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ULTRASONIC SCANNING APPARATUS AND
METHOD FOR DIAGNOSING BLADDER

PRIORITY

[0001] This application claims priority under 35 U.S.C.
§119 to an application filed with the Korean Industrial
Property Office on Jan. 9, 2006, assigned application serial
number 10-2006-0002257, the contents of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a por-
table ultrasonic scanning apparatus for diagnosing a bladder
and an ultrasonic scanning method using the apparatus and,
more particularly, to a portable and small-sized ultrasonic
scanning apparatus, which can automatically measure the
amount of urine in the bladder, and an ultrasonic scanning
method, which can measure the amount of urine in the
bladder using the apparatus.

[0004] 2. Description of the Related Art

[0005] Generally, an ultrasonic system is a system that
emits ultrasonic signals to an object to be examined using
the piezoelectric effect of a transducer, receives the ultra-
sonic signals reflected from the discontinuous planes of the
object, converts the received ultrasonic signals into electri-
cal signals, and outputs the electrical signals to a predeter-
mined display device, thus enabling examination of the
internal states of the object. Such an ultrasonic system is
widely used for medical diagnosis equipment, non-destruc-
tive testing equipment or underwater detection equipment.

[0006] However, most conventional ultrasonic scanning
apparatuses are inconvenient in that they cannot be easily
carried due to their large size and heavy weight. To solve the
inconvenience, various portable ultrasonic scanning appa-
ratuses have been proposed. Korean Utility Model registra-
tion No. 20-137995 discloses a “Portable ultrasonic scan-
ning apparatus.”

[0007] Meanwhile, when examining bladder abnormali-
ties or urinary difficulty, measuring the amount of urine is an
essential procedure. Furthermore, prior to urination using a
catheter, the amount of urine in a bladder should be mea-
sured to account for urine that may be retained after the
operation. In addition, in urination training, the amount of
urine in a bladder should be measured as a guideline.

[0008] WVarious types of ultrasonic scanning equipment
may be used to measure the amount of urine in a bladder as
described above. In this case, two methods are used. A first
method calculates the amount of urine from respective
ultrasonic images for a perpendicular plane and a horizontal
plane, which are obtained using typical ultrasonic scanning
equipment. However, although many algorithms has been
proposed and used for the method, the first method is
problematic in that it not only exhibits a considerable error
rate but also exhibits different results for different users. A
second method uses dedicated ultrasonic equipment for
measuring the amount of urine. U.S. Pat. No. 4,926,871
discloses dedicated ultrasonic equipment. However, the
dedicated ultrasonic equipment based on the second method
has a disadvantage in that it also calculates the amount of
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urine chiefly using two ultrasonic images that are related to
the perpendicular and horizontal planes of a bladder, respec-
tively, and in that a user must find the area indicating the
greatest size and select it in order to calculate of the amount
of urine.

[0009] Accordingly, the present applicant proposes a
method of accurately calculating the amount of urine in a
bladder while minimizing user interference.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention has been made
keeping in mind the above problems occurring in the prior
art, and an object of the present invention is to provide an
ultrasonic scanning apparatus for diagnosing a bladder,
which can accurately calculate the amount of urine in the
bladder while minimizing user interference.

[0011] Another object of the present invention is to pro-
vide an ultrasonic scanning apparatus for diagnosing a
bladder, which has a size and a weight suitable for portable
applications.

[0012] A further object of the present invention is to
provide an ultrasonic scanning method, which, in the ultra-
sonic scanning apparatus, can accurately measure the
amount of urine in the bladder using received ultrasonic
signals.

[0013] In order to accomplish the above objects, the
present invention provides an ultrasonic scanning apparatus
for diagnosing a bladder, including a transducer for emitting
ultrasonic signals for respective scan lines, and receiving
ultrasonic signals reflected from an object; a transducer
support configured such that the transducer is fixedly
installed therein; an analog signal processing unit for con-
verting the ultrasonic signals, which are transmitted from the
transducer, into digital signals; a display unit for outputting
specific image signals; a central control unit for performing
image processing on the digital ultrasonic signals transmit-
ted from the analog signal processing unit, outputting the
results of the processing to the display unit, and controlling
the overall operation of the apparatus; a first stepping motor
for rotating in a first direction; a second stepping motor for
rotating in a second direction; and a drive control unit for
controlling the operation of the first and second stepping
motors in response to drive control signals provided from
the central control unit; wherein the transducer support
rotates in the first direction as the first stepping motor
rotates, the transducer support rotates in the second direction
as the second stepping motor rotates, and the central control
unit calculates the amount of urine in the bladder using a
plurality of pieces of ultrasonic information about n scan
lines for each of m planes of the bladder, which are sequen-
tially received from the analog signal processing unit.

