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CONTACT LENS WITH INTEGRATED PULSE
OXIMETER

TECHNICAL FIELD

[0001] This disclosure generally relates to measuring and
reporting an individual’s blood oxygen saturation and pulse
via a contact lens.

BACKGROUND

[0002] Invarious settings it is necessary or desired to mea-
sure pulse rate or blood oxygenation of an individual. Gen-
erally, hospitals and medical care givers use finger or ear lobe
pulse oximeters to obtain such readings. However, these
devices are difficult to wear on a routine basis as well as
during performance of physical activities.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1A is an illustration of an exemplary non-
limiting system that includes a contact lens employing a pulse
oximetry sensor to detect information indicative of blood
oxygen content or a pulse rate of a wearer of the contact lens
in accordance with aspects described herein.

[0004] FIGS. 1B and 1C depict enlarged perspectives of an
example contact lens in accordance with aspects described
herein.

[0005] FIG. 2 is an illustration of an example contact lens
circuit for a contact lens employing a pulse oximetry sensor to
detect information indicative of blood oxygen content or a
pulse rate of a wearer of the contact lens in accordance with
aspects described herein.

[0006] FIG. 3 is an illustration of an example pulse oxim-
etry sensor that detects information indicative of blood oxy-
gen content or a pulse rate of a wearer of the contact lens in
accordance with aspects described herein.

[0007] FIGS. 4A-4E depict various perspectives of an
example contact lens employing a pulse oximetry sensor to
detect information indicative of blood oxygen content or
pulse rate of a wearer of the contact lens in accordance with
aspects described herein.

[0008] FIG. 5A depicts a cross-sectional view of an
example contact lens being worn in/on an eye when the eye is
open in accordance with aspects described herein.

[0009] FIG. 5B depicts a cross-sectional view of an
example contact lens being worn in/on an eye when the eye is
closed in accordance with aspects described herein.

[0010] FIG. 6 is an illustration of an exemplary non-limit-
ing reader device that receives from a contact lens, informa-
tion indicative of blood oxygen content or pulse rate of a
wearer of the contact lens in accordance with aspects
described herein.

[0011] FIG.7isanexemplary flow diagram of a method for
detecting information indicative of blood oxygen content or
pulse rate of a wearer of a contact lens in accordance with
aspects described herein.

[0012] FIG. 8 is an exemplary flow diagram of a method
that facilitates receiving from a contact lens, information
indicative of blood oxygen content or pulse rate of a wearer of
the contact lens using the contact lens in accordance with
aspects described herein.

[0013] FIG.9isanillustration ofa schematic diagram of an
exemplary networked or distributed computing environment
with which one or more aspects described herein can be
associated.
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[0014] FIG. 10 is an illustration of a schematic diagram of
an exemplary computing environment with which one or
more aspects described herein can be associated.

DETAILED DESCRIPTION

[0015] Various aspects are now described with reference to
the drawings, wherein like reference numerals are used to
refer to like elements throughout. In the following descrip-
tion, for purposes of explanation, numerous specific details
are set forth in order to provide a more thorough understand-
ing of one or more aspects. It is evident, however, that such
aspects can be practiced without these specific details. In
other instances, structures and devices are shown in block
diagram form in order to facilitate describing one or more
aspects.

[0016] Inoneormore aspects, the disclosed subject matter
relates to a contact lens. The contact lens can include a sub-
strate that forms at least part of a body of the contact lens and
apulse oximetry sensor located on or within the substrate that
detects information associated with at least one of blood
oxygen content or pulse rate of a wearer of the contact lens.
The pulse oximetry sensor comprises one or more light emit-
ting diodes that illuminate one or more blood vessels of at
least one of a region of an eye or an eyelid, and a detector that
receives light reflected from the blood vessel(s) and generates
the information.

[0017] Inanother aspect, a method is disclosed comprising
detecting information associated with at least one of blood
oxygen content or pulse rate of a wearer of a contact lens
using a pulse oximetry sensor located on or within the contact
lens. The pulse oximetry sensor can comprise one or more
light emitting diodes and a detector. In an aspect, the method
comprises illuminating a blood vessel of at least one of a
region of an eye or an eyelid via the one or more light emitting
diodes, receiving reflected light reflected from the blood ves-
sel at the detector, and generating the information based in
part on the reflected light.

[0018] In one or more additional aspects a device is pre-
sented comprising an interface component that interfaces
with and receives from a contact lens, data relating to at least
one of a blood oxygen content or a pulse rate of a wearer of a
contact lens, an analysis component that analyzes the
received data and determines at least one of blood oxygen
content or pulse rate of a wearer of a contact lens, and a
display component that generates a display corresponding to
the data.

