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VISUAL IMAGING SYSTEM FOR
ULTRASONIC PROBE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/554,272, entitled “VISUAL IMAGING
SYSTEM FOR ULTRASONIC PROBE,” filed on Oct. 30,
2006, which was a continuation-in-part application of U.S.
patent application Ser. No. 10/358,110, entitled “VISUAL
IMAGING SYSTEM FOR ULTRASONIC PROBE.,” filed
onFeb. 4, 2003, issued as U.S. Pat. No. 7,142,905 on Nov. 28,
2006, which was a continuation application of U.S. patent
application Ser. No. 09/750,816, entitled “VISUAL IMAG-
ING SYSTEM FOR ULTRASONIC PROBE,” filed on Dec.
28, 2000, issued as U.S. Pat. No. 6,540,679 on Apr. 1, 2003,
both incorporated herein by reference.

FIELD OF THE INVENTION

This invention generally relates to a non-invasive ultra-
sonic system, and more particularly, to a system which is
capable of generating ultrasonic imaging data and informa-
tion related to the positioning of a transducer during medical
treatment and diagnosis.

BACKGROUND OF THE INVENTION

There are a number of well known non-invasive imaging
techniques for the diagnosis and treatment of patients. These
techniques generally allow a physician to obtain high fidelity
views of the human anatomic structure without the advent of
invasive procedures. Such imaging systems which provide a
cross-sectional (tomographic) view of the human body
include computer-aided tomography (CAT scans) x-ray
imagers, magnetic resonance (MRI) imagers, positron emis-
sion tomographic scanning (PET), and magnetoencephoto-
graphic scanning (MEG). Typically, when a patient is
scanned using one of these conventional cross-sectional
imaging techniques, the patient’s entire body or limb is
imaged or mapped and the resulting anatomic topology is
stored in an imaging database for later use.

While CAT scans, MRI’s, PET’s, and MEG’s allow imag-
ing of the entire body or entire limb requiring treatment,
ultrasonic hand-held transducers are generally used to obtain
a more localized image of a treatment area. In general, the
hand-held transducer contains an imaging element which
includes an ultrasonic sensor for placing in contact with the
patient’s skin. During operation, the imaging element of the
transducer sends ultrasonic waves from the transducer into
the patient’s body to the region of interest, and scattered
waves reflected from the region of interest within the body are
collected by an ultrasonic sensor within the transducer. The
resulting electrical signals can then be processed to produce
an image corresponding to the structure imaged by the trans-
ducer.

Many imaging systems, such as, those described above,
include a feature that allows the operator to indicate the
source or location of the scanned image. In particular, the
operator makes use of a model pattern representing the human
body. In marking the location of the recorded image, the
operator places a specially configured cursor representing the
image plane of the scanning device over a model pattern to
illustrate the imaging plane’s orientation with respect to the
patient’s body.
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For hand-held transducers, however, any movement of the
transducer’s orientation with respect to the patient’s body
changes the orientation of the imaging plane. This change in
the imaging plane thereby requires the operator to readjust the
specially configured cursor with respect to the model pattern.
As a consequence, if the patient’s body shifts between taking
images, or if the transducer must be repositioned after imag-
ing, it is often difficult to recapture the prior image location.

Moreover, an additional problem associated with the afore-
mentioned scanning techniques is that each imaging process
is particular to a patient, and thus sensitive to the patient’s
position with respect to the imaging device. Therefore, each
set of images has a discrete, unique orientation related to a
single patient resulting from a single scanning session.
Because of their unique or distinct features, images formed at
different times, or from different vantage points, cannot be
suitably compared on a point-by-point basis. This prevents an
accurate comparison of the scanning regions from one scan-
ning session to another, and from one patient to another. Such
a comparison would be desirable in cases where the practi-
tioner wishes to accurately compare scanned images from a
healthy patient to the images of the patient undergoing the
treatment, or where a practitioner wants to assess the respon-
siveness or improvements of a patient to a particular treat-
ment. When such a comparison is desired, a system which
enables the practitioner to place a transducer or other medical
device in a prior imaging position would be tremendously
beneficial.

Prior art systems for aiding or guiding the positioning of
medical devices are generally cumbersome and complex. For
example, U.S. Pat. No. 5,748,767 issued to Raab discloses a
method for aiding a medical practitioner in the re-positioning
of'a surgical tool in a prior location, such as when the patient
has moved. This re-positioning of the apparatus is accom-
plished by providing a correlation between the coordinates of
the pre-treatment image and the image acquired during the
treatment procedure. In addition, Raab necessarily requires
the use of an apparatus which can transpose the imaging
information from the reference system of the imaging system
to the reference system of the apparatus. The system dis-
closed in Raab provides a method to enable the surgical tool
to be positioned and re-positioned in relatively the same posi-
tion with an acceptable accuracy by coordinating the pre-
treatment and treatment reference systems.

