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A method for visualizing data in an ultrasound probe system
in which a display is arranged in a housing of an ultrasound
probe in a position in which it is visible and the display is
controlled to display data relating to a transducer of the probe
and/or the probe. By providing a display on connection with
the housing of the ultrasound probe, the user can view func-
tional parameters of the transducer or transducer settings and
probe settings while maintaining the transducer in a common
field of view with the patient or object being examined.
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DATA VISUALIZATION METHOD FOR AN
ULTRASOUND IMAGING SYSTEM

[0001] The present invention relates generally to a method
for visualizing data relating to an ultrasound transducer probe
of an ultrasound imaging system, and more particularly, to a
housing of an ultrasound transducer probe that provides a
built-in or integrated dynamic display on which status infor-
mation about the settings of the transducer of the probe and/or
other related information pertinent to the transducer is dis-
played.

[0002] In an ultrasound imaging system, ultrasound trans-
ducer probes are often used for interoperative imaging of a
patient’s internal body parts. The probes, also referred to as an
ultrasonic or ultrasound head, include a housing and a trans-
ducer arranged in the housing in a position such that ultra-
sound waves are emitted from an active surface of the trans-
ducer toward the body part as the housing is passed over the
body part. The transducer then receives ultrasound waves
reflected from the body part. A cable is connected to the
transducer and passes through an opening in the housing to
connect the transducer to a control unit and allow for signal
transmission between the transducer and the control unit.
Signals representative of the received ultrasound waves are
provided by the transducer to the control unit viathe cable and
processed by the control unit to obtain images of the body
part.

[0003] The control unit includes a display screen on which
the images of the body part are visualized and is coupled to
one or more user interface devices which enable adjustment
of transducer settings. The display screen is typically used to
display status information about the transducer settings and/
or other information relating to the operation of the trans-
ducer. When a user modifies the transducer settings via the
user interface devices during an ultrasound imaging proce-
dure, the modifications are reflected by changes in the display.

[0004] A drawback of such a system is that the user must
avert their gaze from the transducer housing, and thus the
patient against which the transducer housing is placed, during
the ultrasound imaging procedure in order to view the trans-
ducer settings and ascertain whether they are correct for the
imaging procedure being performed.

[0005] Ultrasound imaging systems of the type described
above exist which include several ultrasound transducer
probes coupled to the same control unit. The transducer
probes have different imaging characteristics and each is used
for a specific imaging procedure. A problem with these sys-
tems 1s that it is difficult to ascertain which probe is activated.
It may therefore be necessary to check each probe until the
activated probe is located.

[0006] It is an object of the present invention to provide a
new transducer probe and method for visualizing data for
ultrasound imaging systems, such as general abdominal and
obstetric imaging applications.

[0007] It is another object of the present invention to pro-
vide a new transducer probe for ultrasound imaging systems
which enables the probe to be easily identified as being acti-
vated when used in conjunction with other probes and
coupled to a common control unit.

[0008] It is another object of the present invention to pro-
vide a new method for visualizing data in an ultrasound
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transducer probe that eliminates the need for a user to avert
their gaze from the transducer housing in order to view trans-
ducer settings.

[0009] It is yet another object of the present invention to
provide a new housing for an ultrasound transducer probe
which includes a built-in or integrated dynamic display
capable of showing status information about transducer set-
tings and/or other related information pertinent to the trans-
ducer.

[0010] Tt is still another object of the present invention to
provide a new housing for an ultrasound transducer which
provides improved ergonomics with integrated technology to
display relative transducer settings.

