
TITLE Very High Energy, High Stability Gas Discharge
Laser Surface Treatment System FIELD OF THE INVENTION
The present invention relates to high power and high
stability gas discharge lasers for use in
manufacturing processes involving treatment of
surfaces and/or substrates with laser light over large
areas and at high repetition rates. RELATED
APPLICATIONS This application is a
continuation-in-part of U.S. Applications Ser. No.
10/722,992 entitled VERY HIGH ENERGY, HIGH STABILITY
GAS DISCHAREGE LASER SURFACE TREATMENT SYSTEM, filed
November 26, 2003; of 10/631,349, entitled CONTROL
SYSTEM FOR TWO CHAMBER GAS DISCHARGE LASER, filed July
30, 2003; of Ser. No. 10/233,253, entitled LITHOGRAPHY
LASER WITH BEAM DELIVERY AND BEAM POINTING CONTROL,
filed o n August 30, 2002; of Ser. No. 10/012,002, now
U.S. Patent No. 6,625,191, filed on November 30, 2001,
entitled VERY NARROW BAND, TWO CHAMBER, HIGH REP RATE
GAS DISCHARGE LASER SYSTEM, with inventors Knowles, et
al., published on October 24, 2002, Pub. No. US200201
54668Al; Ser. No. 09/943,343, now U.S. Patent No.
6,567,450, filed on August 29, 2001, entitled VERY
NARROW BAND, TWO CHAMBER, HIGH REP RATE GAS DISCHARGE
LASER SYSTEM, with inventors Myers et al., published
on April 18, 2002, Pub. No. US20020044586A1; U.S.
Application Ser. No. 09/837,035, now U.S. Patent No.
6,618,421, filed on July 30, 2001, entitled HIGH
REPETITION RATE GAS DISCHARGE LASER WITH PRECISE PULSE
TIMING CONTROL, with inventors Das et al., published
on January 31, 2002, Publication No. US/20020012376A1;
and the disclosures of all of which are hereby
incorporated by reference.The present application is
related to an Application Ser. No., 10/607,407, METHOD
AND APPARATUS FOR COOLING MAGNETIC CIRCUIT ELEMENTS,
Attorney Docket No. 2003-0051-01, filed on June 25,
2003, and to an Application Ser. No., 10/606,412,
entitled METHOD AND APPARATUS FOR ELECTRICALLY
INTERCONNECTING HIGH VOLTAGE MODULES POSITIONED IN
RELATIVELY CLOSE PROXIMITY, Attorney Docket No.
2002-0042-01, also filed on June 25, 2003, Application
Ser. No. 10/036,727, entitled TIMING CONTROL FOR
TWO-CHAMBER GAS DISCHARGE LASER SYSTEM, filed on
December 21, 2001, and to Application Ser. No.
10/141,201, entitled GAS DISCHARGE ULTRAVIOLET LASER
WITH ENCLOSED BEAM PATH WITH ADDED OXIDIZER, filed on
May 7, 2002, and to Application Ser. No. 10/356,168,
entitled AUTOMATIC GAS CONTROL SYSTEM FOR A GAS
DISCHARGE LASER, filed on January 31, 2003, and to
Ser. No. 09/848,043, filed on May 3, 2001, entitled
INJECTION SEEDED LASER WITH PRECISE TIMING CONTROL,
with inventors Ness, et al., published on July 4,
2002, Pub. No. 20020085606, and to Ser. No.
10/141,201, entitled GAS DISCHARGE ULTRAVIOLET LASER
WITH ENCLOSED BEAM PATH WITH ADDED OXIDIZER, filed on
May 7, 2002, with inventors Pan, et al., published on
November 14, 2002, Pub. No. US20020167986A1, and to
Ser. No. 10/036,727, filed on December 21, 2001,
entitled TIMING CONTROL FOR TWO-CHAMBER GAS DISCHARGE
LASER SYSTEM, with inventors Ershov, et al., published
on May 29, 2003, Pub. No. US20020099269A1, and to Ser.
No. 10/012,002, entitled VERY NARROW BAND, TWO
CHAMBER, HIGH REP RATE GAS DISCHARGE LASER SYSTEM,
filed on 



November 30, 2001, now United States Patent No.
6,625,191, and to Application Ser. No. 09/837,035,
entitled HIGH REPETITION RATE GAS DISCHARGE LASER WITH
PRECISE PULSE TIMING CONTROL, filed on April 18, 2001,
now U.S. Patent No. 6,619,421, and United States
Patent No. 6,016,325, entitled MAGNETIC MODULATOR
VOLTAGE AND TEMPERATURE TIMING COMPENSATION CIRCUIT,
and U.S. Patent No. 6,067,306, entitled
LASER-ILLUMINATED STEPPER OR SCANNER WITH ENERGY
SENSOR FEEDBACK, issued to Sandstrom et al. on May 23,
2000, and to U.S. Application Ser. No. 09/451,995,
entitled LONG-PULSE PULSE POWER SYSTEM FOR GAS
DISCHARGE LASER, filed on November 30, 1999. U.S.
Application entitled LONG DELAY AND HIGH TIS PULSE
STRETCHER, filed on November 13, 2003, Attorney Docket
No. 2003-0109-01, and to U.S. Patent Application Ser.
No. 09/854,097, entitled FOUR KHZ GAS DISCHARGE LASER,
filedon May 11, 2001, and to U.S. Patent No.
6,128,323, entitled, RELIABLE, MODULAR PRODUCTION
QUALITY NARROW-BAND HIGH REP RATE EXCIMER LASER, and
to U.S. Patent No. 6,067,311, entitled EXCIMER LASER
WITH PULSE MULTIPLEXER, the disclosures of all of
which are hereby incorporated by reference. BACKGROUND
OF THE INVENTION Thin-film transistors ("TFTs") is a
well known technology for building, e.g., liquid
crystal diode ("LCD") screens that are commonly found,
e.g., on laptop computers. Polycrystaline silicon
(Poly-Si) TFT screens are brighter and more readable
than, e.g., amorphous silicon (aSi) TFT LCD screens,
but can consume more power and can be generally more
expensive, in part due to currently available
manufacturing techniques, an in particular, e.g.,
impacts on manufacturing yields due to certain
limitations in the currently available manufacturing
technologies. Annealing of the outer surfaces of the
aSi LCD substrates is currently a critical process,
both from a panel display performance perspective and
in relation to attainable manufacturing yields. It is
well known to use TFT-annealing, e.g., for the
production of high resolution flat panel displays. It
is also well known to utilize lasers, e.g., excimer or
molecular gas discharge lasers, e.g., to cause
laser-induced crystallization of amorphous silicon
(A-Si) to produce, e.g., polycrystalline silicon
(Poly-Si). This process, and its very accurate control
and operation is a pivotal technology for the next
generation of TFT devices. Without such technology
apparatus, e.g., flat panel displays, will be
prevented from offering such things as the required
excellent resolution and brightness, large angle of
view and high pixel refresh rates that the display
technology is demanding as the technology moves
forward. Poly-Si TFT technology represents an
important route for the future development of flat
panel displays by enabling the integration of
addressing and clocking circuitry onto the active
plate. Two technologies have emerged to do this:
either by local laser annealing in the circuit areas
or by a monolithic approach using Poly-Si for the
array and the circuit TFTS. J. Yres et al., "Low
Temperature Poly-Si For Liquid Crystal Display
Addressing" Philips Research Laboratories, Surrey,
England, ASIAN TECHNOLOGY INFORMATION PROGRAM (ATIP) 1
1 May 1993
(tttp://www.atip.org/ATIP/public/atip.reports.93/mita-
lcd.93.html). It is also well known to select laser
light output from currently available light source
systems that has a center wavelength that is optimized
to the process involved, e.g., in the case of
annealing, to maximize the penetration of the light
into the surface ofthe material being treated, e.g.,
annealed, and at sufficiently high power incident on
the surface to, e.g., effect annealing as deeply as
necessary into the material. In other cases, 



the particular material being treated may also respond
to the treatment, e.g., annealing, differently at
different center wavelengths influencing the selection
of the particular center wavelength. Gas discharge
lasers known in the art are not available for
providing an infinite spectrum of center wavelengths
due to the physical and chemical reactions taking
place in the within any particular lasing chamber
being dictated by the gas(es) being used in the gas
discharge. It is currently also well known that
excimer or other gas discharge lasers, particularly
Xenon Chloride (XeCl) halogen gas discharge lasers are
useful for the type of annealing processes noted
above. Companies such as Lambda-Physik of Germany
supply products such as the Lambda-Physik "STEEL 2000"
having operating parameters of: Wavelength 308 nm
Stabilized Energy 103O mJ Stabilized Average Power
310W (at 308nm) Max. Repetition Rate 300 Hz Pulse
Duration (typ., FWHM) 29  5 ns Pulse to Pulse Energy
Stability (3 sigma) <5.4% Max. Pulse Energy Deviation
Above Average - (Max. Energy minus Avg. Energy) <8.5%
Beam Dimensions (typ., FWHM)(Im from beam exit) (40
3)x(13  2) mm2 Beam Divergence (typ., FWHM) (at 10 Hz)
<4.5 x < 1.5 mrad Angular Pointing Stability (typ.
FWHM) (I m from beam exit) <0.45 x < 0.15 mrad Gas
Lifetime > 40 x 106 pulses Expected Laser Tube
Lifetime 1 x 109 pulses Beam Height 1235  20 mm Such a
laser, e.g., with about IJ and 300Hz performance, is
just about at the edge of the performance requirements
for current generation glass substrates. The next
generation (the 5th) of such glass substrates of
1250mm x 1100mm will require much better performance,
e.g., higher laser energies higher repetition rates,
while maintainingsuch parameters as pulse stability,
beam properties, etc. As the requirements become more
stringent due, e.g., to advancing flat panel display
technology, e.g., glass substrates increasing in size
to, e.g., 1250 mm X 1100mm, e.g., the laser energies
required will increase at least by a factor of two, to
2J/pulse. An approach suggested by some, e.g., Lambda
Physik is to combine 2 lasers, e.g., with a beam
homogenizer to combine the two beams from the two
lasers. However, the use of 2 lasers, e.g., due to the
addition of the homogenizer alone, increases costs,
also adding to costs of consumables and to increased
maintenance downtime. The associated delivery optics,
in addition to the homogenizer also becomes more
complex. Use of POPA configurations for certain
applications is well known, as discussed, e.g., in B.
Wexler, et al, "Use of XeCl amplifiers for degenerate
four-wave mixing", American Institute of Physics,
Excimer Lasers - 1983, C. Rhodes et al. Eds., pp 172-
176. In 1986, an excimer laser company, Questek, based
in Billerica, MA, introduced a IOOW KrF laser based on
POPA technology. However, the product was immediately
withdrawn from the market due to lack ofjitter/timing
control technology, due in part to the fact that the
PO and PA were thyratron switched. 



