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(57) A method and system for spectroscopic meas-
urement of a characteristic of a biological tissue is pro-
vided. The method includes the steps of: 1. using at least
onelight source to emit light that penetrates the biological
tissue; 2. using at least one light detector to detect light
emitted by the at least one light source and passed

FIG. ]

Systems and methods for spectroscopic measurement of a characteristic of biological tissue

through the biological tissue, and to convert the detected
lightinto a detection signal, the detection signal including
an unwanted noise component; and 3. using a processor
(20) to process the detection signal and to determine an
adjusted peak-to-peak amplitude value that is represent-
ative of an amplitude of the detection signal adjusted for
the unwanted noise component.

/
[VAVASNV N

[ % Sat 0,

[[TT1©.

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 712 544 A1 2

Description

[0001] Spectroscopic devices are commonly used to
non-invasively measure a characteristic of biological tis-
sue. Spectroscopic devices emit light into biological tis-
sue and detect differences in light absorption to deter-
mine the concentration of certain constituents in the bi-
ological tissue (e.g., oxygen, hemoglobin, melanin, etc.).
The performance of a spectroscopic device is dependent
upon its ability to generate sufficient optical power to pen-
etrate the biological tissue of interest and to distinguish
against confounding noise (e.g., caused by background
light or electrical interference within the environment).
Signal-to-noise considerations favor maximizing the op-
tical power of the light emitted into the biological tissue.
However, problems can arise when spectroscopic devic-
es output high optical power light for extended periods
of time or at fast repetition rates. For example, under
certain operation conditions, spectroscopic devices may
become undesirably hot. To avoid such problems, spec-
troscopic devices may be configured to output high op-
tical power light for only short, sequential durations of
time. Such spectroscopic devices detect light signals
over short, sequential durations of time. The short dura-
tion of the detected light signals can make it difficult to
use aggressive filtering techniques to remove confound-
ing noise from the detected light signals; e.g., aggressive
filtering techniques may add distortion to short duration
detected light signals. Aspects of the present invention
are directed to systems and methods for spectroscopic
measurement of a characteristic of biological tissue
which involve output of light having high optical power,
short duration, and/or fast repetition rate, which prevent
a spectroscopic device from becoming undesirably hot,
which involve filtering detected light signals to remove
confounding noise, and which account for distortion add-
ed to detected light signals during filtering.

[0002] Accordingtoan aspect of the presentinvention,
a system for spectroscopic measurement of a character-
istic of a biological tissue is provided. The system in-
cludes atleastone light source, atleast one light detector,
and a processor. The atleast one light source is operable
to emit light that penetrates the biological tissue. The at
least one light detector is operable to detect light emitted
by the at least one light source and passed through the
biological tissue, and is operable to convert the detected
light into a detection signal, the detection signal including
an unwanted noise component. The processor is oper-
able to receive the detection signal, and is operable to
determine an adjusted peak-to-peak amplitude value that
is representative of an amplitude of the detection signal
adjusted for the unwanted noise component.

[0003] The characteristic of the biological tissue may
be selected from the group consisting of: oxygen satu-
ration, hemoglobin concentration, and melanin concen-
tration.

[0004] In asetof embodiments the processorincludes
a detector circuit, the detector circuit comprising: a dif-
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ferentiating amplifier operable to receive the detection
signal, and operable to convert the detection signal into
a differentiated detection signal; an adjustable gain am-
plifier operable to receive the differentiated detection sig-
nal, and operable to convert the differentiated detection
signal into a differentiated and gain-adjusted detection
signal; a positive peak detector operable to receive the
differentiated and gain-adjusted detection signal, and op-
erable to determine a maximum value of the differentiat-
ed and gain-adjusted detection signal; a negative peak
detector operable to receive the differentiated and gain-
adjusted detection signal, and operable to determine a
minimum value of the differentiated and gain-adjusted
detection signal; a difference amplifier operable to deter-
mine the adjusted peak-to-peak amplitude value using
the maximum value received from the positive peak de-
tector and the minimum value received from the negative
peak detector; and a sample and hold device operable
to receive and hold the adjusted peak-to-peak amplitude
value.

