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VOLUMEBODY RENDERER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The priority of U.S. Provisional Patent Application 
No. 60/284,716, filed on Apr. 18, 2001, U.S. Pat. No. 7,412, 
363, filed on Apr. 17, 2002, and U.S. patent application Ser. 
No. 12/176,075, filed on Jul.18, 2008, is hereby claimed and 
the specifications thereof are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to process 
ing, model extraction, model refinement and graphical ren 
dering of digital data representing geologic or other types of 
Volumes and, more specifically, to rendering and analysis of 
irregularly shaped volumes within voxel-based volumetric 
data. 
0004 2. Description of the Related Art 
0005 Geologists, geophysicists and others analyze seis 
mic data for purposes such as detecting the presence and 
change over time of hydrocarbon reservoirs or other subsur 
face features. Seismic data can be gathered by, for example, 
creating explosions or otherwise releasing energy into the 
ground, and detecting and digitizing the reflected seismic 
energy using an array of geophones or similar sensors. The 
processed volumetric seismic data represent a three-dimen 
sional (3D) subsurface region, typically expressed in time or 
depth units. Other examples of ways in which such volumet 
ric data can be gathered and used include gravitational and 
magnetic measurement. The data can comprise any of a large 
number of attributes that practitioners in the art have identi 
fied as being usable or derivable from reflected seismic 
energy and field measurements, the most common of which 
perhaps being amplitude of the reflected signals. 
0006 Collected 3D or volume datasets can be interpreted, 
stored and otherwise manipulated in any of a number of 
formats. An increasingly common format is that in which 
each data element itself represents a Volume. Such a data 
element is known as a voxel (for “volume element”) or cell. If, 
for example, amplitude is the attribute that characterizes the 
collected data, the attribute samples are represented by Vox 
els, each characterized by an amplitude. In other words, the 
dataset is made up of a multiplicity of Voxels, each charac 
terized by an amplitude. A property of Such cells may be 
characterized as a data-collection attribute, from which the 
Volume dataset was constructed, such that the attribute data 
includes at least one value of the data-collection attribute of 
the identified cell. A seismic Volume dataset commonly com 
prises millions or even billions of Voxels and can require 
terabytes of data storage. Voxel formats are commonly used 
not only in seismic data analysis but also in medical imaging 
and other imaging disciplines. 
0007. The analysis of volumetric data typically involves 
rendering, interpreting, and refining stages to produce a Sub 
surface model or to render a specific 3D view of the sub 
Surface region. Most commercially available 3D graphics 
engines (e.g., graphics accelerator cards for workstation com 
puters) do not have voxel primitives; rather, they can interpret 
only points, lines, and polygons such as triangles, because 
they are intended for rendering Surface-based representations 
of 3D objects, i.e., hollow shells, not objects comprising 
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Voxels. Although some Voxel-based graphics accelerators 
exist, they cannot efficiently and cost-effectively combine 2D 
and 3D primitives, which are needed to implement certain 
display features, such as spherical hill-boarding and anima 
tion. Thus, the known methods for rendering Voxel data, Such 
as raycasting and Splatting, merely produce Snapshot 3D 
images from Some predetermined viewing perspective. In 
raycasting, rays are projected from the viewer's origin, the 
user's point of view, or through a projection plane and 
extended until they intersect a data point or a series of data 
points. These point(s) along and around the rays are pro 
cessed and the resulting image drawn on the display or pro 
jection plane. In Splatting, the contribution to the final image 
of each Voxel around a predetermined neighborhood is com 
puted. Voxels are conceptually or virtually “thrown' onto the 
image plane Such that each voxel in the object space leaves a 
footprint in the image space. Whether used to render surface 
based representations of three-dimensional objects or actual, 
i.e., voxel-based, three-dimensional objects, these methods 
can render only flat voxel approximation, i.e., circular or 
square in shape with no defined Voxel neighborhood, and are 
strictly view-dependent. Also note that all of the known voxel 
data rendering methods are computationally software or 
hardware resource intensive and require expensive and spe 
cialized hardware that possesses various performance and 
viewing limitations. In addition, the performance of many of 
these algorithms is affected by how they traverse memory. 
When memory is traversed in different directions, the algo 
rithm performance can vary depending upon hardware data 
access efficiency. The bigger the working data Volume the 
lesser the ability to efficiently use hardware caches. 
0008 Furthermore, regardless of which of the various 
Voxel rendering methods is used, the entire Volume dataset 
must be retained in (hardware) memory and eventually ren 
dered by the 3D graphics hardware. To render a data volume, 
the entire dataset must be retrieved/swapped from data stor 
age (i.e., random access memory, disk memory, etc.) and 
rendered using computationally intensive algorithms and sent 
to normally resource-limited 3D graphics hardware. As a 
result of these limitations, rendering can take a substantial 
amount of time, depending upon the hardware used. Render 
ing quality, interactive high-end display options and interac 
tive display response are of considerable concern to persons 
Such as geologists and geophysicists who may wish to view a 
model from many different directions or viewpoints, compare 
different models to each other, and otherwise manipulate 
them in their analysis of Subsurface features relating to oil and 
gas reservoirs. 
0009. It is commonly desirable to identify, isolate, and 
focus upon specific features and/or anomaly regions within a 
Volume, such as those relating to potential oil and gas reser 
Voirs in seismic Volumes or those relating to organs, bones 
and tumors in medical volumes. Such features can be referred 
to as irregular Volumes because they do not have a regular or 
predictable shape. Raycasting, point splatting and even newer 
pure Voxel rendering schemes cannot readily separate or oth 
erwise work with such irregular volumes separately from the 
whole working data Volume, because in most cases (i.e., when 
using hardware 3D or 2D texturing) the whole working data 
volume is eventually sent and completely rendered by the 3D 
graphics hardware. The image created by the 3D hardware 
may graphically and partially isolate certain features on the 
screen, but that is little more than an ephemeral or Snapshot 
view of the data volume from a single specific direction. That 
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is, even though a user may see a feature in the image, the 
feature is not represented separately within the computer 
logic apart from the neighboring data. It may be, however, 
that a user is interested in only a specific irregular volume or 
group of irregular volumes and not in the Volume as a whole, 
or may be interested in performing some specific attribute 
mapping operation or view upon only a specific irregular 
Volume or set of irregular volumes. For example, one may 
wish to consider a series of images, each representing the 
same irregular volume or group of irregular Volumes at a 
different time, to assess how the irregular Volume(s) may have 
changed over time as, for example, oil or gas is depleted. 
Conventional rendering systems require one to render each 
volume dataset in its entirety to see how the irregular volume 
of interest represented within it appeared at the time the 
dataset was collected. 
0010 Practitioners in the art have attempted to overcome 
the inability to work with individual irregular volumes by 
laboriously identifying them using the Snapshot views, and 
extracting each of them from Volume datasets. This process 
can be very painful and tedious if there is a lot of noise in the 
data or if the objects are numerous and Small in size. For 
example, algorithms have been Suggested by which one, 
using various Snapshot views from various angles, visually 
identifies a seed point or seed Voxel belonging to an irregular 
Volume and then uses separate custom-written Software to 
extract all of the mutually neighboring Voxels that are pre 
Sumed to belong to the same irregular volume. Nevertheless, 
it becomes inefficient, laborious and time-consuming to use 
Such a process and workflow to identify a large number of 
irregular volumes. The problem is greatly magnified if one is 
interested in identifying all of the irregular volumes in a very 
large dataset. Moreover, no practical and efficient means for 
further manipulating or analyzing irregular volumes 
extracted in this manner have been suggested. 
0011. It would be desirable to provide an efficient system 
for identifying, rendering and otherwise working with indi 
vidual irregular volumes represented within one or more vol 
ume datasets. The present invention addresses these problems 
and deficiencies and others in the manner described below. 

