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Tissue Type Phase Velocity (m/s)
Air 330

Soft tissue average | 1540

Bone, skull 2770 +/- 185
Brain Fresh 1460

Breast in vivo 1510 +/- 5
Breast Fat 1420

Breast Mass 1600

Fat, fresh 1450

Kidney 1560

Liver, fresh 1570

Blood 1570

Lung, fresh 658

Muscle 1680

Uterus 1630
Tendon 1750
Collagen 1675

Water (20 degree C) | 1480

Fig 2. Sound wave phase Velocity in different tissue
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Fig 3. System block diagram
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Ad(x, t) is the amount of delay needs to be inserted
for element at distance x in the dynamic beam
forming

Fig. 4A Beam-former calculation with phase velocity argument
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Fig. 4B Beam-former profile for transmit and receive path
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Fig. 5-Flowchart to show processes in Details
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Fig 6A Phase velocity = 1300m/s, image blurred
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Fig. 6D Neck image with different phase velocity in beam former calculation.
Notice that the Carotid shape distortion.
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PROGRAMMABLE PHASE VELOCITY IN AN
ULTRASONIC IMAGING SYSTEM

FIELD OF THE INVENTION

[0001] This invention generally relates to system and
method for carrying out a medical imaging process. More
particularly, this invention relates to an ultrasonic imaging
apparatus and method for providing the tissue hardness
information through the image focus discrimination when
those images are acquired by applying various phase veloci-
ties in the beam forming calculation.

BACKGROUND OF THE INVENTION

[0002] Even though the hardness of a biological tissue is
an important parameter for detection of abnormal tissue
growth to enable an early detection of diseases occurring to
abiological organ and greatly improve the curing rates, there
are still technical difficulties and limitations faced by those
applying ultrasonic imaging technologies for accurately
detect biological tissues of different hardness. Specifically,
conventional technologies have attempted to obtain a hard-
ness profile of an ultrasonic scanned image by assuming that
the phase velocity, i.e. speed of sound in the media, of an
ultrasonic wave is constant at 1540 my/s. With this assump-
tion, different techniques have been applied for hardness
profile measurements. However, several of these measure-
ments can only obtain hardness profile measurement with
limited accuracies.

[0003] Specifically, measurements of some conventional
techniques attempted to obtain the hardness profile by
measuring attenuation of ultrasonic transmission in a bio-
logical organ to detect different hardness in a biologic organ
as that published in an article “Broadband ultrasound attenu-
ation” by General Electric submitted through the Informa-
tion Disclosure Statement (IDS) together with the Patent
Application. However, there are no consistently determin-
able functional relationships between the attenuation of the
ultrasonic transmission through the biological tissues of
different values of tissue hardness. The attenuation may be
due to the tissue absorption of the energy, and not necessary
to be the hardness. Additionally, there are operator’s errors
such as the Time Gain Compensation (TGC), Focus point
and Aperture size settings, etc. can also affect the attenua-
tion, which discounts the accountability of the tissue hard-
ness characterization. For these reasons, the measurements
of attenuations do not usually provide reliable indications of
the tissue hardness and the hardness profile measurements
therefore have only limited usefulness.

[0004] The propagation phase velocity changes when the
ultrasound travels in the soft tissue with different hardness.
The phase velocity increases with the increase of the hard-
ness of the wave transmission media. By detecting a portion
of tissue with different hardness, a soft tissue disease for
example the liver cirrhosis, breast mass, prostate tumor or
uterus fibroid can be evaluated without biopsy. Such detec-
tion process is very desirable especially during the treat-
ment, when the non-invasive measurement is preferred.
Hardness evaluation is performed according to the ultra-
sound physics, sound wave reflects echo when the media has
non-uniformity, and travels at different speed when media
density different because the higher is the velocity when the
wave is transmitted in the medium that has higher density (or
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hardness). Since an ultrasound imaging system detects the
reflected echo for hardness measurement, conventional tech-
nologies often measure the attenuation as a parameter to
determine the non-uniformity of hardness in a soft tissue. As
shown in FIGS. 1A and 1B, the hardness can be evaluated
by measuring the attenuation along the propagation paths.
However, as discussed above, the functional relationship
between the hardness profile and the attenuation are changed
under different measurement circumstances including but
not limited to operators’ skills and possible errors, the
accuracies of measurements based on attenuation measure-
ments are therefore degraded and hasn’t been successful in
the commercial available ultrasound imaging system.