[0019] The apparatus, systems, and methods disclosed
herein relate to a contact lens with means for detecting and
determining blood oxygen content and/or a pulse rate of a
wearer of the contact lens. As used herein, the term blood
oxygen content refers to percentage of hemoglobin in the
blood that is saturated with oxygen (e.g. blood oxygen satu-
ration, blood oxygenation level or SpO,. The contact lens can
further wirelessly transmit information pertaining to blood
oxygen content or pulse rate of a wearer of a contact lens to a
remote device. In an aspect, the remote device can request
information from the contact lens and the contact lens can
generate and transmit information in response to the request.
[0020] Inorder to detect an individual’s blood oxygenation
level and/or pulse rate via a contact lens, the contact lens can
employ a pulse oximetry sensor. A pulse oximetry sensor
estimates noninvasively degree of oxygen saturation of
hemoglobin in arterial blood. In an aspect, the sensor of the
oximeter employs one or more light sources (e.g. light emit-
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ting diodes LEDs) that radiate a section of the eye, and/or
eyelid of the eye in which the contact lens is worn, with light
having a known measurable signal (e.g. a known wavelength
or modulated signal or known intensity of light). The light
contacts hemoglobin contained in red blood cells. A certain
amount of light is absorbed by the hemoglobin and a certain
amount of light not absorbed and becomes reflected or trans-
mitted light. The reflected or transmitted light is sensed by a
detector. The amount of light absorbed depends on the wave-
length of light and level of hemoglobin oxygenation. The
detector further generates a signal corresponding to the
amount of light reflected or transmitted.

[0021] By knowing the wavelength oflight being applied to
sensor by a light source and relative amount of light being
reflected/transmitted, relative blood oxygen saturation can be
computed. In addition, pulse rate or the wearer of the contact
lens can be determined by observing periodic changes in a
signal produced by the detector. In particular, the light source
can illuminate a blood vessel over a period of time as the
blood vessel expands and contracts. The monitored signal
bounces in time with each heart beat because arterial blood
vessels expand and contract with each heartbeat. The greater
amount of blood present within the blood vessel associated
with each expansion affects light absorption at the detector.
Similarly, the lesser amount of blood present within the blood
vessel associated with each contraction affects light absorp-
tion at the detector. Therefore, by examining the varying part
of the absorption spectrum, (essentially, subtracting mini-
mum absorption from peak absorption) pulse rate of the
wearer of the contact lens can be determined from the time
variance between varying amounts of light detected in
response to illumination of the blood vessel between blood
vessel expansion and contraction.

[0022] Inanaspect,signals generated by the pulse oximeter
sensor of the contact lens can be captured by alocal integrated
circuit and analyzed by a microprocessor located on/within
the contact lens itself to determine blood oxygen content
and/or pulse rate of the wearer of the contact lens. The deter-
mined information can further be reported out via an RF
interface. In another aspect, the detected information can be
transmitted to a remote device for processing.

[0023] In an aspect, the pulse oximeter provided with the
subject contact lenses can be a transmission oximeter sensor.
The transmission oximeter sensor operates by transmitting
light through a portion of the eye containing one or more
blood vessels and measures an amount of light transmitted
through the portion of the eye to adetector on an opposite side
of the light source. The characteristics of light transmitted
into one side of the eye can then be compared with light
detected on an opposite side of the eye to compute oxygen
saturation. In another aspect, the pulse oximeter provided
with the subject contact lenses can be a reflectance pulse
oximeter sensor. The reflectance pulse oximeter sensor mea-
sures reflected light off of a blood vessel in the eye in and/or
an eyelid of the eye in which the contact lens is worn to
measure blood oxygen saturation. The reflectance pulse
oximetry sensor has a light source positioned on a same side
of the blood vessel as the detector. In this configuration, the
detector receives light that is scattered back (reflected) to the
detector.

[0024] FIG. 1A is an illustration of an exemplary non-
limiting system 100 that includes a contact lens 102 employ-
ing a pulse oximetry sensor to detect information indicative of
blood oxygen saturation and/or pulse rate of an individual in
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which the contact lens 102 is worn in accordance with aspects
described herein. The system 100 includes a contact lens
covering at least a portion of an eye 104 and having a contact
lens circuit 106. The contact lens circuit 106 can be described
in greater detail with reference to FIG. 2. The contact lens
circuit 106 can include the pulse oximetry sensor (not shown)
to detect information indicative of blood oxygen content and/
or pulse rate of the wearer of the contact lens. In particular, the
pulse oximetry sensor can generate a signal corresponding to
amount of light transmitted through and/or reflected off a
blood vessel in the eye 104 and/or an eyelid over a period of
time. The information detected by the pulse oximetry sensor
can be captured via the contact lens circuit 106.

[0025] The contact lens circuit 106 including the pulse
oximetry sensor can be located on and/or within a substrate of
the contact lens. For example, the contact lens 102 may com-
prise a hydrogel substrate, such as a silicone hydrogel. One or
more LEDs and/or detectors of the contact lens can further be
located on and/or within a thickness of the hydrogel.

[0026] The pulse oximetry sensor can be integrated physi-
cally and/or communicatively with contact lens circuit 106.
However, in some aspects, the contact lens circuit 106 may be
separated physically and/or communicatively from the pulse
oximetry sensor. For example, FIGS. 1B and 1C depict
enlarged perspectives of an example contact lens 102 in
accordance with aspects described herein. FI1G. 1B depicts a
cross-sectional view of contact lens 102 while FIG. 1C
depicts a topical/planar view of contact lens 102.

[0027] As seen in FIG. 1B, contact lens circuit 106 is
located within the substrate (e.g. within the thickness of the
hydrogel) of the contact lens 102 and is depicted as a single
unit. However, it should be appreciated that contact lens cir-
cuit 106 and/or one or more components associated with
contact lens circuit 106 can be located on and/or within the
substrate. According to this aspect, the contact lens circuit
106 and its associated components, including the pulse oxim-
etry sensor, are co-located and communicatively coupled.
[0028] In another embodiment, as seen in FIG. 1C, one or
more components of contact lens circuit 106 can be physi-
cally dispersed on and/or within the contact lens 102. For
example, components of contact lens circuit 106 as presented
in FIG. 1C are divided. According to this example, the pulse
oximetry sensor can be physically separated from other com-
ponents of the contact lens circuit. Further, components of the
pulse oximetry sensor, such as one or more LEDs and/or one
or more detectors can be physically dispersed on and/or
within the contact lens 102 substrate. In any embodiment, one
or more components of the contact lens circuit 106, including
the pulse oximetry sensor, may be communicatively coupled
via one or more wires 112.