SUMMARY OF THE INVENTION 

0012. The present invention relates to identifying, storing, 
graphically rendering and performing other Volumetric 
operations upon irregular Volumes represented in Voxel or 
three-dimensional cell format. The volumetric input data can 
be, for example, of the type gathered in geologic studies in 
which it is desired to identify and work with irregular vol 
umes representing hydrocarbon deposits, salt bodies or 
related geologic features. 
0013. In one embodiment, the present invention includes a 
computer-implemented method for identifying irregular Vol 
umes represented within Volumetric input data, which com 
prises i) inputting one or more Volume datasets comprising a 
multiplicity of three-dimensional cells; ii) establishing crite 
ria describing properties of an irregular Volume of interest; iii) 
processing each Volume dataset, the processing comprising 
the steps of a) traversing from cell to cell of the volume 
dataset until a seed cell is identified having properties match 
ing the criteria, the identified seed cell thereby belonging to 
an identified irregular volume; b) identifying cells related to 
the seed cell by a predetermined relationship as belonging to 
the identified irregular Volume; c) storing in a data structure 
associated with each identified cell belonging to the identified 
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irregular volume, attribute data describing properties of the 
identified cell, the attribute data including an indication of the 
location of the identified cell with respect to a predetermined 
frame of reference and including an identifier uniquely iden 
tifying the identified cell as belonging to the identified irregu 
lar Volume; and iv) rendering at least a portion of the one or 
more Volume datasets representing at least a portion of the 
identified irregular Volume, the irregular Volume portion 
comprising at least one internal cell and at least one boundary 
cell. 
0014. In another embodiment, the present invention 
includes a computer program product for identifying irregu 
lar Volumes represented within Volumetric input data, com 
prising a computer-usable medium carrying thereon a 1) 
means for inputting one or more Volume datasets comprising 
a multiplicity of three-dimensional cells; ii) means for estab 
lishing criteria describing properties of an irregular Volume of 
interest; iii) means for processing each Volume dataset, the 
means for processing comprising a: a) means for traversing 
from cell to cell of the volume dataset until a seed cell is 
identified having properties matching the criteria, the identi 
fied seed cell thereby belonging to an identified irregular 
volume; b) means for identifying cells related to the seed cell 
by a predetermined relationship as belonging to the identified 
irregular Volume; c) means for storing in a data structure 
associated with each identified cell belonging to the identified 
irregular volume, attribute data describing properties of the 
identified cell, the attribute data including an indication of the 
location of the identified cell with respect to a predetermined 
frame of reference and including an identifier uniquely iden 
tifying the identified cell as belonging to the identified irregu 
lar Volume; and iv) means for rendering at least a portion of 
the one or more Volume datasets representing at least a por 
tion of the identified irregular volume, the irregular volume 
portion comprising at least one internal cell and at last one 
boundary cell. 
0015. Additional aspects, advantages and embodiments of 
the invention will become apparent to those skilled in the art 
from the following description of the various embodiments 
and related drawings. 
0016. Although the illustrated embodiments of the inven 
tion relate to seismic Volume data, the present invention is 
applicable to any Suitable Volume data, Such as that used in 
medical imaging and other disciplines. It is to be understood 
that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and 
are not restrictive of the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The accompanying drawings illustrate one or more 
embodiments of the invention and, together with the written 
description, serve to explain the principles of the invention. 
Wherever possible, the same reference numbers are used 
throughout the drawings to refer to the same or like elements 
of an embodiment, and wherein: 
0018 FIG. 1 illustrates a computer system in an exem 
plary embodiment of the present invention; 
0019 FIG. 2 is a flowchart illustrating a method for iden 
tifying and storing irregular volumes and performing render 
ing and other operations on them; 
0020 FIG. 3A is a flowchart of the segmentation or pre 
processing step of FIG. 2; 
0021 FIG. 3B is continuation of FIG. 3A: 
0022 FIG. 3C is a continuation of FIGS. 3A-B; 
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0023 FIG. 3D is a continuation of FIGS. 3A-C: 
0024 FIG. 3E is a continuation of FIGS. 3A-D; 
0025 FIG. 3F is a continuation of FIGS. 3A-E: 
0026 FIG. 3G is a continuation of FIGS. 3A-F: 
0027 FIG. 3H is a continuation of FIGS. 3A-G; and 
0028 FIG. 3I is a continuation of FIGS. 3A-H. 

