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GENERALIZED INTERLACED SCANNING
WITH AN ULTRASOUND PROBE

PRIORITY INFORMATION

[0001] This patent application claims benefit of priority to
U.S. Provisional Application No. 62/642,193, entitled
“GENERALIZED INTERLACED SCANNING WITH AN
ULTRASOUND PROBE” and filed on Mar. 13, 2018, which
is hereby incorporated herein by reference in its entirety.

BACKGROUND INFORMATION

[0002] An ultrasound probe may generate ultrasound sig-
nals using a transducer, such as, for example, a piezoelectric
transducer or a capacitive transducer, which converts elec-
trical signals into ultrasound energy and which converts
ultrasound echoes back into electrical signals. Ultrasound
probes are typically used to identify a target organ or other
structures in the body and/or determine features associated
with the target organ/structure, such as the size of the
organ/structure or the volume of fluid in the organ. In order
for an ultrasound to properly scan a target organ/structure,
the ultrasound probe may need to perform scans in multiple
planes to generate a volume scan. Performing scans in
multiple planes may present various challenges.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1A is a diagram illustrating an exemplary
ultrasound system according to an implementation described
herein;

[0004] FIG. 1B is a diagram illustrating an exemplary
environment for the ultrasound system of FIG. 1A according
to an implementation described herein;

[0005] FIG. 2A is a diagram of a first exemplary ultra-
sound probe according to an implementation described
herein;

[0006] FIG. 2B is a diagram of a second exemplary
ultrasound probe according to an implementation described
herein;

[0007] FIG. 2C is a diagram of a third exemplary ultra-
sound probe according to an implementation described
herein;

[0008] FIG. 2D is a diagram of a fourth exemplary ultra-
sound probe according to an implementation described
herein

[0009] FIG. 3 is a diagram illustrating exemplary compo-
nents of the controller unit of FIG. 1A;

[0010] FIG. 4 is a diagram illustrating exemplary func-
tional components of the system of FIG. 1A;

[0011] FIG. 5 is a flowchart of a process for interlaced
scanning according to an implementation described herein;
[0012] FIGS. 6A, 6B, 6C, and 6D are diagrams of exem-
plary scanning order tables according to an implementation
described herein;

[0013] FIGS. 7A, 7B, 7C, and 7D are diagrams of exem-
plary ultrasound transducer trajectories for volume scans
based on 12 planes according to an implementation
described herein;

[0014] FIGS. 8A, 8B, 8C, and 8D are diagrams of exem-
plary ultrasound transducer trajectories for volume scans
based on 24 planes according to an implementation
described herein;
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[0015] FIGS. 9A and 9B are diagrams of exemplary ultra-
sound transducer trajectories for volume scans based on four
planes according to an implementation described herein;
[0016] FIGS. 10A and 10B are diagrams of exemplary
ultrasound transducer trajectories for volume scans based on
two planes according to an implementation described herein;
[0017] FIG. 11 is a diagram of an exemplary ultrasound
transducer trajectory for continuous bi-plane scanning
according to an implementation described herein;

[0018] FIG. 12 is a diagram illustrating the range of
motion of a phi motor of an ultrasound probe according to
an implementation described herein;

[0019] FIG. 13A is a diagram illustrating the motion
trajectories and positions of motors for a two plane volume
scan without overlap and with overlap according to an
implementation described herein;

[0020] FIG. 13B is a diagram illustrating the motion
trajectories and positions of motors for a 12 plane volume
scan without overlap and with overlap according to an
implementation described herein;

[0021] FIGS. 14A and 14B are diagrams of exemplary
scanning order tables with continuous theta motor move-
ment according to an implementation described herein; and
[0022] FIGS. 15A, 15B, and 15C are diagrams of exem-
plary ultrasound transducer trajectories for volume scans
based on 12 planes with continuous theta motor movement
according to an implementation described herein.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0023] The following detailed description refers to the
accompanying drawings. The same reference numbers in
different drawings identify the same or similar elements.
[0024] An ultrasound probe may be positioned on a
patient’s body to perform a volume scan (e.g., a three-
dimensional (3D) scan) of an area of interest, such as a body
organ, joint, blood vessel, and/or another type of area of a
patient’s body. A volume scan may include a set of ultra-
sound images captured in different planes transecting the
area of interest. For example, a volume scan may include
planar ultrasound images taken at particular angular inter-
vals in a circle around a center of the area of interest.
[0025] The ultrasound probe may include a single element
ultrasound transducer. The ultrasound probe may include a
first motor, referred to herein as a “phi” motor, configured to
rotate around a horizontal plane to move the ultrasound
transducer along a sector of a particular ultrasound imaging
plane to scan the plane. The ultrasound probe may further
include a second motor, referred to herein as a “theta” motor,
configured to rotate around a vertical plane to move the
ultrasound transducer to a different ultrasound imaging
plane. Thus, a volume scan may be performed by moving the
theta motor to a first plane, moving the phi motor to sweep
out a sector of the first plane, moving the theta motor to a
second plane, moving the phi motor to sweep out a sector of
the second plane, moving the theta motor to a third plane,
and so on until all the planes are scanned to complete one
volume scan.

[0026] A volume scan may be performed with theta hom-
ing. In theta homing, the theta motor returns to the initial
theta motor position after a volume scan is completed, in
order to start the next volume scan. A volume scan may also
be performed with phi homing. In phi homing, the phi motor
only performs scans in one direction. Thus, in phi homing,
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the phi motor returns back to an initial position after
scanning a plane and the theta motor needs to wait for the phi
motor to return before moving to the next plane. Theta
homing and phi homing slow down scanning and reduce
image quality. For example, theta homing may produce a
large delay between consecutive volume scans and phi
homing may increase the amount of time required to per-
form each individual volume scan. Furthermore, such slow
volume scan rates may produce significant motion blur and
reduce image quality.

[0027] Implementations described herein relate to gener-
alized interlaced scanning with an ultrasound probe. The
interlaced scanning may include interlaced theta motor
motion and bi-directional phi motor motion. The interlaced
scanning may be performed without theta homing and
without phi homing and generates a smooth continuous
volume scan without homing delay, improved volume scan
rate, and reduced motion blur.

[0028] An interlaced scan may be defined by a number of
scan planes. For example, the scan planes may be distributed
around a circle and separated by angles corresponding to
180° divided by the number of scan planes. The interlaced
scan may further be defined by an interlacing factor k and
the scan planes may be divided into k groups. The interlaced
scan may follow a set of rules. The rules may include that the
phi motor changes direction every plane, that the theta motor
changes directions with every group of planes, and that the
theta motor does not change directions within a group of
planes. Furthermore, since no theta homing is performed, a
first volume scan may be performed with the theta motor
starting in a particular plane and followed by a second
volume scan with the theta motor starting in a different
plane.

[0029] An ultrasound system may be configured to select
a number of scan planes for an interlacing scan to scan a
volume of an area of interest in a patient’s body using an
ultrasound transducer, select an interlacing factor for the
interlacing scan, divide the scan planes into groups of scan
planes based on the interlacing factor, and perform the
interlacing scan by controlling a phi motor to scan a plane
and a theta motor to move to a different plane, wherein the
phi motor moves in a forward direction for at least some of
the scan planes and in a backward direction for other ones
of the scan planes. Furthermore, the theta motor may move
in a forward direction for at least some of the groups of scan
planes and in a backward direction for other ones of the
groups of scan planes.

[0030] Furthermore, dividing the scan planes into groups
of scan planes based on the interlacing factor may include
sequentially numbering the scan planes, dividing the scan
planes into a number of groups of scan planes corresponding
to the interlacing factor, and sequentially distributing the
numbered scan planes into the groups of scan planes.
[0031] Furthermore, performing the interlacing scan may
include scanning a particular plane by moving the phi motor
in a direction that is opposite to the direction the phi motor
moved when scanning the previous plane; moving to a next
plane by moving the theta motor by a number of planes
corresponding to the interlacing factor, wherein the direction
of the theta motor changes if the next plane is in a different
group than the previously scanned plane.