[0029] Referring back to FIG. 1A, in some aspects, the
contact lens 102 can include one or more components (not
shown) to communicate detected and/or determined informa-
tion. For example, the components can include a radio fre-
quency (RF) antenna in some aspects. In some aspects, the
information 108 can be communicated to a reader 110. In
some aspects, the reader 110 can be an RF reader. Accord-
ingly, the contact lens 102 can wirelessly communicate with
a reader 110. Further, in some aspects, the reader 110 can
request information from the contact lens 102 and in
response, the contact lens can generate and transmit requested
information.

[0030] FIG. 2is an illustration of a contact lens circuit for a
contact lens employing a pulse oximetry sensor in accordance
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with aspects described herein. FIG. 3 is a detailed depiction of
apulse oximetry sensor in accordance with aspects described
herein. In various aspects, the contact lens circuit 200 can
include one or more of the structure and/or functionality of
the contact lens circuit 106 (and vice versa).

[0031] As shownin FIG. 2, the contact lens circuit 200 can
include control component 210, pulse oximetry sensor 220,
circuitry 230, power source 240, transceiver 250, memory
260 and/or microprocessor 270. In some aspects and as
depicted in FIG. 2, the contact lens circuit 200 includes the
pulse oximetry sensor 220 and its associated components. In
other aspects, the pulse oximetry sensor 220 can be physically
and/or communicatively independent (not shown) from the
contact lens circuit 200. However, in any embodiment, one or
more of the pulse oximetry sensor 220 and its associated
components, control component 210, circuitry 230, power
source 240, transceiver 250, memory 260 and/or micropro-
cessor 270, can be operatively coupled to one another to
perform one or more functions of the contact lens circuit 200.
[0032] With reference to FIG. 3, the pulse oximetry sensor
220 can include a light source 310, a detector 320, a modu-
lator 330, a filter component 340, and/or a demodulator 350.
The light source 310 can include one or more LEDs posi-
tioned on or within the substrate (e.g. hydrogel) of the contact
lens. The LEDs function to illuminate a section of the eye
and/or eyelid in which one or more blood vessels are located.
The detector 320 collects/receives light reflected off of and/or
transmitted through a blood vessel (e.g. reflected light and
transmitted light). For example, in an aspect, the pulse oxim-
etry sensor 220 can function as a reflectance pulse oximeter
wherein the light source 310 and the detector 320 are on a
same side as a blood vessel being illuminated by the light
source 310. In another aspect, the pulse oximetry sensor 220
can function as a transmittance pulse oximeter wherein the
light source 310 and the detector 320 are on opposite sides a
blood vessel being illuminated by the light source 310. In
response to receiving reflected and/or transmitted light, the
detector 320 produces a signal corresponding to an amount of
light received. In an aspect, the LEDs illuminate the blood
vessel for a predetermined period of time sufficient to accu-
rately determine a pulse rate from the signal generated by the
detector. For example, the pulse oximetry sensor 220 may
apply a detection interval of anywhere from about three sec-
onds to about sixty seconds.

[0033] The amount of light received by the detector 320
depends at least in part on wavelength or known intensity of
light transmitted by the light source 310 and an amount of
oxygenated blood present in a blood vessel from which the
received light is reflected and/or transmitted. The LEDs of the
light source can transmit various types of light having various
wavelengths. For example, in an aspect, the LEDs can trans-
mitinfrared light (IR). In otheraspects, the LEDs can transmit
visible light, including red light yellow light, green light, blue
light, and purple light. Still in other aspects, the LEDs can
transmit ultraviolent light (UV). Further, each of the one or
more LEDs of the light source can transmit the same type of
light. In another aspect, at least two of the one or more LEDs
of the light source can transmit a different type of light.
[0034] Insome aspects, the pulse oximetry sensor 220 can
employ a modulator 330 to modulate light transmitted by the
light source 310. In turn, the detector 320 can be configured to
detect the modulated light signal. For example, the modulator
330 can modulate transmitted light so that the detector can
better differentiate between light transmitted by light source
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310 as opposed to interfering light waves from other sources
(e.g. UV rays from the sun and/or ambient light). The pulse
oximetry sensor (or circuit 106, circuit 200 and the like), can
further employ a demodulator 350 to demodulate a received
modulated signal.

