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57 ABSTRACT

Improved ultrasonic wave propagation in connection with
operation of ultrasonic imaging systems is made possible by
the method of attenuation leveling. Attenuation leveling
allows effective focusing of systems that operate through
irregular surfaces that cause uneven attenuation effects.
Apparatus is provided to implement this method in clinical
applications and research applications. The basic attenuation
leveling is accomplished with material that attenuates like
the body part to be imaged. The apparatus includes confor-
mal surfaces that are in contact with a patient’s body that
serve to prevent direct contact of the body with the attenu-
ating material. It also includes fairing surfaces that modify
shape of a patient’s body to enable scanning of surfaces.
Alternate devices include stand-off devices and immersion
configurations.

51 Claims, 4 Drawing Sheets
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ATTENUATION LEVELING METHOD AND
APPARATUS FOR IMPROVED ULTRASONIC
WAVE PROPAGATION

BACKGROUND OF THE INVENTION

1. Field of the invention

The invention relates to creating images by transmitting
signals and sensing the effect of objects in the field of view
on the signals.

2. Description of the Prior Art

Ultrasonic, or ultrasound, imaging devices depend on
signal wavefronts that propagate into the body. A wavefront
can be described by connecting points of equal phase at a
given point in time to form a surface that is perpendicular to
the direction that ray paths propagate. The wavefront ema-
nates from a transducer aperture and is shaped by a combi-
nation of the transducer surface shape and phasing of signals
from separate elements of the transducer surface. For
focused operation, the wavefront converges to a point,
except that diffraction prevents perfect convergence. Suc-
cessive wavefronts act like new sources of the signal that are
ever smaller and closer to the focus point. The reverse
process similarly applies to reception where signals from a
point source cause a wavefront of spherical shape which is
ideally received by a spherical surface receiver. The body of
knowledge of wave propagation physics is relied on to refine
and extend this concept.

Effective system operation requires that signal amplitude
along the wavefront be well behaved. Problems arise when
attenuation is uneven for different paths such that amplitude
variations occur along a wavefront. When a coupling fluid is
used to allow waves to travel between a transducer and a
body it often happens that uneven attenuation situations are
set up. As the wavefront propagates through a medium,
where the medium is a combination of coupling fluid and
body tissue, different paths can undergo different attenuation
processes. Undesirable deviations in amplitude can result.
This can change the apparent sidelobe levels. Apparent
sidelobes are the actual beam response functions that are
caused by the propagation effects in combination with ideal
aperture effects. Apparent sidelobes will be simply called
sidelobes here. This problem is especially significant for
high resolution imaging which depends on large apertures
and high frequency signals.

Attenuation means the reduction in signal amplitude other
than the reduction that comes from geometric spreading of
waves. It is also considered separately from the opposite
effect of signal level increase that coming from geometric
focusing of waves.

Conventional ultrasound practice tends to involve direct
contact of a transducer with the skin. Here the body tissue
attenuates signals with uniformity over the ray paths to the
degree that body tissue is uniform.

It is known in radio frequency antenna design to control
power intensity over the antenna aperture with absorbing
materials to achieve the desired radiation pattern. It is also
known to taper or weight an aperture, where an aperture is
a radiating surface of an array of transducers, to reduce
sidelobe response.

It is known in ultrasound clinical practice to couple
ultrasound signals from transducers to the body by use of a
water stand-off. Hitachi Part Number EZU-WL1 is a water
bag attachment where the water volume can be adjusted by
a syringe. There is a danger with such water filled accesso-
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ries because the signals at a focus point are not attenuated for
shallow operation as they are naturally for deep operation.
Although the power levels can be adjusted, it is an action
that could be easily forgotten.

Another accessory for oblique stand-off is Hitachi part
number EUP-L53ST which is also water filled.

The disclosure of U.S. Pat. No. 5,902,748 (May 1999)
Madsen et al. describes a water bag to couple ultrasonic
signals from a transducer to a phantom where the phantom
mimicks tissue. This method couples the maximum power to
the focal point but may not satisfactorily control sidelobe
response for a variety of phantom shapes.

