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Description

Technical Field

[0001] Various embodiments relate to an optical sensing device for surface plasmon resonance (SPR) and an optical
sensing method using surface plasmon resonance (SPR).

Background

[0002] Protein biomarkers have gained rapid increasing research interests in recent years. Detection of the expression
level of protein biomarkers in patient samples enables early disease diagnosis and treatment response assessment.
Protein biomarkers for cancers, heart diseases and infectious diseases have been reported to date.
[0003] Mass spectroscopy, 2D (two-dimensional) western blotting, 2D (two-dimensional) gel electrophoresis and en-
zyme-linked immunosorbent assay (ELISA) are the most widely used detection methods for biomarker discovery. Nev-
ertheless, these existing techniques are not compatible with high throughput multiplex analysis. Furthermore, they are
all labeling methods, where the use of fluorescent labels or secondary antibodies can interfere with the original bio-
molecular interactions.
[0004] Recently, micro-array technology has become an effective alternative for high throughput profiling. The appli-
cations of antibody microarray for high throughput proteomics studies and antibody have been demonstrated, and is by
far the most widely used probe for biomarker profiling. Direct target labeling, sandwich assay and competitive adsorption
assay are common strategies for antibody microarray detection, in which fluorescent labeling, secondary antibodies or
enzyme are required in the detection process. In antibody array detection, different fluorescently labeled molecules or
secondary antibodies are required for each array element. Large scale multiplexed measurements are therefore limited
by the availability of corresponding fluorescent labels or secondary antibodies.
[0005] Surface plasmon resonance (SPR) is a non-labeling detection alternative. It measures the refractive index
changes associated with bio-molecular bindings occurring at the gold sensing surface. Conventional SPR imaging
sensors measure the intensity distribution of the reflection beam with a CCD (charge-coupled device) detector. The
major limitation of conventional intensity SPR imaging sensors is the limited sensor resolution (10-5 RIU). In recent years,
spectral based SPR imaging sensor with the scanning of surface plasmon excitation minimum is reported, however the
sensor resolution is limited (10-5 RIU) and time-consuming scanning is required during measurement. In the inventors’
previous research, the inventors imaged the color texture variations caused by the SPR absorption minimum shift and
the system was applied to image the refractive index changes of lubricant at highly pressurized contact. Nevertheless,
the sensor resolution is also limited. Examples of such sensors are disclosed in the articles I.R.Hooper et Al., Biosensors
and Bioeltronics, Vol.25 (2009), pp.411-417, Chi Long Wong et Al., Biosensors and Bioeltronics, Vol.47 (2013),
pp.545-552, and US7233396 B1, US2013/0224886 A1 and US2006/0211024.

Summary

[0006] An optical sensing device according to the invention is defined in claim 1.
[0007] An optical sensing method according to the invention is defined in claim 9.

Brief Description of the Drawings

[0008] In the following, various embodiments are indicated. However, some embodiments are not covered by the
claims in so far as they do not comprise all the features defined in the claims (the embodiments illustrated in Figs. 1-2)
while some embodiments are covered by the claims (the embodiment illustrated in Fig.3).
[0009] In the drawings, like reference characters generally refer to like parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the invention are described with reference to the following
drawings, in which:

FIG. 1A shows a schematic cross-sectional view of an optical sensing device for surface plasmon resonance (SPR),
according to various embodiments.
FIG. 1B shows a flow chart illustrating an optical sensing method using surface plasmon resonance (SPR), according
to various embodiments.
FIG. 1C shows a schematic cross-sectional view of an optical sensing device for surface plasmon resonance (SPR),
according to various embodiments.
FIG. 2A shows a schematic view of an optical sensing device, according to various embodiments.
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FIG. 2B shows a schematic view of an optical sensing device, according to various embodiments.
FIG. 2C shows a schematic view of a portable optical sensing device, according to various embodiments.
FIG. 2D shows a schematic view of an optical sensing device, according to various embodiments.
FIG. 3 shows a schematic view of an optical sensing device, according to various embodiments.
FIG. 4A shows an example of a colorimetric SPR image obtained, while FIG. 4B shows a corresponding image
obtained using a HSV (Hue-Saturation-Value) colour space for the SPR image of FIG. 4A.
FIG. 5A shows a plot of the extracted Hue values for 50 data points from a sensing channel and a reference channel,
both filled with a water sample. FIG. 5B shows a zoomed-in version of the extracted Hue values of the plot of FIG. 5A.
FIG. 5C shows a plot of a sensing signal and a correlated reference signal, based on the results shown in FIG. 5B,
while FIG. 5D shows a plot of the sensing signal and a differential signal.
FIGS. 6A to 6F show colorimetric SPR images for different salt solution samples.
FIG. 7 shows a plot of the sensor response curve obtained based on the SPR images and results for different salt
solution samples.

Detailed Description

[0010] The following detailed description refers to the accompanying drawings that show, by way of illustration, specific
details and embodiments in which the invention may be practiced. These embodiments are described in sufficient detail
to enable those skilled in the art to practice the invention. Other embodiments may be utilized and structural, logical,
and electrical changes may be made without departing from the scope of the invention. The various embodiments are
not necessarily mutually exclusive, as some embodiments can be combined with one or more other embodiments to
form new embodiments.
[0011] Embodiments described in the context of one of the methods or devices are analogously valid for the other
methods or devices. Similarly, embodiments described in the context of a method are analogously valid for a device,
and vice versa.
[0012] Features that are described in the context of an embodiment may correspondingly be applicable to the same
or similar features in the other embodiments. Features that are described in the context of an embodiment may corre-
spondingly be applicable to the other embodiments, even if not explicitly described in these other embodiments. Fur-
thermore, additions and/or combinations and/or alternatives as described for a feature in the context of an embodiment
may correspondingly be applicable to the same or similar feature in the other embodiments.
[0013] In the context of various embodiments, the articles "a", "an" and "the" as used with regard to a feature or element
include a reference to one or more of the features or elements.
[0014] In the context of various embodiments, the phrase "at least substantially" may include "exactly" and a reasonable
variance.
[0015] In the context of various embodiments, the term "about" or "approximately" as applied to a numeric value
encompasses the exact value and a reasonable variance.
[0016] As used herein, the term "and/or" includes any and all combinations of one or more of the associated listed items.
[0017] As used herein, the phrase of the form of "at least one of A or B" may include A or B or both A and B.
Correspondingly, the phrase of the form of "at least one of A or B or C", or including further listed items, may include
any and all combinations of one or more of the associated listed items.
[0018] Various embodiments may provide surface plasmon resonance (SPR) sensors with differential response
schemes. Each SPR sensor may employ a differential response scheme.
[0019] Various embodiments may provide a portable colorimetric surface plasmon resonance (SPR) imaging sensor
based on polarisation orientation and a differential measurement scheme.
[0020] Various embodiments may provide a differential measurement based colorimetric surface plasmon resonance
(SPR) imaging sensor. The differential measurement scheme improves the measurement stability, which may enhance
the imaging sensor resolution by approximately 1 order of magnitude.
[0021] Various embodiments may provide one or more of the following:

(1) A differential measurement based colorimetric SPR imaging sensor based on or employing polarisation orientation
(for example, see FIGS. 1A, 1B, 2A to 2D, and 3 to be described later).
(2) The application of Hue colour space for the quantification of colour changes in spectral SPR images (for example,
see FIGS. 4A and 4B to be described later). This may allow pixel to pixel conversion, which may provide real time
2D (two-dimensional) resolution spectral SPR imaging for high throughput microarray detection.
(3) A differential measurement scheme for spectral SPR imaging, e.g., a differential measurement scheme involving
a signal channel and a reference channel, or a differential measurement scheme between p- and s- polarisations.
The differential measurement may be carried out in the time domain.
(4) A portable all-in-one SPR imaging sensor device, e.g., having a real-time display, image storage means (e.g.,
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SD (Secure Digital) card/ microSD card/ other flash memory devices), external signal or data transmission means
(e.g., wifi/ other mobile signal connections and USB connection) and an image processing unit (for example, see
FIG. 2C to be described later).
(5) A bio-sensing/sensing chip (e.g., antibody array, DNA (deoxyribonucleic acid) array and RNA (ribonucleic acid)
array) integrated with a portable SPR imaging sensor device for diseases diagnosis, food safety, biomarkers de-
tection, cancer detection, gas/volatile organic compounds detection, blood testing and environmental monitoring
applications (for example, see FIG. 2D to be described later).
(6) Application of a portable SPR imaging sensor device for point of care (POC) detection.

