10

15

20

25

WO 2021/150624 PCT/US2021/014210

OPTICAL DETECTOR FOR DETECTING GAS AND SUSPENDED MATTER

BACKGROUND
Field of the invention

[0001] The present invention relates to optical detectors, and in particular, to optical

detectors that detect gas and suspended matter therein.
Description of the related art

[0002] Gas detectors have been used to dynamically monitor environmental pollution,
which is a common concern in everyday life, industry, academia and research circles.
Three major technologies currently used in gas detectors include metal oxide
semiconductor (MOS), infrared (IR), and electro chemistry. MOS refers to components
made from metal-semiconductor oxide materials. Gas detectors using MOS technology
generally detect surface adsorption or reactions generated by the interaction of a MOS
device and a gas. MOS-based gas detectors can be mass-produced using micro electro
mechanical systems (MEMS) processes and are often used for air quality detection. Gas
detectors with IR detection generally rely on the absorption characteristics of specific
gases at the specific wavelengths of infrared light. In particular, IR gas detectors generally
measure the amount of IR absorption, which is proportional to the concentration of a gas
that absorbed the infrared light. Gas detectors with IR detection may be used as miniature
spectrometers for food identification or detection. Gas detectors using electro chemistry
generally drive a chemical reaction that specifically occurs with a target gas and measures
the generated electrical current, which is proportional to the gas concentration. Gas

detectors using electro chemistry are often used for health and disease measurements.

[0003] Gas detectors using IR detection often need to measure the absorption
characteristics of a gas sample at specific wavelengths of infrared light. To increase the
amount of absorption and facilitate measurements, a gas detector may need a large gas
sample or may need to reflect the infrared light many times through the gas to provide
enough absorption of the infrared light by the gas to be accurately measured. However,

reflections absorb light, and IR detectors may require large gas samples and high quality
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reflectors, increasing the cost of reflecting materials, the volume of the gas chamber, and

the time of detection used in the gas detector.

[0004] Additional factors of concerns for gas detectors that may affect the detection
results include: the presence of other gases that are not targeted for detection, the humidity
of the external environment, the temperature of the external environment, the temperature
of the gas detector, air movement in the external environment, and the time used for the
detection. These factors or concerns may cause the gas detectors to have the following
problems: (1) the detection accuracy may be greatly affected by external temperature and
humidity; (2) the gas composition resolution may be poor; (3) a gas detector may require a
long time after startup to stabilize for accurate detection; and (4) the gas detector may
consume a large amount of electricity for long-time use. A new type of gas detector is

desired to solve the problems found in prior gas detectors.

SUMMARY

[0005] An optical detector for detecting gas and suspended matter therein can provide
stable detection using a single reflection from (or transmission through) a reflector (or
transmitter/absorber) having optical characteristics that depend on components or

constituents of a gas sample adjacent to the reflector (or transmitter/absorber).

[0006] In one example of the present disclosure, an optical detector includes a test
chamber, at least one light source, a reflective sensing object, a test optical sensor and a
processor. The test chamber is configured to accommodate a gas sample that may contain
one or more target components, e.g., specific gases or particles, to be detected. The at
least one light source is coupled to the test chamber and configured to emit an incident
light into the test chamber. The at least one light source may be configured to emit the
incident light with specific spectrum. The reflective sensing object may be a reflector that
changes its reflective properties when the one or more target components are present in the
gas sample in the test chamber. The reflective sensing object may be disposed in the test
chamber and positioned to receive the incident light and reflect the incident light to form a
test reflected light. The test optical sensor receives the test reflected light and generate a

detected spectral signal. The processor is coupled to the test optical sensor, receives the
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detected spectral signal, and calculates a detection result according to the detected spectral

signal.

[0007] The optical detector may further include a reference chamber, a reference
object, and a reference optical sensor in a configuration that is symmetrical with the
configuration of the test chamber, the sensing object, and the test optical sensor. The at
least one light source is also coupled to the reference chamber and is configured to emit
the incident light into the test chamber and the reference chamber. The reference chamber
may accommodate the same gas being sampled, and the reference object is disposed in the
reference chamber to receive the incident light and reflect the incident light to form a
reference reflected light. The reference optical sensor receives and detects the reference
reflected light to generate a reference spectral signal. Symmetry of the test and reference
elements may cause differences between the reference spectral signal and the detected
spectral signal to be the results in differences between reflections from the sensing object
and reflections from the reference object. The processor is also coupled to the reference
optical sensor, receives the detected spectral signal and the reference spectral signal, and
calculates a calibrated result according to the detected spectral signal and the reference

spectral signal.

[0008] The path length of the incident light reaching the reflective sensing object may
be the same as the path length of the incident light reaching the reference object, and the
path length of the test reflected light reaching the test optical sensor may be the same as

the path length of the reference reflected light reaching the reference optical sensor.

[0009] The optical detector may further include at least one light splitter lens located
among the test chamber, the reference chamber and one of at least one light source. Each
one of the at least one light splitter lens is configured to split the incident light from one of

the at least one light source to the test chamber and the reference chamber.

[0010] The reference object may be configured to maintain low discoloration under
various temperatures and humidity conditions and may include ceramic, aluminum oxide

or zirconia.

