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(57) ABSTRACT

A trans-abdominal non-invasive fetal blood oxygen satura-
tion detection device comprises a trans-abdominal fetal
oximeter and a signal detection assembly connected to the
trans-abdominal fetal oximeter. The trans-abdominal oxime-
ter comprises a signal processing controller. The signal
detection assembly comprises a light-emitting light source
device and a light receiving device, wherein the light-
emitting light source device, the light receiving device and
a reference signal detection device are all connected to the
signal processing controller. The light-emitting light source
device irradiates two or more different wavelengths of light
into the abdominal cavity of a pregnant woman. The light
receiving device comprises a plurality of light receivers
respectively placed at a plurality of different positions
outside the abdominal cavity of the pregnant woman, and is
configured to collect a plurality of optical signals related to
the fetal blood oxygen saturation, which are scattered and
reflected back from the abdominal cavity of the pregnant
woman through the plurality of light receivers, synthesize
the optical signals into an optical signal sum related to the

AG6IB 5/1464 (2006.01) fetal blood oxygen saturation and then output it to the signal
A6IB 5/1455 (2006.01) processing controller, such that the intensity of the received
A61B 5/00 (2006.01) optical signals is improved.
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TRANS-ABDOMINAL NON-INVASIVE FETAL
BLOOD OXYGEN SATURATION
DETECTION DEVICE

TECHNICAL FIELD

[0001] The present invention relates to the technical field
of blood oxygen saturation detection in medical devices, and
more particularly, to a trans-abdominal non-invasive fetal
blood oxygen saturation detection device.

BACKGROUND ART

[0002] Late pregnancy, as well as labor and delivery stages
can be of a dangerous time phase for pregnant women and
fetuses. It is possible to cause insufficient oxygen in the fetal
blood to further result in fetal brain damage or death if the
fetal umbilical cord becomes distorted in an unfavorable
position, the placenta is prematurely separated, or pregnant
women and fetuses suffer some diseases. Clinically, a physi-
ological index, i.e., the saturation of pulse oximetry (SpO2)
is used to indirectly monitor the human body, including the
oxygen content in the fetal blood.

[0003] At present, fetal heart rate and heart sound moni-
tors have been widely applied to the monitoring of fetal
physiological status. Since the fetal oxygen supply is imple-
mented by maternal delivery from the placenta, rather than
fetus’s own breathing, the fetal blood oxygen saturation can
reflect the oxygen concentration in the blood more accu-
rately, and thus is of a physiclogical index that reflects the
fetal life status more directly. The clinical significance of
detecting the fetal SpO2 is to directly reflect the oxygenation
status of the fetus, thereby confirming the life status of the
fetus in the maternal body to reduce the mortality of peri-
natal infants and the disability rate of newborns. In 2000, the
US FDA approved an instrument (produced by Nellcor in
the United States) for measuring the fetal blood oxygen
saturation by placing a sensor in the uterus, and hereby the
medical personnel needed to put the optical sensor deep into
the uterus of a pregnant woman and directly measured the
fetal blood oxygen saturation index from the fetal body
surface. These methods and instruments are not suitable for
long-term, continuous detection of the fetal blood oxygen
saturation, and are further not suitable for perinatal moni-
toring of the fetus. Because there is currently no effective
instrument device for detecting the fetal blood oxygen
saturation non-invasively, medical personnel often rely only
on a fetal heart rate monitoring instrument. However, the
widely used fetal heart rate monitoring can detect the fetal
suffocation sensitively, but cannot reflect the suffocation
premonition in advance owing to low specificity. Due to the
relatively low specificity of fetal heart monitoring, doctors
lack sufficient understanding of the overall status of the
fetus, such as whether a caesarean section is needed, when
a caesarean section is initiated, and urgent medical decisions
must be made without sufficient knowledge. Thus, on the
one hand, doctors are likely to misdiagnose and delay the
timing of taking necessary measures; on the other hand,
doctors tend to be too cautious, resulting in an increase in
many unnecessary interventions for the caesarean section,
thereby not only increasing the risk of surgery and compli-
cations of maternal delivery, but also increasing social and
family economic burdens from the consequent unnecessary
high medical costs.
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[0004] The inventors of the present invention provide a
detection system and a detection method for monitoring the
fetal pulse blood oxygen saturation non-invasively in Chi-
nese Patent 71.201310182965.2 (Fetal Blood Oxygen Satu-
ration Detection System and Method) (US Patent US2011/
0218413A1), in which a fetal pulse blood oxygen saturation
photoelectric sensor placed outside the body of a pregnant
woman is used for the first time. During the detection
process, it is not necessary to go deep into an abdominal
cavity of the pregnant woman, and also not necessary to
apply the photoelectric sensor to a specific position of the
fetus, thereby really realizing the trans-abdominal non-
invasive detection of the fetal blood oxygen saturation. Two
important fetal physiological parameters, i.e., the fetal heart
rate and the fetal blood oxygen saturation, can be provided
to the medical personnel at the same time, which has great
practical significance for the fetus, pregnant women and
society. The present invention is a new invention that is
further produced in the process of developing a specific
product according to the above patent. The applicant found
that, because of the great uncertainty of the positions (fetal
positions) of the fetus in the mother’s uterus, the fetal
positions of different pregnant women were different, the
fetal positions of the same pregnant woman at different
pregnancy stages varied greatly, the postures of the fetus in
the uterus also varied at any time, and therefore the fetal
blood oxygen saturations of different parts were also differ-
ent. Therefore, when a photoelectric sensor of the fetal SpO2
detection system of the Chinese patent (Z1.201310182965.2)
is applied to a specific part outside the abdominal cavity of
the pregnant woman, a photoelectrical signal related to the
fetal SpO2, which is sensed by the photoelectrical sensor,
has great uncertainty. This uncertainty directly affects the
specificity of the detection result. That is, when the detection
result shows positive (lower blood oxygen saturation), the
actual SpO2 of the fetus is normal. As a result of this case,
unnecessary human intervention and even surgical interven-
tion will be caused possibly. These interventions will lead to
an increase in medical costs and medical risks, as well as an
increase in maternal and child suffering. It can thus be seen
that a real problem faced by the trans-abdominal non-
invasive detection of the fetal blood oxygen saturation is:
how to solve the problem of the influences of the uncertainty
of the fetal position on the detection result. A further
problem is the attenuation of light. An optical signal
received by a light receiver must be the light of a specific
wavelength, which is irradiated from the outside of the
abdominal cavity of the pregnant woman to the fetus in the
abdominal cavity and then returned from the fetus to the
outside of the abdominal cavity of the pregnant woman
through the abdominal cavity of the pregnant woman. It
takes a long optical path from emission to reception, and the
light attenuation is directly proportional to the square of the
optical path. In addition, the optical signal received by the
light receiver, which is related to the fetal blood oxygen
saturation, is extremely weak light obtained after undergo-
ing complex processes such as absorption, reflection and
scattering of fetal tissues and pregnant women tissues (skin,
fat, uterus, amniotic fluid, etc). The light is weak enough to
threaten the successful detection and the practicability of
trans-abdominal non-invasive detection of fetal blood oxy-
gen saturation. Therefore, it is necessary for the trans-
abdominal non-invasive blood oxygen saturation detection
device to solve the problem of the intensity of fetal blood
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flow-related signals received by a light receiving device, as
well as the problem of signal interference, to improve the
signal intensity to eliminate noise interference, and to
increase the signal to noise ratio. Therefore, in order to
develop a successful trans-abdominal non-invasive fetal
blood oxygen saturation detection device, it is necessary to
solve the above two problems at the same time, and hence
illumination and the intensity of the fetal blood flow-related
signals received by the light receiver become the keys to
solve the two problems.

[0005] The applicant also found in studies that the trans-
abdominal non-invasive fetal blood oxygen saturation moni-
toring system must allow light of sufficient power to irra-
diate the abdomen of the pregnant woman to ensure that the
light receiver received an effective fetal-related optical sig-
nal. However, if the luminous power of a light source is
increased blindly, a possibility that the pregnant woman
feels uncomfortable or is burned on the skin during use will
be caused because a currently used light-emitting element
(such as LED or laser) has a small light-emitting area and is
usually clung to the skin of the pregnant woman. According
to a document issued by the International Commission of
Nob-lonizing Radiation Protection (ICNIRP) in 2000, a
light wave with a wavelength in the range of 400 nm to 1400
nm will burn the skin if a few milliwatts of optical power last
for 100 seconds. Therefore, in order to improve the practi-
cability and comfort of the detection device, it is very
necessary to eliminate the risk of optical radiation damage
caused by local burns.

SUMMARY OF THE INVENTION

[0006] An objective of the present invention is to provide
a trans-abdominal non-invasive blood oxygen saturation
detection device, which can improve the intensity of a
received optical signal related to the fetal blood oxygen
saturation.

