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Parametric interpolation of seismic velocity field

Greg DETZKY*

Structural geological interpretation in reflection seismology is traditionally carried out by us
ing sections presented in the dimension of reflection time. In order that the structural geological in
formation resulting from operations performed in this dimension can be used together with other de
tailed information it is necessary to have appropriate transformation between reflection time versus 
depth space and vice versa. This step is a typical and indispensable operation of geoscience projects 
including seismic interpretation. There are many traditional calculation methods for this purpose. 
Most of them involve utilizing some kind of direct interpolation of irregularly distributed numerical 
samples from 3-D velocity space. The present paper proposes a new numeric method: the paramet
ric interpolation for the same purpose. This can reduce the solution of the original 3-D problem to a 
1 -D approximation followed by a 2-D interpolation thereby enabling one to realize the same task by 
more simple software tools. Following on from the principle of the given procedure, calculation re
mains reliable even in sparsely sampled areas. An additional benefit of the proposed procedure is the 
seamless transferability of the usual anisotropic character in the gradient of velocity fields of sedi
mentary basins without having a specific numeric solver dedicated to handle this particular feature. 
Analysis focused on the interdependences of function parameters used especially to approximate 
velocity field data from the real test territory revealed unexpected regression dependences of these 
parameters.
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1. Motivation for 3-D interpolation of seismic velocity fields

In reflection seismology the interpretation is traditionally carried out 
on time sections. To accomplish the task adequately one must have a good 
structural and historical view of the given objects. This demands the com
bined use of information derived from tectonic and stratigraphic elements 
on the sections both in reflection time space and well data given in depth 
space.

To enable the combination of the stratigraphic data of wells given in 
depth, and objects from reflection seismic sections available in TWT (ver
tical dimensions measured in two-way time) the depth of data from wells
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should be transformed into reflection time or, sometimes vice versa, its 
seismic counterparts to depth. In better cases the sonic or VSP data are 
available along wells enabling direct and precise definition of reflection 
time/depth dependence. In the case of projects having a lot of usable well 
data but lacking well-log velocity information, it is preferable to obtain in
terpolated velocity data as precisely as possible at well sites from other 
sources of velocity information. This provides a means for transforming 
stratigraphic data of wells from depth to reflection time.

Structural interpretation performed on data from 2-D seismic net
works and well data usually results in an intermediate structural model in 
the reflection time dimension. Although integrating structural geological 
data obtained in such a way together with other geological datasets, e.g. 
depth-converted tectonic maps, were originally compiled in reflection 
times, they might well be utilized in other branches of application geology 
such as preparation for oil exploitation, working strictly in the depth di
mension. The reliable and consistent approximation of velocity fields at 
any point of a given 3-D space is a precondition for all the above 
mentioned issues.

2. Parametric interpolation

2.1. Parametric interpolation process o f  seismic velocity fie ld

Datasets representing the seismic velocity field — depending on how 
they were created — could differ substantially in resolution and cost. In the 
territories investigated by 2-D seismic projects the most diverse sources of 
data usable for 3-D velocity field representation are the NMO or DMO 
stacking velocity data sequences. The stacking velocity data are always re
sults of the conventional velocity analysis phase of the processing. These 
items of data are given at ascendant TWT values related to a particular sur
face reference point. Compared to seismic velocities determined by other 
direct methods, the stacking velocities have medium accuracy and resolu
tion but provide quasi-homogeneously distributed velocity information 
usually covering the whole of a studied area and are composed of many 
data samples. Therefore these datasets could form a good input for interpo
lation of the velocity field.

The parametric interpolation procedure replaces direct 3-D interpola
tion by a 1-D approximation and by a 2-D interpolation performed after
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wards. During the first stage of the 1-D approximation procedure, unique 
parameter sets are calculated for an appropriately chosen analytic function 
resulting in optimal fitting to the sequences of the stacking velocity values. 
These are irregularly spaced along the reflection time at the different sur
face locations of the stacking velocity analysis points. There are many sim
ple license-free software solutions available on the Internet or software in 
daily practical use in other tasks of geophysics which can be used for this 
type of calculation.

A good candidate for analytical 1 -D approximation of seismic velocity 
fields is a function involving finite asymptotic limits in ±00 and being able 
to differentiate at any point. The algebraic polynomials, for example, are 
not among the best choices because they do not fulfil the first requirement. 
They tend to produce values that are extremely different from base data 
ranges even in the close vicinity of the interpolation intervals. It is worth 
avoiding this type of function for the sake of the stability in analytical ap
proximations of seismic velocity fields.

