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(54) CALIBRATION FOR AN INSTRUMENT (DEVICE, SENSOR)

(57) A device may determine a calibration value for
a spectrometer using light from a first light source; deac-
tivate the first light source after determining the calibra-
tion value; perform measurement with regard to a sample
based on the calibration value, wherein the measurement

of the sample is performed using light from a second light
source; determine that the calibration value is to be up-
dated; and update the calibration value using the light
from the first light source.
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Description

BACKGROUND

[0001] A spectrometer may perform transmission
spectroscopy. In transmission spectroscopy, light is
passed through a sample and compared to light that has
not been passed through the sample. This comparison
may provide information based on the path length or sam-
ple thickness, the absorption coefficient of the sample,
the reflectivity of the sample, the angle of incidence, the
polarization of the incident radiation, and, for particulate
matter, the particle size and orientation.

SUMMARY

[0002] According to some possible implementations,
a method performed by a device may include determining
a calibration value for a spectrometer using light from a
first light source, wherein the first light source is internal
to the spectrometer; deactivating the first light source af-
ter determining the calibration value; performing meas-
urement of a sample based on the calibration value and
after deactivating the first light source, wherein the meas-
urement of the sample is performed using light from a
second light source; determining that the calibration val-
ue is to be updated; activating the first light source based
on determining that the calibration value is to be updated;
and updating the calibration value using the light from
the first light source after activating the first light source.
[0003] The light from the first light source may be re-
flected from a diffuser of the spectrometer to a sensor of
the spectrometer.
[0004] The light from the second light source may be
transmitted to the sensor via the diffuser.
[0005] The second light source may be deactivated for
determination or updating of the calibration value.
[0006] The second light source may be external to the
spectrometer.
[0007] The calibration value may be a first calibration
value, and wherein the method may further comprise:
determining a second calibration value while the first light
source and the second light source are deactivated,
wherein the measurement may be performed based on
the second calibration value.
[0008] Determining the calibration value and updating
the calibration value may be performed without operation
of a mechanical component of the spectrometer.
[0009] Determining the calibration value and updating
the calibration value may be performed without interrupt-
ing a flow state of the sample.
[0010] According to some possible implementations,
a device may include a memory; and one or more proc-
essors coupled to the memory, the memory and the one
or more processors configured to: determine a calibration
value for a spectrometer using light reflected from a first
light source of the spectrometer to a sensor of the spec-
trometer, and wherein the light is reflected from a diffuser

of the spectrometer to the sensor; deactivate the first light
source after determining the calibration value; perform a
measurement of a sample based on the calibration value
and after deactivating the first light source, wherein the
measurement of the sample is performed using light from
a second light source that is received via the diffuser;
determine that the calibration value is to be updated; ac-
tivate the first light source based on determining that the
calibration value is to be updated; and update the cali-
bration value using the light from the first light source
after activating the first light source.
[0011] The device may be included in or associated
with the spectrometer. The spectrometer may be a trans-
mission spectrometer.
[0012] The diffuser may comprise at least one of pol-
ytetrafluoroethylene (PTFE) of polystyrene.
[0013] The diffuser may be a holographic diffuser.
[0014] The calibration value may be determined and
updated without operation of a mechanical component
of the spectrometer.
[0015] The one or more processors, when determining
that the calibration value is to be updated, may be con-
figured to: determine that the calibration value is to be
updated based on a threshold being satisfied, wherein
the threshold may relate to at least one of a temperature
change or a length of time.
[0016] The calibration value may be updated periodi-
cally.
[0017] According to some possible implementations,
a non-transitory computer-readable medium may store
one or more instructions that, when executed by one or
more processors of a spectrometer, cause the one or
more processors to: determine a calibration value for the
spectrometer using light from a first light source; deacti-
vate the first light source after determining the calibration
value; perform measurement with regard to a sample
based on the calibration value and after deactivating the
first light source, wherein the measurement of the sample
is performed using light from a second light source; de-
termine that the calibration value is to be updated; and
update the calibration value using the light from the first
light source.
[0018] The one or more instructions, when executed
by the one or more processors, may further cause the
one or more processors to: reactivate the first light source
before updating the calibration value.
[0019] The one or more instructions, that cause the
one or more processors to determine the calibration val-
ue, may cause the one or more processors to: determine
the calibration value while the second light source is ac-
tivated.
[0020] The calibration value may be a first calibration
value, and wherein the one or more instructions when
executed by the one or more processors, may cause the
one or more processors to: determine a second calibra-
tion value while the first light source and the second light
source are deactivated, wherein the measurement is per-
formed based on the second calibration value.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Figs. 1A-1D are diagrams of an overview of an ex-
ample implementation described herein;
Fig. 2 is a diagram of an example environment in
which systems and/or methods, described herein,
may be implemented;
Fig. 3 is a diagram of example components of one
or more devices of Fig. 2;
Fig. 4 is a diagram of an overview of a transmission
spectrometer described herein; and
Fig. 5 is a flow chart of an example process for de-
termining a baseline calibration value and calibrating
a transmission spectrometer based on the baseline
calibration value.

