US 20130226001A1
a9y United States

12 Patent Application Publication (o) Pub. No.: US 2013/0226001 A1

Steen et al. 43) Pub. Date: Aug, 29,2013
(54) METHOD AND APPARATUS FOR Publication Classification
PERFORMING ULTRASOUND IMAGING
(31) Int.Cl
(75) Inventors: Erik Normann Steen, Moss (NO); 59 13681 BCl:/B (2006.01)
Menachem Halmann, Wauwatosa, WI (52) US.CL
USPC ettt 600/447

(US); Alexander Sokulin, Kiryat Tivon

(IL); Arcady Kempinski, Haifa (1) (537 ABSTRACT
An ultrasound system includes an ultrasound probe having a
(73) Assignee: GENERAL ELECTRIC COMPANY, transducer array for acquiring ultrasound data and a first
Schenectady, NY (US) beamformer for partially beamforming the information
received from the transducer array, and a portable host system
in communication with the ultrasound probe, the portable
host system including a second beamformer to perform addi-
tional beamforming on the partially beamformed data

(21)  Appl. No.: 13/406,042

(22) Filed: Feb. 27, 2012 received from the ultrasound probe.
10
A
A2 14
y 4
s ™
4 A
41720
p
\ J
30| @ 26
L L__1
- J

22



Patent Application Publication  Aug. 29,2013 Sheet 1 of 6 US 2013/0226001 A1

10
4
12 14
2 4
s ™\
e )
b 20
5
100~
N J
30| ] Q T 26
|| | |
. } J/
//
22

FIG. 1



US 2013/0226001 A1

Aug. 29,2013 Sheet 2 of 6

Patent Application Publication

¢ 9Old
NNAON 8G1 121"
A\ «\/ ,\u .
. |
1NdNI [ Lou2d | Moss3ooud | !
d3sn L 44 D _
‘ 44| 951 _
|
N - YINHO4WvYIgT| | 001
9z~ | "0OSS3IDONd | Aoy m |

A\V “
Z51 |

Lzl L 1

0g— YAAIFOSNVUL «—— vol col
: )| _ __o_ _ _ __a_
y 9l 49 ay 49 av
1 N\
0z—-| Av1dsIia m ocl 74N
|
omr_ﬂ —[O O} |8t
p AR ERYENEREN
! oLl
|
_ HILLINSNYYL
£ 4
oL _ . \\
V zZL



Patent Application Publication  Aug. 29,2013 Sheet 3 of 6 US 2013/0226001 A1

232
2?2 TISSUE
<—— DOPPLER |«
200 MODULE
|
230
250 ’
3 ARFI
2?9 D MODULE
3D
PROCESSOR 230
MODULE 2(;}\0 COLOR
FLOW
MODULE
222
242 “
280 ¢ | POWER
C DOPPLER
2D VIDEO MODBULE 212
PROCESSOR [*— 224 b
MODULE | 5, ”
B-MODE
= MODULE [* w
274 /‘
226 30
270 2f6 SPECTRAL
-— DOPPLER
MODULE
SCAN
CONVERTER [ 228 |
MODULE | 579 248 )
“ M-MODE
MODULE
260 obU
20/22 210

"USER us
INTERFACE CONTROLLER

FIG. 3




Patent Application Publication  Aug. 29,2013 Sheet 4 of 6 US 2013/0226001 A1

,//14

402 404 406
|

AL O )

400~

\ ) ) )

408 410 412

—20
5|
414 416
420 422 424 426
/ /
N
. J
=11 O )=
k I — IR — )




US 2013/0226001 A1

Aug. 29,2013 Sheet 5 of 6

Patent Application Publication

G oOld
909 09 c09 009
oo | | 1200 Triozas
INOHd A9VIAI 3HL 1IVINHOA ALIDOT3A Mv3d € 3904d
TIVIANS FJOVINI NV JLVLONNY 300N ONINNYOS ¢ 390dd
13INSH3LINI AVvV1dSIa {04 Il 390dd
JOVINI NY LO313S v1lvd IN3llvd
100010dHd NVYOS
808 - 906 - 0G - ¢0G -
oy ey cey (074 4
NOISSINSNVd.L ONISS3O0Hd HITIOHLNOD NOILOAT3S
JOVINI AOVIAI 390dd 3904d
ANNOSYYHLIN ANNOSYHLIN aNNoOosSvdln UNNOSYH.LIN
<
00Gg - 20v 1 ONIDOVINI ANNOSYYHLTN




Patent Application Publication  Aug. 29,2013 Sheet 6 of 6 US 2013/0226001 A1

10
12 14 g
\) ‘«>
.58 80
116 112 212
O O 70
0 2 0
113 120 71 78
114~ [@j
| L 5
100 13 150

FIG.6



US 2013/0226001 Al

METHOD AND APPARATUS FOR
PERFORMING ULTRASOUND IMAGING

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates gener-
ally to ultrasound imaging systems, and more particularly, to
a method and apparatus for performing ultrasound imaging.
[0002] Ultrasound imaging systems typically include ultra-
sound scanning devices, such as, ultrasound probes having
different transducers that allow for performing various differ-
ent ultrasound scans (e.g., different imaging of a volume or
body). The ultrasound probes are typically physically con-
nected to a operator console that is located in a medical
facility, for example, for controlling the operation of the
probes. The probes include a scan head having a plurality of
transducer elements (e.g., piezoelectric crystals), which may
be arranged in an array. The operator console controls a
transmitter that drives the transducer elements within the
array during operation, such as, during a scan of a volume or
body, which may be controlled based upon the type of scan to
be performed. The operator console includes a plurality of
channels for communicating with the probe, which may
transmit pulses for driving the transducer elements and for
receiving signals therefrom.

[0003] Portable ultrasound systems are used in a variety of
imaging system applications. For example, portable ultra-
sound systems may be utilized to perform various procedures
that were once only accomplished in a dedicated medical
facility, for example, a hospital. Accordingly, at least one
known portable ultrasound system includes an ultrasound
probe that acquires the ultrasound information and a portable
operator console that processes the ultrasound information to
generate an image. More specifically, in operation the con-
ventional ultrasound probe transmits analog information
acquired from the transducers to the operator console. The
known operator console includes hardware to process the
analog information and to generate an image. For example, at
least one known portable operator console includes a plurality
of analog-to-digital (A/D) converters that convert the
acquired analog information to digital information. The
known operator console then utilizes the digital information
to generate the image. Accordingly, known portable ultra-
sound systems are similar to non-portable ultrasound sys-
tems, but are fabricated as smaller devices to enable a user to
carry the portable ultrasound system.

