US 20160151042A1

12) Patent Application Publication (o) Pub. No.: US 2016/0151042 A1l

a9y United States

HAN et al.

(43) Pub, Date: Jun, 2, 2016

(54) ULTRASOUND IMAGING APPARATUS

(71) Applicant: SAMSUNG MEDISON CO., LTD.,
Gangwon-do (KR)

(72) Inventors: Gun Hee HAN, Seoul (KR); Seon
Hwan KANG, Hwaseong-si (KR); Un
Seob SHIN, Seoul (KR)

(21) Appl. No.: 14/668,981

(22) Filed: Mar. 25,2015
(30) Foreign Application Priority Data
Nov. 28,2014  (KR) wovverererrerences 10-2014-0168059

Publication Classification

(51) Int.CI
AGIB 8/00 (2006.01)
AGIB 8/08 (2006.01)
AGIB 8/14 (2006.01)
(52) US.CL
CPC . AGIB 8/4433 (2013.01); A61B 8/4444
(2013.01); A61B 8/14 (2013.01); AGIB 8/5207
(2013.01)
(57) ABSTRACT

Disclosed herein is an ultrasound imaging apparatus for gen-
erating an ultrasound image normally even when an ultra-
sound probe is mounted in a reverse direction. The ultrasound
imaging apparatus includes an ultrasound probe, a connector
configured to connect the ultrasound probe to a main body,
and the main body configured to generate an ultrasound
image using a signal transmitted through the connector
regardless ofa direction in which the connector is mounted on
the main body.
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FIG. 1
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FIG. 5
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ULTRASOUND IMAGING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0168059, filed on Nov. 28, 2014 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate to an
ultrasound imaging apparatus for generating an image of an
interior of a target substance using ultrasound.

[0004] 2. Description of the Related Art

[0005] Anultrasound imaging apparatus is an apparatus for
obtaining an image of a cross-section of soft tissue or blood
flow using information of a reflected ultrasound signal (an
ultrasound echo signal) through a non-invasive method of
radiating an ultrasound signal from a body surface of a target
substance toward a target area in the body.

[0006] Ultrasound imaging apparatuses are widely used for
cardiac, abdominal, urological and obstetric diagnoses
because they are compact and inexpensive, can provide real-
time display, and are very safe because there is no exposure to
radiation, or the like, in comparison with other image diag-
nosis apparatuses such as an X-ray diagnosis apparatus, an
X-ray computerized tomography (CT) scanner, a magnetic
resonance imaging (MRI) scanner, a nuclear medicine diag-
nosis apparatus, or the like.

[0007] An ultrasound imaging apparatus includes an ultra-
sound probe configured to transmit an ultrasound signal to a
target substance and receive an ultrasound echo signal
reflected from the target substance to obtain an ultrasound
image of the target substance, and a main body configured to
generate animage in the target substance using the ultrasound
echo signal received by the ultrasound probe.

SUMMARY

[0008] Therefore, it is an aspect of the present invention to
provide an ultrasound imaging apparatus for generating an
ultrasound image normally even when an ultrasound probe is
mounted in a reverse direction.

[0009] Additional aspects of the invention will be set forth
in part in the description which follows and, in part, will be
obvious from the description, or may be learned by practice of
the invention.

[0010] In accordance with one aspect of the present inven-
tion, an ultrasound imaging apparatus according to an
embodiment includes an ultrasound probe; a connector con-
figured to connect the ultrasound probe to a main body; and
the main body configured to generate an ultrasound image
using a signal transmitted through the connector regardless of
a direction in which the connector is mounted on the main
body.

[0011] Inaddition, the connector may include a plurality of
contact sections configured to come in electrical contact with
the main body upon mounting on the main body to transmit a
signal to the main body, and the contact sections may have a
symmetrical array such that the connector is mounted in the
slot in different directions symmetrical to each other.

[0012] Inaddition, the main body may determine a mount-
ing direction of the connector as a first direction when a
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predetermined signal is transmitted from a first contact sec-
tion of the plurality of contact sections to the main body orthe
predetermined signal is transmitted from the main body to the
first contact section.

[0013] In addition, the main body may determine the
mounting direction of the connector as a second direction
opposite to the first direction when a predetermined signal is
not transmitted from a first contact section of the plurality of
contact sections to the main body or the predetermined signal
is not transmitted from the main body to the first contact
section.

[0014] In addition, when the connector is mounted in the
second direction, the main body may perform beam forming
in a procedure opposite to a beam forming procedure pet-
formed with respect to an ultrasound echo signal transmitted
through the connector when the connector is mounted in the
first direction.

[0015] In addition, when the connector is mounted in the
second direction, the main body may perform beam forming
in a beam forming procedure performed when the connector
is mounted in the first direction after the sequence of the
ultrasound echo signals transmitted through the connector is
switched in a reverse direction.

[0016] In addition, when the connector is mounted in the
second direction, the main body may perform image process-
ing in a procedure opposite to the image processing procedure
performed on the beam forming signal when the connector is
mounted in the first direction.

[0017] In addition, when the connector is mounted in the
second direction, the main body may perform beam forming
in a beam forming procedure performed on the ultrasound
echo signal transmitted through the connector when the con-
nector is mounted in the first direction.

