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FIG. 1

scribed; the medical-imaging system has an ultrasound-transducer interface
configured to operatively interface with an ultrasound transducer including
transducer elements; the medical-imaging system also has a spatial sensor
configured to provide spatial information indicating spatial movement of the
ultrasound transducer; the method includes receiving ultrasound information
being associated with a scan-line set having a limited number of selectable
scan lines of the ultrasound transducer. Also disclosed is a non-transitory
computer-readable medium.
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MEDICAL-IMAGING SYSTEM AND METHOD THEREOF

[001] TECHNICAL FIELD

[002] The aspects generally relate to a medical-imaging system and a method thereof.

[003]  BACKGROUND

[004] Ultrasonic imaging (sonography) may be used for veterinary medicine and/or
human medicine. Diagnostic sonography (ultrasonography) is an ultrasound-based
diagnostic imaging technique used for visualizing subcutaneous body structures of a
patient, such as tendons, muscles, joints, vessels and internal organs for possible
pathology or lesions. Ultrasound images (sonograms) are made by sending a pulse of
ultrasound into tissue by using an ultrasound transducer (probe). The sound reflects and
echoes off parts of the tissue; the echo (reflected sound) is recorded and displayed as an
image to the operator of a medical-imaging system. Generally, the ultrasound transducer

is configured to detect objects and measure distances.

[005] SUMMARY

[006] Problems associated with known medical-imaging systems were researched. After

much study, an understanding of the problem and its solution has been identified.

[007] In order to mitigate, at least in part, the problem(s) associated with known
medical-imaging systems, in accordance with an aspect, there is provided a method of
operating a medical-imaging system having an ultrasound-transducer interface; the
ultrasound-transducer interface is configured to operatively interface with an ultrasound
transducer; the ultrasound transducer includes transducer elements; the medical-imaging
system also has a spatial sensor configured to provide spatial information indicating

spatial movement of the ultrasound transducer; the method includes receiving ultrasound
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information associated with a scan-line set having a limited number of selectable scan

lines of the ultrasound transducer.

[008] In order to mitigate, at least in part, the problem(s) associated with known
medical-imaging systems, in accordance with an aspect, there is provided a medical-
imaging system including: (A) an ultrasound transducer including transducer elements;
(B) an ultrasound-transducer interface configured to operatively interface with the
ultrasound transducer; (C) a spatial sensor configured to provide spatial information
indicating spatial movement of the ultrasound transducer; and (D) a server configured to
receive ultrasound information associated with a scan-line set having a limited number of

selectable scan lines of the ultrasound transducer.

[009] In order to mitigate, at least in part, the problem(s) associated with known
medical-imaging systems, in accordance with an aspect, there is provided a non-
transitory computer-readable medium, including executable code tangibly stored in the
non-transitory computer-readable medium; the executable code includes a combination of
operational tasks that are executable by a server of a medical-imaging system; the
medical-imaging system includes an ultrasound transducer including transducer elements;
the medical-imaging system also includes an ultrasound-transducer interface configured
to operatively interface with the ultrasound transducer; the medical-imaging system also
includes a spatial sensor configured to provide spatial information indicating spatial
movement of the ultrasound transducer; the tangibly stored executable code is configured
to direct the server to receive ultrasound information associated with a scan-line set

having a limited number of selectable scan lines of the ultrasound transducer.

[0010] In order to mitigate, at least in part, the problem(s) associated with known
medical-imaging systems, in accordance with an aspect, there is provided other aspects as

1dentified in the claims.
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[0011] Other aspects and features of the non-limiting embodiments may now become
apparent to those skilled in the art upon review of the following detailed description of

the non-limiting embodiments with the accompanying drawings.

[0012] BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The non-limiting embodiments may be more fully appreciated by reference to the
following detailed description of the non-limiting embodiments when taken in

conjunction with the accompanying drawings, in which:

[0014] FIG. 1 (SHEET 1/16) depicts a schematic representation of an example of a

medical-imaging system;

[0015] FIG. 2 (SHEET 2/16) depicts a perspective view of an example of the medical-
imaging system of FIG. 1;

[0016] FIG. 3A (SHEET 3/16) depicts a schematic representation of an example of an

ultrasound transducer of the medical-imaging system of FIG. 1;

[0017] FIG. 3B (SHEET 4/16) depicts a schematic representation of an example of the

ultrasound transducer of the medical-imaging system of FIG. 1;

[0018] FIG. 3C (SHEET 5/16) depicts a schematic representation of an example of an

ultrasound transducer of the medical-imaging system of FIG. 1;

[0019] FIG. 4 (SHEET 6/16) depicts a schematic representation of a display assembly of
the medical-imaging system of FIG. 1;

[0020] FIG. SA (SHEET 7/16) depicts a schematic representation of a flow chart having
operations to be included in the executable code to be executed by a server of the

medical-imaging system of FIG. 1;
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[0021] FIG. 5B (SHEET 8/16) depicts an example of an Array [M] stored in a non-
transitory computer-readable medium (hereafter referred to as a memory ) of the medical-

imaging system of FIG. 1;

[0022] FIG. 5C (SHEET 8/16) depicts an example of an Array [Z] stored in a memory of
the medical-imaging system of FIG. 1;

[0023] FIG. 5D (SHEET 9/16) depicts an example of an Array [Y] stored in a memory of
the medical-imaging system of FIG. 1;

[0024] FIG. SE (SHEET 9/16) depicts an example of an Array [X] stored in a memory of
the medical-imaging system of FIG. 1;

[0025] FIG. 5F (SHEET 10/16) depicts an example of an Array [APEX], an Array [MID]
and an Array [BASE] stored in a memory of the medical-imaging system of FIG. 1;

[0026] FIG. 5G (SHEET 11/16) depicts an example of an Array [APEX-R] stored in a

memory of the medical-imaging system of FIG. 1;

[0027] FIG. SH (SHEET 11/16) depicts an example of an Array [B-mode] stored in a

memory of the medical-imaging system of FIG. 1;

[0028] FIG. 6 (SHEET 12/16) depicts a display assembly of the medical-imaging system
of FIG. 1;

[0029] FIG. 7 (SHEET 13/16) depicts a perspective view of an example of an ultrasound

transducer of the medical-imaging system of FIG. 1;

[0030] FIG. 8 (SHEET 14/16) depicts a schematic example of an operation for collecting

a scan line from an ultrasound transducer of the medical-imaging system of FIG. 1;
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[0031] FIG. 9 (SHEET 15/16) depicts a schematic example of an operation for correcting
a change in a spatial position of a scan line obtained from an ultrasound transducer of the

medical-imaging system of FIG. 1; and

[0032] FIG. 10 (SHEET 16/16) depicts a schematic example of an operation for
transforming a pixel along a scan line obtained from an ultrasound transducer of the

medical-imaging system of FIG. 1.

[0033] The drawings are not necessarily to scale and may be illustrated by phantom lines,
diagrammatic representations and fragmentary views. In certain instances, details not
necessary for an understanding of the embodiments (and/or details that render other

details difficult to perceive) may have been omitted.

[0034] Corresponding reference characters indicate corresponding components
throughout the several figures of the Drawings. Elements in the several figures are
illustrated for simplicity and clarity and have not necessarily been drawn to scale. For
example, the dimensions of some of the elements in the figures may be emphasized
relative to other elements for facilitating an understanding of the various presently
disclosed embodiments. In addition, common, but well-understood, elements that are
useful or necessary in commercially feasible embodiments are often not depicted in order

to facilitate a less obstructed view of the various embodiments of the present disclosure.

[0035] LISTING OF REFERENCE NUMERALS USED IN THE DRAWINGS

100 medical-imaging system

102 ultrasound transducer

103 signal cord

104 transducer elements

106 ultrasound-transducer interface

108 spatial sensor
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109 spatial information

110 server

112 memory, non-transitory computer-readable medium
114 executable code, program, tangibly stored executable code
116 display assembly

118 input/output interface module

120 processor assembly

122 database

123 ultrasound data

124 spatial data

126 longitudinal axis

128 reference axis

130 rotation direction

132 sound propagation direction

134 scan line or selectable scan lines or selected scan lines
135 scan-line set

136 distal transducer section

138 medial transducer section

140 proximal transducer section

142 basal transverse image

144 mid transverse image

146 apex transverse image

148 B-mode image

200 flow chart

201 to 220 operation

222 transverse image

224 ray-line

226 initial position

228 medial position

230 final position

232 transverse plane



WO 2015/173716 PCT/IB2015/053458

234 current spatial information
236 relatively small displacement

238 ray-line

[0036] DETAILED DESCRIPTION OF THE EMBODIMENTS

[0037] The following detailed description is merely exemplary in nature and is not
intended to limit the described embodiments or the application and uses of the described
embodiments. As used herein, the word “exemplary” or “illustrative” means “serving as
an example, instance, or illustration.” Any implementation described herein as
“exemplary” or “illustrative” 1s not necessarily to be construed as preferred or
advantageous over other implementations. All of the implementations described below
are exemplary implementations provided to enable persons skilled in the art to make or
use the embodiments of the disclosure and are not intended to limit the scope of the
disclosure, which is defined by the claims. For purposes of the description herein, the

PR IR T4 <

terms “upper,” “lower,” “left,” “rear,” “right,” “front,

<

vertical,” “horizontal,” and
derivatives thereof shall relate to the examples as oriented in the drawings. Furthermore,
there is no intention to be bound by any expressed or implied theory presented in the
preceding technical field, background, brief summary or the following detailed
description. It is also to be understood that the specific devices and processes illustrated
in the attached drawings, and described in the following specification, are simply
exemplary embodiments (examples), aspects and/or concepts defined in the appended
claims. Hence, specific dimensions and other physical characteristics relating to the
embodiments disclosed herein are not to be considered as limiting, unless the claims
expressly state otherwise. It is understood that “at least one” is equivalent to “a”. The
aspects (examples, alterations, modifications, options, variations, embodiments and any
equivalent thereof) are described with reference to the drawings. It should be understood
that the invention is limited to the subject matter provided by the claims, and that the

invention is not limited to the particular aspects depicted and described.
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[0038] FIG. 1 and FIG. 2 depict a schematic representation and a perspective view,

respectively, of examples of a medical-imaging system 100.

