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Description

BACKGROUND

Technical Field

[0001] This disclosure generally relates to ultrasound
probes, and more particularly to ultrasound probes hav-
ing volume scanning capabilities and methods of using
ultrasound probes for diagnostic purposes, such as, for

example, determining bladder volume.

Description of the Related Art

[0002] Traditional three-dimensional (C-mode) ultra-
sound has been accomplished by sweeping a single
scanline through target tissue with some combination of
mechanical and electronic beam formation. Forexample,
one method is to use a two-axis mechanical stepper mo-
tor configuration to move a single piston transducer. Oth-
erapproaches have been to use electronic B-mode scan-
heads and add a-single motor or a human operator to
address the third dimension. Still another approach is to
use a full up three dimensional electronically steered
phased-array transducer.

[0003] Since ultrasound is a pulse-echo technology,
the frame rate is limited by the transit time of the pulse-
echo cycle. This constraint on frame rate can become
overly restrictive as desired resolution increases and
even more so when moving from two dimensional (B-
mode) to three dimensional (C-mode) imaging. Reduced
frame rates increase the likelihood of image blurring from
operator movement, patient movement or patient ana-
tomical movement, such as, for example, blood flow or
respiration.

[0004] For certain diagnostic methods, such as, for ex-
ample, bladder volume measurements, a single piston
transducer swept through spherical coordinates with a
multi-angular stepper motor has been used for years.
While reasonably inexpensive to manufacture, this topol-
ogy suffers from several deficiencies that compromise
the accuracy of obtained data. For example, with respect
to bladder volume measurements, the volumetric reso-
lution of the system typically decreases in both angular
directions with depth. Further, bladders that are closer
to the patient’s skin surface have a much smaller prob-
ability of fitting within the total scan solid angle of the
system. This is because the bladder is anatomically lo-
cated beneath the pubic bone where smaller scan cone
angles of the system (which are typically less than 90
degrees) are unable to reach. Still further, the center of
the cone has redundant scan lines which create process-
ing inefficiencies and increase the maximum ultrasound
exposed tissue which may decrease safety to some ex-
tent. Further, with systems that utilize a two-axis mechan-
ical stepper topology, the result is one of the slowest
frame rates available which increases image blurring and
hence measurement accuracy. The combined effect of
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these deficiencies is an increased reliance on operator
training and proper aiming of ultrasound imaging devices.
[0005] US 2007167813 discloses a catheter tip that is
adapted for mating attachment to a catheter body. In an
embodiment, the catheter tip comprises a transducer ar-
ray in electrical communication with an interconnect and
in a mechanical driven relationship with an actuator, also
in the catheter tip, via a drive shaft. The transducer array
is encapsulated in a potting material body providing a
desired ultrasound acoustical transmission. A defined
annular space exists between an outer capsule of the
catheter tip and the potting material body. Oscillating
back and forth motion of the transducer array provides
ultrasonic imaging functionality that may include real time
three-dimensional imaging. Other embodiments of the
catheter tip and methods of fabrication also are provided.
[0006] Consequently, Applicant believes improved di-
agnostic ultrasound imaging probes and methods are de-
sirable. The ultrasound probes should be easier to aim
and use to obtain accurate imaging results for diagnostic
purposes. The ultrasound probes should also have a
small, robust form factor or package.

BRIEF SUMMARY

[0007] The invention is set out in independent claims
1and 9.
[0008] The diagnostic ultrasound imaging probes and

methods described herein provide for the efficient and
accurate collection of three dimensional data represent-
ative of a target biological sample in a particularly small,
robust form factor. In various embodiments, the ultra-
sound imaging probes and methods are well adapted for
automatically determining the volume of ahuman bladder
irrespective of operator skill in aiming or manipulating the
ultrasound probe.

[0009] Atleastone embodimentofan ultrasound probe
adapted for efficiently and accurately obtaining three di-
mensional data of a target biological sample may be sum-
marized as including a housing having a longitudinal axis;
an ultrasound module received in the housing, the ultra-
sound module having a plurality of transducers longitu-
dinally spaced apart within the housing and a control and
processing system communicatively coupled to the
transducers and operable to cause the transducers to
emit ultrasound waves and to process ultrasound signals
received via the transducers to collect ultrasonic data
representative of a target biological tissue when the ul-
trasound probe is in operation; a motor received in the
housing and drivingly coupled to rotate the ultrasound
module about the longitudinal axis of the housing; and a
coupling fluid received in the housing to at least partially
surround the ultrasound module and the motor. The mo-
tor may be a DC motor driven to continuously rotate the
ultrasound module about the longitudinal axis of the
housing. The motor may be a stepper motor driven to
sweep the ultrasound module back and forth about the
longitudinal axis of the housing. The coupling fluid may
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be a non-corrosive, bio-compatible fluid. The housing
may be cylindrical. The housing may be an optically and
acoustically transparent thermoplastic elastomer. A sur-
face of the housing may include a curvilinear profile such
that scan lines of the transducers are redirected when
passing through the housing. The curvilinear profile of
the surface of the housing may include a periodic se-
quence of generally symmetric profile segments, a pitch
of the segments equal to a pitch of the transducers. The
ultrasound module and motor may be hermetically sealed
in a common chamber of the housing. The control and
processing system may include a wireless communica-
tion device to transmit the ultrasonic data representative
of the target biological tissue to a remote device. The
control and processing system may include a sensor to
measure atleast one of arotational position or a rotational
speed of the ultrasonic module.

[0010] The ultrasound probe may furtherinclude a bat-
tery, the battery, a base of the motor and the ultrasound
module rigidly coupled together to rotate or pivot about
the longitudinal axis in unison. The motor may be a dual
motion linear and rotary actuator, the dual motion linear
and rotary actuator drivingly coupled to the housing to
move the ultrasound module relative to the housing lin-
early along the longitudinal axis and rotationally about
the longitudinal axis, either simultaneously or independ-
ently. The battery, the base of the motor and the ultra-
sound module may rotate and translate in unison within
a common chamber of the housing filled with coupling
fluid.

[0011] The ultrasound probe may further include a slip
ring coupled to the motor to provide power to the control
and processing system of the ultrasound module as the
ultrasound module rotates about the longitudinal axis of
the housing.

[0012] The ultrasound probe may further include a
number of flexible electrical conductors electrically cou-
pled to the motor to transmit power to the control and
processing system of the ultrasound module as the ul-
trasound module sweeps back and forth about the lon-
gitudinal axis of the housing, the flexible electrical con-
ductors winding and unwinding about the longitudinal ax-
is as the ultrasound module sweeps back and forth.
[0013] The ultrasound probe may further include a plu-
rality of LEDs communicatively coupled to the control and
processing system to controllably illuminate as the ultra-
sound module rotates about the longitudinal axis to vis-
ually communicate information to a user through the
housing.