[0011] In order to achieve these objects and others, in a
method for visualizing data in an ultrasound probe system, a
display is arranged in a housing of an ultrasound probe in a
position in which it is visible and the display is controlled to
display data relating to a transducer of the probe and/or the
probe itself. By providing a display on the housing of the
ultrasound probe, the user can view functional parameters of
the transducer or transducer settings and probe settings while
maintaining the transducer in a common field of view with the
patient or object being examined. Previously, the user was
required to look at a control unit coupled by a cable to the
housing in order to view the transducer and probe settings.
[0012] Possible transducer and probe settings include a
name or designation of the transducer or the probe, a fre-
quency setting of the transducer, activation status of the
probe, a field of view setting, an indication of the orientation
of the probe along with the sector in which the probe is
operational, temperature of the transducer, angle of operation
of the transducer, depth of penetration of waves transmitted
by the transducer, needle guide parameters and quadrant set-
tings for scan plan orientation. In addition to functional
parameters of the transducer and/or probe, the display could
also be used to display data relating to a patient being exam-
ined with the probe and status of the probe during test cycles.
[0013] In one embodiment, the display is controlled to be
illuminated differently depending on the activation status of
the probe. For example, the display is placed in a blank state
when the probe is inactive, a name or designation of the
transducer or the probe is displayed when the probe receives
power but is not operative, and the display is backlit when the
probeis operative. Thus, a user can readily ascertain the status
of availability of the probe simply by viewing the display.
[0014] When a plurality of such probes are included in an
ultrasound probe system having a control unit and one or
more user interfaces coupled to the control unit, the user can
readily ascertain the status of each probe and determine
which probe or probes are ready for use. This improves work-
flow efficiency and productivity.

[0015] The invention, together with further objects and
advantages thereof, may best be understood by reference to
the following description taken in conjunction with the
accompanying drawings, wherein like reference numerals
identify like elements and wherein:

[0016] FIG. 1 is a front view of an ultrasound transducer
probe in accordance with the present invention.

[0017] FIG. 2 is a side view of the probe shown in FIG. 1.
[0018] FIG. 3 isa top view of the probe shown in FIG. 1.
[0019] FIG. 4is a cross-sectional view taken along the line
4-4 of FIG. 3.

[0020] FIG. 5 is an exploded view of the probe shown in
FIG. 1.
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[0021] FIG. 6 is an enlarged view of the display screen of
the probe shown in FIG. 1.

[0022] FIG.7 isa perspective view of another embodiment
of an ultrasound transducer probe in accordance with the
invention.

[0023] Referring to the accompanying drawings wherein
like reference numerals refer to the same or similar elements,
FIGS. 1-5 show an ultrasound transducer probe in accordance
with the invention which is designated generally as 10. The
probe 10 includes a housing 12, a transducer 14 arranged in
the housing 12 and a display unit 16 arranged in the housing
12. Display unit 16 may be built in or integrated into the
housing 12.

[0024] Housing 12 has an upper portion 18 having a sub-
stantially spherical outer surface and a lower portion 20 hav-
ing the approximate, general shape of a truncated cone. The
upper portion 18 is designed to be easily grippable by a user
and includes an opening 22 at a top part thereof. The lower
portion 20 includes an opening 24 through which ultrasonic
waves are transmitted and received by the transducer 14 dur-
ing use of the probe 10. The lower portion 20 also includes a
cable conduit 26 through which a cable 28 passes to connect
the transducer 14 to a control unit (not shown). Optionally, the
probe 10 is weighted to balance it in its neutral position by,
e.g., filling a part or all of the available interior of the housing
12 with a loaded, flexible epoxy, or similar material.

[0025] Cable conduit 26 is designed to lead or orient the
cable 28 out of the housing 10 in a particular direction, pref-
erably at an angle of about 0° to about 30° relative to a
horizontal plane of the housing 12 perpendicular to a central,
vertical axis thereof. By positioning an exit opening of the
cable conduit 26 below the top portion 18 of the housing 12
which is gripped by the user, in combination with the specific
orientation of the cable conduit 26 at an angle to the horizon-
tal plane of the housing 12, minimizes the effective weight/
torque which arises during movement of the housing 12 and
provides improved ergonomics for the user. Additional
details relating to the construction of the housing 12 and
ergonomic advantages obtained thereby are set forth in U.S.
provisional patent application Ser. No. 60/526,818 filed Dec.
4, 2003 entitled “Ergonomic Housing For Ultrasound Trans-
ducer Probe” incorporated by reference herein.

