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A DUAL OPTICAL PATH SENSOR MODULE

TECHNICAL FIELD
The present invention discloses a dual optical path sensor module, relates to the field of
photoelectric physiological signal collection, and can be applied to various places requiring

long-term monitoring of blood oxygen saturation and heart rate.

BACKGROUND

The human pulse wave contains rich physiological information, and can provide a basis for
evaluating the physical state of the individual by collecting and analyzing the pulse wave, on
the premise of that the pulse wave signal can be obtained stably and reliably. For example, pulse
blood oxygen saturation reflects the amount of oxygen in the blood. Like the pulse rate, it is a
basic human physiological parameter and plays an important role in clinical diagnostic analysis.
The non-invasive blood oxygen saturation monitoring method is generally based on
photoplethysmography, and light sources with at least two different wavelengths are required
for excitation.

Currently, the common monitoring devices on the market are heavy in load and poor in
wearing comfort, so it is difficult to meet the requirement of long-term continuous pulse wave
oxygen saturation and heart rate monitoring. Domestic researches, such as CN201585990 and
CN102961144, attempt to detect blood oxygen saturation on the finger and designs are made
therein. Currently, there are also related conceptual products on the market, in which the
principle adopted is basically based on transmissive oxygen saturation detection, which is easy
to be interfered by motion and difficult to achieve accurate physiological parameter over-limit
alarm prompts and local real-time feedback. In CN204520642U, two photoelectric receiving
tubes are used to reduce the influence of dark current, but signal instability caused by shift
cannot be avoided.

To solve the above problem, a dual optical path sensor module is designed, and it is

necessary to stably obtain the physiological signal.

SUMMARY

For the shortcomings existing in the prior art, a dual optical path sensor module is designed
in the present invention, and the module includes a photoelectric receiver and two pairs of
symmetrical light sources, so that stability of signal quality can be improved.

Human tissue is a high scatterer, and the incident light travels in a "banana-shaped" path
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within a uniform medium. Photons are partially absorbed by tissues in human tissues, and are
also scattered by the tissues and spread in the tissues. Assuming that the human tissue is uniform
and homogeneous, the human issue can usually be divided into the following four parts: arteries,
capillaries, veins, and blood-free parts such as bones and fats, and blood in the arteries and the
capillaries and blood in the tissues are different in optical properties. When the heart contracts,
the absorption and scattering coefficients in the arterial blood vessels and capillaries increase,
resulting in a decrease in the luminous flux density received by the photoelectric receiving tube.

From the Lambert—Beer law, the light intensity produced by the diffuse reflection of the

tissue and received at the receiving tube can be expressed by:
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In the formula (1-1), Be> Bis Bos Bs are scale coefficients obtained by Lambert Beer's

first-order Taylor expansion, and Aley(®) and Mn(®) gre optical path changes caused by motion.

It can be seen from the formula that body motion causes a change in the optical path, thereby

causing a change in the light intensity at the receiving tube. In addition, B, (t) g dispersed by
AL, (1)

Ly, through motion. In this case, the change in the optical path is mainly caused by the
change in the distance between the light-emitting tube and the receiving tube, and the
deformation of the tissue.

A dual optical path sensor module designed in the present invention is applicable to
collecting human physiological signals based on photoplethysmography. The module includes
a base, and a photoelectric receiver and two light source modules mounted on the base. The two
light source modules are symmetrically disposed on two sides of the photoelectric receiver, and
each light source module includes light sources with at least two wavelengths. A light shielding
portion is further disposed on the base, the light shielding proton surrounds the photoelectric
receiver, and there is an opening at the top of the light shielding portion, so that light emitted
from the light source is received by the photoelectric receiver after the light is diffusely reflected
by the human body tissue.

The light source with a short wavelength in each light source module is closer to the
photoelectric receiver.

Further, the light shielding portion is made of an elastic material.

The dual optical path sensor module designed in the present invention can obtain the

physiological signals more stably. The module can continuously monitor pulse wave blood
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oxygen saturation and heart rate for a long time, has a strong anti-interference ability, and has

broad application prospects.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a top view according to an embodiment of the present invention.
FIG. 2 is a front view according to an embodiment of the present invention.
FIG. 3 is a schematic diagram of an optical path of an embodiment of the module on the

skin surface.

DETAILED DESCRIPTION

To make technical means, creative features, achievements of purpose and effect
implemented by the present invention easy to understand, the present invention is further
described with reference to the accompanying drawings and specific embodiments.

Referring to FIG. 1, the following technical solution is used according to an embodiment
of the present invention: A dual optical path sensor module includes a photoelectric receiver 4
and two light source modules 1 and 2. There is a light shielding portion 3 between the
photoelectric receiver 4 and the light source modules 1 and 2. The light source modules 1 and 2
each include light sources with at least two wavelengths: a light source 1 and a light source 2
respectively. The light sources can be extended according to needs. A wavelength of the light
source 1 is shorter than a wavelength of the light source 2 in the light source modules 1 and 2.
The light source 1 is closer to the photoelectric receiving tube. When the light sources are
extended, the light source with a short wavelength is closer to the photoelectric receiver. The
light source modules 1 and 2 are separately located on two sides of the photoelectric receiver 4,
and are spatially symmetric. Light sources with different wavelengths are diffusely reflected by
the tissue and then reach the photoelectric receiver 4.

