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(54) FETAL HEAD DIRECTION MEASURING DEVICE AND METHOD

(67)  Afetal head direction measuring device, com-
prising amedical ultrasonic probe, an angle sensor (201),
and a data processing unit; the angle sensor (201) is
fixed to the medical ultrasonic probe for sensing an an-
gular change of a scanning direction of the medical ul-
trasonic probe; the medical ultrasonic probe is configured
to scan and acquire a preset ultrasonic image; and the
data processing unit is configured to calculate a fetal
head direction. A fetal head direction measuring method,
comprising the following steps: obtaining an angle value
sensed by the angle sensor (201) at an initial position;

acquiring a preset ultrasonic image, and recording an
angle value sensed by an angle sensor at this time; mark-
ing preset fetal head feature points, and calculating a
directional angle of the preset fetal head feature points
in the preset ultrasonic image; and determining the fetal
head direction. According to the fetal head direction
measuring device and method, a fetal head orientation
can be measured and calculated more conveniently and
flexibly, and the user operation is simpler and more flex-
ible.
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Description
FIELD
[0001] The presentdisclosure relates to the field of ob-

stetric monitoring, and particularly, relates to a fetal head
direction measuring device and method.

BACKGROUND

[0002] In obstetrics, a dynamic spatial relationship be-
tween a fetal head and a pelvis (referred to as the "ce-
phalopelvic relationship") is essential to the selection of
delivery methods and handling of delivery. Clinically,
these data need to be accurately monitored at any time,
aiding scientific decision-making on delivery for doctors
and midwives.

[0003] In obstetrics, a fetal head direction is one of the
important parameters indicating the spatial relationship
between the fetal head and the pelvis. The fetal head
direction indicates a relationship between a fetal present-
ing occipital bone and an anterior, posterior, left, or right
part of a maternal pelvis, and can be divided into eight
orientations: occipito anterior, left occipito anterior, left
occipito transverse, left occipito posterior, occipito pos-
terior, right occipito posterior, right occipito transverse,
and right occipito anterior. If an abnormal presentation
is not corrected, it may cause dystocia during delivery.
[0004] A Chinese invention patent No.
201710122274 .1, entitled "Electromagnetic Positioning
and Ultrasonic Imaging-Based Fetal Head Orientation
Measuring Method", provides an electromagnetic posi-
tioning and ultrasonic imaging-based fetal head orienta-
tion measuring method. According to the method, firstly,
coordinates of superior and inferior borders of the pubic
symphysis and coordinates of the spinous process of the
fifth lumbar vertebra of puerpera are measured by an
electromagnetic positioning system; a normal vector of
the sagittal plane is calculated; the abdominal cavity of
the puerpera is scanned transversely by an integrated
probe to obtain an ultrasonic image of fetal head ana-
tomical feature points, and thus a measurement mode is
determined; a direction vector of each measurement
mode is calculated; an included angle between each di-
rection vector and the normal vector of the sagittal plane
is calculated; and finally, a fetal head orientation is con-
firmed according to the included angle. According to the
method, the fetal head feature points are positioned by
the ultrasonic and magnetic positioning system, and the
fetal head orientation is measured by calculating the in-
cluded angle between each direction vector and the nor-
mal vector of the sagittal plane. The method can conven-
iently measure a fetal head orientation withoutdigital vag-
inal examination. However, measuring the fetal head ori-
entation with the above-mentioned method is complicat-
ed for the user to operate, and thus the promotion is lim-
ited.
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SUMMARY

[0005] The present disclosure is directed to provide a
more convenient and flexible device and method for
measuring fetal head orientation to solve the above prob-
lems.

[0006] To achieve the above objective, the present dis-
closure provides afetal head direction measuring device,
including a medical ultrasonic probe, an angle sensor,
and a data processing unit, wherein the medical ultra-
sonic probe and the angle sensor are communicably con-
nected with the data processing unit;

the angle sensor is fixed to the medical ultrasonic
probe for sensing an angular change of a scanning
direction of the medical ultrasonic probe;

the medical ultrasonic probe is configured to scan
and acquire a preset ultrasonic image; and

the data processing unit is configured to calculate a
fetal head direction.