DETAILED DESCRIPTION 

0029. A person can use a computer, generally illustrated in 
FIG. 1, to effect the irregular volume (IV) identification, 
processing, rendering, and other methods of the present 
invention. As described below, due to the novel algorithms 
and methods of the present invention, the computer need not 
be a powerful graphics workstation of the type conventionally 
used to render complex three-dimensional datasets, such as 
that commonly used in Subsurface geological analysis; rather, 
in some embodiments of the invention it can be an ordinary 
personal computer or even a laptop computer having rela 
tively limited memory, graphics and processing power. A 
Suitable computer has, for example, a processor 10, main 
memory 12 in which programs and data are stored during 
operation, input/output control 14, a hard disk 16 or similar 
device in which programs and data are stored in a non-volatile 
manner, a keyboard 18, a mouse or similar pointing device 20, 
and a video monitor or other display device 22 on which TVs 
23 can be rendered. A graphics accelerator 24 of the type 
commonly included in personal computers for facilitating 
three-dimensional rendering can also be included. As persons 
skilled in the art to which the invention relates understand, the 
computer includes other hardware and software elements that 
are not illustrated for purposes of clarity but that are com 
monly included in Such computers. Although only one pro 
cessor 10 is illustrated for clarity, there can be multiple central 
processing units (CPUs), and the system can be multi-piped 
or clustered Such that processing can be performed by mul 
tiple CPUs or computers, and the rendering of voxel primi 
tives (described below) can be performed by multiple inde 
pendent systems or graphics display Subsystems. 
0030 Depicted as conceptually residing in or stored in 
memory 12 are the following Software elements: a segmen 
tation processor 26; seed data 28; data structures 30; post 
processor 31; and a renderer 32. As persons skilled in the art 
understand, these software elements are depicted as residing 
in memory 12 for purposes of conceptually illustrating the 
programmed computer and may not actually reside simulta 
neously or in their entireties; rather portions of programs and 
data relating to the present invention will be created, stored, 
removed and otherwise appear in memory on an as-needed 
basis primarily under the control of processor 10 in accor 
dance with its programming. Such software elements or por 
tions thereof may be transferred between hard disk 16 and 
memory 12 on an as-needed basis in the conventional manner 
familiar to persons skilled in the art. The programming (code) 
can be stored on hard disk 16, having been loaded from a 
CD-ROM (not shown) or other removable disk, a remote 
computer via a network connection (not shown), or other 
Source of computer-executable program code. Segmentation 
processor 26, post processor 31 and renderer 32 are major 
elements of the programming; other more conventional ele 
ments of the programming, Such as a suitable user interface, 
are not shown for purposes of clarity but would occur readily 
to persons skilled in the art in view of these teachings. The 
present invention can thus be embodied not only as a method 
and system but also as a computer-usable medium or program 
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product on which software elements are stored. As noted 
above, other software elements reside in memory 12 at some 
time and in at least in part but are not shown for purposes of 
clarity including, for example, a Suitable operating system, 
such as MICROSOFT WINDOWS, UNIX or LINUX. 
0031. As illustrated in FIG. 2, the major steps of the 
method of the present invention include a segmentation or 
pre-processing step 34, one or more irregular Volume (IV) 
operations 36, and a rendering step 38. Prior to pre-process 
ing step 34, a Volume dataset is input at step 40. The Volume 
dataset in the illustrated embodiment of the invention can be 
of the type commonly used in Subsurface geological analysis. 
Such a dataset typically comprises a large number, often 
many millions or billions, of datapoints or cells in three 
dimensional space, each representing the value of an attribute 
Such as the amplitude of an acoustic signal reflected by Sub 
Surface features at a point or cell within a three-dimensional 
Volume. In other words, the dataset represents a Subsurface 
Volume. The Volume may contain one or more IVs represent 
ing hydrocarbon reservoirs or other volumetric features that 
can be distinguished from the Volume as a whole on the basis 
of the attribute values. As described in further detail below, 
the present invention can identify any such IVs and store 
representations of them in data structures in a manner that 
facilitates efficiently and speedily performing operations on 
them and rendering them. 
0032 Step 40 can also include defining an “extent.” That 

is, a user can select only a portion or Subset of a Volume 
dataset to provide to pre-processing step 34. In this manner, 
under control of the user oran automated algorithm, a Volume 
dataset can be divided into portions or Subsets so that only 
those of interest are processed or so that the various portions 
can be processed separately from one other. Dividing Volume 
datasets in this manner is especially conducive to multitask 
ing or multiprocessing computing systems in which the pro 
cessing at Step 34 can be performed by multiple threads 
essentially in parallel with one another; one thread can be 
processing one portion while another thread is processing 
another portion. 
0033 Pre-processing step 34 comprises a step 42 of tra 
versing the cells of the input volume dataset until a seed cell 
is found that satisfies certain predetermined criteria of an IV 
of interest to the user. Then, at step 44 other cells are identified 
that are related to the seed cell in some predetermined man 
ner. For example, they can be related by adjacency. As 
described below, step 44 can be performed by a recursive 
algorithm. Information describing each identified cell is 
stored in a data structure at step 46. The information can 
include, for example, attribute value Such as amplitude that 
describe properties of the cell, an indication of the location of 
the identified cell within the volume dataset as a whole or 
other frame of reference, and an identifier uniquely identify 
ing the identified cell as belonging to the identified IV. Thus, 
each such cell is tagged to identify the IV to which it belongs. 
A cell “belongs” in the sense that it is related to other cells of 
the IV in Some predetermined manner, Such as by spatial 
adjacency (i.e., cells are within a predetermined or selected 
distance of each other or a reference point or cells are within 
a predetermined or selected neighborhood), by wavelet char 
acteristics, or by some other attribute or constraint. Steps 42, 
44 and 46 are performed until all cells belonging to each IV 
within the input volume dataset have been identified. Note 
that more than one Volume dataset or section of it can be 
processed in this manner. The resulting IVs that are identified 



US 2010/0286972 A1 

and stored can thus be those contained within different vol 
umes. For example, it may be desirable to pre-process a 
plurality of Volume datasets representing Snapshots of the 
same subsurface volume at different times so that the TVs 
within them can be compared to see how features, such as 
hydrocarbon reservoirs, may have changed over time. 
0034. It is at IV operations step 36 that such comparisons 
and other operations can be performed. For example, to com 
pare two IVs representing Snapshots of the same Subsurface 
Volume at different times to determine how it changed, one 
can perform a Boolean AND or intersection operation. Other 
operations can include a Boolean OR or union operation, 
arithmetic operations, gradient operations and any other 
operation known in the art to be performed upon geologic or 
similar volume data. These operations can be performed very 
efficiently because the data structures contain all of the nec 
essary information, Such as the location of each cell and its 
attribute values; the original dataset need not be accessed 
again. 
0035 Although gradient operations, for example, are 
well-understood by persons skilled in the art to which the 
invention relates, the steps can comprise (in the case where 
the voxel primitive is, as described below, a hexahedron or 
cube), determining the normals for each face of the hexahe 
dron and computing the gradient (fnormal) using the well 
known central differences method. 