[0007] In order to achieve the said objective, the present
invention adopts the following technical solution:

[0008] a trans-abdominal non-invasive fetal blood oxygen
saturation detection device comprises a trans-abdominal
fetal oximeter and a signal detection assembly connected to
the trans-abdominal fetal oximeter; the trans-abdominal
oximeter comprises a signal processing controller; the signal
detection assembly comprises a light-emitting light source
device, a light receiving device for collecting an optical
signal related to fetal blood oxygen saturation from the
outside of the abdominal cavity of a pregnant woman, and
a reference signal detection device for collecting one or
more of a fetal heart rate signal, a pregnant woman heart rate
signal and a pregnant woman pulse blood oxygen saturation
optical signal; the light-emitting light source device, the
light receiving device and the reference signal detection
device are all connected to the signal processing controller;
[0009] the light-emitting light source device is configured
to irradiate two or more different wavelengths of light into
the abdominal cavity of the pregnant woman;

[0010] the light receiving device comprises a plurality of
light receivers respectively placed at a plurality of different
positions outside the abdominal cavity of the pregnant
woman and is configured to collect a plurality of optical
signals related to the fetal blood oxygen saturation, which
are scattered and reflected back from the abdominal cavity
of the pregnant woman through the plurality of light receiv-
ers, synthesize an optical signal sum related to the fetal
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blood oxygen saturation and then output the optical signal
sum to the signal processing controller;

[0011] the signal processing controller is configured to
calculate the fetal blood oxygen saturation according to the
optical signal sum outputted by the light receiving device,
and according to any one or more of the fetal heart rate
signal, the pregnant woman heart rate signal and the preg-
nant woman pulse blood oxygen saturation optical signal
which are collected from the reference signal detection
device.

[0012] Preferably, the light receiving device comprises a
plurality of light receivers and an adder connected to the
plurality of light receiver, wherein the adder is connected to
the signal processing controller of the trans-abdominal fetal
oximeter.

[0013] Preferably, the light receiving device comprises a
plurality of light receivers and a primary signal processor
connected to the plurality of light receivers, wherein the
primary signal processor comprises an interface for receiv-
ing the fetal heart rate signal, and is configured to synthesize
the plurality of received optical signals related to the fetal
blood oxygen saturation into an optical signal sum through
the following steps:

[0014] step A: performing correlation analysis on the
plurality of received optical signals related to the fetal blood
oxygen saturation and the fetal heart rate signals respec-
tively to obtain correlation coeflicients of the respective
optical signals;

[0015] step B: obtaining corresponding weighting coeffi-
cients of the optical signals based on the correlation coef-
ficients; and

[0016] step C: superimposing the plurality of optical sig-
nals according to the respective weighting coeflicients to
obtain an optical signal sum related to the fetal blood oxygen
saturation.

[0017] Preferably, the step B comprises: setting the
weighting coefficient as 0 if the correlation coeflicient of
each optical signal is less than a preset correlation threshold,
obtaining the weighting coeflicient according to the corre-
lation coeflicient if the correlation coeflicient is higher than
the preset correlation threshold, and superimposing the
plurality of optical signals according to the respective
weighting coeflicients to obtain the optical signal sum.

[0018] Preferably, the step A comprises: performing cor-
relation analysis on each received optical signal related to
the fetal blood oxygen saturation and the received fetal heart
rate signal in a time domain to obtain the correlation
coeflicient of each optical signal.

[0019] Preferably, the step A comprises: transmitting each
received optical signal related to the fetal blood oxygen
saturation from the time domain to a frequency domain to
obtain an optical signal spectrum, and meanwhile transmit-
ting the received fetal heart rate signal from the time domain
to the frequency domain to obtain a fetal frequency domain
optical power spectrum; and performing correlation analysis
on the optical signal spectrum and the fetal frequency
domain optical power spectrum in the frequency domain to
obtain the correlation coeflicient of each optical signal.

[0020] Preferably, the step A further comprises: filtering
out a signal spectrum power other than the fetal spectrum
power from the optical signal spectrum to obtain a filtered
optical signal spectrum, and restoring the filtered optical
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signal spectrum from the frequency domain back to the time
domain to obtain a filtered optical signal as a weighted
superimposed optical signal.

[0021] Preferably, the primary signal processor comprises
a plurality of signal analyzers and an addition selector
connected to the plurality of signal analyzers, wherein a
plurality of signal analyzers is configured to analyze corre-
lation coeflicients of the optical signals related to the fetal
blood oxygen saturation, which are collected by the plurality
of light receivers, and the fetal heart rate signals respec-
tively, and the additional selector is configured to superim-
pose the weights of a plurality of digital signals to synthesize
an optical signal sum according to the analysis results from
the signal analyzers.

[0022] Preferably, the primary signal processor is a single
chip microcomputer.

[0023] Preferably, the detection device comprises a fetal
blood oxygen optical signal collection device integrated
with the light-emitting light source device and the light
receiving device, wherein the fetal blood oxygen optical
signal collection device comprises a photosensor mounting
mechanism on which the light-emitting light source device
and the light receiving device comprising a plurality of light
receivers are integrally mounted.

[0024] Preferably, the plurality of light receivers of the
light receiving device is placed around a light-emitting light
source of the light-emitting light source device to form a
circular shape.

[0025] Preferably, the plurality of light receivers of the
light receiving device is placed around the light-emitting
light source of the light-emitting light source device to form
a square shape; or the plurality of light receivers of the light
receiving device forms an array of i rows*] columns and is
placed on one side of the light-emitting light source of the
light-emitting light source device, both 1 and j being integers
greater than 0; or the plurality of light receivers of the light
receiving device forms two arrays of 1 rows*j columns and
is placed on two sides of the light-emitting light source of
the light-emitting light source device respectively, both i and
] being integers greater than 0.

[0026] Preferably, the fetal blood oxygen optical signal
collection device further comprises a conduction switch
controlled by a signal generated by a pulse timing sequence
emitted by the light-emitting light source device, wherein an
optical signal received by each of the light receivers of the
light receiving device is converted into an electrical signal
which is then passed through the conduction switch, such
that the illumination of the light-emitting light source device
and the received optical signal passed through the conduc-
tion switch are synchronized, and only the optical signal
synchronized with the illumination of the light-emitting
light source device within a narrow pulse time can be
transmitted to an analog-to-digital converter of the light
receiving device and converted into a digital signal for
further processing.

[0027] Preferably, the light-emitting light source device
comprises a light-emitting light source and a light source
driver connected to the light-emitting light source, wherein
the light source driver is connected to the signal processing
controller, and the light source driver is configured to drive
the light-emitting light source to emit pulsed light having a
frequency higher than 20 Hz under the control of the signal
processing controller, a duty ratio of the pulse of the pulsed
light being less than 40%.
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[0028] Preferably, the light-emitting light source device
comprises an light-emitting light source comprising a plu-
rality of first light-emitting units and a plurality of second
light-emitting units, wherein each of the plurality of first
light-emitting units is capable of emitting red or infrared
light of a first wavelength, and each of the plurality of
second light-emitting units is capable of emitting red or
infrared light of a second wavelength, the first wavelength
being different from the second wavelength; the number of
the first light-emitting units is the same as that of the second
light-emitting units; the plurality of first light-emitting units
and the plurality of second light-emitting units are arranged
in a row and column light source array.

[0029] Preferably, the plurality of first light-emitting units
is placed at equal or unequal intervals to form a m*n first
row and column light source array, and the plurality of
second light-emitting units is placed at equal or unequal
intervals to form a m*n second row and column light source
array, wherein n is an integer greater than 1, and m is an
integer greater than or equal to 1.

[0030] Preferably, the plurality of first light-emitting units
and the plurality of second light-emitting unit are placed at
equal or unequal intervals to form a row and column light
source array of m rows and 2*n columns, wherein each
column of the row and column light source array is a first
light-emitting unit column composed of the first light-
emitting units or a second light-emitting unit column com-
posed of the second light-emitting units, and the first light-
emitting unit columns and the second light-emitting umt
columns are alternately arranged, wherein n is an integer
greater than 1, and m is an integer greater than or equal to
L

[0031] or, the plurality of first light-emitting units and the
plurality of second light-emitting unit are placed at equal or
unequal intervals to form a row and column light source
array of 2*m rows and n columns, wherein each row of the
row and column light source array is a first light-emitting
unit row composed of the first light-emitting units or a
second light-emitting unit row composed of the second
light-emitting units, and the first light-emitting unit rows and
the second light-emitting unit rows are alternately arranged,
wherein n is an integer greater than or equal to 1, and m is
an integer greater than 1.

[0032] Preferably, in the row and line light source array
composed of the plurality of first light-emitting units and the
plurality of second light-emitting units, the first light-emit-
ting units and the second light-emitting units are alternately
arranged such that the first light-emitting units and the
second light-emitting units in each row of the row and
column light source array are alternately arranged, and the
first light-emitting units and the second light-emitting units
in each column of the row and column light source array are
also alternately arranged.

[0033] Preferably, a light diffusion lens having a diffused
irradiation area is arranged outside the row and column light
source array composed of the plurality of first light-emitting
units and the plurality of second light-emitting units of the
light-emitting light source.

[0034] The light receiving device of the trans-abdominal
non-invasive fetal blood oxygen saturation detection device
of the present invention collects a plurality of optical signals
related to the fetal blood oxygen saturation through a
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plurality of light receivers 204 and synthesizes the same into
an optical signal sum to improve the intensity of the received
optical signals.

