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Summary
We present an approach for the automatic tracking of re�ec-
tion events in 3D zero-offset volumes. The method uses a sub-
set of the kinematic wave�eld attributes obtained from the 3 D
Common-Re�ection-Surface stack technique to determine th e
spatial continuation of re�ection events. The navigation b ased
on triangulated trace locations is able to handle irregular ge-
ometries and gaps in the data. In this way, the input for all hori-
zon based methods, for instance, layer-stripping velocity inver-
sion, is obtained in an automated manner.

Introduction
The use of techniques applied to exactly de�ned stratigraph ic
sequences on stacked data, e. g., layer-based inversion meth-
ods, require the extraction of continuous re�ection events and
stacking parameters from the respective data volumes. If per-
formed manually, this task is rather cumbersome and error-
prone. Furthermore, in case of 3D data, an appropriate visu-
alization of the data is dif�cult. Therefore, algorithms al low-
ing an automatic tracking of events are desirable. We propose
a technique that uses the stacking parameters (the so-called
kinematic wave�eld attributes) of the 3D common-re�ection -
surface (CRS) stack for the automatic tracking of re�ection
events in zero-offset (ZO) volumes. The method is suited for ar-
bitrary acquisition geometries and automatically bypasses ar-
eas with insuf�cient information for reliable tracking.

The 3D CRS stack
The 3D CRS stack technology (e. g., Bergler, 2004) is a
second-order generalized stacking velocity analysis tool pa-
rameterized in terms of kinematic wave�eld attributes. For a
planar measurement surface its hyperbolic stacking operator is
given in midpoint/half-offset coordinates (m;h) by
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with ZO traveltime t0 and near-surface velocity v0. The sym-
metric 2 � 2 matrix T(α;β ) describes the transformation from
local ray-centered Cartesian to global Cartesian coordinates,
the quantities α, β , and the symmetric 2 � 2 matrices N, and
M denote the kinematic wave�eld attributes. These eight at-
tributes can be assigned a simple geometrical description: α
and β are the emergence angles (azimuth and dip) of the ZO
ray at the surface location m, matrix M describes the curva-
ture of a wavefront at the surface due to a point source at the
normal-incidence point (NIP), matrix N is in the same way re-
lated to the wavefront of an exploding re�ector experiment.
Implementations of the CRS stack automatically determine the
eight attributes for each sample of the output volume by a co-
herence analysis similar to conventional stacking velocity anal-
ysis. Therefore, as result of CRS processing one obtains a
CRS stacked ZO volume, eight attribute volumes, and a co-
herence volume.

Tracking in ZO volumes with the CRS operator
The CRS stacking operator (1) provides the curvature matrix N
and the direction vector w = (cosα sinβ ;sinα sinβ )T of the nor-
mal wave at the surface. These quantities are directly related
to the local curvature and orientation of the re�ection even t at
the respective location in the ZO stack volume. In this domain
the complete CRS operator (1) for ZO (which is de�ned by the
condition h = 0) reduces to
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Thus, if a point A on an arbitrary event is considered and the
corresponding wave�eld attributes are known, equation (2) can
be used to approximate the continuation to a point B of the
event on a trace in the vicinity of A (Figure 1).
As the CRS stack is performed for each sample of the stacked
ZO volume, the wave�eld attributes and, thus, an approxima-
tion for the continuation is also known at each sample.
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Figure 1: If a point A on the event is given the corresponding
wave�eld attributes together with the ZO representation (2) of
the CRS operator yield an approximation for the spatial contin-
uation B of the re�ection.

Continuation criteria
A re�ection event can be tracked automatically from a single
seed point on the selected event. However, an implementation
solely based on the calculation of the continuation is insuf�-
cient to perform a consistent tracking as it does not account for
discontinuous events: the continuations can be evaluated but
they are actually meaningless as they point to positions where
the re�ection event does not exist (Figure 2). Thus, additio nal
criteria to validate the consistency of the continuations are re-
quired. A restriction to information that is available from the
CRS technique provides:

Continuity of the kinematic wave�eld attributes. Along the
re�ection events the wave�eld attributes should vary
smoothly. Thus, the attributes determined at point A should
not substantially differ from the attributes on the continuation
point B.

Continuity of the coherence values. Similar to the wave�eld
attributes the coherence value should vary smoothly from A
to B.

Coherence threshold. The coherence values are highest on
the re�ection events. Therefore, a threshold for the minima l
accepted coherence value indicates whether B is considered
to lie on the re�ection event.

Stack amplitude differences. Similar to the other quantities
the stack amplitude is assumed to vary smoothly.

Other criteria, which are not related to the CRS technique,
are, for instance, thresholds based on instantaneous quanti-
ties (e. g., instantaneous phase or frequency). Also, additional
coherence criteria may be applied to the data.
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Figure 2: An event tracking solely based on kinematic wave-
�eld attributes does not account for discontinuous re�ecti on
events. The continuation evaluated at point A leads to a loca-
tion B where the re�ection event does not exist.

In addition to the above mentioned validation criteria the eval-
uated continuation has to be re�ned. This is due to the fact
that the attributes used for the calculation of the continuation
are determined from data within a search aperture, i. e., they
are obtained as best �t attributes from a number of traces.
Therefore, the calculated continuation B will most likely not co-
incide with the true continuation BT . However, as the spatial
distance to the continuation is usually signi�cantly small er than
the search aperture, it can be expected that B is at least located
within the wavelet of the re�ection event. As BT is usually de-
�ned to be associated with the absolute maximum stack energy
of the wavelet the re�nement consists of the determination o f
this energy within a user-de�ned window centered around B.

Trace navigation
For 3D data the proper selection of the traces for the calcula-
tion of the continuation is essential as it de�nes the moveme nt
scheme and the regions in the data that are covered by the
algorithm. In the following, it is assumed that the selected re-
�ection events appear only once on each trace. If this is not
the case the tracking has to be performed independently for
each of the branches. Using this assumption the navigation in
the ZO data volumes (t;m) can be split into two independent
routines, one which controls the movement along the time axis
and one for the movement in the midpoint plane m. The former
movement de�nes the continuation. Therefore, it is given by the
evaluation of the CRS operator (2) with the proper wave�eld
attributes and validation criteria. The movement in the m plane
de�nes the traces along which the continuations are evaluat ed,
i. e., it provides the input and the extrapolation direction for the
tracking of the re�ection events (Figure 3).
The movement scheme is realized by means of a recursive
function that acts on the triangulated trace locations:

function track_event(central_trace){
// Loop over neighbors except predecessor
// and successfully validated neighbors
loop(remaining_neighbouring_traces){

// check current neighbor in loop (cnl)
validate_continuation(cnl)
// valid continuation found? activate
if(cnl is valid) track_event(cnl)
// else continue with loop

}
// no continuation? return to predecessor
return

}

The process terminates automatically if the active trace does
not have a predecessor, i. e., it coincides with the initial trace
that started the navigation, and if this trace has validated all
of its neighbors. It automatically keeps track of the movement
path, i. e., it records where and when valid continuations are
found, and is, thus, able to bypass regions of unreliable data.
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Figure 3: After Delaunay triangulation the nearest neighboring
traces (depicted in blue) to an arbitrary central trace (yellow)
are given by all the traces that share a triangle with it.