In the second stage of parametric interpolation the unique parameter 
sets of the approximation function instances related to given surface points 
of the area must be interpolated horizontally in 2-D. Grid generation func
tions of conventional isoline mapping software are usually suitable for this. 
As a result of these computations a ‘function space’ of the local vertical ap
proximation functions of the 3-D velocity space is created. This planar 
function space is presented in surface parallel grids of the particular ap
proximation parameters. This makes possible a consistent estimation of the 
stacking velocities at practically any 3-D point by an approximation in 
depth with parameters interpolated onto the given surface location.

In the third stage of the whole procedure, a parametrically interpolated 
velocity field could be used for practical transformation purposes by nu
meric integration of the approximation function instances at the location 
points of the object (i.e. layer depths in bore holes, etc).

2.2. Mathematical introduction o f an approximation function suitable for  
parametric interpolation o f seismic velocity data

Conventional seismic velocity analysis operations of reflection pro
cessing flow produce stacking velocity sequences close to the V =Vrms(T) 
velocities along ascendant reflection time values (7) relating to the surface 
reference locations of velocity analyses. Replacement of NMO stacking
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velocities in the case of nearly horizontal layers, or DMO stacking veloci
ties in the case of dipping layers with Vrms velocities yields a satisfying ap
proximation in exploration with average requirements [V E E K E N  et al. 
2005].

Based on practical experience, velocity function forms occurring in 
the Pannonian Basin reaching only average oil exploration depths can 
satisfactorily be approximated by using a category of the function illus
trated in Fig. 7; the function forms were chosen by the character of the 
actual curve shapes and could generally be defined by

This is a form of the derivative of a hyperbole with a vertical axis, ex
tended with appropriate transformation parameters. The function should 
correspond with such selection criteria as asymptotic co-domain, overall 
derivativity and simple parameter settings (for explanation, see Section 
2. 1. )

Unique parameters of the given approximation function could be 
termed by such expressive physical meanings as inflection velocity V0 — 
the velocity at the inflection point of the function; velocity range a — the 
difference between the asymptotic and the inflection velocity; inflection 
gradient b — the differential coefficient at the inflection point; inflection 
time т/b — the time value of the function at the inflection point which is 
measured in terms of reflection time. At this т/b time the gradient of Vrms

bt - T
( 1)

Fig. 1. Function category suitable 
for approximation of Vrms velocity 

functions occurring in the 
Pannonian Basin. Parameters of 

this curve: V0=3.2 km/s; a=3 
km/s; b=0.1: t = 2  s  (for details, 

see text)
1. ábra. A Pannon-medencében 

előforduló Frms
sebességfüggvények közelítésére 

alkalmas függvénytípus. A 
megjelenített görbe paraméterei:

-2 0
TWT [s]

2 4 6
F0=3.2 km/s; a= 3 km/s; b=0.7; 

t=2 s (további információ a 
szövegben)
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velocity reaches the greatest value ab and the velocity itself is equal to V0.
Many algorithms exist as a means of obtaining the numerical values of 

the parameters defining a particular best fitting approximation function of 
a given sort. A well-tested algorithm implemented by Ernő Prácser in ELGI 
based on partial separation of Jacobi matrices at singular values has proved 
its effectiveness and reliability in the practical data processing tasks of 
many different branches of applied geophysics [SHARMA et al. 2005]. In 
the current case the algorithm provides numerical parameters for chosen 
velocity approximation functions with unbroken stability, reaching theo
retical optima at a predefined accuracy with fast convergence (less than 30 
iterations).

Let a sort of function generally defined by eq. (1) be used to approxi
mate the input Vrms data sequences. Substituting this into the differential 
counterpart (eq. (3)) of the well known [MESKÓ 1977] integral 
equation (2) describing the interdependence of the interval (v) and the 
RMS ( V) velocities in the continuously variable medium

[tV2 (t)l = V2 + 2t W  = v2 (/) V ’

a more complex — but from the viewpoint of numeric computation still 
sufficiently simple and useful eq. (7) — could be obtained. (The sign ' is for 
the first derivative.)

