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Publication Classi?cation 

The present invention includes a method and apparatus for 
simulating, for example on a desktop computer, a speci?c 
vieW of a hologram. A preferred embodiment of this inven 
tion suitably enables, in medical imaging, the manipulation 
of intensity transformations (WindoWing and leveling), 
regions (cropping) and vieWs (axial, coronal and lateral) and 
the display of the resulting simulations in substantially real 
time. 

In accordance With one aspect of the present invention, an 
approximation of substantially accurate pixel intensities is 
achieved by collapsing three-dimensional data onto a tWo 
dimensional vieW, Without the need for constructing com 
plex summations of fringe patterns, as is typically required 
When constructing a hologram. ApoWer function is suitably 
applied to each voxel in the data set. The values for a 
particular x, y coordinate are then summed along the Z axis, 
With the resultant sum value being stored in a sum buffer for 
all values of x and y. The maximal value of the sum buffer 
is determined, then the sum buffer values are normalized by 
this maximum value. Finally, an inverse poWer function is 
applied to the normalized sum, then the results are scaled 
over the range of values of the output buffer. Consequently, 
the operator is able to vieW, in substantially real time, 
simulations of a single vieW of a hologram created from the 

(51) Im. (31.7 ..................................................... .coeo 7/48 selected parameters. 
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METHOD AND APPARATUS FOR RAPIDLY 
EVALUATING DIGITAL DATA PROCESSING 

PARAMETERS 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention generally relates to digital data 
processing, and more particularly, to a method and apparatus 
for rapid evaluation of digital data processing parameters. 

BACKGROUND OF THE INVENTION 

[0002] A hologram is a three-dimensional record, (e.g., a 
?lm record) of a physical system Which, When replayed, 
produces a true three-dimensional image of the system. 
Holography differs from stereoscopic photography in that a 
holographic image exhibits full parallax by affording an 
observer a full range of vieWpoints of the image from every 
angle, both horiZontal and vertical, and full perspective (ie 
it affords the vieWer a full range of perspectives of the image 
from every distance from near to far). A holographic repre 
sentation of an image thus provides signi?cant advantages 
over a stereoscopic representation of the same image. This 
is particularly true in medical diagnosis, Where the exami 
nation and understanding of volumetric data is critical to 
proper medical treatment. 

[0003] While the examination of data Which ?lls a three 
dimensional space occurs in all branches of art, science, and 
engineering, perhaps the most familiar examples involve 
medical imaging Where, for example, Computerized Axial 
Tomography (CT or CAT), Magnetic Resonance (MR), and 
other scanning modalities are used to obtain a plurality of 
cross-sectional images of a human body part. Radiologists, 
physicians, and patients observe these tWo-dimensional data 
“slices” to discern What the tWo-dimensional data implies 
about the three-dimensional organs and tissue represented 
by the data. The integration of a large number of tWo 
dimensional data slices places great strain on the human 
visual system, even for relatively simple volumetric images. 
As the organ or tissue under investigation becomes more 
complex, the ability to properly integrate large amounts of 
tWo-dimensional data to produce meaningful and under 
standable three-dimensional mental images may become 
overWhelming. 
[0004] Presently knoWn modalities for generating volu 
metric data corresponding to a physical system include, inter 
alia, computeriZed axial tomography (CAT or CT) scans, 
magnetic resonance scans (MR), three-dimensional ultra 
sound (US), positron emission tomography (PET), and the 
like. Although a preferred embodiment of the present inven 
tion is described herein in the context of medical imaging 
systems Which are typically used to investigate internal body 
parts (e.g., the brain, spinal cord, and various other bones 
and organs), those skilled in the art Will appreciate that the 
present invention may be used in conjunction With any 
suitable data set de?ning any three-dimensional distribution 
of data, regardless of Whether the data set represents a 
physical system, e.g., numerical, graphical, and the like. 

[0005] Typical data sets comprise on the order of 10 to 70 
(for CT systems) or 12 to 128 (for MR) tWo-dimensional 
data slices 14. Those skilled in the art Will appreciate. that 
the thickness and spacing betWeen data slices 14 are con 
?gurable and may be adjusted by the CT technician. Typical 
slice thicknesses range from 1.5 to 10 millimeters and most 
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typically approximately 5 millimeters. The thickness of the 
slices is desirably selected so that only a small degree of 
overlap exists betWeen each successive data slice. 

[0006] The data set corresponding to a CT or MR scan is 
typically reproduced in the form of a plurality (e.g., 50-100) 
of tWo-dimensional transparent images Which, When 
mounted on a light box, enable the observer (e.g., physician) 
to vieW each data slice. By revieWing a plurality of succes 
sive data slicers 14, the observer may construct a three 
dimensional mental image or model of the physical system 
Within volume 16. The accuracy of the three-dimensional 
model constructed in the mind of the observer is a function 
of the level of skill, intelligence, and experience of the 
observer and the complexity and degree of abnormality of 
the body parts Within volume 16. 

[0007] In addition to the use of an angled gantry, other 
techniques may be employed to produce a data set in Which 
a plane of each data slice is not necessarily parallel to the 
plane of every other data slice, or not necessarily orthogonal 
to the axis of the data set; indeed, the axis of the data set may 
not necessarily comprise a straight line. For example, certain 
computeriZed techniques have been developed Which arti 
?cially manipulate the data to produce various perspectives 
and vieWpoints of the data, for example, by graphically 
rotating the data. In such circumstances, it is nonetheless 
possible to replicate the three-dimensional data set in the 
context of the present invention. In particular, by carefully 
coordinating the angle at Which the object beam is projected 
onto the ?lm, the plane of a particular data slice may be 
properly oriented With respect to the plane of the other data 
slices and With respect to eh axis of the data set, for example 
by tilting screen 326 about its horiZontal or vertical axis. 
Presently knoWn CT scan systems generate data slices 
having a resolution de?ned by, for example, a 256 or a 512 
square pixel matrix. Furthermore, each address Within the 
matrix is typically de?ned by a tWelve bit grey level value. 
CT scanners are conventionally calibrated in Hounds?eld 
Units Whereby air has a density of minus 1,000 and Water a 
density of Zero. Thus, each pixel Within a data slice may 
have a grey level value betWeen minus 1,000 and 3,095 
(inclusive) in the context of a conventional CT system. 
Because the human eye is capable of simultaneously per 
ceiving a maximum of approximately one hundred (100) 
grey levels betWeen pure White and pure black, it is desirable 
to manipulate the data set such that each data point Within a 
slice exhibits one (1) of approximately ?fty (50) to one 
hundred (100) grey level values (as opposed to the 4,096 
available grey level values). The process of rede?ning these 
grey level values is variously referred to as “WindoWing”. 

[0008] The present inventor has determined that optimum 
contrast may be obtained by WindoWing each data slice in 
accordance With its content. For example, in a CT data slice 
Which depicts a cross-section of a bone, the bone being the 
subject of examination, the relevant data Will typically 
exhibit grey level values in the range of minus 600 to 1,400. 
Since the regions of the data slice exhibiting grey level 
values less than minus 600 or greater than 1,400 are not 
relevant to the examination, it may be desirable to clamp all 
grey level values above 1,400 to a high value corresponding 
to pure White, and those data points having grey level values 
loWer than minus 600 to a loW value corresponding to pure 
black. 
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[0009] As a further example, normal grey level values for 
brain matter are typically in the range of about 40 While grey 
level values corresponding to tumorous tissue may be in the 
120 range. If these values Were expressed Within a range of 
4,096 grey level values, it Would be extremely dif?cult for 
the human eye to distinguish betWeen normal brain and 
tumorous tissue. Therefore, it may be desirable to clamp all 
data points having grey level values grater than, eg 140 to 
a very high level corresponding to pure White, and to clamp 
those data points having grey scale values of less than, e.g. 
minus 30, to a very loW value corresponding to pure black. 
WindoWing the data set in this manner contributes to the 
production of sharp, unambiguous holograms. 