[0035] As a preferred solution, the light receiving device
91 is implemented by the plurality of light receivers 204 and
the adder with a simple structure and low cost, without
improving the existing trans-abdominal fetal oximeter.
[0036] As a preferred solution, the plurality of light
receivers 204 collects a plurality of optical signals related to
the fetal blood oxygen saturation, superimposes and synthe-
sizes the same into an optical signal sum to improve the
intensity of the received optical signals, performs correlation
analysis on the optical signals collected by the plurality of
light receivers 204 and the fetal heart rate signals collected
at the same time, and then weights and superimposes the
same to reduce the noise signal interference unrelated to the
fetal blood oxygen saturation in the light sources, such that
the signal to noise ratio of the collected optical signals is
increased to improve the detection accuracy and reliability
of the trans-abdominal fetal blood oxygen saturation detec-
tion device. In particular, when the plurality of received
optical signals related to the fetal blood oxygen saturation is
subjected to the correlation analysis with the fetal heart rate
signals respectively, the signals are transmitted from the
time domain to the frequency domain for correlation analy-
sis, and a signal spectrum power other than the fetal spec-
trum power is filtered out from the optical signal spectrum,
such that the noise interference is greatly reduced, and the
intensity of the optical signals related to the fetal blood
oxygen saturation is improved.

[0037] In addition, by means of reasonable layout of a
plurality of light receivers 204 of the light receiving device
91 and the light-emitting light source device 92, if the
plurality of light receivers 204 is arranged around the
light-emitting light source device 92 in a circular shape, the
light source can be reasonably utilized to improve the
intensity of the signals collected by the light receiving
device 91. The light-emitting light source device adopts a
plurality of first light-emitting units and a plurality of second
light-emitting units, and the plurality of first light-emitting
units and the plurality of second light-emitting units are
placed in an equidistant row and column light source array
to realize a wide range of multiple paths to increase the
luminous power of the light source. At the same time,
illumination does not happen in a point, such that the
received optical signals related to the fetal blood oxygen
saturation are greatly intensified than that in the original
device, but the optical power received by the abdominal skin
per unit area of a pregnant woman is low or not increased.

BRIEF DESCRIPTION OF DRAWINGS

[0038] FIG. 1 is a structural block diagram of a trans-
abdominal non-invasive fetal blood oxygen saturation detec-
tion device of the present invention;

[0039] FIG. 2 is a structural schematic diagram of a
trans-abdominal non-invasive fetal blood oxygen saturation
detection device of the present invention;

[0040] FIG. 3 is a structural schematic diagram of a fetal
blood oxygen optical signal collection device of the present
invention;

[0041] FIGS. 4-5 are structural drawings of two embodi-
ments of a light receiving device of the present invention;
[0042] FIGS. 6-11 are structural drawings of six embodi-
ments in terms of a layout structure of a plurality of light
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receivers and the light-emitting light source of the fetal
blood oxygen optical signal collection device of the present
invention;

[0043] FIGS. 12-14 are structural drawings of three
embodiments in term of a layout structure of the light-
emitting units of the light-emitting light source of the light
receiving device of the present invention;

[0044] FIG. 15 is a structural schematic diagram of the
light-emitting light source device of the present invention;
[0045] FIG. 16 is a structural drawing of another embodi-
ment of the light receiving device of the present invention;
[0046] FIG. 17 is a block diagram of an embodiment of a
signal processing flow of a primary processor 250 shown in
FIG. 16;

[0047] FIG. 18 is a block diagram of another embodiment
of the signal processing flow of the primary processor 250
shown in FIG. 16;

[0048] FIG. 19 is a block diagram of yet another embodi-
ment of the signal processing flow of the primary processor
250 shown in FIG. 16;

[0049] FIG. 20 is an embodiment of an addition selector of
the light receiving device of FIG. 16; and

[0050] FIG. 21 is another embodiment of the addition
selector of the light receiving device of FIG. 16.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0051] Specific embodiments of a trans-abdominal non-
invasive fetal blood oxygen saturation detection device of
the present invention will be further described with refer-
ence to the embodiments given in FIGS. 1 to 21 below.

[0052] As shown in FIG. 1, the present invention relates to
a trans-abdominal non-invasive fetal blood oxygen satura-
tion detection device which generally comprises a trans-
abdominal fetal oximeter and a signal detection assembly
connected to the trans-abdominal fetal oximeter. The trans-
abdominal oximeter comprises a signal processing control-
ler 11. The signal detection assembly comprises a light-
emitting light source device 92 for irradiating two or more
different wavelengths of light into the abdominal cavity of a
pregnant woman, a light receiving device 91 for collecting
an optical signal related to the fetal blood oxygen saturation
collected from the outside of the abdominal cavity of the
pregnant woman, and a reference signal detection device for
collecting one or more of a fetal heart rate signal, a pregnant
woman heart rate signal and a pregnant woman pulse blood
oxygen saturation optical signal. The reference signal detec-
tion device comprises a fetal heart rate collection device for
collecting a fetal heart rate signal from the outside of the
abdominal cavity of the pregnant woman, and/or a pregnant
woman heart rate collection device for collecting a pregnant
woman heart rate signal, and/or a pregnant woman pulse
blood oxygen saturation collection device for collecting a
pregnant woman pulse blood oxygen saturation optical
signal. The light receiving device 91, the light-emitting light
source device 92, the fetal heart rate collection device, the
pregnant woman heart rate collection device and the preg-
nant woman pulse blood oxygen saturation collection device
are all connected to the signal processing controller 11. The
signal processing controller 11 is configured to calculate the
fetal blood oxygen saturation according to the collected
optical signal related to the fetal blood oxygen saturation,
and based on any one or more of the fetal heart rate signal,
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the pregnant woman heart rate signal, and the pregnant
woman pulse blood oxygen saturation optical signal.

[0053] The present invention relates to a technology for
detecting a blood oxygen saturation of a blood stream of a
fetus outside the body of a pregnant woman. This technol-
ogy creatively realizes trans-abdominal non-invasive fetal
blood oxygen saturation detection, without any operation of
going deep into the abdominal cavity of the pregnant woman
during the detection process and without a need of applying
a photoelectric sensor to a specific position of the fetus. A
specific solution including the problem of how to convert
processing signals has been disclosed in the inventor’s
earlier invention patent CN201310182965.2, and will not be
described again.

[0054] As shown in FIGS. 2-3, one embodiment of an
trans-abdominal non-invasive fetal blood oxygen saturation
detection device of the present invention comprises an
trans-abdominal fetal oximeter and a fetal blood oxygen
optical signal collection device 9 connected to the trans-
abdominal fetal oximeter. The trans-abdominal fetal oxime-
ter comprises a signal processing controller 11, and a display
module 12 and an operation module 13 which are connected
to the signal processing controller 11. The fetal blood
oxygen optical signal collection device 9 comprises a pho-
tosensor mounting mechanism 93 on which a light-emitting
light source device 92 and a light receiving device 91
comprising a plurality of light receivers 204 are integrally
mounted. The light-emitting light source device 92 and the
light receiving device 91 are integrated together to form a
collection device for collecting a fetal blood oxygen optical
signal. The fetal blood oxygen optical signal collection
device 9 can tightly wrap the light-emitting light source
device 92 and the light receiving device 91 onto the abdomi-
nal body surface of the pregnant woman in an appressed
manner, and can be adjusted according to a fetus moving
position. Preferably, the fetal blood oxygen optical signal
collection device 9 is a soft member on which the light-
emitting light source device 92 and the light receiving
device 91 comprising the plurality of light receivers 204 can
be fixedly mounted and which can be fixed on the abdomen
of the pregnant woman and wrapped to the abdomen of the
pregnant woman. For example, the photosensor mounting
mechanism 93 of the fetal blood oxygen optical signal
collection device 9 may be a waistband attached to the
abdomen of the pregnant woman, a wearable abdominal
scarf, a dudou or other device on which the light-emitting
light source device 92 and the light receiving device 91
comprising the plurality of light receivers 204 can be
mounted and which can be fixed to the abdomen of the
pregnant woman. The fetal blood oxygen optical signal
collection device 9 is connected to the abdominal fetal
oximeter via a communication link 14. The communication
link 14 may be a wired link or a wireless link. The wireless
link may use WIFI, Bluetooth and other wireless commu-
nication protocols. The display module 12 may be an LED
screen, an LCD screen or a touch screen. The operation
module 13 may be a keyboard.