[0022] The sensor or sensing device of various embodiments may be used in many different areas, including but not
limited to drug discovery, analytical detection applications, environmental detections, etc.
[0023] In order to enhance the sensor resolution, various embodiments may provide two designs of surface plasmon
resonance (SPR) sensors based on two different differential response schemes. For example, various embodiments
may provide an SPR imaging sensor based on a differential response between the signal and reference sensing areas
(for example, see FIG. 2A to be described later), and an SPR imaging sensor based on a differential response between
p- and s- polarisation beams (for example, see FIG. 3 to be described later).
[0024] A colorimetric surface plasmon resonance (SPR) imaging sensor based on or employing polarisation orientation
will now be described by way of the following non-limiting examples.
[0025] The imaging sensor or optical sensing device of various embodiments may measure the spectral characteristic
variation caused by the steep phase change occurring at surface plasmon excitation. A surface plasmon resonance
(SPR) prism coupler may be placed in between two polarisers with perpendicular transmission axes, where the trans-
mission of the incident beam (e.g., including light from an excitation light source) is forbidden or blocked. At the excitation
wavelength of surface plasmon, a phase difference may be introduced between the p- and s- polarisation components
of the light. The phase difference may rotate the orientation angle of the polarisation ellipse of the light, and the light
interacting with the surface plasmon may be allowed to pass through the crossed polarisers setting. As the momentum
of the surface plasmon wave only matches with a particular wavelength range, a particular spectral profile may be
produced, which may be associated with the steep phase response at surface plasmon excitation. This method may
enhance the sensitivity of a conventional spectral based SPR sensor through probing the steep phase response at
surface plasmon resonance.
[0026] Consider an elliptically polarised light E and the two orthogonal optical disturbances (p- and s- components),
which may be represented as, 

where Es refers to the electric field of s-polarization, Eso refers to maximum electric field of s-polarization, k refers to the
Boltzmann constant, z refers to wave displacement, ω refers to angular frequency, t refers to time, Ep refers to the electric
field of p-polarization, Epo refers to maximum electric field of p-polarization, and ϕ is the relative phase difference between
the two orthogonal optical disturbances (p- and s- wave).
[0027] The elliptically polarised light E may be further described by the following equation of ellipse: 

[0028] The elliptically polarised light E also makes an orientation angle α with the (Es, Ep) coordinate system such that 

[0029] A phase difference, Δφ, between the p- and s- polarisations is produced at surface plasmon excitation, as
provided below 
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where φp refers to the phase shift in p-polarization (or response of p-polarization), and φs refers to the phase shift in s-
polarization (or response of s-polarization).
[0030] Therefore, the wave vector of E may be modified as 

[0031] Based on equations 6 and 7, the equation of the elliptically polarised light E and the angle with the (Es, Ep)

coordinate system may also be modified, as shown below 

[0032] Various embodiments may enable spectral SPR imaging relying on the colour change caused by spectral
response variation, which may correspond to the differential phase change, Δφ, between p-polarisation (or p-polarisation
wave or beam) and s-polarisation (or s-polarisation wave or beam), as described above.
[0033] Various embodiments of the optical sensing devices will now be described by way of the following non-limiting
examples.
[0034] FIG. 1A shows a schematic cross-sectional view of an optical sensing device 100 for surface plasmon resonance
(SPR), according to various embodiments. The optical sensing device 100 includes a first polariser 120a, a second
polariser 120b, wherein the first polariser 120a and the second polariser 120b have respective transmission axes 122a,
122b aligned in orthogonal directions, an SPR sensor arrangement 102 including an SPR sensing surface 108, the SPR
sensor arrangement 102 arranged to receive an incident light beam 140 passed through the first polariser 120a to be
reflected at the SPR sensing surface 108 and transmitted through the second polariser 120b to provide a transmitted
light beam 142, a detector arrangement 140 configured to detect the transmitted light beam 142, the transmitted light
beam 142 including a sensing signal and a reference signal, and a processor 144 electrically coupled to the detector
arrangement 140, the processor 144 configured to perform a subtraction operation between the sensing signal and the
reference signal.
[0035] In other words, an optical sensing device 100 (e.g., a differential measurement based optical sensing device)
may be provided. The optical sensing device 100 may be employed for SPR imaging or sensing. The optical sensing
device 100 may include a first polariser 120a having a transmission axis, as represented by the dashed double-headed
arrow 122a, aligned in a first direction. The first polariser 120a may receive a light 147, which may be polarised by the
first polariser 120a to provide an incident light beam 140 at the output side of the first polariser 120a. This may mean
that the incident light beam 140 is a light beam that has been polarised by the first polariser 120a, meaning a light beam
that has been transmitted through the first polariser 120a. The incident light beam 140 may have polarisation at least
substantially aligned with the transmission axis 122a.
[0036] The optical sensing device 100 may include a second polariser 120b having a transmission axis, as represented
by the circular dot 122b, aligned in a second direction, e.g., into and/or out of the paper. The transmission axes 122a,
122b may be aligned at least substantially perpendicular to each other, or at least substantially 90° relative to each other.
This may mean that the transmission axis 122a aligned in a first direction and the transmission axis 122b aligned in a
second direction may be at least substantially orthogonal to each other. In this way, the first polariser 120a and the
second polariser 120b may form a pair of cross polarisers.
[0037] The optical sensing device 100 may further include an SPR sensor arrangement 102 having an SPR sensing
surface 108. The SPR sensor arrangement 102 may be arranged such as to receive the incident light beam 140, where
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the incident light beam 140 may be reflected by or at the SPR sensing surface 108 to provide a reflected light beam
145. For example, the incident light beam 140 may be reflected by or at the SPR sensing surface 108 via total internal
reflection (TIR). The reflected light beam 145 may be transmitted through the second polariser 120b to provide a trans-
mitted light beam 142. This may mean that the SPR sensor arrangement 102 may be arranged in between the first
polariser 120a and the second polariser 120b, for example, in an optical path between the first polariser 120a and the
second polariser 120b. The reflected light beam 145 may be polarised by the second polariser 120b to provide the
transmitted light beam 142 at the output side of the second polariser 120b. This may mean that the transmitted light
beam 142 is a light beam that has been polarised by the second polariser 120b, meaning a light beam that has been
transmitted through the second polariser 120b. The transmitted light beam 142 may have polarisation at least substantially
aligned with the transmission axis 122b.
[0038] The optical sensing device 100 may further include a detector arrangement 140 configured to receive the
transmitted light beam 142. The transmitted light beam 142 may include a sensing signal and a reference signal. In this
way, the detector arrangement 140 may detect the sensing signal and the reference signal. In various embodiments,
the detector arrangement 140 may include a colour CCD (charge-coupled device) detector or a CCD camera.
[0039] The optical sensing device 100 may further include a processor 144 electrically coupled to the detector ar-
rangement 140. The processor 144 may receive the sensing signal and the reference signal and may perform a subtraction
operation between the sensing signal and the reference signal to generate a differential signal. For example, the processor
144 may subtract the reference signal from the sensing signal to generate a differential signal (e.g., differential signal =
sensing signal - reference signal).
[0040] In the context of various embodiments, the phrase "transmission axis" may refer to a "polarising axis". A light
beam passing through a polariser may be converted into a polarised light beam having polarisation aligned along the
transmission axis of the polariser.
[0041] In the context of various embodiments, the phrase "SPR sensor arrangement" as used herein may include or
may refer to an arrangement configured for surface plasmon resonance and generation of surface plasmon waves (which
are electromagnetic waves).
[0042] In the context of various embodiments, the phrase "SPR sensing surface" as used herein may include or may
refer to a surface where surface plasmon resonance may occur such that a surface plasmon wave may be generated
on or along the surface, in response to illumination of the surface with an excitation signal (e.g., an optical signal or light)
or incident photons, for example, the incident light beam 140, at a resonant condition, due to, for example, the material
of the SPR sensing surface. The surface plasmon wave may propagate along the SPR sensing surface.
[0043] In the context of various embodiments, the phrase "sensing signal" as used herein may include or may refer
to a signal that may carry information, for example, related to an SPR-related event, e.g., corresponding to a molecular
or bio-molecular interaction. The sensing signal may also carry noise information related to the optical sensing device.
[0044] In the context of various embodiments, the phrase "reference signal" as used herein may include or may refer
to a signal that may carry noise information related to the optical sensing device. A reference signal may refer to a control
signal.
[0045] In the context of various embodiments, at least one of the sensing signal or the reference signal may be in the
form of an SPR image.
[0046] In the context of various embodiments, the differential signal resulting from the subtraction between the sensing
signal and the reference signal may be free of the noise information.
[0047] In various embodiments, the SPR sensor arrangement 102 may include a prism, and wherein the SPR sensing
surface 108 may be provided on a base (or an outer base surface) of the prism. The SPR sensing surface 108 may
interface with the base (or outer base surface) of the prism. The SPR sensing surface 108 may be coated or deposited
on the base (or outer base surface) of the prism.
[0048] In various embodiments, the SPR sensor arrangement 102 may include an SPR-active element, and wherein
a surface of the SPR-active element may define the SPR sensing surface 108. The SPR-active element may be provided
on a base (or an outer base surface) of the prism of the SPR sensor arrangement 102. A surface of the SPR-active
element interfacing with the base (or outer base surface) of the prism may define the SPR sensing surface 108. In the
context of various embodiments, the phrase "SPR-active element" as used herein may include or may refer to an element
that is configured for surface plasmon resonance and generation of surface plasmon waves, where a surface plasmon
wave may be generated at a surface thereof, in response to illumination of the surface of the SPR-active element with
an excitation signal, e.g. the incident light beam 140, at a resonant condition, for example due to the material of the
surface or the material of the SPR-active element. An SPR-active element may include at least one metal.
[0049] In various embodiments, the SPR-active element may include a film structure, e.g., a metal film structure. The
film structure may include a gold (Au) layer (e.g., a single gold layer). The film structure may include a gold (Au) layer
and a silver (Ag) layer arranged one over the other, with the gold layer being arranged proximal to the base of the prism.
[0050] In various embodiments, the SPR sensor arrangement 102 may further include a sampling substrate in fluid
communication with the SPR sensing surface 108. The sampling substrate may be employed to flow in one or more
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samples. In various embodiments, the sampling substrate may be or may include a flow cell (e.g. a micro-fluidic flow cell).
[0051] In various embodiments, a sensing area (e.g., a signal channel, or a signal area) and a reference area (e.g.,
a reference channel, or a control area) may be defined on the SPR sensing surface 108, and wherein the sensing signal
may originate from the sensing area and the reference signal may originate from the reference area. In various embod-
iments, the sensing area may be employed for sensing an SPR-related event, for example, the sensing area may include
a sensitive material such as an antibody that may bind complementarily to a corresponding antigen to be sensed as an
SPR-related event. In various embodiments, the reference area may be maintained at least substantially pristine, as a
control. For example, this may mean that the reference area may be at least substantially free of a sensitive material
such as an antibody.
[0052] In various embodiments, the optical sensing device 100 may further include a polarising beam splitter (e.g., a
Wollaston prism) configured to split the transmitted light beam 142 into a p-polarisation beam to define the sensing
signal, and an s-polarisation beam to define the reference signal. In the context of various embodiments, the phrase "p-
polarisation beam" may mean a beam having polarisation that occurs parallel to the plane of incidence, while the phrase
"s-polarisation beam" may mean a beam having polarisation that occurs perpendicular to the plane of incidence.
[0053] In various embodiments, the detector arrangement 140 may include a first detector configured to detect the p-
polarisation beam, and a second detector configured to detect the s-polarisation beam. In various embodiments, at least
one of the first detector or the second detector may be or may include a photodiode. In various embodiments, at least
one of the first detector or the second detector may be or may include a CCD (charge-coupled device) detector or a
CCD camera, e.g., a colour CCD detector or camera.
[0054] In various embodiments, the optical sensing device 100 may further include a first focusing lens (e.g., an
objective lens) arranged to focus the p-polarisation beam onto the first detector, and a second focusing lens (e.g., an
objective lens) arranged to focus the s-polarisation beam onto the second detector.
[0055] In various embodiments, the optical sensing device 100 may further include a quarter-wave (λ/4) plate arranged
in an optical path between the SPR sensor arrangement 102 and the second polariser 120b.
[0056] In various embodiments, the optical sensing device 100 may further include a light source configured to provide
a light (e.g., 147) for generating the incident light beam 140.
[0057] In various embodiments, the light source may include or may be a broad band light source, for example, a
broad band white light source, e.g., a halogen lamp, or one or more white light emitting diodes (LEDs). The broad band
light source may be configured to emit light having a wavelength range of between about 400 nm and about 800 nm,
for example, a wavelength range of between about 400 nm and about 600 nm, or a wavelength range of between about
600 nm and about 800 nm.
[0058] In various embodiments, the light source may include or may be a laser source. The laser source may be an
infrared (IR) laser source. The laser source may be configured to emit light having a wavelength of about 850 nm or
more (e.g., ≥ 850 nm), for example, ≥ 900 nm, or ≥ 950 nm.
[0059] In various embodiments, the optical sensing device 100 may further include focusing optics (e.g., a focusing
lens, or an objective lens) arranged to focus the transmitted light beam 142 to the detector arrangement 140.
[0060] In various embodiments, the optical sensing device 100 may further include collimation optics configured to
generate a collimated light (e.g., 147) to be received by the first polariser 120a. The collimation optics may receive a
light and collimates the light. The collimation optics may also act as a beam expander, e.g., the collimation optics may
receive a light and collimates and expands the light. In various embodiments, the collimation optics may include an
objective lens and a bi-concave lens. The bi-concave lens may act as a beam expander.
[0061] In various embodiments, the processor 144 may be further configured to extract respective Hue component
values from the sensing signal and the reference signal based on a Hue-Saturation-Value colour space model prior to
performing the subtraction operation. In this way, the subtraction operation may be performed based on the respective
Hue component values from the sensing signal and the reference signal.
[0062] In various embodiments, the optical sensing device 100 may further include an analogue-to-digital circuit (or
analogue-to-digital converter, ADC) electrically coupled in between the detector arrangement 140 and the processor 144.
[0063] In the context of various embodiments, the optical sensing device 100 may be a portable optical sensing device.
[0064] In the context of various embodiments, the optical sensing device 100 may further include a display for displaying
at least one of the sensing signal or the reference signal. In various embodiments, the differential signal may be displayed.
The display may be a liquid crystal display, e.g., an LCD / TFT (thin-film-transistor) / IPS (in-plane switching) display.
[0065] In the context of various embodiments, the optical sensing device 100 may further include signal (or data)
transmission means (e.g., wifi transmission means).
[0066] In the context of various embodiments, the optical sensing device 100 may further include a storage device or
a memory device. The storage device or the memory device may be removable from the optical sensing device 100.
[0067] In the context of various embodiments, the optical sensing device 100 may further include a USB (Universal
Serial Bus) interface.
[0068] In the context of various embodiments, the optical sensing device 100 may further include a power source (e.g.,



