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ULTRASOUND IMAGING SYSTEM AND
METHOD

FIELD OF THE INVENTION

[0001] This disclosure relates generally to an ultrasound
imaging system and a method for performing a control opera-
tion based on a gesture performed with a scan system.

BACKGROUND OF THE INVENTION

[0002] Conventional hand-held ultrasound imaging sys-
tems typically include a probe and a scan system. The probe
contains one or more transducer elements that are used to
transmit and receive ultrasound energy. The controls used to
control the hand-held ultrasound imaging system are typi-
cally located on the scan system. For example, the user may
control functions such as selecting a mode, adjusting a param-
eter, or selecting a measurement point based on control inputs
applied to the scan system. Some conventional hand-held
ultrasound imaging systems use touch screens as part or all of
the user interface. When using a hand-held ultrasound imag-
ing system, both of the user’s hands are typically occupied.
For example, a user would typically hold the probe in one
hand while holding the scan system in their other hand. Since
both hands are occupied while scanning with a typical hand-
held ultrasound imaging system, it can be difficult for the user
to perform various control operations. Further, for ultrasound
scanning a small angle in the probe side makes a significant
difference in the details of the target/organ. Most often mak-
ing these small changes in the angle or movement at the probe
side 1s a challenge. This could involve lots of human errors
and is a time consuming activity. This will be challenging for
a person who is not well versed in performing scans. Thus the
imaging process can be simplified, if any assistance in
maneuvering this small angle or movement of the probe is
provided.

[0003] For these and other reasons an improved ultrasound
imaging system and an improved method for controlling an
ultrasound imaging system are desired.

BRIEF DESCRIPTION OF THE INVENTION

[0004] The above-mentioned shortcomings, disadvantages
and problems are addressed herein which will be understood
by reading and understanding the following specification.
[0005] Inanembodiment, a method of controlling an ultra-
sound imaging system is disclosed. The method comprises:
operating the imaging system is a selected mode of operation;
performing a gesture with a scan system; detecting the ges-
ture based on data from a motion sensing system in the scan
system, wherein the motion sensing system includes at least
one sensor selected from the group comprising of an accel-
erometer, a gyro sensor, and a magnetic sensor; and perform-
ing at least one control operation of the imaging system based
on the detected gesture in each mode of operation of the
imaging system.

[0006] Inanembodiment, a method of controlling an ultra-
sound imaging system is disclosed. The method comprises:
inputting a command to select a mode of operation; display-
ing an image on a scan system; and performing a gesture with
the scan system. The gestures of the scan system being
detected based on data from a motion sensing system associ-
ated with the scan system, wherein the motion sensing system
includes at least one sensor selected from a group comprising
of an accelerometer, a gyro sensor, and a magnetic sensor.
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Method further comprises: maneuvering a probe based on the
detected gesture; and acquiring image data by maneuvering
the probe.

[0007] Inanembodiment, an ultrasound imaging system is
disclosed. The imaging system comprises a probe. The probe
comprises: a movable head; at least one transducer element
disposed in the head; and a motion control system configured
to control at least the head or the beam generator. The imaging
system further comprises a scan system in communication
with the probe. The scan system comprises: a housing; a
display; a motion sensing system attachable to the display or
to the housing; and a processor, wherein the processor is
configured to receive data from the motion sensing system
and to interpret the data as a gesture, and translate the gestures
to probe control instructions in a first mode of operation of the
imaging system.

[0008] Various other features, objects, and advantages of
the invention will be made apparent to those skilled in the art
from the accompanying drawings and detailed description
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic diagram of an ultrasound
imaging system in accordance with an embodiment;

[0010] FIG.2isaschematic representation of anultrasound
imaging system in accordance with an embodiment;

[0011] FIG. 3A and FIG. 3B are schematic representations
of the front and back views of a scan system in accordance
with an embodiment;

[0012] FIG. 4isaschematic representation ofa scan system
in accordance with an embodiment;

[0013] FIG.5is aschematic representation ofa scan system
in accordance with an embodiment;

[0014] FIG. 6 is a schematic representation of a hand-held
ultrasound imaging system in accordance with an embodi-
ment;

[0015] FIG. 7 is schematic representation of a scan system
overlaid on a Cartesian coordinate system in accordance with
an embodiment;

[0016] FIG. 8 shows a method of controlling an ultrasound
imaging system in accordance with an embodiment ;and
[0017] FIG. 9 shows a method of controlling an ultrasound
imaging system in accordance with an embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0018] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and in which is shown by way of illustration specific embodi-
ments that may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the embodiments, and it is to be understood that
other embodiments may be utilized and that logical, mechani-
cal, electrical and other changes may be made without depart-
ing from the scope of the embodiments. The following
detailed description is, therefore, not to be taken as limiting
the scope of the invention.

