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For every (x, y) pixel in the output image
float4 f4Color=0 ;

340 float intensity = inputVolume ((x, y, z));

float4 f4ASample = transfer (intensity, t, x, y) ;

/1 rgb=color, a=alpha
- -

BES & -
32640at3 f3Gradient = gradient (inputVolume

(x,y,2)); [/ computed with e.g. central
differences, points in direction of strongest change

float fBrightness = f3LightColor * max (0 , dot
(normalize (f3Gradient) , f3LightDirection)) ; // very
simple diffuse shading

fACcolor += (1 - f4Color.a) *
fASample*f3Brightness;
end

~end

FIG. 5 T
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METHOD AND APPARATUS FOR
RENDERING AN ULTRASOUND IMAGE

BACKGROUND
[0001] 1. Technical Field
[0002] Embodiments of the invention relate generally to

rendering ultrasound images. Particular embodiments relate
to fetal ultrasound imaging.

[0003] 2. Discussion of Art

[0004] Ultrasound medical imaging is typically used to
survey internal structures for diagnostic purposes. Ultrasound
has several unique features including comparatively short
image acquisition times, on the order of one half second
compared to several seconds for MRI, the ability to acquire
many images with minimal patient risk, and an interactive
role for a technician as part of the imaging system control
loop. As a result, ultrasound is particularly useful for imaging
moving internal structures, e.g., for fetal imaging during ges-
tation,

[0005] With reference to fetal imaging, ultrasound serves
more than merely diagnostic purposes. The presentation of a
live image to prospective parents can promote emotional
bonding of parents to their offspring, and enhance motivation
to comply with well-baby practices recommended by obstet-
ric professionals. Moreover, it is pleasing for prospective
parents to feel that they are seeing how things appear within
the womb. As will be appreciated, womb and fetal images,
and, indeed, all ultrasound images that display a high degree
of realism are desirable.

[0006] In fetal ultrasound, amniotic fluid has convention-
ally been treated as a completely transparent medium that
does not affect light or produce any scattering or refraction
effects. This treatment has been achieved by setting the opac-
ity function, for scalar values below the threshold of amniotic
fluid, to zero. As a result, amniotic fluid is not accounted for
during image rendering. Failure to account for amniotic fluid,
however, could potentially result in images that are less than
realistic. For example, amniotic fluid scatters “light” (ultra-
sound) around the fetus. Also, the chemical composition of
amniotic fluid, mainly lipids, causes strong specular high-
lights on fetal skin.

[0007] Inview of the above, it is desirable to provide appa-
ratus and methods for enhancing the realism of a fetal image,
and, in particular, for representing amniotic fluid in an ultra-
sound image.

BRIEF DESCRIPTION

[0008] In an embodiment of the invention, a method for
rendering an image from ultrasound image data includes
dividing the ultrasound image data into at least a first group of
voxels and a second group of voxels, based on comparing
voxel echo intensity to a threshold value. The method further
includes processing the first group of voxels according to a
first protocol and processing the second group of pixels
according to a second protocol. The method further includes
generating an image that includes both the first group of
processed voxels and the second group of processed voxels to
enhance realism of the rendered image.

[0009] In other embodiments, a method for visualizing
amniotic fluid via ultrasound imaging includes obtaining
ultrasound image data, the data containing multiple voxels,
and identifying tissue voxels and amniotic fluid voxels from
the multiple voxels. The method further includes assigning a
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non-zero value to an attenuation coefficient of the amniotic
fluid voxels and generating an ultrasound image that includes
the amniotic fluid as well as tissue.

[0010] Yet other embodiments of the invention provide an
apparatus for rendering an image from ultrasound image data.
The apparatus includes a display-processing unit, which is
operatively connected to obtain the ultrasound image data
from an ultrasound probe, and is configured to implement a
process that includes dividing the ultrasound image data into
at least a first group of voxels and a second group of voxels,
based on comparing voxel echo intensity to a threshold value,
processing the first group of voxels according to a first pro-
tocol, processing the second group of voxels according to a
second protocol, and generating an image that includes the
first group of processed voxels and the second group of pro-
cessed voxels to enhance realism of the rendered image.

DRAWINGS

[0011] The present invention will be better understood
from reading the following description of non-limiting
embodiments, with reference to the attached drawings,
wherein below:

[0012] FIG. 11s a perspective view schematically showing
an ultrasound diagnostic apparatus configured for imple-
menting an embodiment of the present invention.