[0039] The medical-imaging system 100 includes an ultrasound transducer 102 having
transducer elements 104, an ultrasound-transducer interface 106, a spatial sensor 108, and

aserver 110.

[0040] The ultrasound transducer 102 is configured to: (A) convert the echo sound signal
that was received (by the ultrasound transducer 102) into ultrasound information; and (B)
transmit the ultrasound information (via an output port). The ultrasound transducer 102 is
also called an ultrasound probe. The ultrasound transducer 102 has the transducer
elements 104 arranged in an array, for example, the transducer elements 104 may be
aligned along a row, relative to each other, one after the other. The transducer elements
104 are configured to be activated (they may be selectively activated or not activated).
The transducer elements 104 are also called transmit and receive elements, in that they
transmit ultrasound pulses and receive reflections of the ultrasound pulses. A collection
of the transducer elements 104 is also called the transducer array. The ultrasound
transducer 102 is also known as an ultrasonic transceiver for the case where the
ultrasound transducer 102 is configured to both send (an outgoing ultrasonic pulse) and
receive (a reflected ultrasonic pulse). The medical-imaging system 100 uses the
ultrasound transducer 102 on a principle similar to radar or sonar, in which the medical-
imaging system 100 is configured to evaluate attributes of a target by interpreting the
echoes (reflections) from sound waves. The ultrasound transducer 102 is configured to:
(A) generate relatively higher frequency sound waves; and (B) receive the echo from the
target. The medical-imaging system 100 is configured to: (A) evaluate the ultrasound
information provided by the ultrasound transducer 102; (B) calculate the time interval
between sending the outgoing signal (from the ultrasound transducer 102) and receiving
the echo; (C) determine the distance to the target or an object based on the time interval
that was calculated. The ultrasound transducer 102 is configured to generate sound waves
in the ultrasonic range, above about generally 18 KHz (Kilo Hertz), by turning electrical

energy into sound; then, upon receiving the echo, the ultrasound transducer 102 is
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configured to turn the reflected sound waves into electrical energy, which can be
measured and displayed by the medical-imaging system 100. Ultrasound is an oscillating
sound pressure wave with a frequency greater than the upper limit of the human hearing
range. Although this limit varies from person to person, it is approximately 20 KHz in
healthy, young adults. Some ultrasound devices operate with frequencies from about 20

kHz up to several gigahertz (GHz).

[0041] The ultrasound transducer 102 is configured to transmit a signal that includes
short bursts of ultrasonic energy. After each burst, the ultrasound transducer 102 is
configured to receive a return (reflected) signal within a small window of time
corresponding to the time taken for the energy to pass through the tissue of the patient;
the signals received during this period then qualify for additional signal processing by the
medical-imaging system 100. The ultrasound transducer 102 (medical ultrasonic
transducer or probe) may be configured to have any variety of different shapes and sizes
for use in making pictures of different parts of the body. The ultrasound transducer 102
may be passed over the surface of the body (patient), inserted laproscopically, or into an
orifice (body opening) of the patient, such as the rectum or vagina. The ultrasound
transducer 102 may be configured (by clinicians or operators who perform ultrasound-
guided procedures) for use with a probe-positioning system (not depicted and known)
configured to hold and/or move the ultrasound transducer 102; the ultrasound transducer

102 includes an array of the transducer elements 104.

[0042] The row of the transducer elements 104 of the ultrasound transducer 102 may be
aligned in a rectilinear arrangement, or in a curvilinear arrangement. Each of the
transducer elements 104 are configured to: (A) transmit an incident sound signal toward a
target; and (B) receive an echo sound signal representing sound being reflected back from

the target to the transducer elements 104.

[0043] The ultrasound-transducer interface 106 is configured to control operation of the
ultrasound transducer 102. The ultrasound-transducer interface 106 is depicted in FIG. 1

as a software program (in accordance with an option). The processor assembly 120
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controls the ultrasound transducer 102 via the ultrasound-transducer interface 106. The
ultrasound-transducer interface 106 is also called a beam-former. In accordance with an
example, the ultrasound-transducer interface 106 may include server-executable code (a
software program) tangibly stored in a non-transitory computer-readable medium 112
(hereafter referred to as the memory 112) of the server 110; in accordance with another
example, the ultrasound-transducer interface 106 includes a combination of electronic
hardware components that cooperate with server-executable code. In general terms, the
ultrasound-transducer interface 106 is configured to: (A) operatively connect to the
ultrasound transducer 102 (via the output port of the ultrasound transducer 102);, (B)
control the shape of the incident sound signal to be transmitted by the transducer
elements 104; (C) receive the ultrasound information from the ultrasound transducer 102;
and (D) provide the scan lines 134 (depicted in FIG. 3A, FIG. 3B) that are mapped to the
transducer elements 104 that are activated in such a way as to generate the scan lines 134
to be provided (not all of the transducer elements 104 will be activated and thus these
unused instances of the transducer elements 104 will be inactivated). The ultrasound-
transducer interface 106 is a device configured to facilitate electronic controlled focusing

of the ultrasound energy emitted and/or received by the ultrasound transducer 102.

[0044] Generally, the spatial sensor 108 is configured to: (A) detect spatial movement of
the ultrasound transducer 102; and (B) provide spatial information 109 (depicted in FIG.
3A) indicating spatial movement of the ultrasound transducer 102 while the ultrasound
transducer 102 transmits ultrasound information to the ultrasound-transducer interface
106. The spatial sensor 108 may be attached to the ultrasound transducer 102.
Alternatively, the spatial sensor 108 may be integrated with the ultrasound transducer

102.

[0045] The server 110 is also known as a computer, etc. Generally, the server 110 is
configured to: (A) interface with the ultrasound-transducer interface 106; (B) interface
with the spatial sensor 108; and (C) have a memory 112 tangibly storing the executable
code 114 (also called processor-executable code, and hereafter referred to as the program

114). The program 114 i1s a combination of operational tasks to be executed by the server

10
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110. The server 110 is a system that is a combination of software and suitable computer
hardware. The server 110 may include a dedicated computer or a combination of
computers. The server 110 may be configured for client-server architecture (if so

desired).

[0046] The memory 112 may refer to the physical devices used to store computer
executable programs or processor executable programs (sequences of instructions or
operations) and/or data (e.g. program state information) on a temporary basis or a
permanent basis for use in the server 110 and anything equivalent thereof. Primary
memory is used for the information in physical systems which function at high-speed
(such as, RAM or Random Access Memory), as a distinction from secondary memory,
which are physical devices for program and data storage which are slow to access but
offer higher memory capacity. Primary memory stored on secondary memory is called
“virtual memory”. By way of example, the memory 112 may include volatile memory
and/or non-volatile memory. By way of example, the memory 112 may include
secondary memory such as tape, magnetic disks and optical discs (CD-ROM or Compact
Disc ROM, and DVD-ROM or Digital Video Disc ROM), etc.

[0047] The program 114 is constructed using known software tools as known to those
skilled in the art; computer programmed instructions are assembled, in a high level
computer programming language, and a complier and other tools are used to convert the
computer programmed instructions into the executable code. It will be appreciated that
the program 114 provides a method or a sequence of operations to be executed by the

processor assembly 120.

[0048] The memory 112 includes (tangibly stores) the executable code 114 (also called
the program 114). The executable code 114 includes a combination of operational tasks
to be executed by the processor assembly 120. For instance, the executable code 114 is
configured to direct the server 110 to receive ultrasound information associated with a
scan-line set 135 (depicted in FIG. 3B) having a limited number of selectable scan lines

134 of the ultrasound transducer 102. By way of example (and not limited thereto), the

11
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scan-line set 135 may have a limited number of scan lines 134 that are mapped with a
limited set of the transducer elements 104 of the ultrasound transducer 102 (that were

used to generate the selected scan lines 134 of the scan-line set 135), if so desired.

[0049] It will be appreciated that in view of the above, there is provided, in general
terms, a method of operating the medical-imaging system 100 having the ultrasound-
transducer interface 106; the ultrasound-transducer interface 106 is configured to
operatively interface with the ultrasound transducer 102; the ultrasound transducer 102
includes transducer elements 104; the medical-imaging system 100 also has the spatial
sensor 108 configured to provide spatial information indicating spatial movement of the
ultrasound transducer 102; the method includes receiving ultrasound information
associated with the scan-line set 135 having the limited number of selectable scan lines
134 of the ultrasound transducer 102. In addition, the server 110 is configured
(programmed) to receive ultrasound information associated with a scan-line set 135
having a limited number of selectable scan lines 134 of the ultrasound transducer 102. In
addition, the non-transitory computer-readable medium 112 includes executable code 114
that 1s tangibly stored in the non-transitory computer-readable medium 112; the
executable code 114 includes a combination of operational tasks that are executable by
the server 110); the executable code 114 is configured (programmed) to direct the server
110 to receive ultrasound information associated with the scan-line set 135 having the

limited number of selectable scan lines 134 of the ultrasound transducer 102.

[0050] The server 110 also includes a display assembly 116; an input/output interface
module 118; a processor assembly 120; a database 122 tangibly stored in the memory
112; ultrasound data 123; and spatial data 124. The ultrasound data 123 and the spatial
data 124 are stored in the database 122 or are stored in the memory 112. The input/output
interface module 118 is configured to operatively connect the processor assembly 120
with the display assembly 116, the ultrasound-transducer interface 106 (and indirectly,
the ultrasound transducer 102) and the spatial sensor 108. In this manner, the processor
assembly 120 may control operations of the display assembly 116, the ultrasound-

transducer interface 106, and the spatial sensor 108, and also control the ultrasound

12
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transducer 102 via direct control of the ultrasound-transducer interface 106. The
input/output interface module 118 is also configured to interface the processor assembly
120 with user-interface devices (such as a keyboard, a mouse, a touch-screen display

assembly, etc.).

[0051] The processor assembly 120 (also called a central processing unit or CPU or a
central processor unit) is the hardware within the server 110 that carries out the
instructions as set out in the program 114 by performing the arithmetical, logical, and
input/output operations. The processor assembly 120 may have one or more instances of
the CPU. The CPU may include a microprocessor (meaning the CPU is contained on a
single silicon chip). Some integrated circuits (ICs) may contain multiple CPUs on a
single chip; those ICs are called multi-core processors. An IC containing a CPU may also
contain peripheral devices, and other components of a computer system; this is called a
system on a chip (SoC). Components of the CPU are the arithmetic logic unit (ALU),
which performs arithmetic and logical operations, and the control unit (CU), which
extracts instructions from memory and decodes and executes them, calling on the ALU
when necessary. The processor assembly 120 may include an array processor or a vector
processor that has multiple parallel computing elements, with no one unit considered the
"center". In the distributed computing model, problems are solved by a distributed

interconnected set of processors.