0036. The stored IVs or any IVs that result from the opera 
tions of step 36 can be displayed at rendering step 38. Any 
suitable three-dimensional rendering method known in the art 
can be used. Nevertheless, step 38 can alternatively or in 
addition comprise a novel rendering method of the present 
invention that converts or transforms the stored data into 
Voxel (polyhedral) graphics primitives and, in some embodi 
ments of the invention, into simpler (e.g., polygon, point, 
line) graphics primitives. For example, at Step 48 a user can 
select an IV to render. At step 50 the IV can be transformed 
into a polyhedral Voxel representation. For example, each cell 
can be represented as a cubic Voxel or as cones (to provide a 
vector cue). The term “voxel’ is used in this patent specifica 
tion to refer to a software representation of a three-dimen 
sional volumetric object that includes information sufficient 
to render it and perform other processing upon it without 
resorting to conventional approximate three-dimensional 
rendering algorithms such as raycasting or texturing schemes. 
The term “cell refers to the corresponding raw volumetric 
object that does not include Such rendering information, 
though it may include attribute information and other infor 
mation. In the illustrated embodiment of the invention, an 
exemplary bit string is defined that includes six bits, each 
indicating the state of one face of the cube. If a bit is “1” the 
face is to be displayed, i.e., it is “on.” If the bit is “0” the face 
is not to be displayed, i.e., it is “off” Another bit of the string 
can indicate whether the voxel as a whole is “on” or “off” as 
it is sometimes desirable to display all faces. Another bit of 
the string can indicate whether the voxel is selected. Selection 
refers to the type of operation that a user may perform to 
select some portion for performing an operation upon. A 
selected portion of an IV can be displayed, for example, in a 
different color than non-selected portions. In transforming a 
cell to a polyhedral Voxel primitive, another bit string (e.g., 48 
bits) that indicates the location of the voxel can be generated, 
as can still another string (e.g., 12 bytes) that indicates the 
normal information. As known in the art, normal information 
is used by 3D graphics engines to determine proper shading 
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based upon light reflected from the object with respect to the 
viewpoint and one or more light Sources. 
0037. In embodiments of the invention in which graphics 
accelerator 24 accepts Voxel primitives as input, the resulting 
Voxel data can be provided directly to graphics accelerator 24 
for rendering at step 54. In embodiments in which graphics 
accelerator 24 accepts only the more conventional primitives, 
Such as points, lines and polygons, each Voxel can be trans 
formed into such primitives at step 52. For example, each face 
of a cube can be divided into two triangles. Triangles are a 
commonly accepted primitive in many commercially avail 
able graphics accelerators 24. 
0038. Depopulation can also be performed at step 50. 
Depopulation refers to a scaling operation that renders the 
data using fewer voxels when the user's viewpoint is farther 
away from the image than when the user's viewpoint is closer. 
In other words, if the view is more distant, a number of voxels 
can be rendered as a single voxel. Thus, step 50 is responsive 
to user interface input indicating a distance from the view 
point to the image. Each cell can be asynchronously depopu 
lated at process/render time because each cell contains posi 
tion and state information. The depopulation can occur during 
rendering or processing depending on the desired results. For 
example, it may be desired to mix multiple attributes in an IV 
by rendering them at different depopulation locations. 
0039 FIGS. 3A-I illustrate pre-processing step 34 of the 
exemplary embodiment of the invention in further detail. At 
step 56 the user identifies or selects a volume dataset to work 
with. The user can also select an extent or portion of the 
dataset to work with. Thus, the user can selectively partition 
the dataset into multiple portions and process only some of 
them or have the computer process them separately, e.g., by 
multiprocessing. Alternatively to the user partitioning the 
dataset, it can be divided automatically into Some predeter 
mined number of portions. 
0040. At step 58, if the user has indicated that a union 
operation is to be performed between two or more IVs, step 60 
is performed. Step 60 is illustrated in further detail in FIG. 
3G. As illustrated in FIG.3G, if it is determined at step 62 that 
a Boolean Volume does not yet exist, one is allocated in 
memory at Step 64. If one exists, it is reset at Step 66. At step 
68 manager cells are initialized and set. This means that a 
series of fields of a data structure are tagged to indicate that a 
Boolean operation is to be performed. Processing returns to 
step 70 in FIG. 3A. 
0041. A recursive structures array is used to reduce the 
amount of stack memory that might otherwise be needed by 
the hardware system. That is, every time a recursive function 
is called, a frame, containing function arguments and other 
data, is created on the stack. The recursive structures array 
effectively shifts the memory burden to the heap, where 
memory is dynamically allocated and deallocated and thus 
not as limited a resource as the stack. If it is determined at Step 
70 that that such an array does not yet exist, one is created at 
step 72. 
0042. A bit volume is an object in which its bit elements 
map one-to-one to each sample or element of the original data 
volume array. That is, it uses a 1-bit element for each 8, 16,32. 
64, etc., bit sample element. The bit array object can be used 
to eliminate the need for performing searches or sorting, and 
provides a structure to maintain traversal state. A count bit 
Volume is used, in conjunction with the original data Volume 
to further remove noise, by keeping a scratchpad on an initial 
irregular size calculation. It also provides a way to constrain 
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the size of IVs and cells that are to be accepted. It can be used 
as a mask for non-processing areas, too. The count bit Volume 
works by providing an on/off checking scheme and by elimi 
nating the need for search Schemes, which are prohibitive 
when using large data Volumes. This is, because the access is 
random, the time needed to access a cell is not dependent 
upon the amount or size of data. If it is determined at step 74 
that a count bit volume exists, it is reset at step 76. If one does 
not exist, one is created at step 78. 
0043. A state bit volume is used, in conjunction with the 
original data Volume, to maintain the processing traversal 
state (to keep track of cells that have been processed so as not 
to re-process a cell). The state bit Volume also aids performing 
Boolean operations between IVs and processing sets of IVs 
together from different volume datasets. It is also used to 
perform merging of various irregular data Volume datasets 
created by Sub-dividing the original dataset into Smaller 
datasets to be processed by separate threads or otherwise 
processed separately. If it is determined at step 80 that a state 
bit volume exists, it is reset at step 82. If one does not exist, 
one is created at step 84. 
0044 A loop is begun at step 85 in which cell samples 
from the input volume dataset are processed. Step 86 provides 
status information, such as whether memory requirements 
have been exceeded, via the user interface. At step 88 it is 
determined whether the then-current sample meets predeter 
mined criteria for a seed cell. The sample is deemed to be a 
seed cell if: (1) the attribute meets predetermined threshold 
requirements; (2) the state bit is not set in the state volume; (3) 
the count bit is not set in the count bit volume; (4) the cell to 
the left of the then-current sample cell is not a valid cell; (5) 
the cell above the then-current sample cell is not a valid cell; 
and (6) the cell in front of the then-current sample cell is not 
a valid cell. Condition (1) means that the attribute is compared 
to one or more predetermined thresholds. A threshold can be, 
for example, the value of a single attribute. Such as amplitude. 
For example, it may be desired to ignore any samples that do 
not have an amplitude above a certain threshold. Condition 
(2) means that the algorithm has not yet processed this cell, 
and it thus remains a candidate for identification as a cell for 
the current IV or as a seed cell for a different IV. If the count 
bit to which condition (3) relates is set, that means that 
another search process has already considered this sample as 
a seed cell candidate and that either the cell was already 
processed or the IV to which the cell belongs did not meet a 
predetermined minimum size threshold. (A very small IV can 
represent noise rather than a subsurface feature in which the 
user would be interested.) Conditions (4), (5) and (6) refer to 
the order in which the cells of the input volume dataset are 
processed: left to right, then top to bottom, then back to front. 
If the top, left or front cell has already been processed and 
found to be valid, the then-current sample cell has already 
been processed and can be discarded as a candidate seed cell. 
Note that the conditions described above that define the cri 
teria for a seed cell are only exemplary; additional criteria or 
fewer criteria can be used. 