[0019] FIG. 1 is a schematic diagram of an ultrasound
imaging system 100 in accordance with an embodiment. The
ultrasound imaging system includes a scan system 110.
According to an exemplary embodiment, the scan system 110
may be a hand-held device. For example, the scan system 110
may be similar in size to a smartphone, a personal digital
assistant or a tablet. According to other embodiments, the
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scan system 110 may be configured as a laptop or cart-based
system. The ultrasound imaging system 100 includes a trans-
mit beamformer 111 and a transmitter 112 that drive trans-
ducer elements 124 within a probe 120, to emit pulsed ultra-
sonic signals into an area of a body that is being imaged (not
shown). The scan system 110 also includes a motion sensing
system 119 in accordance with an embodiment. The motion
sensing system 119 may include one or more of the following
sensors: a gyro sensor, an accelerometer, and a magnetic
sensor. The motion sensing system 119 is adapted to deter-
mine the position and orientation of the scan system 119,
preferably in real-time, as a clinician is performing the imag-
ing operation using the probe 120. For purposes of this dis-
closure, the term “real-time” is defined to include an opera-
tion or procedure that is performed without any intentional
delay. In an alternate embodiment, the motion sensing system
119is adapted to determine the position and orientation of the
scan system 119, preferably in real-time, as a clinician is
processing the images or the image data is being acquired by
the imaging system 100. The scan system 110 is in commu-
nication with the probe 120. The scan system 110 may be
physically connected to the probe 120, or the scan system 110
may be in communication with the probe 120 via a wireless
communication technique. The wired or wireless communi-
cation channel is shown as 150 in FIG. 1. Still referring to
FIG. 1, the pulsed ultrasonic signals are back-scattered from
structures in the body, like blood cells or muscular tissue, to
produce echoes that return to the elements 124. The echoes
are converted into electrical signals, or ultrasound data, by the
elements 124 and the electrical signals are received by a
receiver 113. The electrical signals representing the received
echoes are passed through a receive beamformer 114 that
outputs ultrasound data. According to some embodiments,
the probe 120 may contain electronic circuitry to do all or part
of the transmit and/or the receive beamforming. For example,
all or part of the transmit beamformer 111, the transmitter
112, the receiver 113 and the receive beamformer 114 may be
situated within the probe 120. The terms “scan” or “scanning”
may also be used in this disclosure to refer to acquiring data
through the process of transmitting and receiving ultrasonic
signals. The terms “data” or “ultrasound data” may be used in
this disclosure to refer to either one or more datasets acquired
with an ultrasound imaging system. A user interface 118 may
be used to control operation of the ultrasound imaging system
100, including, to control the probe 120, to control the input
of patient data, to change a scanning or display parameter, and
the like. The user interface 118 may include one or more ofthe
following: a rotary knob, a keyboard, a mouse, a trackball, a
track pad, and a touch screen. In an embodiment, the user
interface 118 is a graphical user interface.

[0020] The ultrasound imaging system 100 also includes a
processor 117 to control the transmit beamformer 111, the
transmitter 112, the receiver 113 and the receive beamformer
114. The processor 117 is in communication with the probe
120, through the communication channel 150. The processor
117 may control the probe 120 to acquire ultrasound data. The
processor 117 controls which of the elements 124 are active
and the shape of a beam emitted from the probe 120. The
processor 117 is also in communication with a display device
115, and the processor 117 may process the data into images
for display on the display device 115. According to other
embodiments, part or all of the display device 115 may be
used as the user interface. For example, some or all of the
display device 115 may be enabled as a touch screen or a
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multi-touch screen. For purposes of this disclosure, the
phrase “in communication” may be defined to include both
wired and wireless connections.

[0021] In an embodiment, the motion sensing system 119
provided along with the scan system 110 is used to detect the
position and orientation of the scan system 110. The motion
sensing system 119 may be disposed within the scan system
110 or could be detachably associated with the scan system
110.

[0022] Inanembodiment,the motion sensing system 119 is
configured to capture the gestures of the scan system 110. The
gestures of the scan system include any linear or rotational
movement on the scan system 110. The movements of the
scan system/gestures are identified by the motion sensing
system 119 and communicated to the processor 117 for fur-
ther processing. The gestures of the scan system 110 can be
used to control the movement of the probe 120 in an image
acquisition mode and can be used to control the processing of
the image in an image processing mode of operation of the
imaging system.

[0023] The processor 117 may include a central processor
(CPU) according to an embodiment. According to other
embodiments, the processor 117 may include other electronic
components capable of carrying out processing functions,
such as a digital signal processor, a field-programmable gate
array (FPGA) or a graphic board. According to other embodi-
ments, the processor 117 may include multiple electronic
components capable of carrying out processing functions. For
example, the processor 117 may include two or more elec-
tronic components selected from a list of electronic compo-
nents including: a central processor, a digital signal processor,
a field-programmable gate array, and a graphic board.
According to another embodiment, the processor 117 may
also include a complex demodulator (not shown) that
demodulates the RF data and generates raw data. In another
embodiment the demodulation can be carried out earlier in
the processing chain. The processor 117 may be adapted to
perform one or more processing operations according to a
plurality of selectable ultrasound modalities on the data. The
data may be processed in real-time during a scanning session
as the echo signals are received. Some embodiments of the
invention may include multiple processors (not shown) to
handle the processing tasks. For example, a first processor
may be utilized to demodulate and decimate the RF signal
while a second processor may be used to further process the
data prior to displaying an image. It should be appreciated
that other embodiments may use a different arrangement of
processors.