[0004] However, while conventional portable ultrasound
systems provide beneficial scans at remote locations, users
are still required to carry the portable ultrasound system to the
various remote locations.

BRIEF DESCRIPTION OF THE INVENTION

[0005] In one embodiment, an ultrasound imaging system
is provided. The ultrasound system includes an ultrasound
probe having a transducer array for acquiring ultrasound data
and a first beamformer for partially beamforming the infor-
mation received from the transducer array, and a portable host
system in communication with the ultrasound probe, the por-
table host system including a second beamformer to perform
additional beamforming on the partially beamformed data
received from the ultrasound probe.

[0006] In another embodiment, an ultrasound probe is pro-
vided. The ultrasound probe includes a transducer array for
acquiring ultrasound data, a beamformer for partially beam-
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forming the information received from the transducer array,
and a transceiver for transmitting the partially beamformed
information to a portable host system.

[0007] In a further embodiment, a method of operating an
ultrasound imaging system is provided. The method includes
receiving analog ultrasound data from a transducer array
installed in an ultrasound probe, partially beamforming the
ultrasound data to generate partially beamformed ultrasound
data, converting the partially beamformed ultrasound data to
digital ultrasound data, transmitting the digital ultrasound
data from the ultrasound probe to a portable host system, and
performing additional beamforming on the digital ultrasound
data using the portable host system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates an exemplary imaging system
formed in accordance with various embodiments.

[0009] FIG. 2 is a block diagram of the imaging system
shown in FIG. 1.

[0010] FIG. 3isablock diagram of an ultrasound processor
module of the ultrasound imaging system of FIG. 1 formed in
accordance with various embodiments.

[0011] FIG. 4 is a screen shot of a plurality of exemplary
icons that may be displayed on the host system shown in FIG.
1 in accordance with various embodiments.

[0012] FIG. 5is a simplified workflow diagram illustrating
the operation of the host system shown in FIG. 1 in accor-
dance with various embodiments.

[0013] FIG. 6 is a block diagram of one configuration for
the imaging system shown in FIG. 1 in accordance with
various embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The foregoing summary, as well as the following
detailed description of certain embodiments, will be better
understood when read in conjunction with the appended
drawings. To the extent that the figures illustrate diagrams of
the functional blocks of various embodiments, the functional
blocks are not necessarily indicative of the division between
hardware circuitry. Thus, for example, one or more of the
functional blocks (e.g., processors, controllers or memories)
may be implemented in a single piece of hardware (e.g., a
general purpose signal processor or random access memory,
hard disk, or the like) or multiple pieces of hardware. Simi-
larly, the programs may be stand alone programs, may be
incorporated as subroutines in an operating system, may be
functions in an installed software package, and the like. It
should be understood that the various embodiments are not
limited to the arrangements and instrumentality shown in the
drawings.

[0015] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, refer-
ences to “one embodiment™ are not intended to be interpreted
as excluding the existence of additional embodiments that
also incorporate the recited features. Moreover, unless explic-
itly stated to the contrary, embodiments “comprising” or
“having” an element or a plurality of elements having a par-
ticular property may include additional such elements not
having that property.

[0016] Also as used herein, the phrase “generating an
image” is not intended to exclude embodiments of the present
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invention in which data representing an image is generated,
but a viewable image is not. Therefore, as used herein the term
“image” broadly refers to both viewable images and data
representing a viewable image. However, many embodiments
generate, or are configured to generate, at least one viewable
image.

[0017] Described herein are various embodiments for a
portable ultrasound imaging system. The portable ultrasound
imaging system includes an ultrasound probe and a portable
host system that is configured to receive information from the
ultrasound probe. The ultrasound probe is configured to con-
vert analog information to digital information. The portable
host system includes components that are configured to uti-
lize the digital information to generate an ultrasound image of
an object of interest.

[0018] Accordingly, in various embodiments, a user may
utilize a mobile device, such as a smart phone, to perform
ultrasound examinations by connecting the device to an ultra-
sound probe. Moreover, software running on the mobile
device may be programmed to automatically adjust the per-
formance level to the capabilities of the mobile device. Addi-
tionally, the manufacturer of ultrasound systems may intro-
duce new and improved signal processing and image
processing algorithms as new and more powerful mobile
devices enter the market, without having to develop any addi-
tional hardware.

[0019] Various embodiments described herein may be
implemented as an ultrasound imaging system 10 as shown in
FIG. 1. More specifically, FIG. 1 illustrates an exemplary
ultrasound imaging system 10 that is constructed in accor-
dance with various embodiments. The ultrasound imaging
system 10 includes an ultrasound probe 12 and a portable host
system 14, which in various embodiments, may be a portable
computer 14.

[0020] Theultrasound probe 12 includes a transducer array
100, such as a phased array having electronics to perform
sub-aperture (SAP) beamforming. In various embodiments,
the ultrasound probe 12 may also include an analog front end
(AFE) 13 having integrated A/D converters 120, which are
shown in FIG. 2, installed therein, as well as an interface for
transfer of digital data to the host system 14. The ultrasound
probe 12 may be connected wirelessly or with a cable to the
host system 14. In one embodiment, the ultrasound probe 14
may be a universal probe which integrates both a phased array
transducer and a linear transducer into the same probe hous-
ing.

[0021] The host system 14 is a portable hand-held device
that may be embodied as, for example, a smart phone. The
term “smart phone” as used herein, means a portable device
that is operable as a mobile phone and includes a computing
platform that is configured to support the operation of the
mobile phone, a personal digital assistant (PDA), and various
other applications. Such other applications may include, for
example, a media player, a camera, a global positioning sys-
tem (GPS), a touchscreen, an internet browser, Wi-Fi, etc. The
computing platform or operating system may be, for
example, Google Android™, Apple 10S, Microsoft Win-
dows™, Blackberry, Linux, etc. Moreover, the host system 14
may also be embodied as an electronic tablet, such as for
example, a Kindle™ or iPad™. The host system 14 may
include a touchscreen 20 that functions as a user input device
and a display, another user input device such as, for example,
a thumbwheel 22, and a memory 30.
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[0022] 1In various embodiments, the ultrasound probe 12
includes the AFE which may include built-in electronics 24
that enable the ultrasound probe 12 to transmit digital signals
to the host system 14. The host system 14 then utilizes the
digital signals to reconstruct an image based on the informa-
tion received from the ultrasound probe 12. The host system
14 includes a processor 26 that is configured to execute soft-
ware algorithms for beamforming as well as subsequent sig-
nal and image processing steps utilized to process and display
the ultrasound information received from the ultrasound
probe 12. In various embodiments, the host system 14
includes hardware components, including the processor, that
are installed on a single “System-On-Chip” (SOC) device.
The SOC device may include multiple CPU cores and at least
one GPU core. In operation, the algorithms installed on the
processor are dynamically configured according to a probe/
application as well as the computing and/or power supply
capabilities of the host system 14.