[0010] In addition to WindoWing a data set on a slice-to 
slice basis, it may also be advantageous, under certain 
circumstances, to perform differential WindoWing Within a 
particular slice, ie from pixel to pixel. For example, a 
certain slice or series of slices may depict a deep tumor in 
a brain, Which tumor is to be treated With radiation therapy, 
for example by irradiating the tumor With one or more 
radiation beams. In regions Which are not to be irradiated, 
the slice may be WindoWed in a relatively dark manner. In 
regions Which Will have loW to mid levels of radiation, a 
slice may be WindoWed someWhat more brightly. In regions 
of a high concentration of radiation, the slice may be 
WindoWed even brighter. Finally, in regions actually con 
taining the tumor; the slice may be WindoWed the brightest. 

[0011] Diagnostic imaging modalities (i.e. computerized 
tomography, computeriZed tomographic angiography, mag 
netic resonance, magnetic resonance angiography, ultra 
sound, digital subtraction angiography, etc.) typically 
acquire complex digital data Which is usually, When dis 
played or printed, processed to map the large dynamic range 
of the scanner data (typically 12-bit) to that of the display 
device (typically 8-bits). Processing of the digital data often 
includes subjecting the data to various control parameters 
(i.e. WindoWing, leveling, cropping, etc.) to enhance the 
clinical utility of the digital data. The data is usually 
processed in the form of digital images and can contain from 
one to several hundred individual tWo-dimensional digital 
images (called “slices”) in a single volumetric data set. 

[0012] Typically, a representative digital image through 
the anatomy is chosen and the control parameters are applied 
and adjusted to maximiZe the resulting imagery. The feed 
back of the results is usually as rapid as possible to aid the 
real-time adjustment of the control parameters. The chosen 
control parameters may need to be adjusted for each dis 
played image or one set of control parameters is often 
applied through all of the acquired slices. The results are 
then typically printed to aid diagnosis by the physician or to 
form a medical record. 

[0013] Prior art methods exist for displaying representa 
tions of slices of processed digital data; hoWever, the opera 
tor oftentimes must mentally reconstruct the tWo-dimen 
sional slices into a volumetric image using his existing 
knoWledge of anatomy. Furthermore, adjusting the param 
eters of each slice of data, and thereafter combining the 
slices does not usually adequately re?ect the composite 
parameters for the entire volume of data. Displaying accu 
rate representations of entire volumes (“volume rendering”) 
of processed digital data is often much more advantageous 
in that the ?nal picture contains substantial information 
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about every data element Within a data volume. If an 
operator could receive feedback on the effects of selected 
parameters on the entire resulting volume of digital data, the 
operator Would be able to produce signi?cantly better diag 
nostic images. Because of the lack of availability of real 
time volumetric imaging devices, the tWo-dimensional pro 
jections of the volumetric data that can be computed in 
real-time are often used to select these parameters. To the 
extent these parameters are used to produce a static three 
dimensional holographic print, the projection of the volu 
metric data should desirably simulate a vieW of the holo 
gram. 

[0014] Projections of the effects of changing parameters 
on the volumetric data has often been attempted through the 
use of maximum intensity projections (MIPs), simple aver 
ages, threshold averages, opacity functions and/or the like. 
Each of these methods only provide substantially accurate 
simulations of the volumetric data under certain conditions 
and may require signi?cant computer processing poWer to 
execute in real-time. For example, averages often provide 
substantially accurate simulations for very Wide WindoWs, 
While MIPs often provide substantially accurate simulations 
for very narroW WindoWs of sparse vascular data. Opacity 
functions are usually used to collapse the image by assigning 
colors to different tissue classi?cations according to some 
previously de?ned intensity level ranges. In an opacity 
function, the light ?ux re?ected by the tissue is combined 
With the light ?ux transmitted through the tissue. Aproblem 
that normally exists is that, for each voxel to have some 
effect on the ?nal picture, the voxel typically must absorb or 
scatter some of the rays passing through it Without conceal 
ing the voxels Which lie behind it. HoWever, an opacity 
function typically calculates the light ?ux from hypothetical 
light re?ections Without the use of actual raW data. Amethod 
and apparatus are needed Which assigns intensity values to 
volumetric raW data. 

[0015] Amaximum intensity projection (MIP) is typically 
a ray casting technique Whereby parallel rays are passed 
from an arbitrarily chosen vieWing direction through a full 
data set. An intensity value is usually calculated for each 
voxel Which is intersected along the ray. The MIP usually 
proceeds along the ray and compares the intensity values of 
successive pixels along the array to determine the pixel With 
the maximum intensity value. Only the maximum intensity 
value is typically used for the ?nal image at the vieWing 
plane. More particularly, if N is the number of sections of 
reformations from any one projection, the MIP algorithm 
typically eliminates all but l/N, thus retaining approxi 
mately 1-2% of the full data set. Thus, the MIP algorithm 
usually retains, for each MIP projection, only that voxel 
Which appears brightest from a predetermined vieWing 
direction. 

[0016] HoWever, use of the MIP algorithm typically 
assumes that the brightest voxels are the most diagnostically 
important pieces of information. This assumption can often 
times lead to dangerous results, ie a collapsed MIP may 
superimpose a scalp branch of an external carotid artery onto 
a brain parenchyma as if it Were an intrinsic vessel, When in 
fact there may be no such connection. Moreover, loWer 
intensity features of MIP images are often lost, leading to, 
for example, an apparent reduction in vessel diameter, an 
overestimation of blood turbulence or stenosis and a loss of 
visualiZation of smaller sloW ?oWing vessels. Additionally, 
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voxels at an interface may not exclusively belong to one 
object or another, so their intensity value represents an 
average of all the material located near that position. Thresh 
old intensity values are typically set to manipulate the 
volume data at the interface, but the variation in the thresh 
old values may result in artifacts. Therefore, MIPs typically 
do not provide consistent accurate feedback on the effects of 
selected parameters on the entire resulting volume of digital 
data. To produce better holographic images, a method and 
apparatus for providing accurate feedback on the effects of 
selected parameters is needed. 

SUMMARY OF THE INVENTION 

[0017] The present invention includes a method and appa 
ratus for simulating, for example on a desktop computer, a 
speci?c vieW of a hologram. Apreferred embodiment of this 
invention suitably enables, in medical imaging, the manipu 
lation of intensity transformations (WindoWing and level 
ing), regions (cropping) and vieWs (axial, coronal and lat 
eral) and the display of the resulting simulations in 
substantially real time. 