[0013] FIG.2is a schematic diagram showing a method for
rendering amniotic fluid as a participating medium, accord-
ing to an embodiment of the invention.

[0014] FIG. 3 is a graph comparing opacity function o(I),
according to an embodiment of the invention, to a conven-
tional opacity function.

[0015] FIG. 4is a schematic showing an illumination cache
produced at an incident radiance propagation step of the
method shown in FIG. 2.

[0016] FIG. 5 shows pseudocode for raytracing voxels to
provide an image according to an embodiment of the inven-
tion.

DETAILED DESCRIPTION

[0017] Reference will be made below in detail to exemplary
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference characters used throughout the drawings refer
to the same or like parts, without duplicative description.
Although exemplary embodiments of the present invention
are described with respect to fetal imaging, fetal tissue and
amniotic fluid, embodiments of the invention are also useful
for representing participating media in ultrasound images
generally. In particular, embodiments of the present invention
may be used to render images that include both tissue, e.g.,
skin, muscle, fat, organs, and non-tissue materials such as
bone, water and the like. As will be appreciated, the present
invention is not limited to rendering human tissue and
embodiments may be used in both veterinary and human
applications where appropriate.

[0018] As used herein, the terms “substantially,” “gener-
ally,” and “about” indicate conditions within reasonably
achievable manufacturing and assembly tolerances, relative
to ideal desired conditions suitable for achieving the func-
tional purpose of a component or assembly.

[0019] By way of background, embodiments of the present
invention may be utilized with ultrasound diagnostic appara-
tus such as the apparatus 100 depicted in FIG. 1. As shown,
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the apparatus 100 includes an ultrasonic probe 1 which trans-
mits an ultrasonic pulse into a subject, e.g., the body of a
human patient, and receives an ultrasonic echo from within
the subject. The apparatus 100 further includes an ultrasound
diagnostic apparatus body 2, which generates an ultrasound
image on the basis of the ultrasonic echo, and a monitor 3 that
displays the ultrasound image. The ultrasound diagnostic
apparatus body 2 is provided with an operation panel 4, which
accepts the operator’s instructions, and a storage device 5,
e.g., ahard drive, for storing ultrasound images and values of
each item measured from the images. As shown, the opera-
tor’s panel includes conventional ultrasound imaging con-
trols including, for example, an image list button BM, a
record button B1, an image pickup condition recall button B2,
a display zoom button BR, a freeze button BF, a position
record button BL, and a cursor track ball TR.

[0020] The apparatus 100 further includes a display-pro-
cessing unit 6. An example of actual hardware of the display-
processing unit 6 may include a central processing unit which
performs processing, ROM, in which a program of the above-
described configuration is stored dedicated to reading, and
RAM which can be used as a working area and may rewrit-
ably store various data. All hardware components may be
interconnected via a bus.

[0021] In use, the ultrasonic probe 1 emits one or more
ultrasonic pulses scheduled at a pulse repetition frequency
and recovers ultrasonic echo signals that are returned from the
subject to a plurality of two-dimensionally distributed sam-
pling points. The probe 1 transmits ultrasound pulse
sequences and receives echo signals according to conven-
tional modes of operation and image pickup conditions, e.g.,
the type of ultrasonic probe used. The probe 1 then transduces
the ultrasonic echo signals into digital data that is sent to a
display-processing unit. The display-processing unit 6 then
generates ultrasound images on the basis of the digital data
provided from the ultrasonic probe 1 and sends the ultrasound
images to the monitor or other display 3.

[0022] Turning now to FIG. 2, a method 300 for represent-
ing a non-tissue material, such as amniotic fluid, as a partici-
pating medium is depicted according to an embodiment of the
invention. In the figure, dotted arrows correspond to data flow
into a process or method step, whereas solid lines correspond
to data flow from a process or method step. In certain embodi-
ments, the method 300 can be implemented within an image-
processing unit, particularly within the display-processing
unit 6, of apparatus 100.