[0011] The optical detector may further include a first protective glass, which is

between the test chamber and the test optical sensor, and a second protective glass, which
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is between the reference chamber and the reference optical sensor. The first protective
glass and the second protective glass may be configured to isolate the test optical sensor
and the reference optical sensor from the test chamber and the reference chamber to
protect the test optical sensor and the reference optical sensor from the pollution in or

other constituents of the gas sample.

[0012] The optical detector may further include a temperature and humidity detector
coupled to the processor and configured to detect the temperature and the humidity of the
gas sample, and to generate a temperature and humidity result. The processor can then
calculate the calibrated result according to the detected spectral signal, the reference

spectral signal, and the temperature and humidity result.

[0013] When the reflective sensing object contacts the gas sample (including at least
one target constituent to be detected), the reflective sensing object changes its structure
according to the kinds of the at least one target constituent and the concentration of the at
least one target gas. For example, the reflective sensing object may be an opaque object
including at least one of a DNA modified phage and a DNA unmodified phage that reacts
to the at least one target constituent. Therefore, the sensing object reflects the incident
light to form the test reflected light with a spectrum corresponding to the presence or

concentration of the at least one target constituent in the gas sample.

[0014] In another example of the present disclosure, an optical detector for detecting
gas and suspended matter therein includes a gas chamber, a light source, a transmissive
sensing object, a test optical sensor and a processor. The gas chamber is configured to
accommodate a sample of a gas to be analyzed. The light source is coupled to the gas
chamber and is configured for emitting an incident light into the gas chamber. The
transmissive sensing object is disposed in the gas chamber, and the transmissive sensing
object senses one or more target constituent of the gas sample to change a light penetrative
or absorption property, e.g., opacity, of the transmissive sensing object. The transmissive
sensing object may be configured to receive the incident light and the incident light
penetrates or passes through the transmissive sensing object to form a test penetrating
light. The test optical sensor is configured to receive and detect the test penetrating light
to generate a detected spectral signal. The processor is coupled to the test optical sensor,

and the processor is configured to receive the detected spectral signal to calculate a
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detection result according to the detected spectral signal.

[0015] The optical detector may further include a reference object and a reference
optical sensor, which may be arranged symmetrically with the sensing object and the test
optical sensor. The reference object may include a light transmissive object and is
disposed in the gas chamber and configured to receive the incident light and form a
reference penetrating light. The reference optical sensor is configured to receive and
detect the reference penetrating light to obtain a reference spectral signal. The processor is
also coupled to the reference optical sensor, receives the reference spectral signal, and
calculates a calibrated result according to the detected spectral signal and the reference

spectral signal.

[0016] The path length of the incident light reaching the transmissive sensing object
may be the same as the path length of the incident light reaching the reference object, and
the path length of the test penetrating light reaching the test optical sensor may be the
same as the path length of the reference penetrating light reaching the reference optical

SENsor.

[0017] The optical detector may further include a first protective glass, which is
between the transmissive sensing object and the test optical sensor, and a second
protective glass, which is between the reference object and the reference optical sensor.
The first protective glass and the second protective glass may isolate the gas chamber from
the test optical sensor and the reference optical sensor to protect the test optical sensor and

the reference optical sensor from the gas pollution.

[0018] The optical detector may further include a temperature and humidity detector
coupled to the processor. The temperature and humidity detector detects the temperature
and the humidity of the gas sample, and to generate a temperature and humidity result.
The processor calculates the calibrated result according to the detected spectral signal, the

reference spectral signal, and the temperature and humidity result.

[0019] When the transmissive sensing object contacts the gas sample (including at
least one component to be detected), the transmissive sensing object changes its structure
according to the kinds of the at least one gas component and the concentration of the at

least one component. Therefore, the incident light penetrates the transmissive sensing
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object to form the test penetrating light with a spectrum corresponding to the kinds and
concentrations of the at least one component. For example, the transmissive sensing
object may be the light transmissive object that includes at least one of a DNA modified

phage and a DNA unmodified phage.

[0020] Compared with the prior art, examples of the optical detectors disclosed herein
may have the following advantages: (1) the optical detector has built-in calibration for
various environmental factors (such as temperature and humidity), the temperature of the
optical detector, and the emissions from the light source; (2) the built-in calibration allows
use of a light source such as an LED without need of a stabilization or warm-up time after
opening; (3) the optical detector has detection specificity to avoid the influence of other
non-detected gases, so it has high gas composition resolution; (4) the optical detector may
use a reflective or transmissive configuration; (5) the gas detector does not require a gas
chamber with a large enough volume for multiple reflections, allowing the optical detector
to be miniaturized; and (6) the optical detector can detect accurate detection results
without multiple reflections, thereby shortening the detection time and reducing the power

consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a perspective view an optical detector according to an example of the

present disclosure using a reflective sensing object.
[0022] FIG. 2 is an exploded view of the optical detector of FIG. 1.

[0023] FIG. 3 is an exploded view showing another side of components of the optical

detector of FIG. 1.