[0018] In accordance With one aspect of the present inven 
tion, an approximation of substantially accurate pixel inten 
sities is achieved by collapsing three-dimensional data onto 
a tWo-dimensional vieW, Without the need for constructing 
complex summations of fringe patterns, as is typically 
required When constructing a hologram. ApoWer function is 
suitably applied to each voxel in the data set. The values for 
a particular x, y coordinate are then summed along the Z 
axis, With the resultant sum value being stored in a sum 
buffer for all values of x and y. The maximal value of the 
sum buffer is determined, then the sum buffer values are 
normaliZed by this maximum value. Finally, an inverse 
poWer function is applied to the normaliZed sum, then the 
results are scaled over the range of values of the output 
buffer. Consequently, the operator is able to vieW, in sub 
stantially real time, simulations of a single vieW of a 
hologram created from the selected parameters. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0019] Preferred exemplary embodiments of the present 
invention Will hereinafter be described in conjunction With 
the appended draWing ?gures, Wherein like numerals denote 
like elements and: 

[0020] FIG. 1 shoWs an exemplary ?oW diagram of the 
general process of the present invention; 

[0021] FIG. 2a shoWs a diagram of an exemplary appa 
ratus for a ?rst embodiment of the present invention; 

[0022] FIG. 2b shoWs a diagram of an exemplary appa 
ratus for a second embodiment of the present invention; 

[0023] FIG. 3 shoWs an exemplary ?oW diagram of a ?rst 
embodiment of the present invention; 

[0024] FIG. 4 shoWs an exemplary ?oW diagram of a 
second embodiment of the present invention; 

[0025] FIG. 5A shoWs exemplary volumetric imagery 
produced by Maximum Intensity Projection (MIP); 
[0026] FIG. 5B shoWs exemplary volumetric imagery 
produced by Averaging; 
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[0027] FIG. 5C shoWs exemplary volumetric imagery 
produced in accordance With the present invention; and 

[0028] FIG. 5D shoWs a photograph of a holographic 
image of exemplary volumetric imagery. 

DETAILED DESCRIPTION OF PREFERRED 
EXEMPLARY EMBODIMENTS 

[0029] An apparatus and method according to various 
aspects of the present invention is suitably con?gured to 
approximate a monocular vieW of a hologram by collapsing 
(on a desktop computer) three dimensional data into tWo 
dimensional data, Without the need for constructing complex 
summations of fringe patterns. The present invention is 
applicable to the simulation of any volumetric data set; 
hoWever, in preferred exemplary embodiments, the present 
simulation is suitably applied to holographic images useful 
in connection With the method and apparatus for making 
holograms as disclosed in US. patent application Ser. No. 
08/323,568 by Hart, ?led Oct. 17, 1994. Furthermore, the 
volumetric data sets, as discussed herein, are not limited to 
medical data sets or to the simulation of holograms as 
described in the Hart patent application. For example, the 
representation of data may include colors of various ana 
tomical features or very large data sets. 

[0030] Equation (1) is a symbolic representation of the 
data processing techniques embraced by the present inven 
tion. 

2 (15.; +Nf) “2 (1) 

n 

[0031] With reference to FIG. 1, a How diagram shoWs 
preferred general steps (operations) for. implementing equa 
tion (1) to thereby simulate a vieW of a holographic image. 
Digital pre-processed data 5 is suitably acquired (step 101) 
and transformed via an intensity function (step 102). In 
particular, the volumetric data set is suitably expressed as a 
plurality of tWo dimensional data slices, each comprising a 
plurality (e.g. 256x256; 512x512) of pixels; each pixel has 
an associated intensity value expressed as, for example, a 
12-bit number. ApoWer function is suitably applied to each 
incoming data point (pixel) (step 103) and the results 
summed for each pixel having the same x, y coordinate 
along the Z axis (step 104) (in this context, “Z” corresponds 
to the axis Which extends “through” the data set, i.e., the Z 
axis is essentially orthogonal to each data slice in a typical 
volumetric data set). The maximal value of the sums is 
suitably determined (step 105) and each sum is thereafter 
normaliZed by this maximum value (step 106). An inverse 
poWer function is suitably applied to the normaliZed sums 
(step 107) and the results are preferably scaled over the 
range of values of the output buffer (step 108). The normal 
iZed, scaled sums are then suitably displayed (step 109) on 
a monitor for vieWing by the operator. 

[0032] The general ?oW diagram of FIG. 1 may be 
implemented in any number of Ways; in the context of the 
present invention, tWo different embodiments are described 
in detail. A ?rst embodiment corresponds to a basic imple 
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mentation of the present invention described herein in the 
context of the process of FIG. 3 and the apparatus 1 of FIG. 
2a to generate a simulation of a holographic image from a 
predetermined set of parameters. Using a predetermined set 
of parameters, the ?rst embodiment is particularly useful 
With data sets having a ?xed con?guration of control param 
eters (WindoWing, leveling, cropping, etc.), and thus does 
not require preprocessing hardWare (as compared to com 
puter system 12 of FIG. 2b discussed beloW). HoWever, the 
reduced number of elements in the ?rst embodiment may 
result in a longer processing time for obtaining a simulation. 
Therefore, an exemplary ?rst embodiment is preferably used 
When a simulation is not immediately needed (e.g., Where 
the simulation is to be printed on a hardcopy). Alternatively, 
a second embodiment, described herein in the context of the 
process of FIG. 4 and the expanded apparatus 3 of FIG. 2b, 
suitably includes a preprocessing module, and is thus con 
?gured to substantially decrease the processing time asso 
ciated With the production of holographic simulations. With 
reference to FIG. 2b, apparatus 3 (an exemplary second 
embodiment) further includes a secondary storage 6 , a 3-D 
input buffer 9, an LUT 13, a sum register 16 (as part of 
processor 11), a controller 20 and an LUT 14. Apparatus 3 
(the second embodiment) suitably alloWs the operator to 
interactively manipulate parameters and preferably vieW, in 
substantially real time, the resulting simulations of the 
holograms, thereby alloWing the operator to dynamically 
select optimum parameters interactively Without the need for 
creating the actual holograms. 

[0033] More particularly, With reference to FIG. 2a, in 
accordance With a ?rst embodiment, an exemplary process 
ing system 1 preferably includes, inter alia, a scanner 7, a 
Workstation 2 con?gured to transmit digital pre-processed 
data 5 to a computer system 8, and a display device 22. 
Computer system 8 preferably includes a processor 11, a 
netWork interface 4, a 2-D sum buffer 15, and an output 
buffer 19. Processor 11 preferably includes a maximum 
value register 17, along With other knoWn CPU functions. 
Sum buffer 15 is preferably a tWo-dimensional ?oating point 
array. Output buffer 19 is preferably a tWo dimensional array 
of displayable color indices. In an alternative embodiment, 
netWork interface 4 may be replaced With or augmented by 
a removable digital storage reader 24. In another alternative 
embodiment, display device 22 may be replaced by or 
supplemented With a 2-D printer. 

[0034] With reference to FIG. 3 and FIG. 2a, scanner 7 is 
suitably con?gured to scan or otherWise interrogate a sub 
ject, for example a human body, and thereby generate a data 
set corresponding to an image representative of the scanned 
subject. The data set is then formatted by a suitable scanning 
computer 25, Which may be integral With, connected to, or 
otherWise operatively associated With scanner 7. 

[0035] The data set formatted by computer 25 is referred 
to as unprocessed (or raW) data 10, in the sense that it has 
not yet been preprocessed to accommodate WindoWing, 
leveling, cropping, or the like. Unprocessed data 10 is 
suitably transmitted from scanning computer 25 to prepro 
cessing Workstation 2, for example a PC. Inasmuch as 
scanning consol 25 is typically occupied With controlling 
and performing scanning functions, Workstation 2 (eg on 
independent consol) is often used to off-load the computa 
tionally intensive processing of raW data 10 from scanner 7. 
In a preferred embodiment, Workstation 2 suitably converts 
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raW data 10 into processed data 5, for example by organiZing 
the data as a sequence of (n) sequential data slices, each slice 
comprising a tWo-dimensional matrix of pixels, With each 
pixel having an associated intensity value. Moreover, pro 
cessed data 10 re?ects any intensity functions (eg WindoW 
and leveling) and/or cropping Which may have been applied 
to the data set by the operator, eg via Workstation 2. 
Furthermore, digital pre-processed data 5 is preferably lim 
ited to positive values and preferably includes a header 18 
portion containing various formatting indicia, for example 
the x and y dimensions in each slice, the number of slices in 
the volumetric data set, and the like. In a preferred embodi 
ment, all slices comprising the data set are of the same 
dimension, each voxel is suitably expressed as a ?xed bit 
string. Sum buffer 15 suitably consists of an array of ?oating 
point representations With a suf?ciently large range to 
accommodate data sets of the type used in various medical 
imaging modalities. In an alternative embodiment, voxel 
values may be pre-scaled (normaliZed) before the poWer 
function is applied to ensure that no elements in sum buffer 
15 over?oW (i.e., to ensure that the bit length of the sum 
buffer “registers” is large enough to accommodate the ?xed 
bit length data.) 