[0032] Insome implementations, an ultrasound probe may
include a one-dimensional (1D) linear or curved array of
ultrasound transducers and a theta motor, instead of a single
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ultrasound transducer with a theta motor and a phi motor. In
such implementations, movement of the phi motor to scan a
plane may be replaced by electronically controlling the 1D
array of ultrasound transducers to scan a plane. Thus, in such
implementations, performing an interlacing scan may
include controlling the 1D array of ultrasound transducers to
scan a plane and controlling a motor configured to rotate the
1D array of ultrasound transducers around a vertical axis to
move to a different plane, with the motor changing direc-
tions for every group of scan planes without changing
directions within a group of scan planes. For example, the
interlacing scan may include scanning a particular plane by
electronically controlling the 1D array of transducers, mov-
ing to a next plane by moving the theta motor a number of
planes corresponding to the interlacing factor, wherein the
direction of the theta motor changes if the next plane is in a
different group than the previously scanned plane

[0033] A particular implementation may include an inter-
lacing scan with two scan planes and with the interlacing
factork being set to two. Such an implementation may result
in continuous bi-plane scanning,

[0034] Implementations described herein further relate to
overlapping the motion of the phi motor and the theta motor.
The arc of movement of a phi motor may include a region
of acceleration, a region of constant speed, and a region of
deceleration. Ultrasound image data collection may be per-
formed within the region of constant speed while the theta
motor remains still. However, since no data collection is
performed during the acceleration or deceleration of the phi
motor, movement of the theta motor during the time that the
phi motor is accelerating or decelerating may improve the
volume scan rate by reducing delays from phi motor accel-
eration/deceleration and/or theta motor movement. Thus,
performing an interlacing scan may include controlling the
theta motor to rotate while the phi motor is in the accelera-
tion or deceleration region of the range of motion of the phi
motor. For example, the theta motor may move from a first
plane to a second plane while the phi motor is in the
acceleration or deceleration region of the range of motion.
[0035] Implementations described herein further relate to
continuous theta motor movement. An ultrasound probe may
include wiring, such as wiring to an ultrasound transducer.
The wiring may limit the range of motion of the theta motor.
For example, the wiring may prevent the theta motor from
continuously rotating in one direction, as such rotation may
cause the wiring to wrap around a spindle attaching the
ultrasound transducer to a base or may cause the wiring to
break. An ultrasound probe may be configured to enable
continuous theta motor movement. In some implementa-
tions, the wiring may be replaced with an electrically
conducting slip ring. In other implementations, the wiring
may be replaced with a wireless communication connection
to the ultrasound transducer, such as a Bluetooth connection,
a Bluetooth Low Energy connection, a Near Field Commu-
nication (NFC) connection, and/or another type of short-
range wireless communication connection. Thus, perform-
ing an interlacing scan may include controlling the theta
motor to move in a same direction for all the groups of scan
planes.

[0036] FIG. 1A is a diagram illustrating an exemplary
ultrasound system 100 according to an implementation
described herein. As shown in FIG. 1A, ultrasound system
100 may include an ultrasound probe 110, a base unit 120,
and a cable 130.



US 2019/0282206 Al

[0037] Ultrasound probe 110 may house one or more
ultrasound transducers configured to generate ultrasound
energy at a particular frequency and/or pulse repetition rate
and to receive reflected ultrasound energy (e.g., ultrasound
echoes) and convert the reflected ultrasound energy into
electrical signals. For example, in some implementations,
ultrasound probe 110 may be configured to transmit ultra-
sound signals in a range that extends from approximately
about two megahertz (MHz) to approximately 10 or more
MHz (e.g., 18 MHz). In other implementations, ultrasound
probe 110 may be configured to transmit ultrasound signals
in a different range. Furthermore, ultrasound probe 110 may
house one or more motors for controlling the movement of
the ultrasound transducer.

[0038] Ultrasound probe 110 may include a handle 112, a
trigger 114, and a dome 118 (also referred to as a “nose”).
A user (e.g., a medical practitioner, etc.) may hold ultra-
sound probe 110 via handle 112 and press trigger 114 to
activate one or more ultrasound transceivers and transducers
located in dome 118 to transmit ultrasound signals toward a
patient’s area of interest (e.g., a particular body organ, a
body joint, a blood vessel, etc.). For example, probe 110 may
be positioned on a pelvic area of a patient and over the
patient’s bladder.

[0039] Handle 112 enables a user to move probe 110
relative to a patient’s area of interest. Activation of trigger
114 initiates an ultrasound scan of a selected anatomical
portion while dome 118 is in contact with a surface portion
of a patient’s body when the patient’s area of interest is
scanned. In some implementations, trigger 114 may include
a toggle switch 116. Toggle switch 116 may be used to
toggle between different aiming planes during an aiming
mode of ultrasound system 100.

[0040] Dome 118 may enclose one or more ultrasound
transducers and may be formed from a material that provides
an appropriate acoustical impedance match to the anatomi-
cal portion and/or permits ultrasound energy to be properly
focused as it is projected into the anatomical portion. Dome
118 may also include transceiver circuitry that includes a
transmitter and a receiver to transmit and receive ultrasound
signals. Probe 110 may communicate with base unit 120 via
a wired connection, such as via cable 130. In other imple-
mentations, probe 110 may communicate with base unit 120
via a wireless connection (e.g., Bluetooth, WiFi, etc.).
[0041] Base unit 120 may house and include one or more
processors or processing logic configured to process
reflected ultrasound energy that is received by probe 110 to
produce an image of the scanned anatomical region. Fur-
thermore, base unit 120 may include display 122 to enable
a user to view images from an ultrasound scan, and/or to
enable operational interaction with respect to the user during
operation of probe 110. For example, display 122 may
include an output display/screen, such as a liquid crystal
display (LCD), light emitting diode (LED) based display,
touchscreen, and/or another type of display that provides
text and/or image data to a user.

[0042] For example, display 122 may provide instructions
for positioning probe 110 relative to a selected anatomical
portion of a patient. Alternatively, ultrasound probe 110 may
include a small display (e.g., in handle 112) that provides
instructions for positioning ultrasound probe 110. Display
122 may also display two-dimensional or three-dimensional
images of the selected anatomical region. In some imple-
mentations, display 122 may include a graphical user inter-
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face (GUI) that allows the user to select various features
associated with an ultrasound scan. For example, display
122 may include selection items (e.g., buttons, dropdown
menu items, checkboxes, etc.) to select one or more param-
eters for performing an interlaced volume scan, such as the
number of planes and/or the interlacing factor. Furthermore,
display 122 may include selection items to select particular
types of ultrasound images to be obtained, such as B-mode
ultrasound images, probability mode (P-mode) ultrasound
images, Doppler mode ultrasound images, harmonic mode
ultrasound images, M-mode ultrasound images, and/or other
types of ultrasound images.

[0043] FIG. 1B is a diagram illustrating an exemplary
environment 150 for ultrasound system 100 according to an
implementation described herein. Environment 150 illus-
trates the operation of ultrasound system 100 with respect to
a patient 160. As shown in FIG. 1B, patient 160 may be
positioned so that a patient’s area of interest may be
scanned. For example, assume the area of interest corre-
sponds to the patient’s bladder 165. To scan bladder 165,
ultrasound probe 110 may be positioned against a surface
portion of patient 160 that is proximate to the anatomical
portion to be scanned. The user may apply acoustic gel 170
(or gel pads) to the skin of patient 160 over the area of
bladder 165 to provide an acoustical impedance match when
dome 118 is placed against the skin. The user may select to
perform a volume scan of bladder 165 by pressing trigger
114, by pressing a scan button on display 122, by speaking
a voice command, and/or using another type of scan acti-
vation technique. In response, ultrasound probe 110 may
transmit ultrasound signals 180 through bladder 165 and
may receive reflected ultrasound signals. The reflected ultra-
sound signals may be processed into images that are dis-
played on display 122.

[0044] Although FIGS. 1A and 1B show exemplary com-
ponents of ultrasound system 100, in other implementations,
ultrasound system 100 may include fewer components,
different components, additional components, or differently
arranged components than depicted in FIGS. 1A and 1B.
Additionally or alternatively, one or more components of
ultrasound system 100 may perform one or more tasks
described as being performed by one or more other compo-
nents of ultrasound system 100.