[0014] Theultrasound probe may furtherinclude a sup-
port structure, the transducers pivotably coupled to the
support structure to tilt in parallel about a respective tilt
axis perpendicular to the longitudinal axis of the housing.
The ultrasound probe may further include a shaft re-
ceived in the support structure and coupled to the trans-
ducers to tilt the transducers about a respective tilt axis
perpendicular to the longitudinal axis of the housing as
the shaft is translated along the longitudinal axis of the

10

15

20

25

30

35

40

45

50

55

housing.

[0015] The ultrasound probe may further include a
screw-type shaft coupled to the electric motor to simul-
taneously rotate and translate the ultrasound module
about and along the longitudinal axis, respectively.
[0016] An ultrasound probe may be summarized as
including a housing having a longitudinal axis; an ultra-
sound module, the ultrasound module having a plurality
of transducers longitudinally spaced apart within the
housing and a control and processing system communi-
catively coupled to the transducers and operable to
cause the transducers to emit ultrasound waves and to
process ultrasound signals received via the transducers
to collect ultrasonic data representative of a target bio-
logical tissue when the ultrasound probe is in operation;
a battery to power the ultrasound module; and a motor
having a base and a drive shaft, the drive shaft of the
motor drivingly coupled to the housing, either directly or
indirectly, to rotate the ultrasound module, the battery
and the base of the motor in unison about the longitudinal
axis of the housing. The motor may be a dual motion
linear and rotary actuator, the dual motion linear and ro-
tary actuator drivingly coupled to the housing to move
the ultrasound module relative to the housing linearly
along the longitudinal axis and rotationally about the lon-
gitudinal axis, either simultaneously or independently.
[0017] A method of obtaining ultrasonic data repre-
sentative of a target biological tissue, such as a bladder,
for diagnostic purposes, may be summarized as includ-
ing rotating an ultrasound module contained in a housing
aboutalongitudinal axis, the ultrasound module including
aplurality of transducers longitudinally spaced apart with-
in the housing and a control and processing system elec-
trically coupled to the transducers, the transducers and
the control and processing system of the ultrasound mod-
ule sealed in a common fluid chamber; firing the ultra-
sound transducers to emit ultrasound waves while the
ultrasound module rotates about the longitudinal axis;
and receiving the ultrasonic data representative of the
target biological tissue. Receiving the ultrasonic datarep-
resentative of the target biological tissue may include re-
ceiving information indicative of a volume of a bladder.
Rotating the ultrasound module contained in the housing
about the longitudinal axis of the housing may include
continuously rotating the ultrasound module around the
longitudinal axis. Rotating tne ultrasound module con-
tained in the housing about the longitudinal axis of the
housing may include pivoting the ultrasound module back
and forth about the longitudinal axis in opposite rotational
directions. Rotating the ultrasound module contained in
the housing about the longitudinal axis may include mov-
ing the ultrasound module, a battery and a base of a
motor in unison about the longitudinal axis. Rotating the
ultrasound module contained in the housing about the
longitudinal axis may include rotating and translating the
ultrasound module axially about and along the longitudi-
nal axis, respectively. Rotating and translating the ultra-
sound module axially about and along the longitudinal
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axis may include translating the ultrasound module along
the longitudinal axis beneath a curvilinear profile of the
housing.

[0018] The method may further include wirelessly
transmitting the ultrasonic data representative of the tar-
get biological tissue to a device remote from the ultra-
sound module.

[0019] The method may further include selectively il-
luminating a plurality of LEDs electrically coupled to the
ultrasound module as the ultrasound module moves
about the longitudinal axis to visually communicate infor-
mation to a user through the housing.

[0020] The method may further include sensing a ro-
tational position of the ultrasound module; and coordi-
nating a collection of ultrasonic data from the transducers
with the position of the ultrasound module.

[0021] The method may furtherinclude tilting the trans-
ducers about a respective tilt axis perpendicular to the
longitudinal axis of the housing.

[0022] The method may furtherinclude simultaneously
translating the ultrasound module along the longitudinal
axis of the housing as the ultrasound module rotates.
[0023] The method may furtherinclude prior to rotating
the ultrasound module, independently translating the ul-
trasound module along the longitudinal axis of the hous-

ing.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0024] In the drawings, identical reference numbers
identify similar elements or acts. The sizes and relative
positions of elements in the drawings are not necessarily
drawn to scale. For example, the shapes of various ele-
ments and angles may not be drawn to scale, and some
of these elements may be arbitrarily enlarged and posi-
tioned to improve drawing legibility.

Figure 1 is an isometric view of an ultrasound probe
according to one embodiment.

Figure 2 is a side elevation view of the ultrasound
probe of Figure 1.

Figure 3 is an isometric view of the ultrasound probe
of Figure 1 illustrating scan planes.

Figure 4 is a side elevation view of the ultrasound
probe of Figure 1 illustrating a scan plane sweeping
through a target sample.

Figure 5 is a block diagram illustrating an example
ultrasound module rotatably coupled to a motor and
powered by a battery.

Figure 6 is a front elevation view of a housing and
internal components of the ultrasound probe of Fig-
ure 1.

Figure 7 is a side elevation view of the housing and
internal components of Figure 6.

Figure 8 is a bottom plan view of the housing and
internal components of Figure 6.

Figure 9 is a bottom plan view of a housing and in-
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ternal components according to another embodi-
ment.

Figure 10 is a bottom plan view of a housing and
internal components according to yet another em-
bodiment.

Figure 11 Ais a front elevation view of a housing and
internal components of an ultrasound probe in a first
position, according to another embodiment.

Figure 11 B is a front elevation view of the housing
and internal components of the ultrasound probe of
Figure 11 Ain a second position.

Figure 12 is a partial isometric view of an ultrasound
module according to another embodiment.

Figure 13 is a partial front elevation view of the ul-
trasound module of Figure 12.

Figure 14 is a partial isometric view of an ultrasound
module and motors according to yet another embod-
iment.

DETAILED DESCRIPTION

[0025] In the following description, certain specific de-
tails are set forth in order to provide a thorough under-
standing of various disclosed embodiments. However,
one skilled in the relevant art will recognize that embod-
iments may be practiced without one or more of these
specific details. In other instances, well-known struc-
tures, manufacturing techniques and diagnostic methods
associated with ultrasound probes may not be shown or
described in detail to avoid unnecessarily obscuring de-
scriptions of the embodiments.

[0026] Unless the contextrequires otherwise, through-
out the specification and claims which follow, the word
"comprise" and variations thereof, such as, "comprises"
and "comprising" are to be construed in an open, inclu-
sive sense, that is as "including, but not limited to."
[0027] Reference throughout this specification to "one
embodiment"” or"an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment. Thus, the appearances of the phrases "in one
embodiment" or "in an embodiment" in various places
throughout this specification are not necessarily all refer-
ring to the same embodiment. Furthermore, the particular
features, structures, or characteristics may be combined
in any suitable manner in one or more embodiments.
[0028] As used in this specification and the appended
claims, the singular forms "a," "an," and "the" include plu-
ral referents unless the content clearly dictates other-
wise. It should also be noted that the term "or" is generally
employed in its sense including "and/or" unless the con-
tent clearly dictates otherwise.

