model computations the
source signals were different but the other parameters were the same: (x = 100 m,
H=25m, \t= 1,600 m/s, VIV2 = 0.5 and qJ g2 = 0.5).

In Fig. 4 the spectrum of the source signal expands from 100 to 400 Hz. The
dispersed wavelet model is significantly delayed compared with the expected
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arrival time of an S type bodywave propagating with velocity Vu but it is not
attenuated very much. For its filtering, five band-pass filters were used. As a
result of the applied procedure the main peak of the filtered wavelet indicates
precisely the arrival time belonging to Vu and the wavelet has become shorter. If
the processed wavelet is compared with the source signal it can be seen that the
former is no more than 50% longer than the latter.

Fig. 4 A — source signal and its spectrum; B — dispersed wavelet; C — filtered wavelet;
D — transfer functions of the used bandpass filters
4. dbra. A — az induldjel és spektruma; B — diszperz csatornahullam; C — sz(rt
csatornahullam; D — a hasznalt savsz(rék atviteli fliggvényei

our. 4. A - VicxofHblil curHan v ero cnekTp; B - AucnepcHas KaHanbHas BOJHA,;
C - OTunbTpoBaHHaA KaHanbHas BOMHaA; D - YacTOTHbIe XapakTepMCTUKN UCMONb30BaHHbIX MO-
NOCOBbIX (UNLTPOB
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Fig. 5. A — source signal and its spectrum; B — dispersed wavelet; C — filtered wavelet;
D — transfer functions of the used bandpass filters

5. dbra. A — az induldjel és spektruma; B — diszperz csatornahullam; C — szlrt
csatornahullam; D — a hasznalt savsz(rék atviteli fuggvényei

our. 5. A - VIcXofHbIn curHan v ero cnektp; B - [iucnepcHas KaHanbHas BOMHA,
C - OT(hmnbTpOBaHHAA KaHanbHas BofHa ; D - YacTOTHble XapaKTepuMCTUKN MCMOMb30BaHHbIX NO-
NOCOBbIX (UNLTPOB

In Fig. 5 the spectrum of the source signal expands from 150 to 600 Hz. The
dispersed wavelet model is definitely attenuated and high amplitudes appear at
its end. Four band-pass filters were used for filtering but their total width did not
cover the complete signal spectrum. The main peak of the filtered wavelet indi-
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cates again the precise expected arrival time of S bodywaves. The wavelet is
definitely recompressed in spite of the restricted bandwidth.

Figure 6 shows that the spectrum of the source signal expands from 250 to
1,000 Hz. In the first part of the dispersed wavelet model the high frequency sig-

Fig. 6. A — source signal and its spectrum; B — dispersed wavelet; C — filtered wavelet;
D — transfer functions of the used bandpass filters
6. dbra. A — az induldjel és spektruma; B — diszperz csatornahullam; C — sz(irt
csatornahullam; D — a hasznalt savsz(rdék atviteli fliggvényei
dur. 6. A - cxoaHbIA curHan 1 ero cnekTp; B — [ucnepcHas KaHanbHas BOHA;

C - OTMNLTPOBAHHAA KaHabHasA BOMHA; D - YacTOTHbIE XapaKTEPUCTMKN UCMOMb30BaHHbIX MO-
N0COBbIX (PUALTPOB
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nal has very high amplitudes whereas at the end of the wavelet the amplitudes
are weak. For the filtering, three band-pass filters were used with a total band-
width much narrower than that of the source signal. In spite of the narrow band-
pass the result is satisfactory: the filtered wavelet is not more than 60% longer
than the source signal.

Domain of validity

To check the validity of the above described numerical model its dispersion
curves were computed and compared with the theoretical curves.

Figure 7 shows three different sets of dispersion curves: the curves of the
model using calculated phase shifts (LA, IB), the curves of the model using phase
inversion instead of phase shifts (2), and the theoretical curves (3).

phase inversion instead of phase shifts; 3 — theoretical curves
7. abra. Diszperzios gorbék
IA, IB — a fazistolasokat figyelembe vevé modell diszperzios gorbéi; 2 — a fazistolas
helyett fazisforditasokat alkalmazé modell diszperzids gorbéi; 3 — elméleti diszperzids gorbék

dur. 7. AucnepcnoHHble KpuBble
IA, IB —mMogfenn ¢ y4eToM CMeLLeHWI Mo (hase; 2 — MoAenun, NpUMeHstoLLeli MHBepcuio thasbl
BMECTO CMeLLEeHUs Mo (hase ; 3 — TeopeTUUeCKne AUCNEPCUOHHbIE KPUBbIe
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Studying the curves it can be seen that the model using calculated phase
shifts produces two separated wavelets denoted by 1A and IB. Wavelet 1A is
similar to the vibration of a free plate, except for the low-frequency end of the
dispersion curve which is missing because the length of the wavelet is limited by
the critical angle. Wavelet IB is a low velocity wavelet almost without dispersion.
The average amplitude ratio of 1A to IB is 20-25 dB. The two separated wave-
lets can be seen well in Fig. 5 (where the amplitude of wavelet 1A is attenuated
because of the input spectrum), and in Fig. 6. In Fig. 4 none of the possible fre-
guency components of wavelet 1A is present therefore here only wavelet IB is to
be seen.