[0023] FIG. 2 is a block diagram of the imaging system 10
shown in FIG. 1. In various embodiments, the ultrasound
probe 12 includes a two-dimensional (2D) array 100 of ele-
ments. The ultrasound probe 12 may also be embodied as a
1.25 D array, a 1.5 D array, a 1.75 D array, a 2D array, and the
like. Optionally, the ultrasound probe 12 may be a stand-alone
continuous wave (CW) probe with a single transmit element
and a single receive element. In various embodiments, the
ultrasound probe includes a transmit group of elements 102
and a receive group of elements 104. A sub-aperture transmit
beamformer 110 controls a transmitter 112 which, through
transmit sub-aperture beamformers 110, drives the group of
transmit elements 102 to emit, for example, CW ultrasonic
transmit signals into a region of interest (e.g., human, animal,
underground cavity, physical structure and the like). The
transmitted CW ultrasonic signals are back-scattered from
structures in the object of interest, like blood cells, to produce
echoes which return to the receive group ofelements 104. The
receive group of elements 104 convert the received echoes
into analog signals as described in more detail below. A
sub-aperture receive beamformer 114 partially beamforms
the signals received from the receive group of elements 104
and then passes the partially beamformed signals to a receiver
116.

[0024] More specifically, the sub-aperture transmit beam-
former 110 is configured to reduce the number of system
channels utilized to process signals from the large number of
transducer elements 102. For example, assume that there are
m elements 102. In various embodiments, m channels are
then utilized to couple the m elements 102 to the sub-aperture
beamformer 110. The sub-aperture beamformer 110 then
fanctions such that n channels of information are passed
between the transmitter 112 and the sub-aperture beamformer
110, wherein n<m. Moreover, assume that there are m ele-
ments 104. In various embodiments, m channels are then
utilized to couple the m elements 104 to the sub-aperture
beamformer 114. The sub-aperture beamformer 114 then
fanctions such that n channels of information are passed
between the receiver 116 and the sub-aperture beamformer
114, wherein n<m. Thus, the sub-aperture beamformers 110
and 114 function to output fewer channels of information than
are received from the elements 102 and 104.

[0025] In various embodiments, the receiver 116 may
include the AFE 13. The AFE 13 may include for example, a
plurality of demodulators 118 and a plurality of analog/digital
(A/D) converters 120. In operation, the complex demodula-
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tors 118 demodulate the RF signal to form 1Q data pairs
representative of the echo signals. The I and Q values of the
beams represent in-phase and quadrature components of a
magnitude of echo signals. More specifically, the complex
demodulators 118 perform digital demodulation, and option-
ally filtering as described in more detail herein. The demodu-
lated (or down-sampled) ultrasound data may then be con-
verted to digital data using the A/D converters 120. The A/D
converters 120 convert the analog outputs from the complex
demodulators 118 to digital signals that are then transmitted
to the host system 14 via a transceiver 130. In various embodi-
ments, the transceiver 130 is configured to wirelessly transmit
and/or receive digital information from the host system 14. In
other embodiments, the ultrasound probe 12 may be physi-
cally coupled to the host system 14 via a cable 132.

[0026] In various embodiments, the host system 14
includes a transceiver 150 that is configured to wirelessly
transmit and/or receive digital information to/from the ultra-
sound probe 12. In the exemplary embodiment, the beam-
formers 110 and 14, and the complex demodulators 118
facilitate reducing the quantity of information that is trans-
mitted from the ultrasound probe 12 to the host system 14.
Accordingly, the quantity of information being processed by
the host system 14 is reduced and ultrasound images of the
patient may be generated, by the host system 14, in real-time
as the information is being acquired from the ultrasound
probe 12. In the exemplary embodiment, the digital ultra-
sound information received from the ultrasound probe 12
may be transmitted directly to a receive beamformer 152.
Optionally, the digital ultrasound information received from
the ultrasound probe 12 may be transmitted directly to the
processor 26. The processor 26 may then be configured to
transmit at least a portion of the digital information to the
beamformer 152 for additional processing.

[0027] In various embodiments, the beamformer 152
receives the ultrasound information and performs the addi-
tional or final beamforming. More specifically, as discussed
above, the demodulators 118 reduce the quantity of channels
of information from m channels to n channels. In operation,
the beamformer 152 is configured to reduce the n channels to
asingle RF signal. The RF signal output from the beamformer
152 is transmitted to an RF processor 154.

[0028] Invarious embodiments, the RF processor 154 may
include a complex demodulator 156 that demodulates the RF
signal to form IQ data pairs representative of the echo signals.
More specifically, in various embodiments, the probe 12 does
not include the demodulators 118, rather demodulation is
performed by the complex demodulator 156 within the host
system 14. More specifically, the complex demodulator 156
performs digital demodulation, and optionally filtering as
described in more detail herein. The demodulated (or down-
sampled) ultrasound data may be stored in a memory 158,
such as temporarily to perform one or more embodiments
described herein. The complex demodulator 156 demodu-
lates the RF signal to form IQ data pairs representative of the
echo signals, which in various embodiments have a reduced
data transfer rate than the transfer rate of the ADC 120.
Optionally, the complex demodulator 156 may be omitted or
replaced by some other signal processing algorithm. The RF
or 1Q element data may then be routed directly to the memory
158 for storage.

[0029] The processor 26 further processes the output of the
RF processor 154 and prepares frames of ultrasound infor-
mation for display on the display 20. In operation, the pro-
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cessor 26 is adapted to perform one or more processing opera-
tions according to a plurality of selectable ultrasound
modalities on the acquired ultrasound data. The processor 26
is connected to the user interface 20/22 (which may include a
mouse, keyboard, touch panel, etc.) that may control opera-
tion of the processor 26 as explained below in more detail.
The display 20 includes one or more monitors that present
patient information, including diagnostic ultrasound images
to the user for diagnosis and analysis, as well as monitoring
information as described herein. Images displayed on the
display 20 may be modified and the display settings of the
display 20 may also be manually adjusted using the user
interface 20/22.