[0055] Further, the trans-abdominal non-invasive fetal
blood oxygen saturation detection device further comprises
a fetal heart rate collection device (not shown). The fetal
blood oxygen optical signal collection device 9 and the fetal
heart rate collection device are combined together to form an
trans-abdominal fetal blood oxygen probe, or the fetal heart
collection device is also integrated on the photosensor
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mounting mechanism 93 of the fetal blood oxygen optical
signal collection device 9 to form a trans-abdominal fetal
blood oxygen probe for acquiring various signals required
by the trans-abdominal fetal oximeter. The trans-abdominal
fetal blood oxygen probe is connected to the trans-abdomi-
nal fetal oximeter 1 via the communication link 14. For
example, in one embodiment, the fetal blood oxygen optical
signal collection device 9 and the fetal heart rate collection
device are of two independent collection devices which
together form the trans-abdominal fetal blood oxygen probe.
The fetal blood oxygen optical signal collection device 9 and
the fetal heart rate collection device are respectively con-
nected to the trans-abdominal fetal oximeter 1. The trans-
abdominal fetal oximeter 1 is provided with an optical signal
interface connected to the light receiving device 91, a
light-emitting light source interface connected to the light-
emitting light source device 92, and a fetal heart rate
detection interface connected to the fetal heart rate collec-
tion device. The light-emitting light source device 92, the
light receiving device 91 and the fetal heart rate collection
device are respectively connected to the optical signal
interface, the light-emitting light source interface and the
fetal heart rate detection interface respectively via an optical
signal link, a light-emitting light source link and a fetal heart
rate signal link. The optical signal link, the light-emitting
light source link and the fetal heart rate signal link may be
a wired link or a wireless link respectively, and the wireless
link may use WIFI, Bluetooth, and other wireless commu-
nication protocols. For example, in another embodiment, the
light-emitting light source device 92 and the light receiving
device 91 of the fetal blood oxygen optical signal collection
device 9, and the fetal heart rate collection device are
integrated on the photosensor mounting mechanism 93 to
form the trans-abdominal fetal blood oxygen probe. The
trans-abdominal fetal oximeter 1 is provided with a first
wireless transmitter/receiver. The optical signal interface,
the light-emitting light source interface and the fetal heart
rate detection interface of the trans-abdominal oximeter 1
are connected to the first wireless transmitter/receiver
respectively. The optical sensor mounting mechanism 93 is
provided with a second wireless transmitter/receiver. The
light-emitting light source device 92, the light receiving
device 91 and the fetal heart rate collection device are
respectively connected to the second wireless transmitter/
receiver, and are connected to the trans-abdominal fetal
oximeter 1 via links of the second wireless transmitter/
receiver and the first wireless transmitter/receiver. Further,
the trans-abdominal fetal blood oxygen probe may further
comprise a pregnant woman heart rate collection device
and/or a pregnant woman pulse blood oxygen saturation
collection device (not shown).

[0056] As one improvement of the present invention, the
signal processing controller 11 controls the light-emitting
light source device 92 to irradiate two or more different
wavelengths of light into the abdominal cavity of a pregnant
woman. The light receiving device 91 comprises a plurality
of light receivers 204 respectively placed at a plurality of
different positions outside the abdominal cavity of the
pregnant woman. The light receiving device 91 collects, by
the plurality of light receivers 204, a plurality of optical
signals related to fetal blood oxygen saturation, which are
scattered and reflected back from the abdominal cavity of
the pregnant woman, and superimposes the optical signals
into an optical signal sum related to the fetal blood oxygen
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saturation and outputs it to the signal processing controller
11. The light receiving device 91 of the present invention
comprises a plurality of light receivers 204 respectively
placed at a plurality of different positions outside the
abdominal cavity of the pregnant woman, and is configured
to collect a plurality of optical signals related to the fetal
blood oxygen saturation, which are returned from the
abdominal cavity of the pregnant woman, superimpose and
summarize the optical signals into an optical signal sum and
then transmit the optical signal sum to the signal processing
controller 11. The signal processing controller 11 is config-
ured to calculate the fetal blood oxygen saturation according
to the optical signal sum outputted by the light receiving
device 91, and according to any one or more of a fetal heart
rate signal, a pregnant woman heart rate signal and a
pregnant woman pulse blood oxygen saturation optical
signal which are collected from the reference signal detec-
tion device. The light receiving device 91 of the present
invention is configured to collect, via the plurality of light
receivers 204, a plurality of optical signals related to the
fetal blood oxygen saturation, then superimpose and sum-
marize the collected optical signals and then transmit the
optical signal sum to the signal processing controller 11,
such that the intensity o the optical signals related to the
blood stream of the fetus among the received signals is
effectively improved. Each of the light receivers 204 is a
silicon photodiode, an avalanche photodiode, a photomulti-
plier tube or other photoelectric conversion device. The
light-emitting light source device 92 includes at least two
light sources of different wavelengths, which may be red
light at 500 nm to infrared light at 1000 nm, preferably 660
nm, 740 nm, 880 nm, 940 nm. The light-emitting light
source 1s an LED or a laser or other light-emitting light
source.

[0057] As shown in FIGS. 4-5, the light receiving device
91 comprises a plurality of light receivers 204 and an adder
connected to the plurality of light receiver 204, wherein the
adder is connected to the signal processing controller 11 of
the trans-abdominal fetal oximeter. Each of the light receiv-
ers 204 is configured to receive optical signals related to
fetal blood oxygen saturation returned from the abdominal
cavity of the pregnant woman, and convert the optical
signals into a plurality of electrical signals. The adder is
configured to superimpose the plurality of electrical signals
and output an optical signal sum related to the fetal blood
oxygen saturation to the signal processing controller 11. The
light receiving device 91 is realized by the plurality of light
receivers 204 and the adder with a simple structure and low
cost, without improving the existing trans-abdominal fetal
oximeter.

[0058] As shown in FIG. 4, in an embodiment of the light
receiving device 91 of the present invention, the light
receiving device 91 comprises a plurality of light receivers
204, and a plurality of amplifiers connected to the plurality
of light receivers 204 respectively. The plurality of ampli-
fiers is connected to the adder. The adder is connected to the
signal processing controller 11 of the trans-abdominal fetal
oximeter via a digital-to-analog converter. Each of the light
receivers 204 is configured to receive optical signals related
to fetal blood oxygen saturation returned from the abdomi-
nal cavity of the pregnant woman, and convert the optical
signals into a plurality of electrical signals. The plurality of
electrical signals are amplified by the amplifiers and super-
imposed by the adder. and then converted into an optical
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signal sum of digital signals by the digital-to-analog con-
verters, which is then output to the signal processing con-
troller 11.

[0059] As shown in FIG. 5, in another embodiment of the
light receiving device 91 of the present invention, the light
receiving device 91 comprises a plurality of light receivers
204, a plurality of amplifiers connected to the plurality of
light receivers 204 respectively and a plurality of digital-to-
analog converters connected to the plurality of amplifiers
respectively. The plurality of digital-to-analog converters is
connected to the adder. The adder is connected to the signal
processing controller 11 of the trans-abdominal fetal oxime-
ter. Each light receiver 204 converts the optical signals into
a plurality of electrical signals, the electrical signals are
respectively amplified by the amplifiers and converted into
digital signals through the digital-to-analog converters, and
the digital signals are then superimposed into an optical
signal sum by the adder and output to the signal processing
controller 11.

[0060] As an improvement of the present invention, the
fetal blood oxygen optical signal collection device 9 inte-
grates the light-emitting light source device 92 and the light
receiving device 91 comprising the plurality of light receiv-
ers 204, which not only makes it convenient to use, but also
causes the previous layout of the light-emitting light source
device 92 and the plurality of light receivers 204 to be more
reasonable, and the paths for collecting scattering and reflec-
tion to be closer, such that the light source can be reasonably
utilized to improve the intensity of the signals collected by
the light receiving device 91.

[0061] As shown in FIG. 6, in a preferred embodiment of
the fetal blood oxygen optical signal collection device 9 of
the present invention, the plurality of light receivers 204 of
the light receiving device 91 and the light-emitting light
source device 92 are mounted on the sensor mounting
mechanism 93. The plurality of light receivers 204 of the
light receiving device 91 is arranged around a light-emitting
light source 921 of the light-emitting light source device 92
to form a circular shape. Preferably, the photosensor mount-
ing mechanism 93 is capable of being buckled on the
abdomen of the pregnant woman in a dome shape. The
light-emitting light source of the light-emitting light source
device 92 is located in the middle of the dome, i.e., in the
middle of the top side of the abdomen of the pregnant
woman. The plurality of light receivers 204 of the light
receiving device 91 is arranged around the side surface of
the abdomen of the pregnant woman to form a circular
shape. The light-emitting light source and the plurality of
light receivers 204 form a dome shape. By means of
reasonable layout of the plurality of light receivers 204 of
the light receiving device 91 and the light-emitting light
source 921 of the light-emitting light source device 92, the
light source can be reasonably utilized to improve the
intensity of the signals collected by the light receiving
device 91.

[0062] As shown in FIG. 7, in a preferred embodiment of
the fetal blood oxygen optical signal collection device 9 of
the present invention, the plurality of light receivers 204 of
the light receiving device 91 is arranged around the light-
emitting light source 921 of the light-emitting light source
device 92 to form a square shape.

[0063] Inseveral embodiments as shown in FIGS. 8 to 11,
the plurality of light receivers 204 of the light receiving
device 91 form an array of i rows*j columns and is placed
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on one side of the light-emitting light source 921 of the
light-emitting light source device 92, both i1 and j being
integers greater than 0; or the plurality of light receivers 204
of the light receiving device 91 form two arrays of i rows*j
columns and is placed on two side of the light-emitting light
source 921 of the light-emitting light source device 92
respectively, both i and j being integers greater than 0.

[0064] Further, in another embodiment of the fetal blood
oxygen optical signal collection device 9 of the present
invention, the fetal blood oxygen optical signal collection
device 9 further comprises a conduction switch controlled
by a signal generated by a pulse timing sequence emitted by
the light-emitting light source device 92. An optical signal
received by each of the light receivers 204 of the light
receiving device 91 is converted into an electrical signal and
then passed through the conduction switch, such that the
illumination of the light-emitting light source device 92 and
the received optical signal passed through the conduction
switch are synchronized, and only the optical signal syn-
chronized with the illumination of the light-emitting light
source device 92 within a narrow pulse time can be trans-
mitted to the analog-to-digital converter of the light receiv-
ing device 91 and converted into a digital signal for further
processing.