DETAILED DESCRIPTION

[0022] The following detailed description of example
implementations refers to the accompanying drawings.
The same reference numbers in different drawings may
identify the same or similar elements. The following de-
scription uses a spectrometer as an example, however,
the calibration principles, procedures, and methods de-
scribed herein may be used with any sensor, including
but not limited to other optical sensors and spectral sen-
sors.
[0023] Some spectral measurement applications may
perform repetitive baseline or calibrating measurements
to compensate for thermal and physical effects on the
spectrometer sensor or hardware. Reducing the duration
between these baseline or calibrating measurements re-
duces noise and increases repeatability. However, many
processes will not tolerate repeating the baseline or cal-
ibrating measurements more often than at the start of the
measurement period, which may last hours or days. The
calibration process can be challenging for transmission
measurements while actively measuring a process. For
example, a process may be stopped and re-baselined
using process material evacuated from the sample loca-
tion. From a practicality standpoint, this can be challeng-
ing and frustrating to the end user.
[0024] Some implementations described herein may
use a reference point, placed into the measurement area,
to perform baselining without needing to stop or impact
the process. In some implementations, the reference
point may include a diffuser of the spectrometer, and the
baseline calibration value may be determined using an
internal light source of the spectrometer (sometimes re-
ferred to herein as a spectrometer light source). In this
way, a device, such as a spectrometer or another type
of device may be calibrated in a transmission mode as
often as desired to maintain a level of spectral perform-
ance appropriate for the end user’s application. This may
help mitigate effects of temperature on the sensor and
may enable the use of sensors that were not previously

chosen because of thermal limitations over time. Further-
more, some implementations described herein may not
use mechanical devices to perform such calibration. For
example, some implementations described herein may
be monolithic and/or may use only the activation or de-
activation of light sources. Thus, calibration of the device
that is transparent to the measurement process and that
does not require interruption of manufacturing processes
is achieved.
[0025] Figs. 1A-1D are diagrams of an overview of an
example implementation 100 described herein. Fig. 1A
shows an example of determination of a dark-state base-
line calibration value during a dark state of a spectrom-
eter, wherein a spectrometer light source (e.g., a light
source internal to the spectrometer or provided between
a sensor of the spectrometer and a diffuser of the spec-
trometer) and an external light source are deactivated.
Fig. 1B shows an example of determination of a light-
state baseline calibration, wherein the spectrometer light
source is activated and the external light source is deac-
tivated. Fig. 1C shows an example of measurement
based on the light-state baseline calibration. Finally, Fig.
1D shows a determination of an updated light-state base-
line calibration value, which may be used to calibrate
measurements of the spectrometer. In Figs. 1A-1D, a
control device is not shown. In some implementations,
one or more of the operations described with regard to
Figs. 1A-1D may be performed by a control device. The
control device may be separate from the spectrometer,
may be included in the spectrometer, or may be associ-
ated with the spectrometer in another fashion.
[0026] Fig. 1A shows an example of a dark state of the
spectrometer. As shown in Fig. 1A, and by reference
number 105, in the dark state, a spectrometer light source
(e.g., one or more lamps of the spectrometer) may be
deactivated. As shown by reference number 110, an ex-
ternal light source associated with the spectrometer may
be deactivated in the dark state. As shown by reference
number 115, the spectrometer may determine a dark-
state baseline calibration value. For example, the spec-