During operation of the Raab system, the pre-treatment and
treatment coordinates are continually calculated with respect
to a specially designed reference block attached to an elec-
trogoniometer. The electrogoniometer is further used to
determine the orientation of the instruments used in the treat-
ment process. This system, however, uses a mechanical link-
age for maintaining the surgical tool in a fixed relationship
with the reference block. Such machinations of the probing
process creates a system that is relatively cumbersome for the
practitioner using a hand-held transducer.

An additional problem with existing systems is found in the
difficulty with which a prior imaging plane can be recaptured
for comparison purposes, a problem which becomes even
more significant with the use of hand-held transducer. For
example, in one therapeutic application using a hand-held
transducer, the objective of the treatment is to create a very
well-placed thermal gradient in the treatment area to selec-
tively destroy certain regions thereof. An example of this is
the hypothermia technique wherein a temperature near about
43 degrees Celsius is required to be maintained in the specific
treatment area, or the focused ultrasound surgery technique
which has a goal of elevating the treatment area temperature
to above and beyond 55 degrees Celsius. During the thera-
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peutic treatment process, the physiological response of the
target tissue is directly related to the spatial extent and tem-
poral duration of the heating pattern. Consequently, in order
to appropriately perform feedback and control of the thera-
peutic treatment process, it is absolutely essential to control
the temperature in the target tissue so as to know whether or
not the temperature in the treatment region has been raised to
a level that produces a desired therapeutic effect or the
destruction of the tissue. Moreover, as with the hypothermia
and focused ultrasound surgery techniques, and any other
technique whereby the success of the therapy must be evalu-
ated from one treatment session to the next, it is critical to be
able to accurately image the treatment area undergoing treat-
ment for comparison to subsequent treatment sessions.

Another method for enabling a particular image to be
recaptured from one session to the next may be accomplished
by using a three-dimensional coordinate system that is fixed
within a human anatomy. For example, U.S. Pat. No. 5,230,
338 issued to Allen et al. discloses a method for interactively
guiding a surgical tool, wherein three or more fiducial
implants are implanted in three separate, spaced locations
within the human body. With the Allen method, the three
fiducial implants are arranged in a non-collinear manner such
that a plane is formed which defines a three dimensional
coordinate system. Once the external coordinate system is
established, a scan of the treatment area is performed. During
subsequent scans, the patient’s orientation may change rela-
tive to the imaging apparatus, but the new orientation of the
patient can be measured by locating the fiducial implants in
relation to the imaging apparatus. In this manner, the images
of subsequent scans of a patient relating to a new position or
orientation can be configured to correspond to the earlier
recorded scans for comparison. A disadvantage inherent in
the Allen system, however, is that the fiducial implants remain
implanted in the patient between imaging session. In addi-
tion, the Allen system does not facilitate the scanning or
diagnosis of other patients, but only operates effectively for
the same patient.

As described above, several prior art techniques exist for
monitoring and recording the position of tools used in the
diagnosis and treatment of patients, or for recapturing an
image scanned in a prior scanning session. Generally, these
techniques are complex as in the U.S. Pat. No. 5,748,767
issued to Raab, or are limited in their use, as in U.S. Pat. No.
5,230,338 issued to Allen et al. That is, use of such techniques
essentially requires the implementation of cumbersome
equipment, such as an electrogoniometer and reference
block, or requires that elements of the system remain with the
patient between scans, such as the implants in Allen. In that
regard, such methods are inadequate for medical specialist
who desire a simpler and less cumbersome manner to record
a tool position or orientation which correlates with a prior
image, to facilitate the return to the precise location of the
prior treatment in that patient or, alternatively, a second
patient undergoing similar treatment.

Thus, a need exists for a less cumbersome and easy to use
system capable of monitoring and recording the position of a
transducer to facilitate the desired-positioning of the trans-
ducer within a treatment area.

SUMMARY OF THE INVENTION

A visual imaging system in accordance with the present
invention overcomes various problems of the prior art. In
accordance with various aspects of the present invention, a
non-invasive visual imaging system is provided, wherein the
imaging system procures an image of a transducer position
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during diagnostic or therapeutic treatment. The visual imag-
ing system may comprise a laser, an LED, a photodiode, or
any other light sensor or emitter devices, or any combinations
thereof, for capturing visual information regarding the posi-
tion of the transducer during diagnostic or therapeutic treat-
ment. In addition, the system suitably provides for the trans-
ducer to capture patient information, such as acoustic,
temperature, or ultrasonic images. For example, an ultrasonic
image captured by the transducer can be correlated or other-
wise fused or combined with the corresponding positional
transducer image, such that the corresponding images repre-
sent not only the location of the transducer with respect to the
patient, but also the ultrasonic image of the region of interest
being scanned.

Inaccordance with another aspect of the present invention,
the imaging system can comprise a positioning indicator
located within the transducer which can facilitate the deter-
mination of the position and/or orientation of the transducer
with respect to the patient. In addition, this positioning infor-
mation can be utilized to suitably scale the ultrasonic image of
the treatment region to correspond with the positional image
of the patient to provide a fused image.