[0045] For example, in other embodiments, ultrasound
probe 110 may correspond to a self-contained device that
includes a microprocessor housed within ultrasound probe
110, configured to operably control the one or more ultra-
sound transducers, and to process the reflected ultrasound
energy to generate ultrasound images. Accordingly, a dis-
play on ultrasound probe 110 may be used to display the
generated images and/or to view other information associ-
ated with the operation of ultrasound probe 110. In vet other
implementations, ultrasound probe 110 may be coupled to a
general-purpose computer, such as a laptop, tablet, and/or a
desktop computer (via a wired or wireless connection) that
includes software that at least partially controls the operation
of ultrasound probe 110 and/or that includes sofiware to
process information received from ultrasound probe 110 to
generate ultrasound images.

[0046] FIG. 2A is a diagram of a first exemplary imple-
mentation of ultrasound probe 110 according to an imple-
mentation described herein. As shown in FIG. 2A, ultra-
sound probe 110 may include a single transducer element
coupled to two rotational motors. In this implementation,
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ultrasound probe 110 may include a base 210 connected to
dome 118, a theta motor 220, a spindle 230, a phi motor 240,
and a transducer bucket 250 with a transducer 260. Theta
motor 220, phi motor 240, and/or transducer 260 may
include wired or wireless electrical connections that electri-
cally connect theta motor 220, phi motor 240, and/or trans-
ducer 260 to base unit 120 via cable 130 (not shown in FIG.
2A).

[0047] Base 210 may house theta motor 220 and provide
structural support to ultrasound probe 110. Base 210 may
connect to dome 118 and may form a seal with dome 118 to
protect the components of ultrasound probe 110 from the
external environment. Theta motor 220 may rotate spindle
230 with respect to base 210 in a longitudinal direction with
respect to transducer 260, by rotating around a vertical axis
referred to herein as a theta (8) rotational plane 225. Spindle
230 may terminate in a shaft 235 and phi motor 240 may be
mounted onto shaft 235. Phi motor 240 may rotate around an
axis orthogonal to the theta rotational plane 225 around a
horizontal axis referred to herein as a phi (¢) rotational plane
245. Transducer bucket 250 may be mounted to phi motor
240 and may move with phi motor 240.

[0048] Transducer 260 may be mounted to transducer
bucket 250. Transducer 260 may include a piezoelectric
transducer, a capacitive transducer, and/or another type of
ultrasound transducer. Transducer 260, along with trans-
ceiver circuitry associated with transducer 260, converts
electrical signals to ultrasound signals at a particular ultra-
sound frequency or range of ultrasound frequencies,
receives reflected ultrasound signals (e.g., echoes, etc.), and
converts the received ultrasound signals to electrical signals.
Transducer 260 may transmit and receive ultrasound signals
in a signal direction 265 that is substantially perpendicular
to the surface of transducer 260.

[0049] Signal direction 265 may be controlled by the
movement of phi motor 240 and the orientation of phi motor
may be controlled by theta motor 220. For example, phi
motor 240 may rotate back and forth across an angle that is
less than 180 degrees to generate ultrasound image data for
a particular plane and theta motor 220 may rotate to par-
ticular positions to obtain ultrasound image data for different
planes.

[0050] In an aiming mode, theta motor 220 may remain
stationary while phi motor 240 rotates back and forth to
obtain ultrasound image data for a particular aiming plane.
In the aiming mode, theta motor 220 may move back and
forth between multiple aiming planes and phi motor 240
may rotate back and forth to obtain ultrasound image data.
As an example, theta motor 220 may move between two
orthogonal planes while the aiming mode is selected. As
another example, theta motor 220 may sequentially rotate
through three planes at 120 degrees to each other during the
aiming mode.

[0051] In a 3D scan mode, theta motor 220 may cycle
through a set of planes one or more times to obtain a full 3D
scan of an area of interest. In each particular plane of the set
of planes, phi motor 240 may rotate to obtain ultrasound
image data for the particular plane. The movement of theta
motor 220 and phi motor 240 may be interlaced in the 3D
scan mode. For example, the movement of phi motor 240 in
a first direction may be followed by a movement of theta
motor 220 from a first plane to a second plane, followed by
the movement of phi motor 240 in a second direction
opposite to the first direction, followed by movement of
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theta motor 220 from the second plane to a third plane, etc.
Such interlaced movement may enable ultrasound probe 110
to obtain smooth continuous volume scanning as well as
improve the rate at which the scan data is obtained.

[0052] The ultrasound plane images comprising the 3D
scan may include B-mode ultrasound images, P-mode ultra-
sound images, Doppler mode images (e.g., Power Doppler,
Continuous Wave Doppler, Pulsed Wave Doppler, etc.),
harmonic mode ultrasound images, motion mode (M-mode)
ultrasound images, and/or other types of ultrasound images.
[0053] In some implementations, ultrasound probe 110
may be configured to enable continuous movement of theta
motor 220. For example, wiring from base 210 to phi motor
240 and/or to ultrasound transducer 260 may limit the
movement of theta motor 220 in a particular direction. Thus,
theta motor 220 may need to alternate rotating forward and
backwards to move ultrasound transducer 260 to particular
scan planes to prevent binding or breaking of wires. In some
implementations, the wiring may be replaced with an elec-
trical connection that does not limit such movement of theta
motor 220 and that enables theta motor 220 to continue to
rotate in one direction.

[0054] In some implementations, the wiring may be
replaced with one or more conductive slip rings on spindle
230 and/or on shaft 235. A conductive slip ring may main-
tain an electrical connection with two conductive surfaces
that maintain contact while rotating around each other.
Furthermore, a conductive lubricant may be present between
the two conductive surfaces to reduce friction. In other
implementations, the wiring may be replaced with one or
more wireless connections. For example, base 210 may
include a first wireless transceiver and transducer bucket 250
may include a second wireless transducer. The two wireless
transducers may exchange wireless signals to control ultra-
sound transducer 260. The wireless transducers may com-
municate via a short-range wireless communication method,
such as, for example, a Bluetooth connection, a Bluetooth
Low Energy connection, an NFC connection, and/or another
type of short-range wireless communication method.
[0055] FIG. 2B is a diagram of a second exemplary
implementation of ultrasound probe 110 according to an
implementation described herein. As shown in FIG. 2B,
ultrasound probe 110 may include a 1D array of transducer
elements coupled to a rotation motor. In this implementa-
tion, ultrasound probe 110 may include a base 210 connected
to dome 118, a theta motor 220, a spindle 230, and a
transducer bucket 270 with a 1D transducer array 275. Theta
motor 220 and/or 1D transducer array 275 may include
wired or wireless electrical connections that electrically
connect theta motor 220 and/or 1D transducer array 275 to
base unit 120 via cable 130 (not shown in FIG. 2B).
[0056] Base 210 may house theta motor 220 and provide
structural support to ultrasound probe 110. Base 210 may
connect to dome 118 and may form a seal with dome 118 to
protect the components of ultrasound probe 110 from the
external environment. Theta motor 220 may rotate spindle
230 with respect to base 210 in longitudinal direction with
respect to 1D transducer array 275 by rotating around theta
rotational plane 225. Spindle 230 may terminate in trans-
ducer bucket 270. 1D transducer array 275 may be mounted
to transducer bucket 270. 1D transducer array 275 may
include a curved or phased 1D array of piezoelectric trans-
ducers, capacitive transducers, and/or other types of ultra-
sound transducers. 1D transducer array 275 may convert
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electrical signals to ultrasound signals at a particular ultra-
sound frequency or range of ultrasound frequencies, may
receive reflected ultrasound signals (e.g., echoes, etc.), and
may convert the received ultrasound signals to electrical
signals. One or more elements of 1D transducer array 275
may transmit and receive ultrasound signals in a particular
direction of a set of directions, illustrated as item 276 in FIG.
2B. Thus, together, the elements of 1D transducer array 275
may generate ultrasound image data for a particular plane by
electronically controlling the elements of 1D transducer
array 275.