0045. Note that although in the illustrated embodiment of 
the invention the cells are traversed from one cell to an adja 
cent cell until a seed is found, the invention is not so limited. 
In addition to traversing from cell to cell based upon Such 
spatial adjacency, in other embodiments the invention can 
traverse from cell to cell based upon a stride or neighborhood 
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projection lookup or any other Suitable means for traversing 
from one cell to another (not necessarily spatially adjacent) 
cell. 
0046. If a seed cell is found, then a recursive process is 
begun at step 90 in which the irregular volume to which the 
seed cell belongs is assigned a master identifier, and each cell 
in that IV is identified and added to an IV cell counter field. 
Information describing each identified cell. Such as its loca 
tion and the identifier identifying the irregular volume to 
which it belongs, is stored in a data structure corresponding to 
that cell. The recursive “process IV from seed cell' process is 
described in further detail below. The process of searching for 
seed cells and processing the IV to which each identified seed 
cell belongs is repeated until it is determined at step 92 that all 
cells in the input Volume dataset have been sampled. 
0047 Various post-processing operations can readily be 
performed once the IVs in the input volume have been iden 
tified and stored. These operations are essentially those 
known in the prior art to be of interest to geologists and other 
users of Such a system. For example, union operations and 
projection operations are well-known. Nevertheless, the pre 
processing enables such operations to be performed much 
more efficiently and rapidly than if conventional algorithms 
are used to perform them, because there is no need to repro 
cess entire data Volumes and create resulting Volumes of 
equal size. For example, if at step 94 it is determined that the 
user indicated that a union operation is to be performed, then 
at step 96 union processing that takes advantage of the pre 
processing is performed as described below. If at step 98 it is 
determined that the user indicated that a projection operation 
is to be performed, then at step 100 a projection operation that 
takes advantage of the pre-processing is performed. In con 
ventional systems, raycasting or other complex algorithms 
are used to perform projection and viewing operations. In the 
present invention, projection is a straightforward step of 
which persons skilled in the art to which the invention relates 
will readily be capable of implementing. A single set of 
geometric information can be downloaded to the hardware 
and rendered continuously merely by changing view param 
eters. Step 102 indicates that any other such well-known 
operations can be performed prior to download. 
0048 For example, an operation that can be performed at 
step 102 upon an identified IV is minimum or maximum 
attribute projection-display. The IV is processed so that all 
cells that have a property that identifies them as skin cells, i.e., 
cells on the outer voxel skin of the IV, receive a new attribute 
value. Columns of cells from the IV are processed by deter 
mining the number of voxels between the top cell, i.e., the 
skin cell, and a non-existent cell within the bit volume. The bit 
volume is marked with all the existing cells. The attribute 
values of the top cells are then compared with the following 
continuous existing cells in the column. The maximum or, in 
other cases, the minimum attribute value, replaces the top cell 
attribute value. The same operation is performed for the bot 
tom cells. This projection can be performed using a normal or 
view/projection vector that is provided. 
0049. At step 104 housekeeping tasks such as deleting the 
state bit and count bit Volumes and the heapfstack memory 
resources can be performed before processing terminates. 
0050. The union processing of step 96 is illustrated in FIG. 
3H-I. At step 106 the next cell to process in the selected IV is 
identified and the corresponding data structure in the Boolean 
volume is examined. For example, at step 108 it is determined 
whether the “AND” bit in the data structure is set, indicating 



US 2010/0286972 A1 

that a Boolean operation is to be performed after processing, 
and all cells are thus to be marked accordingly to correctly 
correlate the proper processing cells. If it is set, then at step 
110 the intersection bit in the corresponding location in the 
resulting Volume, i.e., a Volume that represents the results of 
the intersection, is set. If it is determined at step 112 that more 
cells in the selected IV are to be processed, processing returns 
to step 106. When all cells have been processed, it is deter 
mined at step 114 whether the m ORA bit is set and the cell 
exists in the Boolean bit volume respective position. If it is 
set, at step 116 certain cell fields that are not of interest, i.e., 
not to be processed, are reset to zero. One such field can be a 
visibility/ACTIVE field that indicates whether the cell is acti 
vated, i.e., visible when rendered. Another can be a flag that is 
set when processing indicates that a cell is to be deleted but 
has not actually yet been removed. ORA is a field that indi 
cates that there is only one cell at that spatial position at that 
moment. No other IV contains a cell in that position. This 
initialization is repeated for each cell, as indicated by steps 
118 and 120. When all cells have been processed, at step 122 
the IV identifiers are merged if the input dataset was pro 
cessed in portions (i.e., by defining extents). Alternatively, in 
other embodiments of the invention the merging could occur 
at a later time or in Some other manner, Such as on a different 
computer. 
0051. At step 124 it is determined if the AND cells are 
activated, i.e., whether they are to be visible or not in the 
resulting IV when displayed. If they are activated, step 126 
represents a suitable activation routine or method “activateO 
RAcellsOnly'. This routine isolates and marks all cells that 
are identified using the OR cell operation, which can be 
displayed for processing. At step 128 it is determined if the 
ORA cells are activated, i.e., whether they are to be visible or 
not in the resulting IV when displayed. If they are activated, 
step 130 represents a suitable activation routine or method 
“selectANDcellsOnly'. This routine identifies cells that meet 
a Boolean AND condition, which can be that two cells existin 
two different IVs from one or more datasets or for later 
processing of cells that occupy the same spatial location. At 
step 132 it is determined if the AND cells are selected. i.e., 
whether they are to be displayed in a distinctive color when 
the resulting IV is displayed. If they are selected, step 134 
represents a suitable routine or method isolating cells that 
exist only in the first volume. For example, cells are isolated 
if a Boolean AND operation is to be performed between two 
coexisting IVs, but it is desired to render only the common 
cells that exist only in the first IV. At step 136 it is determined 
if the first IV (of the two undergoing the union operation) is 
activated, i.e., whether the IV as a whole is to be visible or not 
in the resulting IV when displayed. If it is activated, step 138 
represents a Suitable routine or method for rendering only the 
marked cells that exist in the second IV. At step 140 it is 
determined if the second IV (the other the two undergoing the 
union operation) is activated, i.e., whether the IV as a whole 
is to be visible or not in the resulting IV when displayed. If it 
is activated, step 142 represents a Suitable routine or method 
similar to that represented by step 130 but in which the cells 
are not uniquely marked with a selected color during render 
ing. Lastly, at step 144 Some housekeeping tasks, such as 
deleting table information, reloading table information and 
deleting the temporary Boolean Volume, are performed 
before processing returns to step 96 and continues at step 98 
as described above. 
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0.052 The main recursive function called at step 90 is 
illustrated in FIGS. 3D-F. As noted above, this function 
extracts or identifies the rest of the cells belonging to the IV to 
which the seed cell belongs. If it is determined at step 146 that 
the number of then-counted cells of the current IV, i.e., the IV 
then undergoing processing, is not below some predeter 
mined maximum, the function call is returned from at Step 
148, as this indicates an error or problem. If it is determined 
at step 150 that the current cell, i.e., the cell then undergoing 
processing, is not within the selected extent or Sub-volume, 
the function call is returned from at step 152, as this indicates 
an error or problem. If it is determined at step 154 that the 
current cell has already been processed (by a previous recur 
sive call), then the function call is returned from at step 156. 
As noted above, the state bit indicates whether a cell has been 
processed. If none of these conditions result in returning from 
the function call early, processing continues at step 158, 
where the state bit at the corresponding cell position in the 
State Bit Volume is set. 