Rearranging eq. (1)

T

TV2(T) = Jv2(t)dt (2)
о

V - V q

a(bt -  x)
(4)

and by derivation of eq. (1)

(bt — x)2 +1 (è f-x )2 + l^  2 yj(bt-т)2 +1 ^

= ab
1 1 (bt -  x) (5)
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Then, by appropriate substitution from eq. (4) to eq. (5),

\2
v;=ab ■ £ = 5 _ _ 0 ,_ t)  < r - w  ( Z z H )

a(bt -  x) a (bt — ï) (6)

b 1
—  ----------------------- (V -V 0) ----- (V -V 0)3

(b t-x ) L  a2 \
and, finally, by substitution from (6) to (3)

v1 = V 2+2V^ L (v - v 0) - — (v-v0Ÿ 
(b t-т) L a2

(7)

The formula given in (7) is an analytical equation defining vertical 1 -D 
approximation of the v = vm,(t) interval velocity field to be referred to at 
any surface point by 2-D interpolation of its parameters.

Numerical integration of the square root of eq. (7) using the following

1 T
va(T) = - \v ( t)d t  (8)

T  о
formula (8) of the medium with continuously changing velocity [MESKÓ 
1977] provides the final result at any predefined accuracy. This is the esti
mation of the 3-D distribution of va average velocity needed to transform 
the data given in depth into reflection time and vice versa.

The described computation method actually starting from irregularly 
sampled RMS velocity data ( Vrms) in the investigated 3-D space, produced 
by seismic velocity analyses results in the numerical definition of the va av
erage velocity field, seamlessly interpolable into any 3-D point or grid of 
the covered space. Numerical integration needed in the last stage of the 
procedure does not degrade the effects of the most important practical ad
vantages of parametric interpolation, such as the transparency against ve
locity gradient anisotropy (see Section 2.4), and the reduction of the prob
lem to lower numbers of dimensions.

As a summary it can be stated that data given in depth (i.e. well-stratig
raphy data) related to any surface location of the area can be converted into 
reflection time (needed prior to the beginning of any seismic interpretation 
work), by utilizing parameters of approximation eq. (1) provided by the
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parametric interpolation. At the same time structural geological elements 
resulting in reflection time by seismic interpretation could vice versa be 
seamlessly converted to depth.

2.3. Testing o f  the suggested approximation function by real velocity
data

A batch mode drawing program provides a visual checking tool. This 
drawing program was developed especially for the task of graphic quality 
control of the approximation using the approximation function suggested 
in Section 2.2 by joint plotting of the original numerical velocity samples 
and approximation curves.

The analytical equation used for 1-D approximation of velocity data 
sequences on the test area (which corresponds with the 150x50 km territory 
of the Szolnok Flysch formation) was defined by graphical checking of 
about 1200 real velocity function datasets originating from sedimentary 
basins of Hungary, without limiting this checking to those 486 sets located 
in the test polygon.

Taking into account the overall ‘morphological’ characteristics of the 
source function set, a conclusion could be drawn about the good fitting of 
the approximation by the appropriate parametric scaling of the basic func
tion form shown in Fig. 2. The occasional poor adaptivity of the applied ap
proximation algorithm or any given function type has less effect on the er
ror level of the approximation fitting of the real stacking velocity data than 
sampling reliability variations of velocity analysis in the preceding seismic 
processing. Judging from practical experience on such errors, values which 
make further usage of the approximated data impossible rarely occur and 
even those are mostly caused by errors in the input datasets, not by strati
graphic extremities. None the less badly approximated single curves with 
parameters greatly differing from the neighbouring curves could easily be 
selected by preventive graphical checking (Fig. 2.) and then excluded from 
the general interpolation of the regional velocity field. The lack of approxi
mation curves with irreal data among the test samples, even for short or 
‘noisy’ input datasets, indicates the strong stability of the chosen type of 
approximation function and algorithm. Consequently, seismic time-depth 
conversion on this basis can also be considered relatively error-proof.

Isoline mapping of the RMS difference between original Vrms veloci
ties and approximated values is probably the most convenient way of qual-
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Fig. 2. Typical Krms function curves and quality of analytical approximation 
2. ábra. Tipikus Krms függvénygörbék és az analitikus közelítés minősége
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ity and reliability assessment of the velocity field interpolated by the para
metric method. Taking into account the data of the test area (Fig. 3) we can 
see that the RMS error of approximation is below 30 m/s even in the worst 
places. This means an error level of less than 1% in relation to a ususal 3000 
m/s seismic velocity in most parts of the area. Therefore in this particular 
case of the original velocity data of the test area and the chosen approxima
tion function, the approximation itself can be considered of high quality 
which therefore encourages the widening of application to other territories 
too.