[0007] Furthermore, the angle sensor includes at least
one reference axis and senses a rotation angle of the
angle sensor body about the reference axis.

[0008] Furthermore, the angle sensor is any one of a
single-axis inclination sensor, a double-axis inclination
sensor, a three-axis inclination sensor, a magnetometer,
an acceleration sensor, a six-axis sensor, and a nine-
axis sensor.

[0009] Furthermore, the medical ultrasonic probe is a
linear array type or convex array type probe, and the
plane of the chip array of the medical ultrasonic probe is
perpendicular to any reference axis of the angle sensor.
[0010] Furthermore, the angle sensor is built in the
medical ultrasonic probe.

[0011] Furthermore, the medical ultrasonic probe is a
wireless ultrasonic probe, and the medical ultrasonic
probe and the angle sensor are communicably connect-
ed with the data processing unit wirelessly.

[0012] The present disclosure further provides a fetal
head direction measuring method, including the following
steps:

acquiring a preset ultrasonic image, and recording
an angle value sensed by an angle sensor at this
time;

marking preset fetal head feature points, and calcu-
lating a directional angle of the preset fetal head fea-
ture points in the preset ultrasonic image; and

determining the fetal head direction.
[0013] The present disclosure further provides a fetal

head direction measuring method, including the following
steps:
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obtaining an angle value sensed by the angle sensor
at an initial position;

acquiring a preset ultrasonic image, and recording
an angle value sensed by an angle sensor at this
time;

marking preset fetal head feature points, and calcu-
lating a directional angle of the preset fetal head fea-
ture points in the preset ultrasonic image; and

determining the fetal head direction.

[0014] Furthermore, the step of obtaining an angle val-
ue sensed by the angle sensor at an initial position in-
cludes:

placing the medical ultrasonic probe in a vertically down-
ward direction, and obtaining the angle value sensed by
the angle sensor at this time.

[0015] Furthermore, the step of determining the fetal
head direction includes the following steps:

calculating an ultrasonic scanning direction vector
10 at the initial position according to the angle value
sensed by the angle sensor at the initial position;

calculating an ultrasonic scanning direction vector
11 at a measurement position according to the angle
value sensed by the angle sensor when acquiring
the preset ultrasonic image;

calculating an included angle 5 between the vectors
10 and I1; and

determining the fetal head direction according to the
directional angle of the preset fetal head feature
pointsinthe preset ultrasonicimage and the included
angle 4.

[0016] Compared with the prior art, the present disclo-
sure has the following advantages and beneficial effects:

1. According to the fetal head direction measuring
device provided in the present disclosure, the angu-
lar change of the scanning direction of the medical
ultrasonic probe is used to reflect a position of the
ultrasonic probe on the abdomen of a puerpera, and
thus the cost of the technical solution is lower, and
the product structure is simpler.

2. The fetal head direction measuring device provid-
ed in the present disclosure can use a wireless ul-
trasonic probe, and thus users can measure a fetal
head orientation more conveniently, and the opera-
tion is simpler and more flexible.

3. According to the fetal head direction measuring
method provided in the present disclosure, the an-
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gular change of the scanning direction of the medical
ultrasonic probe is used to reflect a position of the
ultrasonic probe on the abdomen of a puerpera, and
thus the cost of the technical solution is lower, the
product structure is simpler, and the operation is
more convenient.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1(a) schematically shows a scanning plane and
direction of a physical structure of a medical ultra-
sonic probe;

Fig. 1(b) schematically shows a scanning plane and
direction of an ultrasonic image of the medical ultra-
sonic probe;

Fig. 2 schematically shows a side cross-sectional
view of a chip array of the medical ultrasonic probe
and an angle sensor;

Fig. 3 schematically shows the principle of the meth-
od for measuring fetal head direction;

Fig. 4(a) schematically shows the principle of an im-
proved method for measuring fetal head direction;
and

Fig. 4(b) schematically shows the principle of an im-
proved method for measuring fetal head direction in
addition.