[0005] FIGS. 1A and 1B, are images of echo signals as
illustrations of a prior art scanning system. The 1A image
has higher attenuation (0.68 db/MHz/cm) and 1B has lower
tissue attenuation (047 dB/MHz/cm). The images are
reverse in video from the conventional ultrasound images to
make it more visible on the paper. As shown in these figures
and further plotted in FIG. 1C, the 0.68 dB image attenuated
faster than the 0.47 dB with both tissues at 1543 m/s. The
user can set a vertical line on the image, and the system can
take the image data out of the line and plot a curve versus
depth. With all the TGC, focal point etc. setting the same, the
curve is compared with a normal tissue image to determine
the attenuation, therefore the hardness. When plotting the
tissue amplitude curve along the depth, the tissue with high
attenuation will drop with a higher slope.

[0006] The conventional ultrasound system assumes the
phase velocity in the soft tissue is constant at 1540 m/s,
however in the soft organ, liver for instance, when the
homogeneous tissue becomes harder, e.g. cirrhosis, the
phase velocity in the liver tissue changes, therefore, the
assuming of 1540 m/s is no longer valid. The consequences
of such assumptions lead to blurred images due to the
inaccurate of the beam focusing and the deviations of the
geometry distance measurements. The degradation of the
image quality might not be considered as significant in the
past due to the facts that the conventional image scanning
system did not require such image quality and furthermore,
it was not expected that the scanned images can achieve
consistent quality of sharp and clear images anyway. The
ultrasound phase velocity measurement is easier done with
the tissue cut out from the body, but extremely difficult in the
live organ. For these reasons, it is not obvious to a person of
ordinary skill to apply measurement parameters other than
the attenuation for hardness characterizations.

[0007] In U.S. Pat. No. 6,285,904, Web et al. disclose a
method for determining characteristic of tissue that includes
steps of supplying optical energy to a tissue and detecting at
a plurality of locations consequent energy scattered by the
tissue. Analysis of the scattered energy as provides infor-
mation concerning the properties of the tissue, specifically
information related to the fat and lean content and thickness
of the tissue. The system includes a light source to deliver
optical energy to a tissue and detectors mounted at different
positions relative to the source to detect energy scattered by
the tissue. A signal processor is used to determine the signal
characteristics of the tissue from the detectors and locations
of the detectors, specifically information related to the fat
and lean content and thickness of the tissue. The patented
technique is directed to a method by supplying an optical
energy to a tissue where the optical energy has a fixed set of
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characteristics such as optical projection with fixed wave-
length, phase velocity and intensity as that projected from
the light source. As discussed above, the measurement
accuracies are limited due to this single set of characteristics
projected from a single light source operated without con-
trollable input to change the output from the light source.

[0008] In U.S. Pat. No. 6,287,259, Grunwald discloses a
method to characterize an ultrasonic image of an object by
taking into account different in-vivo object parameters and
variability of these parameters within a set of ultrasonic
image data. Specifically, it is assumed that the object may be
defined in terms of statistical properties (or object identify-
ing parameters), which are consistently different from prop-
erties of the environment. Such properties are referred to as
the object’s signature. The statistical properties are calcu-
lated at selected locations within the image to determine if
they fall within a predetermined range of values which
represents the object. If within the range, the locations are
marked to indicate they are positioned within the object. A
border may then be drawn around the object and the area
calculated. Such methodology may be useful for some
image analyses applications but would not provide practical
solution to overcome the difficulties of insufficient accuracy
in measuring and mapping the hardness profile.

[0009] InTU.S. Pat.No. 6,322,511, a method and apparatus
for ultrasound image quantification are disclosed. In U.S.
Pat. No. 6,511,430, a process to detect and monitor the
process of apoptosis in living tissues by using high fre-
quency ultra sound image systems is disclosed. However,
such disclosures do not provide effective methods for a
person of ordinary skill to over the problem that accuracy of
hardness measurements cannot be easily improved by apply-
ing convention techniques as now available.