[0014] The central control unit detects the locations of
front and rear walls using the ultrasonic information about n
scan lines for each of m planes, obtains difference values
corresponding to differences between the detected locations
of the front and rear walls for the scan lines, obtains an area
for the image of a corresponding plane using the difference
values, obtains correction coeflicients for respective planes,
calculates radii using areas for the images of respective
planes, and calculating corrected radii by applying the
correction coefficients to the calculated radii, obtains the
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average radius of the corrected radii for the respective
planes, and obtains a total volume using the average radius.

[0015] In addition, an ultrasonic diagnosis method, the
ultrasonic diagnosis method measuring the amount of urine
in a bladder by sequentially receiving ultrasonic information
about n scan lines for each of m planes of the bladder from
the transducer of an ultrasonic scanning apparatus, the
ultrasonic diagnosis method including the steps of (a) detect-
ing the locations of front and rear walls using the ultrasonic
information about n scan lines for each of m planes; (b)
obtaining difference values between the detected locations
of the front and rear walls for the respective scan lines; (c)
obtaining an area for the image of a corresponding plane
using the difference values; (d) obtaining correction coeffi-
cients for respective planes; (e) calculating radii using areas
for the images of respective planes, and calculating cor-
rected radii by applying the correction coefficients to the
calculated radii; (f) obtaining the average radius of the
corrected radii for the respective planes; and (g) obtaining a
total volume using the average radius.

[0016] The step (d) includes (d-1) detecting the maximum
of the difference values for the respective scan lines for each
plane; (d-2) obtaining the greatest of the maximum values
for the respective planes; and (d-3) obtaining a correction
coeflicient for each plane using a ratio of the maximum
value for each plane to the greatest of the maximum values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other objects, features and advan-
tages of the present invention will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

[0018] FIG. 1 is a block diagram schematically showing
the internal construction of an ultrasonic scanning apparatus
according to a preferred embodiment of the present inven-
tion;

[0019] FIG. 2 is a perspective view showing the ultrasonic
scanning apparatus of FIG. 1;

[0020] FIGS. 3(a) and 3(b) are conceptual diagram illus-
trating a process of acquiring a two-dimensional image
using the ultrasonic scanning apparatus of FIG. 2; and

[0021] FIG. 4 is a flowchart sequentially illustrating a
process of obtaining the volume of urine in a bladder using
the ultrasonic scanning apparatus according to a preferred
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] The construction and operation of an ultrasonic
scanning apparatus for diagnosing a bladder according to a
preferred embodiment of the present invention are described
in detail with reference to the accompanying drawings. FIG.
1 is a block diagram schematically showing the internal
construction of an ultrasonic scanning apparatus according
to a preferred embodiment of the present invention, and FIG.
2 is a perspective view showing the ultrasonic scanning
apparatus of FIG. 1.

[0023] Referring to FIG. 1, the ultrasonic scanning appa-
ratus 10 according to the preferred embodiment of the
present invention includes a central control unit 100 for
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controlling the overall operation of the apparatus, a trans-
ducer 110, a first stepping motor 120, a second stepping
motor 130, a drive control unit 140, an analog signal
processing unit 150, a switch unit 160, memory 180, and a
display unit 170. The respective components of the above-
described ultrasonic scanning apparatus 10 are described in
detail below.

[0024] The transducer 110 is a device that emits ultrasonic
signals and receives ultrasonic signals reflected from the
internal organs of a human body, and transmits the received
analog signals to the analog signal processing unit 150. The
transducer 110 of the ultrasonic scanning apparatus for
diagnosing a bladder according to the present invention
receives ultrasonic signals reflected from urine in the blad-
der.

[0025] The analog signal processing unit 150 converts the
analog signals, which are transmitted from the transducer
110, into digital signals, and transmits the digital signals to
the central control unit 100.