DETAILED DESCRIPTION

[0018] The presentdisclosure will be further described
in detail below in conjunction with the embodiments and
the drawings, but implementations of the present disclo-
sure are not limited thereto.

Embodiments

[0019] In the present embodiment, a fetal head direc-
tion measuring device is provided, including a medical
ultrasonic probe, an angle sensor, and a data processing
unit, wherein the medical ultrasonic probe and the angle
sensor are communicably connected with the data
processing unit;

the angle sensor is fixed to the medical ultrasonic
probe for sensing an angular change of a scanning

direction of the medical ultrasonic probe;

the medical ultrasonic probe is configured to scan
and acquire a preset ultrasonic image; and

the data processing unit is configured to calculate a
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fetal head direction.

[0020] A Chinese invention patent No.
201710122274.1, published on July 21, 2017, and enti-
tled "Electromagnetic Positioning and Ultrasonic Imag-
ing-Based Fetal Head Orientation Measuring Method",
provides an electromagnetic positioning and ultrasonic
imaging-based fetal head orientation measuring method.
According to the method, an electromagnetic positioning
device is used to track a posture of an ultrasonic probe
to measure a fetal head orientation. Six degrees of free-
dom of the ultrasonic probe can be obtained by the elec-
tromagnetic positioning device, and thus the position and
posture of the ultrasonic probe in an electromagnetic
space can be obtained accurately. According to the de-
vice, an electromagnetic positioning sensor needs to be
fixed to the ultrasonic probe. However, the cost of an
electromagnetic positioning module and a magnetic in-
duction sensor is high, the system is complicated, and
thus the structural design of the whole product is limited.
Therefore, the applicant proposes a simpler and more
convenient technical solution.

[0021] Before describing the technical solution of the
present embodiment, the following concepts and func-
tions inthe presentembodimentare described as follows.
[0022] Medical ultrasonic probe: a necessary compo-
nent of ultrasonic diagnostic equipment commonly used
in clinical practice, being configured to transmit and re-
ceive ultrasonic waves during ultrasonic detection, in-
cluding linear array type, convex array type, and elec-
tronic phased array type. In the present embodiment, the
medical ultrasonic probe is a linear array type or convex
array type probe. From the appearance point of view, the
difference between the linear array type and the convex
array type medical ultrasonic probes is that an acoustic
lens surface (i.e., a face in contact with a body surface
during scanning) of the linear array type medical ultra-
sonic probe is flat, but the acoustic lens surface of the
convex array type medical ultrasonic probe is curved.
Preferably, the medical ultrasonic probe is a convex array
type probe and configured to scan the abdomen of a pu-
erpera to obtain fetal head anatomical feature points.
[0023] Medical ultrasonic probe scanning plane: refer-
ring to Figs. 1(a) to 1(b), the medical ultrasonic probe is
aconvex array type probe, with a chip array 101 provided
therein. In the present embodiment, referring to Fig. 1(a),
for a physical structure of the medical ultrasonic probe,
the medical ultrasonic probe scanning plane is a plane
where the ultrasonic chip array 101 is located; and for an
ultrasonic image, referring to Fig. 1(b), the medical ultra-
sonic probe scanning plane is a plane where the ultra-
sonic scan image is located. The plane where the ultra-
sonic chip array 101 is located may not completely coin-
cide with the plane where the ultrasonic scan image is
located.

[0024] The scanning direction of the medical ultrasonic
probe: referring to Figs. 1 (a) to 1(b), the medical ultra-
sonic probe scanning direction is a direction facing out-
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wardly from a centerline of the medical ultrasonic probe
scanning plane. In the physical structure of the medical
ultrasonic probe, referring to Fig. 1(a), the scanning di-
rection is denoted as R; and in the ultrasonic image, re-
ferring to Fig. 1(b), the scanning direction is denoted as
R’. The scanning direction R for the physical structure of
the medical ultrasonic probe may also not completely
coincide with the scanning direction R’ for the ultrasonic
image. That is to say, an absolute scanning plane and
direction of the medical ultrasonic probe are difficult to
determine. Therefore, the technical solution of the
presentembodiment does notfocus on an absolute value
of the scanning direction of the medical ultrasonic probe,
but only focuses on an angular change (relative value)
of the scanning direction of the medical ultrasonic probe.
However, in some application scenarios, it may be as-
sumed that the scanning plane and the scanning direc-
tion R for the physical structure of the medical ultrasonic
probe coincide with the scanning plane and the scanning
direction R’ for the ultrasonic image.