FIG. 2 is a front view according to an embodiment of the present invention. The light
shielding portion 3 surrounds the photoelectric receiver 4, there is an opening at the top of the
light shielding portion 3, and lights emitted from the light source modules 1 and 2 cannot directly
enter the photoelectric receiver 4. In this design, the interference introduced by light leakage can
be effectively avoided, and the light shielding portion 3 results in that the light emitted from the
two light source modules 1 and 2 needs to be diffusely reflected before reaching the
photoelectric receiver 4.

FIG. 3 is a schematic diagram of an optical path of an embodiment of the module on the

skin surface. The light emitted from the light source 1 and the light source 2 has the properties
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of reflection, projection and refraction. In this module, the light source 1 generates an effective
optical path, and the optical path 1 is taken as an example. The light source 2 generates an
effective optical path, and the optical path 2 is taken as an example. A photon is diffusely
reflected through epidermis, dermis, and subcutaneous tissue, and then reaches the photoelectric
receiver 4. The photon cannot directly penetrate the light shielding portion 3 to directly reach
the photoelectric receiver 4. Considering that the module is placed on a human body for use, the
light shielding portion 3 can be made of an elastic material.

The purpose and effect achieved by the present invention are expressed by the formula (1-
1). For the dual optical path sensor module designed in the present invention, the light source
modules 1 and 2 are separately located on two sides of the photoelectric receiving tube 4, and
are symmetrically distributed. And the wavelength of the light source 1 is shorter than that of
the light source 2. The interference caused by the shift can be suppressed by the optical path to
some extent. There is a light shielding portion 3 between the photoelectric receiving tube 4 and
the light source modules 1 and 2, so that the interference introduced by light leakage can be
effectively avoided. The light shielding portion 3 is not limited to the one shown in the drawings.
To effectively avoid the interference introduced by light leakage, any structure that can block
the light of the light source that is directly lighted to the photoelectric receiving tube is possible.

The distance between the light source 1 and the photoelectric receiving tube 4 and the
distance between the light source 2 and the photoelectric receiving tube 4 can theoretically be
described by the following method. The human skin tissue is approximated as a semi-infinite
medium. A diffusely reflected light detected far from an incident point d is analyzed. An xz
coordinate system is established. The incident point is taken as an origin, and a line connecting
the incident point to a detection point is an x-axis, and a light normal-incidence direction is a z-
axis. The coordinates of the incident point are (0,0,0), and the coordinates of a receiving point
are (d,0,0). In the study of this text, a light-emitting diode LED is located at the coordinates of
the incident point, the intended receiving point to be placed is at the location of the exiting light,

and the coordinate of it is (d, 0, 0). According to the definition of the curve, the coordinate value
of the z-axis is defined as a function of x: 0 (x) :
2x(d —x)

Zy(X) R | ——
V3 )

According to the characteristics of the "banana-shaped" path, it can be derived that there

is a maximum value or a minimum value for the z-axis coordinate of the curve at a position of
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, and the value can be obtained according to the formula (1-3):

d

ZO (x)max N e
23,4 (1-3)

Wherein, #2 is the absorption coefficient of the medium, # is the reduced scattering
coefficient of the medium. It can be seen from the formula (1-3) that, there is a certain
relationship between the value of the radial distance and the penetration depth of the skin.
Human skin tissue has an obvious layered structure and is divided into three layers from the
surface to the inside: the epidermis layer, the dermis layer, and the subcutaneous tissue layer.
Because of the thicker dermis layer in the skin tissue, the near-infrared light that penetrates the
dermis layer into the subcutaneous tissue largely attenuates, and the diffusely reflected light

energy that can be returned can be approximately neglected. Assuming that the steady-state light
transmission probability density function is # (o, Z), the thickness of the skin layer and the

thickness of the dermis layer are respectively depi and deps , and the proportion of

corresponding layers can be obtained as follows:

repl o (p,z)dz
f(p) = =
_[ o (p,z)dz
0 (1-4)
dep,+dep,
jde: ’ p(p’Z)dZ
So(p) ="
jo p(p.z)dz s

Assuming that the diffuse probability of light in each layer of medium is averagely
distributed, the average value of d can be calculated from the formula (1-6):
13
dy,, =2, d(0)xz(0)
3 (1-6)

There may be a theoretical prediction of the value of the radial distance according to the
formula (1-6).

The basic principles and main features of the present invention and the advantages of the
present invention are shown and described above. It should be understood by persons skilled in
the art that the present invention is not limited by the foregoing embodiments, and the foregoing
embodiments and the description of the present invention are just for illustrating the principles

of the present invention. Without departing from the spirit and scope of the present invention,
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various changes and improvements are intended to fall within the protection scope of the present
invention. The protection scope of the present invention is defined by the appended claims and

their equivalents.
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Claims

1. A dual optical path sensor module for collect human physiological signals based on
photoplethysmography, wherein the module comprises a base, and a photoelectric receiver and
two light source modules mounted on the base, the two light source modules are symmetrically
disposed on two sides of the photoelectric receiver, and each light source module comprises
light sources with at least two wavelengths; a light shielding portion is further disposed on the
base, the light shielding portion surrounds the photoelectric receiver, and there is an opening at
the top of the light shielding portion, so that light emitted from the light source is received by
the photoelectric receiver after the light is diffusely reflected by the human body tissue.

2. The dual optical path sensor module according to claim 1, wherein the light source with
a short wavelength in each light source module is closer to the photoelectric receiver.

3. The dual optical path sensor module according to claim 1, wherein the light shielding

portion is made of an elastic material.