It is also known to use a tank or bath wherein a fluid
couples signals between a transducer and a subject of
examination. A coupling fluid means that the fluid serves as
an ultrasonic transmitting medium. Water is commonly used
as the fluid but a variety of other fluids are used to enable
signal coupling. Castor oil is known to match fat for speed
of propagation, thus preventing refraction at a boundary.
Johnson and Johnson baby oil is also known as a good match
for breast tissue. Like water stand-offs in clinical practice,
this method couples the maximum amount of power inten-
sity to the focal point but it may not necessarily produce the
desired control of sidelobe response.

It is known to produce tissue mimicking materials for use
in forming ultrasound phantoms. U.S. Pat. No. 5,902,748
(May 1999) Madsen et al. discloses useful recipes for
making materials that attenuate and propagate as necessary
to represent human body parts.

It is known in manufacturing of composite materials to
vacuum bag an assembly to remove air bubbles and cause
flexible surfaces to mutually conform to each other.

Subjects of examination by ultrasound are commonly
human or animal. Other uses are known in other fields.

Referenced documents, in entirety, are incorporated
herein. They contribute to the description of the present
invention, but in case of conflict, the present document takes
precedence.

OBIJECTS

A general object is to realize maximum resolution benefits
of large aperture, high frequency ultrasonic imaging appa-
ratus by utilizing an attenuation leveling method. This
method provides controlled attenuation over propagation
paths so that signals are at desired amplitudes over wave-
fronts. This would be able to accommodate different human
tissue types. The same applies to animal tissue.

An object is to provide a signal transmission method that
is generally useful in clinical practice or laboratory experi-
mental procedure.

An object is to provide safety in ultrasound imaging
without causing undue reduction in level of transmitted
signals from transducers.

An object is to provide flexible surfaces that comfortably
conform to body parts.

An object is to provide shallow viewing near the skin
surface.

An object is to establish a fairing surface that enables
effective scanning by transducer motion.

An object is to establish a fairing surface that simplifies
control of signal amplitudes that are transmitted from vari-
ous transducer elements.

An object is to establish a fairing surface that shapes body
parts to an acceptable degree so as to enable variations
between subjects to be accommodated.
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An object is to enable treatment access simultancously
with real time imaging.

An object is to establish a laboratory method where
uniform wavefronts are maintained by using attenuating
material to fill in paths between body parts and transducers.

An object is to provide pre-compensation to balance
attenuation variations over different paths.

An object is to enable sidelobe control using tapered or
weighted amplitude distribution functions.

An object is to combine attenuation compensation with
lens functions.

An object is to utilize these methods in industrial inspec-
tion and other fields that involve wave front propagation.

Further objects of the present invention will become
apparent from a consideration of the drawings and ensuing
description.

SUMMARY OF THE INVENTION

The invented method is called attenuation leveling and the
invented apparatus enables this method. The basic method
involves use of attenuating fluid to maintain a desired
amplitude distribution over the surface of a signal wavefront
as the wavefront travels between a transducer and human
tissue.

A combination including a fairing surface, a conformal
surface, and special coupling fluid is devised to convert a
human body surface into a surface that is more amenable to
high quality ultrasound imaging.

The present invention is a general method that relates to
development of materials disclosed in U.S. Pat. No. 5,902,
748 (May 1999) Madsen et al. as the invention of eye glasses
relates to development of clear glass. The present invention
relates to use of water filled stand-off devices as the devel-
opment of eye glasses relates to glass windows.