[0029] Figures 1through4 show an ultrasoundimaging
probe 10 according one embodiment. The ultrasound im-
aging probe 10 includes a main housing 12 coupled to a
base or grip 14 for positioning the housing 12 proximate
a target sample. Alternatively, the housing 12 may not
be coupled to a base or grip 14. The housing 12 can be
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positioned proximate a target sample directly. Position-
ing devices, such as, for example, fixtures, belts, straps
or the like, may also be provided in certain diagnostic
applications to assist in locating the probe 10 relative to
a target sample.

[0030] The ultrasound imaging probe 10 enables a us-
erto quickly and accurately obtain three dimensional data
representative of a target sample with minimal skill re-
quired in aiming and manipulating the probe 10. The user
need only place the probe 10 proximate the target sample
and activate the probe 10 to automatically collect data
representative of the target sample. The probe 10 may
be activated by a switch (not shown), such as a push
button switch, on an end or side of the housing 12. As
another example, the switch may be a wireless switch,
such as, for example, a hall effect switch, so as to allow
activation of the ultrasound probe without the need for
electrical connections or components of the switch to
penetrate an inner chamber of the housing 12.

[0031] According to the illustrated embodiment of Fig-
ure 1, the housing 12 of the probe 10 contains an ultra-
sound module 16 including a plurality of transducers 18,
a motor 20 and a power source in the form of a battery
22. The motor 20 is mechanically and electrically coupled
to the ultrasound module 16 to rotate or oscillate the ul-
trasound module 16 about a longitudinal axis 24 of the
housing 12 in the direction indicated by the arrow labeled
26, for example. This can be accomplished, for example,
by the motor 20 rotating or pivoting a drive shaft 21 thereof
that is fixedly coupled to the housing 20 either directly or
indirectly. The motor 20 may be a DC motor controllable
to rotate the ultrasound module 16 continuously about
the longitudinal axis 24 when in a data collection mode.
In such embodiments, since the transducers 18 are
swept a full, continuous 360 degree rotation, the B-mode
images are maximally wide, thus relieving the need for
skilled aiming of the probe 10. In other embodiments, the
motor 20 may be a stepper motor controllable to sweep
the ultrasound module 16 back and forth (i.e., oscillate)
about the longitudinal axis 24. Embodiments featuring a
back and forth oscillating or pivoting motion may achieve
suitable speed and field of view, but may not be as fast
or provide as much field of view as embodiments that
rotate the ultrasound module 16. Irrespective of rotational
capabilities, the ultrasound module 16, motor 20 and bat-
tery 22 are contained within a common internal chamber
28 of the housing 12 and surrounded with an ultrasound
coupling fluid 30. The coupling fluid 30 is preferably a
non-corrosive, bio-compatible fluid, such as, for exam-
ple, mineral oil.

[0032] The housing 12 may be cylindrical or some oth-
er suitable shape. The cylindrical shape presents a con-
sistent ultrasound path with some inherent advanta-
geous focusing. In addition, the cylindrical shape is easy
to manufacture, is mechanically robust and provides a
convenient vessel in which to seal in the coupling fluid
30. The cylindrical shape may also limit the number of
edges, which might otherwise present a source of dis-
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comfort or even injury to a patient or medical care pro-
vider. The housing 12 is made of a material thatis acous-
tically transparent and in some embodiments optically
transparent or translucent. For example, the housing 12
may be an acoustically and optically transparent thermo-
plastic elastomer, such as, for example, a material avail-
able from Arkema Inc. under the name PEBAX®. Alter-
natively, the housing 12 may be acrylic or another plastic
material.

[0033] Figure 2 shows an end view of the ultrasound
probe 10 and illustrates sequential A-mode scan lines 32
radiating from the transducers 18. These A-mode scan
lines 32 are combined to form B-mode images as the
transducers 18 rotate as represented by the scan planes
36 shown in Figure 3. Figure 4 shows the ultrasound
probe 10 proximate a target biological sample 40 with a
scan plane 36 of the transducers 18 sweeping through
the target biological sample 40 as the transducers 18
rotate within the housing 12.

[0034] Although the illustrated embodiment shows five
transducers (i.e., ultrasound transducers) 18 of generally
rectangular shape, it is appreciated that more or fewer
transducers 18 may be provided and that the transducers
18 may vary in shape and size. In addition, the transduc-
ers 18 may be spaced regularly or irregularly along a
length of the ultrasound module 16. Still further, the trans-
ducers 18 may vary in frequency and focusing capability.
[0035] For example, the ultrasound module 16 may in-
clude eight 3.7 Mhz transducers 18 equally spaced along
a length of the ultrasound module 16, for instance, at
about 10 mm apart, to form eight parallel B-mode slices
that combine to create a C-mode image that ensonifies
a sector volume. The transducers 18 may have arectan-
gular profile of about 11 mm x 8mm which provide excel-
lent 254 (3.7 MHz) focusing in a phi axis of rotation and
reasonable 18h (3.7 Mhz) focusing in the z axis between
scan planes. Slightly less focusing may be designed into
the z axis since the least amount of spatial resolution
exists between scan planes. It is noted that a 3.7 Mhz
frequency gives excellent axial resolution into an abdo-
men and is conveniently chosen as an integer multiple
of the standard universal asynchronous receiver/trans-
mitter (uart) clock rate 3.68 Mhz. Values from 1-7 MHz,
however, are also sufficient for bladder imaging and sim-
ilar applications.

[0036] Advantageously, in various embodiments the
sweep of the B-mode image generated by a correspond-
ing transducer 18 can be varied by gating the number of
A-mode scan lines that are collected. For example, in
embodiments featuring continuous rotation of the ultra-
sound module 16, the transducers 18 of the ultrasound
module 16 may be activated throughout 360 degrees of
rotation, or over a portion of the same, to collect three
dimensional data over varying ranges. In an example,
the transducers 18 are active over about 180 degrees of
rotation to create a hemicylindrical scan volume, as illus-
trated in Figures 3 and 4. Similarly, when oscillated or
swept back and forth, the transducers 18 may be swept
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through various angle ranges, such as, for example, 120,
150, and 180 degrees or more.

[0037] Figure 5 shows an ultrasound module 16 which
is rotated within the housing 12 of the ultrasound probe
10 by a motor 20 and powered by a battery 22 according
to oneillustrated embodiment. In particular, the illustrated
example of Figure 5 includes a control and processing
system 50 with various electrical components that enable
functionality of the ultrasound probe 10. For example,
one or more application specific integrated circuits
(ASICs) programmable gate or arrays (PGAs) 52 may
be coupled to a microprocessor 54 for controlling and
coordinating the various functions of the ultrasound
probe 10, including rotation of the ultrasound module 16
and transmitting and receiving of high frequency sound
waves from each of the transducers 18. The control and
processing system 50 may include discrete analog to dig-
ital converters (ADCs) and/or discrete digital to analog
converters (DACs). Alternatively, the ADC and/or DAC
functions may be implemented in the ASIC or PGA. The
control and processing system 50 may further include
power supply circuitry, for example an inverter, rectifier,
step up or step down converter, transformer, etc. The
control and processing system 50 may further include
transmit and timing control circuitry to control waveform
timing, aperture and focusing of the ultrasound pressure
waves.