[0024] FIG. 4 is a schematic diagram showing an A-A’ section line and a B-B’ section

line of the optical detector of FIG. 1.
[0025] FIG. 5A is a sectional view along the A-A’ section line of FIG. 4.
[0026] FIG. 5B is a sectional view along the B-B’ section line of FIG. 4.

[0027] FIG. 6 is an exploded view showing an optical detector according to an

example of the present disclosure using multiple light sources.
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[0028] FIG. 7 is an exploded view showing another side view of the optical detector of
FIG. 6.

[0029] FIG. 8 is a schematic diagram showing a C-C’ section line and a D-D’ section

line of the optical detector of FIG. 6.

[0030] FIG. 9A is sectional view along the C-C’ section line of the optical detector of
FIG. 8.

[0031] FIG. 9B is sectional view along the D-D’ section line of the optical detector of
FIG. 8.

[0032] FIG. 10 is a perspective view of an optical detector according to an example of

the present disclosure using a transmissive sensing object.
[0033] FIG. 11 is an exploded view of the optical detector of FIG. 10.

[0034] FIG. 12 is an exploded view showing another side view of the optical detector
of FIG. 10.

[0035] FIG. 13 is a schematic diagram showing an E-E’ section line and a F-F’ section

line of the optical detector of FIG. 10.

[0036] FIG. 14A is sectional view along the E-E’ section line of the optical detector of
FIG. 13.

[0037] FIG. 14B is sectional view along the F-F’ section line of the optical detector of
FIG. 13.

[0038] The drawings illustrate examples for the purpose of explanation and are not of
the invention itself. Use of the same reference symbols in different figures indicates

similar or identical items.

DETAILED DESCRIPTION

[0039] The following detailed description and discussion describes specific examples
and with reference to the accompanying figures. It is noted that the examples are merely
representative, and the specific methods, devices, conditions, materials, and the like are

not intended to limit the invention to the specific examples. Moreover, the devices in the



10

15

20

25

30

WO 2021/150624 PCT/US2021/014210

figures are only used to express their relative positions and may not be drawn in their

actual proportions.

[0040] FIG. 1 shows an optical detector 100 in accordance with a first example of the
present disclosure. Detector 100 may be used to detect one or more target gas or
suspended matter that may be constituents of a gas sample. In order to clearly explain its
principle and structure, the following primarily describes examples that detect a target gas
or gases. However, it should be understood that the optical detectors disclosed can also be

used to detect suspended matter, e.g., particles suspended in a gas sample.

[0041] FIG. 1 shows a perspective view of the optical detector 100 according to a first
example of the present disclosure. FIGs. 2 and 3 are exploded views showing different
sides of components of the optical detector 100 of FIG. 1. FIG. 4 is a schematic diagram
showing a section lines A-A’ and B-B’ of the optical detector 100 of FIG. 1, and FIGs. 5A
and 5B show cross-sectional views respectively along section lines A-A’ and B-B’ of the
optical detector 100. As shown in FIG. 1 to FIG. 5B, the optical detector 100 includes a
test chamber 111, a light source 12, a reflective sensing object 131, a test optical sensor
141, and a processor 19. The test chamber 111 is configured to accommodate a gas
sample, which may be drawn from an environment surrounding optical detector 100. The
light source 12 is coupled to the test chamber 111 and is configured to emit an incident
light into the test chamber 111. The reflective sensing object 131 is disposed in or
adjacent to the test chamber 111 and is exposed to the gas sample in test chamber 111.
The reflective sensing object 131 senses a gas to be detected, sometimes referred to as a
target gas, by changing a reflective property of the reflective sensing object 131 when the
target gas is present. In general, the sensing object may be sensitive to multiple different
target gases, and the change in the reflective property of the sensing object 132 may have
differ depending on which of the target gases are present and the concentrations of the
target gases. The reflective sensing object 131 is further positioned or configured to
receive the incident light and reflect the incident light to form a test reflected light. The
test optical sensor 141 is configured to receive the test reflected light to generate a
detected spectral signal. The processor 19 is coupled to the test optical sensor 141,
receives the detected spectral signal, and calculates a detection result according to the

detected spectral signal. In particular, the processor 19 execute software or firmware to



10

15

20

25

30

WO 2021/150624 PCT/US2021/014210

analyzed the detected spectral signal (and other data input as described further below) to
generate the detection result, e.g., a indication of the presences or concentration of one or

more target gas or particle in a gas sample.

[0042] The optical detector 100 uses the known or calibrated characteristics of the
reflective sensing object 131, e.g., the predetermined change expected in reflectivity of the
reflective sensing object 130 when a target component is present in a specified
concentration, to determine the detection result. When the reflective sensing object 131
contacts the gas sample (including at least one target constituent), the reflective sensing
object 131 changes its structure according to the kinds of the constituent and the
concentration of the constituent. Therefore, the reflective sensing object 131 reflects and
may alter the incident light to form the test reflected light with a spectral distribution that
depends on the change in the reflective characteristics of sensing object 131. Compared
with a gas detector using conventional IR detection, the optical detector 100 can detect a
gas constituents without requiring multiple reflections, so the optical detector 100 can
reduce the cost of reflecting materials, the volume of the gas chamber, and the time of

detection.