This invention can be described as a drum where one end
of the drum has a thin rubber sheet fastened to one end of the
cylindrical shell of the drum. The other end of the drum has
a sheet of Mylar drawn tightly over the other end. The
cylindrical shell of the drum is actually a tapered cylinder,
that is, a hollow cone. This forms a container that is filled
with attenuating fluid that attenuates at the same rate per cm
per MHz. as does the body part that is to be examined. The
rubber sheet conforms to the body part. The Mylar sheet
remains planar. A transducer operating outside the drum
through the Mylar sheet will produce the same signal
amplitude at the focus point regardless of its lateral position.
A coupling fluid efficiently transfers signals from the trans-
ducer to the Mylar sheet surface. This would be in a
container formed on the opposite side of the Mylar sheet.
Better control of the wavefront will be achieved by making
this coupling fluid an attenuating coupling fluid. This will
give a capability to move the transducer axially while still
maintaining the same power intensity at the focus point and
maintaining the quality of the focus.

Detailed features include a vacuum method to improve
adherence and coupling between human skin surfaces and
the rubber sheet and fluid pressure control. Both the Mylar
and the rubber sheet are thin such that they have no effect on
signal propagation.

An immediate system application involves a transducer
that is mechanically scanned. This system enables breast
imaging where a variety of breast sizes and shapes can be
accommodated. Mechanical scanning is facilitated by the
fairing surface formed by the taut Mylar sheet.

Another variation is a pre-compensating attenuating pad
that allows for variations in the fluid in which the transducer
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is immersed. Pre-compensation is an uneven way to control
attenuation because wavefronts are allowed to be uneven in
amplitude over different successive positions and this can
give rise to scattering effects.

Variations include use of conventional, hand held ultra-
sound transducers with fluid filled cushions that are thin
walled, rubber pouches that are filled from a reservoir or
with a syringe. In such cases, the fluid is an attenuating fluid
such as evaporated milk. Fluids vary to suit the applicable
tissue type. Fluids can be gels or other firm or solid materials
as desired.

Safety is improved over conventional water stand-off
methods since the power level transmitted can be kept at the
maximum level needed for deep penetration.

Other variations exclude the fairing function. These
include a fluid bath wherein both a transducer and a subject
of examination are immersed and the fluid is an attenuating
fluid that enables uniform amplitude wavefront.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The scope of the invention should be determined by the
appended claims and their legal equivalents and not by the
examples and variations given. Actual medical practice
would be expected to result in many variations of this
concept.

DRAWINGS

FIG. 1—an apparatus to compensate for tissue attenuation
effects that provides for fairing of irregular body surfaces
and mechanical operation.

FIG. 2—an attenuating safety stand-off with reservoir to
maintain attenuation fluid in stand-off pouch.

FIG. 3—an attenuating safety stand-off with capability to
be filled by syringe.

FIG. 4—an experiment set-up with a tissue mimicking
phantom in a tank.

The invented method guides the process of leveling the
effects of attenuation on wavefronts. From a radiating sur-
face 6 indicated in FIG. 1 to a focus point 18 in the same
FIG. 1 a set of many, evenly distributed paths can be drawn
that are called ray paths. The method is to insert materials
that may be solid or liquid in way of such ray paths so as to
cause uniform attenuation over all such ray paths. Certain
tapering of attenuation is also appropriate. The simplest way
to insert such material is to allow an attenuating fluid to fill
in uneven body terrain where the attenuating fluid is
matched in attenuation to the body attenuation.

A combination of a fairing surface, a conformal surface,
and special coupling fluid is devised to convert a human
body surface into a surface that is more amenable to high
quality ultrasound imaging, with an added benefit of safety.
In some forms, the fairing surface is established with a stiff
barrier surface. In the simpler forms, the fairing surface is
established by the shape of the transducer face in contact
with a flexible membrane. The special fluid couples energy
between body and transducer as well as matches the attenu-
ation of human tissue. This is useful where the body surface
is uneven or an angle not perpendicular to the skin is desired.
It also allows more freedom of movement in searching and
optimizing an image, though contact with the stand-off
device needs to be maintained.