[0035] Inanembodiment, the light source 310 employs one
or more LEDs that emit red light (R) and one or more LEDs
that emit infrared light (IR). In particular, hemoglobin bound
to oxygen is called oxygenated hemoglobin and has a bright
red color. Hemoglobin with no oxygen bound to it is called
deoxygenated hemoglobin and has a dark red color. Oxygen-
ated hemoglobin absorbs more infrared light, while deoxy-
genated hemoglobin absorbs more red light. According to this
embodiment, percentage of oxygenated hemoglobin (e.g. the
blood oxygen saturation) and deoxygenated hemoglobin can
be determined by measuring the ratio of infrared and red light
received at the detector 320. In turn, oxygen saturation of
blood of a wearer of the contact lens can be determined as a
function of the ratio of the two waveforms in the signal
generated by the detector. When amount of oxygenated
hemoglobin (HbO,) is greater than amount of deoxygenated
hemoglobin, absorption of red light is less than absorption of
infrared light, resulting in a lower ratio of absorption of the
two wavelengths. In contrast, when amount of deoxygenated
hemoglobin is greater than amount of oxygenated hemoglo-
bin, absorption of red light is greater than while absorption of
infrared light is less, resulting in an increased ratio of absorp-
tion of the two wavelengths.

[0036] The detector 320 converts received light into a sig-
nal representative of an amount of received. In some aspect,
the signal is representative of an amount of light over a period
of time. The detector 320 can include one or more detectors.
In an aspect, the detector 320 can be a photodetector that
comprises one or more photodiodes configured to absorb
light. In some aspects, the detector 320 detects light specifi-
cally transmitted by the light source 310. According to this
aspect, the detector can employ a filter component 340 com-
prising one or more filters that selectively filter out light not
transmitted by light source 310. For example, the filter can
selectively allow only a signal having a known modulation
scheme to be received at the detector 320. In another aspect,
as discussed in greater detail below, the detector component
320 can detect all suitable forms of light received at the
detector. For example, the detector can detect environmental
light (e.g. sunlight, ambient light or natural light) in addition
to light transmitted by light source 310. According to this
aspect, the detector 320 can employ various meaus to differ-
entiate between received light forms and generate an output
signal that differentiates between the received light forms.
For example, the detector can differentiate between modu-
lated and non-modulated light signals using various filters
and/or demodulation schemes.

[0037] Inanembodiment, the pulse oximetry sensor 220 is
configured to detect information regarding an amount of light
transmitted through a blood vessel by employing environ-
mental light as a light source. According to this embodiment,
eye blinks can be employed to capture environmental light
levels. By using the light levels between an open eye and a
closed eyelid it is possible to calculate the absolute amount of
oxygen in vessels in the eyelid (e.g. via microprocessor 270 or
processor 650 as discussed below).

[0038] In an aspect, the pulse oximetry sensor can operate
without an internal light source 310 or with the internal light
source 310 turned off. In particular, a detector 320 can be
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located on an area of a contact lens that is not covered by an
eyelid when the eye in which the contact lens is worn is open.
Therefore when the eye is open, the detector can receive
environmental light. The detector 320 can further be config-
ured to gather multiple reading of an amount of environmen-
tal light received directly (e.g. not transmitted through ablood
vessel), in order to obtain an accurate measurement signal for
direct environmental light. In addition, the detector 320 can
be configured to measure an amount of light received when a
wearer closes his or her eyelid and no internal light source 310
is employed/turned on. Such light received will be the amount
of environmental light transmitted through a blood vessel in
the eyelid from the environmental light.

[0039] In some aspects, readings of direct environmental
light and transmitted environmental light (light transmitted
through a blood vessel in the eyelid) can be employed to
determine blood oxygenation levels and pulse without the
need of any additional sensed/detected information by the
pulse oximetry sensor. In other aspects, signals produced by
the detector 320 corresponding to direct environmental light
and transmitted environmental light can be employed as cali-
bration information. Such calibration information can be
employed in conjunction with additional pulse oximetry sen-
sor 220 readings obtained using light source 310 to more
accurately determine blood oxygenation levels. For example,
between successive blinks, the detector 320 can recalibrate
what the baseline environmental light level is and use that
baseline to correlate the oxygenation level.

[0040] It should be appreciated that components of the
pulse oximetry sensor 220 such as light source 310 and detec-
tor 320 can be integrated at various locations on and/or within
the substrate of the contact lens. For example, LEDs can be
located at multiple locations within a contact lens and orien-
tated to emit light at different sections ofthe eye and/or eyelid
of the eye in which the contact lens is worn. Further, one or
more detectors can be positioned on or within the contact lens
so that light transmitted through and/or reflected off of a
blood vessel, in response to illumination by the light source or
in response toillumination by environmental light, is received
at the one or more detectors.

[0041] Referring back to FIG. 2, in addition to the pulse
oximetry sensor, the contact lens circuit 200 can further
include control component 210, circuitry 230, power source
240, transceiver 250, memory 260 and/or microprocessor
270. Control component 210 controls the operations of con-
tact lens circuit 200, including operation of the pulse oxim-
etry sensor 220. Circuitry 230 provides connections between
components of the contact lens circuit 200 to facilitate opera-
tion of the contact lens circuit. For example circuitry 230
facilitates collection of signals generated by the pulse oxim-
etry sensor 220. Circuitry 230 can further send detected sig-
nals/values to transceiver 250, memory 260, and/or micro-
processor 270. Power source 240 can include any suitable
power source that can provide necessary power for the opera-
tion of various components of the contact lens circuit 200. For
example, the power source 240 can include but is not limited
to abattery, acapacitor, a solar power source, or mechanically
derived power source (e.g., MEMs system). Transceiver 250
transmits and receives information to and from contact lens
circuit 200. In some embodiments, the transceiver 250 can
include an RF antenna.