[0043] Characteristics of the external environment (such as temperature and humidity)
may shift or alter the detected spectral signal, so that correction may be needed to avoid an
environmental error in the detection result. In order to avoid an environmental error of the
detection result, the optical detector 100 can further include a reference chamber 112, a
reference object 132, and a reference optical sensor 142 arranged symmetrically with the
test chamber 111, the reflective sensing object 131, the test optical sensor 141. The
reference chamber 112 is configured to accommodate some of the gas to be analyzed, i.e.,
gas with the same compositions the gas sample in the test chamber 111. The reference
object 132 is disposed in or adjacent to the reference chamber 112, and the reference
object 132 is configured to receive the incident light and reflect the incident light to form a
reference reflected light. The reference optical sensor 142 is configured to receive and
detect the reference reflected light to generate a reference spectral signal. The light source
12 may be coupled to the test chamber 111 and the reference chamber 112 and may emit
the incident light into both the test chamber 111 and the reference chamber 112. The

processor 19 is further coupled to the reference optical sensor 142, receives the detected
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spectral signal and the reference spectral signal, and uses the detected spectral signal and

the reference spectral signal to calculates a calibrated result.

[0044] The reference object 132 may contain a material that maintains low
discoloration under various temperatures and humidity conditions, so that the reflectance
of the reference object 132 is largely unaffected by temperature and humidity of the
environment. In practice, the reference object 132 may include a ceramic, aluminum
oxide, or zirconia, which have low responses to changes in temperature and humidity.
After the incident light and the reference reflected light contacts the gas to be analyzed in
the reference chamber 112, the reference optical sensor 142 receives and generates the
reference spectral signal. Thus, the reference spectral signal represents a baseline spectral
distribution of light from the light source 12 after the effects of passing through the gas to
be analyzed at the current temperature and humidity of the environment and the
temperature of the detector 100, and therefore the reference spectral signal provides a
blank calibration signal without any changes in the characteristics in a reflector. When the
processor 19 calculates the detection result using the test spectral signal and the reference
spectral signal together, the processor 19 calculates a calibrated result, which accounts for

the influence of temperature and humidity.

[0045] In order to fasten the above components, the optical detector 100 further
includes an object holder 151, a sensor holder 152 and a sensor protective cover 153. As
shown in FIG. 2 to FIG. 5B, the object holder 151 holds the reflective sensing object 131
and the reference object 132, and the sensor holder 152 holds the light source 12, the test
optical sensor 141, and the reference optical sensor 142. The sensor protective cover 153
is between the object holder 151 and the sensor holder 152 and is coupled to them
respectively. When the object holder 151, the sensor holder 152 and the sensor protective
cover 153 are assembled together, the test chamber 111 and the reference chamber 112 are
formed between the object holder 151 and the sensor protective cover 153. Spaces 162,
163, and 164 are formed between the sensor protective cover 153 and the sensor holder
152 and respectively contain test sensor 141, reference sensor 142, and light source 12. In
the illustrated configuration, the test chamber 111 is isolated from the reference chamber
112, and the test sensor accommodated space 162, the reference sensor accommodated

space 163, and the light source accommodated space 164 are isolated from each other. In

-10-
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addition, the sensor protective cover 153 is configured to isolate the test chamber 111 from
the test sensor accommodated space 162, and also configured to isolate the reference
chamber 112 from the reference sensor accommodated space 163 to prevent the gas to be
analyzed from entering the test sensor accommodated space 162 and the reference sensor
accommodated space 163. The gas to be analyzed may contain constituents that affect or
damage the test optical sensor 141 and the reference optical sensor 142, and isolation of

spaces 162 and 163 avoids factors that could affect sensing accuracy.

[0046] As shown in FIG. 1 to FIG. 5B, the object holder 151 has two object housing
slots 155 (one holds the reflective sensing object 131 and the other holds the reference
object 132). When the reflective sensing object 131 and the reference object 132 are
fastened in the object housing slots 155, two openings 161 are formed between the
reflective sensing object 131 and the object holder 151, and two openings 161 are formed
between the reference object 132 and the object holder 151 (as shown in FIG. 1). The
openings 161 are configured to communicate the test chamber 111 with the external
environment and communicate the reference chamber 112 with the external environment

for allowing the gas to be analyzed to freely enter and exit detector 100.

[0047] In order to evenly split the incident light emitted from light source 12 entering
into two chambers (the test chamber 111 and the reference chamber 112), the optical
detector 100 further includes a light splitter lens 17. Light splitter lens 17 may be an
optical element such as a beam splitter with or without optical characteristics that focus or
collimate split light beams. As shown in FIG. 2, the sensor protective cover 153 further
includes a lens housing slot 156 which accommodates the light splitter lens 17. As shown
in FIG. 5B, when the optical detector 100 is assembled, the light splitter lens 17 is directly
above the light source 12, and is located among the test chamber 111, the reference
chamber 112 and the light source accommodated space 164. The light splitter lens 17 is
configured to split the incident light from the light source 12 to the test chamber 111 and
the reference chamber 112. The light splitter lens 17, which is accommodated in the lens
housing slot 156 of the sensor protective cover 153, abuts against the object holder 151, so
that the test chamber 111, the reference chamber 112, and the light source accommodated

space 164 are isolated from each other but can communicate light with each other by light.