The preferred embodiment is described here in reference
to FIG. 1. Askin surface 1 is in close contact with a thin latex
rubber sheet 2 which is sealed to a tapered container 4. Sides
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of tapered container 4 are tapered to accommodate large
aperture illumination. The rubber sheet 2 is shown confor-
mal to the skin 1 even though the body part is irregular as
might be a female breast. A Mylar sheet 5 is taut against the
opposite end of the tapered container 4. This tapered con-
tainer is filled with attenuating fluid 11 such as evaporated
milk. Materials would be derived from the body of
knowledge, that includes recipes of U.S. Pat. No. 5,625,137
(May 1999) Madsen et al., for making ultrasound phantoms.
A generic transducer 7 is immersed in a coupling fluid 22
contained in upper container 21 to a level 15, but the
coupling fluid can alternatively be an attenuating fluid like
the lower attenuating fluid 11. A transducer radiating surface
6 creates a wavefront that propagates toward and converges
at a point 18 subject to diffraction limitations. Wavefront
convergence is indicated by boundary line 3 along with a
like boundary on the opposite side. A pad 20 that represents
an attenuating material is used for pre-compensation for
coupling fluid 22 that does not attenuate, though it is not
needed for coupling fluid that attenuates. The same pad 20
alternately, or in combination with an attenuation function,
represents a refracting lens function that operates like cur-
vature and time delay methods to focus beams. The generic
transducer 7 moves laterally as indicated by double headed
arrow 8 and axially as indicated by double headed arrow 9.
A generic mechanism 14 to mechanically move the trans-
ducer is indicated without detail. A sealing device 10 stops
air leakage around the skin perimeter and also transfers
vacuum around that perimeter. This causes the attenuating
fluid to take the shape of the body part with only the thin
rubber sheet 2 as a barrier. The rubber sheet 2 is of thickness
that is less than one fourth wavelength for ultrasound in that
material so it is of negligible ultrasonic effect. The same rule
applies to the Mylar sheet 5. Attenuating fluid 11 is allowed
to freely transfer via tubing 12 between its container 4 and
the reservoir 13 where the reservoir is vented at the top to
atmospheric pressure.

The illustrated apparatus accomplishes the primary object
of this invention because all paths drawn from radiating
surface 6 and focus point 18 undergo the same attenuation
magnitude.

An added benefit is safety since the power intensity at
focal point 18 is the same for all lateral positions of the
transducer, in contrast to conventional coupling liquids that
do not attenuate. For a water coupling fluid, a An added
benefit is safety since the power intensity at focal point 18
is the same for all lateral positions of the transducer, in
contrast to conventional coupling liquids that do not attenu-
ate. For a water coupling fluid, very strong signal would
occur when the transducer 7 was in the position shown. An
added benefit is safety since the power intensity at focal
point 18 is the same for all lateral positions of the transducer,
in contrast to conventional coupling liquids that do not
attenuate. For a water coupling fluid, very strong signal
would occur when the transducer 7 was in the position
shown. An added benefit is safety since the power intensity
at focal point 18 is the same for all lateral positions of the
transducer, in contrast to conventional coupling liquids that
do not attenuate. For a water coupling fluid, very strong
signal would occur when the transducer 7 was in the position
shown. An added benefit is safety since the power intensity
at focal point 18 is the same for all lateral positions of the
transducer, in contrast to conventional coupling liquids that
do not attenuate. For a water coupling fluid, very strong
signal would occur when the transducer 7 was in the position
shown very strong signal would occur when the transducer
7 was in the position shown.
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Part of the purpose of this apparatus is to fair in the natural
body shape to create a smooth interface while maintaining
quality of focus and apparent sidelobe levels. Comfort to the
patient is provided by avoiding direct contact with fluid and
avoiding any significant pressures against the body. The
vacuum process is benign because the rubber sheet 2 is
compliant. The fairing effect of the Mylar sheet 5 means that
a larger breast will be slightly pressed down while a smaller
breast might not even reach the height of the Mylar sheet 3.
In either case, high resolution imaging would be maintained.

The transducer face 6 is shown with curvature that
matches a wavefront curvature that will focus at focus point
18. In cases where flat arrays are used and time delay is used
to form a wavefront, the attenuation of an attenuating fluid
22 in the upper container 21 will not be correct unless
signals from transducer elements are correctly adjusted. This
adjustment will vary with different locations of focal point
18 and it is part of the problem of beam steering in general.

