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WIDGET FOR MAPPING ONE OR MORE DATA DOMAINS TO ONE OR
MORE DESTINATION DATA RANGES

BACKGROUND

[0001] The present disclosure relates generally to imaging and visualization,
and, more particularly, to mapping one or more source data domains to one or more

destination data ranges.

[0002] In fields such as medical imaging and the visualization of petroleum-
industry data, the user (e.g., a physician and a geophysicist) requires a visual
representation of multidimensional data. For example, in the petroleum industry, a
geophysicist may need to visualize cubes of data composed of more than 1,000 x
1,000 x 1,000 three-dimensional (3-D) points (called “voxels”), where each voxel has
values pertaining to seismic amplitude, porosity, lithofacy, salt content, and the
presence of hydrocarbons. Typically, these data are viewed on two-dimensional (2-
D) or 3-D computer displays that are composed of a set of pixels or voxels. Each of
these destination pixels (or voxels) are modulated by one or more of: color,
amplitude, transparency, radiative trajectory, pulsation, etc. To accomplish this
modulation, visualization software provides various ways for the user to map the
source data domain(s) to the display’s destination data range(s). The collection of
destination pixels or voxels forms a rendering of the source data. A user
accomplishes a visual query by adjusting the mapping from source data domains to
display ranges and observing the result. To gain a desired level of understanding of
the source data, a user may need to accomplish a long sequence of visual queries.

Iterating through a series of visual queries can be very time consuming for the user.

[0003] A series of visual queries is generally accomplished in two stages. In
the first stage, the source data is mapped based on prior knowledge of a known aspect
of the system. In the second stage, the user iterates visual queries, making fine
adjustments to the mapping. In general, the user seeks to preserve the map made in

the first stage while making the adjustments of the second stage. This is not always



possible because the first mapping is not controllable independently from the second

mapping.

[0004] In general, software tools that perform the mapping from the source
data domain to the display destination range are referred to as “color-mapping
widgets.” For example, Adobe’s Photoshop software application includes a curves
dialog, which is an example of a color-mapping widget. The curves widget allows
source data domains to be mapped to color domains, by establishing corresponding
points. Correspondences between established points are interpolated. The curves
widget can establish an independent set of correspondences for each source data
domain, however each source domain is controlled by a single set of correspondences.
There is no way to preserve a first mapping while editing a second mapping of a
source data domain. Schlumberger’s Petrel software application includes a color table
dialog, which is another example of a color-mapping widget. The color table maps
source data domains into color and opacity domains. The color table allows the user
to define correspondence points between discrete source data levels and color/opacity
levels. A weakness of the color table is that all aspects of the source data channel are

mapped based on a single set of correspondences.
BRIEF SUMMARY

[0005] Exemplary embodiments of the present invention are directed to
mapping one or more source data fields to one or more destination data fields. Each
destination data field may be modulated by one or more transfer functions. A user
may edit one or more of the transfer functions while leaving the other transfer
functions unchanged. The above described and other features are exemplified by the

following figures and detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Referring now to the figures, which are exemplary embodiments and

wherein like elements are numbered alike:

[0007] FIG. 1 depicts an exemplary visualization environment;



[0008] FIG. 2 is a graph of two transfer functions being applied to a single

input channel of source data;

[0009] FIG. 3 includes graphs of various types of transfer functions that may

be applied to the source data;

[0010] FIG. 4 is a graph of two transfer functions being applied to a single

input channel of source data;

[0011] FIG. 5 is a user interface that may be utilized by exemplary

embodiments of the present invention;

[0012] FIG. 6 is a process flow that may be implemented by exemplary

embodiments of the present invention;

[0013] FIG. 7 is a user interface that may be utilized by exemplary
embodiments of the present invention where two transfer functions are applied to two

input channels of source data; and

[0014] FIG. 8 is a block diagram of an exemplary system for mapping one or

more data domains to one or more data ranges.
DETAILED DESCRIPTION

[0015] Exemplary embodiments of the present invention include methods of
mapping one or more source data fields to one or more destination data fields. Each
destination data field may be modulated by one or more transfer functions. A user
may edit one or more transfer functions while leaving the other transfer functions

unchanged.