The model using phase inversion corresponds to the vibration of a plate
between two infinitely rigid half spaces except for the low frequency end of the
dispersion curve, which is also truncated by the limited wavelet length.

Now, to answer the question of validity, one may say that wavelet 1A of the
model using phase shifts gives an acceptable approximation of reality at frequen-
cies above the ratio

In this frequency range wavelet IB, which has nothing to do with reality, can be
treated as background noise because of its significantly smaller amplitudes.

The model using phase inversion provides a worse approximation of the
theoretical phase velocity curve, its group velocity curve fits better.

Conclusions can be drawn as follows:

— numerical models of seismic channel waves which are constructed on the
basis of geometrical optics have similar characteristics to those of vibrations in a
plate even if phase shifts are introduced into the model,

— similarity of the model to the vibrating plates introduces strong fre-
guency limitations if a recompressional filter is derived from it.
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BODOKY TAMAS, CZILLER ESZTER, KORMENDI ALPAR

EGYSZERU ELJARAS AZ SH TiPUSU
CSATORNAHULLAMOK MODELLEZESERE,
ILLETVE DISZPERZITASUK MEGSZUNTETESERE

Adolgozat a két végtelen féltér kozé agyazott rugalmas hullamvezet6ben Iétrejové SH tipusi
csatornahullamok geometriai optikai eszkdzokkel torténd modellezésével foglalkozik.

A bemutatott egyszer, sugarutakra épiil6 modellbél olyan sz(rési eljarast vezet le, amellyel a
diszperz SH tipusl csatornahullamok kozelitéen nem diszperz, impulzusszerd jellé alakithatok. Be-
fejez6 részében vizsgalja a modell diszperzids gorbéit, majd 6sszehasonlitva ezeket az elméleti gor-
békkel, meghatarozza a bemutatott modellezési és sziirési eljarasok érvényességi tartomanyat.

A targyalt témat a szénbanyakban végzett telephullam-szeizmika terjedése és feldolgozasi
problémai teszik id6szer(ivé.

T. BOAOKMW, 3. UNNNEP, A. KEPM3HAN

MPOCTOW CMOCOB ANA MOAENVMPOBAHWNA
KAHAJIbHbIX BOJIH TUMA SH U ONA YCTPAHEHUA X ONCMEPCUAU

B pa6oTe 06CyX/aloTCs BOMNPOCHI MOAENNPOBAHKS NPU MOMOLLM CPeACTB reoMeTpPUYEcKoii
ONTVKM KaHaNbHbIX BOJTH TMNa SH, BOHUKLLMX B YNPYroM BOMHOBO/AE, 3a/1t0YeHHOM MeXAy ABYMS
6eCKOHEYHbIMU MONMYNPOCTPaHCTBAMMU.

Mo U3N0XeHHOI NPOCTOi MOAieNu, MOCTPOEHHOM Ha TPAEKTOPUAX, BbIBOAMUTCS CNOCO6 (INb-
Tpawumn, npu NOMOLLM KOTOPOTO ANUCMEPCHbIE KaHabHble BOMHbLI TUMa SH npeo6pasytoTes B npu-
6NU3NTENBHO HeAMCTEPCHbIE UMMY/bCHbIE CUFHANbI. B 3aKNioueHUM paccmaTpuBaroTcs Aucnep-
CMOHHbIE KPUBbIE MO/IENN, 3aTEM COMOCTABMB WX C TEOPETUUECKUMI KPUBBIMM, ONpeenseTcs ava-
NasoH AeiCTBIA NPUBEAEHHBIX CMOCO60B MOAENMPOBAHMS U (UNLTPALIUN.

AKTYaNnbHOCTb 06CYXK/1aeMoii TeMbl Bbi3blBAlOT PacnpoCTpaHeHMe CcelicMopasBedKn C UC-
No/b30BaHKeM NNacTOBbIX BOJIH B YTOMbHbIX LIAXTaxX W NPo6aeMbl 06paGoTKM MOMyYaeMbIX AaH-
HbIX.