[0024] In an embodiment, the processor 117 is configured
to receive data from motion sensing system 119 and process
the same. The gestures of the scan system 110 is identified by
the motion sensing system 119, the corresponding data pref-
erably in terms of position and orientation of the scan system
110 is communicated to the processor 117. Alternately, the
motion sensing system 119 detects the position and orienta-
tion of the scan system and based on the same processor
identifies the gestures of the scan system. In an image acqui-
sition mode of operation, the processor 117 maps this data to
corresponding probe control instructions. In an exemplary
embodiment, movement of the scan system 110 by 10 cm
towards the user could be translated to a 1 millimeter move-
ment of the probe 120 towards right side. There could be set
of control instructions defined based on the movement of the
scan system 110. Thus in an image acquisition mode of the
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imaging system, the movement of the scan system 110 is used
to control the movement of the probe 120. Larger movements
by the scan system could be converted to corresponding
smaller movements at the probe level.

[0025] Inanimage processing mode of the imaging system
100, the images acquired are processed. In this mode, the
motion sensing system 119 can be used to detect the gestures
of the scan system 110. The gestures of the scan system 110
can be translated to various image processing or user input
instructions. For example various gestures could be used to
select the desired area in the image, annotate the image,
generate volumetric images, change the processing param-
eters etc.

[0026] In an embodiment, the gestures can be used control
operations of the scan system. For examples, the gestures of
the scan system 110 such as flick, up or down movement,
holding the scan system 110 without any movement for some
time could be defined to perform some instructions such as
print, save, freeze, rotate, zoom etc. The examples need not be
limited to these. Any of the gestures of the scan system 110
could be identified and translated to image processing
instructions in the image processing mode of operation of the
imaging system.

[0027] The ultrasound imaging system 100 may continu-
ously acquire data at a frame rate of, for example, 10Hz to 50
Hz. Images generated from the data may be refreshed at a
similar rate. Other embodiments may acquire and display
data at different rates. A memory 116 is included for storing
processed frames of acquired data. In an embodiment, the
predefined user or image processing functions, correspond-
ing to various gestures of the scan system 110, could be stored
in the memory 116. A look up table, or any other data, could
be stored in memory, which will assist the processor in map-
ping scan system movements to corresponding probe control
instructions including probe movements or image processing
instructions. In an embodiment, image processing instruc-
tions could include scan system control instructions as well.
The memory 116 may comprise any known data storage
medium,

[0028] Inanembodiment, the probe 120 is provided with a
motion control system 122 configured to control the probe
120 based on the instructions received from the processor
117. The motion control system 122 may be disposed within
the probe or could be detachably associated with the probe
120. In an embodiment, the motion control system 122 is
configured to control the movement of the head of the probe
based on the control instructions. Alternately, the control
instructions can be used to control the beam movement or
shape by controlling transducer elements 124. The motion
control system 122 includes motors or any other moving
mechanism. In an embodiment, the probe 120 may be pro-
vided with a display (not shown) in addition to, or by replac-
ing, the motion control system 122. The user could be com-
municated with the probe control instructions through the
display and the instructions could be performed by the user
instead of the motion control system 119. In an embodiment,
“Beam Steering” technology for steering the ultrasound beam
at an angle can be used to control the direction of the beam
based on the probe control instructions generated using the
scan system gestures. In this event, the motion control system
119 may not be required to control the probe or the beam
movement.

[0029] FIG.2isaschematic representation of an ultrasound
imaging system 100 in accordance with another embodiment.
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The ultrasound imaging system 100 includes the same com-
ponents as the ultrasound imaging system described with
reference to FIG. 1, but the components are arranged differ-
ently. Common reference numbers are used to identify iden-
tical components within this disclosure. A probe 120 includes
the transmit beamformer 111, the transmitter 112, the
receiver 113 and the beamformer 114 in addition to the trans-
ducer elements 124. The probe 120 is in communication with
a scan system 110. The probe 120 and the scan system 110
may be physically connected, such as through a cable, or they
may be in communication through a wireless technique. The
communication channel is represented as 150. The elements
in the ultrasound imaging system shown in FIG. 2 may intet-
act with each other in the same manner as that previously
described for the ultrasound imaging system 100 (shown in
FIG. 1). The processor 117 may control the transmit beam-
former 111 and the transmitter 112, which in turn, control the
firing of the transducer elements 124. The motion sensing
system 119 may detect the gestures of the scan system 110,
and the processor 117 may generate control instructions to
control the probe operation. A motion control system 122
associated with the probe may facilitate implementing these
control instructions. Additionally, the receiver 113 and the
receive beamformer 114 may send data from the transducer
elements 124 back to the processor 117 for processing. The
display device 115, memory 116 and user interface 118
shown in FIG. 2, perform substantially the same function as
those in FIG. 1. In the embodiment shown in FIG. 2, the
motion sensing system 119 and the motion control system
122 are detachably attached to the housing of the scan system
110 and the probe 120 respectively.