Further, in accordance with another aspect of the present
invention, a system is provided wherein the information relat-
ing to the transducer position on a single patient may be used
to capture similar imaging planes on the same patient, or with
subsequent patients. This information captured may also be
utilized for training purposes.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
may be derived by referring to the various exemplary embodi-
ments of the present invention which are described in con-
junction with the appended drawing figures in which like
numerals denote like elements, and in which:

FIG. 1illustrates a block diagram of an exemplary embodi-
ment in accordance with the present invention;

FIG. 2 illustrates a block diagram of another exemplary
embodiment in accordance with the present invention;

FIG. 3 illustrates an exemplary embodiment of a probe
assembly in accordance with the present invention;

FIGS. 4A-4F illustrate an exemplary embodiment of an
attachment device in accordance with the present invention;

FIG. 5 illustrates another exemplary embodiment of a
probe assembly in accordance with the present invention;

FIG. 6 illustrates an exemplary embodiment of the visual
imaging system in operation in accordance with the present
invention;

FIG. 7 illustrates an exemplary combined image capable of
being shown on the display screen in accordance with the
present invention;

FIG. 8 illustrates another exemplary combined image
capable of being shown on the display screen in accordance
with the present invention;

FIG. 9 illustrates yet another exemplary combined image
capable of being shown on the display screen in accordance
with the present invention; and

FIG. 10 illustrates an exemplary embodiment of the visual
imaging system in operation as may be displayed in accor-
dance with the present invention.

DETAILED DESCRIPTION OF VARIOUS
EXEMPLARY EMBODIMENTS

The present invention may be described herein in terms of
various components and processing steps. It should be appre-
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ciated that such components and steps may be realized by any
number of hardware components configured to perform the
specified functions. For example, the present invention may
employ various medical treatment devices, visual imaging
and display devices, input terminals and the like, which may
carry out a variety of functions under the control of one or
more control systems or other control devices. In addition,
those skilled in the art will appreciate that the present inven-
tion may be practiced in any number of medical contexts and
that the exemplary embodiment relating to an ultrasonic
transducer as described herein is merely one exemplary appli-
cation for the invention. For example, the principles, features
and methods discussed may be applied to any medical appli-
cation. Further, various aspects of the present invention may
be suitably applied to other industrial, manufacturing or engi-
neering applications, such as the inspection of materials such
as steel, plastics, concrete or wood.

In accordance with one aspect of the present invention, a
medical treatment and diagnosis system comprises a visual
imaging system suitably configured with a probe assembly to
facilitate the accurate and consistent placement of the probe
assembly during treatment and diagnosis of a patient. The
probe system can be suitably configured to perform any of
various functions, such as the obtaining of information relat-
ing to a region of interest of the patient, and/or the providing
of therapeutic treatment of the region of interest. In addition,
the probe system can comprise various medical devices, such
as transducers for imaging, heating or temperature measure-
ment, audio devices, or any other device for obtaining patient
information.

The visual imaging system is suitably configured to pro-
vide information relating to the position of the probe system
with respect to the patient, or the region of interest. This
information can include various forms, such as, for example,
video or photographic images, or graphical representations,
relating to the position of the probe system during operation.
Moreover, the visual imaging system can comprise various
components, such as video or other like imaging devices. In
addition, the visual imaging can be configured directly
within, or connected to, the probe system to facilitate the
identification of the positional information of the probe sys-
tem during its use.

In accordance with another aspect of the present invention,
the visual imaging system is suitably configured to provide
information relating to the position of the probe system to a
control system for further assessment and recommendations.
In accordance with this aspect, the control system is config-
ured to receive imaging information from the visual imaging
system and patient information from the probe system and
suitably correlate both components of information to provide
various advantages to the medical practitioner. For example,
the control system can provide information which facilitates
the positioning of the probe system during use. This informa-
tion could be a reference position of the probe system from a
prior use of the probe with a particular patient, or from other
patients. In addition, the control system could provide infor-
mation directing the probe system to a specific position of the
patient to observe or treat a particular region of interest for
that patient. Further, this imaging information can be suitably
utilized for the training of medical practitioners.

To further explain in more detail various aspects of the
present invention, exemplary embodiments of a visual imag-
ing system as used with a control system and an ultrasonic
probe system will be provided. However, it should be noted
that the following exemplary embodiments are for illustrative
purposes, and that the present invention can comprise various
other configurations for a medical treatment and diagnostic
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system. In addition, although not illustrated in the drawing
figures, the medical treatment and diagnostic system can
further include components associated with a therapy or diag-
nostic system, such as any required power sources, system
control electronics or additional memory locations.