[0016] For example, exemplary embodiments of the present invention may be
applied to oil and gas visualization. In this example, a single data type (seismic
amplitude) is mapped to two destination data parameters: the color and the opacity of
each voxel to be drawn in a 3-D display. This may be referred to as a one-
dimensional (1-D) mapping because a single data type is being mapped to one or

more destination data parameters. FIG. 1 depicts an exemplary visualization



environment that may be utilized for the oil and gas visualization. A source data set 5
contains information about a large number of points within the earth. These data in
the source data set 5 have several parameters, such as seismic amplitude, porosity, and
lithofacy. A visualization software application 10 provides a multitude of functions
for visualizing the source data set 5, including a 1-D color-mapping widget 15. The
visualization software application 10 displays information on a 2-D display 20 and/or
a 3-D display 25. An example of a 3-D display 25 is the Perspecta® Spatial 3-D
Display manufactured by Actuality Systems, Inc. (Burlington, MA).

[0017] FIG. 2 is a graph of two transfer functions being applied to a single
input channel of source data. FIG. 2 depicts a source data domain 30, for example
seismic amplitude ranging from 0 to 1, a first destination data range 35, for example
the color spectrum, and a second destination data range 40, for example “opacity.”
Note that in a 3-D display 25, opacity may be visually represented either as true
opacity (as in a holographic or multi-view display) or as brightness (as in the subset of

volumetric displays with omnidirectionally-radiative voxels).

[0018] To map from the source data domain 30 to each destination data
range (35 40), the user asserts a modulation function (45 50) with one or more control
points (45a 50a). For example, a first modulation function 45 maps seismic amplitude
values to hue, and a second modulation function 50 maps seismic amplitude to
opacity. For example, in FIG. 2, a seismic amplitude value N is mapped to the color

green at 100% opacity.

[0019] In FIG. 2, the functions are linear between control points. However,
they can have other forms, including, but not limited to: smooth polynomials; sigmoid
functions; or even be functions of the data itself, such as the gradient of the data. FIG.
3 depicts graphs of three of the various forms of transfer functions (linear, irregular
and polynomial) that may be applied to the source data domain 30. The interpolation
functions can follow any of a number of methods, including splines, cubics,
exponents, noise functions, etc. Further, the function can simulate discontinuous
functions by placing tags very close to each other. Still further, the function can

include automatically-generated regions, such as pseudo-random data, as instructed



by special tags that incorporate information about “begin sequence” and “end

sequence.”

[0020] FIG. 4 is a graph of two transfer functions being applied to a single
input channel of source data. FIG. 4 shows an input source data domain 30 for
seismic amplitude ranging from -127 to +128 and the two functions which map the
amplitude value to color (hue) and opacity. In this case, amplitudes near the value
-127 are depicted as red, and then ramp through the spectrum such that amplitudes
near the value +128 are depicted as violet. Simultaneously, the opacity for amplitudes
near -127 have 0% opacity, increasing linearly so that amplitudes of 0 are depicted
with an opacity of 100%, and then decreasing linearly so that amplitudes of 128 are
depicted with an opacity of 0%.

[0021] FIG. 5 is a user interface that may be utilized by exemplary
embodiments of the present invention. FIG. 5 depicts one example of the 1-D color
mapping widget 15 as it would appear when the user asserts the modulation functions
illustrated in FIG. 4. The 1-D color mapping widget 15 has a source data domain
depiction 60, a first destination data range selector region 65, a second destination
data range selector region 70, a set of first destination data range control tags (65a,
65b), a set of second destination data range control tags (70a, 70b, 70c), and a
mapping preview graphic 75.

[0022] The control tags (65a..., 70a...) can be moved by the user and serve to
move the associated control points (66a, 66b) and (71a, 71b, 71c¢) in the modulation
transfer functions. There is a one-to-one correspondence between tags and control
points. Each tag (65, 70) has a value 80 and a position 85. The user implicitly places
a control point to relate a source datum value to a destination value by creating a tag,

assigning a value 80 to the tag, and moving the tag to a position 85.