[0038] The control and processing system 50 further
includes a storage device 56 (e.g., serial flash), a rota-
tional position sensor 58 (e.g., hall-effect sensor, optical
encoder) and a wireless communication device 60 (e.g.,
Bluetooth radio module or other suitable short-range
wireless device). The storage device 56 enables tempo-
rary storage of data, control signals, instructions and the
like. The position sensor 58 enables the control and
processing system 50 to coordinate the transmitting and
receiving of high frequency sound waves from each of
the transducers 18 with the rotational position of the ul-
trasound module 16. The wireless communication device
60 enables data output from the ultrasound module 16
to remote devices for further processing or evaluation,
such as, forexample, a remote evaluation device 62 (Fig-
ure 4) having components such as a monitor or other
display devices, a keyboard, a printer and/or other input
and output devices. In this manner, diagnostic data may
be collected with the probe 10 in a particularly small form
factor of package, such that the user may obtain such
data with minimal bother or inconvenience to the host of
the target sample and without interference from other-
wise bulky components or cables. Of course, in some
embodiments an extensive user interface, including for
example a display, keypad, printer and/or otherinput and
output devices may be integrated with the probe 10 for
further evaluation or processing onboard.

[0039] By containing the entire analog and digital
processing circuitry of the control and processing system
50 in a small form factor which can be spun by the motor
20, the number of electrical connections which are main-
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tained across a static/dynamic (rotational or oscillating)
interface can be minimized or even eliminated. For ex-
ample, the motor 20, the power source (e.g., battery 22)
and the ultrasound module 16 (including the control and
processing system 50) may be rigidly coupled together
to rotate or pivot about the longitudinal axis 24 in unison.
Also for example, the motor 20 may be a dual motion
linear and rotary actuator drivingly coupled to the housing
12 to move the ultrasound module 16 (and hence control
and processing system 50) relative to the housing 12
both linearly along the longitudinal axis 24 and rotation-
ally about the longitudinal axis 24, either simultaneously
or independently. In this manner, the battery 22, motor
20 and ultrasound module 16 may rotate and/or translate
in unison within a common chamber 28 of the housing
12 such that all electrical connections for enabling the
functionality of the probe 10 remain static relative to each
other.

Alternatively, the motor 20 and battery 22 may remain
fixed relative to the housing 12 and drivingly rotate and/or
translate the ultrasound module 16. In such embodi-
ments, particularly those featuring continuous rotation of
the ultrasound module 16, a slip ring or similar device
may be coupled to the motor 20 to transmit electrical
power to the control and processing system 50 of the
ultrasound module 16 as the ultrasound module 16 ro-
tates about the longitudinal axis 24 of the housing 12. In
those embodiments featuring an oscillating, pivoting or
back and forth sweeping motion of the ultrasound module
16, a slip ring or similar device may likewise be provided.
In some instances, the number of slip ring connections
may be reduced to only power and ground such that the
entire ultrasound module 16 is relatively immune from
conducted noise sources. Since only power and ground
are provided, the slip ring does not need to be exception-
ally electrically quiet and even a ball bearing race can be
sufficient to transmit power as well as provide a nice sta-
ble mechanism for rotatably supported the ultrasound
module 16. In these embodiments, the electrical connec-
tions between the power source (e.g., battery 22), motor
20 and ultrasound module 16 may be through wires, wip-
ing blades, ball-bearing connections, concentric sleeves
or other direct connections. Alternatively, power may be
provided to the ultrasound module 16 inductively, thereby
eliminating all direct electrical connections at the static/
dynamic (i.e., rotational or oscillating) interface that may
be present between the motor 20 and ultrasound module
16.

[0040] In some embodiments in which the motor 20
and power source 22 do not rotate with the ultrasound
module 16, wires or a flex circuit may be directly con-
nected to the control and processing system 50 to wind
and unwind about the rotational axis as the ultrasound
module 16 and hence control and processing system 50
rotate relative to the other components. In these embod-
iments in particular, the housing 12 may include a data
transfer port, such as a USB port, in addition to orin lieu
of the wireless communication device 60. However, pro-
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viding such a port is mechanically more complicated and
increases susceptibility of the ultrasound probe 10 to stat-
ic interference and conducted noise interference from
the additional connections.

[0041] The control and processing system 50 may fur-
ther include or be communicatively coupled to an LED
bank 70 to create a display viewable to a user through a
surface of the housing 12. For example, an LED bank 70
in the form of a linear arrangement of individual LEDs
may be provided to rotate with the ultrasound module 16
to create a multi-character display that is visible as the
LEDs rotate. In this arrangement, two dimensional char-
acters can be formed via the LEDs by controllably illumi-
nating the LEDs to create a transverse dimension of the
characters as the module 16 rotates or pivots. In other
words, the control and processing system 50 controls
which LEDs are lit as the LED bank 70 rotates such that
a given character or series of characters are projected
in a readable form. In this manner, error codes, instruc-
tional codes, diagnostic test results or other information
may be communicated to a user before, during or after
use of the ultrasound probe 10. The control and process-
ing system 50 may automatically evaluate collected ul-
trasonic data and generate diagnostic information, such
as, for example, the volume of the target biological sam-
ple. This diagnosticinformation may be displayed directly
to a user through the housing 12. In some embodiments,
a larger array of LEDs or other display devices may be
coupled to the rotating module 16. Alternatively, a display
(e.g., LCD, LED, OLED) may be integrated into the static
housing 12, although additional electrical connections
would then be required through the static/dynamic inter-
face.

[0042] As depicted in Figures 6 through 8, the various
components described above may be received within a
common chamber 28 of the housing 12 of the ultrasound
probe 10 thatis filled with a coupling fluid 30. The coupling
fluid 30 advantageously provides lubrication to moving
components, a heat sink for electronic components and
also ultrasonic coupling between the transducers 18,
housing 12 and ultimately the target biological sample
40. As previously described, the coupling fluid 30 may
be mineral oil or an equivalent non-corrosive, bio-com-
patible, ultrasonic coupling fluid.

[0043] With continued reference to Figures 6 through
8, the ultrasound module 16 is shown longitudinally ad-
jacent the motor 20 and battery 22. As previously de-
scribed, the battery 22 supplies power to the motor 20 to
rotate the entire ultrasound module 16, battery 22 and
motor 20 combination about the longitudinal axis of ro-
tation 24 during operation, according to the illustrated
embodiment. The ultrasound module 16 includes longi-
tudinally spaced transducers 18 electrically and mechan-
ically coupled to the control and processing system 50.
The control and processing system 50 enables collection
and subsequent transmission of ultrasonic data indica-
tive of athree dimensional representation of atarget sam-
ple within the confines of the rotating ultrasound module
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16 itself.