[0048] In order to communicate the test chamber 111 with test sensor accommodated

-11-
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space 162 by light, and communicate the reference chamber 112 with the reference sensor
accommodated space 163 by light, the optical detector 100 further includes a first
protective glass 181 and a second protective glass 182. As shown in FIG. 2 and 5B, the
sensor protective cover 153 further includes two glass housing slots 157. Wherein, one
glass housing slot is between the test chamber 111 and the test sensor accommodated
space 162 and is configured to accommodate the first protective glass 181. The other one
glass housing slot is between the reference chamber 112 and the reference sensor
accommodated space 163 and is configured to accommodate the second protective glass
182. In order for the test optical sensor 141 to smoothly receive the test reflected light, the
first protective glass 181 is on the light path of the test reflected light. For the same
reason, in order for the reference optical sensor 142 to smoothly receive the reference
reflected light, the second protective glass 182 is on the light path of the reference
reflected light. Thus, the test chamber 111 can communicate with test sensor
accommodated space 162 by light, and the reference chamber 112 can communicate with
the reference sensor accommodated space 163 by light. The first protective glass 181 and
the second protective glass 182 also isolate the test optical sensor 141 and the reference
optical sensor 142 from the test chamber 111 and the reference chamber 112 to protect the

test optical sensor 141 and the reference optical sensor 142 from the gas pollution.

[0049] In practice, the light source 12 may be a light-emitting diode (LED), and is
configured to emit the incident light with a specific spectrum, e.g., a broad spectral power
distribution or a spectral power distribution including light with wavelengths at which
reflective sensing object 131 changes its optical characteristics, e.g., changes reflectivity,
depending on the concentration of a target gas. IR based gas detectors use infrared light as
the light source, and infrared light sources need time to warm-up and stabilize. The
optical detector 100 does not require infrared light and may use an LED as the light source
12, so that the optical detector 100 can be used without the stabilization time and the
warm-up time after activation. (The reference senor 142 also measures a spectral
distribution indicating the spectrum of light from light source 12, which further reduces
the need to precisely stabilized light source 12.) The sensor holder 152 can be a printed
circuit board (PCB), and the processor 19 can be a central processing unit, a

microcontroller unit or a computer which can be coupled to the test optical sensor 141 and
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reference optical sensor 142 through the sensor holder 152.

[0050] The optical detector 100 may be handled, fastened, or mounted for use through
the object holder 151, the sensor holder 152, and the sensor protective cover 153. The
disclosed detector 100 has the advantage that the path length of the incident light reaching
the reflective sensing object 131 is the same as the path length of the incident light
reaching the reference object 132 because of the symmetrical arrangement of sensing and
corresponding reference components relative to light source 12. For the same reason, the
path length of the test reflected light reaching the test optical sensor 141 is the same as the

path length of the reference reflected light reaching the reference optical sensor 142.

[0051] Apart from the example detector 100 of FIG. 2 to FIG. 5B with only one light
source 12, an optical detector can alternatively include more than one light source. FIG. 6
to FIG. 9B show an alternative example of detector 200 having multiple light sources 12.
Light sources 12 may emit light having the same spectral power distribution or different
spectral power distributions, e.g., different light sources 12 in optical detector 200 may
emit light having spectral distributions peaked at different wavelengths. FIG. 6 is an
exploded view showing the optical detector 200 according to another example of the
present disclosure. FIG. 7 is an exploded view showing another side of the optical
detector 200 of FIG. 6. FIG. 8 is a schematic diagram showing section lines C-C’ and a
D-D’ of the optical detector 200 of FIG. 6. FIG. 9A is sectional view of the optical
detector 200 along the section line C-C’ of FIG. 8, and FIG. 9B is sectional view of the
optical detector 200 along the section line D-D’ of FIG. 8. Most of the components in
optical detector 200 are the same as those of the optical detector 100, and discussion of
those components is not be repeated below. As shown in FIG. 6 to FIG. 9B, the optical
detector 200 particularly includes two light sources 12 and two light splitter lenses 17.
The sensor protective cover 153 includes two light source housing slots 154, two lens
housing slots 156, and two glass housing slots 157. One lens housing slot 156 is directly
above one light source housing slot 154, and the lens housing slot 156 is larger than the
light source housing slot 154 to form a trapezoidal structure. Each light splitter lens 17 is
located among the light source housing slot 154, the test chamber 111, and the reference
chamber 112, thus the incident lights emitted from the light sources 12 can be split

smoothly into the test chamber 111 and the reference chamber 112. In practice, one side,
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which is near the periphery of the sensor protective cover 153, of the trapezoidal structure
is vertical with the lens housing slot 156 and the light source housing slot 154 (as shown
in FIG. 9A).

[0052] In optical detector 200, the test optical sensor 141 and the reference optical
sensor 142 are fastened on the sensor holder 152, and are accommodated in a sensor
accommodated space 165, which is formed between the sensor protective cover 153 and
the sensor holder 152. It should be noted that the people skilled in this field can make
changes for multiple light sources 12 according to the above teachings, or adjust the

position of the components without hindering the execution of the above functions.