[0042] In an aspect, the control component 210 directs
operation of the pulse oximetry sensor 220 according to a
preconfigured protocol stored in memory 260. In other
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aspects, the control component 210 directs operation of the
pulse oximetry sensor according to instructions received, via
the transceiver 250, from an external device (e.g. reader
device 110). In an aspect, the pulse oximetry sensor 220 can
perform a variety of sensing mechanisms to collect informa-
tion indicative of a contact lens wearer blood oxygen satura-
tion and/or pulse. It should be appreciated that control com-
ponent 210 facilitates operation of the various mechanisms of
the pulse oximetry sensor. For example, in an aspect, the pulse
oximetry sensor can collect data in response to illumination
of its light source 310. In other aspects, the pulse oximetry
sensor can collect data in response to illumination by envi-
ronmental light.

[0043] In an aspect, illumination of the light source of the
pulse oximetry sensor 220 is a collective on/off operation.
However, in other aspects, the light source may include mul-
tiple LEDs that can be independently controlled. Still in yet
another aspect, the pulse oximetry sensor may not employ a
light source 310 at all and merely operate using environmen-
tal light. For example, the pulse oximetry sensor can include
afirst set of LEDs that emit a first type of light towards a blood
vessel in an upper eyelid of the eye in which the contact lens
is worn and a second set of LEDs that emit a second type of
light towards a blood vessel in the eye. According to this
aspect, the control component 210 can independently direct
operation of the light source 310 so that different sets of LEDs
are turned on and off at different times. In addition, a detector
320 of the pulse oximetry sensor 220 can detect light (e.g.
direct environmental light and/or transmitted environmental
light) when the light source 310 is not turned on/not
employed. Accordingly, the control component 210 can fur-
ther control the detecting of light signals when the light
source of the pulse oximetry sensor 220 is not turned on/not
employed.

[0044] Inan embodiment, the control component 210 con-
trols operation of the pulse oximetry sensor to collect direct
environmental light and/or transmitted environmental light.
In some aspects, readings of direct environmental light and
transmitted environmental light (light transmitted through a
blood vessel in the eyelid) can be employed to determine
blood oxygenation levels without the need of any additional
sensed/detected information by the pulse oximetry sensor. In
other aspects, signals produced by the detector 320 corre-
sponding to direct environmental light and transmitted envi-
ronmental light can be employed to calibrate the pulse oxim-
etry sensor. For example, when an individual initially places
a contact lens having circuit 200 into his or her eye, the
contact lens may need to be calibrated in order to produce
accurate readings of the individual’s blood oxygen level and/
or pulse.

[0045] The control component 210 can direct the detector
of pulse oximetry sensor to obtain one or more readings of
direct environmental light. The multiple readings can then be
averaged to obtain an accurate measurement of environmen-
tal light. In some aspect, the control component 210 can direct
the pulse oximetry sensor to re-calibrate, (e.g. obtain a new
measurement for direct environmental light). In order to
detect transmitted environmental light, the detector 320
detects light received when an eyelid covers the detector. In
some aspects, the control component 210 directs the detector
to collect transmitted environmental light signals when a
wearer blinks. In other aspects, a wearer of the contact lens
can facilitate generation of transmitted environmental light
measurements.
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[0046] For example, a wearer of a contact lens can volun-
tarily close his or her eye for a predetermined period of time
(as defined by instructions provided with the contact lens at
the time of purchase or etc.). Such closing of the eye can be
sensed by the detector and/or the control component and
prompt the detector to perform detection of transmitted envi-
ronmental light. In another example, the wearer of the contact
lens can cooperate with a reader device. According to this
example, the reader device can instruct a wearer of a contact
lens when and for how long to close and open his or her eye in
order to obtain detected light measurements when the eye is
closed (e.g. transmitted environmental light measurements).
The reader device can further direct, via wirelessly transmit-
ted control signals, the pulse oximetry 220 sensor to obtain
detector readings when the eye is closed and opened.

[0047] In an aspect, in order to generate information that
can be employed to determine pulse or blood oxygenation,
the pulse oximetry sensor can generate data when the light
source 310 is operated under various configurations. For
example, the control component 210 can direct the pulse
oximetry sensor to generate data when the light source is
turned collectively on and off, and/or when the light source is
turned collectively on and off when the wearer of the contact
lens completely closes his or her eye. It should be appreciated
that readings requiring opening and closing of an eye can be
obtained in response to involuntary blinking by a wearer or
directed closing of the eye by the wearer in response to
instructions provided to the wearer. As noted above, such
instructions may be provided with the contact lens at purchase
or by a reader device that cooperates with the contact lens.

[0048] In another example, information that can be
employed to determine pulse or blood oxygenation can be
measured by illuminating different sets of LEDs of the light
source, where the different sets of the LEDs of the light source
either illuminate different blood vessels or emit different
types of light. It should be appreciated that sensor readings
under various test/calibration conditions can serve as baseline
information from which a wearer’s actual blood oxygen level
and/or pulse rate can be calculated (e.g. via microprocessor
270 and/or analysis component 530).