EP 3 066 455 B1

9

5

10

15

20

25

30

35

40

45

50

55

a battery).
[0069] In the context of various embodiments, the optical sensing device 100 may be a colorimetric surface plasmon
resonance (SPR) imaging sensor based on polarisation orientation and a differential measurement scheme.
[0070] FIG. 1B shows a flow chart 180 illustrating an optical sensing method using surface plasmon resonance (SPR),
according to various embodiments.
[0071] At 182. a sample is provided to an SPR sensing surface of an SPR sensor arrangement.
[0072] At 184, a light is passed through a first polariser to provide an incident light beam to be received by the SPR
sensor arrangement.
[0073] At 186, the incident light beam is reflected at the SPR sensing surface to provide a reflected light beam. For
example, the incident light beam may be reflected at or by the SPR sensing surface via total internal reflection (TIR).
[0074] At 188, the reflected light beam is transmitted through a second polariser to provide a transmitted light beam,
wherein the first polariser and the second polariser have respective transmission axes aligned in orthogonal directions.
[0075] At 190, the transmitted light beam is detected, the transmitted light beam including a sensing signal and a
reference signal.
[0076] At 192, a subtraction operation is performed between the sensing signal and the reference signal. For example,
the reference signal may be subtracted from the sensing signal In this way, a differential signal may be obtained or
generated.
[0077] Accordingly, in various embodiments, a differential measurement based optical sensing method using surface
plasmon resonance (SPR) may be provided
[0078] In various embodiments, the method may further include focusing the transmitted light beam, for example, to
a detector arrangement, or onto a detector.
[0079] In various embodiments, the SPR sensor arrangement may include a prism, and wherein the SPR sensing
surface may be provided on a base of the prism.
[0080] In various embodiments, a sensing area (e.g., a signal channel) and a reference area (e.g., a reference channel)
may be defined on the SPR sensing surface, and wherein the sensing signal may originate from the sensing area and
the reference signal may originate from the reference area. This may mean that the incident light beam may be reflected
at the sensing area (e.g., signal channel) and the reference area (e.g., a reference channel) of the SPR sensing surface
to provide the reflected light beam.
[0081] In various embodiments, the method may further include splitting the transmitted light beam into a p-polarisation
beam to define the sensing signal, and an s-polarisation beam to define the reference signal. In various embodiments,
at 190, detecting the transmitted light beam may include detecting the p-polarisation beam (e.g., using a first detector)
and the s-polarisation beam (e.g., using a second detector).
[0082] In various embodiments, the method may further include focusing the p-polarisation beam, for example, onto
a first detector, and focusing the s-polarisation beam, for example, onto a second detector.
[0083] In various embodiments, the method may further include passing the reflected beam through a quarter-wave
(λ/4) plate.
[0084] In various embodiments, the method may further include collimating the light to be passed through the first
polariser.
[0085] In various embodiments, the method may further include expanding the light to be passed through the first
polariser.
[0086] In various embodiments, the light to be provided to the first polariser may have a wavelength range of between
about 400 nm and about 800 nm, for example, a wavelength range of between about 400 nm and about 600 nm, or a
wavelength range of between about 600 nm and about 800 nm.
[0087] In various embodiments, the light to be provided to the first polariser may include a laser light. This may mean
that the light beams as described (e.g., incident light beam, reflected light beam, etc.) may be laser beams.
[0088] In various embodiments, the laser light may have a wavelength of about 850 nm or more (e.g., ≥ 850 nm), for
example, ≥ 900 nm, or ≥ 950 nm. This may mean that the laser light may be infrared (IR) laser light.
[0089] In various embodiments, the method may further include extracting respective Hue component values from the
sensing signal and the reference signal based on a Hue-Saturation-Value colour space model prior to performing the
subtraction operation at 192. In this way, the subtraction operation may be performed based on the respective Hue
component values from the sensing signal and the reference signal.
[0090] In various embodiments, the method may further include displaying at least one of the sensing signal, or the
reference signal. Further, the differential signal may be displayed.
[0091] While the method described above is illustrated and described as a series of steps or events, it will be appreciated
that any ordering of such steps or events are not to be interpreted in a limiting sense. For example, some steps may
occur in different orders and/or concurrently with other steps or events apart from those illustrated and/or described
herein. In addition, not all illustrated steps may be required to implement one or more aspects or embodiments described
herein. Also, one or more of the steps depicted herein may be carried out in one or more separate acts and/or phases.
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[0092] FIG. 1C shows a schematic cross-sectional view of an optical sensing device 101 for surface plasmon resonance
(SPR), according to various embodiments. The optical sensing device 101 includes a first polariser 120a, a second
polariser 120b, wherein the first polariser 120a and the second polariser 120b have respective transmission axes aligned
in orthogonal directions, an SPR sensor arrangement 102 including an SPR sensing surface 108, the SPR sensor
arrangement 102 arranged to receive an incident light beam 140 passed through the first polariser 120a to be reflected
at the SPR sensing surface 108 and transmitted through the second polariser 120b to provide a transmitted light beam
142, and an optics arrangement 166 configured to split the transmitted light beam 142 into a p-polarisation beam 167a
(e.g., to define a sensing signal), and an s-polarisation beam 167b (e.g., to define a reference signal), and a detector
arrangement 141 configured to detect the p-polarisation beam 167a and the s-polarisation beam 167b.
[0093] In various embodiments, the optical sensing device 101 may be a differential measurement based optical
sensing device for surface plasmon resonance (SPR).
[0094] In various embodiments, the optics arrangement 166 may include a polarising beam splitter (e.g., a Wollaston
prism).
[0095] In various embodiments, the detector arrangement 141 may include a first detector configured to detect the p-
polarisation beam 167a, and a second detector configured to detect the s-polarisation beam 167b.
[0096] In various embodiments, the SPR sensor arrangement 102 may include a prism, and wherein the SPR sensing
surface 108 may be provided on a base of the prism.
[0097] In various embodiments, the optical sensing device 101 may further include a laser source configured to provide
a light for generating the incident light beam 140. The laser source may be an infrared (IR) laser source. The laser source
may be configured to emit light having a wavelength of about 850 nm or more (e.g., ≥ 850 nm), for example, ≥ 900 nm,
or ≥ 950 nm.
[0098] In various embodiments, the optical sensing device 101 may further include a processor electrically coupled
to the detector arrangement 141, wherein the p-polarisation beam 167a defines a sensing signal, and the s-polarisation
beam 167b defines a reference signal, and wherein the processor may be configured to perform a subtraction operation
between the sensing signal and the reference signal. In this way, a differential signal may be generated, for example by
subtracting the reference signal from the sensing signal.
[0099] It should be appreciated that features or components of the optical sensing device 101 that are similarly present
in the optical sensing device 100 may be as described in the context of the optical sensing device 100. Further, it should
be appreciated that one or more features or components of the optical sensing device 100 may be additionally provided
for the optical sensing device 101.
[0100] FIG. 2A shows a schematic view of an optical sensing device or system 200, according to various embodiments.
The sensing device 200 may be a surface plasmon resonance (SPR) imaging sensor, for example, a spectral SPR
imaging sensor. The sensing device 200 may employ a method of differential response between signal and reference
sensing areas for SPR detection.
[0101] The sensing device 200 may include an SPR sensor arrangement 202 for sensing or detecting SPR-related
events, for example, molecular or bio-molecular interactions, with the help of surface plasmons. The SPR sensor ar-
rangement 202 may include a prism (e.g., a glass prism) 204, which may act as an SPR prism coupler, and an SPR-
active element 206 provided at the base 205 of the prism 204. The SPR-active element 206 may provide an SPR sensing
surface 208 which may interface with the prism 204, e.g., interface with the prism base 205. The SPR-active element
206 may include a metal film or metal film structure, for example coated or deposited on the base 205 of the prism 204.
As non-limiting examples, the SPR-active element 206 may include a gold layer or a gold/silver film, meaning a gold
(Au) layer and a silver (Ag) layer arranged one over the other. The gold layer may be arranged proximate to the prism 204.
[0102] The SPR sensor arrangement 202 may further include a sampling substrate 210. The sampling substrate 210
may, for example, be a PDMS (Polydimethylsiloxane)-based micro-fluidic flow cell attached to or on the SPR sensing
surface 208 for feeding in samples with different refractive index values. The sampling substrate 210 may include at
least one signal sensing area (or signal channel, or sensing channel) 212a and at least one reference sensing area (or
reference channel) 212b. The signal sensing area (or signal channel) 212a may mean an area or position of the sampling
substrate 210 where an SPR-related event (e.g., a bio-molecular interaction) may occur such that a corresponding
sensing signal related to the SPR-related event may be collected. The reference sensing area (or reference channel)
212b may mean an area or position of the sampling substrate 210 where no SPR-related event is expected, such that
a signal related to background noise, for example, may be collected.
[0103] The sensing device 200 may include a pair of polarisers: a first polariser (input polariser) 220a and a second
polariser (output polariser) 220b. The prism 204 may be placed in between the two polarisers 220a, 220b. The prism
204 may be optically coupled with the two polarisers 220a, 220b such that the prism 204 is positioned in an optical path
between the two polarisers 220a, 220b. The first polariser 220a may have a transmission axis, represented by the
double-headed arrow 222a, along a first direction such that a light beam exiting or transmitted through the first polariser
220a may be polarised in a direction at least substantially parallel to the transmission axis 220a. The second polariser
220b may have a transmission axis, represented by the circular dot 222b, along a second direction that is at least