With reference to FIG. 1, an exemplary embodiment of a
medical treatment and diagnostic system in accordance with
the present invention is shown. In accordance with this
embodiment, the system comprises a probe assembly 118 and
acontrol system 100. Probe assembly 118 suitably comprises
a transducer 102 for rendering localized diagnosis and treat-
ment of patients and a visual imaging system 116 for trans-
mitting information to control system 100 relating to the
position and/or orientation of transducer 102 with respect to
the patient. Transducer 102 may comprise any conventional
type of transducer used by practitioners in the diagnosis or
treatment of patients. Preferably, transducer 102 comprises
an ultrasonic transducer configured to provide various fea-
tures. For example, transducer 102 can include a visual imag-
ing element capable of imaging a patient’s treatment region.
Transducer 102 can also be configured for recording or mea-
suring acoustic or temperature data and for transmitting the
acoustic or temperature data to the control unit 100 via com-
munications channel 104. Further, transducer 102 can be
suitably configured to providing therapeutic treatment to the
region of interest. In accordance with an exemplary embodi-
ment, transducer 102 can comprise a combined imaging,
therapy, and temperature measurement transducer, as dis-
closed more fully in U.S. Pat. No. 6,050,943, entitled IMAG-
ING, THERAPY AND TEMPERATURE MONITORING
ULTRASONIC SYSTEM and issued on Apr. 18, 2000, as
well as a three-dimensional ultrasonic image as disclosed
more fully in U.S. patent application Ser. No. 09/502,174,
now U.S. Pat. No. 6,500,121, entitled IMAGING,
THERAPY AND TEMPERATURE MONITORING
ULTRASONIC SYSTEM, both hereby incorporated herein
by reference.

Visual imaging system 116 may comprise any conven-
tional device capable of capturing visual information relating
to the position and/or orientation of transducer 102 and for
transmitting the information to control device 100, via such as
signal cable 120. For example, imaging system 116 can com-
prise a video camera for capturing real-time or substantially-
real-time visual information. Visual imaging system 116 can
also comprise a photographic camera for providing still-pho-
tos representative of the position and/or orientation of trans-
ducer 102. In other embodiments, the visual imaging system
116 may comprise one of a laser, an LED, a photodiode, or
any other light sensor or emitter devices, or any combinations
of'suchlasers, LEDs, photodiodes, or any other light sensor or
emitter devices, for capturing visual information.

In addition, visual imaging system 116 can be suitably
connected to transducer 102 to follow the movement of trans-
ducer 102 during operation. As a result, a transducer 102
moves about the patient, visual imaging system 116 can suit-
ably follow along in real-time. This connection can be facili-
tated by various devices and in various manners. In addition,
visual imaging system 116 can be permanently or removeably
attached to transducer 102. Further, the position and/or ori-
entation of visual imaging system 116 with respect to trans-
ducer 102 can be suitably configured in various manners, as
will be described in more detail below. As a result, the posi-
tional and/or orientation information of transducer 102 can be
correlated with any imaging, acoustic or temperature mea-
surements obtained by transducer 102.

Control system 100 is configured to control the operation
of probe assembly 118, including the receiving of informa-
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tion from probe assembly, such as from transducer 102 and
imaging system 116. In addition, control system 100 can be
configured to process the information collected from trans-
ducer 102 and imaging system 116. From this processed
information, control system 100 can provide various types of
information to the medical practitioner.

For example, control system 100 can indicate to the prac-
titioner a desired position and/or orientation of transducer
102 based on the prior use of probe assembly 118 with the
present patient being observed. In addition, control system
100 can also provide information based on use of probe
assembly 118 for other patients. Moreover, control system
100 can include a historical database of previous applications
of probe assembly 118. This database can provide position
and/or orientation information for a particular region of inter-
est, and can be utilized for further review and diagnosis of the
patient, as well as being used for training of medical practi-
tioners.

Control system 100 can comprise various hardware con-
figurations. In accordance with an exemplary embodiment,
control system 100 comprises a memory unit 106, a central
processing unit 108, and a display device 110. The memory
unit 106 of control system 100 may be of any conventional
type capable of storing a plurality of data and software pro-
grams, including video, audio, numerical or statistical data.
Memory unit 106 is suitably configured to provide memory
locations for storing various items of data to be directly or
indirectly input to, or directly or indirectly output from, con-
trol system 100. Memory unit 106 can also comprise a con-
ventional database for the storage of a plurality of data and
software programs, including video, audio, numerical or sta-
tistical data. For example, video streaming of the positional
imaging information and ultrasonic imaging information of
transducer 102 during operation may be suitably stored, such
as a segment of a couple seconds, minutes or longer, or even
still segments of information.

Memory unit 106 can be connected to central processing
unit 108 in any conventional manner, such as, for example,
through a bus 114. Central processing unit 108 is configured
for receiving and decoding incoming instructions, executing
commands, and manipulating data stored in memory unit
106. Central processing unit 108 may also be configured to
receive instructions from an input device 112, such as any
conventional type keyboard, for example, a touch-type or
touch entry keyboard. The instructions from the input device
112 may further require the central processing unit 108 to
retrieve data or software programs stored in memory unit 106.
Central processing unit 108 is further capable of executing
computer software programs and sending the processed
information to display device 110.