[0052] The images to be displayed by a medical-imaging system 100 may be displayed in

real-time and/or after an acquisition or processing delay (via the display assembly 116).

[0053] FIG. 3A depicts a schematic representation of an example of the ultrasound
transducer 102 of the medical-imaging system 100 of FIG. 1.

[0054] A longitudinal axis 126 extends along the length of the ultrasound transducer 102.
A reference axis 128 extends from the spatial sensor 108. The longitudinal axis 126 may
be coaxially aligned with, and spaced apart from, the reference axis 128, or may be

aligned in any direction that may be convenient or desired. While the spatial sensor 108

13
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provides the spatial information of the spatial sensor 108, the spatial information of the
spatial sensor 108 may be mapped in order to provide the spatial information of the

ultrasound transducer 102.

[0055] A rotation direction 130 indicates the direction of rotation for the ultrasound
transducer 102; for instance, the ultrasound transducer 102 is to be rotated around the
longitudinal axis 126 by the user, after the ultrasound transducer 102 has been inserted

into an orifice of a patient (not depicted).

[0056] A sound propagation direction 132 indicates the direction of sound (ultrasonic
pulses) propagating from each instance of the transducer elements 104 of the ultrasound
transducer 102 toward the target. The sound propagation direction 132 extends (radially)

away from the transducer elements 104.

[0057] A scan line 134 is generated by the ultrasound-transducer interface 106 of FIG. 1.
The instances (number) of the scan lines 134 that are to be generated by the ultrasound-
transducer interface 106 depends on the mapping between the number of the scan lines
134 and the number of the transducer elements 104; the mapping may be predefined, and
may be a function of the ultrasound-transducer interface 106 of FIG. 1 (as known to those
skilled in the art). It 1s possible for a variable number of the transducer elements 104 to
form a single scan line. It is possible to use all instances of the transducer elements 104 to
create a limited number of selectable scan lines 134 (such as, four instances of the scan
lines 134). It will be appreciated that all of the transducer elements 104 may be activated
if so desired and is determined by operation of the ultrasound-transducer interface 106

(known to persons of skill in the art and therefore is not described).

[0058] The spatial sensor 108 is configured to provide spatial information 109 in
response to movement of the spatial sensor 108. The spatial sensor 108 is associated with
the ultrasound transducer 102; for example, the spatial sensor 108 is coupled to

(connected to) the ultrasound transducer 102.

14
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[0059] Known ultrasound transducer probes are available for trans-rectal or trans-vaginal
imaging in a variety of styles, most commonly with a curved-linear array of elements
along a tip, known as the “end-fire” ultrasound transducer probe or along a side in a
“side-fire” ultrasound transducer probe. Since the end-fire ultrasound transducer probes
have their elements at the tip they may be rotated to produce a medical image in various
planes; however, the side-fire ultrasound transducer probes have their elements running
down a side, and image through the longitudinal axis of the ultrasound transducer 102
(through an anatomical plane of the body of the patient, such as a sagittal plane and/or a

coronal plane).

[0060] For instance, to obtain a transverse view (reference is made to the example
depicted in FIG. 7) from a side-fire ultrasound transducer probe, a three dimensional (3D)
reconstruction (a volume) is needed, and a slice of the transverse plane is extracted from
the reconstructed 3D volume. The 3D reconstruction-based method requires a sequence
of full frame B-Mode ultrasound images (along the sagittal plane), captured by rotating
the side-fire ultrasound transducer probe. Acquisition of the 3D information may be slow
due to the large number of medical (ultrasound) images required, and also carries a high
computation cost (and time) for processing the 3D image reconstruction. Both of these
problems become worse as the resolution of the ultrasound images is increased, for
example, as in a high-frequency ultrasound imaging system. For example, in order to
achieve near real time reconstruction of a transverse image, a relatively higher frame rate
(scan rate) i1s needed and so there must be less data (ultrasound information) to process

(in order to accommodate the relatively higher frame rate).

[0061] Generally, the medical-imaging system 100 is configured to activate the scan-line
set 135 to have a limited number of selectable scan lines 134. The limited number of
selectable scan lines 134 are generated by at least one or more or all of the available
transducer elements 104 positioned on the ultrasound transducer 102 (such, as the side-
fire probe). It is understood that the ultrasound-transducer interface 106 is programmed to
(configured to) determine which transducer elements 104 of the ultrasound transducer

102 are to be activated depending on the number of selected (selectable) scan lines 134
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and the position of the selected scan lines 134 relative to the longitudinal length of the
ultrasound transducer 102. Operation of the ultrasound-transducer interface 106 is known
to persons of skill in the art (and therefore is not further described). This arrangement
allows for a relatively higher frame rate (scan rate) due to the long “time of flight” of the
ultrasound pulse and reflection travelling through the tissue and/or a relatively lower
calculation load (calculations to be executed by the processor assembly 120). In this
manner, rather than generating a full 3D reconstruction image and selecting a slice of the
3D reconstruction image (in order to obtain the transverse image), the medical-imaging
system 100 1s configured to generate a smaller fixed (but settable) number of transverse
plane images (one, two, three, etc., which represent a limited number of transverse plane
images). This is in sharp contrast to the number of transverse plane images that may be
obtained from generating the full 3D reconstruction image by using scan lines that are

centered at all instances of the transducer elements 104 of the ultrasound transducer 102.

[0062] The spatial sensor 108 is configured to assist in the construction of a relatively
(reasonably) accurate transverse image. The movement and/or rotation of the ultrasound
transducer 102 (or the transducer elements 104) may be freehand (by an operator) or

driven by a motor.

[0063] The spatial sensor 108 includes, for example, an inertial monitoring unit having a
3-axis accelerometer, a 3-axis gyroscope, and a magnetometer; the spatial sensor 108 is
configured to provide 3D position tracking of the ultrasound transducer 102 as the
ultrasound transducer 102 is moved (rotated). It will be appreciated that the same
performance of the inertial monitoring unit may be provided by a 3-axis accelerometer
and/or a 3-axis gyroscope, or using another optical, radio frequency, a mechanical
spatial-sensing system or a magnetic spatial-sensing system. A single-axis gyroscope

may also be possible, although accuracy may be relatively lower.

[0064] In general terms, [E] separate instances of the transducer elements 104 (located on
the ultrasound transducer 102 or the collection of the transducer elements 104) are

activated out of a possible total of [F] instances of the transducer elements 104. It will be
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appreciated that in some cases, all instances of the transducer elements 104 may be
activated if so required by the ultrasound-transducer interface 106 depending on the
specific instances of the [N] selectable scan lines 134 that are identified by the user or the
operator, out of a possible [M] scan lines). The ultrasonic information from the activated
instances of the transducer elements 104 are received by the ultrasound-transducer
interface 106 via the input/output interface module 118 controlled by the processor
assembly 120. The ultrasound-transducer interface 106 is configured to generate the
selected scan lines 134 of the scan-line set 135 (to be stored in the memory 112 of FIG.
1) based on the ultrasonic information that was received from the ultrasound transducer
102. The processor assembly 120 is configured to use the scan-line set 135 to construct a
limited number of the transverse view (to be displayed to the user or the operator, as
depicted in FIG. 4). The result is that a limited number of transverse views (such as three
transverse views) are generated or constructed based on the members (the selected scan
lines 134) of the scan-line set 135 (at the approximately same time, if so desired). The
limited number of transverse views may be generated while the ultrasound transducer 102
is rotated in the patient (either manually by the operator or automatically by a probe-
handling machine). In the case of prostate ultrasound imaging in which [N] equals three,
the medical-imaging system 100 provides (displays, in real time or near real time, if so
desired) the transverse views at the proximal transducer section 140, the medial
transducer section 138 and the distal transducer section 136 of the ultrasound transducer
102. For example, a relatively acceptable performance of the medical-imaging system
100 may be achieved with [N] between 1 and 64, and [M] is 1024 For example, there are
512 instances of the transducer element 104 that are used to produce up to 1024 instances
of the scan line 134. It is understood that [M] refers to the maximum number of scan lines
134 (where [N] is the number of selected the scan lines 134, and [M] is the total number
of available scan lines 134 that may be provided by the ultrasound-transducer interface
106). Once again it is understood that the ultrasound-transducer interface 106 is pre-
programmed to determine which of the transducer elements 104 are to be activated in
order to provide the ultrasound information for the [N] number of selected scan lines 134.

In this manner, the user or the operator is not required to select the specific instances of
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the transducer elements 104 which are to be activated since the ultrasound-transducer

interface 106 performs this function.

[0065] In some cases, activating [N] instances of the scan lines 134 may be used to
generate K transverse views, where K is less than or equal to N. In these cases, multiple
nearby instances of the scan lines 134 are provide to the processor assembly 120, and are
used to correct for relatively smaller variations (aberrant or unwanted movement) in the
operator’s rotational movement of the ultrasound transducer 102; in this manner, image
stabilization of the transverse view may be realized. This technique may also correct the
transverse view to a planar slice for the case where movement of the ultrasound
transducer 102 was not a pure rotational movement (which may otherwise create a curved
slice or curved transverse view). The above describes a correction technique or a
compensation method; the method is further configured to provide an operation for
correcting aberrant (unwanted) movement of the ultrasound transducer 102 (such as the

movements caused by the operator).

[0066] During acquisition of the transverse image (by the medical-imaging system 100),
the ultrasound transducer 102 is rotated (moved) by the user or a motorized system. The
acquired instances of the scan lines 134 are selected and displayed (on the display
assembly 116, in real time if so desired); however, it may still be useful for the user
(operator) to view a B-Mode image on the display assembly 116 so that the user may
properly judge the location of the ultrasound transducer 102 within the prostate of the
patient. For example, a low-resolution “scout” B-Mode image may be displayed along
with the transverse views during transverse acquisition (if so desired) to assist as a guide

for the operator handling the ultrasound transducer 102.