[0023] As shown, the method 300 includes obtaining 310
ultrasound image (volume) data 312. More specifically, in
this step, the ultrasonic probe 1 is caused to transmit ultra-
sound pulse sequences and to receive echo series according to
conventional modes of operation and image pickup condi-
tions. Based on the ultrasound image data, the display pro-
cessing unit 6 renders 340 an image 350. The image 350 may
be formatted as an RGB pixel array (e.g., PNG or JPG), or as
a vector graphics file (e.g., SVG), or as a mixed format (e.g.,
EPS). The display-processing unit 6 may render multiple
images 350, e.g., from various viewing angles, and/or with
varying lighting values as further discussed below.

[0024] Incertain embodiments, the display processing unit
6 renders 340 the image 350 by first computing 320 incident
illumination to produce an illumination cache 330. The unit 6
then gathers illumination data from the illumination cache
330 in order to render 340 the image 350. Computing 320 the
incident illumination, however, is not an essential aspect of
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the invention. For example, according to embodiments of the
invention the display-processing unit 6 may simply imple-
ment direct volume rendering of the ultrasound image data.
Alternatively, beyond the computations discussed with refer-
ence to FIG. 2, the display processing unit 6 may additionally
make use of multiple light sources, may use surface and
volume phase functions to simulate scattering of light within
the imaged volume, and/or may calculate refractions of ren-
der rays at boundaries between different materials.

[0025] Continuing to refer to FIG. 2, the step of computing
320 illumination includes calculation of incident radiance
propagation 322. The illumination computation 320 produces
the illumination cache 330, which then is passed into a com-
putation of illumination gathering 340. The illumination
gathering computation step 340 renders an image 350. As
discussed in greater detail herein, the non-tissue material,
e.g., amniotic fluid, is considered as a participating medium.
[0026] According to certain embodiments, in order to
populate the illumination cache 330, the image display-pro-
cessing unit 6 computes 320 incident radiance propagation
322 from each light source to each voxel of the ultrasound
image (volume) data 312. In embodiments, the incident radi-
ance propagation 322 is achieved by ray casting from each
light source along its respective light propagation direction
(s). At each voxel along each cast ray, the light is attenuated,
i.e., part of the light is absorbed within each voxel. The exact
amount of absorbed light depends on an attenuation coeffi-
cient 327 as well as a transport color 326 of the voxel. The
transport color 326 is a chromatic function that depends on a
scalar echo intensity value at a present voxel. The attenuation
coefficient 327 is scalar amplitude multiplied by the transport
color 326. Generally, higher scalar echo intensity values lead
to higher attenuation coefficient amplitudes, so that such vox-
els absorb more light across all wavelengths.

[0027] Amniotic fluid and other non-tissue materials have
traditionally been thresholded out of the incident radiance
computations 320 by setting transport color 326 and attenu-
ation coefficient 327 to null or zero values for all voxels that
have scalar echo intensities less than about 0.2, However, an
aspect of the invention is to not exclude non-tissue materials
such as amniotic fluid amniotic fluid from the computations
320.

[0028] More specifically, embodiments of the invention
differentiate the ultrasound image data 312 as a function of
tissue intensity. For example, the data 312 can be divided into
voxels that represent tissue, e.g., fetal tissue, and voxels that
represent amniotic fluid, or other non-tissue material, for
separate processing and inclusion in the final rendered ultra-
sound image.

[0029] Asshownin FIG. 2, the image data 312 is divided at
step 321 into a first group of voxels 314 that are identified as
tissue, or into a second group of voxels 316 that are identified
as amniotic fluid or other non-tissue material. In certain
embodiments, the division of voxels is made by comparing
voxel echo intensity to a threshold value. For example, in a
specific embodiment, voxels that have a scalar echo intensity
of >=about 0.2, i.e., the threshold value, are considered fetal
tissue and those that have a scalar echo intensity < about 0.2
are considered to be amniotic fluid. While the threshold value
may be setto about 0.2, in certain embodiments the value may
be greater or lower that 0.2.

[0030] While exemplary embodiments divide voxels into
two groups, in other embodiments, voxels may be divided
into more than two groups. For example, voxels may be
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divided into three or more groups that correspond to different
materials, such as tissue, bone and fluid, for later inclusion in
a rendered image.

[0031] Referring now to FIG. 3, after the voxels are divided
into first and second groups at step 321, the groups are pro-
cessed differently. In an embodiment, the respective groups
of voxels are processed according to first and second proto-
cols. Each protocols assigns its respective group at least one
optical properties. In context of this disclosure, an “optical
property” refers to a material property that affects the propa-
gation of human-visible light, i.e., light having a wavelength
between about 400 nm and about 700 nm. Exemplary optical
properties include opacity (attenuation coefficient), transport
color, surface color, refractive index, surface phase function,
and the like.