[0049] Inanaspect, the pulse oximetry sensor 220 performs
detection of information indicative of oxygen saturation and/
or pulse (e.g. amount of light received at the detector of the
pulse oximetry sensor and/or periodic fluctuations in the
amount of light received) on a continuous basis. For example,
assuming the pulse oximetry sensor 220 is calibrated or has
previously generated calibration information, the pulse oxim-
etry sensor 220 may operate at the direction of control com-
ponent 210 according to a programmed schedule defined in
memory 260. For example, the programmed schedule may
direct detection of information indicative of oxygen satura-
tion and/or pulse by the pulse oximetry sensor 220 every
thirty seconds, every minute, every thirty minutes, every hour,
and etc. For instance, the pulse oximetry sensor 220 can
illuminate blood vessels in the eye and detect reflected and/or
transmitted light in response to the illumination, according to
a schedule. According to this aspect, transceiver 250 can
further be configured to transmit detected information
according to a same or similar programmed schedule as the
pulse oximetry sensor 220. For example, the detected infor-
mation can be transmitted to a reader device for processing
thereof. However, in some aspects, the detected information
is analyzed and processed at the contact lens circuit via micro-
processor 270. For example, microprocessor 270 may deter-
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mine or infer the blood oxygen saturation level and/or pulse
of the wearer of the contact lens based on the signals genet-
ated by the pulse oximetry sensor.

[0050] In another aspect, where microprocessor 270 ana-
lyzes detected information to determine the blood oxygen
saturation level and/or pulse of the wearer of the contact lens,
the transceiver 250 can be configured to transmit data indi-
cating a determined blood oxygen level and/or pulse rate
when the determined data is outside of a predetermined range.
For example, the pulse oximetry sensor may routinely detect
information indicative of blood oxygen level and/or pulserate
or the wearer of the contact lens and the microprocessor may
routinely determine the blood oxygen level and/or pulse rate
based on the detected information. When the blood oxygen
level and/or pulse rate falls outside a predetermined range, the
transceiver 240 may send an alert to a reader device. For
example, an athlete may wear a contact lens having circuit
200. As the athlete is exercising, he may desire to monitor his
blood oxygen level and heart rate. In an aspect, when his heart
rate and/or blood oxygen level is too high or too low, he may
receive a message at a personal device, such as a cell phone or
ear monitor, indicating his heart rate and/or blood oxygen
level.

[0051] Inyetanother aspect, the pulse oximetry sensor 220
can perform detection of blood oxygen saturation and pulse
rate information in response to a request signal. For example,
transceiver 250 can receive a request from a remote device
(e.g. areader device 110) for information indicative of blood
oxygen saturation and/or pulse rate of a wearer of the contact
lens. In turn, the detection component 210 can detect the
information. In some aspects, the microprocessor 270 can
further determine the wearer’s blood oxygen saturation and/
or pulse rate based on the detected information. The trans-
ceiver 250 can then transmit the detected and/or determined
information back to the reader device.

[0052] Processing of information detected by the pulse
oximetry sensor 220 can be performed by a remote device
processor and/or microprocessor 270. Microprocessor 270
and/or a remote processor can employ various mechanisms in
order to determine blood oxygen content and/or pulse rate
from information detected by the pulse oximetry sensor 220.
In general, the pulse oximetry sensor 210 produces an elec-
trical signal corresponding to an amount or magnitude of light
received at the detector over the course of a period of time. In
some aspects, the light received is reflected light while in
other aspects, the light received is transmitted light. Blood
oxygen content and/or pulse rate can be determined based at
least in part on the amount/magnitude of light received at the
detector and fluctuations in the amount of light received over
time (in response to blood vessel expansion and contraction
with each heart beat).

[0053] In addition, a variety of other factors that can influ-
ence blood oxygen saturation and/or pulse rate determina-
tions, including but not limited to: calibration information,
conditions under which the light is received (e.g. eye open/
closed) type of light received at the detector (e.g. environ-
mental light, transmitted light, reflected light, wavelength,
intensity of light), position of the light source with respect to
the detector, position of blood vessel illuminated by the light
source, size shape and thickness of the contact lens substrate,
material of the substrate, or saturation level of the substrate.
[0054] Microprocessor 270 (and/or an external processor)
may employ various algorithms or look up tables that relate
detected information to blood oxygen saturation levels and/or
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pulse rate. For example, where the light source of the sensor
transmit red light and infrared light, the microprocessor can
determine the percentage of oxygenated hemoglobin (e.g. the
blood oxygen saturation) and deoxygenated hemoglobin in
an individual’s blood by calculating the ratio of infrared and
red light received at the detector. The output ratio can further
be correlated to a blood oxygen level using a look up table
stored in memory 260.

[0055] In various embodiments, memory 260 can store
information detected by the pulse oximetry sensor. Further,
memory 260 can store any information necessary for micro-
processor 270 (and/or an external processor) to perform cal-
culations and determinations of a wearer’s blood oxygen
content and/or pulse. For example, memory 260 can store
algorithms, look up tables and known values required for the
algorithmic calculations that are configured to compute blood
oxygenation level and/or pulse rate (e.g. calibration informa-
tion, type of light employed by the light source, features of
possible light signals detectable by the detector, position of
the light source with respect to the detector, modulation and
demodulation information, position of blood vessel illumi-
nated by the light source, size shape and thickness of the
contact lens substrate, material of the substrate, or saturation
level of the substrate and etc.). Memory 260 can further store
computer-executable instructions for execution by the micro-
processor 270. The microprocessor 270 can execute com-
puter-executable instructions to perform one or more func-
tions of the contact lens circuit 200.