[0057] When performing an interlacing scan using ultra-
sound probe 110 of FIG. 2B, to scan a particular plane,
instead of using phi motor 240, 1D transducer array 275 may
be controlled to tilt the ultrasound beam electronically in a
phi direction, either by selectively firing a subset of trans-
ducers in 1D transducer array 275 or by controlling a firing
delay between the individual transducer elements, resulting
in 1D transducer array 275 to electronically sweep an
ultrasound beam in an arc in either a forward or backward
direction. In other implementations, the transducers of 1D
transducer array 275 may be fired substantially simultane-
ously to obtain ultrasound image data for a plane in which
1D transducer array 275 is positioned.

[0058] Thus, in a 3D scan mode, theta motor 220 may
cycle through a set of planes one or more times to obtain a
full 3D scan of an area of interest. In each particular plane
of the set of planes, 1D transducer array 275 may obtain
ultrasound image data by controlling the transducers of 1D
transducer array 275. The movement of theta motor 220 and
the firing of 1D transducer array 275 may be interlaced in the
3D scan mode. For example, the firing of 1D transducer
array 275 may be followed by a movement of theta motor
220 from a first plane to a second plane, followed by the
another firing of 1D transducer array 275, followed by
movement of theta motor 220 from the second plane to a
third plane, etc. Such interlaced movement may enable
ultrasound probe 110 to obtain smooth continuous volume
scanning as well as improve the rate at which the scan data
is obtained.

[0059] In some implementations, ultrasound probe 110 of
FIG. 2B may be configured to enable continuous movement
of theta motor 220. For example, wiring from base 210 to 1D
transducer array 275 may limit the movement of theta motor
220 in a particular direction. Thus, theta motor 220 may
need to alternate rotating forward and backwards to move
1D transducer array 275 to particular scan planes to prevent
binding or breaking of wires. In some implementations, the
wiring may be replaced with an electrical connection that
does not limit such movement of theta motor 220 and that
enables theta motor 220 to continue to rotate in one direc-
tion. Furthermore, in some implementations, the wiring may
be replaced with one or more conductive slip rings on
spindle 230 and/or on shaft 235, and/or one or more wireless
connections, as explained above with reference to FIG. 2A.

[0060] FIG. 2C is a diagram of a third exemplary imple-
mentation of ultrasound probe 110 according to an imple-
mentation described herein. As shown in FIG. 2C, ultra-
sound probe 110 may be configured with spindle 230
positioned perpendicularly to shaft 235 and signal direction
265. As phi motor 240 rotates around the axis of shaft 235,
the arrangement of ultrasound probe 110 shown in FI1G. 2C

Sep. 19,2019

may result in theta motor 220 moving the scan planes
scanned by phi motor 240 in a rotational plane 225 around
spindle 230.

[0061] FIG. 2D is a diagram of a fourth exemplary imple-
mentation of ultrasound probe 110 according to an imple-
mentation described herein. As shown in FIG. 2D, ultra-
sound probe 110 may include transducer bucket 270 and 1D
transducer array 275 with spindle 230 positioned perpen-
dicularly to the center of set of directions 276. The arrange-
ment of ultrasound probe 11 shown in FIG. 2D may result
in theta motor 220 moving the scan planes scanned by 1D
transducer array 275 in a rotational plane 225 around spindle
230. Thus, while in FIGS. 2A and 2B, phi motor 240 rotates
around a horizontal axis and theta motor 220 rotates around
a vertical axis, in FIGS. 2C and 2D, phi motor 240 rotates
around a first horizontal axis, and theta motor 220 rotates
around a second horizontal axis that is perpendicular to the
first horizontal axis.

[0062] Configurations of ultrasound probe 110 shown in
FIGS. 2C and 2D enable the execution of a fan scan by
moving the scan planes scanned by phi motor 240 along a
cylindrical curved surface, as compared with moving the
scan planes within a plane (e.g., a horizontal plane) using the
configuration of ultrasound probe 110 shown in FIGS. 2A
and 2B. A fan scan may be used when the patient’s area of
interest corresponds to a concave surface (e.g., the front of
the neck, the flexing surface of a joint, the lower back, etc.)
and/or when the target organ has an elongated shape (e.g.,
scanning the aorta, the large intestine, etc.). The interlaced
scans described herein may also be implemented using the
configurations of ultrasound probe 110 shown in FIGS. 2C
and 2D.

[0063] Although FIGS. 2A and 2B show exemplary com-
ponents of ultrasound probe 110, in other implementations,
ultrasound probe 110 may include fewer components, dif-
ferent components, additional components, or differently
arranged components than depicted in FIGS. 2A and 2B.
Additionally or alternatively, one or more components of
ultrasound probe 110 may perform one or more tasks
described as being performed by one or more other compo-
nents of ultrasound probe 110.

[0064] FIG. 3 is a diagram illustrating example compo-
nents of a device 300 according to an implementation
described herein. Ultrasound probe 110 and/or base unit 120
may each include one or more devices 300. As shown in
FIG. 3, device 300 may include a bus 310, a processor 320,
a memory 330, an input device 340, an output device 350,
and a communication interface 360.

[0065] Bus 310 may include a path that permits commu-
nication among the components of device 300. Processor
320 may include any type of single-core processor, multi-
core processor, microprocessor, latch-based processor, and/
or processing logic (or families of processors, microproces-
sors, and/or processing logics) that interprets and executes
instructions. In other embodiments, processor 320 may
include an application-specific integrated circuit (ASIC), a
field-programmable gate array (FPGA), and/or another type
of integrated circuit or processing logic.

[0066] Memory 330 may include any type of dynamic
storage device that may store information and/or instruc-
tions, for execution by processor 320, and/or any type of
non-volatile storage device that may store information for
use by processor 320. For example, memory 330 may
include a random access memory (RAM) or another type of
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dynamic storage device, a read-only memory (ROM) device
or another type of static storage device, a content address-
able memory (CAM), a magnetic and/or optical recording
memory device and its corresponding drive (e.g., a hard disk
drive, optical drive, etc.), and/or a removable form of
memory, such as a flash memory.

[0067] Input device 340 may allow an operator to input
information into device 300. Input device 340 may include,
for example, a keyboard, a mouse, a pen, a microphone, a
remote control, an audio capture device, an image and/or
video capture device, a touch-screen display, and/or another
type of input device. In some embodiments, device 300 may
be managed remotely and may not include input device 340.
In other words, device 300 may be “headless” and may not
include a keyboard, for example.

[0068] Output device 350 may output information to an
operator of device 300. Output device 350 may include a
display, a printer, a speaker, and/or another type of output
device. For example, device 300 may include a display,
which may include a liquid-crystal display (LCD) for dis-
playing content to the customer. In some embodiments,
device 300 may be managed remotely and may not include
output device 350. In other words, device 300 may be
“headless” and may not include a display, for example.
[0069] Communication interface 360 may include a trans-
ceiver that enables device 300 to communicate with other
devices and/or systems via wireless communications (e.g.,
radio frequency, infrared, and/or visual optics, etc.), wired
communications (e.g., conductive wire, twisted pair cable,
coaxial cable, transmission line, fiber optic cable, and/or
waveguide, etc.), or a combination of wireless and wired
communications. Communication interface 360 may include
a transmitter that converts baseband signals to radio fre-
quency (RF) signals and/or a receiver that converts RF
signals to baseband signals. Communication interface 360
may be coupled to an antenna for transmitting and receiving
RF signals.

[0070] Communication interface 360 may include a logi-
cal component that includes input and/or output ports, input
and/or output systems, and/or other input and output com-
ponents that facilitate the transmission of data to other
devices. For example, communication interface 360 may
include a network interface card (e.g., Ethernet card) for
wired communications and/or a wireless network interface
(e.g., a WiFi) card for wireless communications. Commu-
nication interface 360 may also include a universal serial bus
(USB) port for communications over a cable, a Bluetooth™
wireless interface, a radio-frequency identification (RFID)
interface, a near-field communications (NFC) wireless inter-
face, and/or any other type of interface that converts data
from one form to another form.