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substantially perpendicular to the transmission axis 222a of the first polariser 220a. This may mean, for example, that
the transmission axis 222b of the second polariser 220b may be along a direction into or out of the paper. Therefore,
the angle between the transmission axes 222a, 222b of the two polarisers 220a, 220b may be about 90 degrees. It
should be appreciated that the transmission axes 222, 222b may be oriented in any directions as long as the transmission
axes 222, 222b are aligned at least substantially perpendicular or orthogonal to each other so that the two polarisers
220a, 220b may form cross polarisers. In this way, the angle of rotation of the first polariser 220a and the second polariser
220b may be chosen to be perpendicular to each other.
[0104] The sensing device 200 may further include a light source 230 which may provide a light beam (or an excitation
signal) towards the SPR sensor arrangement 202. The light source 230 may be a broad band light source, for example,
a white light source (e.g., one or more white LEDs) or a halogen illuminator (e.g., a halogen lamp). As a non-limiting
example, the light source 230 may provide light in a wavelength range of about 400 nm to about 800 nm, e.g., using a
halogen lamp. In various embodiments, due to the application of a range of wavelengths (e.g., 400 nm - 800nm), the
spectral profile variation in the whole visible spectrum may be measured or obtained.
[0105] The light beam emitted from the light source 230 may be collimated and expanded by lenses. For example,
the sensing device 200 may include collimation optics 232 having an objective lens (e.g., a 103 objective lens) 234 and
a bi-concave lens 236 to collimate and expand the light beam produced by the light source 230. The light beam may
then propagate through the first polariser 220a to provide an incident beam 240 towards the SPR sensor arrangement
202. The collimated incident beam 240 may be incident or impinge on the total internal reflection surface 207 at the base
205 of the prism 204 having the SPR-active element 206 (for example, having a gold sensing layer or a silver/gold
sensing layer) with the SPR sensing surface 208. This may mean that, after passing through the first polariser 220a,
the polarised incident beam 240 may interact with or enter the SPR-active element 206 (e.g., a gold or silver/gold sensing
layer) coated on the prism (e.g., a glass prism) 204. Light that is reflected, e.g. reflected light beam 245, may be
transmistted towards the second polariser 220b. As the two polarisers 220a, 220b form cross polarisers, the original or
initial incident beam (e.g., broad band incident beam) 240 cannot be transmitted through the second polariser 220b.
[0106] At (or close to) the excitation wavelength of a surface plasmon wave, the incident beam 240 impinging on the
base surface 207 of the prism 204 may cause generation of a surface plasmon wave at the SPR sensing surface 208
of the SPR-active element 206 that interfaces with the base 205 of the prism 204. At (or close to) the excitation wavelength
of the surface plasmon wave, a phase difference Δφ may be introduced between the p-polarisation component and the
s-polarisation component of the light. This may mean that, for a light portion of the incident beam that corresponds to
the surface plasmon excitation wavelength or excitation spectral range, the p- polarisation component and the s-polar-
isation component of this light portion may experience a phase difference Δφ. As described in equation 9, the orientation
angle, α’, of the ellipse may be shifted correspondingly and the rotation of the ellipse allows the light portion 242 interacting
with the surface plasmon to be transmitted through the second polariser 220b. In this way, the light portion 242 may
form a transmitted light beam. At wavelength out of the excitation spectral range, the interaction with the surface plasmon
wave is weak and the ellipse is almost parallel to the original orientation angle of the incident beam 240, and therefore
no significant transmitting light is observed in the wavelength region longer or shorter than the excitation wavelength.
[0107] The light portion (or transmitted light beam) 242 may be focused by a focusing lens (e.g., an objective lens)
238, and thereafter detected or captured by a colour detector (e.g, a colour CCD detector or a colour CCD camera) 240.
The detector 240 may be electrically coupled to analog-to-digital electronics or circuit 243 and to a processor (e.g., a
computer, or notebook computer) 244. In this way, the signal produced by the detector 240 may be converted into a
digital signal by the analog-to-digital electronics 243 and received by the processor 244, for example, to be stored,
displayed, processed, manipulated, or analysed. In various embodiments, the processor 244 may be employed to perform
subtraction of the sensing signal from the sensing channel 212a and the reference signal from the reference channel 212b.
[0108] The transmitted light beam 242 may provide one or more SPR images, where the resultant SPR images may
be captured by a colour CCD camera 240 and may be analyzed using an internally developed software.
[0109] While not shown in FIG. 2A, it should be appreciated that a quarter-wave (λ/4) plate may be arranged between
the prism 204 and the second polariser 220b. In this way, the reflected light beam 245 reflected from the prism 204 may
pass through the quarter-wave plate and the second polariser 220b. As a non-limiting example, please see FIG. 2B
showing a schematic view of an optical sensing device 250 incorporating a quarter-wave (λ/4) plate 251. Like features
or components of the sensing device 250 that are similarly present in the sensing device 200 are denoted by like reference
numerals and may be as described in the context of the sensing device 200. While not shown in FIG. 2B, the sensing
device 250 may also include analog-to-digital electronics as described in the context of the sensing device 200.
[0110] A non-limiting example of a differential measurement scheme that may be employed will now be described.
[0111] As shown in FIGS. 2A and 2B, a signal channel 212a and a reference channel 212b may be provided on the
sensing surface 208. Images from both channels 212a, 212b may be focused onto the same CCD chip and captured
simultaneously. Signals from both channels 212a, 212b may experience same/similar instrumentation and environmental
noise, and therefore subtraction between the signal and reference images/signals may minimise or eliminate the common
noise (or common path noise). As the sensor resolution is equal to (or directly proportional to) the sensor sensitivity
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times the sensor stability (sensor sensitivity 3 sensor stability), the minimisation or elimination of noise may eventually
produce corresponding enhancement in sensor resolution. Therefore, in this way, the sensor resolution may be enhanced
through noise reduction.
[0112] Various embodiments of the sensing device (e.g. 200, 250) may incorporate the application of Hue colour space
for the quantification of colour changes in spectral SPR images. The Hue component in a HSV/HSI (Hue-Saturation-
Value/Hue-Saturation-Intensity) colour space may be applied to quantify the colour information in spectral SPR images,
as will be described later below.
[0113] The sensing devices 200, 250 may be arranged in a "hand size" casing and may work as an all-in-one portable
device for point-of-care (POC) detection and analysis. FIG. 2C shows a schematic view of a portable optical sensing
device 254, according to various embodiments, illustrating an all-in-one portable device based on colorimetric SPR
imaging, for example, for POC detection. Like features or components of the sensing device 254 that are similarly present
in the sensing devices 200, 250 are denoted by like reference numerals and may be as described in the context of the
sensing devices 200, 250.
[0114] The portable sensing device 254 may further include a micro-processor 255, a LCD display (liquid crystal
display) 256 for real-time imaging (an SPR image 257 is shown as an example), a WiFi communication or transmission
means 258 and a memory unit or memory device (e.g., a microSD card) 259 for image storage and wireless transfer to
a notebook computer or an external processor for further quantified analysis of, for example, binding curves and binding
affinity. The portable sensing device 254 may also include a USB (Universal Serial Bus) interface 260.
[0115] As shown in FIG. 2C, the all-in-one portable device 254 may integrate the following features or parts: (1) an
optical design or optical arrangement for colorimetric SPR imaging; (2) a liquid crystal display 256 (e.g., LCD / TFT (thin-
film-transistor) / IPS (in-plane switching)) for real time displaying the SPR imaging information, for example, of the analyte
at the sensing surface (e.g., 208); (3) the device 254 may be able to capture, monitor and store all the SPR imaging
information during the detection process. The information may be stored in a portable micro-SD/ SD / other flash memory
(e.g., 259) with (or without) wifi connectivity, for example via wifi communication means 258 and/or the USB interface
260. Integrating the wifi communication means 258 may allow wireless transmission of the SPR imaging videos or
images to a notebook or a processor for further calculation on bio-molecular binding curves and binding constants; and
(4) the device 254 may be powered by battery for portable POC usages.
[0116] While not shown in FIG. 2C, the sampling substrate 210 may include at least one signal channel 212a and at
least one reference channel 212b as described in the context of the sensing devices 200, 250. The sensing device 254
may also include analog-to-digital electronics as described in the context of the sensing devices 200, 250.
[0117] FIG. 2D shows a schematic view of an optical sensing device 262, according to various embodiments. The
sensing device 262 may provide a low-cost version of the optical design of various embodiments for further cost reduction.
Like features or components of the sensing device 263 that are similarly present in the sensing devices 200, 250 are
denoted by like reference numerals and may be as described in the context of the sensing devices 200, 250. In the
setting of the sensing device 262, the optical SPR image may be directly projected onto a small screen 263 in approx-
imately 1 cm2 for viewing by a user’s eye 264. As the SPR information is in the form of optical colour changes, the
information may be understood and identified by an untrained person, while conventional intensity, phase, and spectrum
scanning based SPR imaging sensors all require a computer, a CCD, a control and analysis software for detection,
which collectively may add an additional cost of S$2000 or above to the sensing or imaging system.
[0118] In various embodiments, modification of the SPR sensing devices as described above may be carried out, for
sensitivity enhancement. For example, the sensitivity of the SPR sensor or sensing device as described in the context
of FIGS. 2A to 2D may be enhanced with modifications relating to the light source and/or detector, while the other optical
parts of the SPR sensing device may remain the same, as will be described below with reference to FIG. 3.
[0119] Briefly, the light source 230 may be replaced by a laser excitation source, which may provide an excitation light
with enhanced stability. The detection limit of an SPR device or system is related to the sensor stability as described by
the following equation: 