[0036] To initialiZe the simulation, processor 11 suitably 
reads header portion 18 (step 315) of each voxel, and 
initialiZes sum buffer 15 to the dimensions of the incoming 
slices and to set all the values of sum buffer 15 to Zero (0.0) 
(step 317). After reading header 18, the voxel values of the 
slices of digital pre-processed data 5 are read (step 319) and 
a poWer function K1 is preferably applied to the data value 
(intensity) associated With every incoming voxel, thereby 
raising the value of each voxel intensity representation to the 
K1 poWer, thus transforming data 5 (step 321). For each x, 
y coordinate point, successive transformed data values are 
sequentially added to the corresponding register in sum 
buffer 15 (step 323), such that pixel x, y value for successive 
slices is suitably added to sum buffer. This process is 
preferably repeated until all x,y coordinate voxels for all (n) 
slices are added into sum buffer 15 (step 325). Through this 
process, the summing of the intensity contributions converts 
the three-dimensional array of pre-processed data 5 into a 
tWo-dimensional array of sums, as folloWs: 

sum,’y = 2(15; + Nf) (2) 
n 

[0037] Once all digital pre-processed data 5 slices have 
been read into sum buffer 15, the maximum value in sum 
buffer 15 is suitably found (step 327) as folloWs: 

[0038] To ?nd the maximum value, a register variable 
(maximum value register 17) is preferably set to the ?rst 
value in sum buffer 15. Then, all the other sum buffer values 
are suitably compared to maximum value register 17. If sum 
buffer value 15 is greater than maximum value register 17, 
sum buffer value 15 is suitably set as the neW maximum 
value register 17. In a preferred embodiment, maximum 
value register 17 is a ?oating point maximum value register. 

[0039] After determining the maximum sum buffer value 
17, sum buffer 15 suitably normaliZes sum buffer 15 With the 
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maximum value by dividing all the values in sum buffer 15 
by maximum value register 17 (step 329) as follows: 

(514mm) (4) 
Max 

Normalizedxyy : 

[0040] Next, processor 11 suitably computes the inverse 
poWer function (step 331) for all of the normaliZed sum 
buffer 15 values by raising the values as folloWs: 

Inversexyy=(Normalizedxyy) 1/K2 (5) 

[0041] Processor 11 then suitably scales the resulting sum 
buffer 15 values to the desired output range of the display 
(step 333), Whereby R is the dynamic range of the grey scale 
display, as folloWs: 

[0042] In a preferred embodiment, K1 and K2 produce the 
best results When K1 and K2 are about 2.8-5, but optimally, 
K1 and K2 are equal and have values of approximately 3.2. 
Finally, the scaled values are preferably sent to display 
device 22 (step 335), and/or alternatively, to a print buffer. 

[0043] As mentioned, because of its longer processing 
time, apparatus 1 (?rst embodiment) is advantageous When 
a simulation is not immediately needed. Moreover, before a 
holographic simulation can be created, apparatus 1 requires 
pre-processed data 5 (unless raW data 10 exists in an optimal 
condition Without the need for pre-processing). To obtain the 
necessary parameters for the pre-processing of raW data 10, 
an operator preferably chooses pre-processing parameters 
from a pre-established list. HoWever, creating a pre-pro 
cessed list is typically a sloW process because numerous 
parameters are usually evaluated before the optimal simu 
lation is discovered. Because the most processing intensive 
part of the ?rst embodiment is the sequential addition of 
each image slice to sum buffer 15, thereby requiring n passes 
through sum buffer 15, substantial real time vieWing With 
apparatus 1 requires excessive and expensive processing 
poWer. 

[0044] Instead, if the operator can manipulate these 
parameters and vieW the resulting holographic simulations 
in substantial real time, the optimal solution can be obtained 
more rapidly. Real time manipulation enables the operator to 
rapidly assess numerous versions and select the optimal 
processing parameters for a particular data set. A diagnos 
tically useful image needs to contain the optimal parameters 
so that any pathological anatomy, if present, is evident. 
Feedback from real time manipulation is also important for 
reducing undershooting and overshooting the selection of 
parameters. In medical imaging, for example, rapid selection 
of parameters minimiZes the time required for the ?lming of 
diagnostic images. 

[0045] A second exemplary embodiment of this invention 
suitably enables, in medical imaging, the manipulation of 
intensity transformations (WindoWing and leveling), the 
manipulation of regions (cropping) and the manipulation of 
vieWs (axial, coronal and lateral), and the display of the 
resulting simulations, in substantially real time. Manipula 
tion of intensity transforms (i.e., WindoW and level in 
medical settings) is important for selecting and highlighting 
the tissues of diagnostic interest because the intensity values 
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measured by scanner 7 represent certain tissue characteris 
tics. An intensity transform is also used to map the intensity 
values to a displayable range because the intensity values of 
scanner 7 typically have a large dynamic range. Manipula 
tion of regions removes tissue regions Which Would obscure 
or mask important anatomical regions from a particular 
vieW. Manipulation of vieWs is important for selecting the 
vieW With the least obstruction of the important anatomy and 
for the selection of crop regions along a selected projection 
axis Which can only be manipulated from alternative vieWs. 
Manipulation of vieWs also alloWs selection of standard 
radiological vieWs, instead of being limited to the acquired 
vieW. The second embodiment (along With any other 
embodiments) are not, hoWever, limited to applications 
Within the ?eld of medical imaging. In general, With refer 
ence to FIGS. 2b and 4, the aforementioned manipulations 
are achieved in substantial real time by adding processing 
steps and additional apparatus to the ?rst embodiment (i.e., 
secondary storage 6, 3-D input buffer 9, LUT 13, sum 
register 16 (as part of processor 11), controller 20 and 
inverse LUT 14). 

[0046] More particularly With respect to digital data 10, 
raW digital data 10 is representative of the three dimensional 
object features and substantially corresponds to transverse 
slices of the human body. Thus, raW digital data 10 includes 
a number of slices (n), Whereby each slice contains a number 
of voxels. RaW digital data 10 from each of the voxels 
represents a scanned intensity (IX>y)Z) value of the portion of 
the physical feature (i.e., tissue, organ, bone) contained in 
the voxel. Because the voxels are distributed among three 
axes (x,y,Z), projections along any one of these three axes 
produces one of three standard vieWs. Because each axis can 
be vieWed from either end, six natural vieWs exist. Each 
vieW has four simple orientations Which cause each voxel to 
map onto itself, so at least 24 Ways exist for vieWing a single 
set of the objects’ raW digital data 10 by simple re-ordering 
of the voxels and projecting the data along one of the axes. 
With more complex and computationally intensive resam 
pling procedures, any vieW of the data can be produced. 
When the present invention is applied to medical imaging of 
anatomy, three standard vieWs along the axes (i.e., axial, 
coronal and lateral) are normally requested by physicians. 
An operator preferably manipulates vieWs to see the pro 
jection of the crop region along any of the three axes and to 
vieW simulations of any of the vieWs before recording in a 
print medium. 