[0071] As will be described in detail below, device 300
may perform certain operations relating to performing an
interlaced scan. Device 300 may perform these operations in
response to processor 320 executing software instructions
contained in a computer-readable medium, such as memory
330. A computer-readable medium may be defined as a
non-transitory memory device. A memory device may be
implemented within a single physical memory device or
spread across multiple physical memory devices. The soft-
ware instructions may be read into memory 330 from
another computer-readable medium or from another device.
The software instructions contained in memory 330 may
cause processor 320 to perform processes described herein.
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Alternatively, hardwired circuitry may be used in place of,
or in combination with, software instructions to implement
processes described herein. Thus, implementations
described herein are not limited to any specific combination
of hardware circuitry and software.

[0072] Although FIG. 3 shows exemplary components of
device 300, in other implementations, device 300 may
include fewer components, different components, additional
components, or differently arranged components than
depicted in FIG. 3. Additionally or alternatively, one or more
components of device 300 may perform one or more tasks
described as being performed by one or more other compo-
nents of device 300.

[0073] FIG. 4 is a diagram illustrating exemplary func-
tional components of ultrasound system 100. The functional
components of ultrasound system 100 may be implemented,
for example, via processor 320 executing instructions from
memory 330. Alternatively, some or all of the functional
components of ultrasound system 100 may be implemented
via hard-wired circuitry. As shown in FIG. 4, ultrasound
system 100 may include a user interface 410, an interlaced
scan manager 420, a scanning order tables database (DB)
425, an image generator 430, and a data collector 450.

[0074] User interface 410 may generate a user interface
(e.g., a graphical user interface) that displays ultrasound
images to a user via display 122 and that is configured to
receive selections and/or commands from the user via a
touchscreen associated with display 122, via one or more
control keys located on base unit 120 and/or on ultrasound
probe 110, via a microphone included in base unit 120,
and/or via another type of input method. For example, a user
may select a type of ultrasound image, an aiming mode via
user interface 410, may select one or more aiming mode
planes, and/or may select to perform a 3D scan once the user
is satisfied with the position of ultrasound probe 110 during
an aiming mode.

[0075] Interlaced scan manager 420 may generate a 3D
scan for an area of interest in a patient’s body. For example,
in response to a user selecting to perform the 3D scan,
interlaced scan manager 420 may instruct image generator
430 to generate ultrasound images for a particular set of
planes in a particular sequence with an interlaced movement
of theta motor 220 and phi motor 240 based on information
stored in scanning order tables DB 425. Scanning order
tables DB 425 may store one or more scanning order tables.
A particular scanning order table may include, for a particu-
lar number of planes and a particular interlacing factor k,
information identifying a scanning order for a set of planes
and a corresponding movement direction for theta motor 220
and phi motor 240 for each plane. In some implementations,
a particular scanning order table may be selected by a user.
In other implementations, a particular scanning order table
may be selected based on one or more scan parameters.
Exemplary scanning order tables are described below with
reference to FIGS. 6A, 6B, and 6C.

[0076] Furthermore, interlaced scan manager 420 may be
configured to enable a user to select, and then to perform,
particular types of interlaced scans. For example, interlaced
scan manager 420 may select and perform a continuous
bi-plane scanning, to perform scanning with overlap of phi
motor and theta motor movement (e.g., moving theta motor
220 from a first plane to a second pane while phi motor 240
is in the acceleration or deceleration region of its range of
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motion), to perform continuous theta motor movement in
one direction, and/or other types of interlaced scans.
[0077] Image generator 430 may generate ultrasound
images in particular planes. For example, image generator
430 may instruct data collector to obtain a particular type of
ultrasound image, to move to a particular plane (e.g., a
particular position of theta motor 220), and to generate an
ultrasound image of a particular type for the particular plane
(e.g., using phi motor 240 and transducer 260).

[0078] Data collector 450 may be configured to collect
ultrasound image data from ultrasound probe 110. Data
collector 450 may include a phi motor controller 460, a theta
motor controller 470, and a transducer controller 480. Phi
motor controller 460 may control phi motor 240. Theta
motor controller 470 may control theta motor 220. Trans-
ducer controller 480 may control transducer 260.

[0079] Although FIG. 4 shows exemplary components of
ultrasound system 100, in other implementations, ultrasound
system 100 may include fewer components, different com-
ponents, additional components, or differently arranged
components than depicted in FIG. 4. Additionally or alter-
natively, one or more components of ultrasound system 100
may perform one or more tasks described as being per-
formed by one or more other components of ultrasound
system 100.

[0080] FIG. 5 is a flowchart of a process for interlaced
scanning according to an implementation described herein.
In some implementations, the process of FIG. 5 may be
performed by ultrasound system 100. In other implementa-
tions, some or all of the process of FIG. 5 may be performed
by another device or a group of devices separate from
ultrasound system 100.

[0081] The process of FIG. 5 may include defining a
number of planes N, an interlacing factor k, and a permu-
tation set {b,, . .. .b;} of the set of integers {1, ... k} (block
510). The interlacing factor k may determine the number of
groups of scan planes and the permutation set may define a
sequence in which the groups of scan planes are scanned.
Thus, b, refers to the i-th group of scan planes. For example,
if there are N=12 planes, with an interlacing factor k=4, the
planes are divided into 4 groups by assigning the numbered
planes sequentially into 4 groups: Group 1={1,5,9}, Group
2={2,6,10}, Group 3={3,7,11}, and Group 4={4,8,12}. As
an example, choosing a permutation set of {b,,b,,b;,b,}={3,
2,4,1} results in a scanning plane order of (3—=7—11)—
(10—6—2)—(4—8—>12)—>(9—=5->1), in which the scan-
ning direction alternates between forward and backward
direction between sequential groups. As another example,
choosing a permutation set of {b,b,bsb,}={1,2,3,4}
results in a scanning plane order of (1—=5—=9)—=(10—6—2)
—-(3—=7—=11)—(12—+8—4).

[0082] In some implementations, a user may select the
number of planes N, the interlacing factor k, and the
permutation set {b,, . .. b,} from a list of options displayed
on display 122 when an interlacing scan is selected. In other
implementations, ultrasound system 100 may automatically
select a particular number of scan planes, interlacing factor,
and/or permutation set based on one or more parameters
associated with a scan to be performed, such as the area of
interest, image size, type of ultrasound images selected,
and/or another type of parameter.

[0083] The variables may be initialized (block 520). In
particular, the current index i may be set to 1, the current
theta motor direction d may be set to either forward or
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backward, and the current scan plane n may be set to b, if
theta motor direction d is set to “forward”, and to N-k+b, if
theta motor direction d is set to “backward”. In some
implementations, a “forward” direction for theta motor 220
may be defined as moving along a circle in the direction of
increasing plane numbers and a “backward” direction may
be defined as moving along the circle in the direction of
decreasing plane numbers. In other implementations, “for-
ward” and “backward” directions for theta motor 220 may
be defined differently. For example, “forward” for theta
motor 220 may be defined as counterclockwise and “back-
ward” for theta motor 220 may be defined as clockwise.
[0084] Furthermore, in some implementations, “forward”
for phi motor 240 may be defined as moving along a plane
from the position along the circle at which the plane is
numbered and “backward” for phi motor 240 may be defined
as moving along a plane toward the position along the circle
at which the plane is numbered. In other implementations,
“forward” and “backward” directions for phi motor 240 may
be defined differently. For example, “forward” for phi motor
240 may be defined as clockwise and “backward” for theta
motor 220 may be defined as counterclockwise.

[0085] The n-th plane may then be scanned (block 530).
Transducer 260 or 1D transducer array 275 may perform a
B-mode ultrasound scan, a P-mode ultrasound scan, a Dop-
pler mode ultrasound scan, a harmonic mode ultrasound
scan, and/or another type of ultrasound scan of the n-th
plane. As an example, in implementations that use ultra-
sound probe 110 of FIG. 24, the n-th plane may be scanned
by moving phi motor 240 in a direction that is opposite to the
direction phi motor 240 moved in when scanning the pre-
vious plane. Thus, if phi motor 240 moved in a forward
direction for the previous plane, phi motor 240 may move in
a backward direction, and if phi motor 240 moved in a
backward direction for the previous plane, phi motor 240
may move in a forward direction. When scanning the first
plane, phi motor 240 may move in a default first direction
(e.g., forward in some implementation, backward in other
implementations, efc.).