trometer may determine the dark-state baseline calibra-
tion while both light sources are deactivated. In this way,
a dark-state baseline calibration value is determined
without the use of moving parts, such as mechanical flags
and/or the like.
[0027] Fig. 1B shows an example of determination of
a light-state baseline calibration value for the spectrom-
eter. As shown in Fig. 1B, and by reference number 120,
the spectrometer light source may be activated for de-
termination of the light-state baseline calibration value.
In such a case, light from the spectrometer light source
may reflect off a diffuser 125 to present repeatable light
conditions for determination of the light-state baseline
calibration value. As shown by reference number 130,
the external light source may be deactivated for determi-
nation of the light-state baseline calibration value. As
shown by reference number 135, the spectrometer may
determine the light-state baseline calibration value based
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on the spectrometer light source (e.g., based on the re-
flection of the spectrometer light source from the diffuser
125). This may provide a repeatable method to perform
relative baselines without the use of moving parts, stop-
ping a manufacturing or measurement process, cleaning
a measurement system, or accessing difficult-to-reach
measurement locations. Additionally, or alternatively,
this process may provide increased accuracy of meas-
urements because calibration can occur many times a
minute if needed to compensate for a thermally variable
environment.
[0028] In some implementations, the spectrometer
may activate the external light source in addition to the
spectrometer light source to determine the light-state
baseline calibration value. This may provide for baselin-
ing based on relative spectral measurements using the
external light source and the spectrometer light source.
In some implementations, the spectrometer may activate
the spectrometer light source and not the external light
source to determine the light-state baseline calibration
value. This may conserve energy and simplify determi-
nation of the light-state baseline calibration value.
[0029] Fig. 1C shows an example of performing meas-
urement based on a baseline calibration value. As shown
in Fig. 1C, and by reference number 140, the spectrom-
eter may deactivate the spectrometer light source. As
shown by reference number 145, the spectrometer may
activate the external light source. As shown, the external
light source may provide light through a lens (e.g., an
aspheric lens) to sample windows (e.g., a cuvette, etc.).
The sample to be measured may be provided between
the sample windows. The light may interact with the sam-
ple and may continue to the diffuser. The diffuser may
diffuse the light for measurement by a sensor of the spec-
trometer (not shown). The spectrometer may perform the
measurement based on a baseline calibration value,
such as the dark-state baseline calibration value and/or
the light-state baseline calibration value. For example,
the spectrometer may determine an adjustment for the
measurement based on the baseline calibration value.
[0030] Fig. ID shows an example of updating a base-
line calibration value using the light-state baseline cali-
bration technique. As shown by reference number 150,
the spectrometer may determine to update the light-state
baseline calibration value. In some implementations, the
spectrometer may perform the update periodically (e.g.,
at a predefined interval). In some implementations, the
spectrometer may perform the update based on a thresh-
old, such as a threshold temperature change, a threshold
number of measurements, and/or the like.
[0031] As shown by reference number 155, the spec-
trometer may activate the spectrometer light source to
determine the updated light-state baseline calibration
value. For example, the spectrometer may activate the
spectrometer light source to reflect light that originates
from the spectrometer light source off of the diffuser and
back to the sensor. The spectrometer may determine the
updated light-state baseline calibration value based on