[0032] The optical properties may be assigned based on
voxel echo intensity values and/or voxel position. For at least
one of the optical properties, values of that optical property
are assigned to voxels 314 of the first group according to a
different function than is used for assigning values of that
optical property to voxels 316 of the second group.

[0033] As used herein, “function” refers to a relation
between a set of inputs and a set of outputs with the property
that each input is related to exactly one permissible output.
For example, a function could have a scalar input (e.g., an
ultrasound echo intensity value) or it could have a vector input
(e.g., an ultrasound voxel location). Similarly, a function
could have a scalar output (e.g., an attenuation coefficient) or
it could have a vector output (e.g., a transport color function
expressed as a vector in color space). In any case, for any
possible input value, the function would have only one cor-
responding output value.

[0034] For example, in the embodiment of the invention
shown in FIG. 3, the respective groups of voxels may be
processed according to first and second protocols 323, 325.
Under a first protocol 323, voxels 314 of the first group, which
represent fetal tissue, are assigned a constant value for trans-
port color 326 and are assigned values of the attenuation
coefficient 327 as a linear function of scalar echo intensity
value. For the second group of voxels 316, which represent
amniotic fluid, a second protocol 325 assigns transport color
326 as a function of scalar echo intensity value, and assigns
attenuation coefficient 327 as a non-zero value, which, in an
embodiment, may be a constant.

[0035] More specifically, according to the first protocol
323, the opacity (attenuation coefficient 327) of tissue voxels,
i.e., the first group of voxels 314, is set to a linear function of
scalar echo intensity. In contrast, according to the second
protocol 325, opacity (attenuation coefficient 327) of amni-
otic fluid voxels 316 is set to a non-zero flat attenuation
constant, i.e., light of any wavelength slightly attenuates
while it passes through the amniotic fluid. In other embodi-
ments, however, the first protocol 323 may impose a uni-
formly high value (e.g., 0.9) for the attenuation coefficient
327 of all of the first group of (tissue) voxels 314, while the
second protocol 325 may assign values to the attenuation
coefficient 327 of the second group of (amniotic fluid) voxels
316, according to any non-zero function of voxel echo inten-
sity, e.g., a step function, a ramp function, a power function,
an exponential function.

[0036] Additionally, the second protocol 325 may set the
transport color function 326 for the second group of amniotic
fluid voxels 316 to approximate measured optical properties
of water. This approximation for the second group of voxels
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316 can yield a transport color function 326 that varies from
transparent through light blue hues, according to increasing
values of scalar echo intensity. Generally, practically mea-
sured water phase functions, based on Rayleigh scattering,
can be used as a starting point for treatment of amniotic fluid
as a participating medium. As will be appreciated, in certain
embodiments, it may be possible to use fluid approximations
other than water.

[0037] Continuing to refer to FIG. 2, each voxel 314 or 316
is characterized by its transport color 326 and by its attenua-
tion coefficient 327. According to embodiments, each of the
first group of voxels 314 also can be described by a diffuse
surface color 329. The diffuse surface color 329 can be made
dependent on angle (and distribution) between incoming light
and outgoing direction, utilizing a phase function to further
enhance the physical lighting mode.

[0038] Referring also now to FIG. 4, while computing inci-
dent radiance propagation 322, the image display-processing
unit 106 stores the resulting voxel-by-voxel values of color
intensity 331 (per R, G and B channel) and directional com-
ponents 332 within the illumination cache 330. Moreover,
hard shadows are formed at this stage in the illumination
cache 330. The data stored within the illumination cache 330
is graphically illustrated at FIG. 4.

[0039] Referring back to FIG. 2, at the stage of illumination
gathering computation 340, the display processing unit 6
accumulates at each display pixel 341 color and opacity val-
ues from the incident radiances obtained from the illumina-
tion cache 330 for each voxel 314 or 316 focused at the
display pixel 341. For example, FIG. § shows pseudocode for
an embodiment of the illumination gathering computation
340.