[0026] Transducer 14 may be any type of transducer
capable of performing imaging. As shown, transducer 14
includes an electronic imaging unit 30 connected to the cable
28 and a crystal/acoustic component assembly 32 which
cooperates with the imaging unit 30 to transmit ultrasonic
waves having the necessary properties to enable the forma-
tion ofimages from waves reflected by the object being exam-
ined. The imaging unit 30 may include a printed circuit board
having the necessary electronic components to transmit,
receive and process ultrasonic waves. Optionally, an EMI-
RF1I shield layer may be provided around the transducer 14.

[0027] Thedisplay unit 16 is arranged above the transducer
14 and includes a display driver unit 34, a LCD display 36
connected thereto and a display cover 38 arranged in the
opening 22 of the upper portion 18 of the housing 12 and
above the display 36. An underside of the display cover 38
includes a recess 40 which receives the display 36 (see FIG.
5). The display cover 38 is made of a transparent material to
enable visualization of the display 36 therethrough. Alterna-
tively, the housing 12 can be made of a transparent material
with the display 36 arranged therein, in virtually any location,
and visible through the transparent housing 12. In this
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embodiment, an open window would not have to be formed in
the housing 12 to receive the display cover 40. Also, only part
of the housing 12 opposite the display 36 would have to be
made of a transparent material and this can be achieved using
a process called in-mold decorating which enables the selec-
tive positioning of a clear area for viewing of the display 36.
[0028] Display driver unit 34 may comprise a printed cir-
cuit board on which the necessary components for forming
signals to control the display 36 are mounted. Display driver
unit 34 is electrically coupled to the imaging unit 30 and
receives power and control signals from the control unit via
the imaging unit 30.

[0029] Thedisplay unit 16 is constructed to provide a selec-
tively illuminated display area on display 36 depending on the
activation status of the probe 10. For example, in one embodi-
ment, when the probe is inactive, i.e., the probe is discon-
nected from the control unit or off, the display area of display
36 will be blank without any illumination. When the probe 10
receives power from the control unit via cable 28, a name or
designation of the probe 10 will be outlined indicating that the
probe 10 is ready for use and when the probe 10 is powered on
and operating, the display 36 will be backlit. The display 36
can either be independently programmed to accomplish the
selective illumination, e.g., via display driver unit 34, or via
the control unit when the probe 10 is coupled thereto.
[0030] As such, when a plurality of similar probes 10 in
accordance with the invention are connected to the same
control unit, it can be readily ascertained which probe is
activated because the display 36 of the activated probe 10 will
be operative and the name or designation of the transducer or
probe will be shown. The user can therefore reach immedi-
ately for the activated probe instead of handling each probe
from among the plurality of similar probes to ascertain
whether it is the activated probe. This saves time during
ultrasound examinations and improves productivity and effi-
ciency. Moreover, when switching between different probes,
1.e., deactivating one probe and activating another probe, the
newly activated probe can be readily picked up forimmediate
use.

[0031] Another advantage arising from the presence of dis-
play unit 16 on the housing 12 is the ability to display infor-
mation relating to the transducer 14 on the display 36. Spe-
cifically, in addition to the name or designation of the
transducer or probe, settings of the transducer 14 can be
shown on display 36 so that the user does not have to avert
their gaze from the housing 12 which would typically be
placed against the patient being examined. Since the user can
maintain their view of the examining area of the patient while
simultaneously viewing transducer settings, workflow effi-
ciency is improved. The display of the transducer settings in
display 36 would be instead of or in addition to the display of
such transducer settings on a screen of the control unit.
[0032] Referring now to FIG. 6, the transducer settings
which can be displayed on display 36 during an examination
procedure are key functional parameters including, but not
limited to, the transducer name or designation (in display area
44), the frequency settings (in display area 46), activation
status such as inactive, ready, active (in display area 48 with
an icon indicative of the status), field of view (FOV) setting
(in display area 50), orientation of the probe along with the
sector in which the probe is operational (in display area 52),
temperature, angle, depth, needle guide parameters and quad-
rant settings for scan plan orientation. The display 36 can be
designed to display data over its entire active surface with the
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different parameters being displayed in designated portions
of the active surface area such as shown in FIG. 6. The
location and size of the designated display areas 44, 46, 48,
50, 52, and the content thereof, can be determined as desired.
[0033] The specific parameters to be displayed on the dis-
play 36 can be programmed via the control unit and user
interface devices coupled thereto. The parameters can thus be
varied for different probes and for different examination pro-
cedures as desired.