[0026] The central control unit 100 calculates the volume
of urine in the bladder, which is an examination object, using
the signals transmitted from the analog signal processing
unit 150, and outputs the ultrasonic image of the bladder,
which is an image related to the specific plane of the bladder,
to the display unit 170. The display unit 170 displays the
image, which is transmitted from the central control unit, on
a screen along with the volume value of urine in the bladder.

[0027] As shown in FIG. 2, a rotational support 122 is
connected to the first stepping motor 120. A second stepping
motor 130 is mounted on the rotational support 122 and
rotates along with the rotational support 122. The second
stepping motor 130 is connected with a transducer support
134 including a rotational axis 132. A transducer 110 is
installed in the transducer support 134.

[0028] The central control unit 100 transmits drive control
signals to the drive control unit 140 in response to a request
signal received from the switch unit 160, and the drive
control unit 140 controls the motion of the first and second
stepping motors 120 and 130 in response to the drive control
signals, so that the ultrasonic image of the bladder can be
captured through the rotation of the transducer 110.

[0029] The second stepping motor 130 rotates by a pre-
determined angle in a yz plane, and the rotational axis 132
and the transducer support 134, which are connected to the
second stepping motor via a gear, are rotated by the second
stepping motor 130. Consequently, the transducer 110
installed in the transducer support 134 rotates in a second
direction in the yz plane.

[0030] Meanwhile, the rotational support 122, on which
the second stepping motor 130 is mounted, is connected to
the first stepping motor 120, so that the rotational support
122 also rotates by a predetermined angle in a first direction
as the first stepping motor 120 rotates in the first direction.
As a result, the first stepping motor 120 and the second
stepping motor 130 rotate sequentially in the first direction
and the second direction, so that ultrasonic waves are
emitted in the form of a cone, for which the transducer 110
is the vertex, therefore measurement is performed.

[0031] In order to measure the amount of urine in the
bladder, the ultrasonic scanning apparatus 10 having the
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above-described construction, as shown in FIG. 3(a), is
located on an abdomen over the bladder 210 of a patient, and
sequentially detects respective ultrasonic signals for n scan
lines, that is, a first scan line 220, a second scan line, . . .,
an ith scan line 224, . . ., an nth scan line 226 while the
second stepping motor 130 is rotated by the predetermined
angle along a single plane in a state in which the first
stepping motor 120 is fixed. After detecting n ultrasonic
signals, the central control unit 100, as shown in FIG. 3(b),
generates a two-dimensional image by processing ultrasonic
signals for each of the planes, and displays the image on the
display unit 170. FIG. 3(b) is a diagram showing the image
output to the display unit 170, in which urine 212 in the
bladder 210 is displayed while being separated from organs
202 around the bladder 210.

[0032] Thereafter, ultrasonic signals for n scan lines for
the corresponding plane are sequentially detected again
while rotating the second stepping motor 130 after rotating
the first stepping motor 120 by the predetermined angle and
then fixing it. The above described process is repeated, and
thus ultrasonic signals for n scan lines for each of m planes
are detected. Accordingly, a three-dimensional image can be
generated using two-dimensional images that are respec-
tively related to m planes.

[0033] A method of the central control unit 100 of the
ultrasonic scanning apparatus 10 measuring the amount of
urine in a bladder using ultrasonic signals according to a
preferred embodiment of the present invention is described
in detail below.

[0034] First, the transducer 110 of the ultrasonic scanning
apparatus scans a bladder, which is a diagnosis object, along
n scan lines for each of m planes and receives ultrasonic
information obtained through the scanning at step S400.
Ultrasonic information about n scan lines for a single plane
is received and, as a result, pieces of ultrasonic information
for the m planes are received. The number of planes to be
scanned and the number of scan lines for a single plane may
be determined according to the region and size of the
diagnosis object. In the case of measuring a bladder, the
number of scan lines and the number of images may be
determined such that the overall region of the bladder can be
sufficiently included. For example, in the case of scanning
the bladder, the overall region of the bladder can be suffi-
ciently included using about 67 lines if the angle between
lines for forming a single image is 1.8°.