[0030] FIGS. 3, 4, and 5 are schematic representations
showing additional details of the probe 106 (shown in FIG. 1)
in accordance with different embodiments. Common refer-
ence numbers will be used to identify identical elements in
FIGS. 3, 4, and 5. Structures that were described previously
may not be described in detail with respect to FIGS. 3, 4, and
5.

[0031] Referring to FIG. 3A, the scanning system 110
includes a housing 131. The motion sensing system includes
a magnetic sensor 134. The magnetic sensor 134 could be
disposed on the housing 131. The magnetic sensor 134 will be
described in detail hereinafter. According to other embodi-
ments, the motion sensing system may include an accelerom-
eter (not shown) or a gyro sensor (not shown) in place of the
magnetic sensor 134. The pair of keys 132 are provided,
which could be the user interface. The system is provided
with a display device, which could be a graphical user inter-
face 133. The scan system 110 is provided with a magnetic
sensor 134, which will detect the position and orientation of
the scan system. This data is translated to probe control
instructions and communicated to the probe (shown in FIG.
1). FIG. 3B shows the back view of the scan system. In an
embodiment, control buttons 135 are provided to directly
control the probe movement. A user can give instructions to
control the probe directly. These instructions could be pro-
cessed and communicated to the probe directly. Alternately,
control buttons 135 could be used to control the image pro-
cessing. In an embodiment, a track ball/track pad 136 is
provided to control the probe or the image processing opera-
tion. The location of the control buttons 135 or the track ball
136 is positioned such that the clinician can easily operate the
same, even while holding the scan system in one hand and the
probe in other hand.
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[0032] In an embodiment, the actions performed by track
ball/pad 136 or control buttons 135 to can be translated into
probe control instructions. In an embodiment the control
buttons 135 could be used to control the linear motion of the
probe. For example, the control buttons 135 could be divided
into two parts and each part could be configured to certain
predefined movement of the probe. Similarly the track ball
136 movements can also be converted to angular or linear
movement of the probe. The pair of control buttons 135 may
optionally be used to control image processing or interact
with a graphical user interface (GUI) on the display device
133.

[0033] Thetrack ball 136 or the control buttons 135 may be
positioned elsewhere on the scan system 110 in other embodi-
ments. Each one of the pair of buttons 135 may be assigned a
different function so that the user may implement either a
“left click” or “right click” to access different functionality
through the GUI. Other embodiments may not include the
pair of buttons 135. Instead, the user may provide instruction
and interact with the GUI through any other interfacing
devices which are connectable to the scan system.

[0034] The magnetic sensor 134 may include three coils
disposed so each coil is mutually orthogonal to the other two
coils. For example, a first coil may be disposed in an x-y
plane, a second coil maybe disposed in a x-z plane, and a third
coil may be disposed in a y-z plane. The coils of the magnetic
sensor 134 may be tuned to be sensitive to the strength and
direction of a magnetic field that is external to the magnetic
sensor 134. For example, the magnet field may be generated
by a combination of the earth’s magnetic field and/or another
magnetic field generator. By detecting magnetic field strength
and direction data from each of the three coils in the magnetic
sensor 134, the processor 117 (shown in FIG. 1) may be able
to determine the absolute position and orientation of the scan
system 110. According to an exemplary embodiment, the
magnetic field generator may include either a permanent
magnet or an electromagnet placed externally to scan system
110. For example, the magnetic field generator may be a
component of the scan system 110 (shown in FIG. 1).

[0035] FIG. 4 is a schematic representation of the scan
system 110 in accordance with another embodiment. Refer-
ring to FIG. 4, the scanning system includes a housing 131.
The motion sensing system 119 includes an accelerometer
137. The accelerometer 137 may be a 3-axis accelerometer,
adapted to detect acceleration in any of three orthogonal
directions. For example, a first axis of the accelerometer may
be disposed in an x-direction, a second axis may be disposed
in a y-direction, and a third axis may be disposed in a z-di-
rection. By combining signals from each of the three axes, the
accelerometer 137 may be able to detect accelerations in any
three-dimensional direction. By integrating accelerations
occurring over a period of time, the processor 117 (shown in
FIG. 1) may generate an accurate real-time velocity and posi-
tion of the accelerometer 137, and hence scan system 110,
based on data from the accelerometer 137. According to other
embodiments, the accelerometer 137 may include any type of
device configured to detect acceleration by the measurement
of force in specific directions. The motion sensing system 119
could include a gyro sensor 138. The gyro sensor 138 is
configured to detect changes angular velocities and changes
in angular momentum, and it may be used to determine angu-
lar position information of scan system 110. The gyro sensor
138 may detect rotations about any arbitrary axis. The gyro
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sensor 138 may by a vibration gyro, a fiber optic gyro or any
other type of sensor adapted to detect rotation or change in
angular momentum.