 According to Equation 10, a stabilized excitation light source (e.g., a laser) therefore may provide a lower detection
limit. Equation 10 may also be expressed as 
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where (ΔRIU/response) refers to the sensitivity of the sensor. Therefore, a reduced S.D. produces or results in a corre-
sponding sensor resolution improvement.
[0120] Further, a photo-diode detector pair with p- and s- polarisation signal subtraction may be provided. The differ-
ential scheme as described in the context of the sensing devices 200, 250 (FIGS. 2A and 2B) may be further improved
by using a polarising beam splitter to split the p-polarisation signal and the s-polarisation signal. The subtraction between
the p-signal and the s-signal cancels the common noise happening at the sensing device and suppresses the system
noise so that the sensor detection limit may be enhanced (refer to equation 10). The optical paths of the p-polarisation
light and the s-polarisation light may be identical and the common path noise in the sensing device may therefore be
eliminated.
[0121] FIG. 3 shows a schematic view of an optical sensing device or system 300, according to various embodiments.
The sensing device 300 may be a surface plasmon resonance (SPR) imaging sensor, for example, a spectral SPR
imaging sensor. The sensing device 300 may employ a method of differential intensity response between the p-polari-
sation beam (or wave) and the s-polarisation beam (or wave) for SPR detection. Like features or components of the
sensing device 300 that are similarly present in the sensing device 200 are denoted by like reference numerals increased
by 100, and which may be as correspondingly described in the context of the sensing device 200 and therefore are
omitted here.
[0122] The sensing device 300 may include a light source 331, for example in the form of a laser, such as a near
infrared (IR) laser. The laser may provide a beam having a wavelength, λ, equal to or more than about 850 nm (≥ 850
nm), e.g., equal to or more than about 900 nm (≥ 900 nm). The beam emitted by the laser 331 may be collimated and
expanded by lenses 334, 336. The collimated beam or incident beam 340, after transmitting through the first polariser
322a, may be incident on the total internal reflection surface 307 of a prism (e.g., a glass prism) 304 provided with an
SPR-active element 306 (e.g., a gold or silver/gold sensing layer) having an SPR sensing surface 308.
[0123] The SPR sensor arrangement 302 of the sensing device 300 may further include a sampling substrate, for
example, in the form of a flow cell 311. The flow cell 311 may be provided or attached to or on the sensor surface 308
for feeding in samples with different refractive index values. The flow cell 311 may include an inlet 313a to allow a sample
to flow into the flow cell 311, and an outlet 313b to allow the sample to flow out of the flow cell 311.
[0124] The sensing device 300 may further include a polarising beam splitter 366 arranged in the optical path of
transmitted light bream 342. This may mean that the polarising beam splitter cube 366 may receive the transmitted light
beam 342. The polarising beam splitter 366 may separate or divide the transmitted light beam 342 into a p-polarisation
beam (or a p-optical path) 367a and an s-polarisation beam (or an s-optical path) 367b. The polarising beam splitter
366 may be arranged in front of a detector arrangement, for example having a first detector (e.g., a photodetector or a
photodiode) 341a and a second detector (e.g., a photodetector or a photodiode) 341b. The p-polarisation beam 367a
may be focused by a first focusing lens (e.g., an objective lens) 339a towards the first detector 341a to be detected or
captured by the first detector 341a. The s-polarisation beam 367b may be focused by a second focusing lens (e.g., an
objective lens) 339b towards the second detector 341b to be detected or captured by the second detector 341b. The
first detector 341a and the second detector 341b may be electrically coupled to analog-to-digital electronics or circuit
343 and to a processor (e.g., a computer, or notebook computer) 344. In this way, the respective signals produced by
the first detector 341a and the second detector 341b may be converted into respective digital signals by the analog-to-
digital electronics 343 and received by the processor 344, for example, to be stored, displayed on a display 356, processed,
manipulated, or analysed. In various embodiments, the processor 344 may be employed to perform subtraction of the
signal (e.g., p-signal) associated with the p-polarisation beam 367a and the signal (e.g., s-signal) associated with the
s-polarisation beam 367b.
[0125] The subtraction between the p-signal and the s-signal may cancel the common path noise so that the sensor
detection limit may be enhanced, where the detection limit of an SPR device or system may be determined by equation 10.
[0126] As described above, the differential measurement scheme employed in the sensing device 300 may involve
separating the p- and s- polarisation beams by optics, and the subtraction signal, obtained between the p-signal and
the s- signal, may cancel the measurement uncertainty.
[0127] While not shown in FIG. 3, it should be appreciated that a quarter-wave (λ/4) plate may be arranged between
the prism 304 and the second polariser 320b, for example similar to the arrangement of the quarter-wave (λ/4) plate
251 in the sensing device 250 (FIG. 2B).
[0128] The sensing device 300 may provide infrared (IR) detection. As described above, the light source 331 may be
a laser operating at near infrared wavelength range beyond 850 nm, which may extend the propagation length of a
surface plasmon wave on the SPR sensing surface 308, e.g., a gold sensing surface. This may enhance the response
at the resonance condition. According to equation 10, enhancement in the SPR sensor response leads to a lower sensor
detection limit.
[0129] As also described above, the sensing device 300 may provide a differential response between p- and s- po-
larisation beams in a polarisation orientation based SPR sensor. The polarising beam splitter cube 366 separates the
p-polarisation beam 367a and the s-polarisation beam 367b and both optical signals may be detected in parallel with
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photo-detectors 341a, 341b. At surface plasmon resonance, only a p-polarisation light (e.g., p-polarisation beam 367a)
is altered, while an s-polarisation light (e.g., s-polarisation beam 367b) remains unchanged, which therefore may serve
as a reference signal in the measurement. The differential signal (subtraction between p- and s-polarisation) may cancel
the common path noise. According to equation 10, the suppression in system noise may enhance the sensor stability,
which in turn may lead to a lower sensor detection limit.
[0130] Results obtained using the sensing devices of various embodiments will now be described by way of the
following non-limiting examples.
[0131] FIG. 4A shows an example of a colorimetric SPR image 480 that may be obtained when the sensing channel
(or signal channel) (e.g., 212a) and the reference channel (e.g., 212b) are filled with a water sample, while FIG. 4B
shows a corresponding image 482 obtained using a HSV (Hue-Saturation-Value) colour space for the SPR image 480.
The y-axis and the x-axis of FIG. 4B show the respective image pixels in the y-direction and the x-direction.
[0132] In various embodiments, the HSV colour space may be applied to extract and quantify the colour variation
against time. FIG. 5A shows a plot 580a of the extracted Hue values for 50 data points from a sensing channel (e.g.,
212a) and a reference channel (e.g., 212b), both filled with a water sample, where the responses are at least substantially
stable. Plots 580a shows the extracted Hue values 582 (representing the sensing signal) corresponding to the sensing
channel and the extracted Hue values 584 (representing the reference signal) corresponding to the reference channel.
In order to show the small variations within these data, the scale of the y-axis may be reduced to a range of 1.3 Hue
values and the results are shown in plot 580b of FIG. 5B. It may be observed that there is a clear response variation
against time within the 1.3 Hue range and the trend of the fluctuations are at least substantially similar for the signal and
reference channels.
[0133] Before the subtraction between the sensing signal 582 and the reference signal 584, the trend of the reference
signal 584 may be correlated with that of the signal channel and the resultant curve may be plotted together with the
signal 582 from the signal channel, as shown in FIG. 5C illustrating a plot 580c of a sensing signal 582 and a correlated
reference signal 584a.
[0134] In order to eliminate the common noise, subtraction between the sensing signal (or sample signal) and the
reference signal (or control signal) may be performed and the differential signal is as shown in FIG. 5D illustrating a plot
580d of the sensing signal 582 and the differential signal 586. As shown in the plot 580d, the measurement fluctuation
has been greatly suppressed by the signal subtraction. The measurement standard deviation (S.D.) of the differential
signal 586 is about 0.038 Hue value, which is about 1 order of magnitude lower than that of the original sensing signal
582, where the standard deviation (S.D.) is about 0.363 Hue value.
[0135] As would be appreciated, the differential measurement scheme is in the time domain instant, where the meas-
urement uncertainty against time (measurement S.D.) may be reduced by 1 order of magnitude by the application of
the differential scheme. The sensor resolution may be dependent on the measurement standard deviation (S.D.), based
on Equations 10 and 11. Therefore, a reduced S.D. produces or results in a corresponding sensor resolution improvement.
[0136] In order to demonstrate the sensor resolution improvement of the colorimetric SPR imaging sensor of various
embodiments employing a differential response, further measurements have been performed using salt solution samples
with different refractive index values. The salt solution samples may range from 0% (water), 1%, 2%, 3%, 4% to 5% salt
solutions, having the corresponding refractive index values of about 1.3330 RIU, about 1.3347 RIU, about 1.3365 RIU,
about 1.3383 RIU, about 1.3400 RIU and about 1.3418 RIU respectively.
[0137] FIGS. 6A to 6F show colorimetric SPR images for different salt solution samples. The SPR images show that
the colour observed from the signal channel changes from a red colour to a bright green colour when the concentration
of the salt solution (or refractive index) increases from 0% (∼ 1.3330 RIU) to about 5% (1.3418 RIU).
[0138] The SPR imaging responses may be further quantified (for example folowing the processing procedure similar
to that described for obtaining the results shown in FIGS. 5A to 5D) and the sensor response curve may be as shown
in FIG. 7. From the response curve, the sensitivity (being ΔRIU/response) of the sensor at the refractive index range
(1.3330-1.3365 RIU) is about 6.2 3 10-5 RIU/Hue.
[0139] As shown in FIG. 5D, the measurement standard deviation (S.D.) of a water sample before subtraction is about
0.363 (Hue value) and the sensor resolution, determined using equation 11, is about 2.3 3 10-5 RIU (before subtraction).
As shown in the same plot 580d of FIG. 5D, the value of S.D. may be reduced to about 0.038 (Hue value) with the
application of the differential measurement scheme and the final sensor resolution may be determined, using equation
11, to be about 2.3 3 10-6 RIU (differential measurement). Comparing these two values, the differential measurement
scheme has demonstrated 1 order of magnitude improvement in the sensor resolution. Further, the sensor resolution
(2.3 3 10-6 RIU) of the colorimetric SPR imaging sensor of various embodiments is about 1 order of magnitude better
than the resolution of conventional scanning based spectral imaging sensors (10-5 RIU) and conventional intensity
modulation based imaging sensors (10-5 RIU).
[0140] As described above for the various embodiments of the sensing device, the prism sensor head (e.g., corre-
sponding to the SPR sensor arrangement) may be placed between two polarisers with perpendicular orientation angles.
For the wavelength of the incident beam longer or shorter than the excitation wavelength of the surface plasmon, the
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light reflected from the SPR sensing surface is blocked by the perpendicular polariser pair. At the resonance wavelength,
the excitation of a surface plasmon wave may induce a phase shift between the p- polarisation light and the s- polarisation
light. The phase shift may rotate the polarisation ellipse of the beam reflected from the SPR sensing surface and the
light in the resonance wavelength range may be partly transmitted. A spectral profile (colour map) may therefore be
produced in the SPR image and the colour may be changed with respect to the phase shift induced at surface plasmon
resonance.
[0141] One or more embodiments may employ a differential response between signal and reference sensing areas
in SPR detection. For example, as shown in FIG. 2A, both the signal channel 212a and the reference channel 212b may
be arranged on the sensing surface 208. Images from both channels 212a, 212b may be focused on the same CCD
chip and captured simultaneously. Signals from both channels 212a, 212b may experience close instrumentation and
environmental noise, and therefore the subtraction between them eliminates the common path noise. According to
equation 10, the sensor resolution is equal to the sensor sensitivity times the sensor stability, and therefore noise
elimination may produce a corresponding enhancement in sensor resolution. The result as described above shows that
the measurement standard deviation (S.D.) of a water sample before subtraction is about 0.363 (Hue value) (see plot
580d, FIG. 5D) and the sensor resolution is about 2.3 3 10-5 RIU (before subtraction). As shown in the same plot 580d,
the value of S.D. is reduced to about 0.038 (Hue value) with the application of a differential measurement scheme
between the sensing signal and the refernece signal and the final sensor resolution is found to be about 2.3 3 10-6 RIU
(differential measurement). Comparing these two values, the differential measurement scheme has demonstrated 1
order of magnitude improvement in the sensor resolution. This value is 1 order of magnitude better than the resolution
of the conventional scanning based spectral imaging sensor (10-5 RIU) and intensity based imaging sensor (10-5 RIU)
reported.
[0142] One or more embodiments may employ a differential intensity response between p- and s- polarisations in SPR
detection. For example, as shown in FIG. 3, the polarising beam splitter cube 366 separates the p-polarisation beam
367a and the s-polarisation beam 367b and both optical signals (or lights) are detected in parallel with photo-detectors
341a, 341b. At surface plasmon resonance, only the p- polarisation light 367a is altered, while the s-polarisation light
367b remains unchanged, which may therefore serve as the reference signal. The differential signal between these two
polarisation lights may therefore cancel the common path noise. According to equation 10, the suppression in system
noise may enhance the sensor stability, which leads to a lower sensor detection limit.
[0143] One or more embodiments may incorporate the application of a near infrared laser at wavelengths beyond
about 850 nm for SPR detection. An infrared laser may operate at a near infrared wavelength range beyond 850 nm,
which may extend the propagation length of surface plasmon wave at resonance on an SPR sensing surface (e.g., a
gold sensing surface). This may provide an enhanced SPR response. According to equation 10, the enhancement in
the SPR sensor response leads to a lower sensor detection limit. The near infrared wavelenght range between about
850 nm and about 1000 nm at least substantially matches the response peak of silicon based photo-detectors, which
are the most widely used and low-cost photo-detectors.
[0144] It should be appreciated that the SPR sensor design of various embodiments, with enhanced detection limit
(e.g., sensing device 300, FIG. 3), may find potential applications, for example, in drug discovery and biomarker detection,
which are areas that require sensitive analytical measurements.

