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EMBEDDED MOTION SENSING
TECHNOLOGY FOR INTEGRATION WITHIN
COMMERCIAL ULTRASOUND PROBES

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This patent application is a continuation-in-part and
claims the benefit of U.S. patent application Ser. No. 13/243,
758 filed Sep. 23, 2011 for Multimodal Ultrasound Training
System, which is a continuation of U.S. patent application
Ser. No. 11/720,515 filed May 30, 2007 for Multimodal
Medical Procedure Training System, which is the national
stage entry of PCT/US05/43155, entitled “Multimodal Medi-
cal Procedure Training System” and filed Nov. 30, 2005,
which claims priority to U.S. Provisional Patent Application
No. 60/631,488, entitled Multimodal Emergency Medical
Procedural Training Platform and filed Nov. 30, 2004. Each
of those applications is incorporated here by this reference.
[0002] This patent application also claims the benefit of
U.S. Provisional Application Ser. No. 61/491,126 filed May
27,2011 for Data Acquisition, Reconstruction, and Simula-
tion; U.S. Provisional Application Ser. No. 61/491,131 filed
May 27, 2011 for Data Validator; U.S. Provisional Applica-
tion Ser. No. 61/491,134 filed May 27, 2011 for Peripheral
Probe with Six Degrees of Freedom Plus 1; U.S. Provisional
Application Ser. No. 61/491,135 filed May 27, 2011 for
Patient-Specific Advanced Ultrasound Image Reconstruction
Algorithms; and U.S. Provisional Application Ser. No.
61/491,138 filed May 27, 2011 for System and Method for
Improving Acquired Ultrasound-Image Review. Each of
those applications is incorporated here by this reference.

TECHNICAL FIELD

[0003] This invention relates to ultrasound probes, ultra-
sound probe systems, and ultrasound probe training systems.

BACKGROUND ART

[0004] Medical ultrasound hardware utilizes a mechanical
transducer to broadcast high-frequency acoustic waves
through the human body and then measure the reflection as a
means for imaging. To use ultrasound imaging in the clinical
setting, ultrasound operators must follow a strict convention
to ensure that the image is oriented appropriately and the
underlying anatomy is diagnosed correctly. By convention,
the transducer is marked with a protruding indicator that must
be oriented towards a patient’s head or anatomic-right side
during scanning. To aid guidance, a matching probe indicator
icon is displayed on the screen of the ultrasound machine as a
reference (generally on the left side of the screen). Maintain-
ing this strict orientation takes on added significance when
performing image-guided interventions (e.g., needle inser-
tion), which may result in catastrophic implications if not
performed correctly. For instance, a common pitfall, espe-
cially for novice users, is to inadvertently reverse the indica-
tor default setting and erroneously orient the transducer as
they are performing an incorrectly oriented, image-guided
medical intervention.

[0005] However, by embedding motion-sensing technol-
ogy directly within the housing of the ultrasound transducer
(ultrasound probe), the position and orientation of the device
can be tracked in relation to an indicator mark on the ultra-
sound screen in an automated manner, allowing assisting
technologies to mitigate human error that arises from mis-
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alignment of the transducer indicator. As an example, motion
sensors can be used to detect misalignment and provide visual
or auditory alerts to notify the user about the probe indicator
alignment (e.g., a probe indicator icon moves along the ultra-
sound screen in relation to the actual probe’s orientation
relative to a patient’s body-rather than a preset position).

[0006] Furthermore, motion sensing hardware is employed
by commercial solutions that provide real-time or just-in-
time refresher training of ultrasound skills in a simulated
environment. These simulators employ a motion-controlled
handheld device in the shape of an ultrasound probe to rec-
reate the experience of using a real device on a wide selection
of pre-recorded patient cases with or without serious clinical
pathologies. However, these simulators are currently only
available as dedicated workstations or software packages for
personal computers (PCs) and require an ad hoc external
handheld motion sensing peripheral device for control. As a
result, it is not possible to currently integrate the benefits of
ultrasound training simulators within a real ultrasound
device. The addition of an embedded motion sensor directly
inside an ultrasound transducer will make this possible.

[0007] Having motion-sensing technology embedded
directly within the housing of an ultrasound transducer will
enable ultrasound devices to operate in two separate modes: a
standard mode that allows the user to scan real patients using
the traditional physics of ultrasound as is done currently, and
a training mode that will instead allow the user to employ the
same ultrasound probe as a motion sensing peripheral to
navigate a multitude of existing patient cases augmented with
annotations that help the operator expand and refine his or her
knowledge of ultrasound imaging.