[0036] FIG. 5 is a schematic representation of the scan
system in accordance with another embodiment. The scan
system includes motion sensing system 119. The motion
sensing system includes a magnetic sensor 134, an acceler-
ometer 137 or a gyro sensor 138. The motion sensing system
119 may additionally include a camera 139, which could
detect the position and orientation of the probe or the scan
system. The camera 139 could also be used to detect the
gestures performed by the user using the scan system and
communicate the same to the processor 117. In an example,
the ZoomIn/ZoomOut functionality of images can be
achieved with the gestures detected by camera. When the scan
system is moved towards the face the image can be zoomed
out and when it is moved away the images can be zoomed in.
Referring now to FIGS. 1, 4, and 5, the combination of data
from the gyro sensor 137 and the accelerometer 138 may be
used by the processor 117 for calculating the position, orien-
tation, and velocity of the probe 120 without the need for an
external reference. The motion sensing system 119 may be
used to detect many different types of motion. For example,
the motion sensing system 119 may be used to detect trans-
lations, such as moving the scan system 110 up and down
(also referred to as heaving), moving the scan system 110 left
and right (also referred to as swaying), and moving the scan
system 110 forward and backward (also referred to as surg-
ing). Additionally, the motion sensing system 119 may be
used to detect rotations, such as tilting the scan system 110
forward and backward (also referred to as pitching), turning
the scan system 110 left and right (also referred to as yawing),
and tilting the scan system 110 from side to side (also referred
to as rolling).

[0037] By tracking the linear acceleration with an acceler-
ometer 137, the processor 117 may calculate the linear accel-
eration of the scan system 110 in an inertial reference frame.
Performing an integration on the inertial accelerations and
using the original velocity as the initial condition, enables the
processor 117 to calculate the inertial velocities of the scan
system 110. Performing an additional integration and using
the original position as the initial condition allows the pro-
cessor 117 to calculate the inertial position of the scan system
110. The processor 117 may also measure the angular veloci-
ties and angular acceleration of the scan system 110 using the
data from the gyro sensor 139. The processor 117 may, for
example, use the original orientation of the scan system 110
as an initial condition and integrate the changes in angular
velocity of the scan system 110, as measured by the gyro
sensor 146, to calculate the probe’s 106 angular velocity and
angular position at any specific time. With regularly sampled
data from the accelerometer 138 and the gyro sensor 139, the
processor 117 may compute the position and orientation of
the scan system 110 at any time. From the identified position
and orientation of the scan system 110, corresponding posi-
tion and orientation is derived and communicated to the probe
or motion control system 119 associated with the probe 120.

[0038] The exemplary embodiment of the scan system 110
shown in FIG. 5 is particularly accurate for tracking the
positionand orientation of scan system 110 due to the synergy
between the attributes of the different sensor types. For
example, the accelerometer 137 is capable of detecting trans-
lations of the scan system 110 with a high degree of precision.
However, the accelerometer 137 is not well-suited for detect-
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ing angular rotations of the scan system 110. The gyro sensor
138, meanwhile, is extremely well-suited for detecting the
angle of scan system 110 and/or detecting changes in angular
momentum resulting from rotating scan system 110 in any
arbitrary direction. Pairing the accelerometer 137 with the
gyro sensor 138 is appropriate because together, they are
adapted to provide very precise information on both the trans-
lation of scan system 110 and the orientation of scan system
110. However, one drawback of both the accelerometer 137
and the gyro sensor 138 is that both sensor types are prone to
“drift” over time. Drift refers to intrinsic error in a measure-
ment over time. The magnetic sensor 134 allows for the
detection of an absolute location in space with better accuracy
than just the combination of the accelerometer 137 and the
gyro sensor 138. Even though the position information from
the magnetic sensor 134 may be relatively low in precision,
the data from the magnetic sensor 134 may be used to correct
for systematic drifts present in the data measured by one or
both of the accelerometer 137 and the gyro sensor 138. Each
of the sensor types in scan system 110 shown in FIG. 5 has a
unique set of strengths and weaknesses. However, by pack-
aging all three sensor types in scan system 110, the position
and orientation of the scan system 110 may be determined
with enhanced accuracy and precision.