[0030] Thebeamformer 152 and the RF processor 154 may
be software running on the processor 26 or hardware provided
as part of the processor 26. It should be noted that although the
various embodiments may be described in connection with a
medical ultrasound system, the methods and systems are not
limited to medical ultrasound imaging or a particular configu-
ration thereof. The various embodiments may be imple-
mented in non-medical imaging systems, for example, non-
destructive testing systems such as ultrasound weld testing
systems or airport baggage scanning systems.

[0031] FIG. 3illustrates an exemplary block diagram of an
ultrasound processor module 200, which may be embodied as
the processor 26 of FIG. 2 or a portion thereof. The ultrasound
processor module 200 is illustrated conceptually as a collec-
tion of sub-modules, but may be implemented utilizing any
combination of dedicated hardware boards, DSPs, proces-
sors, etc. Alternatively, the sub-modules of FIG. 3 may be
implemented utilizing a single processor or multiple proces-
sors, with the functional operations distributed between the
processors, for example also including a Graphics Processor
Unit (GPU). As a further option, the sub-modules of FIG. 3
may be implemented utilizing a hybrid configuration in
which certain modular functions are performed utilizing
dedicated hardware, while the remaining modular functions
are performed utilizing a processor. The sub-modules also
may be implemented as software modules within a process-
ing unit.

[0032] The operations of the sub-modules illustrated in
FIG. 3 may be controlled by a local ultrasound controller 210
or by the processor module 26. The sub-modules perform
mid-processor operations. The processor module 26 may
receive ultrasound data 212 in one of several forms. In the
exemplary embodiment of FIG. 2, the received ultrasound
data 212 constitutes 1,Q data pairs representing the real and
imaginary components associated with each data sample. The
1.Q data pairs are provided to one or more of a color-flow
sub-module 220, a power Doppler sub-module 222, a B-mode
sub-module 224, a spectral Doppler sub-module 226 and an
M-mode sub-module 228. Optionally, other sub-modules
may be included such as an Acoustic Radiation Force Impulse
(ARFTI) sub-module 230 and a Tissue Doppler (TDE) sub-
module 232, among others.

[0033] Each of sub-modules 220-232 are configured to pro-
cess the [,Q data pairs in a corresponding manner to generate
color-flow data 240, power Doppler data 242, B-mode data
244, spectral Doppler data 246, M-mode data 248, ARF] data
250, and tissue Doppler data 252, all of which may be stored
in amemory 260 (or memory 30 shown in FIG. 2) temporarily
before subsequent processing. For example, the B-mode sub-
module 224 may generate B-mode data 244 including a plu-
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rality of B-mode image planes, such as in a biplane or triplane
image acquisition as described in more detail herein.

[0034] The data240-252 may be stored in the memory 260,
for example, as sets of vector data values, where each set
defines an individual ultrasound image frame. The vector data
values are generally organized based on the polar coordinate
system. Alternately or additionally the data may be stored as
beamformed 1,Q data in the memory 30 or 158.

[0035] A scan converter sub-module 270 accesses and
obtains from the memory 260 the vector data values associ-
ated with an image frame and converts the set of vector data
values to Cartesian coordinates to generate an ultrasound
image frames 272 formatted for display. The ultrasound
image frames 272 generated by the scan converter module
270 may be provided back to the memory 260 for subsequent
processing or may be provided to the memory 30 or 156.

[0036] Once the scan converter sub-module 270 generates
the ultrasound image frames 272 associated with, for
example, B-mode image data, and the like, the image frames
272 may be restored in the memory 260 or communicated
over abus 274 to a database (not shown), the memory 260, the
memory 30, the memory 156, and/or to other processors.

[0037] The scan converted data may be converted into an
X,Y format for video display to produce ultrasound image
frames. The scan converted ultrasound image frames are pro-
vided to a display controller (not shown) that may include a
video processor that maps the video to a grey-scale mapping
for video display. The grey-scale map may represent a trans-
fer function of the raw image data to displayed grey levels.
Once the video data is mapped to the grey-scale values, the
display controller controls the display 20 (shown in FIG. 1),
which may include one or more monitors or windows of the
display, to display the image frame. The image displayed in
the display 20 is produced from image frames of data in which
each datum indicates the intensity or brightness of a respec-
tive pixel in the display.

[0038] Referring again to FIG. 3, a 2D video processor
sub-module 280 combines one or more of the frames gener-
ated from the different types of ultrasound information. For
example, the 2D video processor sub-module 280 may com-
bine a different image frames by mapping one type of data to
a grey map and mapping the other type of data to a color map
for video display. In the final displayed image, color pixel
data may be superimposed on the grey scale pixel data to form
asingle multi-mode image frame 282 (e.g., functional image)
that is again re-stored in the memory 260 or communicated
over the bus 274. Successive frames of images may be stored
as acine loop in the memory 260 or the memory 30 (shown in
FIG. 1). The cine loop represents a first in, first out circular
image buffer to capture image data that is displayed to the
user. The user may freeze the cine loop by entering a freeze
command at the user interface 20 or 22. The user interface 20
or 22 may include, for example, a keyboard and mouse and all
other input controls associated with inputting information
into the ultrasound system 10 (shown in FIG. 1).

[0039] A 3D processor sub-module 290 is also controlled
by the user interface 20 or 22 and accesses the memory 260 to
obtain 3D ultrasound image data and to generate three dimen-
sional images, such as through volume rendering or surface
rendering algorithms as are known. The three dimensional
images may be generated utilizing various imaging tech-
niques, such as ray-casting, maximum intensity pixel projec-
tion and the like.
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[0040] FIG. 4 is a screen shot of a plurality of exemplary
icons 400 that may be displayed on the host system 14. It
should be noted that the layout of the icons 400 is merely for
illustration and different layouts may be provided. In various
embodiments, the icons 400 may include, for example, an
ultrasound imaging system icon 402, and various other icons.
Forexample, it should be realized that the primary function of
the host system 14 is to enable a user to transmit and receive
information as a phone or over the internet. Accordingly, the
host system 14 enables the user to download and operate a
variety of non-medical applications that may be utilized by
the host system 14. Therefore, in various embodiments, the
host system 14 may also include various other icons 400, such
as an Internet access icon 404, a global positioning system
icon 406, a weather icon 408, a settings icon 410, a mail icon
412, a photo icon 414 and/or a music icon 416. In operation,
the user selects a desired icon 400 to activate the selected
function. The icons may be any graphical and/or text based
selectable elements. For example, the icon 402 may be shown
as an image of an ultrasound probe.