The Mylar sheet can be stretched tight over more com-
plicated frames so as to better apply to some body parts. If
a frame is rectangular box, open at top and bottom, but two
opposite ends of the box are shaped as curved arches, then
the stretched Mylar surface will be curved in one dimension
and this surface will be like a section of a hollow cylinder.
Such design variations are suitable for operation with some
transducer designs.

A system design will utilize the methods, forms, and
materials described in FIG. 1 as needed for particular
applications.

A simplified variation is a hand held form as illustrated in
FIG. 2. Here a bladder device made of thin rubber, as
specified for the rubber sheet 2 of FIG. 1. This apparatus
retains the same reservoir 13 and tube 12 as before. The
reservoir elevation would be higher than the bladder device
16 to keep most fluid in the bladder 16. The transducer 7 is
now hand held and lateral motions 8 and axial motion 9 are
manually carried out. Operation of this arrangement is made
flexible because the amount of fluid in the pouch can vary so
that contact with the pouch will be maintained for a sub-
stantial range of axial motion of the transducer. If electronic
system settings are kept unchanged, the image frame can be
safely moved in the axial direction as needed and moving
across uneven body contours can be safely done.

The hand held method is again illustrated in FIG. 3. Here
the reservoir is eliminated and the bladder 16 is filled with
attenuating fluid through a rubber plug 17 with a syringe. A
particular form is implemented using Hitachi Part Number
EZU-WL1 with evaporated milk being the fluid that is
inserted with the syringe after any water therein is removed.
Use of this device as herein modified will prevent accidental
use of high intensity ultrasound when using it with a stand
off to see shallow features in the body. It will also assure that
all ray paths from the transducer face 6 to the focus point 18
are equally attenuated.

When a conventional ultrasound transducer such as illus-
trated in FIG. 2 or FIG. 3 is operated with its associated
electronic system the appropriate phase and amplitude con-
trol of signals is provided such that imaging is effective from
near the skin down to a particular depth. With the herein
disclosed device the same phase and amplitude control
would be maintained so the image frame would be displaced
to a shallower range of depths and part of the image frame
would thus be in the stand off fluid. This can result in
viewing in a more effective part of a frame, it can result in
the image frame accommodating irregular body surfaces,
and it can enable viewing at angles not perpendicular to the
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skin. Because water does not attenuate signals like body
tissue attenuates signals, image signals are not adequately
maintained over the aperture and image quality is degraded.

It is appropriate to provide an ultrasound conducting gel
to assure continuous contact with the skin. This is desirable,
even with the vacuum system in operation. Where this is a
thin layer, it is not necessary that this material be an
attenuating material. As operating frequencies increase, it
will be necessary to evaluate the degree of surface irregu-
larity and to utilize attenuating gel should attenuation lev-
eling be appropriate.

FIG. 4 illustrates an experimental arrangement that illus-
trates basic principles of the attenuation leveling method as
well as an embodiment of the invented apparatus. A glass
tank 31 contains a coupling fluid 32 and a transducer array
33 includes a plurality of vertical elements. A circle 34 is a
visualization aid to show how the array elements are
arranged to focus at a focus point 39 along a vertical line 38.
An abstract body part is depicted by the hemispherical
container 37 that is shown as a wire frame model that is
enclosed by a thin rubber surface that is the shape of the
frame. The body part is called a phantom and it is modeled
by filling the container 37 with fluid that acts like breast
tissue. The edge ray path 35 travels a shorter part of its route
through tissue than does the central ray path 36. By using
coupling fluid 32 that attenuates like tissue, both path
undergo the same attenuation. An attenuating coupling fluid
is formulated utilizing the same recipes that are disclosed for
making tissue mimicking phantoms as given in U.S. Pat. No.
5,902,748 (May 1999) Madsen et al. This coupling fluid
assures that the wavefront that is initially produced by the
array of transducers 33 is correctly maintained as it con-
verges to the focus point 39.