[0023] For example, in Fig. 4, seismic amplitude -127 is assigned the hue
value of “red” by the control point labeled 66a. The user instructs the visualization
software of this relationship by the following process. First, the user instantiates a

hue control tag 65a through any of a variety of means, such as using a mouse to click



in the hue region of the 1-D color mapping widget 15. Second, at any time after
instantiating the hue control tag 65a, the user assigns a value 80 to it by typing in a
value or by following any of a number of processes including, but not limited to
clicking on an on-screen list of values or colors. In this case, the user assigns the
value “red” to the tag. Third, the user moves the tag 65a to the position 85 of seismic
amplitude value -127. At that point, the hue control tag 65a informs the visualization
software application to associate seismic value -127 to the color red. Other tags (65b,

70a, 70b, 70c) are created in a similar way.

[0024] Once a tag is created, it can be moved along the parameter’s axis
(domain depiction) 60 which has the effect of moving its associated control point
along the domain axis. For example, a user clicking on opacity tag 70b and moving it

to the right will implicitly move control point 71b to the right.

[0025] Optionally, a preview of the aggregate effects of the data modulation
functions are displayed. In FIG. 5, this is shown in the mapping preview graphic 75.
For the modulation functions of FIG. 4, this is shown as a color spectrum whose

brightness is greatest around the color green.

[0026] The user interface depicted in FIG. 5 is one example of a 1-D color
mapping widget 15 that may be implemented by exemplary embodiments of the
present invention. Any user interface that allows a user to move tags or control points
in one transfer function while leaving another transfer function unchanged may be
implemented by exemplary embodiments of the present invention. For example, the
user interface may look similar to the graphs depicted in FIGS. 3 and 4 with the user

clicking on the control points and moving them.

[0027] FIG. 6 is a process flow that may be implemented by exemplary
embodiments of the present invention to alter selected transfer functions while
keeping other transfer functions constant. At step 602, a graphic is displayed on a
user device such as a 3-D or 2-D display device. The graphic displayed is the result
of mapping source data from one or more source data domains into a visual

destination range data. The mapping is performed by applying two or more transfer



functions to the source data. The applying results in the visual range destination data
which includes one or more control points. Each control point is associated with one
of the transfer functions. Another transformation of the data may occur (e.g., to
account for display differences) before the data is displayed on the display device. At
step 604, it is determined if an alter command to move (also referred to herein as
modifying) an existing tag has been received. If a command to modify an existing tag
was received, then step 606 is performed to update the control point in the transfer
function associated with the tag. The transfer function is then reapplied to the one or
more source data domains resulting in updated visual destination range data for the
transfer function. Processing then continues at step 616 to display a preview of the

updated visual destination range data.

[0028] If a command to modify an existing tag was not received, then
processing continues at step 608. At step 608, it is determined if an alter command to
create a new tag (also referred to as adding a tag) has been received. If a command to
create a new tag was received, then step 610 is performed to add a new control point
based on the new tag. The new control point is in the transfer function associated
with the new tag. The transfer function is then reapplied to the one or more source
data domains resulting in updated visual destination range data for the transfer
function. Processing then continues at step 616 to display a preview of the updated

visual destination range data.

[0029] If a command to add a new tag was not received, then processing
continues at step 612. At step 612, it is determined if an alter command to delete a tag
has been received. If a command to delete a tag was received, then step 614 is
performed to delete the control point associated with the tag. The deleted control
point is in the transfer function associated with the deleted tag. The transfer function
is then reapplied to the one or more source data domains resulting in updated visual
destination range data for the transfer function. Processing then continues at step

616 to display a preview of the updated visual destination range data.

[0030] The user interface depicted in FIG. 7 is one example of a 2-D color
mapping widget 15 that may be implemented by exemplary embodiments of the



present invention. Often, it is useful to make a visual comparison of two data
domains. Fig. 7 shows a 2-D color mapping widget 100. Input channels 101 can
either be derived from a single data domain or from two data domains. Optionally,
one or both channels may be derived from a source data domain by mathematical
functions. For example, a channel may be derived from a data domain by applying a

gradient magnitude function.

[0031] As in the 1-D case described above, the 2-D color mapping widget
100 contains a source data domain depiction 102. Tags 101 and 103 are added to the
data domain depiction 102 to control the mapping from the source data domains to the
destination range. A user may add a tag to the domain depiction by clicking on the
depiction, or by dragging a tag from a selection key or by any of a variety of other

means.