There is, therefore a need for a better solution to
the increasing demands of surface and materials
treatment technology using laser light, e.g., for TFT
annealing and/or creation of, e.g., poly-si on large
scales from an A-Si coating. SUMMARY OF THE INVENTION
A gas discharge laser crystallization apparatus and
method for performing a transformation of a crystal
makeup or orientation in the substrate of a workpiece
is disclosed which may comprise, a multichamber laser
system comprising, a first laser unit comprising, a
first and second gas discharge chamber; each with a
pair of elongated spaced apart opposing electrodes
contained within the chamber, forming an elongated gas
discharge region; a laser gas contained within the
chamber comprising a halogen and a noble gas selected
to produce laser light at a center wavelength
optimized to the crystallization process to be carried
out on the workpiece; a power supply module
comprising, a DC power source; a first and a second
pulse compression and voltage step up circuit
connected to the DC power source and connected to the
respective electrodes, comprising a multistage
fractional step up transformer having a plurality of
primary windings connected in series and a single
secondary winding passing through each of the
plurality of primary windings, and a solid state
trigger switch; and a laser timing andcontrol module
operative to time the closing of the respective solid
state switch based upon operating parameters of the
respective first and second pulse compression and
voltage step up circuit to effect operation of the
first and second laser units as either a POPA
configured laser system or a POPO configured laser
system to produce a single output laser light pulse
beam. As a POPA laser system relay optics may be
operative to direct a first output laser light pulse
beam from the first laser unit into the second gas
discharge chamber; and, the timing and control module
operates to create a gas discharge between the second
pair of electrodes while the first output laser light
pulse beam is transiting the second discharge region,
within plus or minus 3 ns and as a POPO, combining
optics combine the output beams, and timing creates
pulse separation in the combined output a preselected
time plus or minus 3 ns. A beam delivery unit and a
pulse stretcher may be included, and timing and
control may be processor controlled based on signals
representing charging voltage and component
temperatures in the pulse compression and voltage step
up circuits. BRIEF DESCRIPTION OF THE DRAWINGS FIG.' s
IA and IB shows a side view and a top view of a block
diagram partially schematic view of a multi-chambered
laser system according to an embodiment of the present
invention; FIG. 2 shows a block diagrammatic schematic
view of an embodiment of the present invention; FIG.
2A shows a block diagrammatic schematic view of an
embodiment of the present invention; FIG. 3 shows a
block diagrammatic schematic view of an embodiment of
the present invention; FIG. 4 shows a schematic view
of a solid state pulse power system according to an
embodiment of the present invention; FIG. 5 shows a
more detailed schematic view of a commutator module
shown in FIG. 4 according to an embodiment of the
present invention; FIG. 6 shows a timing diagram of
the charging a peaking capacitor in a chamber module
shown in FIG. 4 from a compression head module shown
in FIG. 4, according to 



an embodiment of the present invention; FIG. 7 shows a
more detailed view of the compression head and chamber
modules shown in FIG. 4;FIG. 8 shows a block diagram
schematic view of a timing and control module
according to an embodiment of the present invention;
and, FIG. 9 shows a timing diagram used in an
embodiment of the present invention. DETAILED
DESCRIPTION OF PREFERRED EMBODIMENTS The present
invention contemplates extending Applicants assignee's
existing fluoride-based excimer technology to, e.g.,
XeCl lasers, e.g., for surface and material treatment
applications. In particular, e.g., such a laser can be
used to advance the capabilities of existing systems
for large area annealing, e.g., of flat panel displays
(TFT annealing), e.g., the Lambda-Physik XeCl laser (
1 J, 300Hz) noted above. As contemplated by the
present invention a high power, high energy XeCl laser
is disclosed that can be optimized, e.g., for large
area annealing, e.g., of 5th generation glass panels,
e.g., for flat panel displays. Also provides according
to the present invention is a high efficiency beam
delivery unit that can, e.g., deliver constant
fluence, e.g., in the form of an elongated slit,
several hundred millimeters long and a fraction of a
millimeter wide, e.g. 370 mm x 0.4 mm. Based on
roadmaps for glass substrates, the substrate sizes
would increase to 1250 mm X 1lOOmm.This would drive up
the laser energy and power requirements by a factor of
two, to 2J/pulse. The approach suggested by Lambda
Physik is to combine 2 lasers as shown below. However,
use of 2 lasers increases costs of consumables and
downtime. The associated delivery optics also becomes
more complex. According to an embodiment of the
present invention applicants contemplate utilization
of embodiments of the present invention, e.g., at this
node - a 2J/pulse 300 Hz laser, i.e., about 60Ow.
According to Applicants' evaluations and discovery, a
single commercially practical laser oscillator based
design cannot produce 2 J/pulse due to the
requirements for a very large discharge volume between
the electrodes of the gas discharge type laser. For
example, the Energy/Pressure ("E/P") ratio for XeCl
lasers is approximately 1 kV/cmatm. Even with very
high voltages that Applicants assignee's pulse power
systems are capable of delivering today, e.g., around
3OkV, one may only consider a discharge gap of around
3.5 cm at 4 atmosphere total pressure. Such a
discharge gap, with a typical discharge width of 2cm,
would require the chamber electrodes to be about 1.4m
long, as opposed to electrodes of a little less that
one meter long currently commonly used. The 1.4 meter
length is not feasible for at least two reasons (1)
the need for an impractically long chamber length that
would, e.g., cause problems with chamber structure at
highpressures and probably lead to tangential blower
requirements and performance issues and (2) for the
estimated small signal gain of 0.06/cm, this length is
very close to the maximum of 1.7m beyond which the
laser is super-radiant, i.e., the amplified
spontaneous emissions ("ASE") would be high enough to
cause problems, e.g., loss of efficiency due to very
broadband ASE outside of the natural, e.g., XeCl
bandwidth around the center wavelength of about 308nm.
The present invention contemplates a multi-chambered
laser system configured to deliver the laser output of
one chamber as a seed beam to the second chamber.
Currently applicants' assignee provides a product line
called the "XL" platform with the first chamber
operating as a very highly line narrowed master
oscillator, which sacrifices a great deal of output
power to achieve the very narrow line narrowing, e.g.,
for delivery of essentially monochromatic light, e.g.,
for integrated circuit lithography uses. This low 



power line narrowed laser output of the oscillator,
referred to as the maser oscillator ("MO") is then
highly amplified in the second gas discharge laser
chamber operating as a power oscillator ("PA"). The
present invention contemplates the two chambered laser
system being configured in a power oscillator power
amplifier configuration (POPA). According to an
embodiment of the present invention the two chambers
may each have a 3.5cm electrode gap between elongated
electrodes of about 1 m in length. Such a power
oscillator could produce 0.5J to 0.7J. This can, e.g.,
then be enough to saturate the amplifier (typical
saturation intensities are around 100 mJ/cm2 for a
100ns pulse). The PO efficiency would b e around 2%,
which is typical. The limiting factor for efficiency,
according to an embodiment of the present invention is
the conversion efficiency of the excimer molecules or,
e.g., molecular fluorine molecules, to laser photons.
Approximately 50% of the excited dimmers are lost to
fluorescence before energy is extracted out of the
laser. However, according to an embodiment of the
present invention in the proposed POPA scheme, the PA
extraction efficiency can be much higher than 2% if
operated as a stand-alone oscillator, i.e., as a POPO
system. Applicants believe also that the efficiency o
f the PA could be up to and above about 4%. Thus, a
35J of electrical input to the PO, and a 35 J laser
light output of the PO to the PA, can be expected to
deliver an output of the laser system as a whole at
around 2J, which translates to an efficiency
requirement of only 2.9%. A comparable 2J single
oscillator system would need 10OJ of energy per
electrical pulse to the gas discharge electrodes.This
output of 2J per pulse can now be efficiently coupled
into a beam delivery unit without the associated
losses and complexity of a beam mixer as proposed by
others. The same POPA concept can be applied, e.g., to
lower energy pulse systems. In another configuration,
the input energy to the PO and P"A could be 4J/pulse.
At, e.g., a 2.9% overall efficiency, the output could
be at or near 250 mJ per pulse at a much higher
repetition rate, e.g., 4KHz, which would still result
in a IkW laser suitable, e.g., for the above noted
applications. The ability according to embodiments of
the present invention to control very precisely the
timing etween the pulses in the separate chambers also
raises the possibility according to an embodiment of
the present invention to operate the laser in a double
pulse mode at around 8KHz. On such a mode, the PA can
be a PO also and the staggered pulses from each PO
optically combined in a single output path as
described more fully below. Two pulses separated, by,
e.g., 850ns and with long duration pulses can be used
to advantageously create, e.g., p-Si crystal growth
advanced mobility and uniformity, as discussed in T.
Kudo, et al., "Advanced Lateral Crystal Growth of a-Si
Thin Film by Double Pulsed Irradiation of all
Solid-State Lasers," Mat. Res. Soc. Symp. Proceedings,
Vol. 762, Spring 2003, pp 1-6. Others have stated that
prior excimer lasers lacked certain performance
characteristics to be effectively or efficiently used
in such processes, e.g., TFT annealing, due, e.g., to
low energy density and/or pulse repetition rate and/or
pulse stability, e.g., as discussed in A. Voutsas, "a
New Era of Crystallization: Advances in Polysilicon
Crystalization and Crystal Engineering," Applied
Surface Science (2003), and R. Dassow, Nd:YVO4 Laser
Crystallization for Thin Film Transistors with a High
Mobility," Mat. Res. soc. Symp. Proceedings, VoI 762,
Spring 2000. Contemplated approaches suggested by the
above, e.g., include double pulsed diode pumped solid
state lasers, e.g., frequency doubled from a green
laser at 532mn. such solutions, however, are not
likely to be able to meet the requirements going
forward. Excimer lasers according to embodiments of
the present invention, however, can 