[0067] An aspect provides the medical-imaging system 100 configured to use a reduced
number of instances of the scan lines 134 acquired to [N] (as depicted in FIG. 3B) as a
result of activating a limited number of transducer elements 104; [N] is the number that is
relatively lower than the total possible number (M) of scan lines 134 (as depicted in FIG.
3A) that may be provided by the ultrasound transducer 102 as a result of activating all of
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the transducer elements 104. In this manner, the frame rate (scan rate) of the ultrasound
transducer 102 may be increased (at least in part). In addition, the relatively higher frame
rate may allow the medical-imaging system 100 to keep up with the motion of a hand-
held instance of the ultrasound transducer 102 without any further assistance from
stabilization mechanisms (if so desired). This arrangement may also allow a relatively
higher resolution in the reconstructed transverse image compared to other freehand
techniques that function with a relatively lower frame-rate (and relatively lower image

resolution).

[0068] The medical-imaging system 100 and/or the operation of the medical-imaging
system 100 may be applied to any ultrasound system that uses the ultrasound transducer
102, such as a side-fire ultrasound probe, along with the spatial sensor 108. In most cases,
the spatial sensor 108 may be added to the ultrasound transducer 102 (as a retrofit option

if so desired).

[0069] FIG. 3B depicts a schematic representation of an example of the ultrasound

transducer 102 of the medical-imaging system 100 of FIG. 1.

[0070] FIG. 3B depicts the ultrasound transducer 102 as a side-fire ultrasound probe with
an inertial monitoring unit (an example of the spatial sensor 108) attached to the

ultrasound transducer 102.

[0071] The program 114 and the ultrasound-transducer interface 106 (of FIG. 1) are
configured to cooperate to obtain or receive a limited number of the scan lines 134 (such
as 32 selected instances of the scan lines 134 out of a possible 1024 instances of the scan
lines 134). By way of example, for the purpose of focusing, up to 128 instances of the
transducer elements 104 per instance of a scan line 134 may be used; it will be
appreciated that the management of which specific instances of the transducer elements
104 are to be activated is determination is made by the ultrasound-transducer interface
106 1n response to the identification of the selected instances of the scan lines 134 of the

scan-line set 135. This implies that some instances of the transducer elements 104 are not
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activated (not used) while other instances of the transducer elements 104 are activated
(used). The number of the transducer elements 104 to be activated by the ultrasound-
transducer interface 106 will depend on the number of scan lines 134 required by the
program 114, and the mapping relationship between the scan lines 134 and the transducer
elements 104 of the ultrasound transducer 102. The mapping relationship may be 1:1 (one
to one) or any other suitable ratio between the scan lines 134 and the transducer elements

104 (if so desired).

[0072] FIG. 3C depicts a schematic representation of an example of the ultrasound

transducer 102 of the medical-imaging system 100 of FIG. 1.

[0073] The ultrasound transducer 102 includes a distal transducer section 136, a medial

transducer section 138 and a proximal transducer section 140.

[0074] Generally, the medical-imaging system 100 is configured to provide a transverse
view that extends orthogonally from the longitudinal axis 126 of the ultrasound
transducer 102 from a selected section of the ultrasound transducer 102. The transverse
view is to be displayed on the display assembly 116 of FIG. 1. For example, the medical-
imaging system 100 is configured to provide a basal transverse image 142 (base
transverse image) that extends orthogonally from the longitudinal axis 126 of the
ultrasound transducer 102 from the distal transducer section 136 of the ultrasound
transducer 102. The basal transverse image 142 is to be displayed on the display
assembly 116 of FIG. 1. For example, the medical-imaging system 100 is configured to
provide a mid transverse image 144 that extends orthogonally from the longitudinal axis
126 of the ultrasound transducer 102 from the medial transducer section 138 of the
ultrasound transducer 102. The mid transverse image 144 is to be displayed on the
display assembly 116 of FIG. 1. For example, the medical-imaging system 100 is
configured to provide an apex transverse image 146 (apical transverse image) that
extends orthogonally from the longitudinal axis 126 of the ultrasound transducer 102
from the proximal transducer section 140 of the ultrasound transducer 102. The apex

transverse image 146 is to be displayed on the display assembly 116 of FIG. 1.
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[0075] In accordance with an option, the medical-imaging system 100 is configured to
provide a B-mode image 148 that extends along the longitudinal axis 126 (the sagittal
plane) of the ultrasound transducer 102 from the proximal transducer section 140 of the
ultrasound transducer 102 to the distal transducer section 136 of the ultrasound transducer
102. The B-mode image 148 is to be displayed on the display assembly 116 of FIG. 1.
The B-mode image 148 displays a two-dimensional cross-section of the tissue (of the

patient) being imaged.

[0076] FIG. 4 depicts a schematic representation of the display assembly 116 of the
medical-imaging system 100 of FIG. 1.

[0077] The medical-imaging system 100 is configured to display or provide (via the
display assembly 116 of FIG. 1): (A) the basal transverse image 142; (B) the mid
transverse image 144; (C) the apex transverse image 146; and (D) the B-mode image 148.
In accordance with an option, the medical-imaging system 100 is configured to display
(provide) three reconstructed planes (the apex transverse image 146, the mid transverse
image 144, and the basal transverse image 142), plus a B-Mode image 148 (also called a

scout image, which is located at the bottom section of the display assembly 116).

[0078] FIG. 5A depicts a schematic representation of a flow chart 200 having operations
to be included in the program 114 to be executed by a server 110 of the medical-imaging

system 100 of FIG. 1.

[0079] Operation 201 includes constructing a spatial orientation map between a
transducer orientation of the ultrasound transducer 102 and a sensor orientation of the
spatial sensor 108 (operation 201 is executed once). Operation 201 is also called an
initialization operation. The construction of the spatial orientation map is known to
persons of skill in the art and therefore is not further described here. This initialization
also involves identifying the location and orientation of the coordinate system to be used,

for example, by setting the initial orientation of the sensor as zero degrees.
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[0080] According to an option, operation 201 further includes applying a geometric
conversion to transform orientation into roll, pitch, and yaw and positional offset about a
desired origin. According to an option, operation 201 further includes applying a
geometric conversion by using another orientation convention, such as axis-angle and

quaternion conventions.

[0081] Operational control is passed to operation 202 of FIG. 5A.

[0082] Operation 202 includes transmitting a control command (request) to the

ultrasound-transducer interface 106.

[0083] The control command (request) is configured to instruct the ultrasound-transducer
interface 106 to control the ultrasound transducer 102 in such a way that the ultrasound
transducer 102 is responsive to the control command. The control command (request) to
be transmitted to the ultrasound-transducer interface 106 (from the processor assembly
120 of the server 110) includes an identification of a number of selected scan lines 134
that are members of the scan-line set 135; for example, eight instances (or 32 instances)
of the scan lines 134 are identified in the scan-line set 135, and each scan line 134 of the

scan-line set 135 are spaced apart from each other, as depicted in FIG. 3B.

[0084] The ultrasound-transducer interface 106 is configured to receive the identification
of the each scan line 134 of the scan-line set 135, and determines which instances of the
transducer elements 104 of the ultrasound transducer 102 are to be activated in order to
obtain the ultrasound information for each scan line 134 of the scan-line set 135 from the
activated instances of the transducer elements 104. In this manner, the user or the
operator need not be concerned with determining which transducer elements 104 are to
be activated. The mapping between (A) each scan line 134 of the scan-line set 135 and
(B) the activated instances of the transducer elements 104 is determined by the
ultrasound-transducer interface 106 of FIG. 1 (in the manner known to those skilled in

the art).
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[0085] The ultrasound-transducer interface 106 is configured to receive the number of
selectable (selected) scan lines 134 (of the scan-line set 135) for which ultrasound
information is required; the ultrasound-transducer interface 106 then controls specific
instances of the transducer elements 104 to be activated in order to obtain the ultrasound
information associated with the scan-line set 135. The scan-line set 135 may include
instances of the scan lines 134, evenly spaced apart along the longitudinal axis 126 of the
ultrasound transducer 102. For example, there may be 512 instances of the transducer
elements 104 of the ultrasound transducer 102, and there may be a total number of scan
lines (such as, 1024 instances). The instances of the transducer elements 104 (FIG. 3B) to
be activated are determined by the ultrasound-transducer interface 106 and the mapping
relationship between the scan lines 134 and the transducer elements 104 as known to

those skilled 1n the art.

[0086] In another example, the ultrasound-transducer interface 106 is configured to allow
for selectable scan lines of any selectable grouping or spacing. The scan-line set 135 may
include instances of the scan lines 134 that are not evenly spaced apart. For example,
scan line 1, scan line 13, and scan line 29. The scan-line set 135 may include instances
of the scan lines 134 that are grouped together with selectable group sizes. For example,
scan line 1, scan line 2, scan line 3, and scan line 4. The scan-line set 135 may include
instances of the scan lines 134 that are not evenly spaced apart and with different group
sizes. For example: scan line 1, scan line 2; scan line 14, scan line 15, scan line 16;

and, scan line 27, scan line 28, scan line 29, scan line 30, scan line_31.

[0087] The scan lines 134 of the scan-line set 135 (as depicted in FIG. 3B) is a subset of
the total number (such as, 1024 instances) of the scan lines 134 (as depicted in FIG. 3A).

[0088] The ultrasound-transducer interface 106 is configured to activate (pulse) the
transducer elements 104 that are required for activation (the remaining instances of the
transducer elements 104 are not activated or not pulsed as may be required). The

activated instances of the transducer elements 104 are configured to: (A) receive the echo
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sound signal from the tissue of the patient, and (B) convert the echo sound signal that was
received into the ultrasound information, and (C) provided the ultrasound information
that was received to the ultrasound-transducer interface 106. In some cases, all of the
transducer elements 104 may be activated and receive reflected pulses; The ultrasound-
transducer interface 106 is configured to: (A) receive ultrasound information from the
activated instances of the transducer elements 104; (B) generate or provide (construct or
generate) the scan-line set 135 based on the ultrasound information that was received, and
(C) transmit or provide the scan-line set 135 (either to the memory 112 or to the
processor assembly 120). In response, the processor assembly 120 writes the scan-line set

135 to the memory 112 (in the ultrasound data 123).