[0053] Both of the optical detectors 100 and 200 use reflective type sensing objects
131. The reflective sensing object 131 is an opaque and reflective and may include at least
one of a DNA modified phage or a DNA unmodified phage. U.S. Pat. App. Pub. No.
2016/0312262, entitled “BIOMIMETIC VIRUS-BASED COLORIMETRIC SENSORS,”
which is hereby incorporated by reference in its entirety, describes how a colorimetric
detection layer with fiber bundles self-assembled fiber bundles including a filamentous
phage may be configured to undergo a color change upon interaction with an analyte, e.g.,
a target gas or particle, of interest. In particular, a fraction of the fiber bundles may
undergo a change from a first conformation to a second conformation upon interaction
with the analyte of interest, thereby undergoing a color change. Such techniques may be
used in sensing object 132 such that the color change alters the reflective properties of
reflective sensing object 132, particularly causing the spectral distribution of reflected
light to differ from the spectral distribution of incident light. The reflective sensing object
131 may detect different gas components and their concentrations according to different
DNA modified phages or DNA unmodified phages, or according to same DNA modified
phage or DNA unmodified phage. More generally, sensing object 131 may use any color

changing materials and is not limited to materials using phages.

[0054] Apart from the embodiment of the reflective type structure of the optical
detectors 100 and 200, an optical detector in accordance with other examples of the
present disclosure may use a penetrative or transmissive type structure for a sensing
object. FIG. 10 to FIG. 14B particularly illustrate and example of an optical detector 300

using a penetrative or transmissive type structure for a sensing object. More specifically,
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FIG. 10 shows a perspective view of optical detector 300. FIGs. 11 and 12 are exploded
views showing different sides of components of the optical detector 300 of FIG. 10.
FIG. 13 is a schematic diagram showing section lines E-E’ and F-F’ of the optical detector
300 of FIG. 10. FIGs. 14A and 14B are cross-sectional views of the optical detector 300
respectively along the section lines E-E’ and F-F of FIG. 13. Most of the components of
optical detector 300 are the same as corresponding components of optical detector 100 or

200 and complete description of the identical components are not repeated below.

[0055] As shown in FIG. 10 to FIG. 14B, the optical detector 300 includes a gas
chamber 113, the light source 12, a transmissive sensing object 133, the test optical sensor
141 and the processor 19. The transmissive sensing object 133 senses a target constituent
of the gas sample to be analyzed and changes the light penetrative properties of the
transmissive sensing object 133. The transmissive sensing object 133 is positioned to
receive the incident light, and the incident light passes through the transmissive sensing
object 133 to form a test penetrating light. In particular, transmissive sensing object 133
may preferentially absorb particular wavelengths of the incident light, depending on the
concentrations of one or more target constituent in the gas sample, to produce the test
penetrating light. The test optical sensor 141 is configured to receive and detect the test
penetrating light to generate the detected spectral signal. The processor 19 is coupled to
the test optical sensor 141, receives the detected spectral signal, and calculates the

detection result according to the detected spectral signal.

[0056] When the transmissive sensing object 133 contacts the gas to be analyzed
(including at least one target constituent to be detected), the transmissive sensing object
133 changes its structure according to the kinds and the concentration of the target gas
constituents. In practice, the reference object 132 may include a light transmissive object
or material, such as glass with an added color-changing structure. For example, the
transmissive sensing object 133 may be a light transmissive object including at least one
of a DNA modified phage or a DNA unmodified phage such as described above.
Therefore, the incident light penetrates the transmissive sensing object 133 to form the test
penetrating light with a spectrum that depends on changes in the optical properties of
sensing object 133. The transmissive sensing object 133 detects different gas components

and their concentrations according to different DNA modified phage or DNA unmodified
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phage, or can according to same DNA modified phage or DNA unmodified phage, but not

limited to this.

[0057] In order to correct detection results for environmental factors, the optical
detector 300 can further include the reference object 132 and the reference optical sensor
142. The reference object 132 is configured and symmetrically arranged to receive the
incident light and form a reference penetrating light. The reference optical sensor 142 is
configured to receive and detect the reference penetrating light to obtain the reference
spectral signal. The processor 19 is also coupled to the reference optical sensor 142, and
is configured to receive the reference spectral signal to calculate the calibrated result

according to the detected spectral signal and the reference spectral signal.

[0058] In order to fasten the above components, the optical detector 300 can further
include a light source holder 150, the object holder 151, the sensor protective cover 153
and the sensor holder 152. As shown in FIG. 10 to FIG. 14B, the light source holder 150
is configured to fasten the light source 12, the object holder 151 is configured to fasten the
transmissive sensing object 133 and the reference object 132, and the sensor holder 152 is
configured to fasten the test optical sensor 141 and the reference optical sensor 142. The
object holder 151 is between the light source holder 150 and the sensor holder 152 and is
coupled to the light source holder 150. The sensor protective cover 153 is between the
object holder 151 and the sensor holder 152, and is coupled to them respectively. When
the light source holder 150, the object holder 151, the sensor protective cover 153 and the
sensor holder 152 are assembled together, the gas chamber 113 is formed between the
light source holder 150 and the object holder 151, and a sensor accommodated space 165
is formed between the sensor protective cover 153 and sensor holder 152. The gas
chamber 113 may be isolated from the sensor accommodated space 165 by the sensor
protective cover 153 for avoiding the gas to be analyzed entering the sensor

accommodated space 165.