Fig. 3 . RMS difference of approximation function values and Krms data on the test area
given in m/s

3. ábra. A tesztterület Krms adatai és az approximációs függvények átlagnégyzetes
eltérése m/s-ban

2.4. Comparison test o f  direct and parametric interpolation fo r  an 
anisotropic gradient in the velocity fie ld

Statistically inhomogeneous direction characteristics of variation in 
the quantity to be interpolated (usually represented by an ellipsoid) could 
be transferred to the interpolated result by the direction characteristics of 
the interpolation weights, properly fitted to the characteristics of the origi
nal field itself. In most cases of 2-D interpolation software these character
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istics could be defined as constant as they remained unchanged during all 
of the given interpolation sessions. The most sophisticated procedures are 
capable of adaptively following the variation in space of the original 
dataset’s characteristics but they are only built into the more expensive 
software categories. In cases of 3-D interpolation of seismic velocity fields 
with higher quality requirements, automatic adaptation to the horizontally 
gently changing anisotropy of the velocity field is favourable. This capa
bility is an inherent feature of the parametric interpolation procedure. One 
of the most appropriate ways of estimating the magnitude of influence 
caused by the above-mentioned effect on the results is model calculation.

Assuming such a model in which the vertical change of the seismic ve
locity field exactly corresponds with the approximation function intro
duced in Section 2.2 and the parameter changing of this function in the hor
izontal direction is linear as in the case of the sample functions in Fig. 4/a 
correlating with basement depth as an independent geological parameter, a 
model field could be obtained similar to that in the section of Fig. 4/c. 
Sectionwise linear parameter dependence of the model function to be stud
ied is given in Table I  at rounded km distances. This type of velocity distri
bution is similar to many real cases.

Giving a simple explanation, one could say that if minimum/maxi- 
mum zones of the velocity field are elongated parallel to the axes of the 
zonation in geological features, then longer effective interpolation dis
tances should be considered by that direction. Mathematically this means 
that the maximum axes direction of the interpolation characteristics should 
correspond with the direction marked by cross-correlation maxima calcu
lated on samples of the original field's derivative.

(The eccentricity of the characteristics may be optimized by variance 
analysis of the original data.) Dipping directions in reflection time given by 
cross-correlation maxima of the derived model field at a distance of 5 km 
distance and at other marked sampling axes are linearly related to the base
ment depth (Fig. 4/b.).

Fig. 4. Comparison of interpolations by parametric methods and local polynomial 
fitting for an anisotropic field, a -  input approximation functions, 

b -  cross-correlation functions of the derivative at 5 km and at the other marked 
section points, c -  Vrms model velocity field, d -  velocity field resulting from local 

polynomial fitting after exclusion of the ‘m iddle’ input function (at 3 km) , 
e -  residual difference of the original and interpolated fields.)
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4. ábra. A parametrikus módszerrel és lokális polinómillesztéssel végzett interpoláció 
összehasonlítása anizotrop tér esetén, (a -  kiinduló approximációs függvények, b -  az 

5 km-es távolság és a többi jelölt szelvénypont deriváltfüggvényeire számított 
keresztkorrálációs függvények, c -  Vrms sebességtér modell, d -  a középső [3 km] pont 
modellfüggvényének kizárása után, lokális polinomiális illesztéssel kapott sebességtér, 

e -  az eredeti és interpolált sebességterek reziduális különbsége.)
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p ara m e te r лг/1000 [m ] -> 1 2 3 4 5

In flec tio n  v elocity V x  [km /s] 1 1.4 1.8 2.2 2.6

v e lo c ity  range a  [km /s] 0.4 0.8 1.2 1.6 2

in flec tio n  g rad ien t b 0.6 0.7 0.8 0.9 1.0

p a ram etric  tim e T [s] 0.6 0.84 1.12 1.44 1.8

i n f l e c t i o n  t i m e т / b  [s] 1 1.2 1.4 1.6 1.8

Table I. Model velocity field for checking the effect o f anisotropy given by parameters of 
its approximation function at round km distances

I. táblázat. Az egész km értékű szelvénypontokban, a paraméterei által megadott 
sebességtér modell az anizotrópia hatásának ellenőrzésére

2-D linear model fields created for testing simplicity in the way de
scribed above have a useful practical property: this property being the gen
eral equality of their original values and estimated values to be calculated 
by parametric interpolation of approximation functions related to any pair 
of surface points.