[0005] The processor may include a filter operable to
convert the detection signal into a differentiated detection
signal. The processor may be operable to convert the
differentiated detection signal into a differentiated and
gain-adjusted detection signal. The processor may fur-
ther be operable to determine a maximum value of the
differentiated and gain-adjusted detection signal, and a
minimum value of the differentiated and gain-adjusted
detection signal. The processor may further be operable
to determine the adjusted peak-to-peak amplitude value
using the maximum value and the minimum value.
[0006] According to another aspect of the present in-
vention, a method for spectroscopic measurement of a
characteristic of a biological tissue is provided. The meth-
od includes the steps of: (1) using atleast one light source
to emitlight that penetrates the biological tissue; (2) using
at least one light detector to detect light emitted by the
at least one light source and passed through the biolog-
ical tissue, and to convert the detected light into a detec-
tion signal, the detection signal including an unwanted
noise component; and (3) using a processor to process
the detection signal and to determine an adjusted peak-
to-peak amplitude value that is representative of an am-
plitude of the detection signal adjusted for the unwanted
noise component.

[0007] The characteristic of the biological tissue may
be selected from the group consisting of: oxygen satu-
ration, hemoglobin concentration, and melanin concen-
tration.

[0008] The step of using the processor to process the
detection signal and to determine the adjusted peak-to-
peak amplitude value may include converting the detec-
tion signal into a differentiated detection signal.

[0009] Furthermore, the step of using the processor to
process the detection signal and to determine the adjust-
ed peak-to-peak amplitude value may include converting
the differentiated detection signal into a differentiated and
gain-adjusted detection signal.
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[0010] Furthermore, the step of using the processor to
process the detection signal and to determine the adjust-
ed peak-to-peak amplitude value may include determin-
ing a maximum value of the differentiated and gain-ad-
justed detection signal, and determining a minimum val-
ue of the differentiated and gain-adjusted detection sig-
nal.

[0011] Furthermore, the step of using the processor to
process the detection signal and to determine the adjust-
ed peak-to-peak amplitude value may include determin-
ing the adjusted peak-to-peak amplitude value using the
maximum value and the minimum value.

[0012] These and other features and advantages of
the present invention will become apparent in light of the
drawings and detailed description of the present inven-
tion provided below.

[0013] Someembodimentsofthe presentinvention will
now be described, by way of example only, and with ref-
erence to the accompanying drawings, in which:

FIG. 1is a diagrammatic illustration of a spectrosco-
py system embodiment;

FIG. 2 is a diagrammatic illustration of a sensor as-
sembly embodiment applied to a subj ect;

FIG. 3 is a diagrammatic illustration of a detection
circuit embodiment;

FIG. 4 is a diagrammatic illustration of a differentiat-
ing amplifier embodiment;

FIG. 5 is a plot showing a detection signal and its
corresponding differentiated detection signal;

FIG. 6 is a plot showing a detection signal and its
corresponding differentiated detection signal;

FIG. 7 is a plot showing a detection signal and its
corresponding differentiated detection signal;

FIG. 8 is a diagrammatic illustration of an adjustable
gain amplifier embodiment;

FIG. 9is adiagrammatic illustration of a positive peak
detector embodiment;

FIG. 10 is a diagrammatic illustration of a negative
peak detector embodiment;

FIG. 11 is a diagrammatic illustration of a difference
amplifier embodiment;

FIG. 12 is a diagrammatic illustration of a sample
and hold device embodiment; and

FIG. 13 is a timing diagram for the spectroscopy sys-
tem.

[0014] Referring to FIG. 1, an embodiment of the
present spectroscopy system 10 includes at least one
sensor assembly 12 connected to a base unit 14. In FIG.
1, the sensor assembly 12 is applied to a subject. The
base unit 14 includes a display 16, operator controls 18,
and a processor 20 for providing signals to and/or receiv-
ing signals from the sensor assembly 12. The processor
20 is configured to selectively perform the functions nec-
essary to operate the sensor assembly 12. For ease of
description, the functionality of the processor 20 will be
described herein as being implemented at least in part
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using hardware-specifically, a detection circuit 22, dis-
cussed in detail below. A person skilled in the art will
recognize that the functionality of the processor 20 might
alternatively be implemented using other hardware, soft-
ware, firmware, or a combination thereof.

[0015] FIG. 2illustrates a sensor assembly 12 embod-
iment applied to a subject. The sensor assembly 12 in-
cludes a pad 24, a light source 26, and a light detector
28. The light source 26 and the light detector 28 are
mounted to the pad 24. The light source 26 may be any
device operable to emit light; e.g., the light source 26
may be a laser, a light emitting diode (LED), or another
device. The light source 26 may emit light at one or more
wavelengths. The light detector 28 may be any device
operable to detect light emitted by the light source 26;
e.g.,the lightdetector 28 may be a photodiode, or another
device. Although the system 10 illustrated in FIG. 1 in-
cludes only one light source 26 and one light detector
28, in some embodiments the system 10 may include
more than one light source 26 and/or more than one light
detector 28.