b e configured to deliver mush higher power and
energy, stabilized pulse to pulse and including
staggered pulses very precisely timed and separated
and also pulse elongated. Therefore, according to an
embodiment of the present invention it is proposed by
Applicants to provide, e.g., a XeCl POPA based on
applicants' assignee's MOPA architecture as
implemented in applicant's assignee's XL product line.
This XeCl laser, according to an embodiment of the
present invention would be a broadband (i.e., the
natural spectrum of a XeCl excimer laser with no line
narrowing). Therefore, according t o an embodiment of
the present invention, the line-narrowing module and
thewavelength and linewidth measuring equipment in,
e.g., in applicants' assignee's XLA product line,
would not be required, with consequent savings both in
cost and overall efficiency. The MO in XLA would be
replaced by a PO 10, which, as shown in FIG.' s IA and
IB consists of the PO 10 including a chamber 12, a
total reflecting optic 14, e.g., a total reflecting
mirror 18, instead of a line narrowing module, and an
output coupler 16, all together forming a resonance
cavity for the PO 10. The laser output light beam from
the PO3 according to an embodiment of the present
invention, can then be double passed through the
chamber 22 of the PA 20 to extract all the energy from
the PA 20. The output of the PO 10 is reflected by
totally reflecting mirror 14 to an offset mirror 24
which reflects the beam into the PA along a path
misaligned with the elongated electrodes (not shown)
in the PA 20 to a pair of totally reflecting mirrors
25a and 26b (or a total internal reflection prism, not
shown) to create the second pass of the beam through
the PA 20 along the centerline axis of the electrodes
(not shown) in the chamber 22, which is also the
optical axis of the output of the PA 20, through the
output coupler 28 of the PA 20. Energy sensors 30, 32,
respectively, at the output of PO 10 and PA 20,
according to an embodiment of the present invention
can monitor, e.g., the POPA output energy. The
applicants' assignee's XLA product line has all of the
technology necessary support, e.g., the operation,
e.g., of such a XeCl laser at high repetition rates,
including well above 300Hz. This supports the ability
to deliver the high output energies required in the
form o f very high energy laser system light output
pulses as very high repetition rates. These support
technologies include a very efficient solid state
pulse power system module ("SSPPM"); a very jitter
free operation due to jitter-control technology to
maintain, e.g., the critical relative timing between
the firing of the electrical pulses to the elongated
gas discharge electrodes, respectively, in the PO and
PA, water-cooled modules and a very high-speed
controller. Hence the proposed POPA would be high
power light source, e.g., at 2 J per pulse, the
rep-rate, according to an embodiment of the present
invention can be around 500Hz, or a 0.25J per pulse,
at 4Khz, i.e., in either event a 1000 Wlaser. Turning
now to FIG. 2, there is shown a block diagramatic
schematic view of a surface/substrate treatment system
according to an The output of the POPA 40 could, e.g.,
then be pulse stretched in a pulse stretcher 50, if
required, either within or prior to delivery of the
laser system output light beam to a beam delivery unit
("BDU") 60. TheBDU may also have a beam analysis
module ("BAM") 62 at its terminus closest to the
delivery of the laser output light beam to the
manufacturing apparatus, e.g., one performing TFT
annealing. Details of the BDU 60, according to various
embodiments of the present invention, depends upon the
application. For example, for TFT annealing, the beam
could in some cases need homogenization, in a beam
homogenizer 70, and then be delivered to illuminate a
slit 80, e.g., using a cylindrical focusing lens 90.
The 



magnified image of the slit 80, according to an
embodiment of the present invention could then be
projected onto the substrate, eg., at a workstation
92. According to an aspect of an embodiment of the
present invention, it is very important that the beam
illuminates the slit 80 correctly on every pulse.
Otherwise intensity variations at the substrate will
result with resulting ineffective surface/substrate
processing. Thus, the active stabilization technology,
e.g., employed in the BDU 60, e.g., utilizing laser
control information and information provided from the
BAM 62 can be key to delivering the required energy
stability. According to an aspect of an embodiment of
the present invention the present invention utilizes
in the proposed POPA SSPPM technology, including,
e.g., active jitter/timing control, which, among other
things are keys in making the proposed POPA laser into
an efficient, scalable and high power XeCl laser in
the IOOOW range. The laser system according to an
embodiment of the present invention could also be
configured in a POPO configuration, as shown in FIG.
2A, including a first PO 100 and a second PO 100,'
each having a respective totally reflective optic 102,
102', such as a totally reflective mirror and an
output coupler 104,104'. The output of the first PO
100 may be reflected by a totally reflective mirror
106 to an mirror set at brewster's angle with respect
to the polorization of the output of the first PO 100,
so as to totally reflect that beam, and the output of
the second O 100' may be passed through a quarter
wwave plate 108 to rotate its polarity to be
orthogonal to that of the output of the first PO 100,
so that the mirror 1Io at Brewster's angle wo;; not
reflect any of that beam and the two output beams will
follow the same output path from the mirror 110, the
pulses of which being temporally spaced from each
other. As used on this specification, the acronyms and
definitions listed in Table I shall have the meanings
also there listed.Table ITurning now to FIG.' s 3 and
4 there is shown a solid state pulse power module
("SSPPM") 200 is provided according to an embodiment
of the present invention. The SSPPM 200 may include a
TEM 202, the need for which is primarily driven by the
dualchannel configuration of the SSPPM 200. This dual
channel configuration requires much more precise
trigger timing than previous systems, e.g., utilizing
only a single laser gas discharge chamber. In addition
to providing trigger signals internal to the SSPPM
200, the TEM 202 is the source certain monitoring and
control signals, e.g., "Sync Out", which can be used,
e.g., for a workstation control unit (not shown) and
the TEM 202 can also provide a "Wavelength Correction
Trigger" to the Optical Subsystem (not shown)
according to an embodiment of the present invention.
Also incorporated in the SSPPM 200 may be an HVPS 204,
which can receive AC power from an AC Distribution
Module (not shown) and charge and maintain a constant
voltage on a storage capacitor bank C-I 210 in a
Resonant Charger 212. The HVPS 204 receives an ON
command from and sends faults to an LCP 220 in a Laser
controller 222. The SSPPM 200 also can include an RC
230 which can receive a constant voltage from the HVPS
204 (and also 204') and provide pulse charges to a
capacitor bank 232 (Co) in a commutator portion 234 of
the SSPPM 200, when a trigger is sent from the laser
controller 222. The RC 230 receives a trigger signal
and a HV set point from the FCP and sends certain
signals, e.g., identifying faults to the LCP 220. The
commutator 234 can receive a pulsed charge from the
resonant charger 230 and transform it by compressing
the pulse rise time and stepping up the voltage
through a 



transformer 240. The commutator 234 receives a trigger
signal from and sends certain signals, e.g.,
identifying faults to the LCP 220. The SSPPM 200 can
also include a compression head ("CH") 250 that can
receive a pulsed charge from the commutator 234 and
compress the pulse rise time and deliver it received
pulse that has been further compressed to a peaking
capacitor bank 260 on the respective chamber 12, 22
for the PO 10 and PA (or PO) 20. In carrying out its
primary high voltage function the commutator module
234 of the SSPPM 200 receives a charge voltage from
the RC 230 onto the capacitor bank C0 210 and a
trigger signal from the FCP 252 within the laser
controller 222. When a trigger signal is sensed the
commutator 234 closes a solid state switch 254
discharging the C0 capacitor bank 210 into a C1
capacitor bank 256 through a charging inductance258.
The voltage is held on C1 256 until the magnetic
switch in the first stage reactor 270 saturates and
discharges C1 256 into a capacitor bank Cp-1 272 in
the compression head 250 through the first stage
reactor 270 and the step up transformer 240. This
discharge has the dual function of compressing the
pulse in transfer time and increasing the output
voltage through the step up ratio of the transformer
240. A secondary low voltage protection and control
function of the commutator module 234 of the SSPPM 200
is carried out by the commutator 234 sensing a limited
number of faults within the module and transmitting
signals representative of such faults to the LCP 220
for handling via a CAN bus 280 interface. The SSPPM
200 can protect itself by disabling the triggering of
the solid state switches 254 and 254' when a fault is
detected. A voltage can, however, be applied to the C0
capacitor bank 210 if the LCP 220 does not receive or
fails to interpret a fault signal transmitted by the
commutator module 234. FIG. 5 shows a more detailed
schematic diagram of the commutator module 234, and
FIG. 6 shows a simplified schematic. It can be seen in
FIG. 5 that the solid state switch 254 and charging
inductance 258 is actually two parallel circuits
containing solid state switches 254, 254' and charging
inductance 258, 258' in order to provide for
operations at up to and above 4000Hz gas discharges in
the respective chambers due to the time required for
each switch 254, 254' to recover after firing and be
ready to fire again. Also shown in FIG. 5 is
circuitry, including a diode arrangement respectively
including, for solid state switch 254, diodes D1-DzI.,
with respective parallel RC networks, including,
respectively for each of the diodes D1-D4, Rsl , Rs3,
Rs5, and Rs7, Rs2, Rs4, RS6 and Rs8, and Csl -C34 ,
and for solid state switch 254', diodes D5-Dg, with
respective parallel RC networks, including,
respectively for each of the diodes D -D8, Rs , Rsll ,
Rsl3 , and Rsl5, , Rsl0 , Rsi2, Rsi4 and Rsl6 , and
Cs5-C38, which serve to protect the respective solid
state switches 254 and 254'. The respective solid
state switches 254 and 254' are protected by the
series diodes and their snubber networks. The diodes
prevent reflected energy from the discharge electrodes
from flowing through the solid state switches 254 and
254'. The switches 254 and 254' are protected because
when reflected energy reaches these series diodes, the
diodes turn off and prevent current flow through the
diodes and solid state switches. The resistors and
capacitors in the snubber networks help to limit how
quickly the diodes turn off, thus improving the
protection and reliability the circuit. In addition,
biasing networks 290, 290' for the respective solid
state switches 254, 254' include biased saturable
inductors LSAl, LSA2, in series withdiodes D1 and D2
and biased in opposite directions from a bias power
source PS2, through a biasing capacitor Cbias i
parallel with the power source PS2, and an RLC network
consisting ofan Rbias and an Lbias i series with the
capacitor C as and one of two 