Any type of interpolation used for ‘patching’ in a blank space, made by 
partially abandoning the original data, could be considered comparable to 
parametric interpolation in terms of quality if it provides values in the 
blank spaces with just a tolerable difference from the original data. The 
isolined section shown in Fig. 4/d results from local polynomial fitting in
terpolation of the model field when the input dataset is created by sampling 
(with sufficient vertical density) of the four velocity functions shown by 
the curves in Fig. 4/a and given by the parameters in Table I, neglecting the 
middle function at 3 km (marked in bold).

Amongst the interpolation algorithms ready for immediate use it was 
the ‘local polynomial fitting’ with anisotropy characteristics adjusted to 
the maximum correlation direction which provided the most acceptable re
sults.

Even though the difference in the shapes of the isolines from the origi
nal (Fig. 4/c) and interpolated (Fig. 4/d) data is hardly noticeable by the 
naked eye, the residual difference of these two datasets reaches 4 % as can 
be seen in the section of Fig. 4/e. This difference is many times more than 
1% (or less) of the error shown in Fig. 3, experienced between the real data 
and the functions introduced for approximation.
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It may be assumed that the velocity field interpolation with constant 
anisotropy characteristics covering both opposite direction dipping banks 
(i.e locations with different anisotropy) of a sedimentary basin will proba
bly produce higher average error values than those obtained in the current 
model. In contrast, the accuracy of the parametric interpolation — by vir
tue of its principles — is basically independent of the variation of the aniso
tropy directions in the velocity field.

3. Regression dependence between parameters of the applied 
approximation function

The possible existence and character of the regression dependence be
tween parameters related to the approximation function used on a given re
gion could most adequately be explored by crossplots. The ability to reveal 
the existence of the various regression dependences between approxima
tion parameters of the test territory is an unexpected extra result of those 
studies utilizing parametric velocity field interpolation. There are depen
dences between parameters of analytic approximation functions of the Vrms 
velocity functions shown by Fig. 5. These denote at the same time the inter
connection of properties (see Section 2.2) bound to the presumed physical 
parameters.

Taking into consideration the crossplots in Fig. 5, the character of the 
apparent dependence between inflection gradient and velocity range is hy
perbolic, between inflection gradient and relative inflection time it is lin
ear, and between inflection velocity and absolute inflection time it is expo
nential. Consequently, in the case of practical velocity functions, prescrib
ing any of the four parameters of the interpolation function that is used 
results in specific probabilistic values for the remaining three.

Higher order parameters of the specific function parameter depen
dences might be typical of the test area or global characteristic quantities of 
the usual geological media in sedimentary basins. Clarification of the real 
origin of these dependences is a subject for further research.



170 Greg Detzky

Fig. 5. Regression dependence of parameters related to the approximation function of the
Vrms velocity functions

5. ábra. Krms sebességfüggvények approximációs függvényeinek paraméterei közötti
regressziós kapcsolat

4. Application of parametric interpolation

4.1. Parametric mapping

The second computing step of the parametric interpolation of the 3-D 
velocity field is a horizontal 2-D interpolation of parameters of 1-D ap
proximation functions fitted to vertically spreading numerical sequences 
of the original stacking velocity samples. Horizontal grids of substantial or 
derived approximation function parameters could be imaged by isoline 
maps (Fig. 6) and these maps are useful ‘sideproducts’ of the parametric in
terpolation procedure.

The parameters of the analytical function used here to approximate the 
vertical variation in the velocity field can be interpreted in various physical 
ways and may be related to specific geological attributes of the test area. 
The density of stacking velocity function samples on the test area does not 
allow detailed geological analysis but significant regional phenomena 
could be detected on the parameter maps.

Deviation of the general- (Fig. 7) or near-surface vertical velocity gra
dient from values typical of normal compaction trends is mainly influenced 
by the grain size and mineral content of the sediments [MÉSZÁROS, 
Z il a h i-Se b e ss  2001].