[0056] In an embodiment, microprocessor 270 (and/or an
external processor) can employ various (explicitly or implic-
itly trained) classification schemes or systems (e.g., support
vector machines, neural networks, expert systems, Bayesian
belief networks, fuzzy logic, data fusion engines, etc.) in
connection with performing analysis of detected information.
A classifier can map an input attribute vector, x=(x1, x2, x3,
x4, xn), to a confiderce that the input belongs to a class, such
as by f(x)=confidence(class). Such classification can employ
a probabilistic or statistical-based analysis (e.g., factoring
into the analysis utilities and costs) to prognose or infer an
action that a user desires to be automatically performed. A
support vector machine (SVM) is an example of a classifier
that can be employed. The SVM operates by finding a hyper-
surface in the space of possible inputs, where the hyper-
surface attempts to split the triggering criteria from the non-
triggering events. Intuitively, this makes the classification
correct for testing data that is near, but not identical to training
data. Other directed and undirected model classification
approaches include, e.g., naive Bayes, Bayesian networks,
decision trees, neural networks, fuzzy logic models, and
probabilistic classification models providing different pat-
terns of independence can be employed. Classification as
used in this disclosure also is inclusive of statistical regres-
sion that is utilized to develop models of priority.

[0057] With reference now to FIGS. 4A-4E, presented are
different perspectives of example contact lenses 102 employ-
ing a contact lens circuit (e.g. contact lens circuit 106, 200)
having a pulse oximeter sensor (e.g. sensor 220). FIGS. 4A
and 4B depict top planar views of example contact lenses and
FIGS. 4C, 4D, and 4E present cross-sectional views of
example contact lenses. It should be appreciated that features
of the example contact lenses and the eye in which the
example contact lenses are worn in FIGS. 4A-4E are not
drawn to scale. Certain features are exaggerated merely for
exemplary purposes. Further, it should be appreciated that
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although the example contact lenses 102 in FIGS. 4A-4E are
depicted having multiple light sources and multiple detectors,
the contact lenses are not limited to such configurations. For
example, an example contact lens can have any number N of
light sources and detectors. In addition, any of the light
source/detector configurations of example contact lenses 102
in FIGS. 4A-4F may be combined onto a single contact lens.
[0058] Turning initially to FIG. 4A, presented is a top pla-
nar view of an example contact lens 102 (represented by the
dashed line) being worn infon an eye 104. The eye 102
depicted in FIG. 4A is considered open. The eye 104 is
depicted having an upper eyelid 402 and a lower eyelid 408
which cover at least part of the contact lens when the lens 102
is worn in the eye and the eye is open. The contact lens 102
includes a contact lens circuit 106 and a pulse oximetry sensor
consisting of multiple light sources 404 and detectors 406.
One or more wires (not shown) can connect the contact lens
circuit 106, light sources 404 and/or detectors 406. It should
be appreciated that the multiple light sources and detectors of
contact lens 102 are merely presented to demonstrate differ-
ent configurations of light source and detector locations. In
some aspects, one or more light sources and/or detectors can
be removed and/or rearranged on the contact lens 102.
[0059] As seen in F1G. 4A, in an aspect, a light source 404
and a detector 406 can be located side by side on the contact
lens 102 in a area that is covered by the upper eyelid 402 when
the eye is open (e.g. on or around axis Y). According to this
aspect, the light source 404 may emit light towards a blood
vessel in the upper eyelid 402 and the detector 406 may
receive light reflected from the blood vessel. In another
aspect, the light source 404 may emit light towards a blood
vessel in the portion of the eye covered by the upper eyelid
402 and the detector 406 may receive light reflected from the
blood vessel. Similarly, in an aspect, the contact lens 102 may
have two light sources located on either sides of a single
detector 404, a shown in the area covered by the lower eyelid
408. The two light sources 404 in the arca below the lower
eyelid 408 may also emit light towards a blood vessel in the
eye 104 or the lower eyelid 408, and the light reflected off of
the blood vessel can be received at the detector 406 located
there between. In an aspect, by locating the light sources 404
and the detectors in areas covered by an eyelid even when the
eye is open, external interfering light signals can be reduced.
[0060] In an aspect, a light source 404 can consist of a
single LED. In another aspect, a light source can consist of
two or more LEDs. For example, box 410 presents an
enlarged picture of a light source 404. As seen in box 410,
light source 404 comprises an array of LEDs 412. In particu-
lar, the light source 404 in box 410 comprises thirty LEDs by
way of example.

[0061] Turning now to FIG. 4B, presented is another top
planar view of an example contact lens 102 (represented by
the dashed line) being worn in/on an eye 104. The eye 102
depicted in FIG. 4B is considered open. The eye 104 is
depicted having an upper evelid 402 and a lower eyelid 408
which cover at least part of the contact lens when the lens 102
is worn in the eye and the eye is open. The contact lens 102
includes a contact lens circuit 106 and a pulse oximetry sensor
consisting of multiple light sources 404 and detectors 406.
One or more wires (not shown) can connect the contact lens
circuit 106, light sources 404 and/or detectors 406. It should
be appreciated that the multiple light sources and detectors of
contact lens 102 are merely presented to demonstrate differ-
ent configurations of light source and detector locations. In
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some aspects, one or more light sources and/or detectors can
be removed and/or rearranged on the contact lens 102.
[0062] As seen in FIG. 4B, in an aspect, one or more light
sources 404 can be located aside a detector 406 on the contact
lens 102 in a area that is not covered by an eyelid 402 when the
eye is open (e.g. on or around axis X). According to this
aspect, the light source(s) 404 may emit light towards a blood
vessel in the portion of the eve that is not covered by an eyelid
402 or 408 and the detector 406 can receive light reflected
from the blood vessel.