[0010] For these reasons, a need still exists for those of
ordinary skill in the art to provide an improved method and
system for ultrasonic imaging. Specifically, it is desirable
that the ultrasonic imaging system and methods are carried
out with more clearly defined and controllable operational
parameters with definite functional relationship with hard-
ness measurements such that the inaccuracy and uncertain-
ties of data analyses can be substantially eliminated.

SUMMARY OF THE INVENTION

[0011] TItis an object of the present invention to provide a
new and more accurate tissue hardness measurement method
and system by applying an ultrasound energy to acquire the
ultrasonic images, and with the changes of phase velocity in
the beam forming calculation until the best focusing image
is acquired. The phase velocity with the best-focused image
will represent the ultrasound phase velocity in the tissue, and
therefore the hardness can be interpolated, and the above
discussed difficulties and limitations can be resolved. The
criteria of the best focusing image can be an operator
decision, or a computer aided estimation, such as the maxi-
mum gradient calculation.

[0012] Inanother aspect, the present invention provides an
ultrasonic image scanning using the present invention and
the conventional amplitude attenuation information together
for the tissue hardness estimation.

[0013] In yet another aspect, the present invention further
provides an ultrasonic imaging scanning system that is
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implemented to allow an operator’s adjustment for the best
image focusing estimation controlled by the operator. Addi-
tional flexibility may also provide that enables a computer’s
algorithm for automatic best image searching.

[0014] In yet another aspect, the present invention pro-
vides a method of constructing a non-linear mapping table to
translate the phase velocity into various tissue hardness
indexes. Alternate embodiments may implement a color-
coded B-mode image according to the different tissue hard-
ness. Furthermore, this invention enables the use of the new
phase velocity for the geometry distance and area calcula-
tion or applying the same concept for the 3D volume images.

[0015] These and other objects and advantages of the
present invention will no doubt become obvious to those of
ordinary skill in the art after having read the following
detailed description of the preferred embodiment, which is
illustrated in the various drawing figures.

BRIEF DESCRIPTION OF FIGURES

[0016] The present invention is described in detail below
with reference to the following Figures.

[0017] FIGS. 1A and 1B, are images of echo signals as
illustrations of a prior art scanning system.

[0018] FIG. 1C is a diagram to show the echo strength as
fanction of the depth reflected from the tissue as function of
tissue hardness.

[0019] FIG. 2 is a table that shows the changes of phase
velocity of as the sound travels in live tissue of different
densities and the higher the phase velocity the higher the
density of the tissue.

[0020] FIG. 3 is a functional block diagram for showing an
ultrasound image scanning system with user controllable
phase velocity adjustments according to the disclosures of
this invention.

[0021] FIG. 4 is a diagram for illustrating a beam forming
analysis to show how the phase velocity is involved in the
beam former calculation and therefore affects the image
focusing in the electronics digital beam forming system.

[0022] FIG. 5 is a flowchart for showing a process imple-
mented in this invention to obtain an optimal measurement
of hardness variations within a soft tissue by applying a user
controllable phase velocity adjustment as shown in FIG. 3.

[0023] FIGS. 6A to 6D are scanned images obtained by
adjusting the phase velocity to illustrate the improvements
of hardness measurement accuracy achieved by systems and
methods disclosed in this invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] Referring to FIG. 2 for a table that lists media of
different tissues for transmission of sound waves. Listed in
the table on the right hand column in the table is also the
corresponding phase velocity for each of these tissues.
According to the listed data shown in FIG. 2, the sound
travels in the media, and the phase velocity changes.
Depending on the density of the media, the phase velocity
varies. As the density of a media increases, the phase
velocity of the sound waves transmitted in the media is also
increased. Because of these changes, the phase velocity is
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employed as practical and useful measuring parameter to
measure the variations of hardness in a soft tissue. However,
the amplitude attenuation may or may not have direct
relationship to the tissue hardness. It depends on the tissue
homogeneity and absorption.