the reflected light. In this way, the spectrometer updates
the baseline calibration value without using moving parts,
such as mechanical flags and/or the like, to perform the
calibration.
[0032] As shown by reference number 160, the spec-
trometer may deactivate the external light source to up-
date the light-state baseline calibration value. In some
implementations, the spectrometer may determine the
light-state baseline calibration value while the external
light source is activated, as described in more detail in
connection with Fig. 1B, above.
[0033] In this way, a transmission spectrometer may
be calibrated using a spectrometer light source to main-
tain a level of spectral performance appropriate for an
end user’s application. This may help mitigate effects of
temperature on the sensor and may enable the use of
sensors that were not previously chosen because of ther-
mal limitations over time. Furthermore, some implemen-
tations described herein may not use mechanical devices
with moving parts, such as a calibration flag, to perform
such calibration. For example, some implementations
described herein may be monolithic and/or may use only
the activation or deactivation of light sources and meas-
urement components of the spectrometer. Thus, calibra-
tion of the spectrometer that is transparent to the meas-
urement process and that does not require interruption
of manufacturing processes is achieved.
[0034] As indicated above, Figs. 1A-1D are provided
merely as examples. Other examples are possible and
may differ from what was described with regard to Figs.
1A-1D. For example, the operations described in Figs.
1A-1D may be performed for a device other than a spec-
trometer.
[0035] Fig. 2 is a diagram of an example environment
200 in which systems and/or methods, described herein,
may be implemented. As shown in Fig. 2, environment
200 may include a control device 210, a spectrometer
220, and a network 230. Devices of environment 200
may interconnect via wired connections, wireless con-
nections, or a combination of wired and wireless connec-
tions.
[0036] Control device 210 includes one or more devic-
es capable of storing, processing, and/or routing infor-
mation associated with spectroscopic calibration. For ex-
ample, control device 210 may include a server, a com-
puter, a wearable device, a cloud computing device,
and/or the like. In some implementations, control device
210 may store, process, and/or determine information
associated with a baseline of spectrometer 220. In some
implementations, control device 210 may calibrate spec-
trometer 220 and/or determine a measurement based on
the baseline of spectrometer 220. In some implementa-
tions, control device 210 may be associated with a par-
ticular spectrometer 220. In some implementations, con-
trol device 210 may be associated with multiple spec-
trometers 220. In some implementations, control device
210 may be a component of spectrometer 220. In some
implementations, control device 210 may receive infor-
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mation from and/or transmit information to another device
in environment 200, such as spectrometer 220.
[0037] Spectrometer 220 includes one or more devices
capable of performing a spectroscopic measurement on
a sample. For example, spectrometer 220 may include
a spectrometer device that performs spectroscopy (e.g.,
vibrational spectroscopy, such as a near infrared (NIR)
spectrometer, a mid-infrared spectroscopy (mid-IR), Ra-
man spectroscopy, and/or the like). In some implemen-
tations, spectrometer 220 may include a transmission
spectrometer, as described in more detail in connection
with Fig. 4, below. In some implementations, spectrom-
eter 220 may be incorporated into a wearable device,
such as a wearable spectrometer and/or the like. In some
implementations, spectrometer 220 may receive infor-
mation from and/or transmit information to another device
in environment 200, such as control device 210.
[0038] Network 230 may include one or more wired
and/or wireless networks. For example, network 230 may
include a cellular network (e.g., a long-term evolution
(LTE) network, a 3G network, a code division multiple
access (CDMA) network, etc.), a public land mobile net-
work (PLMN), a local area network (LAN), a wide area
network (WAN), a metropolitan area network (MAN), a
telephone network (e.g., the Public Switched Telephone
Network (PSTN)), a private network, an ad hoc network,
an intranet, the Internet, a fiber optic-based network, a
cloud computing network, and/or the like, and/or a com-
bination of these or other types of networks.
[0039] The number and arrangement of devices and
networks shown in Fig. 2 are provided as an example.
In practice, there may be additional devices and/or net-
works, fewer devices and/or networks, different devices
and/or networks, or differently arranged devices and/or
networks than those shown in Fig. 2. Furthermore, two
or more devices shown in Fig. 2 may be implemented
within a single device, or a single device shown in Fig. 2
may be implemented as multiple, distributed devices. Ad-
ditionally, or alternatively, a set of devices (e.g., one or
more devices) of environment 200 may perform one or
more functions described as being performed by another
set of devices of environment 200.
[0040] Fig. 3 is a diagram of example components of
a device 300. Device 300 may correspond to a control
device 210 and/or a spectrometer 220. In some imple-
mentations control device 210 and/or a spectrometer 220
may include one or more devices 300 and/or one or more
components of device 300. As shown in Fig. 3, device
300 may include a bus 310, a processor 320, a memory
330, a storage component 340, an input component 350,
an output component 360, and a communication inter-
face 370.
[0041] Bus 310 includes a component that permits
communication among the components of device 300.
Processor 320 is implemented in hardware, firmware, or
a combination of hardware and software. Processor 320
is a central processing unit (CPU), a graphics processing
unit (GPU), an accelerated processing unit (APU), a mi-