[0018] In addition, the ultrasound probe may perform the
beam forming on the ultrasound echo signal to transmit a
beam forming signal to the main body through the connector.

[0019] Inaddition, the connector may include a mechanism
configured to generate a structural change when the connec-
tor is mounted on the main body in a first direction.

[0020] In addition, the main body may determine that the
connector is mounted on the main body in a second direction
opposite to the first direction when the structural change of
the mechanism is not detected.

[0021] In addition, the main body may include a mecha-
nism configured to generate a structural change when the
connector 1s mounted on the main body in a first direction.

[0022] In addition, the main body may determine that the
connector is mounted on the main body in a second direction
opposite to the first direction when the structural change of
the mechanism is not detected.

[0023] Inaddition, the main body may include a sensor, and
the connector may include an object provided to be detected
by the sensor when mounted on the main body in the first
direction.

[0024] In addition, the main body may determine that the
connector is mounted on the main body in a second direction
opposite to the first direction when the object is not detected
by the sensor.

[0025] Inaddition, the connector may include a sensor, and
the main body may include an object provided to be detected
by the sensor when the connector is mounted on the main
body in the first direction.
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[0026] In addition, the main body may determine that the
connector is mounted on the main body in a second direction
opposite to the first direction when the object is not detected
by the sensor.

[0027] In addition, the connector may include a sensor
configured to recognize a first direction as a normal direction,
and output, to the main body, a signal representing that the
connector is mounted on the main body in a reverse direction
when the connector is mounted on the main body in a second
direction opposite to the first direction.

[0028] In addition, the sensor may include a gyro sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects of the invention will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings of which:

[0030] FIG.11s a view showing an appearance of an ultra-
sound imaging apparatus according to an embodiment;
[0031] FIG. 2 is a control block diagram of the ultrasound
imaging apparatus according to the embodiment;

[0032] FIG. 3 isacontrol block diagram specifically show-
ing a configuration of a main body of the ultrasound imaging
apparatus according to the embodiment;

[0033] FIG. 4 is a view showing a connector, in which a
mechanism is included, and a slot of the ultrasound imaging
apparatus according to the embodiment;

[0034] FIG. 5 is a view showing a connector, in which an
object and a sensor are included, and a slot of the ultrasound
imaging apparatus according to the embodiment;

[0035] FIGS. 6a and 65 are conceptual views showing that
an image processing unit of the ultrasound imaging apparatus
according to the embodiment performs image processing dif-
ferently according to a mounting direction of a connector;
[0036] FIG. 6¢ is a conceptual view showing that the ultra-
sound imaging apparatus according to the embodiment con-
verts a signal received through the connector in an opposite
direction;

[0037] FIGS. 7a and 75 are conceptual views showing that
areception beam former of the ultrasound imaging apparatus
according to the embodiment performs image processing dif-
ferently according to a mounting direction of a connector;
[0038] FIG. 7c is a conceptual view showing that by the
ultrasound imaging apparatus according to the embodiment
converts a signal received through the connector into the
opposite direction; and

[0039] FIGS. 8a and 85 are conceptual views showing that
an image processing unit of the ultrasound imaging apparatus
according to the embodiment performs image processing dif-
ferently according to a mounting direction of the connector.

DETAILED DESCRIPTION

[0040] Reference will now be made in detail to the embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings, wherein like reference
numerals refer to like elements throughout.

[0041] FIG.11s a view showing an appearance of an ultra-
sound imaging apparatus according to an embodiment, and
FIG. 2 is a control block diagram of the ultrasound imaging
apparatus according to the embodiment. In addition, FIG. 3 is
a control block diagram specifically showing a configuration
ofamain body of theultrasound imaging apparatus according
to the embodiment.
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[0042] Referring to FIG. 1, an ultrasound imaging appara-
tus 1 includes an ultrasound probe p configured to transmit
ultrasound to a target substance, receive an ultrasound echo
signal from the target substance and convert the ultrasound
echo signal into an electrical signal, and a main body M
connected to the ultrasound probe p, having an input unit 540
and a display unit 550 and configured to display an ultrasound
image. An ultrasound probe P can be connected to the main
body M of the ultrasound imaging apparatus through a cable
5 to receive various signals required to control the ultrasound
probe P, or transmit an analog signal or a digital signal cor-
responding to the ultrasound echo signal received by the
ultrasound probe P to the main body M.

[0043] One end of the cable 5 may be connected to the
ultrasound probe P, and the other end may be provided with a
connector 6 configured to be coupled to or separated from a
slot 7 of the main body M. The main body M and the ultra-
sound probe P can send and receive a control order or data
using the cable 5. In general, the connector 6 should be
mounted in the slot 7 of the main body in a predetermined
direction, i.e., a normal direction. In general, a plurality of
pin-shaped contact sections provided to be inserted into the
slot 7 are provided at the connector 6, and a plurality of
grooves or holes having an array corresponding to an array of
pins are provided at the slot 7 such that the pins of the con-
nector 6 can be inserted. Grooves formed in the slot 7 should
be connected to the corresponding contact sections of the
connector 6 to operate the ultrasound probe P normally, and
the main body can generate and display the ultrasound image.
That 1s, the connector 6 should be mounted in the slot 7 ofthe
main body in a predetermined direction, i.e., a normal direc-
tion. Whenthe connector 6 is mounted in the slot 7 in a reverse
direction opposite to the normal direction, since the grooves
of the slot 7 cannot receive the signal from the corresponding
contact section, the ultrasound probe P cannot be normally
operated, and the main body cannot generate the ultrasound
image. In the embodiment, even when the connector 6 is
mounted in the reverse direction, the ultrasound imaging
apparatus capable of generating the ultrasound image nor-
mally regardless of the mounting direction of the connector 6
is provided. Specific description will be provided below.
[0044] Meanwhile, as shown in FIG. 2, the main body M
may include a control unit 500, an image processing unit 530,
the input unit 540 and the display unit 550.