[0039] FIG. 6 is a schematic representation of a hand-held
or hand-carried ultrasound imaging system 100 in accordance
with an embodiment. Ultrasound imaging system 100
includes the scan system 110 and the probe 120 connected by
a cable 150 in accordance with an embodiment. According to
other embodiments, the probe 120 may be in wireless com-
munication with the scan system 110. The scan system 110
includes the motion sensing system 119. The motion sensing
system 119 may, for example, be in accordance with any of
the embodiments described with respect to FIG. 3,4 or 5. The
scan system 110 includes the display device 115, which may
include an LCD screen, an LED screen, or any other type of
display. In an embodiment, the display device 115 may
include a graphical user interface 133. Coordinate system 160
includes three vectors indicating an x-direction, a y-direction,
and a z-direction. The coordinates system 160 may be defined
with respect to the room. For example, the y-direction may be
defined as vertical and the x-direction may be defined as being
with respect to a first compass direction while the z-axis may
be defined with respect to a second compass direction. The
orientation of the coordinate system 160 may be defined with
respect to the scan system 110 according to other embodi-
ments. For example, according to an exemplary embodiment,
the orientation of the coordinate system 160 may be adjusted
in real-time so that it is always in the same relationship with
respect to the graphical user interface 133. According to an
embodiment, the x-y plane, defined by the x-direction and the
y-direction of the coordinate system 160 may always be ori-
ented so that it is parallel to a viewing surface of the graphical
user interface 133. According to other embodiments, the cli-
nician may manually set the orientation of the coordinate
system 160.

[0040] FIG. 7 is a schematic representation of the scan
system 110 overlaid on a Cartesian coordinate system 160.
The motion sensing system 119 (shown in FIG. 6) may detect
the position and orientation of the scan system 110 in real-
time, in accordance with an embodiment. Based on data from
the motion sensing system 119, the processor 117 (shown in
FIG. 1) may determine exactly how the probe 120 can be
manipulated. Based on the data from the motion sensing
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system 119, the processor 117 may also detect any number of
gestures, or specific patterns of movement, performed by the
user with the scan system 110. The scan system 110 may be
translated as indicated by path 162, the scan system 110 may
be tilted as indicated by paths 164, and the scan system 110
may be rotated as indicated by path 166. It should be appre-
ciated by those skilled in the art that the paths 162, 164, and
166 represent a limited subset of all the gestures which may
be performed with the scan system 110 and detected with the
motion sensing system 119. By combining data from the
motion sensing system 119 to identifying translations, tilt,
and rotations, the processor 117 may detect any gesture pet-
formed with the scan system 110 in three-dimensional space.

[0041] Referring to FIG. 6, gestures performed with the
scan system 110 may be used for a variety of purposes includ-
ing performing the control operations of the probe. It may be
necessary to first input a command to select or activate a
specific mode. For example, when activated, the mode may
use gestures performed with scan system 110 to control probe
movements or control the image processing. According to an
embodiment, the clinician may input the command to activate
aparticular mode by performing a very specific gesture that is
unlikely to be accidentally performed during the process of
handling scan system 110 or scanning a patient. A non-lim-
iting list of gestures that may be used to select the mode
includes moving the scan system 110 in a back-and-forth
motion or performing a flicking motion with the scan system
110. In an embodiment, keeping the probe on a target area for
imaging could be used as an input to select the mode of
operation. The scan system can be operated in an image
acquisition mode and an image processing mode. In an
embodiment, the gesture preformed with the scan system
during the image acquisition mode is used to manipulate the
probe movement and the gestures performed with the scan
system during image processing mode are used to control the
processing of the image data acquired by the scans system
110 in the image acquisition mode. According to other
embodiments, the clinician may select a control or switch on
scan system 110 in order to toggle between different modes.

[0042] According to other embodiments, in the image pro-
cessing mode, the processor 117 may be configured to per-
form multiple control operations in response to a single ges-
ture performed with the scan system 110. For example, the
processor 117 may perform a series of control operations that
are all part of a script, or sequence of commands. The script
may include multiple control operations that are commonly
performed in a sequence, or the script may include multiple
control operations that need to be performed in a sequence as
part of a specific procedure. For example, the processor 117
may be configured to detect a gesture and then perform both
acontrol operation and a second control operation in response
to the gesture. Additionally, according to other embodiments,
a single gesture may be associated with two or more different
control operations depending upon the mode of operation of
the ultrasound imaging system 100. A gesture may be asso-
ciated with a first control operation in a first mode of opera-
tion and the same gesture may be associated with a second
control operation in a second mode of operation. For
example, agesture may be associated with a control operation
such as “move” in a first mode of operation, while the same
gesture may be associated with a second control operation
such as “archive” or “freeze” in a second mode of operation.
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Tt should be appreciated that a single gesture could be asso-
ciated with many different control operations depending on
the mode of operation.