[0044] The ultrasound module 16 may be attached to
a frame 71 which in turn supports the various electrical
components of the control and processing system 50,
including one or more integrated circuit boards thereof.
The frame 71 may be rotatably supported by bearings or
guides 72 to maintain the ultrasound module 16 centered
within the housing 12 throughout rotational or pivotal
movement of the ultrasound module 16. The frame 71
may also support or be rigidly coupled to the battery 22,
and a base of the motor 22 such that the ultrasound mod-
ule 16, battery 22 and motor 20 rotate or pivot in unison
during operation. Inthis manner, as previously described,
all functional components and electrical connections be-
tween these components remain static relative to each
other. Consequently, no electrical connections are re-
quired to be maintained across a static/dynamic inter-
face. Thisis particularly advantageous in that the integrity
of the chamber 28 containing the components canremain
intact. In addition, mechanisms for transmitting electrical
signals or power across a static/dynamic interface can
be eliminated. Details of the frame 71 and connections
to specific components have not been shown or de-
scribed in detail to avoid unnecessarily obscuring de-
scriptions of the embodiments.

[0045] Alternatively, a base of the motor 20 and the
battery 22 may be held static with respect to the housing
12 to drivingly rotate or pivot the ultrasound module 16
with respect thereto. In such embodiments, the ultra-
sound module 16 may be coupled to the motor 20 via a
slip ring or similar connection such that the battery 22 is
able to supply power to the control and processing sys-
tem 50 via the static/dynamic interface of the motor 20
and ultrasound module 16. In one embodiment, electrical
connections maintained through the dynamic interface
of the motor 20 and ultrasound modules 16 are limited
to power and ground. In this manner, the entire ultra-
sound module 16 is relatively immune from conducted
noise sources.

[0046] Although the transducers 18 may be located on
the ultrasound module 16 in a common plane, it is ap-
preciated that the orientation and placement of the trans-
ducers 18 within the housing 12 may vary. For example,
as illustrated in Figure 9, the transducers 18 may be ar-
ranged on a convex surface and splayed outwardly to
adjust the scanning profile of the ultrasound probe 10. In
addition, as illustrated in Figure 10, it is appreciated that
a profile of the housing 12 may be varied to redirect, steer
and/or focus the scanning profile of the ultrasound probe
10. Alternatively, the transducers 18 may be focused or
steered electronically without modifications to the profile
of the housing 12.

[0047] Figures 11A and 11 B illustrate an ultrasound
probe 10 which advantageously enables both lateral and
rotational movement of the ultrasound module 16 relative
to the housing 12 in a particularly small form factor or
package. The transducers 18, control and processing
system 50, battery 22 and motor 20 are rigidly coupled
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together to move in unison during operation via a frame
71 or similar structure. The motor 20 may be a dual motion
linear and rotary actuator, the dual motion linear and ro-
tary actuator drivingly coupled to the transducers 18 and
other components to move the transducers 18 relative
to the housing 12 via a drive shaft 21. The motor 20 may
drive the transducers 18 linearly along the longitudinal
axis and rotationally about the longitudinal axis, either
simultaneously or independently. Consequently, the
transducers 18 may advantageously collect additional
three dimensional data in an efficient manner. Alterna-
tively, a secondary motor (not shown) may be provided
to control translational movement, while the primary mo-
tor controls rotational or pivotal movement. The motors
may be sequenced or linked to operate simultaneously
or the motors may operate independently.

[0048] The profile of the housing 12 may be varied to
include a curvilinear profile to further enhance the scan-
ning profile of the transducers 18. For example, aninterior
surface 74 of the housing 12 may include regularly
spaced undulations with a pitch corresponding to a pitch
of the transducers 18. The profile of the undulations can
be shaped for example to redirect scan lines from each
of the transducers 18 as they radiate from the housing
12. For example, a central profile of the undulations may
be shaped such that a direction of the scan lines is sub-
stantially unaffected when the transducers 18 are aligned
therewith, while opposing side portions of the undulations
may direct the scan lines to varying degrees, such as,
for example, up to 45 degrees or more from an axis per-
pendicular to the longitudinal axis 24. As such, the hous-
ing 12 may effectively tilt or sweep the scanlines radiating
from the transducers 18 fore and aft as the transducers
18 translate along the longitudinal axis 24, as indicated
by the arrows labeled 76. In this manner, the probe 10
is able to advantageously collect three dimensional data
of a target biological sample in a particularly efficient and
consistent manner. For example, in one embodiment,
the probe 10 is able to collect sufficient three dimensional
data of a target bladder to calculate a volume of the same
with acceptable accuracy via a low duty cycle scanning
sequence that may last, for example, in the range of about
5 seconds. This capability allows the probe 10 to make
repeated measurements on a single charge of the battery
22. It also allows a user to obtain diagnostic information
with minimal bother or inconvenience to the host of the
target sample. The battery 22 and hence probe 10 can
be recharged inductively by placing the probe 10 in a
base charger (not shown) for subsequent and repeated
use.

[0049] Additionally, although the transducers 18 may
be rigidly attached to the ultrasound module 16, it is ap-
preciated that in some embodiments the transducers 18
may be movably coupled to the ultrasound module 16.
For example, as illustrated in Figures 12 and 13, an em-
bodiment of an ultrasound module 80 may include trans-
ducers 82 operable to tilt fore and aft while the ultrasound
module 80 rotates about a longitudinal axis 84 as indi-
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cated by the arrow labeled 86. According to the illustrated
embodiment, the ultrasound module 80 may include
transducers 82 that are each pivotably coupled to a cy-
lindrical support structure 88 about a respective tilt axis
89 oriented perpendicular to the longitudinal axis 84 of
the ultrasound module 16 and pivotably coupled to a shaft
90 received in the support structure 88. In this manner,
the transducers 82 are operable to tilt in parallel toward
and away from longitudinal ends of the ultrasound mod-
ule 80 by pivoting or oscillating about the respective tilt
axes 89 as the shaft 90 translates back and forth in the
direction indicated by the arrow labeled 92. As such, the
transducers 82 may be held in one position while a data
setis collected and then tilted slightly in parallel with each
other while another data set is collected. This process
can be repeated multiple times with the transducers 82
tilted to varying degrees to create a complete high reso-
lution three dimensional data set. In some embodiments,
the shaft 90 may be translated and hence transducers
82 tilted independent of the rotational motion of the ul-
trasound module 80. In other embodiments, the shaft 90
may be coupled or linked to the rotation of the ultrasound
module 80 such that the shaft is automatically advanced
back and forth in a coordinated manner, such as, for ex-
ample, after each revolution.