[0025] FIG. 3 isa functional block diagram for showing an
ultrasound image scanning system implemented with user
control functions to adjust the phase velocity to perform an
image scan to detect variations of hardness in a soft tissue.
The ultrasound image scanning system includes a front-end
beam former control circuit 301. A beam profile is first
calculated using Equation (4) implemented in a software
program as will be further discussed below. The beam
profile is a function of the scan line geometrical position and
focal point. The results of the calculations will be down-
loaded into the memory of the beam former 301. It should
be noticed that the equation has a parameter C as the phase
velocity. As the phase velocity in a tissue changes, then the
beam profile will also be changed accordingly and the beam
former 301 generates different profiles for different tissues
with different phase velocities in the tissues. The image of
echo signals from tissue scanning operation is displayed in
the image display device 302. A user control unit 304 is
provided for a user to change the phase velocity as a
controllable parameter in forming the beam while viewing a
display images. An operator can adjust the phase velocity in
real time through the user interface unit 304 until a sharp
image is achieved as that displayed in the display device 302
when the velocity setting matches with the tissue character-
istics. A measurement calculation processor 303 carries out
a hardness measurement calculation by using the phase
velocity to map the round trip echo time into distance. The
measurement calculation processor 303 then calculates a
hardness profile according to signals received from points
located in the tissue at different distances and areas.

[0026] The beam former profile has separate control for
beam profile of transmission and beam profile control of
reception. By controlling the transmit time delay, all sound
waves bursting from the elements are lining up at the focal
area and create a constructive enhancement. For receiving
the echo signals, the echo signals received by each trans-
ducer element are received as signals with a delay profile for
the purpose of forming the beam focused through the optical
lens. With the advanced digital beam-forming scheme, the
beam profile received from the transducer elements can be
changed dynamically in real time during the time of recep-
tion. Furthermore, the beam can have multiple focal points
and change dynamically during the time as the echo signals
are transmitted to the ultrasound transducers. The develop-
ment of beam-formation technologies has made significantly
progresses over the past decade such that a highly accurate
digital beam-former with progressive dynamic reception
focuses can be practically implemented. By employing such
digital controllable beam-former, a user is enabled to control
the beam formation process to make fine adjustment to the
phase velocity of an ultrasound wave. This new capability to
control and adjust phase velocity in an ultrasound image
system provide significant advantages for image scanning
because an analysis illustrates that a slight change in the
phase velocity during the beam-forming calculation leads to
significant changes in dynamic focus point. Such phase
velocity changes can cause dramatic focus changes in the
scanned images as clearly illustrated in FIGS. 6A, 6B, and
6C. In addition to the results of measurements, the effects

Apr. 12,2007

and benefits of controlling and adjusting phase velocity in
hardness measurements by applying ultrasound-scanning
technologies are further illustrated in the analyses below.

[0027] Referring to FIG. 4A for a beam formation calcu-
lation. The intersection point A of the horizontal and vertical
axes represents the center of the aperture of an ultrasonic
transducer element and d is the element pitch distance and
point B is the expected focal point at 2D space. FIG. 4B is
a diagram for illustrating the concept of signal transmission
and reception with delay profiles related to geometries for
focusing the beam to obtain sharp and clear images. In 401,
the transmitters burst waveform passes through an array of
delay control circuits implemented by FIFO (first in first out
buffer for example) with separate read and write clock
represented by T, T, T;, T, before it reaches to the
transducer element 405 and emit the energy to the body. Due
to this delay profile controlled by the delay circuits repre-
sented by T, the burst waveforms from each element will all
reach point B at the same time and create a constructive
focal energy. In 402, the reflected echo from point B will
reach each element at different time. With different delay
represented by delay circuit t';, 75, T3, T, for each element
on the receive path before summing them together, the
image for one line can be formed. With these delay circuits,
the beam former is provided with programmable capability
for linear array, curve array and phase array probe modality.
In order to control the beam former and the FIFO read and
write clocks, there is a memory in the beam former control-
ler to hold the control bits, and the controller downloads
these control bits to the delay circuits to enable the control
of different delay profiles. With different probes, the profile
can be flexibly adjusted and programmed differently.

[0028] In order for the waves to focus at point B, the time
delay profile relative to point A for each element x is
calculated with an equation:

Adx =] Rl VR th?= 2Rt} Sin(@) e

[0029] Ad(x,t) is the amount of delay needs to be
inserted for element at distance x in the dynamic beam
forming.

[0030]

[0031] R(Y) represents the distance of wave propagation
at time t

C is the phase velocity.