[0034] Display of parameters relating to the transducer 14
is primarily useful prior to the beginning of the actual ultra-
sound examination of the patient. That is, prior to placing the
probe 10 against a patient, the settings of the transducer 14
must be within a predetermined operating range to enable the
generation of useful ultrasound images.

[0035] The display 36 can also be programmed to display
data relating to the patient being examined. The display 36
can also be used to communicate the status of the ultrasound
probe 10 to the user during test cycles. However, the display
36 is not used to display the images being formed from the
returned ultrasonic waves received by the transducer 14. The
display driver unit 34 therefore receives signals indicative of
parameters relating to the transducer 14, and optionally the
patient, and does not receive any video display signals
[0036] The probe 10 also includes a lens 42 arranged in the
opening 24 in the lower portion 22 of the housing 12 and
through which ultrasonic waves pass to and from the active
surface of the transducer 14 (see FIG. 4). Lens 42 is attached
to the housing 12 by any means known in the art, such as by
an adhesive agent. In the alternative, the lens 42 may be
attached to or formed in connection with the transducer 14.
[0037] Inaddition,an orientation marker 54 is connected to
the housing 12 to enable the orientation of the housing 12 to
be determined relative to a predetermined or designated ref-
erence line and displayed on the display 36.

[0038] To assemble the probe 10, the electronic imaging
unit 30 is connected to cable 28 and the display driver unit 34
is connected to the electronic imaging unit 30. The display 36
is connected to the display driver unit 34 and the crystal/
acoustic component assembly 32 is connected to the elec-
tronic imaging unit 30. The display cover 38 is arranged over
the display 36. Any of the foregoing components might be
formed integral with one another so that separate assembly
step would not be required to form this subassembly. The
housing 12 may be formed as a two part housing 12 so that the
subassembly is mounted into one housing component with
the cable 28 passing through the cable conduit 26 and then the
housing components are attached to one another with the
subassembly and the lens 42 therebetween. If the lens 42 is
part of the housing 12, then it would be first attached to one of
the housing components and then to the other housing com-
ponent when the housing components are attached to one
another. Alternately, the lens 42 could be part of or formed
integral with the transducer 14.

[0039] With the foregoing structure, the housing 12 with
the integrated display unit 16 dynamically provides key status
information about the transducer settings and/or relative sys-
tem settings to the user at any time while the system is pow-
ered on and the transducer 14 is connected to the control unit.
[0040] Another embodiment of an ultrasound probe system
including ultrasound transducer probes in accordance with
the invention is shown in FIG. 7 and designated as 56. The
system 56 includes a plurality of similar probes 58 with each
probe 58 including a housing 60 and an integrated display unit
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which includes a display 62 visible through a transparent
display cover thereof, or through a transparent portion of the
housing 60. Housing 60 includes a transducer in an interior
thereof which is connected via a cable 64 to a control unit 66
which includes a microprocessor. User interface devices 68,
70 are connected to the control unit 66. The display unit may
be programmed to display on the display 62 any of data
discussed above with respect to display unit 16 and display 36
thereof, e.g., transducer settings and patient data. Probes 58
may have the shape as shown in FIG. 7 or the shape of the
probe 10 shown in FIGS. 1-5 above, with the same structure
thereof.

[0041] Control unit 66 controls the display units, when the
probes 58 are coupled via the cable 64 thereto, to vary acti-
vation and content of the display 62 based on the activation
status ofthe probe 58 and the desired functional parameters of
the transducer and/or probe 58. In the absence ofa connection
between the probes 58 and the control unit 66, the display 62
can be designed to maintain a blank, non-illuminated screen
which would be indicative of an inactive status.

[0042] Although only two housing constructions are illus-
trated, the invention can be applied to any shape and size of an
ultrasound probe housing. Applying teachings of the inven-
tion, the probe housing would be constructed to include an
integral display and programmed to display data relating to
the transducer arranged in the housing and/or the patient
being examined by the probe.