The inflection velocity (Fig. 8) pertaining to the point of the greatest 
increase may be related to the depth interval where — in the compaction
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Fig. 6. Parameter map of the ‘velocity range’ on the test area 
6. ábra. ‘Sebesség sáv’ paramétertérkép a tesztterületen

Fig. 7. Parameter map of the ‘inflection gradient’ on the test area 
7. ábra. ‘Inflexiós gradiens’ paramétertérkép a tesztterületen
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Fig. 8. Parameter map of the ‘inflection velocity’ on the test area 
8. ábra. ‘Inflexiós sebesség’ paramétertérkép a tesztterületen

Fig. 9. Parameter map of the ‘inflection tim e’ on the test area 
9. ábra. ‘Inflexiós idő’ paramétertérkép a tesztterületen
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lithostatic effect and age o f  the rock predom inate, correlating well with 
depth [MESKÓ 1994], but the lithogenesis is by no m eans perfect. Am ong 
other aspects, these quality features could be related to the isoline m ap (see 
Fig. 9) o f  the derived param eter x/b (inflection tim e).

One of the reasons for negative inflection time anomalies may be the 
uplifting movement periods in the prehistory of the basin evolution that 
took place locally by basement geometry as was detected using other, 
larger scale, indicators in some areas of the Pannonian basin. This type of 
supposed tectonic mechanism is also supported by computer modelling 
[H o r v á t h , C l o e t h in  g 1996].

4.2. Depth conversion

In the case of parametric interpolation, the entire interpolated 3-D seis
mic velocity field of an area to be studied is represented by horizontally 
gridded numeric parameters of the 1-D analytical function (defined by pa
rameters varying in the horizontal plain) which is used to approximate the 
field variation in the vertical direction.

One of the typical practical applications of such datasets is a con
version to depth of seismic reflection horizons resulting from conventional 
seismic interpretation, initially given vertically in reflection time and 
irregularly sampled in the horizontal direction. The above- mentioned type 
of application is demonstrated by the isoline depth map (Fig. 11) converted 
from the reflection time map (Fig. 10) compiled using seismic inter
pretation data of the Pre-Pannonian basement horizon in the test area 
(approx. 1500 km of overall section length).

Conversion of reflection time values into depth at specific places of 
the horizontal plane needs (as usual) the reflection time-based interval ve
locity function calculated by using the approximation parameters of the 
Vrms field existing at the given point, especially according to eq. (7) in the 
case of the approximation function introduced in Section 2.2.

Numeric integration (according to eq. (8)) of datasets with required ac
curacy of the given task, gained by sampling along (vertical) reflection 
times of the interval velocity function, calculated from 0 time (surface) to 
the reflection time to be converted, provides a corresponding two-way 
depth divided by the constant time sampling amount of the interval velocity 
function.
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For a reliable assessment of the whole application, an isoline map of 
percentage differences has been compiled on the test area between two 
Pre-Pannonian depth surfaces obtained strictly by seismic interpretation 
followed by parametric interpolation-supported depth calculation and by 
well-stratigraphy correlation.

A selection from the well-stratigraphic database of the Hungarian Of
fice for Mining and Geology with wells on the test area reaching a Pre- 
Pannonian basement, that were used as a source for compiling the depth 
map of the basement, is loaded with inconsistencies. The real checking was 
limited to a consistent subset of the database selection including just 250 
items, the inhomogeneous location distribution of which slightly degrades 
the quality of the assessment.

Even though there are drawbacks of the dataset, the depth differences 
between the basement surfaces gained from seismic interpretation and 
well-stratigraphy are less than 10% for most of the area except locations of 
several small concentrated anomalies (Fig. 12).

In practice, such depth differences are usually eliminated by correc
tion feedback including seismic interpretation itself. Excluding that partic
ular way of correction especially in this case makes the reliability assess
ment of the parametric interpolation independent of the effects of other 
methods. Assessment of the average error level in the current application of 
parametric interpolation (which probably differs from the values of other 
areas) depends on the aim of the actual usage of the data.

5. Conclusions

Interpolation of seismic velocity fields is an indispensable part of 
structural geological investigations that use seismic interpretation data 
(Section 1). An alternative method for the same objective is the parametric 
interpolation introduced here (Section 2.1), which has two specific benefits 
compared with other methods:

—  It simplifies the calculation task originally rising in most cases as a 3D 
problem to a 1-D approximation and a 2-D interpolation executed se
quentially. Consequently it could be performed by relatively simpler 
software tools.