[0050] As another example, transducers 100 may be
coupled to a frame or sheath 102 having internal screw-
like features that engage a corresponding screw-like ro-
tational shaft 104, as illustrated in Figure 14. As the shaft
104 rotates in a first direction, the frame or sheath 102
translates the transducers 100 forward. As the shaft 104
rotates in the opposite direction, the frame or sheath 102
draws the transducers 100 back, as indicated by the ar-
rows labeled 106. In such an embodiment, one motor
108 may be used to drive the screw-like shaft 104 to
advance and retreat the transducers longitudinally while
another motor 110 moves the transducers 100 rotation-
ally. Alternatively, a single motor may be configured or
drivingly coupled to perform both rotation and translation
of the transducers 100. Wires or a flexible circuit can be
attached to electrical components maintained on the
frame or sheath 102 to wind and unwind about the rota-
tional shaft 106 as needed; however, in embodiments
wherein all functional electrical components rotate or piv-
ot in unison the need for moving wires or a flexible circuit
is advantageously eliminated.

[0051] Although embodiments of the diagnostic ultra-
sound imaging probes and methods disclosed herein
have been described in connection with ultrasound diag-
nostic equipment and methods for imaging target biolog-
ical samples, including bladders in particular, and for de-
termining the volume of the same, it will be apparent to
those skilled in the art that these systems, methods and
aspects of the same may be applied to other diagnostic
imaging applications. Further, it is appreciated that em-
bodiments of the diagnostic ultrasound imaging probes
may be designed to be serviceable, such as to enable
replacement of the battery or other internal components.
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A removable housing end cap (not shown) with appro-
priate seals may be provided for this purpose. Alterna-
tively, the functional components of the probe (i.e., the
ultrasound module, motor and power source) may be her-
metically and permanently sealed in the housing for dis-
posable use applications.

[0052] Moreover, aspects of the various embodiments
described above can be combined to provide further em-
bodiments. Aspects of the embodiments can be modified,
if necessary to employ concepts of the various patents,
applications and publications to provide yet further em-
bodiments.

[0053] These and other changes can be made to the
embodiments in light of the above-detailed description.

Claims
1. An ultrasound probe (10) comprising:

a housing (12) having a longitudinal axis;

an ultrasound module (16) received in the hous-
ing (12), the ultrasound module (16) having a
plurality of transducers (18) longitudinally
spaced apart within the housing (12) and a con-
trol and processing system (50) communicative-
ly coupled to the transducers (18) and operable
to cause the transducers (18) to emit ultrasound
waves and to process ultrasound signals re-
ceived via the transducers (18) to collect ultra-
sonic data representative of a target biological
tissue when the ultrasound probe is in operation;
a motor (20) received in the housing (12) and
drivingly coupled to rotate the ultrasound mod-
ule (16) about the longitudinal axis of the hous-
ing (12); and

a coupling fluid (30) received in the housing (12)
to atleast partially surround the ultrasound mod-
ule (16) and the motor (20).

2. The ultrasound probe (10) of claim 1, further com-
prising:

a battery (22), the battery (22), a base of the
motor (20) and the ultrasound module (16) rig-
idly coupled together to rotate about the longi-
tudinal axis in unison.

3. The ultrasound probe (10) of claim 2 wherein the
motor (20) is a dual motion linear and rotary actuator,
the dual motion linear and rotary actuator drivingly
coupled to the housing (12) to move the ultrasound
module (16) relative to the housing (12) linearly along
the longitudinal axis and rotationally about the lon-
gitudinal axis.

4. The ultrasound probe (10) of claim 3 wherein the
battery (22), the base of the motor (20) and ultra-
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10.

1.

sound module (16) rotate and translate in unison
within a common chamber of the housing (12), the
chamber filled with the coupling fluid (30).

The ultrasound probe (10) of claim 1 wherein the
motor (20) is a DC motor driven to continuously rotate
the ultrasound module (16) about the longitudinal
axis of the housing (12) or the motor is a stepper
motor driven to sweep the ultrasound module (16)
back and forth about the longitudinal axis of the hous-
ing (12).

The ultrasound probe (10) of claim 1 wherein the
control and processing system includes a wireless
communication device to transmit the ultrasonic data
representative of the target biological tissue to a re-
mote device.

The ultrasound probe (10) of claim 1 wherein the
control and processing system includes a sensor to
measure at least one of a rotational position or a
rotational speed of the ultrasonic module.

The ultrasound probe (10) of claim 1, further com-
prising:

a plurality of LEDs communicatively coupled to
the control and processing system to controlla-
bly illuminate as the ultrasound module (16) ro-
tates about the longitudinal axis to visually com-
municate information to a user through the hous-
ing (12).

The ultrasound probe (10) of claim 1, further com-
prising:

a support structure, the transducers (18) pivot-
ably coupled to the support structure to tilt in
parallel about arespective tilt axis perpendicular
to the longitudinal axis of the housing (12).

The ultrasound probe (10) of claim 1 wherein a sur-
face of the housing (12) includes a curvilinear profile
such that scan lines of the transducers (18) are re-
directed when passing through the housing (12).

A method of obtaining ultrasonic data representative
of a target biological tissue, the method comprising:

rotating an ultrasound module (16) contained in
a housing (12) about a longitudinal axis of the
housing (12) using a motor (20) received in the
housing (12), the ultrasound module (16) includ-
ing a plurality of transducers (18) longitudinally
spaced apart within the housing (12) and a con-
trol and processing system electrically coupled
to the transducers, the transducers (18) and the
control and processing system of the ultrasound
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module (16) sealed in a common fluid chamber;
firing, by the control and processing system, the
ultrasound transducers (18) to emit ultrasound
waves while the ultrasound module (16) rotates
about the longitudinal axis; and

processing, by the control and processing sys-
tem, ultrasonic data received via the transduc-
ers (18) to collect ultrasonic data representative
of the target biological tissue.

12. The method of claim 11 wherein rotating the ultra-
sound module (16) contained in the housing (12)
about the longitudinal axis includes: rotating the ul-
trasound module (16), a battery (22) and a base of
the motor (20) in unison about the longitudinal axis;
rotating and translating the ultrasound module (16)
axially about and along the longitudinal axis, respec-
tively; and/or pivoting the ultrasound module (16)
back and forth about the longitudinal axis in opposite
rotational directions.

13. The method of claim 11, further comprising:

wirelessly transmitting the ultrasonic data rep-
resentative of the target biological tissue to a
device remote from the ultrasound module (16)
and/or

selectively illuminating a plurality of LEDs elec-
trically coupled to the ultrasound module (16) as
the ultrasound module (16) rotates about the
longitudinal axis to visually communicate infor-
mation to a user through the housing (12).

14. The method of claim 11, further comprising:

sensing a rotational position of the ultrasound
module (16); and

coordinating a collection of ultrasonic data from
the transducers (18) with the position of the ul-
trasound module (16).

15. The method of claim 11, further comprising:

simultaneously translating the ultrasound mod-
ule (16) along the longitudinal axis of the housing
(12) as the ultrasound module (16) rotates.

