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Fig. 1. A screenshot of our application illustrating our novel joint time/depth domain visualization for a seismic reflection dataset with
two interactively interpreted seismic horizons. The two 3D views on the left show volume renderings of the seismic in time and depth
domain, respectively, cut open at the horizons. The two 2D views on the top right show our interpretation views in time and depth as
well. The 2D slice view on the bottom right shows the reflection data from the top in combination with well positions.

Abstract—The most important resources to fulfill today’s energy demands are fossil fuels, such as oil and natural gas. When
exploiting hydrocarbon reservoirs, a detailed and credible model of the subsurface structures is crucial in order to minimize economic
and ecological risks. Creating such a model is an inverse problem: reconstructing structures from measured reflection seismics. The
major challenge here is twofold: First, the structures in highly ambiguous seismic data are interpreted in the time domain. Second,
a velocity model has to be built from this interpretation to match the model to depth measurements from wells. If it is not possible to
obtain a match at all positions, the interpretation has to be updated, going back to the first step. This results in a lengthy back and
forth between the different steps, or in an unphysical velocity model in many cases. This paper presents a novel, integrated approach
to interactively creating subsurface models from reflection seismics. It integrates the interpretation of the seismic data using an
interactive horizon extraction technique based on piecewise global optimization with velocity modeling. Computing and visualizing the
effects of changes to the interpretation and velocity model on the depth-converted model on the fly enables an integrated feedback
loop that enables a completely new connection of the seismic data in time domain and well data in depth domain. Using a novel
joint time/depth visualization, depicting side-by-side views of the original and the resulting depth-converted data, domain experts can
directly fit their interpretation in time domain to spatial ground truth data. We have conducted a domain expert evaluation, which
illustrates that the presented workflow enables the creation of exact subsurface models much more rapidly than previous approaches.

Index Terms—Seismic visualization, volume deformation, exploded views, seismic interpretation.

1 INTRODUCTION

Even with the recent trend towards alternative and renewable energy
sources, more than half of today’s energy demand is still fulfilled by
fossil fuels and will continue to be so in the next couple of years.
According to the International Energy Outlook 2010 [22] by the U.S.
Energy Information Administration, worldwide marketed energy will
rise by 50% until the year 2035.
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The oil in place, however, is limited, and thus the efficient valoriza-
tion of existing reservoirs is an important goal. For the planning of
production wells to drill into oil and gas reservoirs, one has to have an
exact model of the subsurface structures. These include the different
geological layers, the boundaries between these layers—called seismic
horizons—, but also faults, as well as other structures. The basis for
creating such a subsurface model is usually a seismic survey. Today,
a typical survey contains 3D seismic reflection data—called seismic
cubes—, as well as additional data such as well logs and well tops.

The Seismic Cube is a regular grid of scalar values. It is acquired
by sending seismic waves into the ground. At a seismic horizon, part
of the waves will be reflected, while others will proceed. The reflected
waves are then measured on the ground using a 2D grid of geophones.
The result is a set of 1D traces along the z-axis, one for each geophone,
with z corresponding to the two-way travel time of the seismic wave,
and f (z) being the measured amplitude. The seismic traces are then
usually time- or depth-migrated. In this process, the actual lateral po-
sitions of the reflection events in the x;y-plane have to be computed, as
in the original data one does not know from which direction the event
actually arrived at the geophone. For a 3D survey, the migrated 1D
traces are combined to form a 3D seismic cube. The dimensions of the
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