Central processing unit 108 may comprise various soft-
ware algorithnis configured for correlating, fusing or other-
wise combining acoustic, thermal, or ultrasonic imaging
information from transducer 102 with the positional and/or
orientation information from imaging device 116. For
example, in accordance with an exemplary embodiment, and
with momentary reference to FIGS. 7-10, the software algo-
rithmis can be configured to provide a combined image
wherein the positional image of transducer 102 can be suit-
ably displayed with the ultrasonic image of the patient to
provide a “fused” image. In addition, such a fused or com-
bined image can be suitably scaled to as to appear to provide
a cross-sectional view of the patient and treatment region
during operation of transducer 102.

Display device 110 suitably comprises any display for
providing at least one of video, audio, graphical data or
images. Display device 110 may be a component of control
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system 100, or display device 110 may be a separate device
from control system 100, for example as is depicted in FIG. 2.
Where display device 110 is apart from control system 100 as
in FIG. 2, display device 110 can be connected to the control
system 100 via communications channel 204. Further, dis-
play device 110 may also be of any conventional type capable
of displaying data input through input device 112, stored in
memory unit 106, or processed through processing unit 108.
For example, display device 110 is capable of displaying
video and ultrasonic images in simultaneous or singular fash-
ion, for example, a fused image or separate images of the
position of transducer 102 and the ultrasonic image of the
patient.

Referring now to FIG. 3, an exemplary embodiment of
probe assembly 118 is illustrated. In accordance with this
embodiment, transducer 102 further includes a transducer
imaging element 306 encased within a transducer housing
304. Transducer imaging element suitably comprises a ultra-
sonic transducer element configured for sending ultrasonic
signals to a region of interest and then suitably receiving
signals to provide an ultrasonic image of the region of inter-
est.

Visual imaging device 116, such as a video camera, can be
suitably attached or connected to transducer 102 by various
manners. For example, to connect imaging device 116 and
transducer 102, an arm member 122 can be provided. Arm
member 122 may be any configuration of attachment struc-
ture, and may comprise various materials, for example, plas-
tics, metals or other like materials. In accordance with one
embodiment, arm member 122 is adjustable. In this embodi-
ment, arm member 122 can be suitably configured for moving
with relative freedom to enable imaging device 116 to be
suitably stationed in various positions with respect to trans-
ducer 102, i.e., the arm member can position imaging device
116 in various fixed positions with respect to transducer 102
to provide multiple views of transducer 102 with respect to
the patient. For example, arm member can comprise a section
of flexible conduit, such as that utilized in various adjustable
lighting systems. Thus, arm member 122 can be suitably
positioned, and/or re-positioned as desired by the medical
practitioner. However, arm member 122 can also comprise a
rigid or substantially rigid member configured to maintain a
more permanent position of imaging device 116 relative to
transducer 102. Accordingly, arm member 122 suitably facili-
tates the procurement of images relating to the position of the
transducer 102 from imaging device 116 by providing a fixed
position of imaging device 116 with respect to transducer 102
during operation.

Arm member 122, and thus visual imaging system 116 can
be suitably attached or connected to transducer 102 in various
manners. For example, transducer 102 can suitably include an
attachment device 302. Attachnient device 302 can be perma-
nently or removeably affixed to transducer 102 such that
when affixed, attachment device 302 is in continuous contact
with the transducer housing 304 In addition, attachment
device 302 can provide for the fixed connection of arm mem-
ber 122 to transducer 102. Attachment device 302 can also
comprise any material, for example, plastics, metals, wood
and the like, and any configuration, for example, clamps,
clips, clasps and the like, for facilitating connection or attach-
ment of arm member 122 to transducer 102.

With momentary reference to FIGS. 4A through 4F, vari-
ous perspective, top, bottom and side views of an exemplary
attachment device 302 are illustrated. In this embodiment, the
attachment device 302 comprises a clip 402. As shown, clip
402 is suitably designed as to be capable of being securely
attached to transducer housing 304. In addition, the inner
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contour 400 of clip 402 is preferably shaped to the outer
contour of transducer housing 304 such that once clip 402 is
firmly attached to transducer housing 304, the position of clip
402, relative to transducer housing 304, is substantially fixed.
As aresultofattachment device 302 and arm member 122, the
visual image transmitted by imaging device 116 can follow in
a direct correlation to the movement and position of trans-
ducer 102.

Although FIG. 4 depicts a clip 402 wherein the clip is
formed to fit securely and immobile to a transducer housing,
it should be noted that clip 402 is not so limited. That is,
imaging device 116 and arm member 122 may be affixed to
the transducer housing 304 using any conventional mecha-
nism which ensures that once arm member 122 is held sub-
stantially rigid or fixed, then the spatial relationship between
imaging device 116 and transducer 102 remains substantially
fixed. Accordingly, attachment device 302 may comprise any
assembly or arrangement such that the attached components
are rendered relatively fixed with respect to one another.