0053. If it is determined at step 160 that the current cell is 
a seed cell, then because it is the first cell of the IV being 
processed a Total Body Count, which is the total number of 
internal and external cells, is set to zero in an IV table. The IV 
table is used to maintain object information and statistics (but 
not information describing individual cells of the IV). The 
coordinates or location of the seed cell is stored in the table. 
The seed attribute is stored in the cell data structure, which 
contains all information relevant to each cell. Such as posi 
tion, normal, face information, and so forth. Storing informa 
tion about the seed cell, including its location, is beneficial 
because it enables an IV to be extracted without having to 
search for a seed cell. 

0054 Steps 164, 166, 168, 170, 172 and 174 ask, respec 
tively, whether a cell to the right, left, bottom, top, back and 
front of the current cell exists. Step 176 similarly asks if any 
of the other 20 neighbors of a cell exist, such as top-front 
right, top-front-left, etc. Note that a cubic cell has a total of 26 
neighbors. If any such neighboring cell exists, processing 
jumps to step 178 at which the boundary cell index, which is 
a flag indicating that the cell is located on the outer Surface or 
skin of the IV, is set to the proper value. Then, if it is deter 
mined at step 180 that the current cell is a boundary cell, at 
step 182 a boundary flag is set to True, and the next offset is 
set. An offset is a value indicating how far the cell is located 
in a linear array representing the bit array or attribute array. 
That is, all bit volumes and data arrays have the same offset 
for a cell in a specific spatial position. Storing information 
that indicates whether a cell is a boundary cell enables the 
skin to be rendered quickly if a user desires to view only the 
voxel skin of an IV. 

0055. At step 184 it is determined whether the neighboring 
cell has been processed yet. The neighboring cell is that which 
is to the right, left, bottom, top, back or front of the current 
cell, depending on which of steps 154-174 returned a true 
result. If the neighboring cell has been processed, processing 
continues after the one of steps 154-174 that returned a true 
result. If the neighboring cell has not been processed, then the 
function indicated at step 90 and illustrated in these FIGS. 
3D-F is called again. The function thus calls itself in a recur 
sive manner until all cells belonging to the current IV have 
been identified and stored. 

0056. Each time the main recursive function returns, pro 
cessing continues at step 186, where the total cell count of the 
current IV is incremented. Then, at step 188 it is determined 
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whether the user has elected to process the entire IV or only its 
boundary cells. If only boundary cells, then at step 190 a limit 
flag is set, and the function returns again. A limit flag is a data 
field that maintains a count of the number of cells found. 
When the count reaches a predetermined maximum, then the 
limit flag is set, no more cells are processed, and the process 
ing stops. If processing all cells, then at Step 192 information 
describing the cell is stored in a cell data structure. One such 
data structure exists for each cell of each IV. Specifically, the 
information stored can include, among other things, the coor 
dinates or location of the current cell, a cell body identifier 
that uniquely identifies the cell, an attribute value of the cell 
(e.g., amplitude), and neighborhood information. The 
attribute value is useful because one IV can be used as tem 
plate to efficiently extract attribute values from other IVs. The 
neighborhood information is an encoded bit string that indi 
cates where the current cells neighbors exist. For example, a 
bit is set to “1” if the current cell has a neighbor to its left, 
another bit is set to “1” if the current cell has a neighbor above 
it, and so forth. The polyhedron bit face visibility information 
matches and is inferred from the above information. For 
example, if a hexahedron (cube) is used, and if there is not a 
neighbor cell, above it, then that means that the top voxel 
cube's face will be visible, since it is facing the outside of the 
IV. If there is a neighbor facing the bottom of the cell, then the 
face visibility will be “off” for the bottom cube's face, since it 
faces the inside of the IV. 

0057. If it is determined at step 194 that a Boolean opera 
tion is being performed on the current IV then the cells from 
one or more IVs are compared at step 196, and their data 
structure fields are updated for proper rendering. For 
example, if one desires all the common cells, then the 
m AND field of all the AND cells will be set to “1”. The 
function call then returns at step 190. 
0058. Note that when the very first of the recursive func 
tion calls returns, processing continues from step 90. As 
described above, the processing that follows step 90 can 
include not only displaying the TVs that have been identified 
and stored but also union operations, projection operations 
and any other operations with which persons skilled in the art 
are familiar because all of the information necessary to per 
form Such operations in a straightforward manner has been 
stored in the data structures. Although Such conventional 
operations can be performed using any suitable algorithms or 
methods, note that the operation of rendering an image can be 
performed using the novel rendering method described above 
with regard to step 38 (FIG. 2). 
0059 A unique characteristic of the above-described algo 
rithm is that all the rendering geometry need only be calcu 
lated once. Prior voxel/pseudo-Voxel algorithms known in the 
art, such ray casting, splatting, and texture-based rendering 
schemes, must recalculate their geometry every time a frame 
is to be rendered and/or when the rendering view direction 
changes. In addition, the novel algorithm Voxel primitive 
described above facilitates economically providing a true 3D 
hardware voxel primitive using conventional, commercially 
available 3D hardware. 