charging inductors 258A, 258B, with an additional Cb;
as connected between the node between the Rbias and
Lbias and ground, and non-saturating inductors LSAl
and LSA 2 in series with diodes D3 and D4 and charging
inductor 25SB, and respecting solid state switch 254',
biased saturable inductors LSAl', LSA2', in series
with diodes D7 and D8 and biased in opposite
directions from a bias power source PS2,' through a
biasing capacitor Cbias ' in parallel with the power
source PS2', and an RLC network consisting of an
Rbias' and an Lbias' in series with the capacitor
Cbias' and one of two charging inductors 258A', 258B',
with an additional Cbias ' connected between the node
between the Rbias' and Lbias' and ground, and
non-saturating inductors LSAl' and LSA2' in series
with diodes D5 and D6 and charging inductor 258B.
Alternatively all parts of LSAl and LSA2 can be
saturable, i.e., the four sets of conductors and four
sets of cores can mechanically be achieved by a single
set of cores with all four conductors passing through
them. The bias circuit would then resets all four
lines and not just two. It will be understood by those
skilled in the art that the biasing arrangement(s)
serve to properly bias the magnetic material, which
allows for predictably maximizing the available flux
swing of the material. Predictable reset of magnetic
material is important to precise timing control during
laser operation. Additionally, the routing of the bias
network through the circuit is important to ensuring
that the solid state switches and series diodes have
sufficient time to turn off and on, respectively. This
improves performance and reliability. In addition, the
commutator 234 pulse compression network 300, consists
of capacitor C1 256, in parallel with diodes D and D1
, which are connected through respective resistors R1
and R2 to the two ends of saturable reactor LSI 270,
the output of which is connected in series to the
primary windings, single turn, on each of a plurality
of transformer cores 1-N in the transformer 240,
having a single secondary winding passing through each
of the cores 1-N. The windings 1-N of the transformer
240 are connected through an inductor 302 across the
high voltage and ground portions of a module
interconnect output 304. The requirements for the
laser system according to an embodiment of the present
invention in terms of pulsed power provide for, e.g.,
3.5 J of electrical energy per gas discharge
electrical pulse to the electrodes in the respective
chamber, at a rate of 4 KHz,to be delivered to C0 for
each chamber, i.e., 7.0 J per pulse for the entire
pulsed power system according to an embodiment of the
present invention. The pulsed power subsystem 200 is
required to deliver high voltage pulses to each o f
the two respective chambers. The discharge time of
each chamber must synchronized pulse to pulse to an
accuracy of less than +/-2 ns, in order, e.g., to time
the delivery of the gas discharge pulse to the PA (PO)
when the seed beam from the preceding PO chamber is
transiting the PA (PO) chamber. This requires, among
other things, that the pulsed power timing to be
compensated over the long term to account for such
things as thermal drift and short term jitter. A
single HVPS 204, or for higher power two HVPSs 204,
204' can supply the resonant charger 212 to drive two
parallel commutator 234/compression head 250/Chamber
242 circuits. The resonant charger 212 can charge each
of the two CO capacitor banks as shown in FIG. 4. The
first stage reactor 270 contributes the most to timing
variations. As the reactor 270 heats up the saturation
flux density decreases, e.g., causing the reactor 270
to switch earlier. This can cause a switching time
that varies with temperature. The switch 



time can also vary with voltage. The reactor 270 core
(not shown) has a fixed amount of material, and,
therefore, the volt-second product is fixed. Effects o
f temperature can be mitigate or even eliminated, even
at very high repetition rates, which ordinarily induce
high temperature flux to inductive elements such as
used in the laser system according to an embodiment of
the present invention through the use of the cooling
mechanism disclosed in United States Patent
Application Ser. No. 10,607,407, entitled Method and
Apparatus for Cooling Magnetic Circuit Elements,
Attorney Docket No. 2003-0051-01, filed on June 25,
2003, and assigned to the common assignee of
Applicants. In the compression head 250 the Cp-1 to Cp
transfer can be analyzed as follows: Vcp is calculated
from Ecp = CV2 and assuming Ecp = h Ec0, where h = .
The transfer time from Cp-1 to Cp is: t3= pLs2 Ca)
where Ca = and Ls2 i s the inductance between Cp-1 to
Cp, mostly accounted for by the inductance of
saturable reactor SR2 310. The inductance of the
transfer from Cp-1 to Cp is calculated from: The peak
current is calculated by:In the commutator module 234,
the C1 to Cp-1 transfer can be analyzed a s follows:
The transformer ratio is limiting by the IGBT 254,
254' withstand voltage, i.e., if the commutator is
required to produce 20-kV and the IGBTs have a maximum
operating voltage of 2-kV, the minimum transformer
ratio would have to be N = 10. If M is less than 10
for this case, it would require the IGBT to operate at
a higher voltage to achieve the required 20-kV output.
The output of the transformer 240 results in N > V
cp-i/Vc1. The circuit 200 may need to accommodate up
to 50K volts, so, assuming an IGBT that can withstand
2K, the transformer ration would need to be 25. The
effective capacitance, C2 OfCp-1 as seen through the
transformer 240 can be calculated from: Using Cn-1 <
Cn for magnetic compression to occur according to an
embodiment of the present invention C1 = 0.94C2 The
transfer from C1 to Cp-1 is, therefore: t = and Lsl is
the inductance between Cp-1 to Cp, mostly accounted
for by the inductance of SRl 270. The inductance of
the transfer from C1 to Cp-1 is calculated from: The
peak current is calculated by: The first stage reactor
270 is required to hold off the voltage on C1 until C1
is fully charged. This is accomplished with the first
stage reactor 270 being a saturable reactor 270. The
reactor core material can be, e.g., a 0.5 mil. 50%-50%
Ni-Fe (Orthonol) tape with, e.g., a DB of 3.0 T. DB =
V x/(2NAm), where V= Voltage applied, hold off time
before saturation, N = number of turns, Am = cross
sectional area of core. Based on the DB equation,
solving for Am = Vx /2DBN The cross sectional area of
the core is: Am = h(Ro-Ri)(pf), where h = height of
the core, R0 = outer radius, R = inner radius, pf =
packing factor = 0.7 The build of the core is
calculated from:The total inductance required for the
transfer from C1 to Cp-1 was calculated earlier to be
Ls1. Stray inductance ca play a role in the total
inductance unless minimized by design. Lstray = Lxfinr
+ L c 1 + Lpcb + L cable + L lead Lstray is a
component of the required lump inductance LsI . This
is inductance that is 



derived from the mechanical layoui; and is inherent to
the design and therefore difficult to predict and
control, but may be measured and estimated. LsI is the
total inductance required for the Cl to Cp-I transfer.
Lxfinr is a component of the stray inductance, Lstray,
inherent in the transformer primary and secondary
windings. LcI is a. component of the stray inductance
Lstray inherent to the Cl capacitor geometry. Lpcb is
a component of the stray inductance, Lstray, inherent
to the layout of the C 1 printed circuit board. Lcable
is a component of the stray inductance, Lstray,
inherent to the high voltage cable (not shown) coa
necting the commutator and compression head. Llead a
component of the stray incLuctance, Lstray, inherent
to the layout ofttie high voltage cable connection
inside the compression head. Lsat = Lsl - Lstray The
saturated inductance for the core is calculated from:
Lsat = moN2Ac/<l>, where |Xo 4p l O7, N = number of
turns, Ac = cross sectional area of core based on Ls
equatiom,<l> = mean path length. Solving for Ac/<1> =
<1> = 2p<R> = 2p(Ri+(Ro- R i)/2) = p( Ro+Ri) Setting
Ac = Am , <1> can be calculated. Core losses are
calculated from: Loss/Pulse = Vol. (HCDB + (wtDB 2/4p
t), where VoI = Hp((Ro)2-(Ri)2), Hc = 19.9 A/m, Wt =
tape thickness, p = material resistivity, t = charge
time. The capacitor C1 design requires "that the dc
voltage withstand capability for the charge voltage
and the dV/dt rating of the capacitor C1 be met.
Ideally the design would b e a single capacitor with
low packaging inductance. This ideal capacitor
currently does not exist. To achieve the desired
capacitance, a parallel array of small value caps can
b e used. To achieve the desired voltage withstand,
the capacitors may be connected in series. This
results in a series parallel array. The dV/dt of the
capacitor C1 can b e calculated by two methods. The
first is to divide the Vc 1 voltage by the transfer
timefrom C1 to Cp-1 . The second method is to use the
peak current, knowing that I = Cb(dWdt). The capacitor
C design is similar to the C1 design just discussed.
Using Cn-1 < Cn for magnetic compression and then
applying the ratio C0 = 0.933C 1, the transfer from C0
to C1 can be analyzed as follows: T1 = TC(LCH Cc) A ,
where C0 = and LCH is the inductance between Co to C1.
The inductance of the transfer from C0 to C1 is
calculated from: The peak current is calculated by:
Table II gives the SSPPM 200 module design parameters:
Table II Table III gives Table IIISYSTEM AND METHODFOR
REAL-TIME CO-RENDERING OF MULTIPLE ATTRIBUTES
BACKGROUNDOF THE INVENTION 1. Field of the Invention
The present invention relates to a visualization
technique for co-rendering multiple attributes in real
time, thus forming a combined image of the attributes.
The combined image is visually intuitive in that it
distinguishes certain features of an object that are
substantially indistinguishable. 2. Related Art In the
applied sciences, various fields of study require the
analysis of twodimensional (2-D) or three-dimensional
(3-D) volume data sets wherein each data set may have
multiple attributes representing different physical
properties. An attribute, 