[0041] FIG. 5is a simplified workflow diagram 500 illus-
trating the operation of the host system 14. In operation, the
host system 14 may be operated as an ultrasound imaging
system by selecting for example, the ultrasound imaging icon
402. Inresponse to selecting the ultrasound imaging icon 402,
the host system 14 may be programmed to display, for
example, an ultrasound probe selection icon 420, an ultra-
sound probe controller icon 422, an ultrasound image pro-
cessing icon 424, and an ultrasound image transmission icon
426, all shown in FIG. 4.

[0042] Once the ultrasound imaging icon 402 is selected,
the host system 14 may display various screens or icons to
enable the user to identify an ultrasound probe to be utilized
to perform ultrasound imaging, such as icons 420, 422, 424,
and 426, described above. For example, initially the user may
select the icon 402 to select an ultrasound probe to be utilized
to perform the ultrasound imaging procedure. FIG. 5 illus-
trates an exemplary screen 600, having selectable text, that
may be displayed when the ultrasound probe selection icon
420 is initially selected at 502. In various embodiments, the
host system 14 may generate and transmit a predetermined
signal to identify an ultrasound probe. More specifically, the
host system 14 may be configured to transmit a signal that is
received by various ultrasound probes in the vicinity of the
host system 14, such as the ultrasound probe 12 shown in FIG.
1. Optionally, an ultrasound probe, such as probe 12, may
transmit a signal that is received by the host system 14.
[0043] In various embodiments, the host system 14 is con-
figured to display the ultrasound probes identified by the host
system 14. For example, as shown in FIG. 5, the screen 600
indicates that three ultrasound probes are available to perform
ultrasound imaging. The operator may then select one of the
probes displayed, e.g. by touching a corresponding icon or
using a physical button to select the icon. Optionally, the host
system 14 may automatically select an appropriate ultrasound
probe based on information provided by the user. For
example, the user may desire to perform a fetal scan of a
patient. Thus, the host system may automatically select a
surface probe to perform the fetal scan.

[0044] At 504, and in response to the selection of the desire
ultrasound probe, the host system 14 may automatically dis-
play a screen, such as the ultrasound probe controller screen
602, having selectable text, to enable the user to input various
scan parameters to control the operation of the selected ultra-
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sound probe. Optionally, after the probe has been selected, the
host system 14 may display the ultrasound icons 420, 422,
424, and 426, and the operator may manually select the ultra-
sound probe controller icon 422 to activate the screen 620 and
enable the operator to manually input information or scan
parameters to control the scanning operation of the ultra-
sound probe. Such scan parameters may include, for example,
selecting a scan protocol, controlling the input of patient data,
changing a scanning mode, determining peak velocity, flow
direction, spectral content of the flow, and the like. The user
may then initiate the ultrasound scanning procedure to
acquire ultrasound information.

[0045] At 506, the host system 14 may automatically dis-
play a screen, such as the image processing screen 604, hav-
ing selectable text, to enable the user to perform ultrasound
image processing. Optionally, after the ultrasound imaging
procedure is completed, the host system 14 may display the
ultrasound icons 420,422, 424, and 426, and the operator may
manually select the image processing icon 424 to activate the
image processing screen 604. The user may then enter infor-
mation on the screen 604 to perform image processing on the
acquired ultrasound information. Such image processing may
include, for example, instructing the host system 14 to gen-
erate a B-mode image, to perform digital demodulation, to
perform various filtering operations, to adjust the size, con-
trast and/or colors of the acquired images, etc.

[0046] The image processing screen 604 may also be con-
figured to enable the user to annotate the acquired images.
More specifically, the screen 604 may be configured to enable
the user to annotate ultrasound images to include textual
information that provides descriptive or identifying informa-
tion ofthe image. Such textual information may include infor-
mation that describes the owner or author of the image, a title
or label of the image, a sequence number of the image, type of
examination, hospital, date of examination, type of acquisi-
tion, type of scan, the orientation of the image, the use of
special image processing filters, and/or statistics associated
with regions of interest shown on the image. The annotations
may also include arrows or indicia pointing to a region of
interest.

[0047] The image processing screen 424 may also be con-
figured to enable the acquired ultrasound information or
images to be encoded in a DICOM file format to enable the
acquired information to be transmitted and utilized by remote
medical facilities.

[0048] At 508, the host system 14 may automatically dis-
play a screen, such as an ultrasound image transmission
screen 606, having selectable text, to enable the user to trans-
mit the ultrasound information, e.g. raw or processed data, or
ultrasound images to a remote user. For example, the host
system 14 enables the ultrasound information to be transmit-
ted via the Internet to a remote user. The host system 14
enables the ultrasound information to be transmitted via an
email to the remote user and/or the user may use the phone
interface to verbally contact a remote user to discuss the
imaging procedure. Moreover, the host system 14 enables the
remote user to transmit ultrasound information to the user of
the host system 14. The user may then utilize the host system
14 to process the ultrasound information, generate ultrasound
images, annotate the ultrasound images, and retransmit the
information to another user via the Internet, email, or phone.
[0049] FIG. 6is a block diagram of one configuration of the
imaging system 10 shown in FIG. 1 in accordance with vari-
ous embodiments. As described above, the imaging system 10
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includes the ultrasound probe 12 that includes the AFE 13.
The AFE 13 may be implemented as an ASIC and include, for
example, the transmitter 112, the receiver 116, Low Noise
Amplifiers (LNAs) 113, the ADCs 120, as well as circuitry for
resampling and complex demodulation of the ultrasound sig-
nals to facilitate further reducing the sampling rate.

[0050] Inoperation, and as described above, the ultrasound
probe 12 utilizes the transducer array 100 to emit, for
example, CW ultrasonic transmit signals into a region of
interest, such as the object 54. The transmitted CW ultrasonic
signals are back-scattered from object 54, to produce echoes
which return to the transducer array 100. A sub-aperture
receive beamformer 114 then partially beamforms the signals
received from the transducer array 100 and then passes the
partially beamformed signals to data acquisition circuitry 56,
which may include, for example, the transmitter 112 and/or
the receiver 116. The integrated A/D converters 120 process
the analog information received from the AFE 13 to form
digital information thatis transmitted, via the transceiver 132,
to the host system 14.