[0008] A typical handheld motion sensor utilizes various
sensing components to measure displacement and orientation
in three-dimensional (3D) space, for example, with a six
degree of freedom (6-DOF) sensor. While many technologies
exist for tracking motion in space, inertial solutions allow the
sensor package to retain a small form factor and work without
needing additional external components to act as a fixed point
of reference. Most inertial solutions combine accelerometers,
gyroscopes, and a magnetometer in a single package to mea-
sure inertial motion and relate the orientation of the device
with respect to the gravity vector and the earth’s magnetic
field. Whereas it has been previously proposed that this tech-
nology reside in a plastic casing of its own, it is now proposed
that the electronic hardware be embedded and integrated
within the plastic housing of current medical ultrasound
transducers.

[0009] Also, to improve the fidelity of the simulation in
training mode, an additional sensor (a “6+1 DOF” sensor)
may be added to the embedded package for measuring com-
pression, allowing the user to investigate the elastic properties
of the underlying anatomy in the simulated environment by
pressing the tip of the device against a surface with varying
amounts of force.

DISCLOSURE OF INVENTION

[0010] Accordingly, the present invention can be described
generally as an ultrasound system that includes an ultrasound
machine and an ultrasound probe. The ultrasound machine
displays an ultrasound image, and the ultrasound probe com-
municates with the ultrasound machine. The ultrasound probe
includes an ultrasound transducer, ultrasound circuitry, a six
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degree of freedom (6-DOF) sensor, and a probe housing. The
probe housing encases the ultrasound transducer and the
6-DOF sensor.

[0011] The ultrasound transducer transmits acoustic waves
and measures the reflected waves to produce a reflected wave
signal. The ultrasound circuitry receives the reflected wave
signal from the ultrasound transducer and transmits an image
signal to the ultrasound machine. The 6-DOF sensor mea-
sures the position and orientation of the ultrasound probe.
Accordingly, the position and the orientation of the ultra-
sound probe may be tracked.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a schematic of an embodiment of the
disclosed ultrasound system.

[0013] FIG. 2 is a schematic of an embodiment of the
disclosed ultrasound system shown in standard mode, where
the ultrasound probe is used to scan a real patient.

[0014] FIG. 3 is a schematic of an embodiment of the
disclosed ultrasound system shown in training mode, where
the same ultrasound probe as shown in FIG. 2 is now is used
as a motion sensing peripheral to navigate existing patient
cases.

[0015] FIG. 4 is a schematic of an embodiment of the
disclosed ultrasound system that includes a compression sen-
sor.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0016] The detailed description set forth below in connec-
tion with the appended drawings is intended as a description
of presently-preferred embodiments of the invention and is
not intended to represent the only forms in which the present
invention may be constructed or utilized. The description sets
forth the functions and the sequence of steps for constructing
and operating the invention in connection with the illustrated
embodiments. However, it is to be understood that the same or
equivalent functions and sequences may be accomplished by
different embodiments that are also intended to be encom-
passed within the spirit and scope of the invention.

[0017] The ultrasound system 100 includes an ultrasound
machine 102 and an ultrasound probe 104. The ultrasound
machine 102 displays an ultrasound image 106. In a version
of the invention, the image displayed by the ultrasound
machine 102 includes a probe indicator icon 108. In another
embodiment, the ultrasound probe 104 also includes a refer-
ence indicator 110, which is a direction indicator to orient the
ultrasound probe 104.

[0018] The ultrasound probe 104 communicates with the
ultrasound machine 102. In a version of the invention, the
ultrasound probe 104 communicates with the ultrasound
machine 102 through a data cable 112. In other versions, the
communication is wireless.

[0019] The ultrasound probe 104 includes an ultrasound
transducer 114, ultrasound circuitry 116, a six degree of free-
dom (6-DOF) sensor 118, and a probe housing 120. The probe
housing 120 encases the ultrasound transducer 114 and the
6-DOF sensor 118.

[0020] The ultrasound transducer 114 transmits acoustic
waves 122 and measures the reflected acoustic waves 122 to
produce a reflected wave signal 124. The ultrasound circuitry
116 receives the reflected wave signal 124 from the ultra-
sound transducer 114 and transmits an image signal 126 to the
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ultrasound machine 102. The 6-DOF sensor 118 measures the
position and orientation of the ultrasound probe 104.