As shown in the equation, the delay time is a function of
the phase velocity C. When the phase velocity changed,
the focal point will also be changed. When the phase
velocity matches an ultrasound wave phase velocity in
the tissue, the wave fronts from every element will
reach point B in-phase and form a tight constructive
energy spot thus reflects coherent echo signals for
measurement as a sharp and clear image. However,
when the phase velocity applied by the beam former
301 to project an ultrasound wave into a tissue doesn’t
match the tissue phase velocity, the ultrasound wave
propagation will not have all burst waveforms line up
together and become defocused and do not converge to
a focal point. Therefore, the functional relationship
between the focus profile of a scan image and phase
velocity and furthermore, the phase velocity has a
functional relationship with the tissue hardness. These
functional relationships can therefore be applied to
carry out more accurate hardness measurement.
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[0032] By taking advantage of the correlation as shown in
the above equation, a doctor can specify a region of inter-
esting (ROI), i.e., the point B shown in FIGS. 4A and 4B as
the intended focus point, through the user interface 304, and
adjust the phase velocity setting until a relatively sharp
image is clearly shown on the screen. The phase velocity as
set by a doctor or alternately by an ultrasound system
operator with the best image focused can be used as a
reference for the tissue hardness index. The functional
relationship between the tissue hardness index and the phase
velocity may or may not be a linear relationship. The tissue
hardness index affected not only by the phase velocity but
also other parameters such as the intensity attenuation and
these effects may be combined together and adjusted by a
system operator according the quality of image during the
real time operations in final fine adjustment of the tissue
hardness index. The phase velocity is a primary parameter
that is first obtained from calculation to start the initial
hardness index input at the beginning of a hardness scan and
profiling operation. An example is that 1600 m/s for a
sharpest image in liver may refer to the tissue hardness index
of 1.2, which is the combination of the phase velocity and
other parameters such as intensity attenuation, TGC gain
profile, etc.

[0033] A software program with built in intelligence to
carry out the adjustments of phase velocity and hardness
index relationship automatically to assess the quality of the
sharpness of an output image displayed on a display device
302. The functions performs by the user can be carried out
automatically by programmatically running through differ-
ent phase velocity setting and automatically select an opti-
mal velocity that produce an image with best display quality.
According to the phase velocity, an analysis is then per-
formed to determine the tissue hardness corresponding to the
optimal phase velocity.

[0034] As progresses are made in the ultrasound control
systems, a digital beam former is connected to a processor
serving the function as an analyzer to carry out analytical
computations as that presented in the Equation above to
provide an initial value of the phase velocity. With connec-
tion to a processor provided with analytical computational
capabilities, the automatic programmable control imple-
mented with different control algorithms and analyses can be
more effectively carried out. An operator of an ultrasound
hardness profile scanning system can flexibly enter param-
eters such as ROI, attenuation parameters, phase velocity,
auto-phase velocity scanning and optimal image selection,
linear array, curve array and phase array probe modality
functions to perform an analytical computation for selecting
a set of optimal operation parameters to carry out the
hardness profile scans. For selection of best images, the
processor that serving the functions as an analyzer may also
compare different image parameters to select an image with
best image quality. The image quality parameters compared
may include the determination of a sharpest gradient along
the edges of different images from different phase velocity
for effectively determine an optimal phase velocity for
generating an image with the best image quality.

[0035] An operator of the ultrasound systems of this
invention further has the controlling options to combine the
adjustments of the phase velocity and amplitude attenuation.
One example of such control functions can be achieved
through entering different parameters into the processor
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serving the functions as an analyzer. For instance, an opera-
tor may take the tissue hardness index out of the phase
velocity calculation Hv, and take the tissue hardness
obtained from the conventional attenuation method Ha, then
applying different weighting to have a final index
Ht=w1*Hv+w2*Ha. W1 and W2 are the experiment num-
bers. With the analytical capabilities provided by the ana-
lyzer connected to the beam former, effective control of the
beam former with flexible adjustments of measurement
parameters is achieved.

[0036] FIG. 5 is a flowchart to show the process for
making adjustments for optimizing the tissue hardness
index. Initially, system boots up with 1540 m/s phase
velocity as default. The process then proceeds with the user
adjusts the phase velocity in both directions until the sharp-
est image is created on the screen as described below. The
setting gives the best match with the phase velocity in the
specific tissue, and the distance is also correctly measured
according to the delay profile analyses as provide by
descriptions shown in FIGS. 4A and 4B. The phase velocity
as a primary adjustable parameter is now taken into account
in the beam forming profile calculation to reduce the error of
the geometry measurement.