0060. It should also be noted that by breaking the entire 
Volume into spatially atomic components (irregular Vol 
umes), data can be easily divided into groups in order to 
balance the system execution and rendering performance on 
multi-pipe and multi-threaded systems. In comparison, other 
algorithms have to perform complicated data management 
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schemes and perform various types of computations every 
time they render a frame and/or every time the rendering view 
direction changes. 
0061. It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
present invention without departing from the scope or spirit of 
the invention. Other embodiments of the invention will be 
apparent to those skilled in the art from consideration of the 
specification and practice of the invention disclosed herein. It 
is intended that the specification and examples be considered 
as exemplary only, with a true scope and spirit of the invention 
being indicated by the following claims. 
What is claimed is: 
1. A computer-implemented method for identifying irregu 

lar Volumes represented within Volumetric input data, com 
prising the steps of: 

inputting one or more Volume datasets comprising a mul 
tiplicity of three-dimensional cells; 

establishing criteria describing properties of an irregular 
Volume of interest; 

processing each Volume dataset, the processing compris 
ing the steps of 
traversing from cell to cell of the volume dataset until a 

seed cell is identified having properties matching the 
criteria, the identified seed cell thereby belonging to 
an identified irregular Volume; 

identifying cells related to the seed cell by a predeter 
mined relationship as belonging to the identified 
irregular Volume; 

storing in a data structure associated with each identified 
cell belonging to the identified irregular volume, 
attribute data describing properties of the identified 
cell, the attribute data including an indication of the 
location of the identified cell with respect to a prede 
termined frame of reference and including an identi 
fier uniquely identifying the identified cell as belong 
ing to the identified irregular Volume; and 

rendering at least a portion of the one or more Volume 
datasets representing at least a portion of the identified 
irregular volume, the irregular Volume portion compris 
ing at least one internal cell and at least one boundary 
cell. 

2. The method claimed in claim 1, wherein the predeter 
mined relationship is adjacency of cells within the Volume 
dataset. 

3. The method claimed in claim 1, wherein the predeter 
mined relationship is cells within the Volume dataset meeting 
predetermined wavelet characteristics. 

4. The method claimed in claim 1, wherein the predeter 
mined relationship is cells within a predetermined neighbor 
hood distance of the seed cell. 

5. The method claimed in claim 1, wherein the predeter 
mined relationship is cells belonging to an irregular volume 
within a predetermined size range. 

6. The method claimed in claim 1, wherein the predeter 
mined relationship is cells belonging to another irregular 
Volume previously processed, whereby the previously pro 
cessed irregular volume defines a template. 

7. The method claimed in claim 1, wherein the predeter 
mined relationship is cells having a gradient value within a 
predetermined range. 

8. The method claimed in claim 1, wherein the predeter 
mined relationship is cells having a transparence attribute 
with a value within a predetermined range. 
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9. The method claimed in claim 1, wherein the predeter 
mined relationship is cells having a selected attribute with a 
value within a predetermined range. 

10. The method claimed in claim 1, wherein the predeter 
mined relationship is cells located in a selected region with 
respect to a predetermined user-provided geometric Surface 
or geometric shape. 

11. The method claimed in claim 1, wherein the step of 
identifying cells related to the seed cell by a predetermined 
relationship as belonging to the identified irregular Volume is 
performed by a recursive computer process traversing from 
each identified cell to an adjacent cell. 

12. The method claimed in claim 1, wherein the attribute 
data include a data-collection attribute from the one or more 
Volume datasets and at least one value of the data-collection 
attribute of the identified cell. 

13. The method claimed in claim 1, wherein the attribute 
data further include an indication of whether the identified 
cell is a boundary cell or whether the identified cell is an 
internal cell. 

14. The method claimed in claim 1, wherein the attribute 
data further include information describing neighboring 
cells. 

15. The method claimed in claim 1, wherein the step of 
traversing from cell to cell of the volume dataset until a seed 
cell is identified includes storing information identifying the 
identified seed cell in a seed cell table. 

16. The method claimed in claim 1, further comprising: 
establishing a division of at least one of the Volume datasets 

into a plurality of portions; and 
wherein the step of processing each Volume dataset com 

prises processing at least one selected portion of the 
plurality of portions until each irregular Volume in the 
Selected portion is processed. 

17. The method claimed in claim 16, wherein irregular 
Volumes in one portion are processed by a separate computer 
process from irregular volumes in another portion. 

18. The method claimed in claim 16, wherein: 
the step of establishing a division of at least one of the 

Volume datasets into a plurality of portions comprises 
establishing a division of each of a plurality of volume 
datasets into a plurality of portions; and 

wherein irregular Volumes in one portion are processed by 
a separate computer process from irregular Volumes in 
another portion. 

19. The method claimed in claim 1, wherein: 
the inputting step comprises inputting a plurality of volume 

datasets, each comprising a multiplicity of three-dimen 
sional Voxels or cells; and 

the processing step comprises processing each of the plu 
rality of volume datasets, whereby irregular volumes 
identified in each Volume dataset are stored in a data 
structure of the same type as the data structure in which 
irregular volumes identified in all other volume datasets 
are stored; and 

the attribute data further include an irregular volume iden 
tifier uniquely identifying an irregular Volume from all 
other irregular Volumes. 

20. The method claimed in claim 1, further comprising the 
steps of: 

Selecting an identified seed cell belonging to an identified 
irregular volume; 
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identifying cells belonging to the same irregular Volume as 
the identified seed cell by retrieving identifiers from the 
data structures and comparing the identifiers; and 

retrieving from the data structures, indications of the loca 
tions of the cells identified as belonging to the same 
irregular volume as the identified seed cell. 

21. The method claimed in claim 20, further comprising the 
step of rendering a graphical depiction of at least a portion of 
the identified irregular Volume by rendering a graphical 
depiction of cells identified as belonging to the same irregular 
Volume as the identified seed cell. 

22. The method claimed in claim 21, further comprising the 
step of: 

retrieving from the data structures, attributes indicating 
whether cells identified as belonging to the same irregu 
lar volume as the identified seed cell are boundary cells; 
and 

wherein the step of rendering a graphical depiction of at 
least a portion of the identified irregular volume com 
prises rendering a graphical depiction of each boundary 
cell identified as belonging to the same irregular Volume 
as the identified seed cell, whereby the boundary cells 
are shaded to represent an irregular Volume surface. 

23. The method claimed in claim 1, further comprising the 
steps of: 

retrieving from the data structures stored, volume attribute 
data describing a property of each identified cell belong 
ing to a first identified irregular volume; 

retrieving from the data structures stored, volume attribute 
data describing a property of each identified cell belong 
ing to a second identified irregular Volume; and 

performing an operation between Volume attribute data 
describing a property of each identified cell belonging to 
the first identified irregular volume and volume attribute 
data describing a property of each identified cell belong 
ing to the second identified irregular Volume. 

24. The method claimed in claim 23, wherein the operation 
is a Boolean operation. 

25. The method claimed in claim 23, wherein the operation 
is an arithmetic operation. 

26. The method claimed in claim 23, wherein the operation 
is an algorithmic operation performed upon the second iden 
tified irregular volume using the first identified irregular vol 
ume as a template. 

27. The method claimed in claim 23, wherein the operation 
is a merge operation combining the first identified irregular 
volume with the second identified irregular volume. 