[0059] The light source holder 150 has one light source housing slot 154 and two
openings 161. The light source housing slot 154 is configured to house the light source
12, and the openings 161 is configured to communicate the gas chamber 113 with the

external environment for allowing the gas to be analyzed to freely enter and exit.
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[0060] In order to communicate light between the gas chamber 113 with sensor
accommodated space 165, the optical detector 300 further includes the first protective
glass 181 and the second protective glass 182. As shown in FIG. 11 and FIG. 14B, the
sensor protective cover 153 further includes two glass housing slots 157; one is configured
for housing the first protective glass 181 and the other one is configured for housing the
second protective glass 182. In order for the incident light to penetrate the transmissive
sensing object 133 smoothly, the first protective glass 181 is in the light path of the
incident light and in the light path of the test penetrating light. For the same reason, in
order for the incident light to penetrate the reference object 132 smoothly, the second
protective glass needs to be located between the light path of the incident light and the
light path of the reference penetrating light. In addition, in order for the test optical sensor
141 to receive the test penetrating light smoothly, the test optical sensor 141 needs to be
located on the light path of the test penetrating light. For the same reason, in order for the
reference optical sensor 142 to receive the reference penetrating light smoothly, the
reference optical sensor 142 needs to be located on the light path of the reference
penetrating light. The first protective glass 181 and the second protective glass 182 are
also configured to isolate the gas chamber 113 from the test optical sensor 141 and the
reference optical sensor 142 to protect the test optical sensor 141 and the reference optical

sensor 142 from the gas pollution.

[0061] According to the above mentioned description, the optical detector 300 is
fastened by the light source holder 150, the object holder 151, the sensor protective cover
153 and the sensor holder 152 to provide a symmetrical arrangement, so that the path
length of the incident light from light source 12 reaching the transmissive sensing object
133 is the same as the path length of the incident light reaching the reference object 132.
For the same reason, the path length of the test penetrating light reaching the test optical
sensor 141 is the same as the path length of the reference penetrating light reaching the

reference optical sensor 142.

[0062] In practice, in order to make the accuracy better, the optical detector 300 can
further include a temperature and humidity detector 143 coupled to the processor 19. The
temperature and humidity detector 143 may be configured to detect the temperature and

the humidity of the gas to be analyzed, and to generate a temperature and humidity result.
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The processor 19 calculates the calibrated result also according to the temperature and

humidity result to improve measurement accuracy.

[0063] In practice, the reflective sensing object 131 and the transmissive sensing
object 133 can sense the gas components including NH3, and the volatile organic
compounds, such as hydrocarbons, halogenated hydrocarbons, oxygen hydrocarbons, and
nitrogen hydrocarbons. In detail, the target gas constituents may include compounds from
the benzene series, organic chlorides, Freon series, organic ketones, amines, alcohols,
ethers, esters, acids, and petroleunm hydrocarbon compounds. When the reflective sensing
object 131 or the transmissive sensing object 133, which include the DNA modified phage
corresponding the gas component to be detected, contacts the gas to be analyzed including
the target gas constituent to be detected, the DNA modified phage changes structure.
Therefore, when the incident light enters the structure of the DNA modified phage, the
structure of the DNA modified phage changes the spectrum of the incident light and forms

the test reflected light or the test penetrating light.

[0064] In addition, the phage of the reflective sensing object 131 or the transmissive
sensing object 133 can not only detect the gas, but also can detect suspended matter, such
as solid and liquid including the components which can be detected by the corresponding
phage. The components can be organic chemical, inorganic chemical and virus. Since the
detecting mechanism of phage in liquid is similar to in gas which is mentioned above, it

will not be repeated here.

[0065] Compared with the prior art, an optical detector 100, 200, or 300 provides
contemporaneous calibration of light source emissions, various environmental factors such
as temperature and humidity, and the temperature of the optical detector. The optical
detector has detection specificity to avoid the influence of other non-detected gases to
provide high gas composition resolution. It is not necessary to have a gas chamber with
enough volume for multiple reflections, so that the optical detector can be miniaturized.
In addition, the optical detector 100, 200, or 300 can has a shorter period of detection time

and less power consumption in comparison with the gas detector with IR.

[0066] Although particular example implementations have been disclosed, these

implementations are only examples and should not be taken as limitations. Various
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adaptations and combinations of features of the implementations disclosed are within the

scope of the following claims.
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What is claimed is:

1. An optical detector, comprising:

a gas chamber;

a light source coupled to the gas chamber and configured to emit an incident light
that enters the gas chamber;

a sensing object exposed to a gas in the gas chamber, the sensing object having a
optical property that depends on a composition of the gas, the sensing object being
configured to receive the incident light where the optical property transforms the incident
light into a test light;

a test optical sensor configured to receive the test light and from the test light,
generate a detected spectral signal; and

a processor coupled to the test optical sensor, the processor being configured to
receive the detected spectral signal and to calculate a detection result according to the

detected spectral signal.