[0032] As in the 1-D case, multiple destination ranges may be controlled by
separate groups of tags. Tags may have distinct coloring or glyphs to indicate which
destination range they are associated with. The mapping for data levels is defined by
interpolation between the tags. The interpolation may be accomplished by setting
constant Voronoi regions, or by support vector machines, or by a variety of other

methods.

[0033] Optionally, two or more 2-D color mapping widgets 100 may share a
single channel. In this case, a mapping of three or more channels into a destination
range may be defined. Each 2-D color mapping widget 100 represents a 2-D slice of
the higher-dimensional source channel space. A given 2-D color mapping widget 100
corresponds to a line in the space of the other related 2-D color mapping widgets 100.
Optionally, the corresponding line may be depicted and controlled in the related color

mapping widgets 100, to affect the overall mapping.

[0034] In exemplary embodiments of the present invention, data domain
levels that fall outside of the outermost control tags are set to the color level of the
outermost tag. A variety of policies may be chosen to handle the case when there are

no tags. For example, the widget may employ a pre-defined mapping, chosen to best



illustrate variations across the whole source data domain. Alternately, deletion of the

last tag may be forbidden, so that the widget always has at least one tag.

[0035] In addition, exemplary embodiments of the present invention allow a

user to load and save modulation, or transfer, functions for later recall.

[0036] By way of example, unusual operations may be supported by
exemplary embodiments of the present invention. For example, if there are two tags
(70Db, 70c), a user can grab tag 70c and drag it to the left of tag 70b. The software
determines the proper interpolation order for the modulation transfer function. For
example, an amplitude parameter of a source data domain may be mapped to a
brightness value by a series of tags. At first, the user sets up tags and can then move
the positions of the tags (e.g., 90b and 90c) to exchange their locations. In response,

the software generates an updated modulation function with new control points.

[0037] The source data domain depiction can incorporate a histogram

depiction of the source data domain.
[0038] The source data domain need not be continuously valued.

[0039] An adjustable “weight” per tag may be defined, to affect interpolation
behavior. For example, if a polynomial interpolation function is used, a large weight

value on a tag may affect a slower interpolation near the tag.

[0040] The widget could work with other types of visual channels, such as
texture, shading (interpreted height), hue, flashing, color gradients, and motion. Any
visually distinguishing channels may be utilized by exemplary embodiments of the

present invention.

[0041] The segmentation control may be associated with a color palette. The
palette can be selected using a pull-down menu. “Rainbow”, “Warm/Cool”,
“Blue/White/Red” are examples of possible color palettes. The color palette defines a
list of colored tags that can be associated with data values, and the interpolation

policy between tags.



[0042] FIG. 8 is a block diagram of an exemplary system for mapping one or
more data domains to one or more data ranges. The system depicted in FIG. 8
includes one or more 2-D displays 20 and/or 3-D displays 25, referred to collectively
herein as user systems, through which users at one or more geographic locations may
contact the host system 804 to perform the mapping. The host system 804 executes
computer instructions for implementing mapping, including instructions for
implementing the widgets (15 and/or 100) as described herein. The user systems are
coupled to the host system 804 via a network 806. Each user system may be
implemented using a general-purpose computer executing a computer program for
carrying out the processes described herein. The user systems may be implemented
by personal computers and/or host attached terminals. If the user systems are
personal computers (or include functionality execute the processing described herein),
the processing described herein may be shared by a user system and the host system

804 (e.g., by providing an applet to the user system).

[0043] The network 806 may be any type of known network including, but
not limited to, a wide area network (WAN), a local area network (LAN), a global
network (e.g. Internet), a virtual private network (VPN), and an intranet. The network
806 may be implemented using a wireless network or any kind of physical network
implementation. A user system may be coupled to the host system through multiple
networks (e.g., intranet and Internet) so that not all user systems are coupled to the
host system 804 through the same network. One or more of the user systems and the

host system 804 may be connected to the network 806 in a wireless fashion.

[0044] The storage device 808 includes the source data set 5 and any other
data related to the mapping functions (e.g., the destination range data). The storage
device 808 may be implemented using a variety of devices for storing electronic
information. It is understood that the storage device 808 may be implemented using
memory contained in the host system 804, a user system, or it may be a separate
physical device. The storage device 808 is logically addressable as a consolidated
data source across a distributed environment that includes a network 806.