[0051] The AFEs may be ASICS which include Low Noise
Amplifiers (LNAs), ADCs as well as resampling and complex
demodulation of the original signal in order to further reduce
the sample rate. The ultrasound probe 12 may further include
electronics, such as the transceiver 132, for transferring only
digital data wirelessly or through a cable to the host system 14
using a transfer protocol supported by the host system 14. In
various embodiments, the ultrasound probe 12 may also
include a controller unit 58 that is configured to receive con-
trol signals from the host system 14 to setup both transmit
sequences as well as the AFE 13.

[0052] Thehost system 14, which in various embodiments,
is a smart phone, a notepad, or a tablet device, includes a
System-on-Chip (SOC) device 70. The SOC 70 in various
embodiments, may include, for example, a combination of
one or more CPUs or CPU cores 72, one or more GPUs or
GPU cores 74 and optionally at least one digital signal pro-
cessing (DSP) core 76. The SOC 70 may also include a
reconfigurable ultrasound control module 80. In operation,
the control module 80 processes the data received from the
ultrasound probe 12 to generate a digital image that may be
displayed on the display of the host system 14. The SOC 70
executes a software program that performs digital beamform-
ing using one or more of the CPU cores 72, the GPU cores 74
and/or the DSP cores 76 or a combination thereof. The SOC
70 may further execute a software program that performs scan
conversion. The scan conversion transforms ultrasound infor-
mation into an ultrasound image that may be displayed on the
host system 14. The scan conversion may be executed on one
or more of the CPU cores 72, the GPU cores 74, the DSP cores
76, or a combination thereof.

[0053] The SOC 70 may also execute additional software
programs to provide additional functionality, such as for
example, amplitude detection, color flow processing, spatial
noise reduction, edge enhancement and temporal noise
reduction, among others. In various embodiments, the distri-
bution of different computing tasks between the different
cores 72, 74, and 76 may be dynamically changed based on
specific application needs. Such applications may include, for
example, adaptive beamforming (with phase aberration cor-
rections) and retrospective beamforming algorithms. The
various software algorithms may also be configured both
according to the performance of the host system 14 and
according to the power supply capabilities of the host system
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14. For example, quantities of ML.As produced in the soft-
ware beamforming algorithm may be detived from the supply
capabilities of the host system 14. Moreover, the user may be
able to control the configuration of the signal chain through a
“performance” mode or a “battery saving” mode (e.g. with
limited frame rates). The imaging system 10 described herein
therefore enables the user to use an existing cell phone, or
tablet as an ultrasound scanner. Accordingly, the user does not
need to carry a dedicated ultrasound imaging system in addi-
tion to the mobile phone or other device. The imaging system
10 described herein also enables the user to purchase an
ultrasound probe and a software application with improved
performance and image quality using newer generations of
tablet/smart phones. Moreover, the software applications
may be upgraded over time to reduce an overall cost of oper-
ating the imaging system.

[0054] Thus, various embodiments provide a mobile ultra-
sound system 10 that includes an ultrasound probe 12, e.g. a
“smart” probe, with built in electronics connected to the host
system 14, such as a smart phone, through a standard inter-
face. The mobile ultrasound system 10 includes a system
architecture wherein the host system 14 executes software
algorithms for beamforming as well as all subsequent signal
and image processing for generating and displaying an ultra-
sound image using a single SOC device 70, which may
include multiple CPU cores and at least one GPU core. The
algorithms are dynamically configurable according to probe/
application as well as the computing and/or power supply
capabilities of the mobile device.

[0055] The ultrasound probe 12 integrates a transducer
array, such as a phased array with electronics for sub-aperture
(SAP) beam forming, AFEs 13 (analog front ends with inte-
grated A/D converters) as well as a standard interface for
transfer of digital data. The ultrasound probe 12 may be
connected wirelessly, or with a cable, to the host system 14,
such as the smart phone or the tablet. The ultrasound probe 12
may be a universal probe which integrates both a phased array
transducer and a linear transducer into the probe handle.

[0056] Inoneembodiment, the ultrasound probe 12 is con-
figured to perform SAP beamforming to reduce an amount of
digital data being transferred to the host system 14 and to also
reduce the amount of data being processed by the host system
14. Thus, mobile computers, or host systems, having reduced
processing capabilities are still able to perform the image
processing methods described herein. The ultrasound probe
12 also includes various electronics for transferring the digital
data either wirelessly or through a cable to the host system 14,
as described herein which may include using a transfer pro-
tocol recognized by the host system 14. USB 3.0 is an
example of a digital interface that may be utilized by the
imaging system 10. The USB 3.0 standard allows for data
transfer speeds up to, for example, 5 GBit/second. After down
mixing, the data rate is reduced to cover the bandwidth of the
signals from the transducer. The data rate will therefore be
substantially higher with a wide band linear transducer com-
pared to a narrow band phased array transducer which is
typically used in adult cardiology. With the ultrasound probe
12, which integrates both a linear array and a phased array, the
data rate will differ according to which transducer is active:
For example, a phased array transducer (for adult cardiac)
may have a data rate of 2 MHz*16 channels*16 bits/sample*2
(complex data)=1 GBit/second. A linear array transducer
may have a data rate of 6 MHz*12 channels*16 bits/
sample*2=2.3 GBit/second. In both cases, the bandwidth is
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within the USB 3.0 standard (up to 5 GBit/Second). Accord-
ingly, the imaging system 10 may use a standardized digital
interface or mobile computing technology. Moreover, the
imaging system 10 may provide an increase of image quality
over time (by migrating algorithms from mid-range/high end
scanners) without having to develop new hardware.

[0057] The host system 14 may also be connected to an
ultrasound transducer providing 3D ultrasound data. In such
cases, the SOC 70 may execute a software program which
performs 3D rendering and regular scan conversion. It should
be realized that the distribution of different computing tasks
between cores of the SOC 70 may be dynamically changed
based on specific application needs. For example, one or more
GPU cores may be executing a beam forming program while
another set of GPU cores may be executing a display or 3D
rendering program. The set of processing steps may vary from
one application to another. Also, the frame rate may vary
according to application (e.g. higher in pediatrics) or even
synchronized to the heart rate. Examples of processing steps
that may be dynamically configured are adaptive beam form-
ing (with phase aberration corrections) and retrospective
beam forming algorithms.