[0016] Referring to FIG. 2, the sensor assembly 12
may be applied to a user so that the light source 26 emits
input light 30 that penetrates a biological tissue of interest
32. In FIG. 2, the biological tissue of interest 32 is the
brain. In alternative embodiments, the biological tissue
of interest 32 may be tissue of the human finger, tissue
of the human abdomen, or some other biological tissue.
The input light 30 travels through the tissue 32 where it
is attenuated, and subsequently exits the tissue as output
light 34, and is detected by the light detector 28. The light
detector 28 converts the detected output light 34 into a
detection signal 36 (see FIG. 3). The detection signal 36
may include an unwanted noise component that results,
for example, from background light detected by the light
detector 28. As shown in FIG. 3, the detection signal 36
is input to the detection circuit 22. As will be discussed
in detail below, the detection circuit 22 outputs an adjust-
ed peak-to-peak amplitude value 38 that is representa-
tive of the amplitude of the detection signal 36 adjusted
for an unwanted noise component that may be included
in the detection signal 36. The adjusted peak-to-peak
amplitude value 38 thus provides an accurate measure-
ment of a characteristic of the biological tissue of interest
32 (e.g., oxygen concentration, hemoglobin concentra-
tion, melanin concentration, etc.).

[0017] Referring to FIGS. 3-12, an embodiment of the
detection circuit 22 includes a differentiating amplifier 40,
an adjustable gain amplifier 42, a positive peak detector
44, a negative peak detector 46, a difference amplifier
48, and a sample and hold device 50.

[0018] Referring to FIGS. 3 and 4, the differentiating
amplifier 40 receives the detection signal 36 and outputs
adifferentiated detection signal 52. The differentiated de-
tection signal 52 is the first derivative of the detection
signal 36. Whereas the detection signal 36 is a unipolar
waveform, the differentiated detection signal 52 is a bi-
polar waveform. The differentiating amplifier 40 functions
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like a high-pass filter, removing some or all of the low
frequency components of the detection signal 36, which
low frequency components may correspond to an un-
wanted noise component that may be included in the
detection signal 36. FIGS. 5-7 each illustrate a plot of a
detection signal 36 and its corresponding differentiated
detection signal 52. In FIGS. 5-7, the x-axes represent
time and the y-axes represent voltage. The differentiated
detection signal 52 includes a peak-to-peak amplitude
54. FIGS. 5-7 each illustrate the peak-to-peak amplitude
54 of the respective differentiated detection signals 52.
The peak-to-peak amplitude 54 of the differentiated de-
tection signal 52 is representative of the detection signal
36, but may include an unwanted distortion component
added by the differentiating amplifier 40. Other compo-
nents of the detection circuit 22 (e.g., the adjustable gain
amplifier 42, the positive peak detector 44, the negative
peak detector 46, the difference amplifier 48, etc.) work
together to determine the adjusted peak-to-peak ampli-
tude value 38. The adjusted peak-to-peak amplitude val-
ue 38 accounts for an unwanted distortion component
that may be added by the differentiating amplifier 40. Al-
so, as indicated above, the adjusted peak-to-peak am-
plitude value 38 is representative of the amplitude of the
detection signal 36 adjusted for an unwanted noise com-
ponent that may be included in the detection signal 36.
The differentiating amplifier 40 is not limited to the em-
bodiment illustrated in FIG. 4.

[0019] Referring to FIGS. 3 and 8, the adjustable gain
amplifier 42 receives the differentiated detection signal
52 and outputs the differentiated and gain-adjusted de-
tection signal 56. The adjustable gain amplifier 42 multi-
plies the differentiated detection signal 52 by a multipli-
cation factor to produce the differentiated and gain-ad-
justed detection signal 56. The multiplication factor is se-
lected to optimize the system 10 and to enable the system
10 to achieve a maximum dynamic range under most
operational conditions. The adjustable gain amplifier 42
is not limited to the embodiment illustrated in FIG. 8.
[0020] Referring to FIGS. 3 and 9, the positive peak
detector 44 receives the differentiated and gain-adjusted
detection signal 56. At an appropriate time period relating
to a transition of the differentiated and gain-adjusted de-
tection signal 56, the positive peak detector 44 captures,
holds, and ultimately outputs the maximum value of the
differentiated and gain-adjusted detection signal 56
(hereinafter referred to as the "positive peak 58" of the
differentiated and gain-adjusted detection signal 56). The
positive peak detector 44 may capture and hold the pos-
itive peak 58, for example, by charging a capacitor. Re-
ferring to FIG. 5, the appropriate time period for detecting
the positive peak 58 is identified by reference element
"60". Timing control of the positive peak detector 44 can
be implemented, for example, using a microcontroller or
programmable logic. In the embodiment illustrated in
FIG. 9, inputs 62, 64 received from a microcontroller are
operable to open and close CMOS analog switches 66,
68 of the positive peak detector 44, respectively. The
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positive peak detector 44 is not limited to the embodiment
illustrated in FIG. 9.