The herein disclosed method and apparatus have utility in
any field where attenuation of propagating signals modifies
the intensity distribution of signals over the surface of a
wavefront.

What is claimed is:

1. A sensing system for examining a subject, said sensing
system comprising

(a) a transducer device that operates in relation to propa-

gating wavefronts, and

(b) said propagating wavefronts propagate in a medium

that causes signal attenuation that variably attenuates
signals that are distributed over said wavefronts, and

(c) attenuation leveling material placed in the path of said

propagating wavefronts that compensates for variable
attenuation to control signal amplitude for said signals
that are distributed over a wavefront, and

(d) a fairing device placed in the path of said propagating

wavefronts that reduces uneven surfaces of said subject
of examination, and

(¢) a conforming surface placed in the path of said

propagating wavefronts that prevents direct contact of
a surface of said subject of examination and said
attenuation leveling material.

2. A sensing system according to claim 1 where said
wavefronts represent ultrasonic waves.

3. A sensing system according to claim 1 and a vacuum
device adapted to act on said conforming surface that
improves contact between said conforming surface and said
surface of said subject of examination.

4. A sensing system according to claim 1, and contact
enhancing gel coupled to said conforming surface that
improves transfer of ultrasonic wave signals between said
conforming surface and said surface of said subject of
examination.
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5. A sensing system according to claim 1 where said
attenuation leveling material is an attenuating fluid.

6. A sensing system according to claim 1 where said
attenuation leveling material is an attenuating fluid that has
low scattering properties.

7. A sensing system according to claim 1 where said
attenuation leveling material is an attenuating fluid having
properties such that magnitude of scattering does not add to
an effect of scattering of a tissue type being examined.

8. A sensing system according to claim 1 where said
attenuation leveling material is evaporated milk.

9. A sensing system according to claim 1 where said
attenuation leveling material is a gel.

10. A sensing system according to claim 1 where said
fairing device is a flat Mylar sheet.

11. A sensing system according to claim 1 where said
fairing device is a thin sheet of material stretched over a
frame so that it is shaped by said frame.

12. A sensing system according to claim 1 where said
conforming surface is a thin rubber sheet.

13. A sensing system according to claim 1 where said
system is adapted for focusing ultrasonic waves in breast
tissue.

14. A sensing system according to claim 1, where said
transducer device is adapted to operate within attenuating
fluid.

15. A sensing system according to claim 1, where said
transducer device is adapted to move in a direction that is
perpendicular to a line from said transducer device to said
subject of examination, and focused wave power intensity is
approximately unchanged.

16. A sensing system according to claim 1 where said
transducer device is adapted to move in a direction that is
parallel to a line from said transducer device to said subject
of examination, and focused wave power intensity is
approximately unchanged.

17. A sensing system according to claim 1 where said
attenuation leveling material has properties such that an
attenuation effect is achieved that is approximately the same
rate per cm per MHz as an attenuation effect in said subject
of examination.

18. An ultrasonic system comprising

(a) a transducer that operates in relation to waves in a

subject material, where said waves are related to said
transducer through a medium by propagation through
said medium, where said propagation is described by
wavefronts that travel between said transducer and
points in said subject material, where signals that are
distributed over a wavefront have relative magnitude
that conforms to an amplitude distribution function,
where effectiveness of system operations depends on
propagation where such signal distributions do not
deviate from desired amplitude distribution functions,
and

(c) a conforming arrangement of different materials that

implements said medium to enable said propagation,
where said different materials include a coupling mate-
rial where said coupling material intervenes between
said transducer and said subject material, and where
said conforming arrangement causes path length varia-
tions in said subject material such that, for a said
coupling material that does not attenuate, said path
length variations would cause deviation from a desired
amplitude distribution function, and

(d) said coupling material having an attenuation effect

such that said coupling material is an attenuation lev-
eling material, where said leveling attenuation effect
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matches an attenuation effect of said subject material so
as to provide approximately uniform attenuation in said
medium such that significant deviation from said
desired amplitude distribution functions is prevented.