[0045] The control unit 500 controls the entire operation of
the ultrasound imaging apparatus 1. Specifically, the control
unit 500 generates control signals for controlling components
of the ultrasound imaging apparatus 1, for example, a trans-
mission apparatus 100, a T/R switch 10, a reception apparatus
200, the image processing unit 530, the display unit 550, and
so on, shown in FIG. 2, to control operations of the compo-
nents. While a transmission/reception beam former is
included in the ultrasound probe P rather than in the main
body in the ultrasound imaging apparatus according to the
embodiment shown in FIGS. 2 and 3, the transmission/recep-
tion beam former may be included in the main body rather
than in the ultrasound probe P.

[0046] The control unit 500 calculates delay profiles of a
plurality of ultrasound transducer elements e constituting an
ultrasound transducer array TA, and calculates a time delay
value according to a distance difference between the plurality
of ultrasound transducer elements e included in the ultra-
sound transducer array TA and a focal point of the target
substance based on the calculated delay profiles. In addition,
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the control unit 500 controls a transmission/reception beam
former according to the calculated value to generate a trans-
mission/reception signal.

[0047] Inaddition, the control unit 500 can generate a con-
trol order of each of the components of the ultrasound imag-
ing apparatus 1 according to a user’s instruction or order input
through the input unit 540 to control the ultrasound imaging
apparatus 1.

[0048] The image processing unit 530 generates an ultra-
sound image ofthe target area in the target substance based on
the ultrasound signal received through the reception appara-
tus 200.

[0049] Referring to FIG. 3, the image processing unit 530
may include an image forming unit 531, a signal processing
unit 533, a scan converter 535, a storage unit 537 and a
volume rendering unit 539.

[0050] The image forming unit 531 generates a coherent
2-dimensional image or 3-dimensional image of the target
area in the target substance based on the ultrasound signal
received through the reception apparatus 200.

[0051] The signal processing unit 533 converts coherent
image information formed by the image forming unit531 into
ultrasound image information according to a diagnosis mode
such as a brightness mode (B-mode), a Doppler mode
(D-mode), or the like. For example, the signal processing unit
533 performs processing such as A/D conversion processing
or the like, and drafts ultrasound image information for a
B-mode image in real time when the diagnosis mode is set to
the B-mode. In addition, the signal processing unit 533
extracts phase change information from the ultrasound signal,
calculates information on blood flow, etc., corresponding to
each point of a photographed cross-section such as a speed,
power, dispersion, or the like, and drafts ultrasound image
information for a D-mode image when the photographing
mode is set to the D-mode.

[0052] The scanconverter 535 converts the converted ultra-
sound image information received from the signal processing
unit 533 or the converted ultrasound image information
stored in the storage unit 537 into a general video signal for
the display unit 550 to transmit the general video signal to the
volume rendering unit 539.

[0053] The storage unit 537 temporarily or non-tempo-
rarily stores the ultrasound image information converted
through the signal processing unit 533.

[0054] The volume rendering unit 539 performs volume
rendering based on a video signal transmitted from the scan
converter 535, compensates the rendered image information
to generate a resultant image, and transmits the resultant
image to the display unit 550.

[0055] The input unit 540 is provided such that a user can
input an order to operate the ultrasound imaging apparatus 1.
The user can input or set a selection order of diagnosis modes
such as an ultrasound diagnosis start order, an A-mode (am-
plitude mode), a B-mode (brightness mode), a color mode, a
D-mode (Doppler mode), an M-mode (motion mode), and so
on, region of interest (ROI) setting information including a
size and a position of a region of interest (ROI), and so on,
through the input unit 540. The input unit 540 may include
various means through which the user can input data, an
instruction, or an order, for example, a keyboard, a mouse, a
trackball, a tablet, a touch screen module, and so on.

[0056] The display unit 550 displays a menu or guide
required for ultrasound diagnosis, an ultrasound image
obtained in an ultrasound diagnosis process, and so on. The
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display unit 550 displays the ultrasound image of the target
area in the target substance generated by the image processing
unit 530. The ultrasound image displayed on the display unit
550 may be an ultrasound image of the A-mode, an ultrasound
image of the B-mode, or a 3-dimensional ultrasound image.
The display unit 550 may be implemented as various known
display types such as a cathode ray tube (CRT), a liquid
crystal display (LCD), and so on.