croprocessor, a microcontroller, a digital signal proces-
sor (DSP), a field-programmable gate array (FPGA), an
application-specific integrated circuit (ASIC), or another
type of processing component. In some implementa-
tions, processor 320 includes one or more processors
capable of being programmed to perform a function.
Memory 330 includes a random access memory (RAM),
a read only memory (ROM), and/or another type of dy-
namic or static storage device (e.g., a flash memory, a
magnetic memory, and/or an optical memory) that stores
information and/or instructions for use by processor 320.
[0042] Storage component 340 stores information
and/or software related to the operation and use of device
300. For example, storage component 340 may include
a hard disk (e.g., a magnetic disk, an optical disk, a mag-
neto-optic disk, and/or a solid state disk), a compact disc
(CD), a digital versatile disc (DVD), a floppy disk, a car-
tridge, a magnetic tape, and/or another type of non-tran-
sitory computer-readable medium, along with a corre-
sponding drive.
[0043] Input component 350 includes a component
that permits device 300 to receive information, such as
via user input (e.g., a touch screen display, a keyboard,
a keypad, a mouse, a button, a switch, and/or a micro-
phone). Additionally, or alternatively, input component
350 may include a sensor for sensing information (e.g.,
a global positioning system (GPS) component, an accel-
erometer, a gyroscope, and/or an actuator). Output com-
ponent 360 includes a component that provides output
information from device 300 (e.g., a display, a speaker,
and/or one or more light-emitting diodes (LEDs)).
[0044] Communication interface 370 includes a trans-
ceiver-like component (e.g., a transceiver and/or a sep-
arate receiver and transmitter) that enables device 300
to communicate with other devices, such as via a wired
connection, a wireless connection, or a combination of
wired and wireless connections. Communication inter-
face 370 may permit device 300 to receive information
from another device and/or provide information to anoth-
er device. For example, communication interface 370
may include an Ethernet interface, an optical interface,
a coaxial interface, an infrared interface, a radio frequen-
cy (RF) interface, a universal serial bus (USB) interface,
a Wi-Fi interface, a cellular network interface, or the like.
[0045] Device 300 may perform one or more processes
described herein. Device 300 may perform these proc-
esses based on processor 320 executing software in-
structions stored by a non-transitory computer-readable
medium, such as memory 330 and/or storage component
340. A computer-readable medium is defined herein as
a non-transitory memory device. A memory device in-
cludes memory space within a single physical storage
device or memory space spread across multiple physical
storage devices.
[0046] Software instructions may be read into memory
330 and/or storage component 340 from another com-
puter-readable medium or from another device via com-
munication interface 370. When executed, software in-
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structions stored in memory 330 and/or storage compo-
nent 340 may cause processor 320 to perform one or
more processes described herein. Additionally, or alter-
natively, hardwired circuitry may be used in place of or
in combination with software instructions to perform one
or more processes described herein. Thus, implementa-
tions described herein are not limited to any specific com-
bination of hardware circuitry and software.
[0047] The number and arrangement of components
shown in Fig. 3 are provided as an example. In practice,
device 300 may include additional components, fewer
components, different components, or differently ar-
ranged components than those shown in Fig. 3. Addi-
tionally, or alternatively, a set of components (e.g., one
or more components) of device 300 may perform one or
more functions described as being performed by another
set of components of device 300.
[0048] Fig. 4 is a diagram of an overview of compo-
nents of a transmission spectrometer system 400 de-
scribed herein. As shown, transmission spectrometer
system 400 may include a sensor 410, a spectrometer
light source 420, a diffuser 430, process windows 440,
an external light source 450, and/or a lens 460. In some
implementations, transmission spectrometer system 400
may include control device 210 and/or spectrometer 220.
[0049] Sensor 410 includes a sensor to perform spec-
troscopy with regard to a sample based on light trans-
mitted via the sample (e.g., light transmitted by external
light source 450). In some implementations, sensor 410
may receive light generated by spectrometer light source
420, such as light reflected by diffuser 430. In some im-
plementations, sensor 410 may perform measurement
based on a calibration value (e.g., a light-state and/or
dark-state baseline calibration value).
[0050] Spectrometer light source 420 includes one or
more lamps of transmission spectrometer system 400.
Spectrometer light source 420 may generate light to be
used for determination of a light-state baseline calibration
value. The light generated by spectrometer light source
420 may reflect off diffuser 430 and back to sensor 410.
By using spectrometer light source 420 to perform light-
state calibration, a flow associated with a sample (e.g.,
a sample flowing between process windows 440) need
not be interrupted. This may increase the frequency of
baselining, thereby improving measurement accuracy
and enabling the use of transmission spectrometer sys-
tem 400 in more variable temperature conditions.
[0051] Diffuser 430 includes a component that diffuses
light reflected or transmitted via diffuser 430. In some
implementations, diffuser 430 may prevent or reduce
spatial or spectral content (e.g., parasitic or noncoherent
spectral features) of light provided to sensor 410. In some
implementations, diffuser 430 may include polytetrafluor-
oethylene (PTFE), which may reduce a cost of diffuser
430 in comparison to other materials. In some implemen-
tations, diffuser 430 may include another material, such
as polystyrene, which may increase a spectral range of
diffuser 430. In some implementations, diffuser 430 may