[0037] When system boots-up, the beam forming calcula-
tion uses 1540 m/s phase velocity as default (step 510). The
user then scans the B-image for the organ, e.g. liver, and
adjusts the TGC and focal point based on a ROI to a specific
area to obtain a most uniform image (step 520). Then the
phase velocity or tissue index soft-menu with options to
adjust ROI is popped up in a graphic user interface (GUI)
(step 520). With all the TGC curve and gain optimized, the
user can change the tissue index setting (step 530), in which
the different phase velocities are used for the beam forming
calculation (step 540) until the sharpest image is acquired
for the ROI (step 550). The index is recorded and can be
used for the tissue hardness index. Similar steps as shown in
steps 560 to 590 for performing scans in other directions of
a same organ is carried out to obtain a better and more
complete profiles of the hardness in an organ.

[0038] The software can also scan through different phase
velocities, and acquire the image, calculate the 2D gradient,
sum all the absolute value of the gradient together. With the
sharpest image, the total gradient value should be the
biggest, and therefore the optimal phase velocity it must be,
and the tissue hardness index can be defined.

[0039] In the human body, the tissue may have layers of
different densities (fat for instance) with different phase
velocities, therefore the wave will also cause deflection,
refraction and affect the focusing to the under layers. With
the phase velocity adjustment, the focusing can be optimized
at a specific ROIL.

[0040] FIGS. 6A to 6C are images obtained by applying
different phase velocities (1300 m/s and 1700 m/s) for image
scanning experiments with different ultrasound phantoms,
and demonstrate the focus changing. FIG. 6D shows that at
1.5 cm depth carotid for neck scan, with the assumption
phase velocity error of 160 m/s off 1540 m/s, it can cause
carotid diameter measurement error of 5.5% in addition to
the image blurring. Referring to FIGS. 6A and 6B, in the
measurements are obtained with an assumption that the
phase velocity is 1300 m/s while the true value is 1540 m/s.
The lateral width measurement of target X will increase
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from 0.5 mm to 1.0 mm. Same as for the 6B and 6C, the
measurement error is 1.5 mm versus 0.5 mm.

[0041] According to above descriptions, this invention
discloses a method for applying an ultrasound energy to
acquire an ultrasonic image. The method includes a step of
changing a phase velocity in a beam forming process until
a best-focused image is acquired. The method further
includes a step of applying the phase velocity with the
best-focused image to represent an ultrasound phase velocity
in a tissue for interpolating a tissue hardness estimation. In
a preferred embodiment, the step of determining the best-
focused image includes a step of determining the best-
focused image by an operator. In a preferred embodiment,
the step of determining the best-focused image includes a
step of determining the best-focused image by a computer-
aided estimation. In a preferred embodiment, the step of
determining the best-focused image includes a step of deter-
mining the best-focused image by a computer aided estima-
tion with a maximum gradient calculation. In a preferred
embodiment, the step of interpolating the tissue hardness
estimation further includes a step of applying the ultrasound
phase velocity in the tissue and an attenuation in the tissue
for performing a tissue hardness estimation. In a preferred
embodiment, the step of determining the best-focused image
includes a step of applying an algorithm in a processor
connected to a beam former for searching and determining
the best-focused image. In a preferred embodiment, the step
of interpolating the tissue hardness estimation further
includes a step of constructing a nonlinear mapping table to
translate the phase velocity into a plurality of tissue hardness
indexes. In a preferred embodiment, the step of translating
the phase velocity into a plurality of tissue hardness indexes
further includes a step of implementing a color-coded
B-mode image representing the plurality of different hard-
ness indexes. In a preferred embodiment, the method further
includes a step of applying the phase velocity for a geometry
distance and area calculation for carrying out a three-
dimensional hardness image. In a preferred embodiment, the
step of determining the best-focused image further includes
a step of determining the best-focused image by a digital
controller for providing a real time programmable control.