[0057] As shown in FIG. 2, the ultrasound probe P accord-
ing to the embodiment may include a transducer array TA, the
T/R switch 10, the transmission apparatus 100 and the recep-
tion apparatus 200. The transducer array TA is provided at an
end of the ultrasound probe p. The ultrasound transducer
array TA is an array in which the plurality of ultrasound
transducer elements e are arranged in a 1-dimensional or
2-dimensional array. The ultrasound transducer array TA is
vibrated by an applied pulse signal or alternating current to
generate ultrasound. The generated ultrasound is transmitted
to the target area in the target substance. In this case, the
ultrasound generated in the ultrasound transducer array TA
may be focused on a plurality of target areas in the target
substance and transmitted. In other words, the generated
ultrasound may be multi-focused on the plurality of target
areas and transmitted.

[0058] The ultrasound generated in the ultrasound trans-
ducer array TA is reflected by the target area in the target
substance to return to the ultrasound transducer array TA. The
ultrasound transducer array TA receives an ultrasound echo
signal reflected and returned from the target area. When the
ultrasound echo signal is returned, the ultrasound transducer
array TA is vibrated at a predetermined frequency corre-
sponding to a frequency of the ultrasound echo signal, and
outputs an alternating current having a frequency correspond-
ing to the vibration frequency. Accordingly, the ultrasound
transducer array TA can convert the received ultrasound echo
signalinto a predetermined electrical signal. Since each ofthe
elements e receives the ultrasound echo signal and outputs the
electrical signal, the ultrasound transducer array TA can out-
put electrical signals of a plurality of channels.

[0059] The ultrasound transducer may be implemented as
one of a magnetostrictive ultrasound transducer using a mag-
netostrictive effect of a magnetic body, a piezoelectric ultra-
sound transducer using a piezoelectric effect of a piezoelec-
tric, and a capacitive micromachined ultrasonic transducer
(cMUT) for transmitting/receiving ultrasound using vibra-
tions of several hundred or thousand finely-machined thin
films. In addition, other kinds of transducers configured to
generate ultrasound according to an electrical signal or gen-
erate an electrical signal according to ultrasound may also be
examples of the ultrasound transducer.

[0060] For example, the ultrasound transducer elements e
may include a piezoelectric vibrator or a thin film. The piezo-
electric vibrator or the thin film is vibrated at a predetermined
frequency according to the alternating current when the alter-
nating current is applied from a power source, and generates
ultrasound of a predetermined frequency according to the
vibration frequency. On the other hand, the piezoelectric
vibrator or the thin film is vibrated according to the ultrasound
echo signal to output the alternating current of the frequency
corresponding to the vibration frequency when the ultrasound
echo signal of the predetermined frequency arrives at the
piezoelectric vibrator or the thin film.

[0061] The transmission apparatus 100 applies a transmis-
sion pulse to the transducer array TA to cause the transducer
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array TA to transmit the ultrasound signal to the target area in
the target substance. The transmission apparatus may include
a transmission beam former 110 and a pulser 120.

[0062] The transmission beam former 110 forms a trans-
mission signal pattern according to a control signal of the
control unit 500 of the main body M to output the pattern to
the pulser 120. The transmission beam former 110 forms a
transmission signal pattern based on a time delay value of
each of the ultrasound transducer elements e constituting the
ultrasound transducer array TA calculated through the control
unit 500 and transmits the formed transmission signal pattern
to the pulser 120.

[0063] The reception apparatus performs predetermined
processing of the ultrasound echo signal received from the
transducer array TA, and performs the reception beam form-
ing. The reception apparatus 200 may include a reception
signal processing unit and a reception beam former. The
electric signal converted in the transducer array TA is input
into the reception signal processing unit. The reception signal
processing unit can amplify a signal before the ultrasound
echo signal performs the signal processing or the time delay
processing withrespect to the electric signal, and adjusta gain
or compensate attenuation according to a depth. More spe-
cifically, the reception signal processing unit may include a
low noise amplifier (LNA) configured to reduce noise of the
electric signal input from the ultrasound transducer array TA,
and a variable gain amplifier (VGA) configured to control a
gain value according to the input signal. The variable gain
amplifier may be a time gain compensator (TGC) configured
to compensate the gain according to a distance from the focal
point, but is not limited thereto.

[0064] The reception beam former performs the beam
forming of the electrical signal input from the reception sig-
nal processing unit. The reception beam former increases
intensity of the signal through superposition of the electrical
signals input from the reception signal processing unit. The
signal beam-formed in the reception beam former is con-
verted into a digital signal through an analog-digital converter
to be transmitted to the image processing unit 530 of the main
body M. When the analog-digital converter is provided at the
main body M, the analog signal beam-formed in the reception
beam former may be transmitted to the main body M to be
converted into the digital signal in the main body M. Alter-
natively, the reception beam former may be a digital beam
former. In the case of the digital beam former, the digital beam
former may include a storage unit configured to sample and
store the analog signal, a sampling period control unit con-
figured to control a sampling period, an amplifier configured
to adjust a size of a sample, an anti-aliasing low pass filter
configured to prevent aliasing before sampling, a band pass
filter configured to select a desired frequency band, an inter-
polation filter configured to increase sampling upon beam
forming, a high-pass filter configured to remove a DC ele-
ment or a signal of a low frequency band, and so on.