Although an attachment device 302 can facilitate attach-
ment of arm member 122 to transducer 102, other methods
and devices for connecting the components together can be
utilized. For example, arm member 122 and transducer 304
can be suitably configured for integration of arm member 122
directly into transducer 102. With reference to FIG. 5, another
exemplary embodiment of probe assembly 118 is illustrated.
In accordance with this embodiment, a transducer 502,
including a transducer housing 504 and transducer imaging
element 506 are provided. In addition, an arm member 522 is
suitably integrated into transducer housing 504. Further, this
exemplary embodiment of the probe assembly 118 includes
imaging device 516 attached to transducer 502 via arm mem-
ber 522. It should be noted that transducer 502, imaging
device 516 and arm member 522 are similar in characteristics
and operation to transducer 102, visual imaging device 116
and arm member 122 described above. In addition, probe
assembly 118 includes a transducer cable 520 which is
capable of transmitting data from transducer sensor 506 and
visual images from imaging device 516 to control unit 100.

In accordance with another aspect of the present invention,
probe assembly 108 may be configured to provide a fused
image for display which is representative of the combining of
the position and/or orientation information of transducer 102
and the ultrasonic imaging information of the treatment
region. This fusing of images can be suitably provided by
software algorithms within control system 100. While this
fusing of images can be readily provided once the orientation
and position of transducer 102 is known, once transducer 102
is moved or tilted such that the angle of scan or the geometry
of transducer 102 with respect to the patient changes, the
scaling of the ultrasonic imaging information needs to be
reconfigured.

To further facilitate the providing of a fused image which
represents an image similar to a cross-sectional view of trans-
ducer 102 and patient, for example, as illustrated in FIGS.
7-10, transducer 102 can be configured with a positioning
indicator. With reference to FIG. 3, an exemplary positioning
indicator 308 is illustrated.

In accordance with this exemplary embodiment, position-
ing indicator 308 comprises a series of marks which are
suitably configured to facilitate the determination and assess-
ment of the positional and/or orientation information of trans-
ducer 102 with respect to the patient. Positioning indicator
308 is suitably configured to permit control system 100 to
suitably correlate the geometry, i.e., position and orientation,
of transducer 102 to the geometry of a corresponding ultra-
sonic image of the treatment region. For example, positioning
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indicator 308 can comprise triangulation marks, i.e., three
marks configured in a triangular manner, configured at known
distances apart to permit the software algorithm of central
processing unit 108 to assess and determine the orientation
and geometry of transducer 102 during operation.

For example, transducer 102 can include three cross-like
triangulation marks, 1 mm in length, separated by fixed dis-
tances, e.g., 3 to 10 mm or more apart, that can provide the
software with a reference point for the orientation of trans-
ducer 102. In addition, by knowing the fixed distances of the
triangulation marks, the software within central processing
unit 108 can determine the position and distance of imaging
device 116 with respect to transducer 102. Thus, as transducer
102 changes the angle of scan or otherwise the orientation
with respect to the region of interest, the software within
central processing unit 108 can suitably follow these changes
in orientation and position. Accordingly, by knowing the ori-
entation and geometry of transducer 102 with respect to the
patient, positional and/or orientation information and ultra-
sonic imaging information can be suitably fused into a com-
bined image. In addition, the respective positional and/or
orientation information and ultrasonic imaging information
can be suitably scaled by the software algorithm to provide an
image similar to a cross-sectional view of transducer and
treatment region, such as is illustrated in FIG. 10.

While an exemplary embodiment of a positioning indicator
can comprise a series of marks 308, such as two, three, four or
more, or a single mark, positioning indicator 308 can com-
prise any mechanism for facilitating the determination of the
geometry of transducer 102 with respect to the patient. Thus,
the positioning indicator can also comprise any three-dimen-
sional positioning indicator devices that can provide informa-
tion regarding the position of transducer 102 with respect to
the patient. For example, the positioning indicator can com-
prise an electromagnetic device configured within transducer
102 that can be suitably tracked by electromagnetic sensors
configured with control system 100. In addition, the position-
ing indicator can comprise a gravitational accelerometer con-
figured to provide the assessment of three axis or rotation of
transducer 102 in three dimensions. Such a collection of
three-dimensional information could also be suitably corre-
lated with three-dimensional imaging information, as dis-
closed more fully in U.S. patent application Ser. No. 09/502,
174, now U.S. Pat. No. 6,500,121, entitled IMAGING,
THERAPY AND TEMPERATURE MONITORING
ULTRASONIC SYSTEM, hereby incorporated herein by
reference.

Having described various aspects and features of a probe
assembly and control system, the operation of an exemplary
embodiment of the present invention will now be described.
With respect to the following description, the operation of
ultrasonic transducers will not be described in great detail.
Although the present embodiment will be described with
respect to the use of an ultrasonic transducer, it is to be
understood that the present invention is not so limited. For
example, the present invention may be used with any extra-
corporeal probe or transducer used in the diagnosis or treat-
ment of patients, such as general radiology, OB/GYN, breast,
musculoskeletal, and other imaging or treatment applica-
tions.

With reference to FIG. 6, an exemplary embodiment of the
present invention during operation is illustrated. In accor-
dance with this embodiment, a patient 650 is illustrated lying
on a treatment table 660 while undergoing treatment or diag-
nosis in accordance with the present invention. The medical
treatment and diagnosis system includes a control system 600
and a display device 610, wherein both the control system 600
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and the display unit 610 comprise characteristics to the like
elements of FIGS. 1 and 2. Further, a probe assembly 618 is
included for providing imaging and treatment features, such
as the probe assembly described in more detail above.