[0025] Preset fetal head feature points: feature points
reflecting the relationship between a fetal occipital bone
and an anterior, posterior, left, or right part of a maternal
pelvis, wherein a direction of the fetal head feature points
may be an "occipital bone-frontal bone" direction of the
brain midline, a direction connecting the two orbits, etc.
Preset ultrasonic image: itis an ultrasonic image showing
the preset fetal head feature points. When used, the ul-
trasonic probe is moved to find an ultrasonicimage show-
ing the preset fetal head feature points, that is, the preset
ultrasonic image.

[0026] During delivery, the puerpera is usually in a "re-
cumbent position" when monitoring fetal orientation.
When scanning the mid-abdomen of the puerpera with
the medical ultrasonic probe, the acoustic lens surface
of the medical ultrasonic probe is substantially vertically
downward, that is, the scanning direction of the medical
ultrasonic probe is substantially vertically downward;
when the medical ultrasonic probe is used to scan the
right or left abdomen of the puerpera, the acoustic lens
surface of the medical ultrasonic probe is inclined to the
left or the right at a certain angle according to the position
of the fetus in the abdomen, which is embodied as an
angular change of the scanning direction of the medical
ultrasonic probe. That is to say, the angular change
sensed by the angle sensor may reflect a change in po-
sition of the ultrasonic probe on the abdomen of the pu-
erpera. Upon obtaining the position of the ultrasonic
probe on the abdomen of the puerpera, a fetal head di-
rection can be calculated in combination with the position
of the fetal head feature points in the ultrasonic image.
[0027] The solution has the following advantages: in
the presentembodiment, the angular change of the scan-
ning direction of the medical ultrasonic probe is used to
reflect the position of the ultrasonic probe on the abdo-
men of the puerpera, and thus the cost of the technical
solution of the present embodiment is lower and the prod-
uct structure is simpler compared with the electromag-
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netic positioning technology-based fetal head direction
measuring technical solution.

[0028] Preferably, the angle sensor includes at least
one reference axis and senses a rotation angle of the
angle sensor body about the reference axis.

[0029] Preferably, the angle sensoris any one of a sin-
gle-axis inclination sensor, a double-axis inclination sen-
sor, a three-axis inclination sensor, a magnetometer, an
acceleration sensor, a six-axis sensor, and a nine-axis
sensor.

[0030] In the present embodiment, the angle sensor
includes at least one reference axis and senses a rotation
angle of the angle sensor body about the reference axis.
At present, such angle sensors include inclination sen-
sors, magnetometers, acceleration sensors, six-axis
sensors, nine-axis sensors, etc. The angle sensor gen-
erally includes three types: single-axis type, double-axis
type, and three-axis type. Wherein the single-axis sensor
body is provided with one reference axis: x-axis; the dou-
ble-axis sensor body is provided with two reference axes:
x-axis and y-axis; the three-axis sensor body is provided
with three reference axes: x-axis, y-axis, and z-axis. The
x-axis, y-axis, and z-axis all take the angle sensor body
as a reference body and sensed data are rotation angles
of the angle sensor body about the x-axis, y-axis, and z-
axis, respectively. A magnetometer, also known as an
electronic compass, senses a rotation angle of the elec-
tronic compass body about a vertical axis, taking the ge-
omagnetic north pole as reference zero.