sometimes referred to as a data value, represents a
particular physical property of an object within a
defined 2-D or 3-D space. A data value may, for
instance, be an 8-byte data word which includes 256
possible values. The location of an attribute is
represented by (x, y, data value) or (x, y, z, data
value). If the attribute represents pressure at a
particular location, then the attribute location may
be expressed as (x, y, z, pressure). In the medical
field, a computerized axial topography (CAT) scanner
or magnetic resonance imaging (MRI) device is used to
produce a picture or diagnostic image of some specific
area of a person's body, typically representing the
coordinate and a determined attribute. Normally, each
attribute within a predetermined location must be
imaged separate and apart from another attribute. For
example, one attribute representing temperature at a
predetermined location is typically imaged separate
from another attribute representing pressure at the
same location. Thus, the diagnosis of a particular
condition based upon these attributes is limited by
the ability to display a single attribute at a
predetermined location.In the field of earth sciences,
seismic sounding is used for exploring the
subterranean geology of an earth formation. An
underground explosion excites seismic waves, similar
to low-frequency sound waves that travel below the
surface of the earth and are detected by seismographs.
The seismographs record the time of arrival of seismic
waves, both direct and reflected waves. Knowing the
time and place of the explosion the time of travel of
the waves through the interior can be calculated and
used to measure the velocity of the waves in the
interior. A similar technique can be used for offshore
oil and gas exploration. In offshore exploration, a
ship tows a sound source and underwater hydrophones.
Low frequency, (e.g., 50 Hz) sound waves are generated
by, for example, a pneumatic device that works like a
balloon burst. The sounds bounce off rock layers below
the sea floor and are picked up by the hydrophones. In
either application, subsurface sedimentary structures
that trap oil, such as faults and domes are mapped by
the reflective waves. The data is collected and
processed to produce 3-D volume data sets. A 3-D
volume data set is made up of "voxels" or volume
elements having x, y, z coordinates. Each voxel
represents a numeric data value (attribute) associated
with some measured or calculated physical property at
a particular location. Examples of geological data
values include amplitude, phase, frequency, and
semblance. Different data values are stored in
different 3-D volume data sets, wherein each 3-D
volume data set represents a different data value. In
order to analyze certain geological structures
referred to as "events" information from different 3-D
volume data sets must be separately imaged in order to
analyze the event. Certain techniques have been
developed in this field for imaging multiple 3-D
volume data sets in a single display, however, not
without considerable limitations. One example includes
the technique published in The Leading Edge called
"Constructing Faults from Seed Picks by Voxel
Tracking" by Jack Lees. This technique combines two
3-D volume data sets in a single display, thereby
restricting each original 256-value attribute to 128
values of the full 256-value range. The resolution of
the display is, therefore, significantly reduced,
thereby limiting the ability to distinguish certain
events or features from the rest of the data. Another
conventional method combines the display of two 3-D
volume data sets, containing two different attributes,
by making some data valuesmore transparent than
others. This technique becomes untenable when more
than two attributes are combined. Another technique
used to combine two different 3-D volume data sets in
the same 



image is illustrated in U.S. patent application Serial
No. 09/936,780, assigned to Magic Earth, Inc. and
incorporated herein by reference. This application
describes a technique for combining a first 3-D volume
data set representing a first attribute and a second
3-D volume data set representing a second attribute in
a single enhanced 3-D volume data set by comparing
each of the first and second attribute data values
with a preselected data value range or criteria. For
each data value where the criteria are met, a first
selected data value is inserted at a position
corresponding with the respective data value in the
enhanced 3-D volume data set. For each data value
where the criteria are not met, a second selected data
value is inserted at a position corresponding with the
respective data value in the enhanced 3-D volume data
set. The first selected data value may be related to
the first attribute and the second selected data value
may be related to the second attribute. The resulting
image is an enhanced 3-D volume data set comprising a
combination or hybrid of the original first 3-D volume
data set and the second 3-D volume data set. As a
result, the extra processing step needed to generate
the enhanced 3-D volume data set causes interpretation
delays and performance slow downs. Furthermore, this
pre-processing technique is compromised by a "lossy"
effect which compromises data from one seismic
attribute in order to image another seismic attribute.
Consequently, there is a significant loss of data
visualization. In non-scientific applications,
techniques have been developed to define surface
details (texture) on inanimate objects through
lighting and/or shading techniques. For example, in
the video or computer graphics field, one technique
commonly used is texture mapping. Texture typically
refers to bumps, wrinkles, grooves or other
irregularities on surfaces. Textured surfaces are
recognized by the way light interacts with the surface
irregularities. In effect, these irregularities are
part of the complete geometric form of the object
although they are relatively small compared to the
size and form of the object. Conventional texture
mapping techniques have been known to lack the
necessary surface detail to accomplish what is
conventionally meant by texture. In other words,
conventional texture mapping techniques provide
objects with a colorful yet flatappearance. To this
end, texture mapping was expanded to overcome this
problem with what is now commonly referred to as bump
mapping. Bump mapping is explained in an article
written by Mark Kilgard called "A Practical and Robust
Bump Mapping Technique for Today's GPU' s"
(hereinafter Kilgard) which is incorporated herein by
reference. In this article, bump mapping is described
as "a texture-based rendering approach for simulating
lighting effects caused by pattern irregularities on
otherwise smooth surfaces." Kilgard, p. 1. According
to Kilgard, "bump mapping simulates a surface's
irregular lighting appearance without the complexity
and expense of modeling the patterns as true geometric
perturbations to the surface." Kilgard, p. 1.
Nevertheless, the computations required for original
bump mapping techniques proposed by James Blinn in
1978 are considerably more expensive than those
required for conventional hardware texture mapping.
Kilgard at p . 2. In view of the many attempts that
have been made over the last two decades to
reformulate bump mapping into a form suitable for
hardware implementation, Kilgard proposes a new bump
mapping technique. In short, Kilgard divides bump
mapping into two steps. First, a perturbed surface
normal is computed. Then, a lighting computation is
performed using the perturbed surface normal. These
two steps must be performed at each and every visible
fragment of a bump-mapped surface. Kilgard. Although
Kilgard's new technique may be suitable for simulating
surface 



irregularities (texture) representative of true
geometric perturbations, it does not address the use
of similar lighting effects to distinguish certain
features of an object that are substantially
indistinguishable and not representative of the true
geometric perturbations. SUMMARYOFTHE INVENTION The
present invention therefore, provides a system and
method for enhancing the combined image of multiple
attributes representing 2-D or 3-D objects. In one
embodiment, a first attribute is selected from a
source of available attributes and represents one
property of the object. A second attribute is selected
from the same sourceof attributes and represents
another property of the object. Additional attributes
may be selected, depending on the available source of
attributes. A normal map is created using voxels from
either the first attribute or the second attribute.
The normal map is derived from the data values
representing the first or second attribute,
hereinafter the underlying attribute, and is used to
construct lighting effects that provide an illusion of
height, depth and geometry on a planar surface. In
order to obtain a more accurate lighting effect, a
vertex program is applied to the vertices that
constrain the planar surface of the underlying
attribute and the vertices that constrain the
corresponding planar surface of the normal map. As a
result, a new coordinate space is created thus,
forming a matrix that is commonly referred to as
tangent space that is later used by the register
combiners The register combiners, or texture shaders,
are used to calculate ambient and diffuse lighting
effects (illumination) for the normal map, after the
vertex program is applied, and the other first or
second attribute which are combined to form an
enhanced image representing the first and second
attributes. In this manner, the combined image of the
co-rendered attributes is displayed thus, revealing
certain features of the object represented by the
attributes that are substantially indistinguishable in
their natural environment. In another embodiment,
select features of the object are interactively
highlighted by altering lighting coefficients
representing the specular and/or diffuse component of
an imaginary light source. In this manner, the
register combiners are reapplied to alter the ambient
and diffuse lighting effects and highlight certain
features of the object as the combined image is
displayed. In another embodiment, the light source is
interactively repositioned or the combined image is
interactively rotated to reveal select features of the
object represented by the attributes. As the image is
rotated, or the light source repositioned, certain
voxels representing the first attribute become darkly
shaded or shadowed, while others representing the
second attribute become visible and vice versa. This
embodiment istherefore, useful for enhancing images of
select features of an object which, in their natural
environment, are indistinguishable from the rest of
the object. In this manner, the vertex program and
register combiners are reapplied and the image is
displayed. In another embodiment, the per-pixel
lighting height is interactively controlled. The
per-pixel lighting height is often referred to as the
height of the bumps or depth of the indentions defined
by the lighting effect produced on a per pixel basis.
As the per-pixel lighting height is altered, the
normal map is recalculated, the vertex program and
register combiners are reapplied, and the image is
displayed. In yet another embodiment, one or more
different attributes are selected to image other
select features of the object in the manner thus
described. Thus, in this embodiment, the foregoing
steps and techniques are reapplied as a new combined
image is displayed. In yet another embodiment, the
combined image is interactively controlled 



(moved/resized) to display select features of the
object at different locations. In this manner, the
attributes are resampled, the normal map is
recalculated, the vertex program and register
combiners are reapplied, and the combined image is
displayed at its new location. BRIEF DESCRIPTIONOF THE
DRAWINGS The patent or application file contains at
least one drawing executed in color. Copies of this
patent or patent application publication with color
drawing(s) will be provided by the Office upon request
and payment of the necessary fee. The invention will
be described with reference to the accompanying
drawings, in which like elements are referenced with
like reference numerals, and in which: Figure 1 is a
block diagram illustrating one embodiment of a
software program for implementing the present
invention; Figure 2 is a flow diagram illustrating one
embodiment of a method for implementing the present
invention;Figure 3 is a color drawing illustrating
semblance as a seismic data attribute; Figure 4 is a
color drawing illustrating amplitude as a seismic data
attribute; Figure 5 is a color drawing illustrating
the combined image of both attributes illustrated in
Figures 3 and 4; Figure 6 is a color drawing
illustrating the combined image of Figure 5 with the
light source positioned to the left of the image.
Figure 7 is a color drawing illustrating the combined
image of Figure 5 with the light source positioned
perpendicular to the image. Figure 8 is a color
drawing illustrating the combined image of Figure 5
with the light source positioned to the right of the
image. While the present invention will be described
in connection with presently preferred embodiments, it
will be understood that it is not intended to limit
the invention to those embodiments. On the contrary,
it is intended to cover all alternatives,
modifications, and equivalents included within the
spirit of the invention. DETAILEDDESCRIPTION OF THE
PREFERRED EMBODIMENTS The present invention may be
implemented using hardware, software or a combination
thereof, and may be implemented in a computer system
or other processing system. The following description
applies the present invention to various seismic data
attributes which are contained within a specified
space or volume referred to as a probe. Each probe
comprises voxel data represented by x, y, z, data
value. Each data value is associated with a particular
seismic data attribute at a specified location (x, y,
z). The present invention, therefore, may employ one
or more of the hardware and software system components
required to display and manipulate the probe as
described in U.S. patent application Serial No.
09/119,634 assigned to Magic Earth, Inc. and
incorporated herein by reference. For a more complete
description of the probe requirements, reference is
made to the '634 application.In addition to the probe
requirements, the present invention may be implemented
using current high performance graphics and personal
computer commodity hardware in order to insure real
time performance. Examples of available hardware for
the personal computer include graphics cards like
GeForce(r) marketed by NVIDIA(r) and 2.4Ghz x86
instruction set computer processors manufactured by
Intel(r) or AMD(r). One embodiment of a software or
program structure for implementing the present
invention is shown in Figure 1. At the base of program
structure 100 is an operating system 102. Suitable
operating systems may include, for example, UNIX(r) or
LINUX(r) 