[0021] Preferably, the 6-DOF sensor 118 is an inertial sen-
sor. In an embodiment, the 6-DOF sensor, 118 includes an
accelerometer 130, a gyroscope 132, and a magnetometer
134. The 6-DOF sensor 118 can be used to detect misalign-
ment and provide a visual alert (for example, in conjunction
with the probe indicator icon 108) or an auditory alert to the
user about the reference indicator 110 alignment.

[0022] In a version of the invention, the ultrasound probe
104 also includes a sensing head 128 at which the ultrasound
transducer 114 transmits acoustic waves 122 and measures
reflected waves.

[0023] Ina preferred version, the ultrasound probe 104 also
includes a compression sensor 136 that measures the force
138 applied to the sensing head 128. In that version, the probe
housing 120 also encases the compression sensor 136. The
compression sensor 136 allows the user to investigate the
elastic properties of the underlying anatomy in the simulated
environment by pressing the tip of the device (for example,
the sensing head 128) against a surface with varying amounts
of force 138. Preferably, the compression sensor 136 is a
resistive strain gauge or other mechanical means that will not
interfere with the operation of the ultrasound transducer 114.
If the compression sensor 136 interferes with the operation of
the ultrasound transducer 114, in some versions the compres-
sion sensor 136 may be disabled mechanically when the
ultrasound system 100 is operated in the standard mode. In an
alternative embodiment, the ultrasound transducer 114
(which is typically built using a highly sensitive piezoelectric
element) can itself be used to measure compression directly
without a separate compression sensor 136.

[0024] Withmotion-sensing technology embedded directly
within the probe housing 120, the ultrasound system 100 can
operate in two separate modes: a standard mode that allows
the user to use the ultrasound probe 104 to scan real patients
using the traditional physics of ultrasound as is done cur-
rently, and a training mode that will instead allow the user to
employ the same ultrasound probe 104 as a motion sensing
peripheral to navigate existing patient cases, perhaps aug-
mented with annotations 140 that help the operator expand
and refine his or her knowledge of ultrasound imaging.
[0025] More specifically, an ultrasound system 100
equipped with this novel kind of ultrasound probe 104 allows
the machine to provide an additional mode of operation for
training (training mode). When the training mode is enabled,
the user can move the ultrasound probe 104 on the patient’s
body, a medical mannequin, or other arbitrary surface to
navigate a pre-recorded patient case. The software loaded on
the ultrasound machine 102 will respond to the motion of the
ultrasound transducer 114 in a simulated environment in the
same manner as when operating the ultrasound machine 102
in traditional mode (standard mode) with the real physics of
ultrasound. The added benefit of the training mode is that the
ultrasound operator can correlate what is observed in the real
patient with a large library of pre-recorded real and simulated
ultrasound cases that may exhibit a wide range of known
pathologies. Furthermore, pre-recorded real and simulated
ultrasound data may be augmented with additional anatomi-
cal annotations 140 that provide further insight on the details
ofhow to use ultrasound imaging in the clinical setting. Those
anatomical annotations 140 may include the labeling of
pathologies or anatomical structures that are visible in the
ultrasound data.
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[0026] Accordingly, the disclosed solution can mitigate
human error that arises from misalignment of the transducer’s
reference indicator 110 thorough manual and automatic mis-
alignment detection.

[0027] Manual misalignment detection—The ultrasound
operator can validate the appearance of a desired anatomical
region with a pre-recorded case and verify that he or she
oriented the ultrasound probe 104 correctly when scanning a
patient. This approach does not need any additional equip-
ment or modification beyond the disclosed embedded motion
Sensor.

[0028] More specifically, to calibrate the system, the user
places the ultrasound probe 104 at a known position with
respect to the ultrasound machine 102. This is necessary to
track the position of the ultrasound probe 104 with respect to
the ultrasound machine 102 without the aid of any additional
sensor or technology. The ultrasound machine 102 provides
the user with an on-screen visual reference to establish how
the sensor should be aligned (for example, with the probe
indicator icon 108). All existing ultrasound machines provide
such reference in the form of a small colored circle on the side
of the screen. For the disclosed application it may be also
useful, but not necessary, to show a visual representation of
the patient’s body on-screen to provide additional guidance.
[0029] The ultrasound operator may then scan the patient’s
body, a medical mannequin, or other arbitrary surface. The
embedded 6-DOF sensor 118 informs the ultrasound machine
102 about the position of the 6-DOF sensor 118 throughout
the scanning session.