[0086] As another example, in implementations that use
ultrasound probe 110 of FIG. 2B, the n-th plane may be
scanned by electronically controlling the transducers of 1D
transducer array 275 to scan the n-the by firing the trans-
ducers in a particular sequence. As yet another example, the
transducers of 1D transducer array 275 may be fired without
a time delay by firing the transducers substantially simulta-
neously or in a random order.

[0087] A determination may be made as to whether the
current theta direction is set to forward (block 540). If the
current theta direction is set to forward (block 540—YES),
n may be set to n+k (block 550). In other words, the current
scan plane may be increased by the interlacing factor. A
determination may be made as to whether n is set to a
number greater than N, which corresponds to the total
number of scan planes (block 560). If n>N (block 560—
YES), the current index 1 may be set to mod(i,k)+1 and n
may be set to N-k+b, (block 570), and the theta motor
direction may be set to backward (block 580). Theta motor
220 may then be moved to the n-th scan plane (block 590)
and processing may return to block 530 to scan the n-th scan
plane by moving phi motor 240 in the direction that is
opposite to the last direction phi motor 240 moved in (or by
electronically controlling 1D transducer array 275 to scan
the n-th plane). Returning to block 560, If n=N (block
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560—NO), processing may proceed to block 590 to move
the theta motor 220 to the n-th scan plane and processing
may return to block 530 to scan the n-th scan plane by
moving phi motor 240 in the direction that is opposite to the
last direction phi motor 240 moved in (or by electronically
controlling 1D transducer array 275 to scan the n-th plane).
[0088] Returning to block 540, if the current theta direc-
tion is set to backwards (block 540—NO), n may be set to
n-k (block 555). In other words, the current scan plane may
be decreased by the interlacing factor. A determination may
be made as to whether n is set to less than 1 (block 565). If
n<l (block 565—YES), the current index i may be set to
mod(i,k)+1 and n may be set to b, (block 575), and the theta
motor direction may be set to forward (block 585). Theta
motor 220 may then be moved to the n-th scan plane (block
590) and processing may return to block 530 to scan the n-th
scan plane by moving phi motor 240 in the direction that is
opposite to the last direction phi motor 240 moved in (or by
electronically controlling 1D transducer array 275 to scan
the n-th plane). Returning to block 565, If n=1 (block
565—NO), processing may proceed to block 590 to move
the theta motor 220 to the n-th scan plane and processing
may return to block 530 to scan the n-th scan plane by
moving phi motor 240 in the direction that is opposite to the
last direction phi motor 240 moved in (or by electronically
controlling 1D transducer array 275 to scan the n-th plane).
[0089] The process of FIG. 5 may continue until a user
selects to stop performing volume scan, until a selected
number of volume scans have been performed, and/or until
a different type of trigger condition is satisfied.

[0090] FIGS. 6A, 6B, 6C, and 6D are diagrams of exem-
plary scanning order tables. FIG. 6A illustrates a scanning
order table 601 for an interlacing scan with 12 planes and an
interlacing factor k of 2. Scanning order table 601 may
include a scanning order row 610, a plane number row 620,
a phi motor direction row 630, and a theta motor direction
row 640. Scanning order row 610 may include information
identifying the order in which the planes are scanned. Plane
number row 620 may include information identifying the
plane number based on a sequential numbering of the planes
from a starting plane around a circle (see, for example, FIG.
7A). Phi motor direction row 630 may include information
identifying the movement direction of phi motor 240 for
each plane (“FW” corresponds to forward motion with
respect to the plane numbering and “BW” corresponds to
backward motion with respect to the plane numbering).
Theta motor direction row 640 may include information
identifying the movement direction of theta motor 220 for
each group of planes.

[0091] As shown in FIG. 6A, the scanning order of the
planes for one volume scan for an interlacing scan for 12
planes and an interlacing factor of 2, and a permutation set
of {1,2} s 1,3, 5,7, 9, 11, followed by 12, 10, 8, 6, 4, 2.
The direction of phi motor 240 changes with each plane and
the direction of theta motor 220 changes with each group of
planes. Since the interlacing factor is 2, the number of
groups of planes is 2.

[0092] FIG. 6B illustrates a scanning order table 602 for
an interlacing scan with 12 planes, an interlacing factor k of
4, and a permutation set of {1,2,3,4}. As shown in FIG. 6B,
the scanning order of the planes for one volume scan for an
interlacing scan for 12 planes and an interlacing factor of 4,
is 1, 5, 9, followed by 10, 6, 2, followed by 3, 7, 11, and
followed by 12, 8, 4. The direction of phi motor 240 changes
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with each plane and the direction of theta motor 220 changes
with each group of planes. Since the interlacing factor is 4,
the number of groups of planes is 4.

[0093] FIG. 6C illustrates a scanning order table 603 for
another interlacing scan with 12 planes and an interlacing
factor k of 4, and a permutation set of {3, 2, 4, 1}. As shown
in FIG. 6C, the scanning order for scanning order table 603
for one volume scan is 3, 7, 11, followed by 10, 6, 2,
followed by 4, 8, 12, followed by 9, 5, 1. Scanning order
table 603 differs from scanning order table 602 by having a
different permutation set.

[0094] FIG. 6D illustrates a scanning order table 604 for
an interlacing scan with 12 planes an interlacing factor k of
2, and a permutation set of {2, 1}. As shown in FIG. 6D, the
scanning order for scanning order table 604 is 11,9, 7, 5, 3,
1, followed by 2, 4, 6, 8, 10, and 12. Scanning order table
604 differs from scanning order table 601 by having a
different permutation set and illustrates that theta motor
direction row 640 does not need to start with a “forward”
direction.

[0095] FIGS. 7A, 7B, 7C, and 7D are diagrams of exem-
plary ultrasound transducer trajectories for volume scans
based on 12 planes. FIG. 7A illustrates a trajectory 701 of
ultrasound transducer 260 for an interlaced scan based on 12
planes and an interlacing factor of one for a first volume scan
710 and a second volume scan 712. FIG. 7A identifies phi
motor movement 714 for plane 9 to demonstrate that phi
motor 240 moves across particular planes and theta motor
movement 716 from plane 2 to plane 3 to demonstrate that
theta motor 220 moves from plane to plane.

[0096] FIG. 7B illustrates a trajectory 702 of ultrasound
transducer 260 for an interlaced scan based on 12 planes and
an interlacing factor of two for first volume scan (items 720
and 722) and a second volume scan (items 724 and 726).
FIG. 7C illustrates a trajectory 703 of ultrasound transducer
for an interlaced scan based on 12 planes and an interlacing
factor of 3 for first volume scan (items 730, 731, and 732)
and a second volume scan (items 733, 734, and 735). FIG.
7D illustrates a trajectory 704 of ultrasound transducer for
an interlaced scan based on 12 planes and an interlacing
factor of four for first volume scan (items 740, 741, 742, and
743) and a second volume scan (items 744, 745, 746, and
747).

[0097] FIGS. 8A, 8B, 8C, and 8D are diagrams of exem-
plary ultrasound transducer trajectories for volume scans
based on 24 planes. FIG. 8A illustrates a trajectory 8§01 of
ultrasound transducer 260 for an interlaced scan based on 24
planes and an interlacing factor of one for a first volume scan
810 and a second volume scan 812. FIG. 8B illustrates a
trajectory 802 of ultrasound transducer 260 for an interlaced
scan based on 24 planes and an interlacing factor of two for
a first volume scan (items 820 and 822) and a second volume
scan (items 824 and 826). FIG. 8C illustrates a trajectory 803
of ultrasound transducer for an interlaced scan based on 24
planes and an interlacing factor of 3 for first volume scan
(items 830, 831, and 832) and a second volume scan (items
833, 834, and 835). FIG. 8D illustrates a trajectory 804 of
ultrasound transducer for an interlaced scan based on 24
planes and an interlacing factor of 4 for first volume scan
(items 840, 841, 842, and 843) and a second volume scan
(items 844, 845, 846, and 847).

[0098] FIGS. 9A and 9B are diagrams of exemplary ultra-
sound transducer trajectories for volume scans based on four
planes. FIG. 9A illustrates a trajectory 901 of ultrasound
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transducer 260 for an interlaced scan based on four planes
and an interlacing factor of one for a first volume scan 910
and a second volume scan 912. FIG. 9B illustrates a trajec-
tory 902 of ultrasound transducer 260 for an interlaced scan
based on four planes and an interlacing factor of two for first
volume scan (items 920 and 922) and a second volume scan
(items 924 and 926).