[0031] In addition, there are well-established angle
sensors on the market, such as acceleration sensors,
and three-axis, six-axis, and nine-axis sensors. The ac-
celeration sensor is similar to an inclination sensor. The
three-axis sensor is generally a three-axis acceleration
sensor, resembling the three-axis inclination sensor de-
scribed in the present embodiment. The six-axis sensor
is generally a three-axis gyroscope + a three-axis accel-
erometer. The nine-axis sensor generally refers to a
three-axis gyroscope + a three-axis accelerometer + a
three-axis magnetometer, or a six-axis accelerometer +
athree-axis gyroscope, or a six-axis gyroscope + a three-
axis accelerometer. According to well-established
MEMS (Micro-Electro-Mechanical System) sensors on
the market, several gyroscopes, accelerometers and
magnetometers are packaged into a single chip, and thus
data can be self-complemented, more useful parameters
can be measured, which certainly include angle data re-
quired in the present embodiment. Therefore, the angle
sensors described in the present embodiment include
these MEMS sensors that can provide the angle data
described in the present embodiment, and these MEMS
sensors shall fall within the scope of protection of the
present disclosure.

[0032] Preferably, the medical ultrasonic probeis a lin-
ear array type or convex array type probe, and the plane
of the chip array of the medical ultrasonic probe is per-
pendicular to any reference axis of the angle sensor.
[0033] As a preferred embodiment, the medical ultra-
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sonic probe is a linear array type or convex array type
probe, and the plane of the chip array 101 of the medical
ultrasonic probe is perpendicular to any reference axis
of the angle sensor 201, as shown in Fig. 2. Fig. 2 sche-
matically shows the plane where the chip array of the
medical ultrasonic probe is located and a side view of
the angle sensor, and the reference axis of the angle
sensor 201 is perpendicular to the plane of the drawing.
When the medical ultrasonic probe swings left and right
along the plane of the drawing, the angle sensor 201
rotates about the reference axis and senses a leftward
or rightward swing angle of the medical ultrasonic probe
in real-time.

[0034] As described above, the plane where the ultra-
sonic chip array 101 is located may not completely coin-
cide with the plane where the ultrasonic scan image is
located. Therefore, making the plane of the chip array of
the medical ultrasonic probe perpendicular to any refer-
ence axis of the angle sensor does notimprove the meas-
urement accuracy of the angle in the scanning direction
of the medical ultrasonic probe. However, within a certain
error range, it is considered that the plane where the ul-
trasonic chip array 101 is located coincides with the plane
where the ultrasonic scan image is located, and thus de-
signing the plane where the chip array 101 of the medical
ultrasonic probe is located to be perpendicular to any
reference axis of the angle sensor 201 brings certain con-
venience to a method for determining fetal head direction.
[0035] A fixed position of the angle sensor and the
medical ultrasonic probe will be further described. The
plane where the ultrasonic chip array 101 is located may
not coincide with the plane where the ultrasonic scan
image is located. That is to say, the absolute scanning
direction of the medical ultrasonic probe is difficult to de-
termine. Therefore, the technical solution of the present
embodiment does not focus on the scanning direction
(absolute value) of the medical ultrasonic probe, but only
focuses on the angular change (relative value) of the
scanning direction of the medical ultrasonic probe.
Therefore, in a specific implementation, only a relative
position relationship between the angle sensor and the
medical ultrasonic probe needs to keep unchanged, and
thus an angular change sensed by the angle sensor can
reflect the angular change of the scanning direction of
the medical ultrasonic probe. In another aspect, within a
certain error range, assuming that the plane where the
ultrasonic chip array 101 is located coincides with the
plane where the ultrasonic scan image is located, which
brings certain convenience to the method for determining
fetal head direction.

[0036] As a preferred embodiment, furthermore, the
angle sensor is built in the medical ultrasonic probe.
[0037] As a preferred embodiment, furthermore, the
medical ultrasonic probe is a wireless ultrasonic probe,
and the medical ultrasonic probe and the angle sensor
are communicably connected with the data processing
unit wirelessly.

[0038] As a preferred embodiment, furthermore, the
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angle sensor is built in the medical ultrasonic probe. The
medical ultrasonic probe is a wireless ultrasonic probe,
and the medical ultrasonic probe and the angle sensor
are communicably connected with the data processing
unit wirelessly. The design has the following advantages:
the user operation is not restricted by cables, and thus
the operation is more convenient and the user experience
is better. Furthermore, in the presentembodiment, a fetal
head direction measuring method using the fetal head
direction measuring device is provided, including the fol-
lowing steps: acquiring a preset ultrasonic image, and
recording an angle value sensed by an angle sensor at
this time; marking preset fetal head feature points, and
calculating a directional angle of the preset fetal head
feature points in the preset ultrasonic image; and deter-
mining the fetal head direction.