Information stored in the storage device 808 may be retrieved and manipulated via the

host system 804 and/or via one or more user systems. In exemplary embodiments of

10



the present invention, the host system 804 operates as a database server and
coordinates access to visualization software application data including data stored on

the storage device 808.

[0045] The host system 804 depicted in FIG. 8 may be implemented using
one or more servers operating in response to a computer program stored in a storage
medium accessible by the server. The host system 804 may operate as a network
server (e.g., a web server) to communicate with the user systems. The host system
804 handles sending and receiving information to and from the user system 802 and
can perform associated tasks. The host system 804 may also include a firewall to
prevent unauthorized access to the host system 804 and enforce any limitations on
authorized access. A firewall may be implemented using conventional hardware

and/or software as is known in the art.

[0046] The host system 804 may also operate as an application server. The
host system 804 executes one or more computer programs to perform the mapping
described herein. Processing may be shared by the user system and the host system

804 by providing an application (e.g., java applet) to the user system.

[0047] Alternatively, the user system can include a stand-alone software
application for performing a portion or all of the processing described herein. As
previously described, it is understood that separate servers may be utilized to
implement the network server functions and the application server functions.
Alternatively, the network server, the firewall, and the application server may be
implemented by a single server executing computer programs to perform the requisite

functions.

[0048] In an alternate exemplary embodiment of the present invention, the
color map may control the colorization in applications that are not designed for an
external interface. That is, visual depictions produced by an application may be
intercepted and altered within the alteration being controlled using the widget

described herein.

[0049]  Benefits associated with exemplary embodiments of the present

11



invention include:

It is easy to map source data to a given destination range by interpolating

between user-selected values that are associated with data-mapping tags.

The tags can be moved around interactively and the results shown to the user

in real time.

A source data domain can be modulated by more than one transfer function.

For example, seismic amplitude can be modulated by intensity and hue.

Independently controllable transfer functions allow a first mapping to be

preserved while a second mapping is modified.
Multiple source data domains may be mapped onto a single destination range.

A source data domain and derived data may be mapped onto a single

destination range.

The modulation function between tags is arbitrary. That is, the function can

be a linear ramp, a sigmoid function, or others.

[0050] As described above, the embodiments of the invention may be

embodied in the form of hardware, software, firmware, or any processes and/or

apparatuses for practicing the embodiments. Embodiments of the invention may also

be embodied in the form of computer program code containing instructions embodied

in tangible media, such as floppy diskettes, CD-ROM:s, hard drives, or any other

computer-readable storage medium, wherein, when the computer program code is

loaded into and executed by a computer, the computer becomes an apparatus for

practicing the invention. The present invention can also be embodied in the form of

computer program code, for example, whether stored in a storage medium, loaded

into and/or executed by a computer, or transmitted over some transmission medium,

such as over electrical wiring or cabling, through fiber optics, or via electromagnetic

radiation, wherein, when the computer program code is loaded into and executed by a

computer, the computer becomes an apparatus for practicing the invention. When

12



implemented on a general-purpose microprocessor, the computer program code

segments configure the microprocessor to create specific logic circuits.

[0051] While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes
may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may be
made to adapt a particular situation or material to the teachings of the invention
without departing from the essential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiment disclosed as the best mode
contemplated for carrying out this invention, but that the invention will include all
embodiments falling within the scope of the appended claims. Moreover, the use of
the terms first, second, etc. do not denote any order or importance, but rather the

terms first, second, etc. are used to distinguish one element from another.
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CLAIMS
1. A method of performing a mapping comprising:
receiving source data from one or more source data domains;

applying a plurality of transfer functions to the source data, wherein output of
the applying includes visual destination range data and each transfer function includes

one or more control points;
displaying the visual destination range data on a 3-D or 2-D display;

receiving a command to alter one of the control points, wherein the command
includes one or more of an add control point command, a delete control point

command and a modify control point command;

altering the control point specified by the command, the altering responsive to

the command;

in response to the altering, re-applying the transfer function that includes the
control point specified by the command to the source data, wherein output of the re-

applying includes updated visual destination range data; and

displaying a preview of the updated visual destination range data on the 3-D or

2-D display.
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