[0043] In an embodiment, in the image acquisition mode,
the processor 117 translates the position or orientation of the
scan system 110 to desired/corresponding position and ori-
entation of the probe. The desired position and orientation or
the control instructions to achieve desired position and orien-
tation are communicated to the probe 120. The probe or the
motion control system 122 associated with the probe 120
receives the desired position and orientation and moves the
probe head or adjusts the beam orientation to achieve the
desired position or orientation. The desired position can be
achieved by the motion control system by adjusting the probe
position automatically to the desired position. Alternately, the
desired position and orientation can be displayed on the probe
120 and the user can maneuver the probe 120 manually.

[0044] According to another embodiment, the gestures of
the scan system may be used to process the images or image
data acquired during the image acquisition mode. In the
image processing mode, the gestures performed by the scan
system or the position and orientation of the scan system can
be used to control various processing steps. Certain gestures
by the scan system can be defined as certain actions or use
inputs to perform different steps during image processing. In
an example, during image processing it may be desirable to
control zooming of the images with gestures from the scan
system 110. For example, the clinician may zoom in on the
image by moving the scan system 110 further away from the
clinician in the z-direction and the clinician may zoom out by
moving scan system 110 closer to the clinician in the z-direc-
tion. According to other embodiments, the gestures control-
ling the zoom-in and zoom-out functions may be reversed. By
performing gestures with scan system 110 in 3D space, the
user may therefore simultaneously control both the zoom of
the image displayed on the user interface 133.

[0045] Still referring to FIG. 6, an example of a GUI 133 is
shown on the display device 115. The GUI 133 could include
a menu 135 for the user to select various options. The user
could select control instructions for probe or could select the
image processing instructions. The GUI 133 also includes a
plurality of soft keys 132 or icons, each controlling an image
parameter, a scan function, or another selectable feature.

[0046] In an embodiment, during image acquisition mode,
the scan system gestures could be used to control the move-
ment of probe head 121 or control the operation of transducer
elements 124.

[0047] Inanembodiment, the probe may be provided with
a display 126. The probe control instructions including posi-
tion and orientation information could be provided on this
display 126. Based on the displayed instructions, the user
could control the probe with or without the assistance of the
motion control system 122.

[0048] According to another exemplary embodiment, in an
image processing mode, the clinician may select an icon or
select an operation by performing a flicking motion with scan
system 110. The flicking motion may, for instance, include a
relatively rapid rotation in a first direction and then a rotation
back in the opposite direction. The user may perform either
the back-and-forth motion or the flicking motion relatively
quickly. For example, the user may complete the back-and-
forth gesture or the flicking motion within 0.5 seconds or less
according to an exemplary embodiment. Other gestures per-
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formed with the scan system 110 may also be used to select an
icon, interact with the GUI, or select a point according to
other embodiments.

[0049] In an embodiment, the probe 120 may be rotated
about a longitudinal axis in order to acquire 2D data along a
plurality of planes. After placing the probe 120 in the target
image area, the user can rotate/move the scan system 110. The
motion sensing system 119 detects these movements and
communicates the same to the processor 117. The processor
117 (shown in FIG. 1) may use data from the motion sensing
system 119 (shown in FIG. 1) to determine how much the
probe 120 has to be rotated in order to generate volumetric
data. According to an embodiment, it may be necessary to
rotate the probe 120 through at least 180 degrees in order to
acquire complete volumetric data for a given volume. To
achieve this, the user may rotate the scan system 180 degrees.
The processor may then use the position and orientation data
of each of the planes to generate volumetric data. Similarly,
acquiring an image with an extended field of view may be
performed by titling the scan systen. This amount of tilt of the
scan system is mapped to the required amount of tilt by the
probe and the motion control system 122 can automatically
tilt the probe to the desired amount. The processor 117 may
automatically tag each of the 2D frames of data in a buffer or
memory as part of a volume in response to detecting each tilt
or movement.

[0050] FIG. 8 shows a method of controlling an ultrasound
imaging system in accordance with an embodiment. A mode
of operation is selected for the imaging system 810. The
imaging system could be operated at least in an image acqui-
sition mode or in an image processing mode. The user per-
forms a gesture with the scan system 820. This gesture will
help the clinician to maneuver the probe in an image acqui-
sition mode and will help in image processing during the
image processing mode. The gestures performed with the
scan system are detected by a motion sensing system 8§30.
These gestures are converted into probe movement control
instructions in am image acquisition mode and communi-
cated to the probe. In an image processing mode these ges-
tures are translated to user input instructions to process the
image data. In the image acquisition mode, gestures of the
scan system are mapped to probe movement instructions and
in the image processing mode the gestures are converted to
user input instructions on image processing. The control
operations are performed based on the detected gesture 8§40.
In the image acquisition mode the probe movements are
controlled and in the image processing mode, the scan system
or the image processing parameters are controlled. For
example, based on the gesture, the scan system can control
operations like selecting an imaging mode, changing the scan
parameters, freeze/unfreeze image, store/print image, etc.
The example need not be limited to these. During the image
processing mode, either the scan system or various steps in
processing of the image data could be controlled by the
detected gestures.