[0021] Referring to FIGS. 3 and 10, the negative peak
detector 46 receives the differentiated and gain-adjusted
detection signal 56. At an appropriate time period relating
to a transition of the differentiated and gain-adjusted de-
tection signal 56, the negative peak detector 46 captures,
holds, and ultimately outputs the minimum value of the
differentiated and gain-adjusted detection signal 56
(hereinafter referred to as the "negative peak 70" of the
differentiated and gain-adjusted detection signal 56). The
negative peak detector 46 may capture and hold the neg-
ative peak 70, for example, by charging a capacitor. Re-
ferring to FIG. 5, the appropriate time period for detecting
the negative peak 70 is identified by reference element
"72". In the embodiment illustrated in FIG. 10, inputs 72,
74 received from a microcontroller are operable to open
and close CMOS analog switches 76, 78 of the negative
peak detector 46, respectively. The negative peak de-
tector 46 is not limited to the embodiment illustrated in
FIG. 10.

[0022] Referringto FIGS. 3 and 11, the difference am-
plifier 48 receives as inputs the positive peak 48 and the
negative peak 70 output by the positive peak detector 44
and the negative peak detector 46, respectively. The dif-
ference amplifier 48 determines the absolute value of the
sum of the positive peak 58 and the negative peak 70,
and outputs this value as the adjusted peak-to-peak am-
plitude value 38 described above. In some instances,
unwanted signal components (e.g., unwanted noise
components, unwanted distortion components, etc.) may
be present in the differentiated and gain-adjusted detec-
tion signal 56. Such unwanted signal components are
processed by both the positive peak detector 44 and the
negative peak detector 46, and thus are cancelled out
when the difference amplifier 48 determines the absolute
value of the sum of the positive peak 58 and the negative
peak 70. The difference amplifier 48 is not limited to the
embodiment illustrated in FIG. 11.

[0023] Referring to FIGS. 3 and 12, the sample and
hold device 50 receives the adjusted peak-to-peak am-
plitude value 38 that is output by the difference amplifier
48. The sample and hold device 50 captures and holds
the adjusted peak-to-peak amplitude value 38 until it can
be read by the processor 20 of the system 10, at which
time the sample and hold device 50 outputs the adjusted
peak-to-peak amplitude value 38. The sample and hold
device 50 is not limited to the embodiment illustrated in
FIG. 12.

Operation

[0024] FIG. 13 illustrates a timing diagram for the sys-
tem 10 illustrated in FIGS. 1-12. In FIG. 13, steps (A)
through (E) are illustrated. In step (A), the system 10 is
reset; e.g., any values previously captured and held by
the positive peak detector 44, the negative peak detector
46, and the sample and hold device 50 are erased or



7 EP 2 712 544 A1 8

reset. In step (B), for a predetermined period of time, the
light source 26 emits input light 30 that penetrates the
biological tissue of interest 32. In step (C), towards the
beginning of the predetermined period of time of light
emission by the light source 26, the light detector 28 de-
tects the attenuated output light 34 exiting the biological
tissue of interest 32, and converts the output light 34 into
a detection signal 36, and the detection circuit 22 cap-
tures and holds the positive peak 58. In step (D), towards
the end of the predetermined period of time of light emis-
sion by the light source 26, the detection circuit 22 cap-
tures and holds the negative peak 70. In step (E), the
sample and hold device 50 receives from the difference
amplifier 48 the adjusted peak-to-peak amplitude value
38, which is representative of the absolute value of the
sum of the positive peak 58 and the negative peak 70.
In step (E), the sample and hold device 50 captures and
holds the adjusted peak-to-peak amplitude value 38 until
it can be read by the processor 20 of the system 10. Steps
(A) through (E) are sequentially repeated, providing the
processor 20 with a plurality of adjusted peak-to-peak
amplitude values 38, each being representative of the
amplitude of the detection signal 36 adjusted for an un-
wanted noise component that may be included in the
detection signal 36.