[0030] Software in the ultrasound machine 102 continu-
ously monitors the position and orientation of the ultrasound
probe 104 during the scanning session using the readings
from the 6-DOF sensor 118. The calibration procedure noted
above allows the software to compute the relative position of
the 6-DOF sensor 118 with respect to the ultrasound machine
102. If the software detects that the ultrasound probe 104 is
not aligned correctly according to established medical con-
ventions, then a visual or audio alert is generated to inform the
operator about the hazard.

[0031] Automatic misalignment detection—If additional
means are available for determining the position of the ultra-
sound unit (specifically the probe indicator icon 108 dis-
played on the ultrasound machine 102 and the 6-DOF sensor
118) with respect to the ultrasound transducer 114, software
on the device can determine automatically whether or not the
current orientation of the ultrasound transducer 114 is correct
by checking if the expected medical conventions are being
honored. For example, the user would calibrate the actual
ultrasound probe 104 (with the embedded 6-DOF sensor 118)
in relation to the probe indicator icon 108 displayed on the
ultrasound machine 102. After calibration, the probe indica-
tor icon 108 displayed on the ultrasound machine 102 and the
actual reference indicator 110 on the ultrasound probe 104
would move in coordinated fashion. This solution does not
require a separate calibration step, and it may be more accu-
rate over the extent of the scanning session.

[0032] More specifically, this approach requires two-point
motion sensing solution where a reference beacon 142 is
placed at fixed position on the ultrasound machine 102 and
the receiver is placed inside the ultrasound probe, preferably
as part of the 6-DOF sensor 118. During the ultrasound scan-
ning process, the two-point sensor solution informs the ultra-
sound machine 102 about the position of the 6-DOF sensor
118 relative to the ultrasound machine 102 throughout the
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scanning session. Software on the ultrasound machine 102
continuously monitors the position and orientation of the
ultrasound probe 104 with respect to the ultrasound machine
102 during the scanning session using the readings from the
two-point sensor solution (that is, the reference beacon 142 in
conjunction with the 6-DOF sensor 118). If the software
detects that the ultrasound probe 104 is not aligned correctly
according to established medical conventions, then a visual or
audio alert is generated to inform the operator about the
hazard.

[0033] While the present invention has been described with
regards to particular embodiments, it is recognized that addi-
tional variations of the present invention may be devised
without departing from the inventive concept.

INDUSTRIAL APPLICABILITY

[0034] This invention may be industrially applied to the
development, manufacture, and use of ultrasound probes,
ultrasound probe systems, and ultrasound probe training sys-
tems.

What is claimed is:
1. An ultrasound system, the ultrasound system compris-
ing:

(a) an ultrasound machine, the ultrasound machine dis-
playing a probe indicator icon; and

(b) an ultrasound probe, the ultrasound probe communi-
cating with the ultrasound machine through a data cable,
the ultrasound probe comprising:

(i) a sensing head,

(ii) an ultrasound transducer that, when operated, trans-
mits acoustic waves from and measures reflected
waves received at the sensing head to produce a
reflected wave signal,

(iii) ultrasound circuitry, the ultrasound circuitry receiv-
ing the reflected wave signal from the ultrasound
transducer and transmitting an image signal to the
ultrasound machine,

(iv) a reference indicator, the reference indicator com-
prising a direction indicator to orient the ultrasound
probe,

(v) a six degree of freedom (6-DOF) inertial sensor, the
6-DOF sensor measuring a position and an orientation
ofthe ultrasound probe, the 6-DOF sensor comprising
an accelerometer, a gyroscope, and a magnetometer,

(vi) a compression sensor, the compression sensor com-
prising a resistive strain gauge and measuring a force
on the sensor head, and

(vii) a probe housing encasing the ultrasound transducer,
the 6-DOF sensor, and the compression sensor;

whereby, the position and the orientation of the ultrasound
probe are tracked relative to the probe indicator icon
displayed on the ultrasound machine.

2. An ultrasound system, the ultrasound system compris-

ing:

(a) an ultrasound machine, the ultrasound machine dis-
playing an ultrasound image; and

(b) an ultrasound probe, the ultrasound probe communi-
cating with the ultrasound machine, the ultrasound
probe comprising:

(i) an ultrasound transducer that, when operated, trans-
mits acoustic waves and measures reflected waves to
produce a reflected wave signal,
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(i1) ultrasound circuitry, the ultrasound circuitry receiv-
ing the reflected wave signal from the ultrasound
transducer and transmitting an image signal to the
ultrasound machine,

(iii) a six degree of freedom (6-DOF) sensor, the 6-DOF
sensor measuring a position and an orientation of the
ultrasound probe, and

(iv) a probe housing encasing the ultrasound transducer
and the 6-DOF sensor.