[0040] Accordingly, embodiments of the invention imple-
ment a method for rendering an image from ultrasound image
data includes dividing the ultrasound image data into at least
a first group of voxels and a second group of voxels, based on
comparing voxel echo intensity to a threshold value. The
method further includes processing the first group of voxels
according to a first protocol and processing the second group
of voxels according to a second protocol. Additionally, the
method includes generating an image that includes the first
group of processed voxels and the second group of processed
voxels to enhance realism of the rendered image. In embodi-
ments, the threshold value is selected such that the first group
of voxels have echo intensity values associated with tissue
and the second group of voxels have echo intensity values
associated with a non-tissue material. Non-tissue material
includes bone, blood vessels, and/or fluids. In certain embodi-
ments, the threshold value is selected such that the first group
of voxels have echo intensity values associated with fetal
tissue and the second group of voxels have echo intensity
values associated with amniotic fluid. In an embodiment, the
first protocol sets values of at least one optical property
according to a first function and the second protocol sets
values of the at least one optical property according to a
second function, the second function being different from the
first function. The at least one optical property includes one of
opacity, surface color, transport color, phase function, or
refraction coefficient. In embodiments, each voxel is divided
into the first group if it has an echo intensity of greater than or
equal to about 0.2 and voxel is divided into the second group
if it has an echo intensity of less than about 0.2. The second
protocol may include assigning transport color as a function
of echo intensity, which may approximate the wavelength
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function of water. The first protocol and the second protocol
may further include propagating and attenuating incident
radiance which may be accomplished via ray casting from at
least one light source. In an embodiment, under the second
protocol the attenuation coefficient is considered as a non-
zero value that is no larger than a least value assigned to the
attenuation coefficient according to the first protocol.

[0041] In other embodiments, a method for visualizing
amniotic fluid via ultrasound imaging includes obtaining
ultrasound image data, the data containing multiple voxels
and identifying tissue voxels and amniotic fluid voxels from
the multiple voxels. The method further includes assigning a
non-zero value to an attenuation coefficient of the amniotic
fluid voxels and generating an ultrasound image that includes
the amniotic fluid as well as tissue. In embodiments, the step
ofidentifying tissue voxels and amniotic fluid voxels includes
comparing an echo intensity of the multiple voxels to a
threshold value, which may be about 0.2. The method may
further include assigning transport color to the amniotic fluid
voxels as a function of echo intensity, the transport color may
be set to approximate the wavelength function of water.

[0042] Yet other embodiments of the invention provide an
apparatus for rendering an image from ultrasound image data.
The apparatus includes a display-processing unit, which is
operatively connected to obtain the ultrasound image data
from an ultrasound probe, and is configured to implement a
process includes dividing the ultrasound image data into at
least a first group of voxels and a second group of voxels,
based on comparing voxel echo intensity to a threshold value,
processing the first group of voxels according to a first pro-
tocol, processing the second group of voxels according to a
second protocol, and generating an image that includes the
first group of processed voxels and the second group of pro-
cessed voxels to enhance realism of the rendered image. In an
embodiment, the threshold value is selected such that the first
group of voxels have echo intensity values associated with
tissue and the second group of voxels have echo intensity
values associated with a non-tissue material.

[0043] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the invention without
departing from its scope. While the dimensions and types of
materials described herein are intended to define the param-
eters of the invention, they are by no means limiting and are
exemplary embodiments. Many other embodiments will be
apparent to those of skill in the art upon reviewing the above
description. The scope of the invention should, therefore, be
determined with reference to the appended claims, along with
the full scope of equivalents to which such claims are entitled.
In the appended claims, the terms “including” and “in which”
are used as the plain-English equivalents of the respective
terms “comprising” and “wherein.” Moreover, in the follow-
ing claims, terms such as “first,” “second,” “third,” “upper,”
“lower,” “bottom,” “top,” etc. are used merely as labels, and
are not intended to impose numerical or positional require-
ments on their objects. Further, the limitations of the follow-
ing claims are not written in means-plus-function format and
are not intended to be interpreted based on 35 U.S.C. §112,
sixth paragraph, unless and until such claim limitations
expressly use the phrase “means for” followed by a statement
of function void of further structure.
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[0044] This written description uses examples to disclose
several embodiments of the invention, including the best
mode, and also to enable one of ordinary skill in the art to
practice embodiments of the invention, including making and
using any devices or systems and performing any incorpo-
rated methods. The patentable scope of the invention is
defined by the claims, and may include other examples that
occur to one of ordinary skill in the art. Such other examples
are intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of the claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of the
claims.
[0045] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of the elements or steps,
unless such exclusion is explicitly stated. Furthermore, refer-
ences to “one embodiment” of the present invention are not
intended to be interpreted as excluding the existence of addi-
tional embodiments that also incorporate the recited features.
Moreover, unless explicitly stated to the contrary, embodi-
ments “comptrising,” “including,” or “having” an element ora
plurality of elements having a particular property may
include additional such elements not having that property.
[0046] Since certain changes may be made in the above-
described, without departing from the spirit and scope of the
invention herein involved, it is intended that all of the subject
matter of the above description or shown in the accompanying
drawings shall be interpreted merely as examples illustrating
the inventive concept herein and shall not be construed as
limiting the invention.
What is claimed is:
1. A method for rendering an image from ultrasound image
data, comprising:
dividing the ultrasound image data into at least a first group
of voxels and a second group of voxels, based on com-
paring voxel echo intensity to a threshold value;