[0042] Again, it is to be understood that the embodiments
described are for the purpose of illustration and are not
intended to limit the invention specifically to those embodi-
ments. The description and the drawings of the present
document describe examples of embodiment(s) of the
present invention and also describe some exemplary
optional feature(s) and/or alternative embodiment(s). It will
be understood that the embodiments described are for the
purpose of illustration and are not intended to limit the
invention specifically to those embodiments. Rather, the
invention is intended to cover all that is included within the
spirit and scope of the invention, including alternatives,
variations, modifications, equivalents, and the like.

I claim:
1. An ultrasonic image scanning system for scanning an
organic object comprising:

a beam former includes a phase velocity adjustment
function for producing an ultrasonic image with a
programmable phase velocity.

2. The ultrasonic image scanning system of claim 1

further comprising:
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a beam profile analysis function for calculating an optimal
phase velocity.

3. The ultrasonic image scanning system of claim 1
further comprising:

a user controller for a user of said ultrasonic image
scanning system to adjust said phase velocity.
4. The ultrasonic image scanning system of claim 1
further comprising:

an automatic phase velocity scanning controller for auto-
matically scanning through a range of phase velocities
and selecting a best phase velocity generating a scan-
ning image of a best quality.
5. The ultrasonic image scanning system of claim 1
further comprising:

a region of interest (ROT) controller for a user to select a
region for scanning with a specific focal area for
optimizing said phase velocity.

6. The ultrasonic image scanning system of claim 1

wherein:

said beam former further comprising a maximum gradient
analyzer for selecting an image of a best quality in
optimizing said phase velocity.
7. The ultrasonic image scanning system of claim 1
wherein:

said beam former further comprising a digital controller
for providing a real time programmable control.
8. The ultrasonic image scanning system of claim 1
wherein:

said beam former further comprising a digital controller
for providing a real time linear-array programmable
control.
9. The ultrasonic image scanning system of claim 1
wherein:

said beam former further comprising a digital controller
for providing a real time curve-linear-array program-
mable control.
10. The ultrasonic image scanning system of claim 1
wherein:

said beam former further comprising a digital controller
for providing a real time phase-array-probe program-
mable control.
11. The ultrasonic image scanning system of claim 1
wherein:

said beam former further comprising a phase velocity and
attenuation adjustment controller for producing said
ultrasonic image with an adjustable phase velocity and
amplitude attenuation.
12. The ultrasonic image scanning system of claim 1
further comprising:

said beam former further includes a hardness computa-
tional processor for determining a tissue hardness using
said phase velocity in combination with an attenuation
parameter.
13. A method for applying an ultrasound energy to acquire
an ultrasonic image comprising:

changing a phase velocity in a beam forming process until
a best-focused image 1s acquired.
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14. The method of claim 13 further comprising:

applying said phase velocity with said best-focused image
to represent an ultrasound phase velocity in a tissue for
interpolating a tissue hardness estimation.

15. The method of claim 13 further wherein:

said step of determining said best-focused image com-
prising a step of determining said best-focused image
by an operator.

16. The method of claim 13 further wherein:

said step of determining said best-focused image com-
prising a step of determining said best-focused image
by a computer aided estimation.

17. The method of claim 13 further wherein:

said step of determining said best-focused image com-
prising a step of determining said best-focused image
by a computer aided estimation with a maximum
gradient calculation.

18. The method of claim 14 wherein:

said step of interpolating said tissue hardness estimation
further comprising a step of applying said ultrasound
phase velocity in said tissue and an attenuation in said
tissue for performing a tissue hardness estimation.
19. The method of claim 13 further wherein:

said step of determining said best-focused image com-
prising a step of applying an algorithm in a processor
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connected to a beam former for searching and deter-
mining said best-focused image.

20. The method of claim 14 wherein:

said step of interpolating said tissue hardness estimation
further comprising a step of constructing a nonlinear
mapping table to translate said phase velocity into a
plurality of tissue hardness indexes.

21. The method of claim 20 wherein:

said step of translating said phase velocity into a plurality
of tissue hardness indexes further comprising a step of
implementing a color-coded B-mode image represent-
ing said plurality of different hardness indexes.

22. The method of claim 14 further comprising:

applying said phase velocity for a geometry distance and
area calculation for carrying out a three-dimensional
hardness image.

23, The method of claim 13 wherein:

said step of determining said best-focused image com-
prising a step of determining said best-focused image
by a digital controller for providing a real time pro-
grammable control.
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