[0058] The various software algorithms may be configured
both according to the performance of the host system 14 and
according to the power supply capabilities of the host system
14. As an example, the number of MLAs produced in the
software beam forming algorithm may vary according to the
available computational resources in the host system 14 as
well as the power supply capabilities of the host system 14.
Finally, the user may be able to affect the configuration of the
signal chain through a “performance” mode or a “battery
saving” mode (e.g. with limited frame rates).

[0059] The host system 14 may be programmed, in some
embodiments, to configure the processing chain according to
which transducer is active, as well as the computational
resources available inside the host system 14. For example,
the host system 14 may be configured to produce a higher
number of receive beams for every transmit beam (MLAs)
when the phased array transducer is active and the host sys-
tem 14 may be configured to produce a substantially lower
number of MLLAs when the linear array is active. The maxi-
mum number of MLAs that may be generated with a given
host system 14 may vary depending on which transducer is
active because the data rate between various host systems
may be different. As another example, a first beam forming
algorithm may be used when the phased array transducer is
active while another different algorithm is used when the
linear array is active. Examples of algorithms are simple
beam forming and adaptive beam forming (with phase aber-
ration corrections).

[0060] It should be noted that the various embodiments
may be implemented in hardware, software or a combination
thereof. The various embodiments and/or components, for
example, the modules, or components and controllers therein,
also may be implemented as part of one or more computers or
processors. The computer or processor may include a com-
puting device, an input device, a display unit and an interface,
for example, for accessing the Internet. The computer or
processor may include a microprocessor. The microprocessor
may be connected to a communication bus. The computer or
processor may also include a memory. The memory may
include Random Access Memory (RAM) and Read Only
Memory (ROM). The computer or processor further may
include a storage device, which may be a hard disk drive ora
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removable storage drive, solid-state drive, optical disk drive,
and the like. The storage device may also be other similar
means for loading computer programs or other instructions
into the computer or processor.

[0061] As used herein, the term “computer” or “module”
may include any processor-based or microprocessor-based
system including systems using microcontrollers, reduced
instruction set computers (RISC), ASICs, logic circuits, and
any other circuit or processor capable of executing the func-
tions described herein. The above examples are exemplary
only, and are thus not intended to limit in any way the defi-
nition and/or meaning of the term “computer”.

[0062] Thecomputer or processor executes a set of instruc-
tions that are stored in one or more storage elements, in order
to process input data. The storage elements may also store
data or other information as desired or needed. The storage
element may be in the form of an information source or a
physical memory element within a processing machine.
[0063] The set of instructions may include various com-
mands that instruct the computer or processor as a processing
machine to perform specific operations such as the methods
and processes of the various embodiments of the invention.
The set of instructions may be in the form of a software
program. The software may be in various forms such as
system software or application software and which may be
embodied as a tangible and non-transitory computer readable
medium. Further, the software may be in the form of a col-
lection of separate programs or modules, a program module
within a larger program or a portion of a program module. The
software also may include modular programming in the form
of object-oriented programming. The processing of input data
by the processing machine may be in response to operator
commands, or in response to results of previous processing,
or in response to a request made by another processing
machine.

[0064] As used herein, the terms “software” and “firm-
ware” are interchangeable, and include any computer pro-
gram stored in memory for execution by a computer, includ-
ing RAM memory, ROM memory, EPROM memory,
EEPROM memory, and non-volatile RAM (NVRAM)
memory. The above memory types are exemplary only, and
are thus not limiting as to the types of memory usable for
storage of a computer program.

[0065] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the various embodiments
without departing from their scope. While the dimensions and
types of materials described herein are intended to define the
parameters of the various embodiments, the embodiments are
by no means limiting and are exemplary embodiments. Many
other embodiments will be apparent to those of skill in the art
upon reviewing the above description. The scope of the vari-
ous embodiments should, therefore, be determined with ref-
erence to the appended claims, along with the full scope of
equivalents to which such claims are entitled. In the appended
claims, the terms “including” and “in which” are used as the
plain-English equivalents of the respective terms “compris-
ing” and “wherein.” Moreover, in the following claims, the
terms “first,” “second,” and “third,” etc. are used merely as
labels, and are not intended to impose numerical require-
ments on their objects. Further, the limitations of the follow-
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ing claims are not written in means-plus-function format and
are not intended to be interpreted based on 35 U.S.C. §112,
sixth paragraph, unless and until such claim limitations
expressly use the phrase “means for” followed by a statement
of function void of further structure.

[0066] This written description uses examples to disclose
the various embodiments, including the best mode, and also
to enable any person skilled in the art to practice the various
embodiments, including making and using any devices or
systems and performing any incorporated methods. The pat-
entable scope of the various embodiments is defined by the
claims, and may include other examples that occur to those
skilled in the art. Such other examples are intended to be
within the scope of the claims if the examples have structural
elements that do not differ from the literal language of the
claims, or if the examples include equivalent structural ele-
ments with insubstantial differences from the literal lan-
guages of the claims.

What is claimed is:

1. An ultrasound system comprising:

an ultrasound probe having a transducer array for acquiring

ultrasound data and a first beamformer for partially
beamforming the data received from the transducer
array, a plurality of analog-to-digital (A/D) converters
configured to convert the partially beamformed data to
digital data, and a first digital transceiver to transmit the
partially beamformed digital data; and

a portable host system in communication with the ultra-

sound probe, the portable host system including a sec-
ond digital transceiver configured to receive the partially
beamformed digital data and at least one programmable
device configured to perform additional beamforming
on the partially beam formed digital data in software.

2. The ultrasound system of claim 1, wherein the host
system is further configured to perform scan conversion on
the additional beamformed data.

3. The ultrasound system of claim 1, wherein the host
system further includes a System-On-Chip (SOC) device, the
programmable device being an integral part of the SOC
device and further configured to perform the additional beam-
forming.

4. The ultrasound system of claim 1, wherein the host
system further includes a System-On-Chip (SOC) device, the
SOC device including at least one Central Processing Unit
(CPU) core and at least one graphical processing unit (GPU)
core, the host system being configured to distribute a work-
load between the CPU and the GPU.