[0025] While various embodiments of the present in-
vention have been disclosed, it will be apparent to those
of ordinary skill in the art that many more embodiments
and implementations are possible within the scope of the
invention. Accordingly, the present invention is not to be
restricted except in light of the attached claims and their
equivalents.

Claims

1. A system for spectroscopic measurement of a char-
acteristic of a biological tissue, the system compris-

ing:

at least one light source operable to emit light
that penetrates the biological tissue;
atleastone light detector operable to detect light
emitted by the at least one light source and
passed through the biological tissue, and oper-
able to convert the detected lightinto a detection
signal; and

a processor operable to receive the detection
signal, and operable to determine an adjusted
peak-to-peak amplitude value that is represent-
ative of an amplitude of the detection signal ad-
justed to account for an unwanted noise com-
ponent present in the detection signal.

2. The system of claim 1, wherein the processor in-
cludes a detector circuit, the detector circuit compris-

ing:
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a differentiating amplifier operable to receive the
detection signal, and operable to convert the de-
tection signal into a differentiated detection sig-
nal;

an adjustable gain amplifier operable to receive
the differentiated detection signal, and operable
to convert the differentiated detection signal into
a differentiated and gain-adjusted detection sig-
nal;

a positive peak detector operable to receive the
differentiated and gain-adjusted detection sig-
nal, and operable to determine a maximum val-
ue of the differentiated and gain-adjusted detec-
tion signal;

a negative peak detector operable to receive the
differentiated and gain-adjusted detection sig-
nal, and operable to determine a minimum value
of the differentiated and gain-adjusted detection
signal;

a difference amplifier operable to determine the
adjusted peak-to-peak amplitude value using
the maximum value received from the positive
peak detector and the minimum value received
from the negative peak detector; and

a sample and hold device operable to receive
and hold the adjusted peak-to-peak amplitude
value.

The system of claim 1 or 2, wherein the characteristic
of the biological tissue is selected from the group
consisting of: oxygen saturation, hemoglobin con-
centration, and melanin concentration.

The system of any preceding claim, wherein the
processor includes a filter operable to convert the
detection signalinto a differentiated detection signal.

The system of claim 4, wherein the processor is op-
erable to convert the differentiated detection signal
into a differentiated and gain-adjusted detection sig-
nal.

The system of claim 5, wherein the processor is op-
erable to determine a maximum value of the differ-
entiated and gain-adjusted detection signal, and a
minimum value of the differentiated and gain-adjust-
ed detection signal.

The system of claim 6, wherein the processor is op-
erable to determine the adjusted peak-to-peak am-
plitude value using the maximum value and the min-
imum value.

A method for spectroscopic measurement of a char-
acteristic of a biological tissue, the method compris-

ing the steps of:

using at least one light source to emit light that
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penetrates the biological tissue;

using at least one light detector to detect light
emitted by the at least one light source and
passed through the biological tissue, and to con-
vert the detected light into a detection signal, the
detection signal including an unwanted noise
component; and

using a processor to process the detection sig-
nal and to determine an adjusted peak-to-peak
amplitude value that is representative of an am-
plitude of the detection signal adjusted for an
unwanted noise component present within the
detection signal.

The method of claim 8, wherein the characteristic of
the biological tissue is selected from the group con-
sisting of: oxygen saturation, hemoglobin concentra-
tion, and melanin concentration.

The method of claim 8 or 9, wherein the step of using
the processor to process the detection signal and to
determine the adjusted peak-to-peak amplitude val-
ue includes converting the detection signal into a dif-
ferentiated detection signal.

The method of claim 10, wherein the step of using
the processor to process the detection signal and to
determine the adjusted peak-to-peak amplitude val-
ue includes converting the differentiated detection
signal into a differentiated and gain-adjusted detec-
tion signal.

The method of claim 11, wherein the step of using
the processor to process the detection signal and to
determine the adjusted peak-to-peak amplitude val-
ue includes determining a maximum value of the dif-
ferentiated and gain-adjusted detection signal, and
determining a minimum value of the differentiated
and gain-adjusted detection signal.

The method of claim 12, wherein the step of using
the processor to process the detection signal and to
determine the adjusted peak-to-peak amplitude val-
ue includes determining the adjusted peak-to-peak
amplitude value using the maximum value and the
minimum value.
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