[0065] As an improvement of the present invention, the
light-emitting light source device 92 of the present invention
comprises a light-emitting light source 921 and a light
source driver connected to the light-emitting light source
921. The light source driver is connected to the signal
processing controller, and is configured to drive the light-
emitting light source 921 to emit pulsed light having a
frequency higher than 20 Hz under the control of the signal
processing controller, a duty ratio of the pulse of the pulsed
light being less than 40%. Preferably, the pulsed light has a
frequency in the range of 400 Hz to 5000 Hz, but not
including frequencies of 50 Hz, 60 Hz, and integer multiples
thereof. The light-emitting light source device 92 of the
present invention adopts a pulsed optical signal with a
relatively small duty ratio, such that the average optical
power received by the human body is much less than the
instantaneous maximum luminous power, thereby ensuring
the human body safety, and solving the problem that exces-
sive luminous power may cause damage to the pregnant
women and fetus while improving the intensity of the
signals. The light source driver in the present embodiment
may be used for the light-emitting light source 921 having
a single first light-emitting unit and a single second light-
emitting unit, or may also be used for the light-emitting light
source 921 having a plurality of first light-emitting units and
a plurality of second light-emitting units.

[0066] As an improvement of the present invention, the
light-emitting light source device of the present invention
comprises a light-emitting light source 921 comprising a
plurality of first light-emitting units and a plurality of second
light-emitting units, and a light source driver connected to
the light-emitting light source 921. Each of the plurality of
first light-emitting units is capable of emitting red or infrared
light of a first wavelength, and each of the plurality of
second light-emitting units is capable of emitting red or
infrared light of a second wavelength, the first wavelength
being different from the second wavelength. The number of
the first light-emitting units is the same as that of the second
light-emitting units. The plurality of first light-emitting units
and the plurality of second light-emitting units are placed in
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a row and column light source array. The plurality of first
light-emitting units and the plurality of second light-emit-
ting units are alternately lighted up under the control of the
light source driver. The plurality of first light-emitting units
and the plurality of second light-emitting units in the row
and column light source array may be arranged at equal or
unequal intervals, and preferably, the distance between
every two of the light-emitting units in the row and column
light source array is equal. The light-emitting light source
device 92 of the present invention adopts a plurality of first
light-emitting units and a plurality of second light-emitting
units, and the plurality of first light-emitting units and the
plurality of second light-emitting units are placed in an
equidistant row and column light source array to realize a
wide range of multiple paths to increase the luminous power
of the light source. At the same time, illumination does not
happen in a point, such that the received optical signals
related to the fetal oxygen saturation are greatly intensified
than that in the original device, but the optical power
received by the abdominal skin per unit area of a pregnant
woman is low or not increased. Preferably, the light-emitting
light source device 92 comprises at least two first light-
emitting units and at least two second light-emitting units.
The first light-emitting units and the second light-emitting
units may be LEDs capable of emitting red or infrared light,
lasers or other light sources, preferably LEDs capable of
emitting red light at 600 nm to infrared light at 950 nm. If
the first wavelength is from red light, the second wavelength
is from infrared light; and if the first wavelength is from
infrared light, the second wavelength is from red light.
Preferably, the first wavelengths of the red or infrared light
emitted by the plurality of first light-emitting units are
exactly the same, which, however, is practically difficult to
achieve, and therefore, the first wavelengths of the red or
infrared light emitted by the plurality of first light-emitting
units are substantially the same, and within a small deviation
range, all of which fall within the protection scope of the
present application. In the same way, the second wave-
lengths of red or infrared light emitted by the plurality of
second light-emitting units are also similar.

[0067] As shown in FIG. 12, the light-emitting light
source 921 of the light-emitting light source device 92
comprises a plurality of first light-emitting units which is
placed at equal or unequal intervals to form a m*n first row
and column light source array, and a plurality of second
light-emitting units which is placed at equal or unequal
intervals to form a m*n second row and column light source
array, wherein n is an integer greater than 1, and m is an
integer greater than or equal to 1. Each first light-emitting
unit is a red LED 102, wherein R represents red light in
drawings. The first row and column light source array is a
red LED array composed of red LEDs. Each second light-
emitting unit is an infrared LED 104, wherein the IR
represents infrared light in drawings. The second row and
column light source array is an infrared light LED array
composed of infrared LEDs.

[0068] As shown in FIG. 13, the light-emitting light
source of the light-emitting light source device comprises a
plurality of first light-emitting units and a plurality of second
light-emitting units, which are placed at equal or unequal
intervals to form a row and column light source array of m
rows and 2*n columns, wherein each column of the row and
column light source array is a first light-emitting unit
column composed of the first light-emitting units or a second
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light-emitting unit column composed of the second light-
emitting units. The first light-emitting unit columns and the
second light-emitting unit columns are alternately arranged,
wherein n is an integer greater than 1, and m is an integer
greater than or equal to 1. However, the optical paths of red
or infrared light of two different wavelengths passing
through the abdomen of the pregnant woman to the fetus are
closer than that in FIG. 12. Obviously, it is also possible to
arrange the first light-emitting units and the second light-
emitting units in rows alternately, i.e., the plurality of first
light-emitting units and the plurality of second light-emit-
ting units are placed at equal or unequal intervals to form a
row and column light source array of 2*m rows and n
columns, wherein each row of the row and column light
source array is a first light-emitting unit row composed of
the first light-emitting units or a second light-emitting unit
row composed of the second light-emitting units. The first
light-emitting unit rows and the second light-emitting unit
rows are alternately arranged, wherein n is an integer greater
than or equal to 1, and m is an integer greater than 1.

[0069] As shown in FIG. 14, in a preferred embodiment of
the light-emitting light source device of the present inven-
tion, in the row and column light source array composed of
the plurality of first light-emitting units and the plurality of
second light-emitting units, the first light-emitting units and
the second light-emitting units are arranged alternately, such
that the first light-emitting units and the second light-
emitting units in each row of the row and column light
source array are alternately arranged and the first light-
emitting units and the second light-emitting units in each
column of the row and column light source array are also
arranged alternately. The light paths of red or infrared light
of two different wavelengths passing through the abdomen
of the pregnant woman to the fetus are closer than that in
FIG. 13, which greatly improves the intensity and accuracy
of the signals collected by the light receiving device 91.

[0070] Further, as shown in FIG. 15, in a preferred
embodiment of the light-emitting light source device of the
present invention, a light diffusion lens 922 having a dif-
fused irradiation area is placed outside the row and column
light source array composed of the plurality of first light-
emitting units and the plurality of second light-emitting units
of the light-emitting light source 921 so as to increase the
luminous power of the light-emitting units while not increas-
ing the luminous radiation per unit irradiation area. Prefer-
ably, the light diffusion lens 922 is a concave lens, and the
distance between the concave lens and each of the first
light-emitting unit and the second light-emitting unit is
greater than 0; or, the light diffusion lens is a convex lens,
and a distance between the concave lens and each of the first
light-emitting unit and the second light-emitting unit is
greater than 0 and less than or equal to a focal length of the
convex lens.

[0071] Further, a preferred embodiment of the fetal blood
oxygen optical signal collection device of the present inven-
tion, the light receiving device 91 including a plurality of
light receivers 204 of the present invention is combined with
the light-emitting light source device 92 of the row and
column light source array. As a preferred manner, the light
receiving device 91 and the light-emitting light source
device 92 are mounted on the photosensor mounting mecha-
nism 93. The light-emitting light source of the light-emitting
light source device 92 comprises a row and column light
source array composed of the plurality of first light-emitting
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units and the plurality of second light-emitting units. In the
row and column light source array, the first light-emitting
units and the second light-emitting units are arranged alter-
nately, such that the first light-emitting units and the second
light-emitting units in each row of the row and column light
source array are alternately arranged, and the first light-
emitting units and the second light-emitting units in each
column of the row and column light source array are also
arranged alternately. In addition, the plurality of the light
receivers 204 of the light receiving device 91 is placed round
the light-emitting light source device 92 to form a circular
shape. The photosensor mounting mechanism 93 is capable
of being buckled on the abdomen of the pregnant woman in
a dome shape. The light-emitting light source of the light-
emitting light source device 92 is located in the middle of the
dome, i.e., in the middle of the top side of the abdomen of
the pregnant woman. The plurality of light receivers 204 of
the light receiving device 91 is placed around the side
surface of the abdomen of the pregnant woman to form a
circular shape. The light-emitting light source and the plu-
rality of light receivers 204 form a dome shape. Therefore,
the illumination of the light source and the collection of the
light receivers 204 are implemented at a plurality of points
which are not required necessarily to correspond one by one,
such that the unit area is increased, and the optical paths of
red or infrared light of the two different wavelengths passing
through the abdomen of the pregnant woman to the fetus are
closer. Therefore, the intensity of the fetal blood flow-related
optical signals in the received signals is greatly improved.

[0072] As shown in FIG. 16, as another improvement of
the present invention, the light receiving device 91 of the
present invention comprises a plurality of light receivers
204, and a primary signal processor 250 connected to the
plurality of light receivers 204. The primary signal processor
250 comprises an interface which is used for receiving a
fetal heart rate signal and connected to the fetal heart rate
collection device. The primary single processor 250 is
configured to receive a plurality of optical signals related to
the fetal blood oxygen saturation through the plurality of
light receivers 204, acquire the fetal heart rate signals
collected at the same time through the fetal heart rate
collection device, and perform correlation analysis on the
plurality of received optical signals related to fetal blood
oxygen saturation and the fetal heart rate signals to obtain
correlation coefficients of the respective optical signals;
obtain corresponding weighting coefficients of the optical
signals based on the correlation coeflicients; and superim-
posing the plurality of optical signals according to the
respective weighting coefficients to obtain an optical signal
sum.