[0099] FIGS. 10A and 10B are diagrams of exemplary
ultrasound transducer trajectories for volume scans based on
two planes. FIG. 10A illustrates a trajectory 1001 of ultra-
sound transducer 260 for an interlaced scan based on two
planes and an interlacing factor of one for first bi-plane scan
1010 and a second bi-plane scan 1012. FIG. 10B illustrates
a trajectory 1002 of ultrasound transducer 260 for an inter-
laced scan based on two planes and an interlacing factor of
two for first bi-plane scan (items 1020 and 1022) and a
second bi-plane scan (items 1024 and 1026). An interlaced
scan based on 2 planes and an interlacing factor of two
corresponds to the case of continuous bi-plane scanning.
[0100] FIG. 11 illustrates a continuous bi-plane scanning
trajectory 1100. In continuous bi-plane scanning, ultrasound
transducer 260 may collect two orthogonal ultrasound
images (e.g., B-mode images). If the speed of phi motor 240
and theta motor 220 is sufficiently fast, continuous bi-plane
scanning may be used for real-time, or near real-time,
bi-plane ultrasound imaging. Continuous bi-plane scanning
may be useful, for example, for obtaining a real-time trans-
verse and longitudinal view of an area of interest in a
patient’s body.

[0101] FIGS.7A,7B,7C,and 7D; 8A. 8B, 8C, and 8D; 9A
and 9B; 10A and 10B; and 11 illustrate ultrasound trans-
ducer trajectories for volume scans using ultrasound probe
110 of FIG. 2A, which includes movement of theta motor
220 and phi motor 240. However, the illustrated ultrasound
transducer trajectories may also be applied for volume scans
using ultrasound probe 110 of FIG. 2B with theta motor 220
and 1D transducer array 275, if phi motor movement 714 is
replaced with an electronically controlled scan using 1D
transducer array 275, which does not include any physical
motor movement but rather represents the particular plane
being scanned. Thus, in such implementations, the arrows
representing the direction of phi motor movement 714 in
each plane may be ignored.

[0102] FIG. 12 is a diagram 1200 of the range of motion
of phi motor 240. As shown in FIG. 12, a range of motion
1210 for phi motor 240 may include a sector of a circle. For
example, in some implementations, range of motion 1210
may span less than 180°, such as approximately 150°. Range
of motion 1210 may include two acceleration/deceleration
regions 1220 and a constant speed region 1230. For
example, in some implementations, constant speed region
1230 may span approximately 120°. When phi motor 240
scans a plane, phi motor 240 may accelerate from a rotation
speed of zero to a scanning motor speed, and the scanning
motor speed may be reached by the time phi motor 240
arrives at the beginning of constant speed region 1230.
Ultrasound transducer 260 may then initiate scanning the
plane and may continue to scan the plane as phi motor 240
moves across constant speed region 1230. Ultrasound trans-
ducer 260 may stop scanning at the end of constant speed
region 1230 and phi motor 240 may start to decelerate,
reaching a stationary position at the end of acceleration/
deceleration region 1220, which also corresponds to the end
of range of motion 1210. Thus, phi motor 240 may scan a

Sep. 19,2019

sector corresponding to constant speed region 1230 and
resulting in an ultrasound image with a viewing angle
corresponding to the angle of constant speed region 1230
(e.g., 120°).

[0103] As explained above with respect to FIG. 12, no
scanning takes place in acceleration/deceleration regions
1220. Therefore, a volume scan speed may be improved by
taking advantage of the time phi motor 240 is moving
through one of the acceleration/deceleration regions 1220 by
moving theta motor 220 from a previous plane (during
acceleration) or to a next plane (during deceleration) of the
interlaced scan. Thus, the movement of theta motor 220 and
phi motor 240 may overlap.

[0104] FIG. 13Ais a diagram 1301 illustrating the motion
trajectories and positions of motors for a two plane volume
scan without overlap and with overlap. As shown in FIG.
13A, a motion trajectory without overlap 1310 results in
motion profile without overlap 1315, which is shown in FIG.
13A for five consecutive volume scans. Also shown in FIG.
13A is a motion trajectory with overlap 1320, which results
in motion profile with overlap 1325, also shown for five
consecutive volume scans. With overlap, theta motor 220
starts to move to the next plane while phi motor 240 is
decelerating and phi motor 240 starts to accelerate for the
scan of the next plane while theta motor 220 is still moving
and before theta motor 220 completes the movement to the
next plane. Motion profile with overlap 1325 illustrates that
in this exemplary interlaced scan, overlap yields a time
savings of, for example, greater than 0.2 seconds for five
volume scans, resulting in faster volume scans closer to
real-time and reduced motion blur.

[0105] FIG. 13B is a diagram illustrating the motion
trajectories and positions of motors for a 12 plane volume
scan without overlap and with overlap. As shown in FIG.
13B, a motion trajectory without overlap 1350 results in
motion profile without overlap 1355, which is shown in FIG.
13B for one volume scan. Also shown in FIG. 13B is a
motion trajectory with overlap 1360, which results in motion
profile with overlap 1365, also shown for one volume scan.
Motion profile with overlap 1365 illustrates that in this
exemplary interlaced scan with 12 scan planes, overlap
yields a time savings of, for example, greater than 0.2
seconds for a single volume scan.

[0106] As explained above with reference to FIG. 2, in
some implementations, ultrasound probe 110 may be con-
figured to enable continuous motion of theta motor 220 in
one direction. Continuous motion of theta motor 220 may be
enabled by, for example, replacing wiring to ultrasound
transducer 260 with a conductive slip ring and/or a wireless
connection. FIGS. 14A and 14B are diagrams of exemplary
scanning order tables with continuous theta motor move-
ment. In implementations with continuous motion of theta
motor 220, the rules for an interlaced scan may be replaced
with the following rules: the direction of phi motor 240
changed with every plane during a volume scan and the
direction of theta motor 220 does not change.

[0107] FIG. 14A illustrates a scanning order table 1401 for
an interlacing scan with 12 planes, an interlacing factor k of
2, and continuous motion of theta motor 220. As shown in
FIG. 14A, the direction of phi motor 240 changes with each
plane and the direction of theta motor 220 does not change.
FIG. 14B illustrates a scanning order table 1402 for an
interlacing scan with 12 planes, an interlacing factor k of
four, and continuous motion of theta motor 220. As shown
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in FIG. 14B, the direction of phi motor 240 changes with
each plane and the direction of theta motor 220 does not
change.

[0108] FIGS. 15A, 15B, and 15C are diagrams of exem-
plary ultrasound transducer trajectories for volume scans
based on 12 planes with continuous theta motor movement.
FIG. 15A illustrates a trajectory 1501 of ultrasound trans-
ducer 260 for an interlaced scan based on 12 planes and an
interlacing factor of two for first volume scan (items 1510
and 1512) and a second volume scan (items 1514 and 1516).
FIG. 15B illustrates a trajectory 1502 of ultrasound trans-
ducer for an interlaced scan based on two planes and an
interlacing factor of two (i.e., a bi-plane scan) for first
volume scan (items 1520 and 1521), a second volume scan
(items 1522 and 1523), and a third volume scan (items 1524
and 1525). FIG. 15C illustrates a diagram 1503 comparing
trajectories of ultrasound transducer 260 for continuous
bi-plane scanning with continuous theta motor movement
without overlap (1530) and with overlap (item 1535).

[0109] In the preceding specification, various preferred
embodiments have been described with reference to the
accompanying drawings. It will, however, be evident that
various modifications and changes may be made thereto, and
additional embodiments may be implemented, without
departing from the broader scope of the invention as set forth
in the claims that follow. The specification and drawings are
accordingly to be regarded in an illustrative rather than
restrictive sense.

[0110] For example, while a series of blocks have been
described with respect to FIG. 5, the order of the blocks may
be modified in other implementations. Further, non-depen-
dent blocks may be performed in parallel.