[0051] FIG. 9 shows a method of controlling an ultrasound
imaging system in accordance with an embodiment. A com-
mand is given to select a mode of operation of the imaging
system 910. In an embodiment, the image acquisition mode is
selected. An image is displayed on a display device. In an
image acquisition mode, an initial image is displayed on the
screen 920. In order to maneuver the probe to get a clearer
image, the probe’s position and orientation may need to be
adjusted slightly. The user performs a gesture with the scan
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system 930. This gesture will help the clinician to maneuver
the probe in an image acquisition mode. The gestures are
detected by a motion sensing system associated with the scan
system. The gestures are converted to probe control instruc-
tions in an image acquisition mode 940. These control
instructions are provided to the probe and the probe can be
automatically maneuvered by the motion control system
associated with the probe 950. Image data is acquired by
moving the probe appropriately 960.

[0052] This written description uses examples to disclose
the invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of the claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of the
claims.

What is claimed is:

1. A method of controlling an ultrasound imaging system,
the method comprising:

operating the imaging system in a selected mode of opera-

tion;
performing a gesture with a scan system;
detecting the gesture based on data from a motion sensing
system in the scan system, wherein the motion sensing
system includes at least one sensor selected from the
group consisting of an accelerometer, a gyro sensor, and
a magnetic sensor; and

performing at least one control operation of the imaging
system based on the detected gesture in each mode of
operation of the imaging system.

2. The method of claim 1, wherein the imaging system is
operating in an image acquisition mode and a probe is being
positioned on an imaging area.

3. The method of claim 2, wherein detecting the gesture in
the image acquisition mode comprises translating gestures of
the scan system to control operation instructions for the
probe.

4. The method of claim 2, wherein the method further
comprises mapping the motion sensing system data to corre-
sponding probe movement to perform probe control opera-
tions.

5. The method of claim 2, wherein performing at least one
control operation of the probe comprises providing a motion
control system adapted to be connected to the probe for
implementing the control operation instructions.

6. The method of claim 5, wherein performing at least one
control operation of the probe comprises providing a com-
munication channel configured to communicate the control
instructions to the probe or to the motion control system.

7. The method of claim 5, wherein performing at least one
control operation of the probe comprises adjusting a head of
the probe based on the detected gesture.

8. The method of claim 5, wherein performing at least one
control operation of the probe comprises adjusting the direc-
tion or intensity of a beam from the probe.

9. The method of claim 1, further comprising:

operating the imaging system in an image processing

mode;

Jul. 10,2014

wherein at least one of functionality of the scan system or
the steps in image processing are controlled using ges-
tures detected based on data from the motion sensing
system in the scan system.
10. A method of controlling an ultrasound imaging system,
the method comprising:
inputting a command to select a mode of operation;
displaying an image on a scan system;
performing a gesture with the scan system;
detecting the gesture based on data from a motion sensing
system associated with the scan system, wherein the
motion sensing system includes at least one sensor
selected from a group consisting of an accelerometer, a
gyro sensor, and a magnetic sensor;
maneuvering a probe based on the detected gesture; and
acquiring an image data by maneuvering the probe.
11. The method of claim 10, wherein detecting gestures
comprises:
translating gestures of the scan system to control operation
instructions for the probe; and
communicating the instructions through a communication
channel to the probe.
12. The method of claim 10, further comprises operating
the imaging system in an image processing mode.
13. The method of claim 12, further comprising:
detecting gestures of the scan system; and
converting the gestures to predefined user input instruc-
tions for processing the image data acquired.
14. An ultrasound imaging system comprising:
a probe, wherein the probe comprises:
a movable head,
at least one transducer element disposed in the head, and

amotion control system configured to control at least the
head or the transducer element; and

a scan system in communication with the probe, wherein
the scan system comprises:

a housing;

a display;

a motion sensing system attachable to the display or to
the housing; and a processor, wherein the processor is
configured to receive data from the motion sensing
system and to interpret the data as a gesture, and
translate the gestures to probe control instructions ina
first mode of operation of the imaging system.

15. The ultrasound imaging system of claim 14, wherein
the motion sensing system comprises at least one sensor
selected from the group consisting of a magnetic sensor, an
accelerometer, and a gyro sensor.

16. The ultrasound imaging system of claim 14, further
comprising a hand-held ultrasound imaging system.

17. The ultrasound imaging system of claim 14, wherein
the processor is configured to perform the control operation
of the probe based on the gesture in a first mode of operation
and the processor is configured to perform image processing
instructions in a second mode of operation based on the
gestures of the scan system.

18. The ultrasound imaging system of claim 17, wherein
the motion sensing system comprises at least one sensor
selected from the group consisting of a magnetic sensor, an
accelerometer, a gyro sensor and a camera.
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19. The ultrasound imaging system of claim 17, wherein
the processor further comprises a memory for storing pre-
defined user input instructions for processing the image data
corresponding to the gestures of the scan system.

N I I
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