Patentanspriiche
1. Ultraschallsonde (10), aufweisend:

ein Gehause (12) mit einer Langsachse;

ein in dem Gehause (12) aufgenommenes Ul-
traschallmodul (16), welches Ultraschallmodul
(16) eine Mehrzahl von Transducer (18) hat, die
in Langsrichtung innerhalb des Gehauses (12)
beabstandet sind, sowie ein Streuer- und Ver-
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arbeitungssystem (50), das in kommunikativer
Weise an den Transducern (18) angekoppelt ist
und betrieben, werden kann, um die Transducer
(18) zu veranlassen, Ultraschallwellen zu emit-
tieren und Ultraschallsignale zu verarbeiten, die
von den Transducern (18) aufgenommen wur-
den, um Ultraschalldaten zu sammeln, die re-
prasentativ fir ein Trager eines biologischen
Gewebes stehen, wenn die Ultraschallsonde in
Betrieb ist;

einindem Gehause (12) aufgenommener Motor
(20), der antriebsfunktional angekoppelt ist, um
das Ultraschallmodul (16) um die Langsachse
des Gehauses (12) zu rotieren; und

ein Kopplungsfluid (30), das in dem Gehause
(12) aufgenommen ist, um zumindest teilweise
das Ultraschallmodul (16) und den Motor (20)
zu umgeben.

Ultraschallsonde (10) nach Anspruch 1, ferner auf-
weisend:

eine Batterie (22), wobei die Batterie (22), eine
Basis des Motors (20) und das Ultraschallmodul
(16) feststehend miteinander zur Rotation um
die Lédngsachse als eine Einheitverbunden sind.

Ultraschallsonde (10) nach Anspruch 2, wobei der
Motor (20) ein Rotationsantrieb und linearer Bewe-
gungsantrieb in zwei Richtungen ist, wobei der be-
sagte Antrieb fahrfunktional an das Gehause (12)
ungekoppeltist, um das Ultraschallmodul (16) retativ
zudem Gehause (12) linear entlang der Langsachse
und drehfunktional um die Ladngsachse zu bewegen.

Ultraschallsonde (10) nach Anspruch 3, wobei die
Batterie (22), die Basis des Motors (20) und das Ul-
traschallmodul (16) als eine Einheit innerhalb einer
gemeinsamen Kammer des Gehauses (12) rotieren
und translatorisch verfahren werden, und die Kam-
mer mit dem Kopplungsfluid (30) gefullt ist.

Ultraschallsonde (10) nach Anspruch 1, wobei der
Motor (20) ein Gleichstrommotor ist, der zur konti-
nuierlichen Rotation des Ultraschallmoduls (16) um
die Langsachse des Gehauses (12) vorgesehen ist
oder der Motor ein Schrittmotor ist, der zum Schwin-
gen des Ultraschallmoduls (16) zurtick und vor um
die Langsachse des Gehauses (12) angebtrieben
ist.

Ultraschallsonde (10) nach Anspruch 1, wobei das
Steuer- und Verarbeitungssystem eine drahtlose
Kommunikationsvorrichtung aufweist, um die Ultra-
schalldaten an eine ferne Vorrichtung zu tibertragen,
welche Daten reprasentativ fir das Traget biologi-
schen Gewebes stehen.
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Ultraschallsonde (10) nach Anspruch 1, wobei das
Steuer- und Verarbeitungssystem einen Sensor auf-
weist, um zumindest entweder eine Rotationspositi-
on oder eine Rotationsgeschwindigkeit des Ultra-
schallmoduls zu messen.

Ultraschallsonde (10) nach Anspruch 1, ferner auf-
weisend:

eine Mehrzahl an LEDs, die kommunikativ an
dem Steuer- und Verarbeitungssystem ange-
koppelt sind, um in steuernder Weise aufzu-
leuchten, sowie das Ultraschallmodul (16) um
die Langsachse rotiert, um visuell Informationen
an einen Anwender durch das Gehause (12) zu
kommunizieren.

Ultraschallsonde (10) nach Anspruch 1, ferner auf-
weisend:

eine Tragstruktur, wobei die Transducer (18)
drehbar an die Tragstruktur gekoppelt sind, um
parallel um eine entsprechende Neigungsachse
geneigt zu werden, die senkrecht zur Langsach-
se des Gehauses (12) steht.

Ultraschallsonde (10) nach Anspruch 1, wobei eine
Flache des Gehduses (12) ein gekrimmtes Profil
aufweist, derart, dass Scanlinien der Transducer
(18) riickgerichtet werden, wann sie durch das Ge-
hause (12) verlaufen,

Verfahren zum Erhalten von Ultraschalldaten, die
ein Target eines biologischen Gewebes reprasen-
tieren, wobei das Verfahren aufweist:

Rotieren eines Ultraschallmoduls (16), dasin ei-
nem Gehaduse (12) aufgenommen ist, um eine
Langsachse des Gehauses (12) unter Verwen-
dung eines Motors (20), der in dem Gehause
(12) aufgenommen ist, wobei das Ultraschall-
modul (16) eine Mehrzahl von Transducern (18)
umfasst, die in Langsrichtung innerhalb des Ge-
hauses (12) beabstandet sind, sowie ein Steuer-
und Verarbeitungssystem, das elektrisch an dir
Transducer angekoppelt ist, wobei die Transdu-
cer (18) und das Steuer- und Verarbeitungssy-
stem des Ultraschallmoduls (16) in einer ge-
meinsamem Fluidkammer abgedichtet sind;
Auflésen durch das Steuer- und Verarbeitungs-
system einer Abgabe von Ultraschallwellen
durch die Ultraschall-Transducer (18) wahnend
das Ultraschallmodul (16) um die Ladngsachse
rotiert,; und

Verarbeiten durch das Steuer- und Verarbei-
tungssystem die Ultraschalldaten, wie sie tber
die Transducer (18) empfangen werden, am Ul-
traschalldaten zu sammeln, die reprasentativ flr
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das Target an biologischem Gewebe stehen.

12. Verfahrennach Anspruch 11, wobeiein Rotieren des
Ultraschallmoduls (16), das in dem Gehause (12)
aufgenommen ist, um die Langsachse beinhaltet:
Rotieren des Ultraschallmoduls (16), eine Batterie
(22) und eine Basis des Motors (20) als Einheit um
die Langsachse; jeweiliges Rotieren und translato-
risches Bewegen des Ultraschallmoduls (16) axial
um und entlang der Langsachse; und/oder Drehen
des Ultraschallmoduls zu zuriick und vor um die
Langsachse in entgegengesetzten Rotationsrich-
tungen.

13. Verfahren nach Anspruch 11, ferner aufweisend:

Eine drahtlose Ubertragung der Ultraschallda-
ten, die das Target an biologischem Gewebe
reprasentieren, an eine Ferneinrichtung abseits
von dem Ultraschallmodul (16) und/oder
selektives Beleuchten einer Mehrzahl von
LEDs, die elektrisch an dem Ultraschallmodul
(16) angeschlossen sind, sowie das Ultraschall-
modul um die Langsachse rotiert, um Informa-
tionan einen Anwender durch das Gehause (12)
zu kommunizieren.

14. Verfahren nach Anspruch 11, ferner aufweisend:

Messen einer Rotationsposition des Ultraschall-
moduls (16); und

Koordinieren einer Sammlung von Ultraschall-
daten der Transducer (18) mit der Position des
Ultraschatimoduls (16).