operating systems, Windows NT(r), and other operating
systems generally known in the art. Menu and interface
software 104 overlays operating system 102. Menu and
interface software 104 are used to provide various
menus and windows to facilitate interaction with the
user, and to obtain user input and instructions. Menu
and interface software 104 may include, for example,
Microsoft Windows(r), X Free 86(r), MOTIF(r), and
other menu and interface software generally known in
the art. A basic graphics library 106 overlays menu
and interface software 104. Basic graphics library 106
is an application programming interface (API) for 3-D
computer graphics. The functions performed by basic
graphics library 106 include, for example, geometric
and raster primitives, RGBA or color index mode,
display list or immediate mode, viewing and modeling
transformations, lighting and shading, hidden surface
removal, alpha blending (translucency), anti-aliasing,
texture mapping, atmospheric effects (fog, smoke,
haze), feedback and selection, stencil planes, and
accumulation buffer. A particularly useful basic
graphics library 106 is OpenGL(r), marketed by Silicon
Graphics, Inc. ("SGI(r)"). The OpenGL(r) API is a
multi-platform industry standard that is hardware,
window, and operating system independent. OpenGL(r) is
designed to be callable from C, C++, FORTRAN, Ada and
Java programming languages. OpenGL(r) performs each of
the functions listed above for basic graphics library
106. Some commands in OpenGL(r) specify geometric
objects to be drawn, and others control how the
objects are handled. All elements of the OpenGL(r)
state, even the contents of the texture memory and the
frame buffer, can be obtained by a client application
using OpenGL(r).OpenGL and the client application may
operate on the same or different machines because
OpenGL(r) is network transparent. OpenGL(r) is
described in more detail in the OpenGL(r) Programming
Guide (ISBN: 0-201-63274-8) and the OpenGL(r)
Reference Manual (ISBN: 0-201-63276-4), both of which
are incorporated herein by reference. Visual
simulation graphics library 108 overlays the basic
graphics library 106. Visual simulation graphics
library 108 is an API for creating real-time,
multi-processed 3-D visual simulation graphics
applications. Visual simulation graphics library 108
provides functions that bundle together graphics
library state control functions such as lighting,
materials, texture, and transparency. These functions
track state and the creation of display lists that can
be rendered later. A particularly useful visual
simulation graphics library 108 is OpenGL
Performer(r), which is available from SGI(r). OpenGL
Performer(r) supports the OpenGL(r) graphics library
discussed above. OpenGL Performer(r) includes two main
libraries (libpf and libpr) and four associated
libraries (libpfdu, libpfdb, libpfui, and libpfutil).
The basis of OpenGL Performer(r) is the performance
rendering library libpr, a lowlevel library providing
high speed rendering functions based on GeoSets and
graphics state control using GeoStates. GeoSets are
collections of drawable geometry that group sametype
graphics primitives {e.g., triangles or quads) into
one data object. The GeoSet contains no geometry
itself, only pointers to data arrays and index arrays.
Because all the primitives in a GeoSet are of the same
type and have the same attributes, rendering of most
databases is performed at maximum hardware speed.
GeoStates provide graphics state definitions {e.g.,
texture or material) for GeoSets. Layered above libpr
is libpf, a real-time visual simulation environment
providing a high-performance multi-process database
rendering system that optimizes use of multiprocessing
hardware. The database utility library, libpfdu,
provides functions for defining both geometric and
appearance attributes of 3-D objects, shares state and



materials, and generates triangle strips from
independent polygonal input. The database library
libpfdb uses the facilities of libpfdu, libpf and
libpr to import database files in a number of industry
standard database formats. The libpfui is a user
interface library thatprovides building blocks for
writing manipulation components for user interfaces (C
and C++ programming languages). Finally, the libpfutil
is the utility library that provides routines for
implementing tasks and graphical user interface (GUI)
tools. An application program which uses OpenGL
Performer(r) and OpenGL(r) API typically performs the
following steps in preparing for real-time 3-D visual
simulation: 1. Initialize OpenGL Performer(r); 2.
Specify number of graphics pipelines, choose the
multiprocessing configuration, and specify hardware
mode as needed; 3. Initialize chosen multiprocessing
mode; 4. Initialize frame rate and set frame-extend
policy; 5. Create, configure, and open windows as
required; and 6. Create and configure display channels
as required. Once the application program has created
a graphical rendering environment by carrying out
steps 1 through 6 above, then the application program
typically iterates through the following main
simulation loop once per frame: 1. Compute dynamics,
update model matrices, etc.; 2. Delay until the next
frame time; 3. Perform latency critical viewpoint
updates; and 4. Draw a frame. Alternatively, Open
Scene Graph' can be used as the visual simulation
graphics library 108. Open Scene Graph(r) operates in
the same manner as OpenGL Performer(r), providing
programming tools written in C/C++ for a large variety
of computer platforms. Open Scene Graph(r) is based on
OpenGL(r) and is available through
www.openscenegraph.com.A multi-attribute co-rendering
program 110 of the present invention overlays visual
simulation graphics library 108. In a manner generally
well known in the art, program 110 interfaces with,
and utilizes the functions carried out by, the visual
simulation graphics library 108, basic graphics
library 106, menu and interface software 104,
operating system 102 and the probe described in the
'634 application. Program 110 is preferably written in
an object oriented programming language to allow the
creation and use of objects and object functionality.
One preferred object oriented programming language is
C++. In this particular embodiment, program 110 stores
the 3-D volume data set in a manner generally well
known in the art. For example, the format for a
particular data volume may include two parts: a volume
header followed by the body of data that is as long as
the size of the data set. The volume header typically
includes information in a prescribed sequence, such as
the file path (location) of the data set, size,
dimensions in the x, y, and z directions, annotations
for the x, y, and z axes, annotations for the data
value, etc. The body of data is a binary sequence of
bytes and may include one or more bytes per data
value. For example, the first byte is the data value
at volume location (0,0,0); the second byte is the
data value at volume location (1,0,0); and the third
byte is the data value at volume location (2,0,0).
When the x dimension is exhausted, then the
y-dimension and the z-dimension are incremented,
respectively. This embodiment is not limited in any
way to a particular data format. The program 110
facilitates input from a user to identify one or more
3-D volume 



data sets to use for imaging and analysis. When a
plurality of data volumes is used, the data value for
each of the plurality of data volumes represents a
different physical parameter or attribute for the same
geographic space. By way of example, a plurality of
data volumes could include a geology volume, a
temperature volume, and a watersaturation volume. The
voxels in the geology volume can be expressed in the
form (x, y, z, seismic amplitude). The voxels in the
temperature volume can be expressed in the form (x, y,
z, 0C). The voxels in the water-saturation volume can
be expressed in the form (x, y, z, %saturation). The
physical or geographic space defined by the voxels in
each of these volumes is the same. However, for any
specific spatial location (xo, yo, Zo),the seismic
amplitude would be contained in the geology volume,
the temperature in the temperaturevolume, and the
water-saturation in the water-saturation volume. The
operation of program 110 is described in reference to
Figures 2 through 8. Referring now to Figure 2, a
method 200 is illustrated for co-rendering multiple
attributes in a combined image. The following
description refers to certain bump mapping algorithms
and techniques discussed in Kilgard. In Step 202, a
first attribute and a second attribute are selected
from the available attributes using the GUI tools
(menu/interface software 104) described in reference
to Figure 1. Although other available stored
attributes may be used, such as frequency and phase,
semblance is used as the first attribute illustrated
in the probe 300 of Figure 3, and amplitude is used as
the second attribute illustrated in the probe 400 of
Figure 4. The seismic data is displayed on the visible
planar surfaces of the probe using conventional
shading/opacity (texture mapping) techniques, however,
may be displayed within the planar surfaces defining
the probe using volume rendering techniques generally
well known in the art. In order to display seismic
data in the manner thus described, voxel data is read
from memory and converted into a specified color
representing a specific texture. Textures are tiled
into 256 pixel by 256 pixel images. For large volumes,
many tiles exist on a single planar surface of the
probe. This process is commonly referred to by those
skilled in the art as sampling, and is coordinated
among multiple CPU's on a per-tile basis. These
techniques, and others employed herein, are further
described and illustrated in the '634 application. In
Step 204, a normal map is calculated in order to
convert the texture based semblance attribute
illustrated in Figure 3, sometimes referred to as a
height field, into a normal map that encodes lighting
information that will be used later by the register
combiners. This technique enables the application of
per-pixel lighting to volumetric data in the same way
the probe displays volumetric data. In other words, it
is a 2-D object which is actually displayed, however,
because it is comprised of voxel data and the speed at
which it is displayed, appears as a 3-D object. In
short, this step converts the data values representing
the semblance attribute into perturbed normalized
vectors that are used by the graphics card to
calculate lighting effects which give the illusion of
depth and geometry when, in fact, a planar surface is
displayed.The normal map comprises multiple perturbed
normal vectors which, collectively, are used to
construct an illusion of height, depth and geometry on
a planar surface. Each perturbed normal vector is
derived from the cross product of the vertical and
horizontal components for each data value on a given
surface {e.g., 310) in Figure 3. Each perturbed normal
vector is stored in the hardware as a texture unit
(normal map) wherein each spatial coordinate (x, y, z)
for each perturbed normal vector is assigned a
specified color red, green or blue (RGB) value. The
coordinate space in which these coordinates are
assigned RGB values is generally known as texture
coordinate space. Thus, the blue component of 