[0035] Thereafter, the locations of front and rear walls are
detected using ultrasonic information about scan lines con-
stituting each plane at step S410, difference values Depth[1],
Depth[2], . . ., Depth[n] corresponding the differences
between the locations of the detected front and rear walls for
the respective scan lines for the corresponding plane are
obtained at step S420, and areas Area[1], Ared[2], . . . ,
Area[m] for respective planes are obtained using the differ-
ence values for the scan lines constituting each plane at step
S430. In this case, the method of obtaining an area for each
plane using difference values corresponding to the differ-
ences between the locations of the front and rear walls of the
respective scan line may be implemented in various ways.
As an example, a method of obtaining the entire area for all
lines having respective rear walls after obtaining an area for
a sector, which is formed by a single scan line using the
rotational angle of the second stepping motor 130, may be
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implemented. As another example, a method of obtaining
the entire area for all lines having respective rear walls after
obtaining an area for a trapezoid, which is formed by the two
front walls and two rear wall of two scan lines, may be
implemented.

[0036] Thereafter, in the case of obtaining a three-dimen-
sional volume using a plurality of two-dimensional images,
an amount smaller than an actual amount is calculated and,
thus, an error occurs if scanning is performed in a state in
which the center of a first rotational axis moves from the
center of the bladder. Accordingly, numerical correction is
performed to reduce such error and accurately measure the
amount of urine in the bladder.

[0037] Thereafter, the maximum values bladderDepth[1],
bladderDepth[2], . . ., bladderDepth[m] of the respective
planes, each of which is the maximum of difference values
corresponding to the differences between the locations of
front and rear walls for the n scan lines constituting each
image, are obtained at step S440, and the greatest ‘Max-
bladderDepth’ of the maximum values of the respective
planes is obtained at step S450.

[0038] Thereafter, at step S460, the correction coeflicients
ComFactor{1], ComFactor{2], . . . , ComFactor[i], and
ComFactor{m] for the respective planes are obtained using
the following equation 1:

ComF . MaxBladderDepth 89)
omEactor ) = e derDepih 1]
[0039] Thereafter, given the assumption that an image for

each plane is a circle, radii i 1], f2], . . ., r[i], and f[m] are
obtained using areas Area[1], Area[2], . .., Area[m] for the
calculated images for the respective plane at step S470.

[0040] Thereafter, at step S480, corrected radii ComR[1],
ComR[2], ..., ComR[i], and ComR[m] with respect to the
correction coeflicients and the radii for the respective images
are obtained using the following Equation 2:

ComR|i]=ComFactor]i x#{{] Q).

[0041] An average radius ‘AverageR’, which is the aver-
age value of the calculated corrected radii for the images of
the respective plane, is obtained at step S490. Thereafter,
given the assumption that the complete bladder is a sphere,
the total volume V of urine in the bladder by applying the
average radius to the following Equation 3 is obtained at step
S492.

3)

4 3
V= gnAvemgeR

[0042] From the above-described process, the ultrasonic
scanning apparatus for diagnosing a bladder according to the
present invention can accurately detect the amount of urine
in the bladder.

[0043] As described above, the present invention provides
a single transducer and two stepping motors, each having a
rotational axis, so that it can provide an ultrasonic scanning
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apparatus that has a small size and a light weight and, at the
same time, provides ultrasonic information about a three-
dimensional image.

[0044] Furthermore, the ultrasonic scanning apparatus of
the present invention collects the ultrasonic information
while automatically rotating the two stepping motors, so that
it can collect all pieces of ultrasonic information within a
region defined in a cone shape having a vertex at the location
at which the ultrasonic scanning apparatus is disposed. As a
result, although each of the conventional apparatuses mea-
sures the amount of urine in a urinary bladder using only
ultrasonic information about two planes, and thus generates
inaccurate data, the apparatus of the present invention can
very accurately measure the amount of urine using ultra-
sonic information about a plurality of planes that are spaced
apart from each other and exist in an angle of 360°.

[0045] In particular, the apparatus of the present invention
uses correction coefficients obtained by calculating the
degree to which a first detection location is moved from the
center of the urinary bladder, so that it can perform accurate
measurement even when the detection location is moved
from the center of the urinary bladder.

[0046] Although the present invention has been described
in detail in conjunction with the preferred embodiment, the
present invention is described only for illustrative purposes
and is not limited thereto. Those skilled in the art will
appreciate that various modifications and applications,
which are not described above, are possible within a range
that does not change the substantial characteristics of the
present invention. For example, in the present embodiment,
the method of obtaining an area for a corresponding plane
using the rotational angles of the first stepping motor and the
second stepping motor and ultrasonic information about the
respective scan lines may be modified and implemented in
various ways to improve scanning performance. Further-
more, it should be appreciated that the differences regarding
the modifications and the applications are included in the
scope of the present invention, which is defined by the
accompanying claims.