[0089] The scan-line set 135 is a subset of a total number of scan lines 134 (such as,
1024). In this manner, the time taken for the medical-imaging system 100 to process the
ultrasound data 123 is relatively less than the time taken to manage (process) the
ultrasound information that may be (potentially) provided by the total number of the

possible instances of the scan lines 134.

[0090] The ultrasound transducer 102 1is configured to transmit the ultrasound
information (for example, enough to build 32 instances of the scan lines 134) to the
ultrasound-transducer interface 106. The ultrasound-transducer interface 106 is
configured to provide the scan-line set 135 (having, for example, 32 instances of the scan

lines 134 as identified or requested by the program 114).

[0091] In addition, the control command (request) to be transmitted to the ultrasound-
transducer interface 106 includes acoustic focus information. The acoustic focus
information is configured to: (A) acoustically focus the incident sound signal to be
transmitted from activated instances of the transducer elements 104, and (B) acoustically
focus the sound echo signal to be received by the activated instances of the transducer
elements 104 from the target (patient tissue). Details regarding acoustic focusing for the
ultrasound transducer 102 are known to persons of skill in the art and therefore are not

further described here.
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[0092] The acoustic focus information includes (for example) a focus number (F#)
configured to indicate a degree of focus (e.g., the degree of tight focus; the ratio of
aperture to depth, etc.) to be used to focus the activated instances of the transducer
elements 104 that are mapped to the scan-line set 135 (as depicted in FIG. 3B). The
acoustic focus information includes (for example): (A) a transmit focal depth for the
incident sound signal to be transmitted toward the target by the activated instances of the
transducer elements 104; and/or (B) a receive focal depth, or a series of receive focal
depths, for the echo sound signal representing sound reflected back from the target to the
activated instances of the transducer elements 104. Wherein, with a dynamic receive
focal depth, a series of receive focal depths are received by the activated instances of the

transducer elements 104.

[0093] The activated instances of the transducer elements 104 are configured to: (A)
transmit the incident sound signal (a sound pulse); (B) receive the sound echo signal (the
signal is reflected back from the tissue of the patient); and (C) convert the sound echo
signal that was received into the ultrasound information. The ultrasound transducer 102 is
configured to transmit the ultrasound information to the ultrasound-transducer interface

106 of FIG. 1.

[0094] Operational control is passed to operation 204 of FIG. 5A.

[0095] Operation 204 is executed while the ultrasound transducer 102 is rotated from a
starting position (such as, the plus 70 degree rotation position) to an ending position
(such as, the minus 70 degree rotation position) by the operator (user) of the ultrasound
transducer 102. Operation 204 includes receiving (reading) groupings of the ultrasound
information, in accordance with the scan rate of the ultrasound transducer 102, from the
ultrasound-transducer interface 106 in response to the ultrasound-transducer interface 106
receiving the ultrasound information from the ultrasound transducer 102. For example,
each grouping includes 32 instances (selected instances) of the scan lines 134 for the

scan-line set 135.
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[0096] The scan-line set 135 may have, for example, 32 selected instances of the scan
lines 134, which are selected from the total number of possible scan lines 134 (such as,

1024 total possible instances of the scan lines 134.)

[0097] The ultrasound-transducer interface 106 is configured to manage the required
activation of instances of the transducer elements 104 in such a way that the ultrasound-
transducer interface 106 provides ultrasound information for the scan-line set 135 (and
not the ultrasound information for all possible instances of the scan lines 134 of the scan-
line set 135); therefore, the effective scan rate of the ultrasound transducer 102 is much
higher relative to obtaining the ultrasonic information from all instances of the scan lines

134.

[0098] Operation 204 further includes tagging (associating) the ultrasound information
(each scan-line set 135) that was received with a time stamp (the time that the scan-line
set 135 was received), for each scan-line set 135 that was collected while the ultrasound
transducer 102 1s rotated from plus 70 degrees to minus 70 degrees. For instance, the
scan-line set 135 includes 32 instances of the scan lines 134 per scan-line set 135 (or any

other desired number of scan lines 134).

[0099] Operation 204 further includes storing the ultrasound information (such as, the 32
instances of the selected scan lines 134 in a scan-line set 135) for each scan along the
longitudinal axis 126 of the ultrasound transducer 102 (as the ultrasound transducer 102

is rotated) along with the time stamp in the memory 112.

[00100] The processor assembly 120 is configured to store the ultrasound information to

the memory 112 in the form of an Array [M].

[00101] FIG. 5B depicts an example of the Array [M] stored in the memory 112 of the
medical-imaging system 100 of FIG. 1.
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[00102] The Array [M] includes data organized (for example) into sections, such as: [Scan
Number: SN_M] section; [Scan Line Number: SL._N] section; and [Scan Number Time
Stamp: SN_T M] section. The [Scan Number: SN_M] section contains the scan number
(one scan number per scan-line set 135 having [N] instances of the scan lines 134. [N]
equals the number of selected scan lines 134 in the scan-line set 135 of FIG. 3B, while
FIG. 3A depicts all instances of the scan lines 134 that may be provided by the

ultrasound-transducer interface 106.

[00103] The [Scan Line Number: SL._N] section contains the number of scan lines 134 in
the scan-line set 135, such as, eight instances of the scan lines 134 per scan-line set 135

as depicted in FIG. 3B.

[00104] The [Scan Number Time Stamp: SN_T M] section contains the time stamp for
time when the scan number [M] was completed for a scan-line set 135 and provided by

the ultrasound-transducer interface 106 to the server 110.

[00105] For instance, scan number [SN_1] section starts at plus 70 degrees (scan start);
this represents a start time for ultrasound information collection for movement (rotation)
of the ultrasound transducer 102. Scan number [SN_M] section ends at minus 70 degrees
(scan end); this represents an end time for ultrasound information collection for

movement (rotation) of the ultrasound transducer 102.

[00106] For instance, for the case where the ultrasound transducer 102 is manually held by
the operator of the medical-imaging system 100, the ultrasound transducer 102 is moved
(rotated) in response to movement of the operator’s hand; movement of the operator’s
hand while manually manipulating movement (rotation) of the ultrasound transducer 102
while ultrasound information is collected from start time to end time may result in
unpredictable positioning of the ultrasound transducer 102 over time. For example, the
operator may dwell at a spatial position of the ultrasound transducer 102 during

movement thereof, and thus may result in an over collection of ultrasound information.
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Nevertheless, the ultrasound information i1s collected from the ultrasound-transducer

interface 106 and is stored to the memory 112 of FIG. 1.

[00107] Operational control is passed to operation 206 of FIG. 5A.

[00108] Operation 206 includes transmitting a sensor-command request to the spatial
sensor 108. The sensor-command request is configured to instruct the spatial sensor 108
to transmit the sensor-spatial information back to the server 110 (while the ultrasound

transducer 102 is spatially moved).

[00109] By way of example, an API interface (a known software technique) may be
configured to operatively interface the spatial sensor 108 to the server 110. In accordance
with a first option, the sensor-command request is configured to request the spatial sensor
108 to transmit the sensor-spatial information on a continuous basis to the server 110, and
the server 110 receives the sensor-spatial information from the spatial sensor 108 on a
continuous basis (threaded computing). In accordance with a second option, each time the
ultrasound information is received from the ultrasound transducer 102, the sensor-
command request is configured to request the spatial sensor 108 to transmit the sensor-

spatial information, on an as-needed basis, to the server 110.

[00110] Operational control is passed to operation 208 of FIG. 5A.

[00111] Operation 208 includes receiving (reading) the sensor-spatial information from
the spatial sensor 108. Operation 208 further includes tagging (associating) the sensor-
spatial information that was received from the spatial sensor 108 with a time stamp (time
when received). Operation 208 further includes storing (writing), to the memory 112, the
sensor-spatial information that was received from the spatial sensor 108 along with the

time stamp tagged to the sensor-spatial information.

[00112] The processor assembly 120 is configured to receive the spatial information from

the spatial sensor 108 via the input/output interface module 118; the processor assembly
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120 1s configured to store the spatial information to the memory 112 in the form of an
Array [Z]. The Array [Z] includes: [Sensor Spatial Information: SSI Z]; and [Spatial
Information Time Stamp: SI T Z].

[00113] FIG. 5C depicts an example of the Array [Z] stored in the memory 112 of the
medical-imaging system 100 of FIG. 1.

[00114] The array [Z] includes data organized (for example) into sections, such as:
[Sensor Spatial Information: SSI Z] section; and [Spatial Information Time Stamp:

SI T Z] section.

[00115] For instance, before the processor assembly 120 begins collecting (receiving) the
ultrasound information from the ultrasound transducer 102 via the ultrasound-transducer
interface 106, the processor assembly 120 receives (reads) the sensor-spatial information
from the spatial sensor 108, via the input/output interface module 118, and then writes
(provides) the sensor-spatial information to the memory 112 (into the spatial data 124 or
the [Sensor Spatial Information: SSI Z] section), along with a time stamp (into the
[Spatial Information Time Stamp: SI T Z] section, which indicates the time that spatial

information was received by the processor assembly 120 from the spatial sensor 108.

[00116] The spatial information contained in the Array [Z] includes the sensor-spatial
information collected during the rotation of the ultrasound transducer 102 from plus 70

degrees to minus 70 degrees.

[00117] Operational control is passed to operation 210 of FIG. 5A.

[00118] Operation 210 includes computing (determining) the transducer-spatial
information of the ultrasound transducer 102 using: (A) the sensor-spatial information
obtained (received) from the spatial sensor 108, and (B) the spatial orientation map that
was constructed in operation 201. The result of the computation may be written (stored)

to an Array [Y] to the memory 112 of FIG. 1.
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[00119] FIG. 5D depicts an example of the Array [Y] stored in the memory 112 of the
medical-imaging system 100 of FIG. 1.

[00120] The Array [Y] includes data organized (for example) into sections, such as:
[Transducer Spatial Information: TSI Y] section, and [Spatial Information Time Stamp:

SI T Z] section.

[00121] For instance, the processor assembly 120 is configured to compute the transducer-

spatial information by using FORMULA {1}:

[00122] FORMULA {1}: [Transducer Spatial Information: TSI Y] section = [Sensor
Spatial Information: SPI 7] section PLUS [an offset provide by a spatial orientation

map] section.