include a holographic diffuser, a frosted surface, and/or
the like. In some implementations, diffuser 430 may be
located between approximately 2 mm and approximately
5 mm from a nearest process window of process windows
440.
[0052] Process windows 440 may partially or com-
pletely enclose a sample for which transmission spec-
troscopy is to be performed using external light source
450. For example, process windows 440 may include a
cuvette or a similar enclosure (e.g., an optically clear con-
tainer for holding liquid samples). In some implementa-
tions, process windows 440 may enclose a flowing sam-
ple. For example, the sample to be measured by trans-
mission spectrometer system 400 may be in a flowing
state. In such a case, the ability to perform baseline cal-
ibration using spectrometer light source 420 may be par-
ticularly valuable, since it may be expensive and unde-
sirable to interrupt the flowing state of the sample.
[0053] External light source 450 includes one or more
lamps for performing transmission spectrometry of the
sample. In some implementations, external light source
450 may be included in transmission spectrometer sys-
tem 400. In some implementations, external light source
450 may be separate from transmission spectrometer
system 400. In some implementations, external light
source 450 may be controlled by a control device (e.g.,
control device 210) and/or a spectrometer (e.g., spec-
trometer 220, transmission spectrometer system 400,
etc.). Light generated by external light source 450 may
transmit via a lens 460 (e.g., an aspheric lens) through
the sample within process windows 440. Lens 460 may
focus and/or collimate the light from external light source
450. The light generated by external light source 450 may
be diffused by diffuser 430, and may be sensed by sensor
410. Transmission spectrometer system 400 (e.g.,
and/or a control device associated with transmission
spectrometer system 400) may determine a measure-
ment based on the light generated by external light
source 450 and based on a light-state baseline calibra-
tion value determined using the spectrometer light source
420. In some implementations, external light source 450
may include a solid light pipe, shown as a hatched cyl-
inder.
[0054] The number and arrangement of components
shown in Fig. 4 are provided as an example. In practice,
transmission spectrometer system 400 may include ad-
ditional components, fewer components, different com-
ponents, or differently arranged components than those
shown in Fig. 4. Additionally, or alternatively, a set of
components (e.g., one or more components) of trans-
missions spectrometer 400 may perform one or more
functions described as being performed by another set
of components of transmission spectrometer system
400.
[0055] Fig. 5 is a flow chart of an example process 500
for determining a baseline calibration value and calibrat-
ing a transmission spectrometer based on the baseline
calibration value. In some implementations, one or more
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process blocks of Fig. 5 may be performed by control
device 210. In some implementations, one or more proc-
ess blocks of Fig. 5 may be performed by another device
or a group of devices separate from or including control
device 210, such as spectrometer 220 or a different de-
vice.
[0056] As shown in Fig. 5, process 500 may include
determining a first baseline calibration value while an ex-
ternal light source and a spectrometer light source are
not activated (block 510). For example, control device
210 (e.g., using processor 320, communication interface
370, and/or the like) may determine a first baseline cal-
ibration value while an external light source (e.g., external
light source 450) and a spectrometer light source (e.g.,
spectrometer light source 420) are not activated. In some
implementations, the first baseline calibration value may
be a dark-state baseline calibration value. Control device
210 may use the first baseline calibration value and a
second baseline calibration value (described below) to
perform measurement of a sample, as described in more
detail below.
[0057] As further shown in Fig. 5, process 500 may
include determining a second baseline calibration value
while the spectrometer light source is activated (block
520). For example, control device 210 (e.g., using proc-
essor 320, communication interface 370, and/or the like)
may determine a second baseline calibration value while
the spectrometer light source is activated. The second
baseline calibration value may be the light-state baseline
calibration value, described elsewhere herein. In some
implementations, control device 210 may determine the
second baseline calibration value while the external light
source is deactivated, as described in more detail else-
where herein. Additionally, or alternatively, control device
210 may determine the second baseline calibration value
while the external light source is activated, as is also de-
scribed in more detail elsewhere herein. Control device
210 may determine the second baseline calibration value
using light that is reflected from a reference point of spec-
trometer 220, such as a diffuser 430 of transmission
spectrometer system 400 or spectrometer 220, which re-
duces or eliminates the need for mechanical components
for baselining, such as baselining flags and/or the like.
Thus, baselining may be performed without operation of
a mechanical component of the spectrometer, such as a
mechanical flag or a similar reference point for calibra-
tion.
[0058] As further shown in Fig. 5, process 500 may
include performing measurement based on the first base-
line calibration value and/or the second baseline calibra-
tion value (block 530). For example, control device 210
(e.g., using processor 320, communication interface 370,
and/or the like) may perform measurement using a sen-
sor (e.g., sensor 410) of the spectrometer by activating
the external light source (e.g., and allowing the external
light source to stabilize). Control device 210 may perform
the measurement based on the first baseline calibration
value and/or the second baseline calibration value. For