Claims

1. An optical sensing device (101, 300) for surface plasmon resonance (SPR), the optical sensing device (101, 300)
comprising:

a first polariser (120a, 320a);
a second polariser (120b, 320b), wherein the first polariser (120a, 320a) and the second polariser (120b, 320b)
have respective transmission axes (122a, 322a, 122b, 322b) aligned in orthogonal directions;
an SPR sensor arrangement (102, 302) comprising an SPR sensing surface (108, 308), the SPR sensor ar-
rangement (102, 302) arranged to receive an incident light beam (140, 340) passed through the first polariser
(120a, 320a) to be reflected at the SPR sensing surface (108, 308) and transmitted through the second polariser
(120b, 320b) to provide a transmitted light beam (142, 342); characterized in that the optical sensing device
(101, 300) comprises
an optics arrangement (166, 366) configured to split the transmitted light beam (142, 342) into a p-polarisation
beam to define a sensing signal (167a, 367a) and an s-polarisation beam to define a reference signal (167b,
367b);
a detector arrangement (141, 341a, 341b) configured to detect the transmitted light beam (142, 342), the
transmitted light beam (142, 342) comprising the sensing signal (167a, 367a) and the reference signal (167b,
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367b); and
a processor (144, 344) electrically coupled to the detector arrangement (141, 341a, 341b), the processor (144,
344) configured to perform a subtraction operation between the sensing signal (167a, 367a) and the reference
signal (167b, 367b).