3. The ultrasound system of claim 2, where the displayed
ultrasound image includes a probe indicator icon.

4. The ultrasound system of claim 3, where the ultrasound
probe further includes a reference indicator, the reference
indicator comprising a direction indicator to orient the ultra-
sound probe.

5. The ultrasound system of claim 2, where the ultrasound
probe communicates with the ultrasound machine through a
data cable.

6. The ultrasound system of claim 2, where the ultrasound
probe further includes a sensing head at which the ultrasound
transducer transmits the acoustic waves and measures the
reflected waves.

7. The ultrasound system of claim 2, where the 6-DOF
sensor is an inertial sensor.

8. The ultrasound system of claim 2, where the 6-DOF
sensor comprises an accelerometer, a gyroscope, and a mag-
netometer.

9. The ultrasound system of claim 2, where the ultrasound
probe further includes a compression sensor that measures a
force on the ultrasound probe, and the probe housing also
encases the compression sensor.

10. The ultrasound system of claim 9, where the compres-
sion sensor comprises a resistive strain gauge.

11. The ultrasound system of claim 2, where the ultrasound
transducer also measures a force on the sensor head.

12. The ultrasound system of claim 11, where the ultra-
sound transducer is a piezoelectric element.

13. A method of using a ultrasound system having a train-
ing mode and a standard mode, the method comprising the
steps of:

(a) providing an ultrasound system comprising:

(i) an ultrasound machine; and

(i1) an ultrasound probe, the ultrasound probe commu-
nicating with the ultrasound machine, the ultrasound
probe comprising (A) an ultrasound transducer, (B)
ultrasound circuitry, (C) a six degree of freedom
(6-DOF) sensor, the 6-DOF sensor measuring a posi-
tion and an orientation of the ultrasound probe, and
(D) a probe housing encasing the ultrasound trans-
ducer and the 6-DOF sensor;
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(b) using the ultrasound system in the standard mode by:

(1) operating the ultrasound probe to scan a patient, the
ultrasound transducer transmitting acoustic waves
and measuring reflected waves to produce a reflected
wave signal,

(ii) the ultrasound circuitry receiving the reflected wave
signal from the ultrasound transducer and transmit-
ting an image signal to the ultrasound machine, and

(iii) the ultrasound machine displaying an ultrasound
image; and

(c) using the ultrasound system in the training mode by

employing the ultrasound probe as a motion sensing
peripheral to navigate previously-recorded ultrasound
data based on the measured position and orientation of
the ultrasound probe, the ultrasound machine displaying
the previously-recorded ultrasound data.

14. The method of claim 13, where the provided ultrasound
machine displays a probe indicator icon, where the provided
ultrasound probe further includes a reference indicator, the
reference indicator comprising a direction indicator to orient
the ultrasound probe, and where the step of using the ultra-
sound system in the training mode further comprises the step
of calibrating the probe indicator icon in relation to the
6-DOF sensor such that, after calibration, the probe indicator
icon moves in a coordinated fashion to the reference indicator
of the ultrasound probe and the previously-recorded ultra-
sound data responds to the measured position and orientation
of the ultrasound probe.

15. The method of claim 14, where the step of calibrating
the probe indicator icon in relation to the 6-DOF sensor
comprises wirelessly coupling the 6-DOF sensor to a refer-
ence beacon connected to the ultrasound machine.

16. The method of claim 14, further comprising the steps
of:

(a) detecting a misalignment between the probe indicator

icon and the reference indicator; and

(b) providing an alert to a user about the detected misalign-

ment.

17. The method of claim 16, where the alert is visual.

18. The method of claim 16, where the alert is auditory.

19. The method of claim 13, where the step of using the
ultrasound system in the training mode further comprises the
step of augmenting the previously-recorded ultrasound data
with one or more anatomical annotations before navigating
the previously-recorded ultrasound data.

20. The method of claim 13, where the provided ultrasound
probe also includes a compression sensor that measures a
force on the ultrasound probe and the step of using the ultra-
sound system in the training mode further comprises the step
of pressing the ultrasound probe against a surface with vary-
ing amounts of force.
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