[00123] Operation 210 further includes storing (writing), to the memory 112, the
transducer-spatial information that was computed for the ultrasound transducer 102,
along with the time stamp tagged with the sensor-spatial information of the spatial sensor
108. The processor assembly 120 computed the spatial information for the ultrasound
transducer 102 by using FORMULA {1}. The time stamp for each [Transducer Spatial
Information: TSI Z] section is the same time stamp for the [Sensor Spatial Information:

SSI Z] section used in the Array [Z].

[00124]  The spatial information contained in the Array [Y] includes the transducer-spatial
information that was computed from the sensor-spatial information collected during the
rotation of the ultrasound transducer 102 from plus 70 degrees (start of scan) to minus 70

degrees (end of scan).

[00125] Operational control is passed to operation 212 of FIG. 5A.
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[00126] Prior to executing the operation 212, the following is the data stored to (and
available from) the memory 112 of FIG. 1: the Array [Z] and the Array [Y]. The Array
[Z] and the Array [Y] each have time stamps.

[00127] Operation 212 includes matching up the ultrasound information provided in the
Array [Z] with the transducer-spatial information provided in the Array [Y] by matching
up the time stamps associated with the Array [Z] and the Array [Y]. In this manner, the
transducer-spatial information is associated with the corresponding scan-line number,

which is an instance of the scan line 134 depicted in FIG. 3B.

[00128] Operation 212 includes writing (storing) the matched information, in the form of
the Array [X] to the memory 112 of FIG. 1.

[00129] FIG. SE depicts an example of the Array [X] stored in the memory 112 of the
medical-imaging system 100 of FIG. 1.

[00130] The Array [X] includes data organized (for example) into sections, such as: [Scan
Number: SN_M] section, [Scan Line Number: SL_N] section, and [Transducer Spatial

information: TSI _Z] section.

[00131] Generally, the operation 212 includes receiving spatial information associated

with the scan-line set 135.

[00132] In accordance with an option (if so desired), operation 212 includes executing an
interpolation algorithm in order to achieve good synchronicity (best fit) when matching
up the information to be inserted in the Array [X]. Interpolation algorithms are well

known to persons of skill in the art, and therefore are not described in detail.

[00133] Operational control is passed to operation 214 of FIG. 5A.
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[00134]  Operation 214 includes correcting for a change in position and orientation (spatial
information) of ultrasound transducer 102 as the ultrasound transducer 102 was rotated
from: (A) a baseline (the baseline 1s the spatial information at plus 70 degrees or the start
position at the start of the movement or rotation of the ultrasound transducer 102) to (B)

an end position of rotation (terminus) by using the spatial transducer information.

[00135] Operation 214 further includes identifying a transverse plane (at least one or more
transverse planes) that is aligned transverse (perpendicular, across) to the axis of the
ultrasound transducer 102. For example, FIG. 3C identifies three examples of the
transverse plane that may extend through the distal transducer section 136, the medial

transducer section 138 and the proximal transducer section 140.

[00136] Operation 214 further includes, for each scan-line set 135 (depicted in FIG. 3B)
having a limited number (selected or selectable instances) of the scan lines 134 that were
collected and stored in the memory 112, determining (identifying) which instances of the
scan line 134 of the scan-line set 135 are spatially positioned closest to the transverse

plane that was identified.

[00137] Operation 214 further includes tagging (marking, selecting) each scan line in the
scan-line set 135 that was determined to be spatially positioned closest to the transverse

plane (of interest).

[00138] For instance, with reference to FIG. 3B and FIG. 3C, a signal cable 103 extends
from the ultrasound transducer 102. The distal transducer section 136 is associated with
scan line 1, the medial transducer section 138 is associated with scan line 16, and the
proximal transducer section 140 is associated with scan line 32. An Array [APEX], an
Array [MID] and an Array [BASE] may be constructed if so desired to contain the

ultrasound information.

[00139] FIG. SF depicts an example of the Array [APEX], the Array [MID] and the Array
[BASE] stored in the memory 112 of the medical-imaging system 100 of FIG. 1.
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[00140] The Array [APEX] includes data organized (for example) into sections, such as:
[Scan Number: SN_M] section; [Scan Line Number: SL 1] section, and [Transducer
Spatial Information: TSI Z] section. The Array [MID] includes data organized (for
example) into sections, such as: [Scan Number: SN_M] section; [Scan Line Number:
SL._1] section, and [Transducer Spatial Information: TSI Z] section. The Array [BASE]
includes data organized (for example) into sections, such as: [Scan Number: SN M]
section; [Scan Line Number: SL_1] section, and [Transducer Spatial Information: TSI _Z]

section.

[00141] Generally, operation 214 includes identifying the selectable scan lines 134 from

the scan-line set 135 that correspond to the transverse plane.

[00142] It may be expected that the operator may inadvertently move the ultrasound
transducer 102 along unwanted directions during the collection of the ultrasound
information. For instance, for the case where the operator has inserted the ultrasound
transducer 102 into an orifice of the patient, and the operator inadvertently moves the
ultrasound transducer 102 along the longitudinal axis 126 of the ultrasound transducer
102 by a scan-line pitch (the distance between adjacent instances of the scan lines 134
depicted in FIG. 3B), and the scan line 1, the scan line 2, and the scan line 3 were
available with the transverse plane originally centered on scan line 2, then the operation
214 includes selecting (tagging) the scan line 1 or the scan line 3 (in the scan-line set
135) depending on the direction of the spatial movement of the ultrasound transducer
102. This is considered to be a way to correct for unwanted movements of the ultrasound

transducer 102 during collection of the ultrasound information.

[00143] Operational control is passed to operation 216 of FIG. 5A.

[00144] Operation 216 includes associating (identifying) a number (Q) of ray-lines to be

used in the construction of the transverse plane.
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[00145] For instance, the transverse plane is discretized into even increments (such as, 0.5
degrees or increments from plus 70.0 degrees to minus 70.0 degrees) into which the ray-

lines may be positioned.

[00146] Operation 216 includes using the transducer-spatial information (such as, the roll
angle from spatial information) to match (identify) (A) the nearest scan number [SN_M]
to be selected for the scan line number to be used in the construction of the transverse
plane (such as, SL_1 associated with the distal transducer section 136 of FIG. 3C) with
(B) the nearest ray-line to be displayed on the display assembly 116 of FIG. 1. An Array
[APEX-R] may be constructed and stored in the memory 112 of FIG. 1 (if so desired) to

contain the matches found in operation 216.

[00147] FIG. 5G depicts an example of the Array [APEX-R] stored in the memory 112 of
the medical-imaging system 100 of FIG. 1.

[00148] The Array [APEX-R] includes data organized (for example) into sections, such
as: [Scan Number: SN _M] section; [Scan Line Number: SL 1] section; [Transducer
Spatial Information: TSI Z] section; and [Ray-Line Position: RL_P] section. The Array
[APEX-R] is for the apex section of the ultrasound transducer 102. Similar set up may be
performed for an Array [MID-R] for the medial section of the ultrasound transducer 102,
and an Array [BASE-R] for the base section of the ultrasound transducer 102 (or any

other desired section of the ultrasound transducer 102).

[00149] For example, for the case where the measured roll was plus 44.3 degrees and the
transverse plane was discretized into 0.5 degree increments, the ray-line positioned at
plus 44.5 degrees is selected (tagged) to be populated with the data from the scan line 134
for each frame being reconstructed. Alternatively, in another embodiment, a scan-
conversion or interpolation approach may be used to map the scan lines onto ray-lines for

display.

[00150] Operational control is passed to operation 218 of FIG. 5A.
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[00151] Operation 218 includes mapping (interpolating) the scan-line data, from the Array
[APEX-R] for example, onto the ray-line using a relationship identified by the following
FORMULA {2}:

[00152] FORMULA {2}:  {X} =([a] +[d] )eos(t), {Y} = ([a] + [d] )sin(t)

where:

{X} and {Y} are the transverse-plane image coordinates;

[a] is the position along the ultrasound line (along the axis of the ultrasound transducer
102);

[d] 1s the distance from the axis (axis of rotation of the ultrasound transducer 102); and

(t) 1s the orientation of the ray-line in the transverse plane.

[00153] Operational control is passed to operation 220 of FIG. 5A.

[00154] Operation 220 includes displaying, to the display device of the server 110, the
transverse plane(s) using the mapping provided by operation 216. For example, operation
220 includes displaying any one of the b-mode image 148, the mid transverse image 144,

and the basal transverse image 142 (in any combination and permutation thereof) as

depicted in FIG. 4.

[00155] An option of operation 220 includes constructing and displaying a B-mode image
based on the instances of the scan-line set 135 collected during the rotation of the
ultrasound transducer 102. The B-mode is an image that spans along the axis of the
ultrasound transducer 102 from the base of the ultrasound transducer 102 to the apex of
the ultrasound transducer 102. It will be appreciated that the Array [B-mode] can be

constructed.

[00156] It will be appreciated that the updating (populating) of each instance of the ray-

line may be accomplished in various ways; for example, (A) each instance of the ray-line
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may be populated for each iteration through the flow chart of FIG. 5A, or (B) all
instances of the ray-lines may be populated in a single iteration through the flow chart of

FIG. 5A.

[00157] For example, for the case where a single instance of the ray-line is populated, then
operational control is directed back to operation 202. For the case where the ultrasound
transducer 102 is rotated between plus 70 degrees to minus 70 degrees, a full image may
be constructed, however, for the case where real-time display is required, the display
assembly 116 of FIG. 4 may be updated with each ray-line on a line-by-line basis (if so
desired).

[00158] FIG. SH depicts an example of the Array [B-mode] stored in the memory 112 of
the medical-imaging system 100 of FIG. 1.

[00159] Operational control is passed to operation 202 of FIG. 5A.

[00160] FIG. 6 depicts the display assembly 116 of the medical-imaging system 100 of
FIG. 1.

[00161] The transverse image 222 is depicted on the display assembly 116. The ultrasound
transducer 102 1s depicted below the display assembly 116. The transverse image 222
includes instances of a ray-line 224 placed side-by-side. The transverse image 222 spans
from an initial position 226 (plus 70 degrees) to a medial position 228 (zero degrees) to

final position 230 (minus 70 degrees).

[00162] FIG. 7 depicts a perspective view of an example of the ultrasound transducer 102
of the medical-imaging system 100 of FIG. 1.