the perturbed normal vector represents the spatial
coordinate (z). A pixel in the texture that is all
blue would therefore, represent a typical tangent
vector in planar objects such as the surface 310 in
Figure 3. As the data values vary, the normal map
appearance becomes less blue and appears almost
chalky. The techniques necessary to derive a normal
map from a height field are generally described in
Section 5.3 of Kilgard. By applying the equations
referred to in Section 2.6 of Kilgard to the data
values shown in the probe 300 of Figure 3, a normal
map may be constructed. One set of instructions to
perform this method and technique is illustrated in
Appendix E of Kilgard. In order to obtain a more
accurate lighting effect, a vertex program is applied
in Step 206 to the vertices that constrain the planar
surface 310 of the underlying attribute illustrated in
Figure 3 and the vertices that constrain the
corresponding planar surface of the normal map (not
shown). A new coordinate space, tangent space, is
contained in a transformation matrix used by the
vertex program. The programmable hardware on the
graphics card is used for rendering coordinate space
transforms that drive the vertex program. The tangent
space is constructed on a per-vertex basis, and
typically requires the CPU to supply per-vertex
light-angle vectors and half-angle vectors as 3-D
texture coordinates. The light angle vectors and half
angle vectors are likewise converted to tangent space
when multiplied by the tangent space matrix. This step
employs the techniques generally described in Section
5.1 of Kilgard. For example, normal and tangent
vectors are calculated on a per-vertex basis for a
given geometric model-like the probe 300 in Figure 3.
A bi-normal vector is calculated by taking the cross
product of the tangent and normal vector components
for each vertex. The tangent, normal and bi-normal
vectors thus, form an ortho-normal basis at
eachvertex. The ortho-normal basis represents a matrix
used to transform objects, space, light and eye
position into tangent space. One set of instructions
for performing this technique is illustrated in
Appendix C of Kilgard. Register combiners or texture
shaders (not shown) are applied by the graphics card
in Step 208 to calculate the lighting equations
described in Sections 2.5 through 2.5.1 of Kilgard.
The GeForce(r) and Quadro(r) register combiners,
available through NVIDIA(r), provide a configurable,
but not programmable, means to determine per-pixel
fragment coloring/shading, and replace the standard
OpenGL(r) fixed function texture environment, color
sum, and fog operations with an enhanced mechanism for
coloring/shading fragments. With multi-textured
OpenGL(r), filtered texels from each texture unit
representing the normal map and the second attribute
(amplitude) illustrated in the probe 400 of Figure 4
are combined with the fragments' current color in
sequential order. The register combiners are generally
described in Section 4.2 of Kilgard as a sequential
application of general combiner stages that culminate
in a final combiner stage that outputs an RGBA color
for the fragment. One set of instructions for
programming OpenGL(r) register combiners is
illustrated in Appendix B of Kilgard. As further
explained in Section 5.4 of Kilgard, the register
combiners are configured to compute the ambient and
diffuse illumination for the co-rendered image that is
displayed in Step 210 by means generally well-known in
the art. In short, the register combiners are used to
calculate ambient and diffuse lighting effects
(illumination) for the normal map, after the vertex
program is applied, and the second attribute which are
combined to form an enhanced image representing the
first and second attributes. The resulting data values
for the combined image represent a blended texture or
combined texture of both the first and second
attributes One set of instructions for programming the



register combiners to compute the ambient and diffuse
illumination is illustrated in Appendix G of Kilgard.
Alternatively, fragment routines, generally well known
in the art, may be used with the register combiners to
provide a more refined per-pixel lighting effect for
the normal map.As illustrated in Figure 3, certain
geological features, such as faults represented by the
black color values 312, are distinguished from the
blue color values 314 due to discontinuity between the
adjacent data values measured along the z-axis. In
Figure 4, the same geological features 412 are barely
distinguishable because they are illustrated by a
different attribute (amplitude) that is assigned
multiple color values and contains more consistent
adjacent data values along the z-axis. The same
geological features 512 are even more readily
distinguished in Figure 5 due to the enhanced surface
texture which appears to give the planar surface 510
on the probe 500 depth and height. In Figure 5, the
first attribute (semblance) is distinguished by
shading from the second attribute (amplitude) which is
shown by various color values. This illusion is
uncharacteristic of the actual geological feature
which is substantially indistinguishable in its
natural environment. Although both attributes are not
visible at the same time over the planar surface 510
of the probe 500, they are imaged in the same space
and capable of being simultaneously viewed depending
on the angle of the probe 500 relative to the light
source. Thus, as the probe 500 is rotated, certain
voxels representing the first attribute become masked
while others representing the second attribute become
visible, and viceversa. This technique is useful for
enhancing images of certain features of an object
which are substantially indistinguishable in their
natural environment. The present invention may also be
applied, using the same techniques, to image
volume-rendered seismic-data attributes. As the image
is displayed in Step 210, several options described in
reference to Steps 212 through 220 may be
interactively controlled through the menu/interface
software 104 to compare and analyze any differences
between the various images. In Step 212, the specular
or diffuse lighting coefficients may be interactively
controlled to alter the shading/lighting effects
applied to the combined image. Accordingly, the
register combiners are reapplied in Step 208 to
enhance the image displayed in Step 210. In Step 214,
the imaginary light source may be interactively
repositioned or the probe may be interactively rotated
to image other geological features revealed by
theattributes. The movement of the probe is
accomplished by means generally described in the '634
application. In Figures 6-8, the planar surface 510 of
the probe 500 illustrated in Figure 5 is fixed at a
position perpendicular to the line of sight as the
light source is interactively repositioned. As the
light source moves, different voxels become
illuminated according to the position of the light
source. The effect is similar to that achieved when
the probe is rotated. Accordingly, Steps 206 and 208
are reapplied to provide different perspectives of the
image displayed in Step 210. In Figure 6, for example,
the light source is positioned to the left of the
probe face 610 so that voxels 612, which are perceived
as indentions, appear darker while voxels 614, which
are perceived as bumps, appear lighter or more
illuminated. When the light source is repositioned to
the right of the probe face 810, as in Figure 8,
different voxels 812, 814 appear darker and lighter
than those illustrated in Figure 6. As illustrated in
Figure 7, the light source is positioned perpendicular
to the probe face 710 and the entire image appears
brighter. This effect is attributed to the specular
component of the lighting equation, and 



enhances the illusion of depth and height in the image
as the light source is repositioned or the probe is
rotated. One set of instructions explaining how to
configure the register combiners to compute the
specular component is illustrated in Appendix H of
Kilgard. In this manner, the combined image can be
interactively manipulated to simultaneously reveal
multiple attributes with nominal loss in the clarity
of each attribute. In Step 216, the per-pixel lighting
height is interactively controlled to alter the normal
depth of the indentions and/or height of the bumps
which are shaded and illuminated as described in
reference to Step 208. The per-pixel lighting height
is interactively controlled by scaling each perturbed
normal vector from zero which cancels any indentations
or bumps. If the per-pixel lighting is scaled in
positive increments, then each perturbed normal vector
height (bump) or depth (indentation) is increased.
Conversely, if the per-pixel lighting is scaled in
negative increments, then each perturbed normal vector
height or depth is decreased. The net effect produces
an image that appears to alter the position of the
light source so that different features of the object
are enhanced. Accordingly, Steps 204, 206, and 208 are
reapplied to provide different perspectives of the
image displayed in Step 210.In Step 218, different
attributes are interactively selected in the manner
described in reference to Step 202. Accordingly, Steps
204, 206, and 208 are reapplied to provide an entirely
new image, illustrating different data values in Step
210. Furthermore, the image displayed in Step 210 may
illustrate more than two attributes which are selected
in Step 218. For example, if the available attributes
include amplitude, phase and semblance, then a normal
map is created for any two of these attributes in the
manner described in reference to Step 204. In other
words, a normal map is calculated or each of the two
selected attributes and the resulting value for each
perturbed normal vector in one normal map is then
added to the value of each perturbed normal vector in
the other normal map, at the same location, to create
a single normal map that is used in the manner
described in reference to Steps 206 and 208.
Alternatively, the voxels for one of the selected
attributes can be added to the voxels of the other
selected attribute at the same location and a normal
map is calculated for the combined voxel values in the
manner described in reference to Step 204. The normal
map is then used in the manner described in reference
to Steps 206 and 208. In either application where
there are more than two attributes, one attribute will
serve as the static attribute until Step 208, while
the others will be used in the manner thus described.
In Step 220, the probe is interactively controlled so
that it can be resized or moved in a manner more
particularly described in the '634 application. This
step necessarily alters the voxels displayed on the
planar surfaces of the probe for the combined image
displayed in Step 210. As a result, the first and
second attributes must be re-sampled in Step 222 and
Steps 204, 206, and 208 must be reapplied to display a
new image in Step 210 illustrating the same attributes
at a different location. The techniques described by
the foregoing invention remove the extra processing
step normally encountered in conventional bump mapping
techniques by interactively processing the attributes
using hardware graphics routines provided by commodity
PC graphics cards. These techniques are therefore,
particularly useful to the discovery and development
of energy resources. The foregoing disclosure and
description of the invention is illustrative and
explanatory thereof, and it will be appreciated by
those skilled in the art, that variouschanges in the
size, shape and materials, the use of mechanical
equivalents, as well as in the details of the
illustrated construction or combinations of features
of the various 



elements may be made without departing from the spirit
of the invention.C L A I M S 1. A method for imaging
one or more features of an object, the object
comprising multiple attributes, the method comprising
the steps of: selecting a first attribute and a second
attribute from the multiple attributes, the first
attribute and the second attribute each having its own
vertices; creating a normal map using at least one of
the first and second attributes, the normal map having
its own vertices; converting the normal map vertices
and the vertices of the at least one of the first and
second attributes used to create the normal map into a
matrix representing a tangent space normal map;
calculating a diffuse lighting component from the
tangent space normal map and the at least one of the
first and second attributes used to create the normal
map; and combining an ambient lighting component with
the diffuse lighting component and at least one of the
first and second attributes to form an image
representing a select feature of the object that is
substantially indistinguishable in its natural
environment. 2. The method of claim 1, wherein at
least one of the first attribute and the second
attribute comprise a combination of two or more
attributes. 3. The method of claim 2, wherein the
combination of two or more attributes form a hybrid
attribute. 4. The method of claim 2, wherein the first
attribute comprises any combination of two or more
attributes comprising amplitude, frequency, phase,
power, semblance, coherency, dip, azimuth, gradient,
fluid factor, acoustic impedance, velocity, pressure,
porosity, permeability, stratigraphy and lithology and
the second attribute comprises at least one attribute
from amplitude, frequency, phase, power,
semblance,coherency, dip, azimuth, gradient, fluid
factor, acoustic impedance, velocity, pressure,
porosity, permeability, stratigraphy and lithology. 5.
The method of claim 1, wherein the ambient lighting
component and diffuse lighting component are combined
with the first attribute and the second attribute is
used to create the normal map. 6. The method of claim
1, wherein the ambient lighting component and the
diffuse lighting component are combined with the first
attribute and the first attribute is used to create
the normal map. 7. The method of claim 1, further
comprising the steps of: selecting a third attribute,
the third attribute having its own vertices; creating
another normal map using at least one of the first,
second and third attributes, the another normal map
having its own vertices; converting the another normal
map vertices and the vertices of the at least one of
the first, second and third attributes used to create
the another normal map into another matrix
representing another tangent space normal map;
calculating another diffuse lighting component from
the another tangent space normal map and the at least
one of the first, second and third attributes used to
create the another normal map; and combining the
ambient lighting component with the another diffuse
lighting component and at least one of the first,
second and third attributes to form another image
representing a select feature of the object. 