[0065] Meanwhile, when the connector 6 is mounted on the
main body M in the reverse direction rather than the normal
direction, as described above, the ultrasound probe P may not
operate normally, or the main body M may be unable to
generate the ultrasound image. Accordingly, when the con-
nector 6 is mounted in the reverse direction, the user should
mount the connector 6 in the normal direction again. In order
to remove inconvenience for the user of having to consider the
mounting direction of the connector 6 and mount the connec-
tor 6 in the normal direction again when he or she has
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mounted it in the reverse direction, the embodiment provides
the ultrasound imaging apparatus that operates normally even
when the user does not consider the mounting direction of the
connector 6 and mounts the connector 6 in either of the
normal direction and the reverse direction.

[0066] The ultrasound imaging apparatus according to the
embodiment can recognize that the connector 6 is mounted in
the reverse direction rather than the normal direction when
the connector 6 is mounted on the main body M in the reverse
direction. Here, the normal direction is the mounting direc-
tion of the connector 6 in which normal transmission/recep-
tion of the data and control order between the ultrasound
probe P and the main body M is possible, and the reverse
direction is an opposite direction of the normal direction.
[0067] The contact sections of the connector 6 have a sym-
metrical array to be mounted on the main body M in both
directions of the normal direction and the reverse direction,
and the slots 7 also have a symmetrical array corresponding to
the contact sections. For example, provided that the contact
sections have a 2-dimensional array of 12>34, when the con-
nector 6 is mounted in the normal direction, a pin located at
(1, 1) is mounted in a groove located at (1, 1) corresponding
thereto, whereas when the connector 6 is mounted in the
reverse direction, a pin located at (12, 34) is mounted in the
groove located at (1, 1), and the pin located at (1, 1) is
mounted in a groove located at (12, 34).

[0068] When the connector 6 is mounted on the main body
M in the normal direction, the ultrasound imaging apparatus
operates normally, whereas when it is mounted in the reverse
direction, a sequence of signals opposite to the sequence of
signals received through the connector 6 when it is mounted
in the normal direction is transmitted to the main body M.
While a normal ultrasound image generation process is pet-
formed when the connector 6 is mounted in the normal direc-
tion, since an operation of converting the sequence of the
ultrasound signals into the opposite direction should be addi-
tionally performed when the connector 6 is mounted in the
reverse direction, the main body M should detect whether the
connector 6 is mounted in the reverse direction.

[0069] Hereinafter, various embodiments for detecting
whether the connector 6 is mounted in the reverse direction
will be described in detail.

[0070] The ultrasound imaging apparatus according to the
embodiment can use any one of the plurality of contact sec-
tions provided in the connector 6 as a discriminator for rec-
ognizing the mounting direction of the connector 6. For
example, after the connector 6 is mounted on the main body
M, when a predetermined signal is transmitted from one
contact section (hereinafter referred to as a first contact sec-
tion) of the plurality of contact sections provided at the con-
nector 6 to the main body M or a predetermined signal is
transmitted from the main body M to the first contact section,
the main body M can determine that the connector 6 is
mounted in the normal direction. On the other hand, afier the
connector 6 is mounted on the main body M, when the pre-
determined signal is not transmitted from the first contact
section to the main body M or the predetermined signal is not
transmitted from the main body M to the first contact section,
the main body M can determine that the connector 6 is
mounted in the reverse direction.

[0071] Forexample, provided that the contact sections have
the 2-dimensional array of 12x34, power of 5V is supplied to
the contact section located at (1, 1), and the contact section
located at (12, 34) may be designed as ground. The main body
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M determines that the connector 6 is mounted in the normal
direction when a power signal of 5 V is applied to the contact
section located at (1, 1) after the connector 6 is mounted, and
determines that the connector 6 is mounted in the reverse
direction when the power signal of 5V is not applied to the
contact section located at (1, 1).

[0072] Theabove-mentioned descriptionis only exemplary
and at least one contact section may be used to determine the
mounting direction of the connector 6. As described above, a
separate contact section used only to determine the mounting
direction of the connector 6 separate from the contact section
configured to perform an inherent function like the contact
section related to supply of the power may be provided to
determine the mounting direction of the connector 6.

[0073] Inaddition, the slot 7 of the main body M according
to the embodiment may include a mechanism 9 configured to
generate a structural change when the connector 6 is mounted
in the normal direction. FIG. 4 is a view showing the connec-
tor 6, in which the mechanism is included, and the slot 7 of the
ultrasound imaging apparatus according to the embodiment.
For example, as shown in FIG. 4, the mechanism 9 having a
structure such as a switch or a button pushed when a pressure
is applied may be installed in the slot 7. The mechanism 9 can
output a predetermined signal when pushed by the pressure,
and the main body M can determine that the connector 6 is
mounted in the normal direction when the signal output from
the mechanism 9 is received and determine that the connector
6 is mounted in the reverse direction when the signal is not
received. Another mechanism 8 may be provided at the con-
nector 6 to come in contact with the mechanism 9 to apply a
predetermined pressure to the mechanism 9 upon mounting
of the connector 6 in the normal direction such that the pres-
sure is applied to the mechanism 9 of the slot 7 only when the
connector 6 is mounted in the normal direction. The mecha-
nism 8 provided at the connector 6 may be provided at a
position at which the pressure is applied to the mechanism 9
of the slot 7 when the connector 6 is mounted in the normal
direction. While the mechanism 9 of the slot 7 is structurally
changed to be pushed by the pressure or the like, since the
mechanism 8 of the connector 6 applies the pressure, a struc-
ture fixed not to move upon coming in contact with the
mechanism 9 of the slot 7 may be provided.