2. The optical detector of the claim 1, further comprising:

a reference object exposed to the gas, the reference object being configured to
receive the incident light and produce a reference light; and

a reference optical sensor configured to receive and detect the reference light to
obtain a reference spectral signal, wherein

the processor is also coupled to the reference optical sensor, the processor being
configured to receive the reference spectral signal to calculate the detection result

according to the detected spectral signal and the reference spectral signal.

3. The optical detector of the claim 2, wherein a path length of the incident light
reaching the sensing object is the same as a path length of the incident light reaching the
reference object, and a path length of the test light reaching the test optical sensor is the

same as a path length of the reference light reaching the reference optical sensor.

4. The optical detector of the claim 2, further comprising protective glass between
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the sensing object and the test optical sensor and between the reference object and the
reference optical sensor, wherein the protective glass isolates the gas chamber from the

test optical sensor and the reference optical sensor.

5. The optical detector of the claim 1, wherein the sensing object comprises at

least one of a DNA modified phage and a DNA unmodified phage.

6. The optical detector of the claim 1, further comprising a temperature and
humidity detector coupled to the processor, the temperature and humidity detector being
configured to detect a temperature and a humidity of the gas and to generate a temperature
and humidity result, wherein the processor calculates the calibrated result according to the
detected spectral signal, the reference spectral signal, and the temperature and humidity

result.

7. The optical detector of the claim 1, wherein the sensing object contacts the gas
and changes color according to a concentration of at least one gas component, so that the
sensing object transforms the incident light to form the test light with a spectral

distribution corresponding to the concentration of the at least one gas component.

8. The optical detector of claim 1, wherein the sensing object comprises a
reflective sensing object having a reflective property that depends on a composition of the
gas in the gas chamber, the reflective sensing object being configured to receive the

incident light and reflect the incident light to form a test light

9. The optical detector of claim 1, wherein the sensing object comprises a
transmissive sensing object having a transmission characteristic that depends on a
composition of the gas in the gas chamber, the transmissive sensing object being
configured to receive the incident light and transmit a portion of the incident light to form

the test light.
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10. An optical detector comprising:

at least one light source configured to emit an incident light;

a test chamber configured to accommodate a gas to be analyzed and coupled to
receive at least a portion of the incident light from the at least one light source;

areflective sensing object exposed to the gas in the test chamber, the reflective
sensing object having a reflective property that depends on a composition of the gas, the
reflective sensing object being configured to receive the incident light in the test chamber
and reflect the incident light to form a test reflected light;

a test optical sensor configured to receive the test reflected light to generate a
detected spectral signal; and

a processor coupled to the test optical sensor, the processor being configured to
receive the detected spectral signal and calculate a detection result according to the

detected spectral signal.

11. The optical detector of the claim 10, further comprising:

a reference chamber configured to accommodate the gas to be analyzed and
coupled to receive a portion of the incident light from the at least one light source;

a reference object disposed in the reference chamber, the reference object being
configured to receive the incident light in the reference chamber and reflect the incident
light to form a reference reflected light; and

a reference optical sensor configured to receive and detect the reference reflected
light to generate a reference spectral signal,

wherein the processor is further coupled to the reference optical sensor and is
configured to receive the detected spectral signal and the reference spectral signal and to
calculate a calibrated result according to the detected spectral signal and the reference

spectral signal.

12. The optical detector of the claim 11, wherein a path length of the incident light
reaching the reflective sensing object is the same as a path length of the incident light
reaching the reference object, and a path length of the test reflected light reaching the test

optical sensor is the same as a path length of the reference reflected light reaching the
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reference optical sensor.

13. The optical detector of the claim 11, further comprising at least one light
splitter lens located among the test chamber, the reference chamber and one of at least one
light source, each of the at least one light splitter lens being configured to split the incident
light from one of the at least one light source to the test chamber and the reference

chamber.

14. The optical detector of the claim 11, wherein the reference object is configured

to maintain low discoloration under various temperatures and humidity conditions.

15. The optical detector of the claim 14, wherein the reference object comprises

ceramic, aluminum oxide, or zirconia.

16. The optical detector of the claim 11, further comprising:

a first protective glass between the test chamber and the test optical sensor, and

a second protective glass between the reference chamber and the reference optical
sensor, wherein

the first protective glass and the second protective glass isolate the test optical

sensor and the reference optical sensor from the test chamber and the reference chamber.

17. The optical detector of the claim 11, further comprising a temperature and
humidity detector coupled to the processor, the temperature and humidity detector being
configured to detect a temperature and a humidity of the gas to be analyzed, and to
generate a temperature and humidity result, wherein the processor calculates the calibrated
result according to the detected spectral signal, the reference spectral signal, and the

temperature and humidity result.
18. The optical detector of the claim 10, wherein when the reflective sensing

object contacts the gas to be analyzed and changes color according to a concentration of at

least one gas component, so that the reflective sensing object reflects the incident light to
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form the test reflected light with a spectral distribution corresponding to the concentration

of the at least one gas component.

19. The optical detector of the claim 10, wherein the reflective sensing object is an

opaque object comprising at least one of a DNA modified phage and a DNA unmodified
phage.
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