What is claimed is:
1. An ultrasonic scanning apparatus for diagnosing a
bladder, comprising:

a transducer for emitting ultrasonic signals for respective
scan lines, and receiving ultrasonic signals reflected
from an object;

a transducer support configured such that the transducer is
fixedly installed therein;

an analog signal processing unit for converting the ultra-
sonic signals, which are transmitted from the trans-
ducer, into digital signals;

a display unit for outputting specific image signals;

a central control unit for performing image processing on
the digital ultrasonic signals transmitted from the ana-
log signal processing unit, outputting results of the
processing to the display unit, and controlling overall
operation of the apparatus;

a first stepping motor for rotating in a first direction;

a second stepping motor for rotating in a second direction;
and
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a drive control unit for controlling operation of the first
and second stepping motors in response to drive control
signals provided from the central control unit;

wherein the transducer support rotates in the first direction
as the first stepping motor rotates, the transducer sup-
port rotates in the second direction as the second
stepping motor rotates, and the central control unit
calculates an amount of urine in the bladder using a
plurality of pieces of ultrasonic information about n
scan lines for each of m planes of the bladder, which are
sequentially received from the analog signal processing
unit.

2. The ultrasonic scanning apparatus as set forth in claim
1, wherein the plurality of the ultrasonic information about
n scan lines for each of m planes of the bladder are received
through a process of receiving ultrasonic information about
a predetermined number of scan lines for each plane of the
bladder while rotating the second stepping motor, and
rotates the first stepping motor by a predetermined angle.

3. The ultrasonic scanning apparatus as set forth in claim
1, wherein the central control unit detects locations of front
and rear walls using the ultrasonic information about n scan
lines for each of m planes, obtains difference values corre-
sponding to differences between the detected locations of the
front and rear walls for the scan lines, obtains an area for an
image of a corresponding plane using the difference values,
obtains correction coefficients for respective planes, calcu-
lates radii using areas for images of respective planes, and
calculating corrected radii by applying the correction coef-
ficients to the calculated radii, obtains an average radius of
the corrected radii for the respective planes, and obtains a
total volume using the average radius.

4. The ultrasonic scanning apparatus as set forth in claim
3, wherein the central control unit detects a maximum of the
difference values for the respective scan lines for each plane,
obtains a greatest of the maximum values for the respective
planes, and obtains a correction coeflicient for each plane
using a ratio of the maximum value for each plane to the
greatest of the maximum values.

5. An ultrasonic diagnosis method, the ultrasonic diagno-
sis method measuring an amount of urine in a bladder by
sequentially receiving ultrasonic information about n scan
lines for each of m planes of the bladder from a transducer
of an ultrasonic scanning apparatus, the ultrasonic diagnosis
method comprising the steps of:

(a) detecting locations of front and rear walls using the
ultrasonic information about n scan lines for each of m
planes;

(b) obtaining difference values between the detected loca-
tions of the front and rear walls for the respective scan
lines;

(c) obtaining an area for an image of a corresponding
plane using the difference values;

(d) obtaining correction coefficients for respective planes;

(e) calculating radii using areas for images of respective
planes, and calculating corrected radii by applying the
correction coefficients to the calculated radii;

(f) obtaining an average radius of the corrected radii for
the respective planes; and

(g) obtaining a total volume using the average radius.
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6. The ultrasonic diagnosis method as set forth in claim 5,
wherein the step (d) comprises:

(d-1) detecting a maximum of the difference values for the
respective scan lines for each plane;

(d-2) obtaining a greatest of the maximum values for the
respective planes; and

(d-3) obtaining a correction coeflicient for each plane
using a ratio of the maximum value for each plane to
the greatest of the maximum values.

7. The ultrasonic diagnosis method as set forth in claim 6,

wherein the corrected coefficient of the step (d-3) is calcu-
lated using the following equation:
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MaxBladderDepth

ComFactor il = 0 e Depi

where ComPFactor{i] is a corrected coeflicient for an ith
plane, bladderDepth[i] is the maximum of the difference
values between locations of front and rear walls for scan
lines for the ith plane, and MaxBladderDepth is the greatest
of the maximum values of the respective planes.
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