8. The method of claim 7, wherein the third attribute
comprises the combination of the ambient lighting
component, the diffuse lighting component and the at
least one of the first and second attributes. 9. The
method of claim 8, wherein the another normal map is
created using at least one of the first and second
attributes and the third attribute is combined with
theambient lighting component and the another diffuse
lighting component to form the another image. 10. The
method of claim 8, wherein the another normal map is
created using the third attribute and the third
attribute is combined with the ambient lighting
component and the another diffuse lighting component
to form the another image. 11. The method of claim 1,
further comprising the step of displaying at least a
portion of the image to a user.  12. The method of
claim 11, wherein the image displayed is displayed on
at least a portion of one of a plurality of planar
surfaces defining a probe. 13. The method of claim 11,
wherein the image displayed is displayed at least
partially within a plurality of planar surfaces
defining a probe. 14. The method of claim 1, wherein
the first attribute and the second attribute each
comprise multiple data values and associated spatial
coordinates, each data value having a
three-dimensional spatial coordinate. 15. The method
of claim 14, wherein the normal map comprises multiple
perturbed normal vectors that are derived from the
cross product of a vertical component and a horizontal
component for each data value. 16. The method of claim
1, wherein a vertex program is used to convert the
normal map vertices and the vertices of the at least
one of the first and second attributes used to create
the normal map into the matrix representing the
tangent space normal map. 17. The method of claim 1,
wherein the diffuse lighting component and the ambient
lighting component are each calculated using a
register combiner. 18. The method of claim 17, wherein
the ambient lighting component, the diffuse lighting
component and the at least one of the first and second
attributes are combined using the register combiners
to form the image. 19. The method of claim 1, wherein
the first attribute and the second attribute comprise
medical data.20. The method of claim 1, wherein the
first attribute and the second attribute comprise
seismic data. 21. The method of claim 1, wherein the
ambient lighting component is a predetermined
constant. 22. The method of claim 1, further
comprising the steps of: calculating a specular
lighting component from the tangent space normal map
and the at least one of the first and second
attributes used to create the normal map; and
combining the specular lighting component, the ambient
lighting component, the diffuse lighting component and
the at least one of the first and second attributes to
form the image. 23. The method of claim 1, further
comprising the steps of: applying an imaginary light
source to the image; displaying a portion of the image
to a user; interactively repositioning at least one of
the imaginary light source and the displayed image
relative to a line of sight of the displayed image to
the user; and 



repeating the last three steps in claim 1. 24. A
method for imaging a select feature of an object that
is substantially indistinguishable in its natural
environment, the object comprising multiple
attributes, the method comprising the steps of:
selecting an attribute from the multiple attributes,
the attribute having its own vertices; creating a
normal map using the attribute, the normal map having
its own vertices;converting the normal map vertices
and the vertices of the attribute into a matrix
representing a tangent space normal map; calculating a
diffuse lighting component from the tangent space
normal map and the attribute; and combining an ambient
lighting component with the diffuse lighting component
and the attribute to form an image representing the
select feature of the object. 25. A method for imaging
one or more features of an object, the object
comprising multiple attributes, the method comprising
the steps of: selecting a first attribute and a second
attribute from the multiple attributes, the first
attribute and the second attribute each having its own
vertices; creating a normal map using at least one of
the first and second attributes, the normal map having
its own vertices; converting the normal map vertices
and the vertices of the at least one of the first and
second attributes used to create the normal map into a
matrix representing a tangent space normal map;
calculating a diffuse lighting component from the
tangent space normal map and the at least one of the
first and second attributes used to create the normal
map; combining an ambient lighting component with the
diffuse lighting component and at least one of the
first and second attributes to form an image
representing a select feature of the object; and
displaying at least a portion of the image to a user,
the portion of the displayed image comprising at least
part of the first attribute and part of the second
attribute. 26. The method of Claim 25, wherein the
select feature of the object is substantially
indistinguishable in its natural environment.27. A
system comprising a program storage device readable by
a machine, the storage device embodying a program of
instructions executable by the machine for imaging one
or more features of an object, the object comprising
multiple attributes, the instructions comprising the
steps of: selecting a first attribute and a second
attribute from the multiple attributes, the first
attribute and the second attribute each having its own
vertices; creating a normal map derived from at least
one of the first and second attributes, the normal map
having its own vertices; converting the normal map
vertices and the vertices of the at least one of the
first and second attributes used to create the normal
map into a matrix representing a tangent space normal
map; calculating a diffuse lighting component from the
tangent space normal map and the at least one of the
first and second attributes used to create the normal 



map; and combining an ambient lighting component with
the diffuse lighting component and at least one of the
first and second attributes to form an image
representing a select feature of the object that is
substantially indistinguishable in its natural
environment. 28. The system of claim 27, wherein at
least one of the first attribute and the second
attribute comprise a combination of two or more
attributes. 29. The system of claim 28, wherein the
combination of two or more attributes form a hybrid
attribute. 30. The system of claim 28, wherein the
first attribute comprises any combination of two or
more attributes comprising amplitude, frequency,
phase, power, semblance, coherency, dip, azimuth,
gradient, fluid factor, acoustic impedance, velocity,
pressure, porosity, permeability, stratigraphy and
lithology and the second attribute comprises at least
one attribute from amplitude, frequency, phase, power,
semblance,coherency, dip, azimuth, gradient, fluid
factor, acoustic impedance, velocity, pressure,
porosity, permeability, stratigraphy and lithology.
31. The system of claim 27, wherein the ambient
lighting component and the diffuse lighting component
are combined with the first attribute and the second
attribute is used to create the normal map. 32. The
system of claim 27, wherein the ambient lighting
component and the diffuse lighting component are
combined with the first attribute and the first
attribute is used to create the normal map. 33. The
system of claim 27, further comprising the steps of:
selecting a third attribute, the third attribute
having its own vertices; creating another normal map
derived from at least one of the first, second and
third attributes, the another normal map having its
own vertices; converting the another normal map
vertices and the vertices of the at least one of the
first, second and third attributes used to create the
another normal map into another matrix representing
another tangent space normal map; calculating a
diffuse lighting component from the another tangent
space normal map and the at least one of the first,
second and third attributes used to create the another
normal map; and combining the ambient lighting
component with the another diffuse lighting component
and at least one of the first, second and third
attributes to form another image representing a select
feature of the object. 34. The system of claim 33,
wherein the third attribute comprises the combination
of the ambient lighting component, the diffuse
lighting component and the at least one of the first
and second attributes. 35. The system of claim 34,
wherein the another normal map is created using at
least one of the first and second attributes and the
third attribute is combined with theambient lighting
component and the another diffuse lighting component
to form the another image. 36. The system of claim 34,
wherein the another normal map is created using the
third attribute and the third attribute is combined
with the ambient lighting component and the another
diffuse lighting component to form the another image.
37. The system of claim 27, further comprising the
step of displaying at least a portion of the image on
a monitor to a user. 38. The system of claim 27,
wherein the first attribute and the second attribute 



each comprise multiple data values and corresponding
spatial coordinates, each data value having a
three-dimensional spatial coordinate). 39. The system
of claim 38, wherein the normal map comprises multiple
perturbed normal vectors that are derived from the
cross product of a vertical component and a horizontal
component for each data value. 40. The system of claim
27, wherein the first attribute and the second
attribute comprise medical data. 41. The system of
claim 27, wherein the first attribute and the second
attribute comprise seismic data. 42. The system of
claim 27, wherein the ambient lighting component is a
predetermined constant. 43. The system of claim 27,
further comprising the steps of: calculating a
specular lighting component from the tangent space
normal map and the at least one of the first and
second attributes used to create the normal map; and
combining the specular lighting component, the ambient
lighting component, the diffuse lighting component and
the at least one of the first and second attributes to
form the image.44. The system of claim 27, further
comprising the steps of: applying an imaginary light
source to the image; displaying a portion of the image
to a user; interactively repositioning at least one of
the imaginary light source and the displayed image
relative to a line of sight of the displayed image to
the user; and repeating the last three steps in claim
27. 45. A system comprising a program storage device
readable by a machine, the storage device embodying a
program of instructions executable by the machine for
imaging a select feature of an object that is
substantially indistinguishable in its natural
environment, the object comprising multiple
attributes, the instructions comprising the steps of:
selecting an attribute from the multiple attributes,
the attribute having its own vertices; creating a
normal map derived from the attribute, the normal map
having its own vertices; converting the normal map
vertices and the vertices of the attribute into a
matrix representing a tangent space normal map;
calculating a diffuse lighting component from the
tangent space normal map and the attribute; and
combining an ambient lighting component with the
diffuse lighting component and the attribute to form
an image representing the select feature of the
object. 46. A system comprising a program storage
device readable by a machine, the storage device
embodying a program of instructions executable by the
machine for imaging one or more features of an object,
the object comprising multiple attributes, the
instructions comprising the steps of:selecting a first
attribute and a second attribute from the multiple
attributes, the first attribute and the second
attribute each having its own vertices; creating a
normal map derived from at least one of the first and
second attributes, the normal map having its own
vertices; 



converting the normal map vertices and the vertices of
at least one of the first and second attributes used
to create the normal map into a matrix representing a
tangent space normal map; calculating a diffuse
lighting component from the tangent space normal map
and the at least one of the first and second
attributes used to create the normal map; combining an
ambient lighting component with the diffuse lighting
component and at least one of the first and second
attributes to form an image representing a select
feature of the object; and displaying at least a
portion of the image to a user, the portion of the
displayed image comprising at least part of the first
attribute and part of the second attribute. 47. A
computer data signal embodied in a transmission medium
comprising an image representing a select feature of
an object, the object comprising multiple attributes,
the image comprising a first attribute and a second
attribute selected from the multiple attributes, at
least a portion of the image being visible to a user,
the portion of the visible image comprising at least
part of the first attribute and part of the second
attribute. 48. A computer data signal embodied in a
transmission medium comprising an image representing a
select feature of an object that is substantially
indistinguishable in its natural environment, the
object comprising multiple attributes, the image
comprising an attribute selected from the multiple
attributes, at least a portion of the image being
visible to a user. 