example, when control device 210 has determined a
dark-state baseline calibration value and a light-state
baseline calibration value, control device 210 may use
the dark-state baseline calibration value and the light-
state baseline calibration value to perform the measure-
ment. When control device 210 has determined a light-
state baseline calibration value and not a dark-state
baseline calibration value, control device 210 may per-
form the measurement using the light-state baseline cal-
ibration value. In some implementations, control device
210 may deactivate the spectrometer light source to per-
form the measurement, which may reduce interference
with the measurement due to light from the spectrometer
light source.
[0059] As further shown in Fig. 5, process 500 may
include determining that the second baseline calibration
value is to be updated (block 540). For example, control
device 210 (e.g., using processor 320, communication
interface 370, and/or the like) may determine that the
second baseline calibration value (e.g., the light-state
baseline calibration value) is to be updated. In some im-
plementations, control device 210 may determine that
the second baseline calibration value is to be updated
based on a threshold, such as a threshold temperature
change, a threshold length of time since a last update to
the second baseline calibration value, a threshold devi-
ation of a measurement from an expected or previous
value, and/or the like. In some implementations, control
device 210 may determine that the second baseline cal-
ibration value is to be updated based on an input, such
as a user input to trigger the updating of the second base-
line calibration value.
[0060] As further shown in Fig. 5, process 500 may
include activating the spectrometer light source, and up-
dating the second baseline calibration value while the
spectrometer light source is activated (block 550, and
returning to block 520). For example, control device 210
(e.g., using processor 320, communication interface 370,
and/or the like) may have deactivated the spectrometer
light source to perform the measurement of the sample.
Control device 210 may reactivate the spectrometer light
source to update the second baseline calibration value.
For example, control device 210 may reactivate the spec-
trometer light source so that light from the spectrometer
light source reflects from the diffuser to the sensor, there-
by enabling baselining of spectrometer 220 without using
mechanical means such as baselining flags, which re-
duces expense of measurement and enables the imple-
mentation of the spectrometer in hard-to-reach places,
which may have been hampered by concerns about ac-
cessibility of the spectrometer for resolving issues with
the mechanical means. Further, updating baselining us-
ing the spectrometer light source may require less inter-
ruption (or no interruption) of a flow state of the sample
to be measured, which may reduce expense and in-
crease the viable frequency of baselining. This, in turn,
may enable the use of the spectrometer in more variable
temperature conditions than a spectrometer that is not
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capable of performing baselining as frequently.
[0061] Although Fig. 5 shows example blocks of proc-
ess 500, in some implementations, process 500 may in-
clude additional blocks, fewer blocks, different blocks, or
differently arranged blocks than those depicted in Fig. 5.
Additionally, or alternatively, two or more of the blocks
of process 500 may be performed in parallel.
[0062] In this way, a transmission spectrometer (e.g.,
spectrometer 220 or transmission spectrometer system
400) may be calibrated using a spectrometer light source
(e.g., spectrometer light source 420) to maintain a level
of spectral performance appropriate for an end user’s
application. This may help mitigate effects of temperature
on the sensor (e.g., sensor 410) and may enable the use
of sensors that were not previously chosen because of
thermal limitations over time. Furthermore, some imple-
mentations described herein may not use mechanical
components to perform such calibration. For example,
some implementations described herein may be mono-
lithic and/or may use only the activation or deactivation
of light sources (e.g., spectrometer light source 420
and/or external light source 450). Thus, calibration of the
spectrometer that is transparent to the measurement
process and that does not require interruption of manu-
facturing processes is achieved.
[0063] The foregoing disclosure provides illustration
and description, but is not intended to be exhaustive or
to limit the implementations to the precise form disclosed.
Modifications and variations are possible in light of the
above disclosure or may be acquired from practice of the
implementations.
[0064] Some implementations are described herein in
connection with thresholds. As used herein, satisfying a
threshold may refer to a value being greater than the
threshold, more than the threshold, higher than the
threshold, greater than or equal to the threshold, less
than the threshold, fewer than the threshold, lower than
the threshold, less than or equal to the threshold, equal
to the threshold, or the like.
[0065] It will be apparent that systems and/or methods,
described herein, may be implemented in different forms
of hardware, firmware, or a combination of hardware and
software. The actual specialized control hardware or soft-
ware code used to implement these systems and/or
methods is not limiting of the implementations. Thus, the
operation and behavior of the systems and/or methods
were described herein without reference to specific soft-
ware code-it being understood that software and hard-
ware can be designed to implement the systems and/or
methods based on the description herein.
[0066] Even though particular combinations of fea-
tures are recited in the claims and/or disclosed in the
specification, these combinations are not intended to limit
the disclosure of possible implementations. In fact, many
of these features may be combined in ways not specifi-
cally recited in the claims and/or disclosed in the speci-
fication. Although each dependent claim listed below may
directly depend on only one claim, the disclosure of pos-