[0043] Although illustrative embodiments of the present
invention have been described herein with reference to the
accompanying drawings, it is to be understood that the inven-
tion is not limited to these precise embodiments, and that
various other changes and modifications may be effected
therein by one of ordinary skill in the art without departing
from the scope or spirit of the invention.

1. A method for visualizing data in an ultrasound probe
system, comprising the steps of:

arranging a transducer in a housing of an ultrasound probe;

arranging a display in the housing in a position in which the

display is visible; and

controlling the display to display data relating to at least

one of the transducer and the probe.

2. The method of claim 1, wherein the step of arranging the
display in the housing comprises integrating the display into
the housing.

3. The method of claim 1, wherein the step of arranging the
display in the housing comprises arranging the display above
the transducer and such that the display is visible through an
opening in an upper surface of the housing.

4. The method of claim 1, further comprising the steps of:

forming an opening in an upper surface of the housing; and

arranging a transparent cover in the opening, the display
being arranged in alignment with the cover.

5. The method of claim 1, further comprising the steps of’

coupling the display to the transducer; and

providing power and control signals to the display via the

transducer.

6. The method of claim 1, further comprising the step of
controlling the display to be illuminated differently depend-
ing on activation status of the probe.

7. The method of claim 6, wherein the step of controlling
the display comprises placing the display in a blank state
when the probe is inactive, outlining a name or designation of
the transducer or the probe on the display when the probe
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receives power but is not operative, and backlighting the
display when the probe is operative.

8. The method of claim 1, wherein the step of controlling
the display comprises controlling the display to display func-
tional parameters of the transducer for an ultrasound exami-
nation procedure at least prior to initiation of the procedure.

9. The method of claim 1, wherein the step of controlling
the display comprises controlling the display to display a
name or designation of the transducer or the probe.

10. The method of claim 1, wherein the step of controlling
the display comprises controlling the display to display a
frequency setting of the transducer.

11. The method of claim 1, wherein the step of controlling
the display comprises controlling the display to display acti-
vation status of the probe.

12. The method of claim 1, wherein the step of controlling
the display comprises controlling the display to display a field
of view setting.

13. The method of claim 1, wherein the step of controlling
the display comprises controlling the display to display an
indication of the orientation of the probe along with the sector
in which the probe is operational.

14. The method of claim 1, wherein the step of controlling
the display comprises controlling the display to display at
least one of temperature of the transducer, angle of operation
of the transducer, depth of penetration of waves transmitted
by the transducer, needle guide parameters and quadrant set-
tings for scan plan orientation.

15. The method of claim 1, wherein the step of controlling
the display comprises controlling the display to a plurality of
parameters selected from a group consisting of a name or
designation of the transducer or the probe, a frequency setting
of the transducer, activation status of the probe, a field of view
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setting, an indication of the orientation of the probe along
with the sector in which the probe is operational, temperature
of the transducer, angle of operation of the transducer, depth
of penetration of waves transmitted by the transducer, needle
guide parameters and quadrant settings for scan plan orien-
tation.

16. The method of claim 1, further comprising the step of
controlling the display to display data relating to a patient
being examined with the probe.

17. The method of claim 1, further comprising the step of
controlling the display to display status of the probe during
test cycles.

18. An ultrasound probe system, comprising;

a control unit;

at least one user interface coupled to said control unit; and

a plurality of probes connected to said control unit,

each of said probes including a housing, a transducer

arranged in said housing and having an active surface
oriented toward a bottom of said housing, and a display
arranged in said housing, said housing being arranged to
provide a clear view of said display, said control unit
being arranged to control said display to vary activation
and content of said display based on activation status of
said probe.

19. The system of claim 18, wherein said display of each of
said probes is arranged to be illuminated or refrain from
illumination depending on activation status of said probe.

20. The system of claim 18, wherein said display of each of
said probes is arranged to be in a blank state when said probe
is inactive, outline a name or designation of said transducer or
said probe when said probe receives power but is not opera-
tive, and to be backlit when said probe is operative.
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