[0073] The present invention also provides a trans-ab-
dominal non-invasive fetal blood oxygen saturation detec-
tion signal processing method in which a plurality of
received optical signals including fetal blood oxygen satu-
ration information is synthesized into an optical signal sum,
such that the intensity of the optical signals related to the
fetal blood oxygen saturation is improved, and the noise
interference is eliminated to increase the signal to noise
ratio. The method may be used for a light receiving device
91 and comprises the following steps:

[0074] performing correlation analysis on the plurality of
received optical signals related to the fetal blood oxygen
saturation and the fetal heart rate signals respectively to
obtain correlation coeflicients of the respective optical sig-
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nals; obtaining corresponding weighting coefficient of the
optical signals based on the correlation coeflicients; and
superimposing the plurality of optical signals according to
the respective weighting coeflicients to obtain an optical
signal sum. The step of obtaining the corresponding weight-
ing coeflicient of the optical signals based on the correlation
coeflicients includes: discarding the optical signal, i.e., set-
ting the weighting coeflicient as O if the correlation coeffi-
cient of each optical signal is less than a preset correlation
threshold; obtaining the weighting coeflicient according to
the correlation coefficient if the correlation coeflicient is
greater than the preset correlation threshold, wherein the
greater the correlation coeflicient, the greater the weighting
coefficient, and the weighting coefficient is greater than 0
and less than 1; and then, superimposing the plurality of
optical signals according to the respective weighing coefli-
cients to obtain the optical signal sum, for example, multi-
plying each of the plurality of optical signals by the respec-
tive weighting coeflicient and superimposing to obtain the
optical signal sum. In the trans-abdominal non-invasive fetal
blood oxygen saturation detection signal processing method
of the present invention, the plurality of light receivers 204
is configured to collect a plurality of optical signals related
to the fetal blood oxygen saturation, superimpose and syn-
thesize the optical signals into the optical signal sum to
improve the intensity of the optical signals, perform corre-
lation analysis on the optical signals collected by the plu-
rality of light receivers 204 and the fetal heart rates collected
at the same time, and then weight and superimpose the same
to eliminate noise signal interference unrelated to the fetal
blood oxygen saturation in the optical signals, such that the
signal to noise ratio of the collected optical signals is
increased to improve the accuracy and reliability of the
trans-abdominal fetal blood oxygen saturation detection.

[0075] The trans-abdominal non-invasive fetal blood oxy-
gen saturation detection signal processing method of the
present invention may be used for the light receiving device
91 of the trans-abdominal non-invasive fetal blood oxygen
saturation detection device. A plurality of received optical
signals related to the fetal blood oxygen saturation is
selected and superimposed to obtain an optical signal sum to
eliminate the noise interference and increase the signal to
noise ratio. Then, the optical signal sum related to the fetal
blood oxygen saturation is transmitted to the signal process-
ing controller 11 of the trans-abdominal fetal oximeter 1.
The signal processing controller 11 analyzes and calculates
the optical signal sum and the fetal heart rate signals to
obtain the fetal blood oxygen saturation. Of course, the
signal processing controller 11 may further analyze and
calculate based on the optical signal sum, and the collected
pregnant woman heart rate, and/or the pregnant woman
optical signal, and/or the fetal heart rate to obtain the fetal
blood oxygen saturation. The calculation method of the fetal
blood oxygen saturation has been described in inventor’s
another patent CN201310182965.2, and is not described
herein again. It should be noted that, the trans-abdominal
non-invasive fetal blood oxygen saturation detection signal
processing method of the present invention may also be
processed by the signal processing controller 11, and the
signal processing controller 11 receives the plurality of
optical signals and synthesizes the same into the optical
signal sum, which, however, will greatly increase the com-
plexity of the system.
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[0076] As shown in FIG. 16, the light receiving device 91
of the present invention comprises a plurality of light
receivers 204, a plurality of amplifiers connected to the
plurality of light receivers 204 respectively, a plurality of
digital-to-analog converters connected to the plurality of
amplifiers, and a primary signal processor 250 connected to
the plurality of digital-to-analog converters. The primary
signal processor 250 is connected to an output end of the
fetal heart rate collection device. Each of the light receivers
204 receives optical signals from the abdominal cavity of the
pregnant woman and converts them into a plurality of
electrical signals. The plurality of electrical signals are then
processed into a plurality of digital signals by the amplifiers
and the analog-to-digital converters, then processed by the
primary signal processor 250, and then synthesized into a
received optical signal sum 256.

[0077] An embodiment of the primary signal processor
250, as shown in FIG. 16, comprises a plurality of signal
analyzers 252 and an addition selector 254 connected to the
plurality of signal analyzers 252, wherein the plurality of
signal analyzers 252 is configured to perform correlation
analysis, and the addition selector 254 is configured to
perform selective superposition on the signals. Of course,
the primary signal processor 250 may be a single chip
microcomputer. The trans-abdominal non-invasive fetal
blood oxygen saturation detection signal processing method
of the present invention is implemented by software. The
corresponding functions including the signal analyzers 252
and the addition selector 254 are implemented by software.
The single-chip microcomputer executes the corresponding
software, analyzes, processes and superimposes the plurality
of optical signals to realize the synthesis of the optical signal
sum. A fetal heart rate sensor of the fetal heart rate collection
device may be a Doppler ultrasound fetal heart sound sensor,
or a fetal electrocardiography sensor composed of elec-
trodes, or other fetal heart rate sensor. As another embodi-
ment, the primary signal processor 250 may be a single chip
microcomputer which, instead of the adder of the embodi-
ment shown in FIGS. 4-5, implements the embodiment
shown in FIGS. 4-5, and directly superimposes the signals
directly through software.

[0078] FIG. 17 is an example of a signal analysis flow of
a signal analyzer 252 in a time domain during signal
analysis. The signal analyzer 252 is a time domain signal
analyzer, and is configured to perform correlation analysis
on each received optical signal related to the fetal blood
oxygen saturation and the received fetal heart rate signal in
the time domain to obtain a correlation coeflicient of each
optical signal. Referring to FIG. 17 for details, in the
trans-abdominal non-invasive fetal blood oxygen saturation
detection signal processing method of the present invention,
the flow of superimposing and synthesizing the weights of
the digital signals of the plurality of optical signals into the
received optical signal sum comprises the following steps:

[0079] (620) acquiring optical signals received by the light
receivers, converting the optical signals received by the light
receivers into electrical signals, processing the electrical
signals and converting the same into digital signals through
the amplifiers and the digital-to-analog converters to obtain
optical signals related to the fetal blood oxygen saturation;

[0080] (630) in parallel with step (620), acquiring fetal
heart rate signals received by the fetal heart rate collection
device;
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[0081] (622) performing correlation analysis on the opti-
cal signals and the fetal heart rate signals in the time domain,
wherein a correlation analysis algorithm belongs to the prior
art and is described in the general mathematics manual, and
will not be described here;

[0082] (624) calculating a correlation coeflicient A
through correlation analysis;

[0083] (626) judging whether the correlation coefficient A
exceeds a predetermined threshold X, proceeding to step
628 if the correlation coefficient A is greater than the
predetermined threshold X, or proceeding to step 632 if the
correlation coefficient A is less than the predetermined
threshold X;

[0084] (628) obtaining a weighting coeflicient M accord-
ing to the correlation coefficient A, and then proceeding to
step 634 below, wherein the weighting coeflicient M is
greater than 0 and less than 1;

[0085] (632) setting the weighting coeflicient M as 0, and
then proceeding to step 634 below; and (634) multiplying
the optical signal related to the fetal blood oxygen saturation
by the weighting coeflicient M and weighting, and trans-
mitting the weighted data E to the addition selector 254.
[0086] FIG. 18 is an example of a signal analysis flow of
a signal analyzer 252 in a frequency domain during signal
analysis. The signal analyzer 252 is a frequency domain
signal analyzer which is configured to transmit each
received optical signal related to the fetal blood oxygen
saturation from the time domain to the frequency domain to
obtain an optical signal spectrum, meanwhile transmit the
received fetal heart rate signal from the time domain to the
frequency domain to obtain a fetal frequency domain optical
power spectrum, and perform correlation analysis on the
optical signal spectrum and the fetal frequency domain
optical power spectrum in the frequency domain to obtain a
correlation coeflicient of each optical signal. Referring to
FIG. 18 for details, in the trans-abdominal non-invasive fetal
blood oxygen saturation detection signal processing method
of the present invention, the flow of superimposing and
synthesizing the weights of a plurality of digital signal into
the received optical signal sum 256 comprises the following
steps:

[0087] (720) acquiring optical signals received by the light
receivers, converting the optical signals received by the light
receivers into electrical signals, processing the electrical
signals and converting the same into digital signals through
the amplifiers and the digital-to-analog converters to obtain
optical signals related to the fetal blood oxygen saturation,
and then proceeding to step 722 below;

[0088] (722) transmitting each optical signal related to the
fetal blood oxygen saturation from the time domain to the
frequency domain to obtain an optical signal spectrum, and
then proceeding to step 724;