During operation, the medical practitioner, not shown, can
manually image a treatment area of patient 650 by scanning
the patient with probe assembly 618. Transducer 602 of probe
assembly 618 images the treatment area and sends an ultra-
sonic image to the control system 600 via data cable 620.
Meanwhile, visual imaging device 616, such as a video cam-
era, of probe assembly 618 captures a visual image of the
position and/or orientation of transducer 602 with respect to
the patient treatment area, and transmits the visual image to
the control system 600, also via data cable 620. The treatment
area comprises the region of interest that the practitioner has
determined the scanning will occur using the transducer 602.

Once the control system 600 receives the visual position
and/or orientation images from imaging device 616 and the
transducer image from transducer 602, the processing unit
608 suitably processes the images for further display and use.
Inaddition, the images can be suitably transmitted to memory
unit 606 for storage and later reference, for example, for
training purposes or for use later with the same patient or
other patients. During processing of the images by processing
unit 608, the visual and transducer images can be suitably
correlated into a combined image such that the resulting
combined image comprises both the ultrasonic, acoustic and/
or thermal treatment image information captured by the trans-
ducer 602 during operation and the positional image depict-
ing the position and/or orientation of the transducer 602 on
the surface of the treatment area at the time the transducer
image is captured. Once the visual and transducer images are
processed by central processing unit 608, such as by a suitable
algorithm, the respective visual and transducer images, and/
or the combined image, i.e., the fused image, can be sent to
memory unit 606 for storage and later reference. In addition,
the respective images and/or the combined image can be
further transmitted to the display device 610 for interpretation
by the medical practitioner.

In accordance with another exemplary embodiment, the
medical treatment and diagnosis system can include other
visual imaging devices for capturing information regarding
the position and/or orientation of the patient and the trans-
ducer. For example, other imaging devices or cameras can be
located with the system, such as a probe assembly having two
or more arm members suitably connected to two or more
visual imaging devices. This configuration could provide dif-
ferent views of the position and/or orientation of the trans-
ducer, or even a three-dimensional view if desired. In addi-
tion, additional imaging devices could be included from
within or proximate the control system or display, such as an
additional visual imaging device 680. Moreover, other sys-
tems for determining the position of a medical instrument,
such as the triangulation methods described above, can be
combined with the probe assembly of the present invention.

The positional and/or orientation image and the transducer
image can be configured in various manners. For example,
display 610 can be configured to display each image sepa-
rately, for example, on an individual screen basis, or on the
same screen, such as a split screen or a “picture-in-picture”
concept as is utilized on various television or computer moni-
tors. In addition, in accordance with an exemplary embodi-
ment, the images can be configured in a combined image
which facilitates the analysis and assessment of the image
information during or after operation.

With reference to FIG. 7, and with continued reference to
FIG. 6, a combined image in accordance with an exemplary
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embodiment is illustrated. In this embodiment, display device
610 suitably displays a combined image comprising a posi-
tional image 734, representative of the position and/or orien-
tation of transducer 602, and a transducer image 732, such as
the ultrasonic images of the treatment region received and
processed by the central processing unit 608. In addition, the
respective images can be suitably combined into a single
image. For example, the single image can include positional
image 734 with an inlay of transducer image 732, i.e., posi-
tional image 734 and transducer image 732 are suitably fused
into a combined image which is representative of transducer
602 while in contact with the treatment area 736. In other
words, the combined image can show the region of interest
that is imaged under the patient’s skin as represented by the
transducer image 732, in correlation with the position and/or
orientation of transducer 602 in contact with the patient’s
skin, as represented by positional image 734. As a result, a
medical practitioner can view the combined image as if a
cross-sectional view of the treatment region is available for
assessment, i.e., the combined image is similar to a cross-
sectional view of the patient and the treatment region. For
example, with reference to FIG. 10, as transducer 602 is
obtaining an ultrasonic image of a patient’s heel, leg or foot
650, a combined image displaying the position and orienta-
tion of transducer fused together with a suitably scaled ultra-
sonic image of patent 650 is provided. Moreover, as trans-
ducer 602 is moved about the patient, the combined image can
be suitably scaled on a real-time basis by software algorithms
within control system 600, such as described above. As will
be discussed below, such a combined image provides various
advantages.

As illustrated in FIG. 8 and FIG. 9, in accordance with the
present invention, control system 600 is also capable of gen-
erating various other combined image configurations, such
as, split-screen images or “picture-in-picture” images. For
example, FIG. 8 illustrates a combined image wherein the
combined image comprises the primary image and includes
an additional inlay of the transducer image 832 comprising a
secondary image. Further, with reference to FIG. 9, a com-
bined image is illustrated that includes the transducer image
932 being central to the display device 912 screen as a pri-
mary image, and a secondary image being included wherein
the secondary image represents the combined transducer
image 932 and positional image 934 as the secondary image.
It should be noted that other variations of the images, includ-
ing different sizes, locations or types, such as two-dimen-
sional or three-dimensional images, can be suitably displayed
in accordance with various other embodiments of the present
invention.