[0047] Consequently, raW digital data 10 is preferably 
reorganiZed to accurately represent the various vieWs of the 
object. To rapidly apply the present algorithm, data 10 is 
preferably arranged in a planar, parallel volume. If the 
scanning cross-section is not perpendicular to the direction 
of motion of the object or scanner 7, then the slices need to 
form a perpendicular volume. If the scanner is not perpen 
dicular to the translation direction, data slices 10 need to be 
extended and arranged (in object space) to form a planar, 
perpendicular volume. For example, When gantry tilt exits, 
the image is inputted into input buffer 9 such that the image 
is displaced into the volume by a predetermined amount 
corresponding to its depth doWn the Z-axis. Thus, reading 
from secondary storage is faster than reading from scanner 
7 through netWork interface 4. 

[0048] To achieve substantial real time vieWing of simu 
lations Without the need for excessive and expensive pro 
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cessing power, the most processing intensive part of the ?rst 
embodiment (the transform and addition of raW digital data 
10 to sum buffer 15) must be made more efficient. To allow 
for the. ef?cient access of its memory locations by processor 
11 and to reduce the number of passes (n) through sum 
buffer 15, apparatus 3 (second embodiment) preferably 
includes 3-D input buffer 9 and sum register 16 (as part of 
processor 11) Within computer system 12. Reordering of raW 
digital data 10 into 3-D input buffer 9 alloWs for the ef?cient 
access to the voxels and reduces the n-1 accesses for each 
element of the sum buffer to one access by the use of sum 
register 16. 

[0049] In particular, When summing the rays, the fastest 
varying index (i.e., indexing by a factor of 1 thereby 
incrementing from one voxel to the next voxel) typically 
determines the order that voxels are visited When the 
memory addresses of the voxels are incremented. For greater 
summing ef?ciency, raW digital data 10 (preferably read 
from secondary storage 6) is suitably rearranged such that 
the fastest varying index is not across a roW of a single 
image, but instead, the fastest varying index is arranged 
doWn the stack of images to be summed. The rearrangement 
of incoming data 10 is suitably accomplished by rearranging 
the order of the voxels in memory such that the voxels are 
in a sequential order. After the voxels are in a sequential 
order, processor 11 sequentially accesses memory locations. 
Because sequential access of memory locations is a sub 
stantially faster process, the speed of the entire process is 
increased. Moreover, this rearrangement effectively elimi 
nates the need to incorporate multiple passes through sum 
buffer 15. Multiple passes are not needed because the 
sequential arrangement is such that processor 11, While 
scanning through the volume, preferably Works With each 
location in sum buffer 15 only once. Without a sequential 
arrangement, processor 11 Would need to analyZe random 
locations and indexes to determine their ranking, then return 
to the locations after determining their proper sequence. 
With the preferred sequential arrangement, processor 11 
does not have to visit other locations and return to the index 
multiple times. In a single sum register 16, the actual value 
of the current sum is preferably stored rather than an address 
of the memory containing the current sum. In other Words, 
When summing the rays With a single sum register 16, all of 
the slices for the voxels are traversed at a particular location. 
Moreover, reordering of raW digital data 10 alloWs for 
selection of vieWs (as discussed above) because the choice 
of the fastest varying axis (Z) determines the projection vieW 
selected (axial, coronal, lateral) While the choice of next 
fastest varying axis determines the orientation of the vieW. 

[0050] With reference to FIG. 2b, a secondary embodi 
ment preferably includes LUT 13 and inverse LUT 14. LUT 
13 is an array of values representing the transformed values 
in 3-D input buffer 9 Whereby the range of the data values 
in 3-D input buffer 9 is preferably knoWn before LUT 13 is 
allocated. LUT 13 is a function of the WindoW and level 
values and the poWer function K1 such that, in one step, 
LUT 13 rapidly implements the manipulation of the inten 
sity function (WindoW and level) and raises the poWer of the 
resulting transformed voxel in 3-D input buffer 9. Similar to 
LUT 13’s implementation of complex functions (normaliZ 
ing), LUT 14 and a binary search algorithm greatly simplify 
inverse transformations and the scaling of a pixel value in 
sum buffer 15 into display buffer 19. 
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[0051] Therefore, the second embodiment simpli?es the 
most processing intensive part of the ?rst embodiment by 
combining (a) a reordering process; (b) rapid access to input 
buffer 9; (c) elimination of the sequential addition of each 
image slice to sum buffer 15, and (d) LUTs 13, 14 to 
implement transformations. Thus, the second embodiment 
achieves substantial real time vieWing of simulations With 
out the need for excessive and expensive processing poWer. 
The aforementioned changes/additions are preferably 
accomplished by incorporating the additional apparatus of 
FIG. 2b and folloWing the processing steps of FIG. 4. 

[0052] FIG. 4 outlines the preferred processing steps for 
achieving substantial real time vieWing of simulations. In a 
second embodiment, a suitable imaging device (scanner) 7 
suitably collects and digitiZes raW data values (processed by 
scanner 7, but not Workstation 2), thereby creating digital 
data 10. Scanner 7 preferably includes, for example, com 
puteriZed tomography, computeriZed tomographic angiog 
raphy, magnetic resonance, magnetic resonance angiogra 
phy, ultrasound, digital subtraction angiography, etc. In an 
alternative embodiment, scanner 7 is replaced by a computer 
simulation of a volumetric data set. In a preferred embodi 
ment, digital data 10 is suitably re-read (step 402) numerous 
times from any suitable device (i.e., removable storage 
medium 24, netWork 4 and/or the like) and transferred into 
any suitable fast access secondary storage 6 (step 404) (i.e., 
fast access Random Access Memory (RAM), or fast access 
magnetic disk storage, or some combination thereof) Thus, 
system 12 rapidly re-reads raW digital data 10 and maps data 
10 into any of the possible vieWs, Without raW digital data 
10 being sent from scanner 7 over netWork 4 each time. In 
a preferred embodiment, netWork reader 4 reads digital data 
10 and transfers digital data 10 onto secondary storage 6 
Which consists of fast access Random Access Memory 

(RAM). 
[0053] Data 10 is preferably read from secondary storage 
6, reorganiZed, scaled, then stored in 3-D input buffer 9 (step 
406). In a preferred embodiment, the amount of digital data 
10 is limited, thereby increasing the speed of the mapping 
process because of the reduction in excess processing. In the 
prior art, a LUT transforms digital data 10 several times a 
second, depending on the performance of processor 11. 
HoWever, the more data that exists, the more data that must 
be transformed and/or processed in a given amount of time, 
so the refresh rate is sacri?ced due to the increased quantity 
of data. With a large amount of data 10 in input buffer 9 
and/or a sloW processor 11, updates occur less frequently 
and real time refreshes of images are substantially sacri?ced. 
A refresh rate depends on the number of possible voxels 
Which may be processed per second (Which depends on the 
processor) divided by the number of voxels needed for an 
adequate display (typically 2S6><2S6><60). A sloW refresh 
rate typically results in measurable delays from the time a 
refresh is requested (i.e., movement of the WindoWing scroll 
bar) to the display of the refreshed image containing the 
adjusted parameter. 