[0074] Anembodiment operated in a reverse manner is also
possible. That is, when the connector 6 is mounted in the
normal direction, the mechanism 8 installed at the connector
6 may be provided to be pushed, and the mechanism 9 pro-
vided in the slot 7 may be provided to apply a pressure to the
mechanism 8 of the connector 6.

[0075] Inaddition, the mechanism of the connector 6 or the
slot 7 may be implemented to generate a structural change
when the connector 6 is mounted in the reverse direction
rather than the normal direction.

[0076] In addition, the slot 7 of the main body M according
to the embodiment may include a sensor S configured to
detect when the connector 6 is mounted in the normal direc-
tion. FIG. 5 is a view showing the connector 6, in which an
object O and the sensor S are included, and the slot 7 of the
ultrasound imaging apparatus according to the embodiment.
The connector 6 may include the object O provided to be
detected by the sensor S of the slot 7 when the connector 6 is
mounted in the normal direction. That is, when the connector
6 is mounted in the normal direction, the sensor S can detect
the object O of the connector 6 to output a predetermined
signal, and the main body M can receive the signal output
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from the sensor S to determine that the connector 6 is
mounted in the normal direction. In addition, when the signal
is not output from the sensor S, the main body M can deter-
mine that the connector 6 is mounted in the reverse direction.
[0077] On the other hand, when the sensor S is installed at
the connector 6 and the connector 6 is mounted in the normal
direction, the object O that can be detected by the sensor S of
the connector 6 may be installed at the slot 7. The sensor S of
the connector 6 can output a detection signal to the main body
M when the object O of the slot 7 is detected, and the main
body M can receive the detection signal to determine that the
connector 6 is mounted in the normal direction.

[0078] As described above, when the connector 6 is
mounted in the reverse direction, the sensor S and the object
O may be installed at the connector 6 and the slot 7 such that
the sensor S detects the object O to output the signal. In this
case, the main body M determines the mounting direction of
the connector 6 as the reverse direction when the signal is
output from the sensor S, and determines the mounting direc-
tion of the connector 6 as the normal direction when the signal
is not output.

[0079] Inaddition, the mounting direction of the connector
6 can be detected by installing only the sensor S without the
object O. For example, when a gyro sensor is installed at the
connector 6, if a normal mounting direction of the connector
6 isset as a reference direction and the connector 6 is mounted
in the reverse direction, the gyro sensor can output the signal.
When the signal is output from the gyro sensor, the main body
M receives the signal to determine the mounting direction of
the connector 6 as the reverse direction. On the other hand,
when a reverse mounting direction of the connector 6 is set as
a reference direction and the connector 6 is mounted in the
normal direction, the signal may be output from the gyro
sensor. In this case, when the signal is not output from the
gyro sensor, the main body M determines the mounting direc-
tion of the connector 6 as the reverse direction. The gyro
sensor is merely an example, and various kinds of sensors
configured to detect the mounting direction of the connector
6 without the separate object O may be used.

[0080] When the connector 6 is mounted in the reverse
direction, a sequence of the signals transmitted through the
connector 6 is opposite to a sequence of the signals transmit-
ted through the connector 6 when the connector 6 is mounted
in the normal direction. For example, when the connector 6 is
mounted in the normal direction, the groove located at (5, 1)
of the slot 7 receives the signal transmitted from the contact
section located at (5, 1) of the connector 6. However, when the
connector 6 is mounted in the reverse direction, the groove
located at (5, 1) of the slot 7 receives the signal transmitted
from the contact section located at (8, 34) of the connector 6,
and the groove located at (8, 34) of the slot 7 receives the
signal transmitted from the contact section located at (5, 1) of
the connector 6. Accordingly, when the mounting direction of
the connector 6 is determined as the reverse direction, the
main body M should convert the signal received through the
connector 6 into the sequence of signals received when the
connector 6 is mounted in the normal direction. Hereinafter,
referring to FIGS. 64 to 6¢, a method of generating an ultra-
sound image in the main body M when the connector 6 of the
ultrasound probe P including the transmission/reception
beam former is installed in the reverse direction will be
described in detail.

[0081] FIGS. 6a and 65 are conceptual views showing that
the image processing unit 530 of the ultrasound imaging
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apparatus according to the embodiment performs the image
processing differently according to the mounting direction of
the connector 6, and FIG. 6¢ is a conceptual view showing
that the ultrasound imaging apparatus according to the
embodiment converts the signal received from the connector
6 into the opposite direction.