[00163] By way of example, the ultrasound transducer 102 includes a high-resolution side-
fire ultrasound probe having a linear array of the transducer elements 104. A single

instance of the transducer elements 104 is depicted. The transverse plane 232 is
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constructed with the ultrasound information provided by the ultrasound transducer 102. A
single instance of the scan line 134 is captured with a single instance of the transducer
elements 104 of the ultrasound transducer 102, and is used to construct a single instance
of the transverse plane 232. The medical-imaging system 100 is configured to construct
the transverse plane 232 (having a transverse image) from individual instances of the
scan lines 134 that were collected during movement (rotation) of the ultrasound

transducer 102.

[00164] FIG. 8 depicts a schematic example of an operation for collecting a scan line 134

from the ultrasound transducer 102 of the medical-imaging system 100 of FIG. 1.

[00165] For example, at a given point in time, the processor assembly 120 queries the
spatial sensor 108 for the current spatial information 234 (such as, position and/or angle).
At the same time (at approximately the same time), three instances of the scan lines 134
(representing ultrasound information) are received from the array of the transducer
elements 104, and recorded (written to memory 112 of FIG. 1). The scan lines 134 are
then placed into the appropriate locations in the three instances of the transverse

reconstruction images located in the transverse plane 232.

[00166] FIG. 9 depicts a schematic example of an operation for correcting position
(spatial) change of a scan line 134 obtained from the ultrasound transducer 102 of the

medical-imaging system 100 of FIG. 1.

[00167] There is a relatively small displacement 236 as a result of inadvertent movement
of the ultrasound transducer 102 having the transducer elements 104 (as a result, for
example, of operator error). At a given point in time, the processor assembly 120 queries
the spatial sensor 108 (of FIG. 1) for the current spatial information 234 (position and
angle, spatial information). At the same time (approximately the same time), several
instances of the scan lines 134 (ultrasound information) are received from the transducer
elements 104; the active instances of the transducer elements 104 are depicted in a

relatively blacker line, while the inactive instances of the transducer elements 104 are
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depicted in dashed lines. The scan lines 134 that best compensate for any positional
changes are then placed into the appropriate locations in the three transverse plane 232

(also called a reconstruction image).

[00168] FIG. 10 depicts a schematic example of an operation for transforming a pixel
along a scan line 134 obtained from the ultrasound transducer 102 of the medical-

imaging system 100 of FIG. 1.

[00169] A pixel “a” is obtained from the scan line 134, and then the pixel “a” is displayed
on a ray-line 238 positioned in the transverse plane 232 (to be displayed on the display
assembly 116 of FIG. 1). The pixel “a” is transformed along a single instance of the scan

line 134 to the corresponding pixel “a” positioned on the transverse plane 232.

[00170] Any one or more of the technical features and/or any one or more sections of the
technical features of the medical-imaging system 100 may be combined with any other
one or more of the technical features and/or any other one or more sections of the
technical features of the medical-imaging system 100 in any combination and/or
permutation. Any one or more of the technical features and/or any one or more sections
of the technical features of the medical-imaging system 100 may stand on its own merit

without having to be combined with another other technical feature.

[00171] ADDITIONAL DESCRIPTION

[00172] The following clauses are offered as further description of the examples of the
apparatus. Any one or more of the following clauses may be combinable with any
another one or more of the following clauses and/or with any subsection or a portion or
portions of any other clause and/or combination and permutation of clauses. Any one of
the following clauses may stand on its own merit without having to be combined with
any other clause or with any portion of any other clause, etc. Clause (1): a method of
operating a medical-imaging system 100 (either taken alone, or with a method of any

clause mentioned in this paragraph, or any portion of any clause mentioned in this
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paragraph), the medical-imaging system 100 having an ultrasound-transducer interface
106; the ultrasound-transducer interface 106 i1s configured to operatively interface with an
ultrasound transducer 102; the ultrasound transducer 102 includes transducer elements
104; the medical-imaging system 100 also has a spatial sensor 108 configured to provide
spatial information indicating spatial movement of the ultrasound transducer 102; the
method includes receiving ultrasound information associated with a scan-line set 135
having a limited number of selectable scan lines 134 of the ultrasound transducer 102.
Clause (2): the method of operating the medical-imaging system 100 (either taken alone,
or with a method of any clause mentioned in this paragraph, or any portion of any clause
mentioned in this paragraph), further comprising receiving spatial information being
associated with the scan-line set 135. Clause (3): the method of operating the medical-
imaging system 100 (either taken alone, or with a method of any clause mentioned in this
paragraph, or any portion of any clause mentioned in this paragraph), further comprising
identifying a transverse plane extending through the ultrasound transducer 102. Clause
(4): the method of operating the medical-imaging system 100 (either taken alone, or with
a method of any clause mentioned in this paragraph, or any portion of any clause
mentioned in this paragraph), further comprising matching the ultrasound information
that was recetved with the spatial information that was received. Clause (5): the method
of operating the medical-imaging system 100 (either taken alone, or with a method of any
clause mentioned in this paragraph, or any portion of any clause mentioned in this
paragraph), further comprising identifying the scan lines 134 from the scan-line set 135
that correspond to the transverse plane. Clause (6): the method of operating the medical-
imaging system 100 (either taken alone, or with a method of any clause mentioned in this
paragraph, or any portion of any clause mentioned in this paragraph), further comprising
displaying the scan lines 134 of the scan-line set 135 that were identified as
corresponding to the transverse plane. Clause (7): the method of operating the medical-
imaging system 100 (either taken alone, or with a method of any clause mentioned in this
paragraph, or any portion of any clause mentioned in this paragraph), wherein identifying
the transverse plane includes identifying any one of: a distal transducer section 136 for
imaging a base section of a prostate; a medial transducer section 138 for imaging a mid

section of the prostate; and a proximal transducer section 140 for imaging an apex section
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of the prostate. Clause (8): the method of operating the medical-imaging system 100
(either taken alone, or with a method of any clause mentioned in this paragraph, or any
portion of any clause mentioned in this paragraph), wherein displaying the scan lines
includes displaying the scan lines that were identified as corresponding to an distal
transducer section 136, a medial transducer section 138 and a proximal transducer section
140. Clause (9): the method of operating the medical-imaging system 100 (either taken
alone, or with a method of any clause mentioned in this paragraph, or any portion of any
clause mentioned in this paragraph), wherein displaying the scan lines includes
displaying the scan lines associated with a B-mode. Clause (10): the method of operating
the medical-imaging system 100 (either taken alone, or with a method of any clause
mentioned in this paragraph, or any portion of any clause mentioned in this paragraph),
further comprising correcting aberrant movement of the ultrasound transducer 102.
Clause (11): a medical-imaging system 100 (either taken alone, or with a medical-
imaging system 100 of any clause mentioned in this paragraph, or any portion of any
clause mentioned in this paragraph), the medical-imaging system 100 including: (A) an
ultrasound transducer 102 including transducer elements 104; (B) an ultrasound-
transducer interface 106 configured to operatively interface with the ultrasound
transducer 102; (C) a spatial sensor 108 configured to provide spatial information
indicating spatial movement of the ultrasound transducer 102; and (D) a server 110
configured to receive ultrasound information associated with a scan-line set 135 having a
limited number of selectable scan lines 134 of the ultrasound transducer 102. Clause (12):
a medical-imaging system 100 (either taken alone, or with a medical-imaging system 100
of any clause mentioned in this paragraph, or any portion of any clause mentioned in this
paragraph), the medical-imaging system 100 wherein the server 110 is further configured
to receive the spatial information being associated with the scan-line set 135. Clause (13):
a medical-imaging system 100 (either taken alone, or with a medical-imaging system 100
of any clause mentioned in this paragraph, or any portion of any clause mentioned in this
paragraph), the medical-imaging system 100 wherein the server 110 is further configured
to identify a transverse plane extending through the ultrasound transducer 102. Clause
(14): a medical-imaging system 100 (either taken alone, or with a medical-imaging

system 100 of any clause mentioned in this paragraph, or any portion of any clause
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mentioned in this paragraph), the medical-imaging system 100 wherein the server 110 is
further configured to match the ultrasound information that was received with the spatial
information that was received. Clause (15): a medical-imaging system 100 (either taken
alone, or with a medical-imaging system 100 of any clause mentioned in this paragraph,
or any portion of any clause mentioned in this paragraph), the medical-imaging system
100 wherein the server 110 is further configured to identify scan lines 134 of the scan-
line set 135 that correspond to the transverse plane. Clause (16): a medical-imaging
system 100 (either taken alone, or with a medical-imaging system 100 of any clause
mentioned in this paragraph, or any portion of any clause mentioned in this paragraph),
the medical-imaging system 100 wherein the server 110 is further configured to display
the scan lines 134 from the scan-line set 135 that were identified as corresponding to the
transverse plane. Clause (17): a medical-imaging system 100 (either taken alone, or with
a medical-imaging system 100 of any clause mentioned in this paragraph, or any portion
of any clause mentioned in this paragraph), the medical-imaging system 100 wherein the
server 110 is further configured to identify the transverse plane including identifying any
one of an distal transducer section 136, a medial transducer section 138 and a proximal
transducer section 140. Clause (18): a medical-imaging system 100 (either taken alone, or
with a medical-imaging system 100 of any clause mentioned in this paragraph, or any
portion of any clause mentioned in this paragraph), the medical-imaging system 100
wherein the server 110 is further configured to display the scan lines including displaying
the scan lines that were identified as corresponding to a distal transducer section 136, a
medial transducer section 138 and a proximal transducer section 140. Clause (19): a
medical-imaging system 100 (either taken alone, or with a medical-imaging system 100
of any clause mentioned in this paragraph, or any portion of any clause mentioned in this
paragraph), the medical-imaging system 100 wherein the server 110 is further configured

to display the scan lines including displaying the scan lines associated with a B-mode.

[00173] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to make and use the invention.
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
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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 languages of the claims.