15. Verfahren nach Anspruch 11, ferner aufweisend:

gleichzeitiges translatorisches Bewegen des Ul-
traschallmoduls (16) entlang der Langsachse
des Gehauses (12), wenn das Ultraschallmodul
(16) rotiert.

Revendications
1. Sonde ultrasonore (10) comprenant :

un logement (12) présentant un axe
longitudinal ;

un module ultrasonore (16) regu dans le loge-
ment (12), le module ultrasonore (16) possédant
une pluralité de transducteurs (18) espacés lon-
gitudinalement a l'intérieur du logement (12) et
un systéme de commande et de traitement (50)
couplé en communication avec les transduc-
teurs (18) et pouvant étre utilisé pour amener
les transducteurs (18) a émettre des ondes ul-
trasonores et pour traiter les signaux ultrasono-
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res regus par l'intermédiaire des transducteurs
(18) pour collecter des données ultrasonores re-
présentatives d’un tissu biologique cible lorsque
la sonde ultrasonore fonctionne ;

un moteur (20) regu dans le logement (12) et
couplé de maniére entrainante pour faire tour-
ner le module ultrasonore (16) autour de I'axe
longitudinal du logement (12); et

unfluide de couplage (30) recu dans le logement
(12) de maniéere a entourer au moins partielle-
ment le module ultrasonore (16) et le moteur
(20).

Sonde ultrasonore (10) selon la revendication 1,
comprenant en outre :

une batterie (22), la batterie (22), une base du
moteur (20) et le module ultrasonore (16) étant
couplésrigidement les uns aux autres pour tour-
ner autour de I'axe longitudinal a I'unisson.

Sonde ultrasonore (10) selon la revendication 2,
dans laquelle le moteur (20) est un actionneur linéai-
re et rotatif a double mouvement, I'actionneur linéai-
re et rotatif a double mouvement étant couplé de
maniére entrainante au logement (12) pour déplacer
le module ultrasonore (16) par rapport au logement
(12) linéairement le long de I'axe longitudinal et en
rotation autour de 'axe longitudinal.

Sonde ultrasonore (10) selon la revendication 3,
dans laquelle la batterie (22), la base du moteur (20)
et le module ultrasonore (16) tournent et effectuent
un mouvement de translation a 'unisson a l'intérieur
d’'une chambre commune dulogement (12), lacham-
bre étant remplie du fluide de couplage (30).

Sonde ultrasonore (10) selon la revendication 1,
dans laquelle le moteur (20) est un moteur a courant
continu entrainé pour faire tourner en continu le mo-
dule ultrasonore (16) autour de I'axe longitudinal du
logement (12) ou le moteur est un moteur pas a pas
entrainé pour balayer le module ultrasonore (16)
d’avant en arriére autour de I'axe longitudinal du lo-
gement (12).

Sonde ultrasonore (10) selon la revendication 1,
dans laquelle le systtme de commande et de traite-
ment comprend un dispositif de communication sans
fil pour transmettre les données ultrasonores repré-
sentatives du tissu biologique cible a un dispositif a
distance.

Sonde ultrasonore (10) selon la revendication 1,
dans laquelle le systtme de commande et de traite-
ment comprend un capteur pour mesurer au moins
'une d’une position de rotation ou d’une vitesse de
rotation du module ultrasonore.
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Sonde ultrasonore (10) selon la revendication 1,
comprenant en outre :

une pluralité de DEL couplées en communica-
tion avec le systéme de commande et de traite-
ment pour éclairer de maniére contrélable alors
que le module ultrasonore (16) tourne autour de
I'axe longitudinal pour communiquer visuelle-
ment des informations a un utilisateur a travers
le logement (12).

Sonde ultrasonore (10) selon la revendication 1,
comprenant en outre :

une structure de support, les transducteurs (18)
étant couplés de maniére pivotante ala structure
de support pour s’incliner en paralléle autour
d’'un axe d’inclinaison respectif perpendiculaire
a I'axe longitudinal du logement (12).

Sonde ultrasonore (10) selon la revendication 1,
dans laquelle une surface du logement (12) com-
prend un profil curviligne de sorte que les lignes de
balayage des transducteurs (18) sont redirigées
lorsqu’ils passent a travers le logement (12).

Procédé d’obtention de données ultrasonores repré-
sentatives d’'un tissu biologique cible, le procédé
comprenant :

la rotation d’'un module ultrasonore (16) contenu
dans un logement (12) autour d’un axe longitu-
dinal du logement (12) en utilisant un moteur
(20) regu dans le logement (12), le module ul-
trasonore (16) comprenant une pluralité de
transducteurs (18) espacés longitudinalement a
I'intérieur du logement (12) et un systéme de
commande et de traitement couplé électrique-
ment aux transducteurs, les transducteurs (18)
et le systeme de commande et de traitement du
module ultrasonore (16) étant enfermés hermeé-
tiquement dans une chambre de fluide
commune ;

le déclenchement, par le systéme de comman-
de et de traitement, des transducteurs ultraso-
nores (18) pour émettre des ondes ultrasonores
alors que le module ultrasonore (16) tourne
autour de I'axe longitudinal ; et

le traitement, par le systtme de commande et
de traitement, des données ultrasonores regues
par I'intermédiaire des transducteurs (18) pour
collecter des données ultrasonores représenta-
tives du tissu biologique cible.

Procédé selon la revendication 11, dans lequel la
rotation du module ultrasonore (16) contenu dans le
logement (12) autour de [l'axe longitudinal
comprend :
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la rotation du module ultrasonore (16), d’'une

batterie (22) et d’'une base du moteur (20) a

'unisson autour de I'axe longitudinal ; la rotation

etla translation du module ultrasonore (16) axia-

lement autour et le long de I'axe longitudinal, 5

respectivement ;

et/ou le pivotement du module ultrasonore (16)

d’avant en arriére autour de I'axe longitudinal

dans des directions de rotation opposées.

10
13. Procédé selon la revendication 11, comprenant en
outre :

la transmission sans fil des données ultrasono-

res représentatives du tissu biologique cible a 15
un dispositif a distance du module ultrasonore
(16), et/ou

I'éclairage de maniére sélective d’'une pluralité

de DEL couplées électriquement au module ul-
trasonore (16) alors que le module ultrasonore 20
(16) tourne autour de l'axe longitudinal pour
communiquer visuellement des informations a

un utilisateur a travers le logement (12).

14. Procédé selon la revendication 11, comprenant en 25
outre :

la détection d’'une position de rotation du module
ultrasonore (16) ; et

la coordination de la collecte des données ultra- 30
sonores a partir des transducteurs (18) avec la
position du module ultrasonore (16).

15. Procédé selon la revendication 11, comprenant en
outre : 35

la translation simultanée du module ultrasonore
(16) le long de I'axe longitudinal du logement

(12) alors que le module ultrasonore (16) tourne.
40
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