19. An ultrasonic system according to claim 18 where said
attenuation leveling material is a coupling fluid, and fluid
properties of said coupling fluid allow said transducer to be
moved, and said transducer continues to effectively operate
in relation to said waves in a subject material.

20. An ultrasonic system according to claim 18 where said
transducer is adapted to move to change position of said
waves in a subject material to cause said wavefronts, and
said desired amplitude distribution functions apply to said
varied wavefronts.

21. An ultrasonic system according to claim 18 where said
leveling rate of said attenuative leveling material is such that
it attenuates at approximately the same rate per cm per MHz
as said attenuation effect in said subject material.

22. An ultrasonic system according to claim 18 where said
desired amplitude distribution functions are constant valued
functions.

23. An ultrasonic system according to claim 18 where said
waves In a subject material are focused in said subject
material.

24. An ultrasonic system according to claim 18 and a
conforming barrier coupled to said attenuation leveling
material to isolate said attenuation leveling material from a
surface of said subject material.

25. An ultrasonic system according to claim 18 where said
attenuation leveling material is a coupling fluid that con-
forms to said subject material, and a conforming barrier
coupled to said coupling fluid to isolate said coupling fluid
from a surface of said subject material, and contact enhanc-
ing gel coupled to said conforming barrier that improves
transfer of ultrasonic wave signals between said conforming
barrier and said surface of said subject material.

26. An ultrasonic system according to claim 18 where said
transducer adapted to move in a direction that is approxi-
mately perpendicular to a line between said transducer said
subject material, and said waves have a power intensity at a
focus point that is approximately constant.

27. An ultrasonic system according to claim 18 where said
transducer adapted to move in a direction that is approxi-
mately parallel to a line between said transducer and said
subject material, and said waves have a power intensity that
is approximately constant.

28. An ultrasonic system according to claim 18 where said
transducer is adapted to move change position of said waves
in a subject material to cause said wavefronts, to vary and
said desired amplitude distribution functions apply to said
varied wavefronts where said desired amplitude distribution
functions cause a system response that includes a relative
sidelobe response of said system, where said relative side-
lobe response is the ratio of a sidelobe response to a focused
response, and said desired amplitude distribution functions
are formulated to cause said relative sidelobe response to be
lower than a relative sidelobe response for amplitude dis-
tribution functions that are uniform.

29. An ultrasonic system according to claim 18 wherein
said subject material comprises a tissue mimicking phantom.

30. An ultrasonic system according to claim 18 wherein
said system is adapted to operate as a research apparatus to
measure a transducer function.

31. An ultrasonic system according to claim 18 and a
fairing surface placed in the path of said wavefronts where
said fairing surface modifies said shape of said subject
material.
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32. An ultrasonic system according to claim 18 wherein
said conforming arrangement comprises a conforming sur-
face to isolate said attenuation leveling material from a
surface of said subject material, and a said system further
comprises a vacuum device to cause said conforming sur-
face to come in close contact with said subject material.

33. An ultrasonic system according to claim 18 that
adapted to focus wave signals in human subjects.

34. An ultrasonic system according to claim 18 that
adapted to focus wave signals in animal subjects.

35. An ultrasonic system according to claim 18 where said
conforming arrangement attenuation leveling material is
adapted to be confined within a container such that said
subject material may be immersed in said container.

36. An ultrasonic stand-off pad that couples wave signals
between a transducer and a body to be examined, and said
stand-off pad being adapted to conform to a surface of said
transducer and to conform to a surface of said body to be
examined thereby defining conforming surfaces of said pad,
where said body to be examined attenuates said wave
signals, and said wave signals are defined by respective
wavefronts, where signals are distributed over a wavefront,
where said stand-off pad contains attenuating material hav-
ing attenuation that approximately matches attenuation of
said body to be examined, such that significant uneven
attenuation of signals that are distributed over a respective
wavefront is prevented.

37. An ultrasonic stand-off pad according to claim 36
where said attenuating material attenuates at a rate in dB per
cm per MHz, and said body to be examined attenuates at a
rate in dB per cm per MHz, and these rates are approxi-
mately equal.