5. The ultrasound system of claim 1, wherein the host
system further includes a System-On-Chip (SOC) device, the
SOC device including at least one CPU core, at least one
Digital Signal Processor (DSP) core and at least one GPU
core, the host system being configured to distribute a work-
load between the CPU, DSP and the GPU.

6. The ultrasound system of claim 1, wherein the host
system further includes a System-On-Chip (SOC) device, the
SOC device being configured to implement at least one of
signal amplitude detection and color flow processing.

7. The ultrasound system of claim 1, wherein the host
system further includes a System-On-Chip (SOC) device, the
SOC device being configured to execute a three-dimensional
(3D) rendering algorithm on the ultrasound data.

8. The ultrasound system of claim 1, wherein the host
system further includes a System-On-Chip (SOC) device, the
SOC device being configured to determine a type of ultra-
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sound probe transmitting the ultrasound data, and process the
ultrasound data based on the determined type of ultrasound
probe.

9. The ultrasound system of claim 1, wherein the host
system further includes a System-On-Chip (SOC) device, the
SOC device being configured to implement a phase aberra-
tion correction on the ultrasound data.

10. The ultrasound system of claim 1, wherein the host
system further includes a System-On-Chip (SOC) device, the
SOC device being configured to determine a performance
level of the host system and a power capability of the host
system, and then to perform ultrasound data processing based
on at least one of the performance of the host system and the
power capability of the host system.

11. The ultrasound system of claim 1, wherein the ultra-
sound probe comptrises a universal ultrasound probe having at
least two probe arrays.

12. The ultrasound system of claim 1, wherein a frame rate
of the ultrasound data is dynamically adjusted by the host
system while acquiring the ultrasound data, the adjustment
determined by at least one of the performance of the host
system and the power capability of the host system.

13. The ultrasound system of claim 1, wherein the ultra-
sound probe is configured to wirelessly transmit only digital
signals to the portable host system.

14. The ultrasound system of claim 1, wherein the portable
host system includes a phone.

15. The ultrasound system of claim 1, wherein the portable
host system comprises a smartphone or an electronic tablet.

16. The ultrasound system of claim 1, wherein the first
beamformer is implemented as a hardware device and the
second beamformer is implemented in software.

17. The ultrasound system of claim 1, wherein the ultra-
sound probe further comprises a sub-aperture beamforming
module.

18. An ultrasound system comprising:

an ultrasound probe including:

a transducer array for acquiring ultrasound data;

a plurality of analog-to-digital (A/D) converters config-
ured to convert analog signals received from the trans-
ducer array to digital signals;

a plurality of complex demodulators configured to gen-
erate 1Q data pairs that are representative of the digital
signals received from the A/D converters;

a beamformer for partially beamforming the data
received from the complex demodulators; and

a digital transceiver to transmit the partially beam
formed digital 1Q data to a host system; and

a portable host system in communication with the ultra-

sound probe.
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19. The ultrasound system of claim 18, wherein the host
system performs the final beam forming of the partially beam
formed 1Q data.

20. The ultrasound system of claim 18, wherein the host
system performs complex demodulation in software after the
final beam forming.

21. The ultrasound system of claim 18, wherein the ultra-
sound probe is configured to wirelessly transmit only digital
signals to the portable host system.

22. The ultrasound system of claim 18, wherein the beam-
former is implemented as a hardware device.

23. The ultrasound system of claim 18, further comprising
a sub-aperture beamforming module.

24. A method of operating an ultrasound imaging system
comprising:

receiving analog ultrasound data from a transducer array

installed in an ultrasound probe;

partially beamforming the ultrasound data to generate par-

tially beamformed ultrasound data;

converting the partially beamformed ultrasound data to

digital ultrasound data;

transmitting the digital ultrasound data from the ultrasound

probe to a portable host system; and

performing additional beamforming on the digital ultra-

sound data in software using a programmable device
within the portable host system.

25. The method of claim 24, wherein the ultrasound probe
further includes a first beamformer for partially beamforming
the ultrasound data received from the transducer array, a
plurality of analog-to-digital (A/D) converters configured to
convert the partially beamformed ultrasound data to the digi-
tal ultrasound data, and a first digital transceiver to transmit
the partially beamformed digital ultrasound data to the host
system.

26. The method of claim 24, further comprising utilizing a
software application installed in the host system to perform
scan conversion on the digital ultrasound data.

27. The method of claim 25, the ultrasound probe includes
a first beamformer and the host system includes a second
beamformer, the first beamformer being implemented as a
hardware device and the second beamformer being imple-
mented in software.

28. The method of claim 24, wherein the ultrasound probe
further comprises a sub-aperture beamforming module, said
method further comprising performing sub-aperture process-
ing on the analog ultrasound information received from the
transducer array.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HA R E(FRR)AGE)

FRI& B A

KRN

IPCH &=

CPCH%S

H b2 FF 3R
S\EReERE

E()

BERSOE  BERL , EARTREBFRIENREERESURSE
—RREKER , AT
ENRG , SEFRAER  AEEXENREBESE S RREAR
J$ MBS FRK B 2B

patsnap
ATRTEE RGN A EMZE

US20130226001A1 NI (»&E)B 2013-08-29

US13/406042 RiEH 2012-02-27

STEEN ERIKi#% &
HALMANNME 44 5 48
SOKULIN ALEXANDER
P B

STEEN , ERIK#& S
HALMANN , ME4 #5153
SOKULIN , ALEXANDER
PREE , [

BABRSANTH

STEEN ERIK NORMANN
HALMANN MENACHEM
SOKULIN ALEXANDER
KEMPINSKI ARCADY

STEEN, ERIK NORMANN
HALMANN, MENACHEM
SOKULIN, ALEXANDER

KEMPINSKI, ARCADY

AG1B8/13

A61B8/4427 A61B8/4472 A61B8/4488 A61B8/463 A61B8/565 A61B8/486 A61B8/488 A61B8/5207
A61B8/54 A61B8/468 G01S7/5208

US9314225

Espacenet USPTO

BRI R MR BE R B PR R Y (5 B AR B K

B SR BB BRI AT B AN A9 IR SR Ko

100



https://share-analytics.zhihuiya.com/view/c7518053-63e2-415d-be6f-2b83c62fe283
https://worldwide.espacenet.com/patent/search/family/049003729/publication/US2013226001A1?q=US2013226001A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130226001%22.PGNR.&OS=DN/20130226001&RS=DN/20130226001