As a result of the imaging information provided, medical
practitioners can utilize the information to facilitate the treat-
ment and diagnosis of their patients. In addition, the informa-
tion can be utilized in various manners. For example, as the
medical treatment and diagnosis system is utilized and imag-
ing information is being observed, a medical practitioner can
obtain a real-time assessment of the correlation between the
position and/or orientation of the transducer and the imaging,
temperature or therapeutic effects provided by the transducer
for the treatment region. Accordingly, the medical practitio-
ner can utilize the system to guide the transducer to desirable
positions on the patient’s surface to obtain the desired treat-
ment or imaging information.

In addition, as the information is received, the control
system can suitably store the imaging information in a data-
base for later use and retrieval. For example, it is often diffi-
cult when treating patients on subsequent visits to repeat the
ultrasonic treatment, imaging, or measurements obtained
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from prior visits. However, through use of the medical treat-
ment and diagnosis system of the present invention, medical
practitioners can realize repeatability and consistency in their
treatment of previous patients.

Moreover, the information captured and stored by the con-
trol system can also be utilized as a guidance tool with respect
to new or different patients. For example, if a particular posi-
tion on a patient, for example, a fixed distance from a patient
reference point, yields favorable or desired results, medical
practitioners can utilize the system to suitably re-position the
transducer to the ideal or desired position for obtaining simi-
lar results. Further, the system can be utilized to train medical
practitioners as to the most suitable positions for the trans-
ducer depending on the medical operation to be performed.
For example, a video stream demonstrating 10 to 15 seconds
of operation of a transducer through display of a combined
image can demonstrate appropriate techniques for scanning
of a treatment region.

In addition to storing the information, the control system
can also be configured to process the information, such as
through various algorithms and the like, to further improve
the treatment process. For example, various artificial intelli-
gence and other system learning functions can be imple-
mented to provide an ever-improving system for facilitating
treatment of patients.

The present invention has been described above with ref-
erence to various exemplary embodiments. However, those
skilled in the art will recognize that changes and modifica-
tions may be made to the exemplary embodiments without
departing from the scope of the present invention. For
example, the various operational steps, as well as the compo-
nents for carrying out the operational steps, may be imple-
mented in alternate ways depending upon the particular appli-
cation or in consideration of any number of cost functions
associated with the operation of the system, e.g., various of
the steps may be deleted, modified, or combined with other
steps. Further, it should be noted that while the visual imaging
system is described above is suitably for use by a medical
practitioner proximate the patient, the system can also be
accessed remotely, i.e., the medical practitioner can view
through a remote display having imaging information trans-
mitted in various manners of communication, such as by
satellite/wireless or by wired connections such as IP or digital
cable networks and the like, and can direct a local practitioner
as to the suitably placement for the transducer. These and
other changes or modifications are intended to be included
within the scope of the present invention, as set forth in the
following claims.
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We claim:
1. A non-invasive treatment and imaging system compris-
ing:

a hand-held probe assembly comprising a transducer oper-
able to obtain patient information and to provide treat-
ment to a patient;

an imaging device attached to said hand-held probe assem-
bly to track any movement of said transducer, said imag-
ing device operable to capture positional information of
said transducer with respect to a surface on said patient;

an adjustable arm member attaching said imaging device to
said probe assembly, said adjustable arm member con-
figured to position said imaging device at a fixed dis-
tance from said transducer during said capturing posi-
tional information; and

a control system in communication with said transducer
and said imaging device, said control system configured
for receiving said positional information.

2. The treatment and imaging, system according to claim 1,
further comprising a display unit in communication with said
control system and configured to display said positional
information.

3. The treatment and imaging system according to claim 1,
wherein said imaging device comprises a laser.

4. The treatment and imaging system according to claim 1,
wherein said imaging device comprises a light emitting
diode.

5. The treatment and imaging system according to claim 1,
wherein said imaging device comprises a photodiode.

6. The treatment and imaging system according, to claim 1,
further comprising an attachment device coupled to said
adjustable arm and removeably coupled to said probe assem-
bly.

7. The treatment and imaging system according to claim 1,
wherein said probe assembly comprises a positioning indica-
tor in communication with said control system and config-
ured to provide orientation information of said transducer.

8. A non-invasive treatment and imaging system compris-
ing:

a probe assembly comprising a transducer operable to

obtain patient information and to provide treatment;

an imaging device attached to said probe assembly to track
movement of said transducer, said imaging device
coupled via an adjustable arm member to said probe
assembly, said imaging device operable to capture posi-
tional information of said transducer with respect to said
patient, and said adjustable arm member configured to
position said imaging device at a fixed distance from
said transducer during said capturing of positional infor-
mation; and

a control system in communication with said transducer
and said imaging device, said control system configured
for receiving said positional information.
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