2. The optical sensing device as claimed in claim 1, wherein the SPR sensor arrangement (102, 302) comprises a
prism (204, 304), and wherein the SPR sensing surface (108, 308) is provided on a base of the prism (204, 304).

3. The optical sensing device as claimed in claim 1, wherein the optics arrangement (166, 366) comprises a polarising
beam splitter configured to split the transmitted light beam (142, 342) into the p-polarisation beam and the s-
polarisation beam, and
wherein the detector arrangement (141, 341a, 341b) preferably comprises a first detector (341a) configured to detect
the p-polarisation beam, and a second detector (341b) configured to detect the s-polarisation beam.

4. The optical sensing device as claimed in claim 1, wherein the detector arrangement (141, 341a, 341b) comprises
a colour CCD detector.

5. The optical sensing device as claimed in claim 1, further comprising a quarter-wave plate (251) arranged in an
optical path between the SPR sensor arrangement (102, 302) and the second polariser (120b, 320b).

6. The optical sensing device as claimed in claim 1, further comprising a light source (230, 331) configured to provide
a light (147) for generating the incident light beam (140, 340), wherein the light source (230, 331) comprises a broad
band light source.

7. The optical sensing device according to claim 1,
further comprising a laser source (230, 331) configured to provide a light (147) for generating the incident light beam
(140, 340), and wherein the laser source (230, 331) is preferably configured to emit light having a wavelength of
about 850 nm or more.

8. The optical sensing device as claimed in claim 1, wherein the processor (144, 344) is further configured to extract
respective Hue component values from the sensing signal (167a, 367a) and the reference signal (167b, 367b) based
on a Hue-Saturation-Value colour space model prior to performing the subtraction operation.

9. An optical sensing method using surface plasmon resonance (SPR), the method comprising:

providing a sample to an SPR sensing surface (108, 308) of an SPR sensor arrangement (102, 302);
passing a light (147) through a first polariser (120a, 320a) to provide an incident light beam (140, 340) to be
received by the SPR sensor arrangement (102, 302);
reflecting the incident light beam (140, 340) at the SPR sensing surface (108, 308) to provide a reflected light
beam (145, 345);
transmitting the reflected light beam (145, 345) through a second polariser (120b, 320b) to provide a transmitted
light beam (142, 342), wherein the first polariser (120a, 320a) and the second polariser (120b, 320b) have
respective transmission axes (122a, 322a, 122b, 322b) aligned in orthogonal directions: characterized by
splitting the transmitted light beam (142, 342) into a p-polarisation beam to define a sensing signal (167a, 367a)
and an s-polarisation beam to define a reference signal (167b, 367b);
detecting the transmitted light beam (142, 342), the transmitted light beam (142, 342) comprising the sensing
signal (167a, 367a) and the reference signal (167b, 367b); and
performing a subtraction operation between the sensing signal (167a, 367a) and the reference signal (167b,
367b).

10. The optical sensing method as claimed in claim 9, wherein the SPR sensor arrangement (102, 302) comprises a
prism (204, 304), and wherein the SPR sensing surface (108, 308) is provided on a base of the prism (204, 304).

11. The optical sensing method as claimed in claim 9, wherein the detector arrangement (141, 341a, 341b) comprises
a first detector (341a) and a second detector (341b), and detecting the transmitted light beam (142, 342) comprises
detecting the p-polarisation beam by the first detector (341a) and detecting the s-polarisation beam by the second
detector (341b).
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12. The optical sensing method as claimed in claim 9, wherein the light (147) comprises a laser light, wherein the laser
light preferably has a wavelength of about 850 nm or more.

13. The optical sensing method as claimed in claim 9, further comprising extracting respective Hue component values
from the sensing signal (167a, 367a) and the reference signal (167b, 367b) based on a Hue-Saturation-Value colour
space model prior to performing the subtraction operation.

Patentansprüche

1. Eine optische Erfassungsvorrichtung (101, 300) zur Oberflächenplasmonresonanz (SPR), wobei die optische Er-
fassungsvorrichtung (101, 300) aufweist:

einen ersten Polarisator (120a, 320a);
einen zweiten Polarisator (120b, 320b), wobei der erste Polarisator (120a, 320a) und der zweite Polarisator
(120b, 320b) entsprechende Übertragungsachsen (122a, 322a, 122b, 322b) haben, die in orthogonalen Rich-
tungen ausgerichtet sind;
eine SPR-Sensoranordnung (102, 302), welche eine SPR-Erfassungsfläche (108, 308) aufweist, wobei die
SPR-Sensoranordnung (102, 302) angeordnet ist zum Empfangen eines einfallenden Lichtstrahls (140, 340),
der den ersten Polarisator (120a, 320a) passiert hat, um an der SPR-Erfassungsfläche (108, 308) reflektiert zu
werden, und um durch den zweiten Polarisator (120b, 320b) übertragen zu werden, um einen übertragenen
Lichtstrahl (142, 342) bereitzustellen, dadurch gekennzeichnet, dass die optische Erfassungsvorrichtung
(101, 300) aufweist:

eine Optik-Anordnung (166, 366), die konfiguriert ist, um den übertragenen Lichtstrahl (142, 342) in einen
p-Polarisationsstrahl zum Definieren eines Erfassungssignals (167a, 367a) und einen s-Polarisationsstrahl
zum Definieren eines Referenzsignals (167b, 367b) zu teilen;
eine Detektor-Anordnung (141, 341a, 341b), die konfiguriert ist zum Detektieren des übertragenen Licht-
strahls (142, 342), wobei der übertragene Lichtstrahl (142, 342) das Erfassungssignal (167a, 367a) und
das Referenzsignal (167b, 367b) aufweist; und
einen Prozessor (144, 344), der elektrisch mit der Detektor-Anordnung (141, 341a, 341b) verbunden ist,
wobei der Prozessor (144, 344) konfiguriert ist zum Ausführen einer Subtraktionsoperation zwischen dem
Erfassungssignal (167a, 367a) und dem Referenzsignal (167b, 367b).

2. Die optische Erfassungsvorrichtung gemäß Anspruch 1, wobei die SPR-Sensoranordnung (102, 302) ein Prisma
(204, 304) aufweist, und wobei die SPR-Erfassungsfläche (108, 308) auf einer Basis des Prismas (204, 304) be-
reitgestellt ist.

3. Die optische Erfassungsvorrichtung gemäß Anspruch 1, wobei die Optik-Anordnung (166, 366) einen polarisierenden
Strahlenteiler aufweist, der konfiguriert ist, um den übertragenen Lichtstrahl (142, 342) in den p-Polarisationsstrahl
und den s-Polarisationsstrahl zu teilen, und
wobei die Detektor-Anordnung (141, 341a, 341b) vorzugsweise einen ersten Detektor (341a) aufweist, der konfi-
guriert ist, um den p-Polarisationsstrahl zu detektieren, und einen zweiten Detektor (341b), der konfiguriert ist, um
den s-Polarisationsstrahl zu detektieren.

4. Die optische Erfassungsvorrichtung gemäß Anspruch 1, wobei die Detektor-Anordnung (141, 341a, 341b) einen
Farb-CCD-Detektor aufweist.

5. Die optische Erfassungsvorrichtung gemäß Anspruch 1, ferner aufweisend eine Viertelwellenplatte (251), welche
in einem optischen Pfad zwischen der SPR-Sensoranordnung (102, 302) und dem zweiten Polarisator (120b, 320b)
angeordnet ist.

6. Die optische Erfassungsvorrichtung gemäß Anspruch 1, ferner aufweisend eine Lichtquelle (230, 331), die konfi-
guriert ist zum Bereitstellen eines Lichts (147) zum Erzeugen des einfallenden Lichtstrahls (140, 340), wobei die
Lichtquelle (230, 331) eine Breitband-Lichtquelle aufweist.

7. Die optische Erfassungsvorrichtung gemäß Anspruch 1, ferner aufweisend eine Laserquelle (230, 331), die konfi-
guriert ist zum Bereitstellen eines Lichts (147) zum Erzeugen des einfallenden Lichtstrahls (140, 340), und wobei
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die Laserquelle (230, 331) vorzugsweise konfiguriert ist zum Emittieren von Licht, das eine Wellenlänge von ungefähr
850 nm oder mehr hat.

8. Die optische Erfassungsvorrichtung gemäß Anspruch 1, wobei der Prozessor (144, 344) ferner konfiguriert ist zum
Extrahieren entsprechender Farbtonkomponentenwerte aus dem Erfassungssignal (167a, 367a) und dem Refe-
renzsignal (167b, 367b) basierend auf einem Farbton-Sättigungswert-Farbraummodell, vor dem Ausführen der
Subtraktionsoperation.