38. An ultrasonic stand-off pad according to claim 36
where said stand-off pad is adapted to cause signals that are
distributed over wavefronts to be in conformance with an
intended amplitude distribution function that is pre-
determined.

39. An ultrasonic stand-off pad according to claim 36
where said stand-off pad is adapted to conform for shallow
operation and deep operation of ultrasonic equipment, and
attenuation of said pad is selected to enable safe said shallow
operation of ultrasonic equipment at a transmitted power
level that is the same as a transmitted power level needed for
said deep operation.

40. An ultrasonic stand-off pad according to claim 36
where said pad is a container that contains attenuating
material that is a fluid.

41. An ultrasonic stand-off pad according to claim 36
where said pad is a container that contains evaporated milk.

42. An ultrasonic stand-off pad according to claim 36
where said pad is a container that is equipped with a port that
enables filling with a syringe.

43. An ultrasonic stand-off pad according to claim 36
where said pad is a container that is connected to a reservoir
by a tube so that attenuating fluid can allow volume of said
pad to vary.

44. An ultrasonic stand-off pad according to claim 36 and
a vacuum device coupled to said pad and adapted to assure
close contact of said stand-off pad with a surface to which
it must conform.

45. An ultrasonic stand-off pad according to claim 36
where said transducer is adapted to operate at an angle not
perpendicular to said surface of said body to be examined,
and flexibility of said stand-off pad is selected to enable it to
continue to conform as specified.

46. An ultrasonic stand-off pad according to claim 36
where said transducer is adapted to operate in relation to an
uneven surface of said body to be examined.
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47. An ultrasonic stand-off pad according to claim 36
wherein said standoff pad is adapted to enable movement of
a focus point within said body to be examined.

48. An ultrasonic stand-off pad according to claim 36 and
coupling gel coupled to at least one of said conforming
surfaces to improve signal transfer between said conforming
surfaces.

49. An ultrasonic stand-off pad according to claim 36
where said pad is a container made of thin, rubber-like
material.
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50. An ultrasonic stand-off pad according to claim 36
where said pad is an attenuating gel having sufficient vis-
cosity that it remains between a transducer and skin of a
subject and conforms to surfaces thereof.

51. An ultrasonic stand-off pad according to claim 36
where said pad is adapted to focus quality as a focus point
is moved within said body to be examined.

w0k ok k%



patsnap

TREBHR(OF) ATSHEFREENRRETFEMEE
DF(RE)F US6485420 DF(E)A 2002-11-26
BiES Us09/707574 RiFH 2000-11-07

FRIEFE(EFR)AGR)  HAIETJAMESK
(BRI AGE) HRETJAMES K.

HETRFERI)AGE) HREIAMES K.

[#R1 &% BB A BULLIS JAMES K
KA BULLIS, JAMES K.
IPCHEF A61B8/00
CPCH¥EF A61B8/4281 A61B8/4483
SNEBEEE Espacenet USPTO
RE(R) | _—21
BERREEN A ETURNEBE N GERENBREHEH EHNES ~- 15
BEE. EREFATERREEITANKRERENRSE , XASH ‘\/—ré\ﬂ»
THANERBBL. R4 T AT 1255 MFF 38R A PR Z A RN .
B, EANERIOE B GRS RGN B I IR AR T 9
B, ZRESESEESHEMNATERE , HATHLEAERR ] 8
MREZEM, CESEBRRERE , THERBESENTR , UES 2 :176 s
HRE. EARESFEXEREMIAREE. e—e——[ 0y
s 7 5
\\\\ l’,' L
A 3 n
\\ ’/' 2
N4 10
18 \
RV


https://share-analytics.zhihuiya.com/view/6444f78f-598a-4427-ab01-97faee4de446
https://worldwide.espacenet.com/patent/search/family/024842245/publication/US6485420B1?q=US6485420B1
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6485420.PN.&OS=PN/6485420&RS=PN/6485420