[0054] In the prior art, most diagnostic scanners routinely 
produce 12-bit image data 5, thereby typically requiring 
intensity processing (“WindoWing”) before medical image 
data 10 can be presented to a vieWer on an 8-bit gray scale 
CRT display. In a preferred embodiment, to reduce image 
data 10 to a manageable amount for a particular rate of 
processing, the number of slices is preferably limited by 
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computing a smaller number of slices, reducing the size of 
each image and/or by a slabbing technique. The smaller 
number of slices are suitably computed by combining voxels 
from scanner 7. The siZe of each image is suitably reduced 
by such an amount that processor 11 can achieve some 
minimum refresh rate. For example, reducing an image siZe 
from 512x512 to 256x256 reduces the number of voxels by 
a factor of four, thereby increasing the refresh rate by a 
factor of four. With respect to the slabbing technique, When 
constructing a real hologram, slabbing typically limits the 
exposures and/or fringe patterns; therefore, When simulating 
a hologram, slabbing is similarly utiliZed to reduce data 5. 
When reducing data, slabbing preferably includes a mean 
threshold function Whereby an average is suitably calcu 
lated. The mean threshold function is suitably calculated 
Without including values beloW a predetermined, threshold. 
In an alternative embodiment, slabbing includes a MIPing 
function Which incorporates the brightest voxel Within the 
slab. 

[0055] With an increased refresh rate, apparatus 3 dis 
plays, in substantially real-time, a more accurate represen 
tation of intensity transformation parameters and almost any 
crop region While the parameters or regions are being 
adjusted. For example, in a preferred embodiment, the 
refresh rate is about four images/second. Moreover, When 
manipulating the data, a variable control on the amount of 
data alloWs the operators to satisfy their preference for speed 
and/or quality. To quickly vieW the processed results While 
adjusting numerous parameters, the operator suitably limits 
the amount of data 10 thereby increasing the refresh rate. To 
obtain high quality prints of the image, the operator suitably 
increases the amount of data thereby reducing the refresh 
rate, but increasing the image quality. 

[0056] With continued reference to FIG. 4 (step 408), a 
poWer function K1 is preferably applied to every incoming 
voxel intensity representation 10 Within the grid of input 
buffer 9, thereby raising the value of the incoming voxel 
intensity representation 10 to the K1 poWer. In a preferred 
embodiment, the implementation of the poWer function K1 
is suitably achieved through the use of a LUT 13 function. 
After applying the poWer function, the present invention 
suitably collapses a ray (Z-component of digital data 10) into 
a single image by summing (into raysums) the intensities of 
a single vieWpoint along the ray. More particularly, the slices 
are preferably reorganiZed into rays, Whereby each ray 
contains one similarly situated voxel from each slice so that 
the intensity data 10 from each voxel contributes to the 
resultant intensity value in the ?nal displayed image. The 
resultant intensity (I‘XLy or “raysums”) of each pixel in the 
resulting simulated image is preferably achieved by sum 
ming, in sum buffer 15, each of the intensity contributions 
from all of the slices (n) in the volume of digital data 10. The 
summing of the intensity contributions converts the three 
dimensional array of data 10 into a tWo-dimensional array of 
sums (step 408). 

[0057] More particularly With respect to the transforma 
tion of FIG. 4 (step 408), the poWer function is preferably 
implemented to speed the transformation of the incoming 
pixel values. HoWever, applying the poWer function to each 
data point and summing all of the voxels in input buffer 9 is 
a very time consuming process. In the prior art, a shading 
algorithm, mathematical function and/or the like is typically 
applied to each voxel. The algorithm typically compensates 
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for the shading effects from adjacent voxels, While each 
voxel typically compensates for every light source, Wherein 
each light source includes a unique mathematical function. 
Instead, in a preferred embodiment, a simple precomputed 
LUT 13 and summation is suitably calculated for each voxel. 
For data sets 10 in Which the number of voxels to be summed 
is greater than the range of values needed in the data volume, 
a precomputation of LUT 13 of the transformed values over 
the range of incoming values is preferable for decreasing the 
processing time (reduces the innermost loop of the computer 
program to an index operation and one addition). In the prior 
art, using a typical function to perform this transformation 
for each voxel typically requires substantially more process 
ing cycles than simply, as in a preferred embodiment, using 
the value of the pixel, Whereby the value of the pixel indexes 
an array of precomputed values. A LUT 13 buffer is suitably 
formed With all values in sum buffer 15 betWeen the neWly 
established minimum and maximum raysum values. For 
example, With a 12-bit display, 4096 possible values exist in 
a typical data 10 set. To conserve processing time, instead of 
applying an inverse exponential function to each of the 4096 
data point 10 When needed, the present invention pre 
computes and indexes the inverse exponential function of all 
4096 values Within LUT 13. Therefore, the simple selection 
of the index quickly yields a precomputed value. 

[0058] With continued reference to FIG. 4 (step 408), 
When summing the intensities along a ray, register variable 
16 is preferably utiliZed. Register variable sum 16 is the 
variable Which preferably stores the most frequently 
accessed variables. Due to the rearrangement of data 10 (as 
previously discussed), register variable 16 suitably registers 
each voxel along a ray until the entire ray path is complete. 
More particularly, for each pixel (x,y) in the output image, 
register variable sum 16 is suitably initialiZed With the ?rst 
voxel (x,y,Z) raised to the K1 poWer. For the rest of the 
voxels (nslices-1) contributing to output pixel, the remain 
ing voxels raised to the poWer K1 are also preferably added 
to register variable sum 16. Once register variable 16 
summed the entire ray, register variable sum 16 is preferably 
stored in sum buffer 15 at the pixel location corresponding 
to the raysum value. After storing the raysum value in sum 
buffer 15, a neW register variable sum 16 is suitably started 
at a neW pixel location in sum buffer 15. Thus, each pixel 
preferably contains the summation of all voxels along the 
Z-axis of the (x,y) pixel location. The use of register variable 
sum 16 suitably limits the need to access sum buffer 15 
memory and avoids having to over?ll sum buffer 15 With 
every voxel value. 

[0059] Furthermore, by substantially eliminating multiple 
passes, a single register 16 is preferably used to keep the 
current sum. In a single register 16, the actual value of the 
current sum is preferably stored in register 16 rather than an 
address of the memory containing the current sum. In other 
Words, When summing the rays With single register 16, all of 
the slices for the voxels are traversed at a particular location. 

[0060] Oftentimes, When summing the intensities, the 
intensity (IXJ) of each pixel is further increased by a 
constant noise contribution (Nf), as seen in equation The 
noise contribution is a function of the number of slices (n) 
in the digital data set, i.e. Nt=k*log(n). More particularly, a 
hologram is typically constructed by exposing each slice of 
an object to a source, Whereby each exposure contributes 
noise to the resulting image. Each exposure often forms a 
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different fringe pattern in the holographic emulsion for each 
imaged slice of the object and each fringe pattern typically 
includes a noise contribution. Consequently, each neW expo 
sure of the object typically contributes additional noise to 
the existing fringe patterns. Therefore, the noise contribution 
to each slice is often a factor When calculating the resultant 
intensity. HoWever, in a preferred embodiment, because the 
noise contribution is minimal and to simplify the calcula 
tions, the noise contribution is assumed equal to Zero. 

[0061] With reference to FIG. 4 (step 410), after summing 
the intensity contributions, processor 11 suitably determines 
the maximum (brightest) value in sum buffer 15. In a 
preferred embodiment, the maximum value, in raysum 
buffer 15 is determined by temporarily assigning the ?rst 
raysum value as the maximum raysum value and storing the 
value in a maximum value register 17. Not only is the 
raysum value temporarily stored, but the location of the 
raysum value is also preferably stored in register 17. The 
temporary maximum value in maximum value register 17 is 
suitably compared to, a second raysum value in a different 
location to determine if the second raysum value is larger. If 
the second raysum value is larger, the initial raysum value is 
preferably replaced With the larger value. Consequently, 
after comparing all raysum values, maximum value register 
17 contains the maximum raysum value of the entire data set 
5. 