[0039] Referring to Fig. 3, in the present embodiment,
the medical ultrasonic probe is a linear array type or con-
vex array type probe, and the plane of the chip array of
the medical ultrasonic probe is perpendicular to any ref-
erence axis of the angle sensor. It is assumed that the
plane where the ultrasonic chip array 101 is located co-
incides with a plane where the ultrasonic scan image is
located and the angle value sensed by the angle sensor
in the vertical direction is 0 degrees. When the puerpera
is in a "recumbent position", the abdominal surface of the
puerpera is denoted as an arc line F, the vertical direction
(that s, the direction of gravity) is denoted as G and rep-
resents a "pubic symphysis—>sacrum" direction of the pu-
erpera, the angle value sensed by the angle sensor is
denoted as B, and the angle value  represents an in-
cluded angle between the scanning direction L of the
medical ultrasonic probe US and the vertical direction G.
The directional angle of the preset fetal head feature
points in the preset ultrasonic image is denoted as o, that
is, an included angle between a connecting line of the
preset fetal head feature points and the scanning direc-
tion L of the medical ultrasonic probe US is a. The preset
fetal head feature points refer to fetal head feature points
that can represent the fetal head direction, such as fetal
brain midline (occipital bone — frontal bone). In conjunc-
tion with the definition of the fetal head direction (rela-
tionship between a fetal presenting occipital bone and
an anterior, posterior, left or right part of a maternal pelvis:
occipito anterior, left occipito anterior, left occipito trans-
verse, left occipito posterior, occipito posterior, right oc-
cipito posterior, right occipito transverse, and right occip-
ito anterior), an included angle (o+f) between the con-
necting line of the preset fetal head feature points (oc-
cipital bone — frontal bone) and the vertical direction G
(symphysis pubis — sacrum) can be used to determine
the fetal head direction. The method provided in the
present embodiment can be implemented by a single-
axis sensor, such as a single-axis inclination sensor, a
magnetometer, etc.

[0040] Although, in practice, the plane where the ultra-
sonic chip array 101 is located does not coincide with the
plane where the ultrasonic scan image is located, and
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the angle value sensed by the angle sensor in the vertical
direction is not necessarily 0 degree, and thus a calcu-
lated angle change may have a certain error. However,
such an error is acceptable during measuring the fetal
head direction.

[0041] Furthermore, inthe presentembodiment, anim-
proved fetal head direction measuring method is provid-
ed, including the following steps:

obtaining an angle value sensed by the angle sensor
at an initial position;

acquiring a preset ultrasonic image, and recording
an angle value sensed by an angle sensor at this
time;

marking preset fetal head feature points, and calcu-
lating a directional angle of the preset fetal head fea-
ture points in the preset ultrasonic image; and

determining the fetal head direction.

[0042] Furthermore, as a preferred embodiment, the
step of obtaining an angle value sensed by the angle
sensor at an initial position includes:

placing the medical ultrasonic probe in a vertically down-
ward direction, and obtaining the angle value sensed by
the angle sensor at this time.

[0043] In the present embodiment, the initial position
referstoan angle value sensed by the angle sensor when
scanning along preset pelvic feature points of the puer-
pera with the ultrasonic probe. By measuring the angle
at the initial position, first, a pelvic orientation of the pu-
erpera can be determined, then an angular change at a
measurement position is a deflection angle of the ultra-
sonic probe. During an obstetric examination, the puer-
peraisin a"recumbent position". Therefore, the vertically
downward scanning of the medical ultrasonic probe can
represent the "pubic symphysis—sacrum" direction of
the puerpera. In a specific implementation, to obtain the
angle value sensed by the angle sensor at the initial po-
sition more accurately, the medical ultrasonic probe
should be placed closer to the vertically downward direc-
tion, and in this case, some tools such as a level gauge
may be used.