sible implementations includes each dependent claim in
combination with every other claim in the claim set.
[0067] As used herein, the term "or" is meant to mean
(or be the equivalent of) "and/or," unless otherwise stat-
ed. In other words, as used herein, the term "or" is an
inclusive "or," unless explicitly stated otherwise (e.g.,
when "or" is used in combination with "either one of’).
[0068] No element, act, or instruction used herein
should be construed as critical or essential unless explic-
itly described as such. Also, as used herein, the articles
"a" and "an" are intended to include one or more items,
and may be used interchangeably with "one or more."
Furthermore, as used herein, the term "set" is intended
to include one or more items (e.g., related items, unre-
lated items, a combination of related and unrelated items,
etc.), and may be used interchangeably with "one or
more." Where only one item is intended, the term "one"
or similar language is used. Also, as used herein, the
terms "has," "have," "having," or the like are intended to
be open-ended terms. Further, the phrase "based on" is
intended to mean "based, at least in part, on" unless ex-
plicitly stated otherwise.

Claims

1. A method performed by a device, comprising:

determining a calibration value for a spectrom-
eter using light from a first light source, wherein
the first light source is internal to the spectrom-
eter;
deactivating the first light source after determin-
ing the calibration value;
performing measurement of a sample based on
the calibration value and after deactivating the
first light source,
wherein the measurement of the sample is per-
formed using light from a second light source;
determining that the calibration value is to be
updated;
activating the first light source based on deter-
mining that the calibration value is to be updated;
and
updating the calibration value using the light
from the first light source after activating the first
light source.

2. The method of claim 1, wherein the light from the
first light source is reflected from a diffuser of the
spectrometer to a sensor of the spectrometer.

3. The method of claim 2, wherein the light from the
second light source is transmitted to the sensor via
the diffuser.

4. The method of claim 1, wherein the second light
source is deactivated for determination or updating
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of the calibration value.

5. The method of claim 1, wherein the second light
source is external to the spectrometer.

6. The method of claim 1, wherein the calibration value
is a first calibration value, and wherein the method
further comprises:
determining a second calibration value while the first
light source and the second light source are deacti-
vated,
wherein the measurement is performed based on
the second calibration value.

7. The method of claim 1, wherein determining the cal-
ibration value and updating the calibration value are
performed without operation of a mechanical com-
ponent of the spectrometer.

8. The method of claim 1, wherein determining the cal-
ibration value and updating the calibration value are
performed without interrupting a flow state of the
sample.

9. A device, comprising:

memory; and
one or more processors coupled to the memory,
the memory and the one or more processors
configured to:

determine a calibration value for a spec-
trometer using light reflected from a first light
source of the spectrometer to a sensor of
the spectrometer,
wherein the light is reflected from a diffuser
of the spectrometer to the sensor;
deactivate the first light source after deter-
mining the calibration value;
perform a measurement of a sample based
on the calibration value and after deactivat-
ing the first light source,
wherein the measurement of the sample is
performed using light from a second light
source that is received via the diffuser;
determine that the calibration value is to be
updated;
activate the first light source based on de-
termining that the calibration value is to be
updated; and
update the calibration value using the light
from the first light source after activating the
first light source.

10. The device of claim 9, wherein the device is included
in or associated with the spectrometer, which is pref-
erably a transmission spectrometer.

11. The device of claim 9, wherein the diffuser comprises
at least one of polytetrafluoroethylene (PTFE) or pol-
ystyrene and/or the diffuser is a holographic diffuser.

12. The device of claim 9, wherein the calibration value
is determined and updated without operation of a
mechanical component of the spectrometer.

13. The device of claim 9, wherein the one or more proc-
essors, when determining that the calibration value
is to be updated, are configured to:
determine that the calibration value is to be updated
based on a threshold being satisfied,
wherein the threshold relates to at least one of a
temperature change or a length of time.

14. The device of claim 9, wherein the calibration value
is updated periodically.

15. A non-transitory computer-readable medium storing
one or more instructions, the one or more instruc-
tions comprising:
one or more instructions that, when executed by one
or more processors of a spectrometer, cause the one
or more processors to:

determine a calibration value for the spectrom-
eter using light from a first light source;
deactivate the first light source after determining
the calibration value;
perform measurement with regard to a sample
based on the calibration value and after deacti-
vating the first light source,
wherein the measurement of the sample is per-
formed using light from a second light source;
determine that the calibration value is to be up-
dated; and
update the calibration value using the light from
the first light source.

15 16 



EP 3 396 357 A1

10



EP 3 396 357 A1

11



EP 3 396 357 A1

12



EP 3 396 357 A1

13



EP 3 396 357 A1

14



EP 3 396 357 A1

15



EP 3 396 357 A1

16



EP 3 396 357 A1

17



EP 3 396 357 A1

18

5

10

15

20

25

30

35

40

45

50

55



EP 3 396 357 A1

19

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