[0089] (740) in parallel with step 720, acquiring a fetal
heart rate signal received by the fetal heart rate collection
device, and then proceeding to step 742 below;

[0090] (742) transmitting the input fetal heart rate signal
from the time domain to the frequency domain to obtain a
fetal frequency domain optical power spectrum, and then
proceeding to step 724;

[0091] (724) performing correlation analysis on the opti-
cal signal spectrum related to the fetal blood oxygen satu-
ration and the fetal frequency domain optical power spec-
trum in the frequency domain;
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[0092] (726) calculating a relative value B of the optical
signal spectrum and the fetal frequency domain optical
power spectrum in the frequency domain as a correlation
coeflicient through correlation analysis;

[0093] (728) judging whether the relative value B exceeds
a predetermined threshold Y, proceeding to step 730 below
if the relative value B is greater than the predetermined
threshold Y, and proceeding to step 744 if the relative value
B is less than the predetermined threshold Y;

[0094] (730) restoring the optical signal spectrum from the
frequency domain back to the time domain, and then pro-
ceeding to step 732 below;

[0095] (732) obtaining a weighting coefficient M accord-
ing to the relative value B, and then proceeding to step 734
below, wherein the weighting coeflicient M is greater than 0
and less than 1;

[0096] (744) restoring the optical signal spectrum from the
frequency domain back to the time domain, and then pro-
ceeding to step 746 below, of course, step 744 can also be
omitted;

[0097] (746) setting the weighting coefficient M as 0, and
then proceeding to step 734 below; and

[0098] (734) weighting the optical signal related to the
fetal blood oxygen saturation and the weighting coeflicient
M, and transmitting the weighted data F to the addition
selector 254.

[0099] FIG. 19 is another example of a signal analysis
flow of a signal analyzer 252 in a frequency domain. The
signal analyzer 252 is configured to transmit each received
optical signal related to the fetal blood oxygen saturation
from the time domain to the frequency domain to obtain an
optical signal spectrum, meanwhile transmit the received
fetal heart rate signal from the time domain to the frequency
domain to obtain a fetal frequency domain optical power
spectrum, perform correlation analysis on the optical signal
spectrum and the fetal frequency domain optical power
spectrum in the frequency domain to obtain a correlation
coeflicient of each optical signal, filter out a signal spectrum
power other than the fetal spectrum power from the optical
signal spectrum to obtain a filtered optical signal spectrum
so as to eliminate the noise signal interference unrelated to
the fetal blood oxygen saturation in the optical signals, and
then restore the filtered optical signal spectrum from the
frequency domain back to the time domain to obtain a
filtered optical signal as a weighted superimposed optical
signal. Referring to FIG. 19 for details, in the trans-abdomi-
nal non-invasive fetal blood oxygen saturation detection
signal processing method of the present invention, the flow
of superimposing and synthesize the weights of the plurality
of digital signals into the received optical signal sum com-
prises the following steps:

[0100] (720) acquiring optical signals received by the light
receivers, converting the optical signals received by the light
receivers into electrical signals, processing the electrical
signals and converting the same into digital signals through
the amplifiers and the digital-to-analog converters to obtain
optical signals related to the fetal blood oxygen saturation,
and then proceeding to step 722 below;

[0101] (722) transmitting each optical signal related to the
fetal blood oxygen saturation from the time domain to the
frequency domain to obtain an optical signal spectrum, and
then proceeding to step 724 below;
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[0102] (740) in parallel with step 720, acquiring a fetal
heart rate signal received by the fetal heart rate collection
device, and then proceeding to step 742 below;

[0103] (742) transmitting the input fetal heart rate signal
from the time domain to the frequency domain to obtain a
fetal frequency domain optical power spectrum, and then
proceeding to step 724;

[0104] (724) performing correlation analysis and compari-
son on the optical signal spectrum related to the fetal blood
oxygen saturation and the fetal frequency domain optical
power spectrum in the frequency domain;

[0105] (726) calculating a relative value B of the optical
signal spectrum and the fetal frequency domain optical
power spectrum in the frequency domain as a correlation
coeflicient through correlation analysis;

[0106] (728) judging whether the relative value B exceeds
a predetermined threshold Y, proceeding to step 750 below
if the relative value B is greater than the predetermined
threshold Y, or proceeding to step 744 below if the relative
value B is less than the predetermined threshold Y;

[0107] (750) filtering out the signal spectrum power other
than the fetal frequency domain optical power spectrum
from the optical signal spectrum to obtain a filtered optical
signal spectrum, which may be implemented by a frequency
domain filter or by software, and then proceeding step 730
below;

[0108] (730) restoring the filtered optical signal spectrum
from the frequency domain back to the time domain to
obtain a filtered optical signal as a weighted superimposed
optical signal, and then proceeding step 734 below;

[0109] (744) restoring the optical signal spectrum from the
frequency domain back to the time domain, and then pro-
ceeding to step 746 below;

[0110] (746) setting the weighting coeflicient M as 0, and
then proceeding to step 734 below,

[0111] (734) weighting the filtered optical signal related to
the fetal blood oxygen saturation and the weighting coeffi-
cient M, and transmitting the weighted data F to the addition
selector 254.

[0112] Itshould be noted that FIG. 18 differs from FIG. 19
in that: after a frequency domain signal is determined to
exceed the predetermined threshold Y in step 728, the
inverse conversion is performed in step 730 directly in FIG.
18 to restore a time domain sighal. However, in FIG. 19, the
frequency domain signals from which signals unrelated to
the fetal frequency domain optical power spectrum are
filtered out are inputted to step 730 for inverse conversion to
restore the time domain signals.

[0113] The mathematical conversion formula for convert-
ing the signal from the time domain to the frequency domain
in step 722 in FIG. 18 and FIG. 19 may adopt a fast Fourier
transform formula or a Z transform formula. In addition, the
Laplace transform may also be used for the conversion from
the time domain to the domain frequency. The conversion
manner from the time domain to the frequency domain falls
into the prior art and will not be repeated.

[0114] The mathematical conversion formula for inversely
converting the signal from the frequency domain to the time
domain in step 730 in FIG. 18 and FIG. 19 may adopt a fast
inverse Fourier transform formula or an inverse Z transform
formula or an inverse Laplace transform. The inverse con-
version manner from the frequency domain to the time
domain falls into the prior art and will not be repeated.
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[0115] Referring to FIGS. 16, 20-21, the primary signal
processor 250 further includes a time-frequency converter
for converting a digital signal from the time domain to the
frequency domain and/or a time-frequency inverse converter
for restoring the digital signal from the frequency domain to
the time domain. The signal analyzer 252 of the primary
signal processor 250 is configured to label a weighting
coeflicient for each digital signal based on the correlation
between the fetal heart rate signal and the digital signal in
the frequency domain or in the time domain. The addition
selector 254 is configured to perform superimposition pro-
cessing according to the weighting coeflicient. The addition
selector 254 may be a linear superimposer or an optical
signal selector.

[0116] FIG. 20 is a flow example of the addition selector
254 in FIG. 16. The primary signal processor 250 includes
an addition selector 254. The addition selector 254 is a linear
superimposer that linearly superimposes a plurality of digital
signals outputted by the light receivers 204 and analyzed by
the signal analyzers 252 to synthesize the received optical
signal sum 256. Specifically, signals 802, 804, 806 generated
by each of the signal analyzers 252 are introduced into a
linear superimposer for linear superposition to produce the
received optical signal sum 256. The received optical signal
sum 256 will be sent to the trans-abdominal fetal oximeter
1 via a communication link 14. The signals inputted by the
linear superimposer of the primary signal processor 250 is
the data E generated by the time domain signal analyzer or
the data F generated by the frequency domain signal ana-
lyzer.

[0117] FIG. 21 is another flow example of the addition
selector 254 in FIG. 16. The primary signal processor 250
includes an addition selector 254. The addition selector 254
is an optical signal selector that selects one of a plurality of
digital signals outputted by the light receivers 204 and
analyzed by the signal analyzers 252 as the received optical
signal sum 256; or selects a plurality of digital signals and
superimposes the same to form the received optical signal
sum 256. Specifically, the signals 802, 804, 806 generated
by each of the signal analyzers are introduced into the
optical signal selector for further screening and superimpos-
ing. The optical signal selector 810 makes a determination
according to the comparison of all the signals 802, 804 and
806, the cognition for the positions of each light receiver 204
as well as other knowledge related to the fetal blood oxygen
saturation and selects one or more signals to generate the
received optical signal sum 256. The received optical signal
sum 256 will be sent to the trans-abdominal fetal oximeter
1 via a communication link 14. The signals outputted by the
optical signal selector of the primary signal processor 250 is
the data E generated by the time domain signal analyzer or
the data F generated by the frequency domain signal ana-
lyzer. The selection conditions for the optical signal selector
of the primary signal processor 250 include a blood oxygen
saturation signal state, and/or a position signal state

[0118] The detection device of the present invention can
be used not only for fetuses with poor heart rate caused by
hypoxia, but also for fetuses with normal heart rate. The
detection device can be used for detection in hospitals, and
can also be transplanted and extended to remote perinatal
monitoring supported by mobile internet, such as by remote
household detection. The detection device of the present
invention can be combined with an existing Electronic Fetal
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Monitor (EFM) to achieve more comprehensive signal pro-
cessing for a novel fetal monitoring device.