[0111] Although embodiments described above refer to
scanning a bladder, other organs, joints, vessels, and/or body
areas, such as an aorta, prostate, kidney, uterus, ovaries,
heart, etc., could scanned and/or imaged in other implemen-
tations. Furthermore, in some implementations, selection of
the number of planes and/or the interlacing factor may be
automatic based on a size of an image, the area of interest,
and/or another parameter.

[0112] It will be apparent that systems and/or methods, as
described above, may be implemented in many different
forms of software, firmware, and hardware in the imple-
mentations illustrated in the figures. The actual software
code or specialized control hardware used to implement
these systems and methods is not limiting of the embodi-
ments. Thus, the operation and behavior of the systems and
methods were described without reference to the specific
software code—it being understood that software and con-
trol hardware can be designed to implement the systems and
methods based on the description herein.

[0113] Further, certain portions, described above, may be
implemented as a component that performs one or more
functions. A component, as used herein, may include hard-
ware, such as a processor, an ASIC, or a FPGA, or a
combination of hardware and software (e.g., a processor
executing software).

[0114] It should be emphasized that the terms “com-
prises”/“comprising” when used in this specification are
taken to specify the presence of stated features, integers,
steps or components but does not preclude the presence or
addition of one or more other features, integers, steps,
components or groups thereof.
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[0115] The term “logic,” as used herein, may refer to a
combination of one or more processors configured to
execute instructions stored in one or more memory devices,
may refer to hardwired circuitry, and/or may refer to a
combination thereof. Furthermore, a logic may be included
in a single device or may be distributed across multiple, and
possibly remote, devices.
[0116] For the purposes of describing and defining the
present invention, it is additionally noted that the term
“substantially” is utilized herein to represent the inherent
degree of uncertainty that may be attributed to any quanti-
tative comparison, value, measurement, or other represen-
tation. The term “substantially” is also utilized herein to
represent the degree by which a quantitative representation
may vary from a stated reference without resulting in a
change in the basic function of the subject matter at issue.
[0117] No element, act, or instruction used in the present
application should be construed as critical or essential to the
embodiments unless explicitly described as such. Also, as
used herein, the article “a” 1s intended to include one or more
items. Further, the phrase “based on” is intended to mean
“based, at least in part, on” unless explicitly stated other-
wise.
What is claimed is:
1. A method performed by a device, the method compris-
ing:
selecting, by the device, a number of scan planes for an
interlacing scan to scan a volume of an area of interest
in a patient’s body using an ultrasound transducer;

selecting, by the device, an interlacing factor for the
interlacing scan;
dividing, by the device, the scan planes into groups of
scan planes based on the interlacing factor; and

performing, by the device, the interlacing scan by con-
trolling a first motor configured to rotate the ultrasound
transducer around a horizontal axis to scan a plane and
a second motor configured to rotate the ultrasound
transducer around a vertical axis to move to a different
plane, and wherein the first motor moves in a first
direction for at least some of the scan planes and in a
second direction, opposite to the first direction, for
other ones of the scan planes.

2. The method of claim 1, wherein the second motor
moves in a third direction for at least some of the groups of
scan planes and in a fourth direction, opposite to the third
direction, for other ones of the groups of scan planes.

3. The method of claim 1, wherein the first motor changes
direction every plane and wherein the second motor changes
directions every group without changing directions within a
group.

4. The method of claim 1, wherein the scan planes are
separated by an angle corresponding to one hundred and
eighty degrees divided by the number of scan planes.

5. The method of claim 1, wherein dividing the scan
planes into groups of scan planes based on the interlacing
factor includes:

sequentially numbering the scan planes;

dividing the scan planes into a number of groups of scan

planes corresponding to the interlacing factor; and
sequentially distributing the numbered scan planes into
the groups of scan planes.

6. The method of claim 1, wherein performing the inter-
lacing scan includes:
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scanning a particular plane by moving the first motor in a
direction that is opposite to a direction the first motor
moved when scanning a previous plane;

moving to a next plane by moving the second motor by a
number of planes corresponding to the interlacing
factor, wherein the direction of the second motor
changes if the next plane is in a different one of the
groups of scan planes than the previous plane.

7. The method of claim 1, wherein the number of scan
planes corresponds to two, wherein the interlacing factor
corresponds to two, and wherein performing the interlacing
scan includes:

performing continuous bi-plane scanning.

8. The method of claim 1, wherein a range of motion of
the first motor includes an acceleration or deceleration
region and a constant speed region, and wherein performing
the interlacing scan includes:

controlling the second motor to rotate while the first
motor is in the acceleration or deceleration region of
the range of motion.

9. The method of claim 8, wherein the second motor
moves the ultrasound transducer from a first plane to a
second plane while the first motor is in the acceleration or
deceleration region of the range of motion.

10. The method of claim 1, wherein the second motor
moves in a same direction for all the groups of scan planes.

11. The method of claim 1, wherein performing the
interlacing scan includes:

performing a first volume scan with the second motor
starting in a first plane; and

performing a second volume scan with the second motor
starting in a second plane, wherein the second plane is
different from the first plane.

12. A system comprising:

an ultrasound probe comprising:
an ultrasound transducer;

a first motor configured to rotate the ultrasound trans-
ducer around a horizontal axis to scan a plane; and
a second motor configured to rotate the ultrasound
transducer around a vertical axis, or around another
horizontal axis perpendicular to the horizontal axis
of the first motor, to move to a different plane; and
a controller unit configured to:
select a number of scan planes for an interlacing scan
to scan a volume of an area of interest in a patient’s
body using the ultrasound probe;

select an interlacing factor for the interlacing scan;

divide the scan planes into groups of scan planes based
on the interlacing factor; and

perform the interlacing scan by controlling the first
motor and the second motor, and wherein the first
motor moves in a first direction for at least some of
the scan planes and in a second direction, opposite to
the first direction, for other ones of the scan planes.

13. The system of claim 12, wherein the second motor
moves in a third direction for at least some of the groups of
scan planes and in a fourth direction, opposite to the third
direction, for other ones of the groups of scan planes.
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14. The system of claim 12, wherein the first motor
changes direction every plane and wherein the second motor
changes directions every group without changing directions
within a group.

15. The system of claim 12, wherein, when petforming
the interlacing scan, the controller unit is further configured
to:

scan a particular plane by moving the first motor in a

direction that is opposite to a direction the first motor
moved when scanning a previous plane;

move to a next plane by moving the second motor by a

number of planes corresponding to the interlacing
factor, wherein the direction of the second motor
changes if the next plane is in a different one of the
groups of scan planes than the previous plane.

16. The system of claim 12, wherein the number of scan
planes corresponds to two, wherein the interlacing factor
corresponds to two, and wherein, when performing the
interlacing scan the controller unit is further configured to:

perform continuous bi-plane scanning.

17. The system of claim 12, wherein a range of motion of
the first motor includes an acceleration or deceleration
region and a constant speed region, and wherein, when
performing the interlacing scan the controller unit is further
configured to:

control the second motor to rotate while the first motor is

in the acceleration or deceleration region of the range
of motion.

18. The system of claim 17, wherein the controller unit is
further configured to:

control the second motor to move from a first plane 1o a

second plane while the first motor is in the acceleration
or deceleration region of the range of motion.

19. The system of claim 12, wherein the controller unit is
further configured to:

control the second motor to move in a same direction for

all the groups of scan planes.

20. The system of claim 12, wherein the second motor is
configured to rotate the ultrasound transducer around the
vertical axis.

21. The system of claim 12, wherein the second motor is
configured to rotate the ultrasound transducer around the
other horizontal axis perpendicular to the horizontal axis of
the first motor.

22. A device comprising;

a memory storing instructions; and

a processor configured to execute the instructions to:

select a number of scan planes for an interlacing scan
to scan a volume of an area of interest in a patient’s
body using an ultrasound transducer array;

select an interlacing factor for the interlacing scan;

divide the scan planes into groups of scan planes based
on the interlacing factor; and

perform the interlacing scan by controlling the ultrasound

transducer array to scan a plane and controlling a motor
configured to rotate the ultrasound transducer array
around a vertical axis to move to a different plane, and
wherein the motor changes directions for every group
of scan planes without changing directions within a
group of scan planes.
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