Fig. 10. Reflection time map of the Pre-Pannonian basement compiled from seismic 
interpretation data of the test area (apx. 1500 km of overall section length)

10. ábra. A pre-pannon aljzat szeizmikus értelmezési adatokból (kb. 1500 km ossz 
szelvényhossz) kapott reflexiós időtérképe a tesztterületen

Fig. 11. Map of the Pre-Pannonian basement depth calculated using the velocity field 
defined by param etric interpolation

11. ábra. A pre-pannon aljzat mélységtérképe parametrikus interpolációval megadott 
sebességtér felhasználásával számolva
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Fig. 12. Distribution map of the depth difference percentage in the test area calculated 
between Pre-Pannonian basement depths maps compiled from seismic interpretation and

well-stratigraphy data
12. ábra. Fúrási rétegsorokból és a szeizmikus értelmezésből szerkesztett pre-Pannon 

mélységtérképből származó százalékos mélységek különbségeinek térképe a tesztterületen

—  It is possible to transfer the slowly changing anisotropy of the input ve
locity field to the interpolated result without special mathematical mod
ules addressed to this particular purpose.

It is shown (,Section 2.3) that the fitting of approximation functions se
lected for parametric interpolation purposes is possible with such a low 
level of error as 5-50 m/s, which is within the range of accuracy of the orig
inal numeric datasets. This is supported by real datasets of more than one 
thousand NMO velocity functions from the Pannonian Basin.

Regression analysis of parameter sets obtained by optimized fitting of 
selected approximation functions to NMO velocity functions on the test 
area shows an interdependence between them {Section 3). Clarification of 
the revealed dependence is planned for a future investigation.

Parameter maps are seamlessly compilable during the process of para
metric interpolation. These are capable of exploring regional characteris
tics of the investigated area obtainable with perhaps less effort than for 
other types of methods {Section 4.1).
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Transformation from seismic reflection time to depth based on a para
metrically interpolated seismic velocity field which was initially described 
by 486 distinct numeric velocity functions provided a result with an accu
racy adequate for practical requirements.

The computing principle of parametric interpolation demonstrated 
above is of a general nature and it is not necessary to restrict for the applica
tion to interpolating 3-D seismic velocity fields. The chance of successful 
applications always arises when interpolation of such a kind of multidi
mensional (even abstract) field is needed, in case of which a section of the 
field itself along one of the coordinate axes could easily be approximated 
by a suitably chosen 1-D analytical function defined by parameters de
pendent on the location in the subspace of the given section.
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Szeizmikus sebességtér parametrikus interpolációja

DETZKY Gergely

A reflexiós szeizmikus kutatásban a szerkezetföldtani értelmezést hagyományosan reflexiós, 
idődimenzióban megjelenített szelvényeken végzik. Ahhoz, hogy a reflexiós idődimenzióban 
végrehajtott műveletek által eredményezett szerkezetföldtani információk felhasználhatók legye
nek más egyéb forrásból származó részletező szerkezetföldtani adatokkal, szükség van megfelelő, 
kétirányú transzformációs eljárásra a reflexiós idő- és mélységtér dimenzió között. Ez a művelet 
elválaszthatatlan része a reflexiós szeizmikus értelmezést is magába foglaló alkalmazott föld- 
tudományi projekteknek. Sok hagyományos számítási módszer létezik ennek a feladatnak a megol
dására. Ezek legtöbbje valamilyen direkt interpolációs eljárást alkalmaz a 3D sebességmező térben 
szabálytalan eloszlású mintavételi értékeire. Jelen írás egy újszerű numerikus módszert javasol 
ugyanerre a célra, a parametrikus interpolációt. Ez az eredetileg 3D-ben felálló probléma megol
dását egy 1D közelítésre és egy azt követő 2D interpolációra egyszerűsíti, mely lehetőséget ad a 
feladat jóval könnyebben kezelhető szoftveres eszközökkel történő megoldására. Az eljárás elvéből 
következően, a számítás a ritkán mintavételezett területek esetén is stabilan megbízható marad. A 
javasolt eljárás további előnye az üledékes medencék sebességmezőinek gradiens viszonyaira 
jellemző anizotrópia eredendő leképezése, külön ezt a célt megoldó speciális numerikus eszköz 
nélkül.
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