[0082] When the ultrasound probe P includes the transmis-
sion/reception beam former, the signal transmitted through
the connector 6 is a beam forming signal obtained by per-
forming the reception beam forming. FIGS. 6a to 6¢ show
curves symbolically representing time delay applied to the
ultrasound echo signal to discriminate the beam forming sig-
nal from the ultrasound echo signal before beam forming.
[0083] FIG. 6a shows an image processing procedure per-
formed on the beam forming signal transmitted through the
connector 6 in which the image processing unit 530 is
mounted in the normal direction when the connector 6 is
mounted in the normal direction. On the other hand, FIG. 65
shows an image processing procedure performed on the beam
forming signal by the image processing unit 530 when the
connector 6 is mounted in the reverse direction. As shown in
FIG. 6b, the image processing unit 530 of the main body M
performs the image processing in an opposite procedure of
the image processing procedure shown in FIG. 6a with
respect to the sequence of the beam forming signal to generate
the ultrasound image when the beam forming signal trans-
mitted through the connector 6 mounted in the reverse direc-
tion is received. The image processing may be performed in
the opposite procedure with respect to the beam forming
signal in the image processing unit 530, and as shown in FIG.
6¢, after the sequence of the beam forming signals before the
beam forming signals are input into the image processing unit
530 is converted into the sequence of the beam forming sig-
nals transmitted when the connector 6 is mounted in the
normal direction, the beam forming signal of the converted
sequence can be transmitted to the image processing unit 530.
For example, a relay device of a board provided in the slot 7
can be controlled by the control unit of the main body M to
convert the sequence of the beam forming signals into the
sequence of the beam forming signals when the connector 6 is
mounted in the normal direction. In this case, the image
processing unit 530 performs the image processing like the
case in which the connector 6 is mounted in the normal
direction to thereby generate the ultrasound image.

[0084] When the transmission/reception beam former is
provided in the main body M rather than in the ultrasound
probe P, the ultrasound echo signal received by the element of
the ultrasound transducer array TA is transmitted to the main
body M through the connector 6. The main body M performs
the predetermined signal processing and reception beam
forming with respect to the ultrasound echo signal transmit-
ted through the connector 6 to generate the ultrasound image.
Hereinafter, a method of generating the ultrasound image in
the main body M including the transmission/reception beam
former when the connector 6 is mounted in the reverse direc-
tion will be described in detail with reference to FIGS. 7a to
7c, 8a and 85.

[0085] FIGS. 7a and 75 are conceptual views showing that
areception beam former 201 of the ultrasound imaging appa-
ratus according to the embodiment performs the image pro-
cessing differently according to the mounting direction of the
connector 6, and FIG. 7c¢ is a conceptual view showing that
the ultrasound imaging apparatus according to the embodi-
ment converts the signal received through the connector 6 into
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the opposite direction. FIGS. 8a and 85 are conceptual views
showing that the image processing unit 530 of the ultrasound
imaging apparatus according to the embodiment performs the
image processing differently according to the mounting
direction of the connector 6.

[0086] FIG. 7a shows the beam forming procedure per-
formed on the ultrasound echo signal transmitted through the
connector 6 in which the reception beam former 201 is
mounted in the normal direction, when the connector 6 is
mounted in the normal direction. On the other hand, FIG. 76
shows the beam forming procedure performed on the ultra-
sound echo signal by the reception beam former 201 when the
connector 6 is mounted in the reverse direction. As shown in
FIG. 7b, when the connector 6 is mounted in the reverse
direction, the main body M performs the reception beam
forming in an opposite procedure of the beam forming pro-
cedure shown in FIG. 7a with respect to the sequence of the
ultrasound echo signal transmitted through the connector 6
mounted in the reverse direction to generate the beam form-
ing signals of the same sequence as the beam forming signals
output from the reception beam former 201 when the connec-
tor 6 is mounted in the normal direction. In this case, the
image processing unit 530 performs the image processing
like the case in which the connector 6 is mounted in the
normal direction to thereby generate the ultrasound image.
[0087] As another example, as shown in FIG. 7c¢, after the
sequence of the ultrasound echo signals before the ultrasound
echo signal is input into the reception beam former 201 of the
main body M is converted into the sequence of the ultrasound
echo signal transmitted when the connector 6 is mounted in
the normal direction, the ultrasound echo signals of the con-
verted sequence can be transmitted to the reception beam
former 201. For example, the relay device of the board pro-
vided in the slot 7 can be controlled in the control unit of the
main body M to convert the sequence of the ultrasound echo
signals into the sequence of the ultrasound echo signals when
the connector 6 is mounted in the normal direction. In this
case, the reception beam former 201 performs the beam form-
ing like the case in which the connector 6 is mounted in the
normal direction to thereby generate the ultrasound image.
[0088] FIG. 8a shows a beam forming procedure per-
formed on the ultrasound echo signal transmitted through the
connector 6 in which the reception beam former 201 is
mounted in the normal direction when the connector 6 is
mounted in the normal direction, and an image processing
procedure performed on the beam forming signal generated
in the reception beam former 201 by the image processing
unit 530. On the other hand, FIG. 85 shows an image process-
ing procedure performed on the beam forming signal by the
image processing unit 530 when the connector 6 is mounted
in the reverse direction. As shown in FIG. 85, even when the
connector 6 is mounted in the reverse direction, the reception
beam former 201 performs the reception beam forming like
when mounted in the normal direction without converting the
sequence of the ultrasound echo signals transmitted through
the connector 6 mounted in the reverse direction, and the
image processing may be performed in the image processing
unit 530 in an opposite procedure of the sequence of the beam
forming signal to generate the ultrasound image.