[0062] With reference to FIG. 4 (step 412), to obtain an 
accurate approximation of the changing parameters, the 
exponential curve must include the maximum intensity 
value. By accurately determining a maximum intensity 
value, processor 11 substantially ensures that the displayed 
image accurately approximates the actual features of the 
imaged object. In the prior art, averaging may not yield the 
true maximum value because simple averaging typically 
involves computing a ?xed inverse exponential curve and 
guessing the location of the maximum value because the 
maximum value is an unrealistically high value. In a pre 
ferred embodiment, to obtain a substantially more accurate 
result than a simple average, the exponential curve is suit 
ably constructed such that the exponential curve preferably 
contains the maximum intensity value. In a LUT 13 func 
tion, the maximum intensity value is part of the formula for 
computing the function for the exponential curve, thereby 
substantially ensuring that the exponential function Will 
contain the maximum intensity value. 

[0063] The exponential curve is preferably de?ned and 
limited by the maximum possible value in output buffer 19 
and the maximum value in sum buffer 15. In a preferred 
embodiment, the maximum value is about 255. Because the 
maximum pixel intensity value is preferably located Within 
the exponential function, the maximum pixel intensity is not 
affected by the poWer function; although, the maximum 
pixel intensity does have a measurable effect on the sur 
rounding pixel intensities. The remaining values in raysum 
buffer 15 are all substantially located on the exponential 
curve and the exponential curve is de?ned by the maximum 
value, so the maximum value affects the remaining values. 
The effect on the surrounding intensity values, hoWever, is 
not represented in the surrounding intensity values. To 
adequately represent the effect on the surrounding pixel 
intensities, the inverse poWer function suitably differentiates 
the intensity values of each pixel by acting as a Weighting 
factor for the intensity values, thereby transforming the 
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surrounding pixel intensities. Furthermore, if the pre-pro 
cessing results in the cropping out of the maximum pixel 
intensity, the inverse poWer function suitably selects a neW 
maximum value While correspondingly transforming the 
respective surrounding pixel intensities. Thus, in a preferred 
embodiment, the inverse poWer function substantially 
ensures that the displayed image accurately approximates 
the actual features of the imaged object. 

[0064] More particularly, With continued reference to 
FIG. 4 (step 412), normaliZing sum buffer 15 by scaling 
involves matching each value of sum buffer 15 to inverse 
LUT 14. Using inverse LUT 14 (Which includes logarithm 
values 0-255 in sequential order), a suitable search function 
determines the matches betWeen sum buffer 15 and inverse 
LUT 14. In a preferred embodiment, a binary chop method 
is utiliZed as the search function Whereby the search domain 
is continuously divided in half, thus limiting the search to 
about eight comparisons. In an alternative embodiment, a 
binary chop look-up function is utiliZed to accomplish the 
same result as an inverse poWer function, Whereby an 
inverse poWer function suitably maps the summed values to 
a displayable intensity. A binary chop method suitably 
alloWs a user to quickly alter the WindoW/level and limit the 
display to a speci?c region of interest. Because the depth of 
the binary search is preferably a variable (and depending on 
the number of bits in output display 22), the operator selects 
the options of speed and/or quality for the resulting display. 
For example, While the user is suitably moving the WindoW, 
the depth can be “shallow”. Once the user has stopped 
moving the WindoW, a timer suitably triggers a full depth or 
“deep” binary search for maximum image ?delity. The 
binary chop method is often more ef?cient because the time 
to compute the inverse poWer is typically tWice the time for 
the binary chop function. For example, the binary chop 
function reduces to at most 8 comparison routines (one for 
each bit of output buffer 19) for the mapping of output buffer 
19 to an image of 256 intensity values. 

[0065] With continued reference to FIG. 4 (step 412), 
assuming the noise function equal to approximately Zero, the 
contents of sum buffer 15 from equation (1) are suitably 
normaliZed by the maximum resultant intensity value (the 
brightest resultant pixel (IX)y)) Because the dynamic range of 
the raysum grid from equation (1) is typically too large for 
the human eye to vieW on a monitor, normaliZation of the 
raysum values in sum buffer 15 limits the dynamic range of 
the raysum values to alloW for adequate vieWing. Normal 
iZing the raysum values preferably includes scaling the 
raysum values by the maximum value for a knoWn output 
range of 256 gray values (typical dynamic range of display 
image 22). By suitably applying an inverse exponential 
function (the K2 root) to each raysum value, the normaliZed 
raysum grid is preferably transferred to output buffer 19. 
With reference to FIG. 4 (step 414), processor 11 suitably 
maps the values in output buffer 19 to a display 22 (i.e., CRT, 
printer and/or the like). 

[0066] With reference to FIG. 4 (step 416), in a preferred 
second embodiment, controller 20 alloWs the operator to 
interactively set control parameters such as WindoW, level, 
crop region and/or the like. If the operator applies a pre 
de?ned protocol to an initial set of WindoW and crop 
parameters, the time for determining a suitable set of control 
parameters is substantially decreased. After applying a pre 
de?ned protocol, the number of acceptable control param 
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eter combinations is reduced, so the operator does not need 
to vieW as many combinations of control parameters. Thus, 
the amount of time for ?nding the optimal set of control 
parameters is reduced. 

[0067] With reference to FIG. 4 (step 418), When a 
cropping is suitably applied Which includes feWer voxels 
than the original crop region, the perceived update rate is 
typically greater. The update rate is greater because feWer 
voxels exist Which must be traversed When feeding back the 
results of the WindoW and level for the speci?c crop region. 
On the other hand, the application of the WindoW and level 
for the cropped out region is preferably delayed until the 
user has stopped changing the control parameters. In a 
preferred embodiment, after increasing the perceived update 
rate, the operator preferably focuses the application to the 
cropped region, thereby reducing the number of voxels that 
need to be considered in the interactive WindoWing part of 
the calculation. After updating the voxels Which lie Within 
the crop region (step 418), the operator next updates the 
WindoW. Once the operator stops moving the control bars, 
computer system 12 suitably ?lls in the region outside the 
desired cropping area. 

[0068] With reference to FIG. 4 (Loop 422), When the 
crop region is adjusted (step 418), the neW exposed region 
is suitably re-checked (Loop 422) to determine if the 
exposed region’s largest value is greater than its value in the 
previous region. The exposed region is checked because the 
neWly exposed region of sum buffer 15 may noW contain a 
value Which is greater than the maximum value in the 
cropped region. If the largest value is greater, the normal 
iZation LUT 14 is suitably recomputed and preferably 
applied to sum buffer 15. If the largest value is not greater, 
the existing maximum re-normaliZation is applied to the 
exposed region. AfterWards, crop changes no longer include 
the previous maximum value because of the re-normaliZa 
tion, so a neW maximum value is determined and a re 
normaliZation is suitably computed for the neW region. 