28. A computer program product for identifying irregular 
Volumes represented within Volumetric input data, compris 
ing a computer-usable medium carrying thereona: 
means for inputting one or more Volume datasets compris 

ing a multiplicity of three-dimensional cells; 
means for establishing criteria describing properties of an 

irregular volume of interest; 
means for processing each Volume dataset, the means for 

processing comprising a: 
means for traversing from cell to cell of the volume 

dataset until a seed cell is identified having properties 
matching the criteria, the identified seed cell thereby 
belonging to an identified irregular volume; 

means for identifying cells related to the seed cell by a 
predetermined relationship as belonging to the iden 
tified irregular volume: 
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means for storing in a data structure associated with each 
identified cell belonging to the identified irregular 
volume, attribute data describing properties of the 
identified cell, the attribute data including an indica 
tion of the location of the identified cell with respect to 
a predetermined frame of reference and including an 
identifier uniquely identifying the identified cell as 
belonging to the identified irregular volume; and 

means for rendering at least a portion of the one or more 
Volume datasets representing at least a portion of the 
identified irregular volume, the irregular volume portion 
comprising at least one internal cell and at least one 
boundary cell. 

29. The computer program product claimed in claim 28, 
wherein the predetermined relationship is adjacency of cells 
within the volume dataset. 

30. The computer program product claimed in claim 28, 
wherein the predetermined relationship is cells within the 
Volume dataset meeting predetermined wavelet characteris 
tics. 

31. The computer program product claimed in claim 28, 
wherein the predetermined relationship is cells within a pre 
determined neighborhood distance of the seed cell. 

32. The computer program product claimed in claim 28, 
wherein the predetermined relationship is cells belonging to 
an irregular Volume within a predetermined size range. 

33. The computer program product claimed in claim 28, 
wherein the predetermined relationship is cells belonging to 
another irregular volume previously processed, whereby the 
previously processed irregular volume defines a template. 

34. The computer program product claimed in claim 28, 
wherein the predetermined relationship is cells having a gra 
dient value within a predetermined range. 

35. The computer program product claimed in claim 28, 
wherein the predetermined relationship is cells having a 
transparence attribute with a value within a predetermined 
range. 

36. The computer program product claimed in claim 28, 
wherein the predetermined relationship is cells having a 
selected attribute with a value within a predetermined range. 

37. The computer program product claimed in claim 28, 
wherein the predetermined relationship is cells located in a 
selected region with respect to a predetermined user-provided 
geometric Surface or geometric shape. 

38. The computer program product claimed in claim 28, 
wherein identifying cells related to the seed cell by a prede 
termined relationship as belonging to the identified irregular 
Volume is performed by a recursive computer process travers 
ing from each identified cell to an adjacent cell. 

39. The computer program product claimed in claim 28, 
wherein the attribute data include a data-collection attribute 
from the one or more Volume datasets and at least one value of 
the data-collection attribute of the identified cell. 

40. The computer program product claimed in claim 28, 
wherein the attribute data further include an indication of 
whether the identified cell is a boundary cell or whether the 
identified cell is an internal cell. 

41. The computer program product claimed in claim 28, 
wherein the attribute data further include information 
describing neighboring cells. 

42. The computer program product claimed in claim 28, 
whereintraversing from cell to cell of the volume dataset until 
a seed cell is identified includes storing information identify 
ing the identified seed cell in a seed cell table. 
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43. The computer program product claimed in claim 28, 
further comprising a: 
means for establishing a division of at least one of the 

Volume datasets into a plurality of portions; and 
wherein processing each Volume dataset comprises pro 

cessing at least one selected portion of the plurality of 
portions until each irregular volume in the selected por 
tion is processed. 

44. The computer program product claimed in claim 43, 
wherein irregular Volumes in one portion are processed by a 
separate computer process from irregular Volumes in another 
portion. 

45. The computer program product claimed in claim 43, 
wherein: 

the means for establishing a division of at least one of the 
Volume datasets into a plurality of portions comprises a 
means for establishing a division of each of a plurality of 
Volume datasets into a plurality of portions; and 

wherein irregular Volumes in one portion are processed by 
a separate computer process from irregular Volumes in 
another portion. 

46. The computer program product claimed in claim 28, 
wherein: 

the means for inputting comprises a means for inputting a 
plurality of Volume datasets, each comprising a multi 
plicity of three-dimensional voxels or cells; 

the means for processing comprises means for processing 
each of the plurality of volume datasets, whereby irregu 
lar volumes identified in each volume dataset are stored 
in a data structure of the same type as the data structure 
in which irregular volumes identified in all other volume 
datasets are stored; and 

the attribute data further include an irregular volume iden 
tifier uniquely identifying an irregular Volume from all 
other irregular Volumes. 

47. The computer program product claimed in claim 28, 
further comprising a: 
means for selecting an identified seed cell belonging to an 

identified irregular volume: 
means for identifying cells belonging to the same irregular 

volume as the identified seed cell by retrieving identifi 
ers from the data structures and comparing the identifi 
ers; and 

means for retrieving from the data structures, indications of 
the locations of the cells identified as belonging to the 
same irregular Volume as the identified seed cell. 

48. The computer program product claimed in claim 47. 
further comprising a means for rendering a graphical depic 
tion of at least a portion of the identified irregular volume by 
rendering a graphical depiction of cells identified as belong 
ing to the same irregular Volume as the identified seed cell. 

49. The computer program product claimed in claim 48, 
further comprising a: 
means for retrieving from the data structures, attributes 

indicating whether cells identified as belonging to the 
same irregular Volume as the identified seed cell are 
boundary cells; and 

wherein the means for rendering a graphical depiction of at 
least a portion of the identified irregular volume com 
prises a means for rendering a graphical depiction of 
each boundary cell identified as belonging to the same 
irregular volume as the identified seed cell, whereby the 
boundary cells are shaded to represent an irregular Vol 
ume Surface. 
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50. The computer program product claimed in claim 28, 
further comprising a: 

means for retrieving from the data structures stored, Vol 
ume attribute data describing a property of each identi 
fied cell belonging to a first identified irregular volume: 

means for retrieving from the data structures stored, Vol 
ume attribute data describing a property of each identi 
fied cell belonging to a second identified irregular Vol 
ume; and 

means for performing an operation between Volume 
attribute data describing a property of each identified 
cell belonging to the first identified irregular volume and 
Volume attribute data describing a property of each iden 
tified cell belonging to the second identified irregular 
Volume. 
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51. The computer program product claimed in claim 50, 
wherein the operation is a Boolean operation. 

52. The computer program product claimed in claim 50, 
wherein the operation is an arithmetic operation. 

53. The computer program product claimed in claim 50, 
wherein the operation is an algorithmic operation performed 
upon the second identified irregular Volume using the first 
identified irregular volume as a template. 

54. The computer program product claimed in claim 50, 
wherein the operation is a merge operation combining the first 
identified irregular volume with the second identified irregu 
lar volume. 