[0044] The step of obtaining the angle value sensed
by the angle sensor at the initial position is added, factors
like the plane where the ultrasonic chip array 101 is lo-
cated coinciding with the plane where the ultrasonic scan
image is located or not, and the angle value sensed by
the angle sensor in the vertical direction being not nec-
essarily 0 degree are excluded, and at the same time,
the plane of the chip array of the medical ultrasonic probe
may not be perpendicular to any reference axis of the
angle sensor, which reduces the difficulty of fixing the
angle sensor to the medical ultrasonic probe in imple-
mentations.

[0045] However, this would increase the number of
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measuring steps are increased and cause some trouble
to the users.

[0046] Furthermore, as a preferred embodiment, the
step of determining the fetal head direction includes the
following steps:

calculating an ultrasonic scanning direction vector
10 at the initial position according to the angle value
sensed by the angle sensor at the initial position;

calculating an ultrasonic scanning direction vector
11 at a measurement position according to the angle
value sensed by the angle sensor when acquiring
the preset ultrasonic image;

calculating an included angle 5 between the vectors
10 and I1; and

determining the fetal head direction according to the
directional angle of the preset fetal head feature
pointsinthe preset ultrasonicimage and the included
angle 4.

[0047] Taking the double-axis angle sensor as an ex-
ample, referring to Fig. 4(a) and Fig. 4(b), it is assumed
that the angle value sensed by the angle sensor includes
rotation angles about the x-axis and the y-axis. At the
initial position, an angle value sensed by the angle sensor
is (x0, y0), that is, at the initial position, the angle sensor
respectively rotates x0 degrees about the x-axis and y0
degrees about the y-axis from a zero vector (0, 0, 1), and
then an ultrasonic scanning direction vector |0 at the initial
position is (cosx0(-siny0), sinx0, cosx0cosy0), which also
represents a certain orientation of the maternal pelvis.
Preferably, the initial vector 10 represents the "pubic sym-
physis—sacrum" direction of the puerpera. When acquir-
ing the preset ultrasonic image, the angle value sensed
by the angle sensoris (x1, y1), thatis, at a measurement
position, the angle sensor respectively rotates x1 de-
grees about the x-axis and y1 degrees about the y-axis
from the zero vector (0, 0, 1), the ultrasonic scanning
direction vector 11 of the measurement position is
(cosx1(-siny1), sinx1, cosx1cosy1), and thus the angle
for vector 10—11, thatis, an angular change 5 of the angle
sensor, can be calculated. Then, according to the direc-
tional angle a of the preset fetal head feature points in
the preset ultrasonic image and the angular change § of
the angle sensor, an angle between the connecting line
(occipital bone—frontal bone) of the preset fetal head
feature points and the initial vector 10, thatis, an included
angle (a+d) between the connecting line (occipital
bone—frontal bone) of the preset fetal head feature
points and the puerpera (symphysis pubis—sacrum), is
calculated to determine the fetal head direction.

[0048] Similarly, taking the three-axis angle sensor as
an example, it is assumed that the angle value sensed
by the angle sensor includes rotation angles about the
x-axis, y-axis, and z-axis. At the initial position, the angle
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value sensed by the angle sensor is (x0, y0, z0), that is,
at the initial position, the angle sensor respectively ro-
tates x0 degrees about the x-axis, yO degrees about the
y-axis, and z0 degrees about the z-axis from a zero vec-
tor, and then an ultrasonic scanning direction vector 10
of the initial position can be calculated, which also rep-
resents a certain orientation of the maternal pelvis. Pref-
erably, the initial vector 10 represents the "pubic symph-
ysis—sacrum" direction of the puerpera. When a preset
ultrasonic image is acquired, the angle value sensed by
the angle sensoris (x1, y1, z1), that is, ata measurement
position, the angle sensor respectively rotates at x1 de-
grees about the x-axis, at y1 degrees about the y-axis
and z1 degrees about the z-axis from the zero vector, an
ultrasonic scanning direction vector I1 of the measure-
ment position can be calculated, and then an angle of
vector 10—11, that is, an angular change § of the angle
sensor, is calculated. Then, according to the directional
angle a of the preset fetal head feature point in the preset
ultrasonic image and the angular change & of the angle
sensor, an angle between the connecting line (occipital
bone—frontal bone) of the preset fetal head feature point
and the initial vector 10, that is, an included angle (a.+5)
between the connecting line (occipital bone—frontal
bone) of the preset fetal head feature point and the pu-
erpera (symphysis pubis— sacrum), is calculated to con-
firm a fetal head direction.