[0089] That is, when the connector 6 is mounted in the
reverse direction, as shown in FIG. 7b, the reception beam
forming may be performed in an opposite procedure of the
sequence of the ultrasound echo signals in the reception beam
former 201, or as shown in FIG. 85, the image processing may
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be performed in the image processing unit 530 in an opposite
procedure of the sequence of the beam forming signals to
generate the normal ultrasound image.
[0090] As is apparent from the above description, the ultra-
sound imaging apparatus according to the aspect of the
present invention can generate the normal ultrasound image
regardless of a direction in which the ultrasound probe is
mounted on the main body.
[0091] In addition, since the ultrasound imaging apparatus
operates normally regardless of the mounting direction of the
ultrasound probe, the user has no need to check the mounting
direction of the ultrasound probe.
[0092] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in these
embodiments without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.
What is claimed is:
1. An ultrasound imaging apparatus comprising:
an ultrasound probe;
a connector configured to connect the ultrasound probe to
a main body; and

the main body configured to generate an ultrasound image
using a signal transmitted through the connector regard-
less of a direction in which the connector is mounted on
the main body.

2. The ultrasound imaging apparatus according to claim 1,
wherein the connector comprises a plurality of contact sec-
tions configured to come in electrical contact with the main
body upon mounting on the main body to transmit a signal to
the main body, and the contact sections have a symmetrical
array such that the connector is mounted in the slot in differ-
ent directions symmetrical to each other.

3. The ultrasound imaging apparatus according to claim 2,
wherein the main body determines a mounting direction of
the connector as a first direction when a predetermined signal
is transmitted from a first contact section of the plurality of
contact sections to the main body or the predetermined signal
is transmitted from the main body to the first contact section.

4. The ultrasound imaging apparatus according to claim 2,
wherein the main body determines the mounting direction of
the connector as a second direction opposite to the first direc-
tion when a predetermined signal is not transmitted from a
first contact section of the plurality of contact sections to the
main body or the predetermined signal is not transmitted from
the main body to the first contact section.

5. The ultrasound imaging apparatus according to claim 4,
wherein, when the connector is mounted in the second direc-
tion, the main body performs beam forming in a procedure
opposite to abeam forming procedure performed with respect
to an ultrasound echo signal transmitted through the connec-
tor when the connector is mounted in the first direction.

6. The ultrasound imaging apparatus according to claim 4,
wherein, when the connector is mounted in the second direc-
tion, the main body performs beam forming in a beam form-
ing procedure performed when the connector is mounted in
the first direction after the sequence of the ultrasound echo
signals transmitted through the connector is switched in a
reverse direction.

7. The ultrasound imaging apparatus according to claim 4,
wherein, when the connector is mounted in the second direc-
tion, the main body performs image processing in a procedure
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opposite to the image processing procedure performed on the
beam forming signal when the connector is mounted in the
first direction.

8. The ultrasound imaging apparatus according to claim 7,
wherein, when the connector is mounted in the second direc-
tion, the main body performs beam forming in a beam form-
ing procedure performed on the ultrasound echo signal trans-
mitted through the connector when the connector is mounted
in the first direction.

9. The ultrasound imaging apparatus according to claim 7,
wherein the ultrasound probe performs the beam forming on
the ultrasound echo signal to transmit a beam forming signal
to the main body through the connector.

10. The ultrasound imaging apparatus according to claim
1, wherein the connector comprises a mechanism configured
to generate a structural change when the connector is
mounted on the main body in a first direction.

11. The ultrasound imaging apparatus according to claim
10, wherein the main body determines that the connector is
mounted on the main body in a second direction opposite to
the first direction when the structural change of the mecha-
nism is not detected.

12. The ultrasound imaging apparatus according to claim
1, wherein the main body comprises a mechanism configured
to generate a structural change when the connector is
mounted on the main body in a first direction.

13. The ultrasound imaging apparatus according to claim
12, wherein the main body determines that the connector is
mounted on the main body in a second direction opposite to
the first direction when the structural change of the mecha-
nism is not detected.

14. The ultrasound imaging apparatus according to claim
1, wherein the main body comprises a sensor, and the con-
nector comprises an object provided to be detected by the
sensor when mounted on the main body in the first direction.

15. The ultrasound imaging apparatus according to claim
14, wherein the main body determines that the connector is
mounted on the main body in a second direction opposite to
the first direction when the object is not detected by the
Sensor.

16. The ultrasound imaging apparatus according to claim
1, wherein the connector comprises a sensor, and the main
body comprises an object provided to be detected by the
sensor when the connector is mounted on the main body inthe
first direction.

17. The ultrasound imaging apparatus according to claim
16, wherein the main body determines that the connector is
mounted on the main body in a second direction opposite to
the first direction when the object is not detected by the
Sensor.

18. The ultrasound imaging apparatus according to claim
1, wherein the connector comprises a sensor configured to
recognize a first direction as a normal direction, and output, to
the main body, a signal representing that the connector is
mounted on the main body in a reverse direction when the
connector is mounted on the main body in a second direction
opposite to the first direction.

19. The ultrasound imaging apparatus according to claim
18, wherein the sensor comprises a gyro sensor.
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