9. Ein optisches Erfassungsverfahren unter Verwendung von Oberflächenplasmonresonanz (SPR), wobei das Ver-
fahren aufweist:

Bereitstellen einer Probe an eine SPR-Erfassungsfläche (108, 308) einer SPR-Sensoranordnung (102, 302);
Hindurchleiten eines Lichts (147) durch einen ersten Polarisator (120a, 320a) zum Bereitstellen eines einfal-
lenden Lichtstrahls (140, 340), der von der SPR-Sensoranordnung (102, 302) empfangen wird;
Reflektieren des einfallenden Lichtstrahls (140, 340) an der SPR-Erfassungsfläche (108, 308) zum Bereitstellen
eines reflektierten Lichtstrahls (145, 345);
Übertragen des reflektierten Lichtstrahls (145, 345) durch einen zweiten Polarisator (120b, 320b) zum Bereit-
stellen eines übertragenen Lichtstrahls (142, 342), wobei der erste Polarisator (120a, 320a) und der zweite
Polarisator (120b, 320b) entsprechende Übertragungsachsen (122a, 322a, 122b, 322b) haben, die in orthogo-
nalen Richtungen ausgerichtet sind;
gekennzeichnet durch:

ein Teilen des übertragenen Lichtstrahls (142, 342) in einen p-Polarisationsstrahl zum Definieren eines
Erfassungssignals (167a, 367a) und einen s-Polarisationsstrahl zum Definieren eines Referenzsignals
(167b, 367b);
Detektieren des übertragenen Lichtstrahls (142, 342),wobei der übertragene Lichtstrahl (142, 342) das
Erfassungssignal (167a, 367a) und das Referenzsignal (167b, 367b) aufweist; und
Ausführen einer Subtraktionsoperation zwischen dem Erfassungssignal (167a, 367a) und dem Referenz-
signal (167b, 367b).

10. Das optische Erfassungsverfahren gemäß Anspruch 9, wobei die SPR-Sensoranordnung (102, 302) ein Prisma
(204, 304) aufweist, und wobei die SPR-Erfassungsfläche (108, 308) auf einer Basis des Prismas (204, 304) be-
reitgestellt ist.

11. Das optische Erfassungsverfahren gemäß Anspruch 9, wobei die Detektor-Anordnung (141, 341a, 341b) einen
ersten Detektor (341a) und einen zweiten Detektor (341b) aufweist, und wobei das Detektieren des übertragenen
Lichtstrahls (142, 342) ein Detektieren des p-Polarisationsstrahls durch den ersten Detektor (341a) und ein Detek-
tieren des s-Polarisationsstrahls durch den zweiten Detektor (341b) aufweist.

12. Das optische Erfassungsverfahren gemäß Anspruch 9, wobei das Licht (147) ein Laserlicht aufweist, wobei das
Laserlicht vorzugsweise eine Wellenlänge von ungefähr 850 nm oder mehr hat.

13. Das optische Erfassungsverfahren gemäß Anspruch 9, ferner aufweisend ein Extrahieren entsprechender Farbton-
komponentenwerte aus dem Erfassungssignal (167a, 367a) und dem Referenzsignal (167b, 367b) basierend auf
einem Farbton-Sättigungswert-Farbraummodell, vor dem Ausführen der Subtraktionsoperation.

Revendications

1. Dispositif de détection optique (101, 300) pour résonance plasmonique de surface (SPR), le dispositif de détection
optique (101, 300) comprenant :

un premier polariseur (120a, 320a) ;
un second polariseur (120b, 320b), dans lequel le premier polariseur (120a, 320a) et le second polariseur (120b,
320b) présentent des axes de transmission respectifs (122a, 322a, 122b, 322b) alignés dans des directions
orthogonales ;
un agencement de capteurs de résonance SPR (102, 302) comprenant une surface de détection de résonance
SPR (108, 308), l’agencement de capteurs de résonance SPR (102, 302) étant agencé de manière à recevoir
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un faisceau lumineux incident (140, 340) ayant transité par le premier polariseur (120a, 320a), devant être
réfléchi au niveau de la surface de détection de résonance SPR (108, 308), et transmis à travers le second
polariseur (120b, 320b), en vue de fournir un faisceau lumineux transmis (142, 342) ; caractérisé en ce que
le dispositif de détection optique (101, 300) comprend :
un agencement d’optiques (166, 366) configuré de manière à séparer le faisceau lumineux transmis (142, 342)
en un faisceau à polarisation « p » pour définir un signal de détection (167a, 367a) et un faisceau à polarisation
« s » pour définir un signal de référence (167b, 367b) ;
un agencement de détecteurs (141, 341a, 341b) configuré de manière à détecter le faisceau lumineux transmis
(142, 342), le faisceau lumineux transmis (142, 342) comprenant le signal de détection (167a, 367a) et le signal
de référence (167b, 367b) ; et
un processeur (144, 344) couplé électriquement à l’agencement de détecteurs (141, 341a, 341b), le processeur
(144, 344) étant configuré de manière à mettre en oeuvre une opération de soustraction entre le signal de
détection (167a, 367a) et le signal de référence (167b, 367b).

2. Dispositif de détection optique selon la revendication 1, dans lequel l’agencement de capteurs de résonance SPR
(102, 302) comprend un prisme (204, 304), et dans lequel la surface de détection de résonance SPR (108, 308)
est fournie sur une base du prisme (204, 304).

3. Dispositif de détection optique selon la revendication 1, dans lequel l’agencement d’optiques (166, 366) comprend
un séparateur de faisceau polarisant configuré de manière à séparer le faisceau lumineux transmis (142, 342) en
ledit faisceau à polarisation « p » et ledit faisceau à polarisation « s » ; et
dans lequel l’agencement de détecteurs (141, 341a, 341b) comprend de préférence un premier détecteur (341a)
configuré de manière à détecter le faisceau à polarisation « p », et un second détecteur (341b) configuré de manière
à détecter le faisceau à polarisation « s ».

4. Dispositif de détection optique selon la revendication 1, dans lequel l’agencement de détecteurs (141, 341a, 341b)
comprend un détecteur CCD couleur.

5. Dispositif de détection optique selon la revendication 1, comprenant en outre une lame quart d’onde (251) agencée
sur un trajet optique entre l’agencement de capteurs de résonance SPR (102, 302) et le second polariseur (120b,
320b).

6. Dispositif de détection optique selon la revendication 1, comprenant en outre une source lumineuse (230, 331)
configurée de manière à fournir une lumière (147) pour générer le faisceau lumineux incident (140, 340), dans lequel
la source lumineuse (230, 331) comprend une source lumineuse à large bande.

7. Dispositif de détection optique selon la revendication 1, comprenant en outre une source laser (230, 331) configurée
de manière à fournir une lumière (147) pour générer le faisceau lumineux incident (140, 340), et dans lequel la
source laser (230, 331) est de préférence configurée de manière à émettre une lumière présentant une longueur
d’onde d’environ 850 nm ou plus.

8. Dispositif de détection optique selon la revendication 1, dans lequel le processeur (144, 344) est en outre configuré
de manière à extraire des valeurs de composantes de teinte respectives du signal de détection (167a, 367a) et du
signal de référence (167b, 367b) sur la base d’un modèle d’espace de couleurs « Teinte-Saturation-Valeur » avant
de mettre en oeuvre l’opération de soustraction.

9. Procédé de détection optique utilisant la résonance plasmonique de surface (SPR), le procédé comprenant les
étapes ci-dessous consistant à :

fournir un échantillon à une surface de détection de résonance SPR (108, 308) d’un agencement de capteurs
de résonance SPR (102, 302) ;
faire passer une lumière (147) à travers un premier polariseur (120a, 320a) en vue de fournir un faisceau
lumineux incident (140, 340) devant être reçu par l’agencement de capteurs de résonance SPR (102, 302) ;
réfléchir le faisceau lumineux incident (140, 340) au niveau de la surface de détection de résonance SPR (108,
308) en vue de produire un faisceau lumineux réfléchi (145, 345) ;
transmettre le faisceau lumineux réfléchi (145, 345) à travers un second polariseur (120b, 320b) en vue de
produire un faisceau lumineux transmis (142, 342), dans lequel le premier polariseur (120a, 320a) et le second
polariseur (120b, 320b) présentent des axes de transmission respectifs (122a, 322a, 122b, 322b) alignés dans
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des directions orthogonales : caractérisé par les étapes ci-dessous consistant à :

séparer le faisceau lumineux transmis (142, 342) en un faisceau à polarisation « p » pour définir un signal
de détection (167a, 367a) et un faisceau à polarisation « s » pour définir un signal de référence (167b, 367b) ;
détecter le faisceau lumineux transmis (142, 342), le faisceau lumineux transmis (142, 342) comprenant
le signal de détection (167a, 367a) et le signal de référence (167b, 367b) ; et
mettre en oeuvre une opération de soustraction entre le signal de détection (167a, 367a) et le signal de
référence (167b, 367b).

10. Procédé de détection optique selon la revendication 9, dans lequel l’agencement de capteurs de résonance SPR
(102, 302) comprend un prisme (204, 304), et dans lequel la surface de détection de résonance SPR (108, 308)
est fournie sur une base du prisme (204, 304).

11. Procédé de détection optique selon la revendication 9, dans lequel l’agencement de détecteurs (141, 341a, 341b)
comprend un premier détecteur (341a) et un second détecteur (341b), et dans lequel l’étape de détection du faisceau
lumineux transmis (142, 342) consiste à détecter le faisceau à polarisation « p » par le biais du premier détecteur
(341a) et à détecter le faisceau à polarisation « s » par le biais du second détecteur (341b).

12. Procédé de détection optique selon la revendication 9, dans lequel la lumière (147) comprend une lumière laser,
dans lequel la lumière laser présente de préférence une longueur d’onde d’environ 850 nm ou plus.

13. Procédé de détection optique selon la revendication 9, comprenant en outre l’étape consistant à extraire des valeurs
de composantes de teinte respectives du signal de détection (167a, 367a) et du signal de référence (167b, 367b)
sur la base d’un modèle d’espace de couleurs « Teinte-Saturation-Valeur », avant de mettre en oeuvre l’opération
de soustraction.
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