[0049] The above embodiments are preferred imple-
mentations of the present disclosure, but the implemen-
tations of the present disclosure are not limited thereto.
Any other variation, modification, substitution, combina-
tion, and simplification that made without departing from
the spirit and principle of the present disclosure shall be
regarded as equivalent replacement and fall within the
scope of the present disclosure.

Claims

1. Afetal head direction measuring device, comprising
a medical ultrasonic probe, an angle sensor, and a
data processing unit, wherein the medical ultrasonic
probe and the angle sensor are communicably con-
nected with the data processing unit;

the angle sensor is fixed to the medical ultrason-
ic probe for sensing an angular change of a
scanning direction of the medical ultrasonic
probe;

the medical ultrasonic probe is configured to
scan and acquire a preset ultrasonic image; and
the data processing unit is configured to calcu-
late a fetal head direction.

2. The fetal head direction measuring device of claim
1, wherein the angle sensor comprises at least one
reference axis and senses a rotation angle of the
angle sensor body about the reference axis.
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The fetal head direction measuring device of claim
2, wherein the angle sensor is any one of a single-
axis inclination sensor, a double-axis inclination sen-
sor, a three-axis inclination sensor, a magnetometer,
an acceleration sensor, a six-axis sensor, and a nine-
axis sensor.

The fetal head direction measuring device of claim
2 or 3, wherein the medical ultrasonic probe is a lin-
ear array type or convex array type probe, and a
plane of a chip array of the medical ultrasonic probe
is perpendicular to any reference axis of the angle
sensor.

The fetal head direction measuring device of claim
4, wherein the angle sensor is built in the medical
ultrasonic probe.

The fetal head direction measuring device of claim
5, wherein the medical ultrasonic probe is a wireless
ultrasonic probe, and the medical ultrasonic probe
and the angle sensor are communicably connected
with the data processing unit wirelessly.

A fetal head direction measuring method based on
the fetal head direction measuring device of any one
of claims 4 to 6, comprising the following steps:

acquiring a preset ultrasonic image, and record-
ing an angle value sensed by an angle sensor
at this time;

marking preset fetal head feature points, and
calculating a directional angle of the preset fetal
head feature points in the preset ultrasonic im-
age; and

determining the fetal head direction.

8. A fetal head direction measuring method based on

the fetal head direction measuring device of any one
of claims 1 to 6, comprising the following steps:

obtaining an angle value sensed by the angle
sensor at an initial position;

acquiring a preset ultrasonic image, and record-
ing an angle value sensed by an angle sensor
at this time;

marking preset fetal head feature points, and
calculating a directional angle of the preset fetal
head feature points in the preset ultrasonic im-
age; and

determining the fetal head direction.

The fetal head direction measuring method of claim
8, wherein the step of obtaining an angle value
sensed by the angle sensor at an initial position com-
prises:

placing the medical ultrasonic probe in a vertically
downward direction, and obtaining the angle value
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sensed by the angle sensor at this time.

10. The fetal head direction measuring method of claim

8 or 9, wherein the step of determining the fetal head
direction comprises the following steps:

calculating an ultrasonic scanning direction vec-
tor 10 at the initial position according to the angle
value sensed by the angle sensor at the initial
position;

calculating an ultrasonic scanning direction vec-
tor |1 at a measurement position according to
the angle value sensed by the angle sensor
when acquiring the preset ultrasonic image;
calculating an included angle & between the vec-
tors 10 and I1; and

determining the fetal head direction according
to the directional angle of the preset fetal head
feature points in the preset ultrasonic image and
the included angle é.
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