[0069] With reference to FIG. 4 (Loop 424), When the 
WindoW and level control parameters are modi?ed by the 
operator, these neW values are preferably used to update the 
transform represented by LUT 13 and Steps 408-414 are 
again sequentially preformed. With reference to FIG. 4 
(Loop 426), When the selected vieW is changed, Step 406 
preferably reads data from secondary storage 6 and maps it 
into 3-D storage buffer 9 such that the neW vieW is suitably 
simulated after Steps 408-414 are sequentially preformed. 
With reference to FIG. 4 (Loop 420), once the operator 
substantially stops interacting With the volume, any neW 
WindoW values or neW re-normaliZation maximums are 

suitably applied to the cropped out region as a background 
task. More particularly, computer system 12 preferably 
includes several queued up tasks, but only one, the fore 
ground task, preferably runs at any one time. A background 
task is preferably a loW priority task in the queue and is 
suitably alloWed to run When the other more important tasks 
have completed. At any time during this background task, if 
the operator initiates a parameter change, the background 
task is preferably terminated and processing control reas 
signed to the appropriate loop. 

[0070] With reference to FIGS. 5A-5D, exemplary volu 
metric imagery is shoWn, Whereby each image is produced 
by different projection techniques using a CTA test data set 
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consisting of 71 slices. Those skilled in the art Will appre 
ciate the substantially higher quality image produced by the 
present invention. It Will be apparent to those skilled in the 
art that the foregoing detailed description of preferred 
embodiments of the present invention is representative of a 
method and apparatus for simulating digital data processing 
parameters Within the scope and spirit of the present inven 
tion. Further, those skilled in the art Will recogniZe that 
various changes and modi?cations may be made Without 
departing from the true spirit and scope of the present 
invention. For example, the present simulation technique is 
not limited to holographic volumetric data 10 sets. In an 
alternative embodiment, the present simulation technique is 
applied to tWo-dimensional displays, i.e. computer displays, 
printed materials, etc. Other applications of the present 
simulation technique include geophysical exploration, volu 
metric scanning techniques (i.e. confocal microscopy) and 
any other application Where a continuous volumetric ?eld is 
measured or calculated. Those skilled in the art Will recog 
niZe that the invention is not limited to the speci?cs as 
shoWn here, but is claimed in any form or modi?cation 
falling Within the scope of the appended claims. For that 
reason, the scope of the present invention is set forth in the 
folloWing claims. 

I claim: 
1. An apparatus for real-time simulation of digital infor 

mation Which can be applied to holography including: 

an acquisition device con?gured to acquire 3-D measure 
ment data; 

a processor con?gured to calculate a ?rst tWo-dimensional 
array of sums of said 3-D measurement data, Wherein 
each of said 3-D measurement data is directly raised to 
a poWer K1 to yield a quantity and adding a constant 
amount to said quantity to yield said ?rst array of sums, 
Wherein said constant amount is related to a noise 

value; 

a sum buffer con?gured to store said ?rst array of sums; 

said processor con?gured to apply an inverse poWer 
function to said ?rst array of sums to yield a second 
array; 

a display device con?gured to display said second array; 
and, 

a maximum value register con?gured to store a maximum 
value of said ?rst array, Wherein said processor is 
further con?gured to determine said maximum value 
and scale said second array by said maximum value to 
yield a normaliZed array, and said display device is 
con?gured to display said normaliZed array. 

2. The apparatus of claim 1, Wherein said acquisition 
device includes at least one of a scanner, a netWork interface, 
a fast access secondary storage, a volumetric input buffer 
and a digital storage reader. 

8. The apparatus of claim 1, Wherein said 3-D measure 
ment data includes a volumetric digital data set. 

13. The apparatus of claim 1 further including a look-up 
table, Wherein said look-up table includes a look-up table 
con?gured to rapidly implement manipulations of intensity 
functions and con?gured to apply a poWer function to said 
3-D measurement data. 
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14. The apparatus of claim I further including a look-up 
table, wherein said look-up table includes an inverse look-up 
table con?gured to accelerate inverse transformations of said 
?rst array in said sum buffer. 

23. A method for real-time simulation of digital informa 
tion Which can be applied to holography including the steps 
of: 

acquiring 3-D measurement data, Wherein said 3-D mea 
surement data includes a header; 

applying a poWer function directly to said 3-D measure 
ment data to yield a second data set; 

adding a constant amount to said second data set to yield 
a third data set, Wherein said constant amount is related 
to a noise value; 

summing said third data set into a tWo-dimensional array 
of sums; 

determining a maXimum value of said array of sums; 

scaling said array of sums by said maXimum value to yield 
a normaliZed array; 

applying an inverse poWer function to said normaliZed 
array to yield a second tWo-dimensional array; and, 

displaying said second tWo-dimensional array on a dis 
play device having a range of values. 

25. The method of claim 23, Wherein said acquiring step 
further includes limiting said 3-D measurement data, 
thereby increasing said speed of said applying a poWer 
function step, by at least one of processing a smaller number 
of slices, reducing a siZe of each image and a slabbing 
technique. 

26. The method of claim 23 further including applying an 
intensity function to said 3-D measurement data. 

27. The method of claim 23 further including arranging 
said 3-D measurement data in a planar, parallel volume. 

28. The method of claim 23 further including reordering 
said 3-D measurement data in memory such that said 3-D 
measurement data is in a sequential order and arranging a 
fastest varying indeX doWn a stack of images to be summed, 
thereby avoiding multiple passes through said sum buffer 
and alloWing for selection of vieWs. 

29. The method of claim 23, Wherein said summing step 
includes summing all data values along one aXis into said 
array of sums. 

30. The method of claim 23 further including pre-com 
puting a look-up table. 
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31. The method of claim 23, Wherein said summing step 
includes providing a register variable sum for summing 
results of applying a poWer function to all voXels in each ray 
and storing said register variable sum in said sum buffer. 

34. The method of claim 23, Wherein said simulation 
includes creating a volumetric projection Whereby a major 
ity of voXels contribute to said array of sums. 

35. The method of claim 23 further including determining 
Whether said array of sums in an eXposed region is greater 
than a maXimum value in a cropped region. 

36. The apparatus of claim 1, Wherein said tWo-dimen 
sional array is calculated according to the equation (IX)yK1+ 
Nf) and said inverse poWer function is applied according to 
the equation ((lxyKl+Nf)/(maXX>y((IX)yK1+Nf))) 1/ KZXR, 
Wherein I comprises an intensity of said 3-D measurement 
data, Nf comprises said constant amount, and R comprises a 
dynamic range of said display device. 

37. The apparatus of claim 36 Wherein K1 and K2 each 
have a value in the range of 2.8-5.0. 

38. The apparatus of claim 37 Wherein K1 and K2 are 
equal value. 

39. The apparatus of claim 38 Wherein K1 and K2 each 
have a value equal to 3.2. 

40. The method of claim 23 Wherein the method is applied 
according to the equation ((lxyKl+Nf)/(maXX)y((IX)yK1+ 
Nf))))1/K2><R, Wherein I comprises an intensity of said 3-D 
measurement data, Nf comprises said constant amount, and 
R comprises a dynamic range of said display device. 

41. The method of claim 40 Wherein K1 and K2 each have 
a value in the range of 2.8-5.0. 

42. The method of claim 41 Wherein K1 and K2 are equal 
value. 

43. The method of claim 42 Wherein K1 and K2 each have 
a value equal to 3.2. 

44. The apparatus of claim 1, Wherein said 3-D measure 
ment data includes at least one of spatial, temporal, and 
physical units, Wherein said 3-D measurement data includes 
physical measurement data or simulation measurement data. 

45. The apparatus of claim 1, Wherein said noise value is 
related to a number of slices or measurements. 

46. The method of claim 23, Wherein said 3-D measure 
ment data includes at least one of spatial, temporal, and 
physical units, Wherein said 3-D measurement data includes 
physical measurement data or simulation measurement data. 

47. The method of claim 23, Wherein said noise value is 
related to a number of slices or measurements. 