[00174] It may be appreciated that the assemblies and modules described above may be
connected with each other as may be required to perform desired functions and tasks that
are within the scope of persons of skill in the art to make such combinations and
permutations without having to describe each and every one of them in explicit terms.
There is no particular assembly, or components, that are superior to any of the
equivalents available to the art. There is no particular mode of practicing the disclosed
subject matter that is superior to others, so long as the functions may be performed. It is
believed that all the crucial aspects of the disclosed subject matter have been provided in
this document. It is understood that the scope of the present invention is limited to the
scope provided by the independent claim(s), and it is also understood that the scope of the
present invention is not limited to: (1) the dependent claims, (ii) the detailed description
of the non-limiting embodiments, (ii1) the summary, (iv) the abstract, and/or (v) the
description provided outside of this document (that is, outside of the instant application as
filed, as prosecuted, and/or as granted). It is understood, for the purposes of this
document, that the phrase “includes” is equivalent to the word “comprising.” It is noted
that the foregoing has outlined the non-limiting embodiments (examples). The
description 1s made for particular non-limiting embodiments (examples). It is understood

that the non-limiting embodiments are merely illustrative as examples.
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CLAIMS

What 1s claimed is:

1. A method of operating a medical-imaging system having an ultrasound-transducer interface
being configured to operatively interface with an ultrasound transducer including transducer
elements, and also having a spatial sensor being configured to provide spatial information
indicating spatial movement of the ultrasound transducer, the method comprising:

receiving ultrasound information being associated with a scan-line set having a

limited number of selectable scan lines of the ultrasound transducer.

2. The method of claim 1, further comprising:

receiving spatial information being associated with the scan-line set.

3. The method of claim 2, further comprising:

identifying a transverse plane extending through the ultrasound transducer.

4. The method of claim 3, further comprising:
matching the ultrasound information that was received with the spatial

information that was received.

5. The method of claim 4, further comprising;
identifying the selectable scan lines from the scan-line set that correspond to the

transverse plane.

6. The method of claim 5, further comprising:
displaying the selectable scan lines of the scan-line set that were identified as

corresponding to the transverse plane.

7. The method of claim 3, wherein:

identifying the transverse plane includes identifying any one of:

43



WO 2015/173716 PCT/IB2015/053458

a distal transducer section for imaging a base section of a prostate;
a medial transducer section for imaging a mid section of the prostate; and

a proximal transducer section for imaging an apex section of the prostate.

8. The method of claim 1, wherein:
displaying the selectable scan lines includes:
displaying the selectable scan lines that were identified as corresponding to a

distal transducer section, a medial transducer section and a proximal transducer section.

9. The method of claim 1, wherein:
displaying the selectable scan lines includes:

displaying the selectable scan lines associated with a B-mode image.

10. The method of claim 1, further comprising:

correcting aberrant movement of the ultrasound transducer.

11. A medical-imaging system, comprising:
an ultrasound transducer including transducer elements;
an ultrasound-transducer interface being configured to operatively interface with
the ultrasound transducer;
a spatial sensor being configured to provide spatial information indicating spatial
movement of the ultrasound transducer ; and
a server being configured to:
receive ultrasound information being associated with a scan-line set

having a limited number of selectable scan lines of the ultrasound transducer.

12. The medical-imaging system of claim 11, wherein:
the server is further configured to:

receive the spatial information being associated with the scan-line set.

13. The medical-imaging system of claim 12, wherein:
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the server is further configured to:

identify a transverse plane extending through the ultrasound transducer.

14. The medical-imaging system of claim 13, wherein:
the server is further configured to:
match the ultrasound information that was received with the spatial information

that was received.

15. The medical-imaging system of claim 14, wherein:
the server 1s further configured to:
identify the selectable scan lines of the scan-line set that correspond to the

transverse plane.

16. The medical-imaging system of claim 15, wherein:
the server is further configured to:
display the selectable scan lines from the scan-line set that were identified as

corresponding to the transverse plane.

17. The medical-imaging system of claim 13, wherein:
the server is further configured to:
identify the transverse plane including any one of:
a distal transducer section for imaging a base section of a prostate;
a medial transducer section for imaging a mid section of the prostate; and

a proximal transducer section for imaging an apex section of the prostate.

18. The medical-imaging system of claim 11, wherein:
the server is further configured to:
display the selectable scan lines including:
displaying the selectable scan lines that were identified as corresponding
to an distal transducer section, a medial transducer section and a proximal

transducer section.
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19. The medical-imaging system of claim 11, wherein:
the server is further configured to:
display the selectable scan lines including:

displaying the selectable scan lines associated with a B-mode image.

20. The medical-imaging system of claim 11, wherein:
the server is further configured to:

correct aberrant movement of the ultrasound transducer.

21. A non-transitory computer-readable medium, comprising:
executable code being tangibly stored in the non-transitory computer-readable
medium, the executable code including:

a combination of operational tasks being executable by a server of a
medical-imaging system, the medical-imaging system including an ultrasound
transducer including transducer elements, and also including an ultrasound-
transducer interface being configured to operatively interface with the ultrasound
transducer, and also including a spatial sensor being configured to provide spatial
information indicating spatial movement of the ultrasound transducer; and

the tangibly stored executable code being configured to direct the server to
receive ultrasound information being associated with a scan-line set having a

limited number of selectable scan lines of the ultrasound transducer.

22. The non-transitory computer-readable medium of claim 21, wherein:
the tangibly stored executable code is configured to direct the server to:

receive spatial information being associated with the scan-line set.
23. The non-transitory computer-readable medium of claim 22, wherein:

the tangibly stored executable code is configured to direct the server to:

identify a transverse plane extending through the ultrasound transducer.
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24. The non-transitory computer-readable medium of claim 23, wherein:
the tangibly stored executable code is configured to direct the server to:
match the ultrasound information that was received with the spatial information

that was received.

25. The non-transitory computer-readable medium of claim 24, wherein:
the tangibly stored executable code is configured to direct the server to:
identify the selectable scan lines from the scan-line set that correspond to the

transverse plane.

26. The non-transitory computer-readable medium of claim 25, wherein:
the tangibly stored executable code is configured to direct the server to:
display the selectable scan lines of the scan-line set that were identified as

corresponding to the transverse plane.

27. The non-transitory computer-readable medium of claim 23, wherein:
the tangibly stored executable code is configured to direct the server to:
identify the transverse plane including any one of:
a distal transducer section for imaging a base section of a prostate;
a medial transducer section for imaging a mid section of the prostate; and

a proximal transducer section for imaging an apex section of the prostate.

28. The non-transitory computer-readable medium of claim 21, wherein:
the tangibly stored executable code is configured to direct the server to:
display the selectable scan lines that were identified as corresponding to:
a distal transducer section,
a medial transducer section, and

a proximal transducer section.

29. The non-transitory computer-readable medium of claim 21, wherein:

the tangibly stored executable code is configured to direct the server to:
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display the selectable scan lines associated with a B-mode image.
30. The non-transitory computer-readable medium of claim 21, wherein:

the tangibly stored executable code is configured to direct the server to:

correct aberrant movement of the ultrasound transducer.
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Array [M]
Scan Number: Scan Line Number: Scan Number
SN M SL N Time Stamp:
SN.T_M
[SN_1] [SL_1]; ...[SL_8]; ... [SL_N] SN_T[1]
[SN_2] [SL_1]; ...[SL_8]; ... [SL_N] SN_T[2]
[SN_3] [SL_1]; ...[SL_8]; ... [SL_N] SN_TI[3]
[SN_M] [SL_1]; ...[SL_8]; ... [SL_N] SN_T[M]
112
FIG. 5B
Array [Z]
Sensor Spatial Spatial Information Time
Information: Stamp:
S 4 SIT Z
[SSI_1] Sl _T[1]
[SSI_2] SI_T[2]
[SSI_3] SI_T[3]
[SSI_Z] SI_T[Z]

FIG. 5C
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Array [Y]
Transducer Spatial Spatial Information Time
Information: Stamp:

TSLY SIT Z
[TSI_1]=[SSI_1] + OFFSET SI_T[1]
[TSI_2]=[SSI_2] + OFFSET SI_T[2]
[TSI_3]=[SSI_3] + OFFSET SI_T[3]

[TSL_Y] = [SSI_Z] + OFFSET SI_T[Z]

FIG. 5D

Array [X]

Scan Number:

Scan Line Number:

Transducer Spatial

information:

SN M SL_N

TSI Z
[SN_1] [SL_1]; ...[SL_8]; ... [SL_N] [TSI_1]
[SN_2] [SL_1]; ...[SL_8]; ... [SL_N] [TSL_2]
[SN_3] [SL_1]; ...[SL_8]; ... [SL_N] [TSL_3]
[SN_M] [SL_1]; ...[SL_8]; ... [SL_N] [TSI_M]
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Array [APEX]
Scan Line Transducer Spatial
Scan Number:
Number: Information:
SN_M
SL 1 TSI Z
[SN_1] [SL_1] [TSI 1]
[SN_M] [SL_1] [TSI_M]
Array [MID]
Transducer Spatial
Scan Number: | Scan Line Number:
Information:
SN_M SL N
TSI Z
[SN_1] [SL_4] [TSI 1]
[SN_M] [SL_4] [TSI_M]
Array [BASE]
Transducer Spatial
Scan Number: | Scan Line Number:
Information:
SN_M SL_N
TSI Z
[SN_1] [SL_8] [TSI_1]
[SN_M] [SL_8] [TSI_M]

FIG. 5F
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Array [APEX-R]

Scan Line | Transducer Spatial
Scan Number: Ray-Line Position:
Number: Information:
SN_M RL_P
- SL_1 TSI Z

[SN_1] [SL_1] [TSI_1] +70.0 degrees

[SN_123] [SL_1] [TSI_123] +69.5 degrees

[SN_246] [SL_1] [TSI_246] +69.0 degrees

[SN_578] [SL_1] [TSI_578] +68.5 degrees

[SN_832] [SL_1] [TSI_832] +68.0 degrees

[SN_3,279] [SL_1] [TSI_1] -70.0 degrees
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FIG. 5G
Array [B-mode]
Transducer
Scan Line Ray-Line
Scan Number: Spatial
Number: Position:
SN_M Information:
SL_N R-L_P
TSI Z

[SN_1] [SL 17; ...[SL 8] [TSI 1] +0.0 degrees
[SN_123] [SL_1]; ...[SL_8] [TSI_123] +0.0 degrees
[SN_246] [SL _1]; ...[SL 8] [TSI _246] +0.0 degrees
[SN_578] [SL 17; ...[SL 8] [TSI 578] +0.0 degrees
[SN_832] [SL _17;...[SL 8] [TSI 832] +0.0 degrees
[SN_3,279] [SL _1]; ...[SL 8] [TSI _3,279] +0.0 degrees
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