[0119] The above content is the further detailed descrip-
tion made to the present invention in conjunction with the
specific preferred embodiments, but will not thereby con-
sidered that the specific implementations of the present
invention are only limited to these descriptions. For those
skilled in the art to which the present invention belongs,
several simple deductions or replacements may also be made
without departing from the concept of the present invention,
all of which should be considered to fall into the protection
scope of the present invention.

1. A trans-abdominal non-invasive fetal blood oxygen
saturation detection device, comprising a trans-abdominal
fetal oximeter and a signal detection assembly connected to
the trans-abdominal fetal oximeter, wherein the trans-ab-
dominal oximeter comprises a signal processing controller;
the signal detection assembly comprises a light-emitting
light source device, a light receiving device for collecting an
optical signal related to the fetal blood oxygen saturation
from the outside of the abdominal cavity of a pregnant
woman, and a reference signal detection device for collect-
ing one or more of a fetal heart rate signal, a pregnant
woman heart rate signal and a pregnant woman pulse blood
oxygen saturation optical signal; the light-emitting light
source device, the light receiving device and the reference
signal detection device are all connected to the signal
processing controller, wherein

the light-emitting light source device irradiates two or

more different wavelengths of light into the abdominal
cavity of the pregnant woman;

the light receiving device comprises a plurality of light

receivers respectively placed at a plurality of different
positions outside the abdominal cavity of the pregnant
woman, and is configured to collect a plurality of
optical signals related to the fetal blood oxygen satu-
ration through the plurality of light receivers, synthe-
size the optical signals into an optical signal sum
related to the fetal blood oxygen saturation and then
outputs it to the signal processing controller;

the signal processing controller is configured to calculate
the fetal blood oxygen saturation according to the
optical signal sum outputted by the light receiving
device, and according to any one or more of the fetal
heart rate signal, the pregnant woman heart rate signal,
and the pregnant woman pulse blood oxygen saturation
optical signal which are collected from the reference
signal detection device.

2. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 1, wherein the
light receiving device comprises a plurality of light receivers
and an adder connected to the plurality of light receivers,
and the adder is connected to the signal processing controller
of the trans-abdominal fetal oximeter.

3. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 1, wherein the
light receiving device comprises a plurality of light receivers
and a primary signal processor connected to the plurality of
light receivers, wherein the primary signal processor com-
prises an interface for receiving the fetal heart rate signal,
and is configured to synthesize the plurality of optical
signals related to the fetal blood oxygen saturation into an
optical signal sum through the following steps:
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step A: performing correlation analysis on the plurality of
received optical signals and the fetal heart rate signals
respectively to obtain correlation coefficients of the
respective optical signals;

step B: obtaining corresponding weighting coeflicients of
the optical signals based on the correlation coefficients;
and

step C: superimposing the plurality of optical signals
according to the respective weighting coefficients to
obtain an optical signal sum related to the fetal blood
oXygen saturation.

4. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 3, wherein the
step B comprises: setting the weighting coefficient as 0 if the
correlation coefficient of each optical signal is less than a
preset correlation threshold; obtaining the weighting coef-
ficient according to the correlation coefficient if the corre-
lation coeflicient is greater than the preset correlation thresh-
old, and superimposing the plurality of optical signals
according to the respective weighting coeflicients to obtain
the optical signal sum.

5. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 3, wherein the
step A comprises: performing correlation analysis on each
received optical signal related to the fetal blood oxygen
saturation and the received fetal heart rate signal in a time
domain to obtain the correlation coefficient of each optical
signal.

6. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 3, wherein the
step A comprises: transmitting each received optical signal
related to the fetal blood oxygen saturation from the time
domain to a frequency domain to obtain an optical signal
spectrum, and meanwhile transmitting the received fetal
heart rate signal from the time domain to the frequency
domain to obtain a fetal frequency domain optical power
spectrum; and performing correlation analysis on the optical
signal spectrum and the fetal frequency domain optical
power spectrum in the frequency domain to obtain the
correlation coeflicient of each optical signal.

7. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 6, wherein the
step A further comprises: filtering out a signal spectrum
power other than the fetal spectrum power from the optical
signal spectrum to obtain a filtered optical signal spectrum,
and restoring the filtered optical signal spectrum from the
frequency domain back to the time domain to obtain a
filtered optical signal as a weighted superimposed optical
signal.

8. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 3, wherein the
primary signal processor comprises a plurality of signal
analyzers and an addition selector connected to the plurality
of signal analyzers, wherein a plurality of signal analyzers is
configured to analyze correlation coefficients of the optical
signals related to the fetal blood oxygen saturation, which
are collected by the plurality of light receivers, and the fetal
heart rate signals respectively, and the addition selector is
configured to superimpose the weights of a plurality of
digital signals according to the analysis results from the
signal analyzers and synthesize the same into an optical
signal sum.
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9. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 3, wherein the
primary signal processor is a single chip microcomputer.

10. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 1, comprising
a fetal blood oxygen optical signal collection device inte-
grated with the light-emitting light source device and the
light receiving device, wherein the fetal blood oxygen
optical signal collection device comprises a photosensor
mounting mechanism on which the light-emitting light
source device and the light receiving device comprising a
plurality of light receivers are integrally mounted.

11. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 10, wherein
the plurality of light receivers of the light receiving device
is placed around a light-emitting light source of the light-
emitting light source device to form a circular shape.

12. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 10, wherein
the plurality of light receivers of the light receiving device
is placed around a light-emitting light source of the light-
emitting light source device to form a square shape; or the
plurality of light receivers of the light receiving device
forms an array of i rows*;j columns and is placed on one side
of the light-emitting light source of the light-emitting light
source device, both 1 and j being integers greater than 0; or
the plurality of light receivers of the light receiving device
forms two arrays of 1 rows*j columns and is placed on two
sides of the light-emitting light source of the light-emitting
light source device respectively, both i and j being integers
greater than 0.

13. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 1, wherein the
fetal blood oxygen optical signal collection device further
comprises a conduction switch controlled by a signal gen-
erated by a pulse timing sequence emitted by the light-
emitting light source device, wherein an optical signal
received by each of the light receivers of the light receiving
device is converted into an electrical signal which is then
passed through the conduction switch, such that the illumi-
nation of the light-emitting light source device and the
received optical signal passed through the conduction switch
are synchronized, and only the optical signal synchronized
with the illumination of the light-emitting light source
device within a narrow pulse time can be transmitted to a
digital-to-analog converter of the light receiving device and
converted into a digital signal for further processing.

14. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 1, wherein the
light-emitting light source device comprises a light-emitting
light source and a light source driver connected to the
light-emitting light source, wherein the light source driver is
connected to the signal processing controller, and the light
source driver is configured to drive the light-emitting light
source to emit pulsed light having a frequency higher than
20 Hz under the control of the signal processing controller,
a duty ratio of the pulse of the pulsed light being less than
40%.

15. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 1, wherein the
light-emitting light source device comprises a light-emitting
light source comprising a plurality of first light-emitting
units and a plurality of second light-emitting units, wherein
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each of the plurality of first light-emitting units is capable of
emitting red or infrared light of a first wavelength, and each
of the plurality of second light-emitting units is capable of
emitting red or infrared light of a second wavelength, the
first wavelength being different from the second wavelength;
the number of the first light-emitting units is the same as that
of the second light-emitting units; the plurality of first
light-emitting units and the plurality of second light-emit-
ting units are placed in a row and column light source array.

16. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 15, wherein
the plurality of first light-emitting units is placed at equal or
unequal intervals to form a m*n first row and column light
source array, and the plurality of second light-emitting units
is placed at equal or unequal intervals to form a m*n second
row and column light source array, wherein n is an integer
greater than 1, and m is an integer greater than or equal to
1.

17. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 15, wherein
the plurality of first light-emitting units and the plurality of
second light-emitting unit are placed at equal or unequal
intervals to form a row and column light source array of m
rows and 2*n columns, each column of the row and column
light source array is a first light-emitting unit column
composed of the first light-emitting units or a second light-
emitting unit column composed of the second light-emitting
units, and the first light-emitting unit columns and the
second light-emitting unit columns are alternately arranged,
wherein n is an integer greater than 1, and m is an integer
greater than or equal to 1.

or, the plurality of first light-emitting units and the plu-

rality of second light-emitting unit are placed at equal
or unequal intervals to form a row and column light
source array of 2*m rows and n columns, each row of
the row and column light source array is a first light-
emitting unit row composed of the first light-emitting
units or a second light-emitting unit row composed of
the second light-emitting units, and the first light-
emitting unit rows and the second light-emitting unit
rows are alternately arranged, wherein n is an integer
greater than or equal to 1, and m is an integer greater
than 1.

18. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 15, wherein
in the row and line light source array composed of the
plurality of first light-emitting units and the plurality of
second light-emitting units, the first light-emitting units and
the second light-emitting units are alternately arranged such
that the first light-emitting units and the second light-
emitting units in each row of the row and column light
source array are alternately arranged, and the first light-
emitting units and the second light-emitting units in each
column of the row and column light source array are also
alternately arranged.

19. The trans-abdominal non-invasive fetal blood oxygen
saturation detection device according to claim 15, wherein a
light diffusion lens having a diffused irradiated area is placed
outside the row and column light source array composed of
the plurality of first light-emitting units and the plurality of
second light-emitting units of the light-emitting light source.
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