processing the first group of voxels according to a first
protocol;

processing the second group of voxels according to a sec-

ond protocol; and

generating an image that includes the first group of pro-

cessed voxels and the second group of processed voxels
to enhance realism of the rendered image.

2. The method of claim 1, wherein the threshold value 1s
selected such that the first group of voxels have echo intensity
values associated with tissue and the second group of voxels
have echo intensity values associated with a non-tissue mate-
rial.

3. The method of claim 2 wherein the non-tissue material
includes bone and/or fluids.

4. The method of claim 1 wherein the threshold value is
selected such that the first group of voxels have echo intensity
values associated with fetal tissue and the second group of
voxels have echo intensity values associated with amniotic
fluid.

5. The method of claim 1 wherein the first protocol sets
values of at least one optical property according to a first
function and the second protocol sets values of the at least one
optical property according to a second function, the second
function being different from the first function.

6. The method of claim 5 wherein the at least one optical
property includes one of opacity, surface color, transport
color, phase function, or refraction coefficient.
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7. The method of claim 1, wherein each voxel is divided
into the first group if it has an echo intensity of greater than or
equal to about 0.2.

8. The method of claim 1, wherein each voxel is divided
into the second group if it has an echo intensity of less than
about 0.2.

9. The method of claim 1, wherein the second protocol
includes assigning transport color as a function of echo inten-
sity.

10. The method of claim 9, wherein the second protocol
assigns the transport color to approximate a wavelength func-
tion of water.

11. The method of claim 1, wherein the first protocol and
the second protocol further comprise:

propagating and attenuating incident radiance.

12. The method of claim 11 wherein the propagating and
attenuating are accomplished via ray casting from at least one
light source.

13. The method of claim 11, wherein under the second
protocol the attenuation coefficient is considered as a non-
zero value that is no larger than a least value assigned to the
attenuation coefficient according to the first protocol.

14. A method for visualizing amniotic fluid via ultrasound
imaging comprising:

obtaining ultrasound image data, the data containing mul-

tiple voxels;

identifying tissue voxels and amniotic fluid voxels from the

multiple voxels;

assigning a non-zero value to an attenuation coefficient of

the amniotic fluid voxels; and

generating an ultrasound image that includes the amniotic

fluid as well as tissue.
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15. The method of claim 14 wherein the step of identifying
tissue voxels and amniotic fluid voxels includes comparing an
echo intensity of the multiple voxels to a threshold value.

16. The method of claim 15 wherein the threshold value is
about 0.2.

17. The method of claim 16 further comprising assigning
transport color to the amniotic fluid voxels as a function of
echo intensity.

18. The method of claim 17, wherein the transport color is
set to approximate a wavelength function of water.

19. An apparatus for rendering an image from ultrasound
image data containing multiple voxels, the apparatus com-
prising:

a display-processing unit, which is operatively connected
to obtain the ultrasound image data from an ultrasound
probe, and is configured to implement a process that
includes dividing the ultrasound image data into at least
a first group of voxels and a second group of voxels,
based on comparing voxel echo intensity to a threshold
value, processing the first group of voxels according to a
first protocol, processing the second group of voxels
according to a second protocol, and generating an image
that includes the first group of processed voxels and the
second group of processed voxels to enhance realism of
the rendered image.

20. The apparatus of claim 19, wherein the threshold value
is selected such that the first group of voxels have echo inten-
sity values associated with tissue and the second group of
voxels have echo intensity values associated with anon-tissue
material.
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