[0063] Continuing to FIG. 4C, presented is a cross-sec-
tional view of an example contact lens 102 being worn in/on
an eye 104. The eye 102 depicted in FIG. 4C is considered
open. The contact lens 102 includes a contact lens circuit 106
and a pulse oximetry sensor consisting of multiple light
sources 404 and detectors 406. One or more wires (not
shown) can connect the contact lens circuit 106, light sources
404 and/or detectors 406. It should be appreciated that the
multiple light sources and detectors of contact lens 102 are
merely presented to demonstrate different configurations of
light source and detector locations. In some aspects, one or
more light sources and/or detectors can be removed and/or
rearranged on the contact lens 102.

[0064] As seen in FIG. 4C, in an aspect, one or more light
sources 404 can be located aside a detector 406 on the contact
lens 102 within the hydrogel substrate of the contactlens and
on or near an inner surface 420 of the contact lens that is
adjacent to the eye when the contact lens is worn in the eye.
According to this aspect, the light sources 404 can be config-
ured to emit light 414 towards one or more blood vessels 418
located on the eye 104. In turn, the detectors 406 can be
configured to detect light reflected 416 off of the one or more
blood vessels. In an aspect, the one or more light sources can
be located in a area that is not covered by an eyelid when the
eyeis open (e.g. on or around axis X of FIG. 4B). In an aspect,
the one or more light sources can be located in a area that is
covered by an eyelid when the eye is open (e.g. on or around
axis Y of FIG. 4A).

[0065] With reference to FIG. 4D, presented is another
cross-sectional view of an example contact lens 102 being
worn in/on an eye 104. The contact lens 102 includes a con-
tactlens circuit 106 and a pulse oximetry sensor consisting of
multiple light sources 404 and detectors 406. One or more
wires (not shown) can connect the contact lens circuit 108,
light sources 404 and/or detectors 406. It should be appreci-
ated that the multiple light sources and detectors of contact
lens 102 are merely presented to demonstrate different con-
figurations of light source and detector locations. In some
aspects, one or more light sources and/or detectors can be
removed and/or rearranged on the contact lens 102.

[0066] As seen in FIG. 4D, in an aspect, one or more light
sources 404 can be located aside a detector 406 on the contact
lens 102 within the hydrogel substrate of the contactlens and
on or near an outer surface 422 of the contact lens that is
opposite the inner surface and adjacent an eyelid 402 and/or
408 when the contact lens is wornin the eye. According to this
aspect, the light sources 404 can be configured to emit light
414 towards one or more blood vessels 418 located in an
eyelid 402 and/or 408. In turn, the detectors 406 can be
configured to detect light reflected 416 off of the one or more
blood vessels. In an aspect, the one or more light sources can
be located in an area that is not covered by an eyelid when the
eye is open (e.g. on or around axis X of F1G. 4B). According
to this aspect, the one or more light sources 404 can be
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configured to emit light towards an eyelid when the wearer
closes his or her eye. In another aspect, the one or more light
sources 404 can be located in an area that is covered by an
eyelid when the eye is open (e.g. on or around axis Y of FIG.
4A). According to this aspect, the one or more light sources
404 can be configured to emit light when towards an eyelid
when the wearer closes his or her eye and/or opens his or her
eye.

[0067] Continuing to FIG. 4E, presented is another cross-
sectional view of an example contact lens 102 being worn
in/on aneye 104. The contact lens 102 includes a contact lens
circuit 106 and a pulse oximetry sensor consisting of at least
one light source 404 and a detector 406. One or more wires
(not shown) can connect the contact lens circuit 106, light
source 404 and/or detector 406. The pulse oximeter presented
in FIG. 4E is a transmittance pulse oximeter. In particular, as
seen in FIG. 4E, the light source 404 and the detector 406 are
located within the contact lens and on opposite sides of blood
vessels through which light 424 is transmitted. In particular,
the light source 404 can be located within the substrate at the
perimeter edge of the contact lens and the detector 406 can be
located directly across from the light source within the sub-
strate at an opposite perimeter edge of the contact lens. Due to
the curvature of the contact lens 102, the light source can be
angled so that light 424 is emitted therefrom and passes
through the eye 104 to be received at the detector 406 at the
opposing side of the contact lens 102.

[0068] Looking now to FIGS. 5A and 5B, presented are
across-sectional views of an example contact lens 102 being
worn in/on an eye 104. FIG. 5A depicts the contact lens under
operation when the eye 104 is open and FIG. 5B depicts the
contact lens under operation when the eye 104 is closed.
FIGS. 5A and 5B demonstrate the detection capabilities of the
contact lens pulse oximetry sensor regarding environmental
light, particularly light from the sun 502.

[0069] With reference to FIG. 5A, the contact lens 102
includes a contact lens circuit 106 and a pulse oximetry sensor
consisting of multiple light sources 404/404.1 and detectors
406/406.1. One or more wires (not shown) can connect the
contact lens circuit 106, light sources 404 and/or detectors
406. It should be appreciated that the multiple light sources
and detectors of contact lens 102 are merely presented to
demonstrate different configurations of light source and
detector locations. In some aspects, one or more light sources
and/or detectors can be removed and/or rearranged on the
contact lens 102.

[0070] AsseeninFIG.5A,inan aspect, alight source 404.1
can be located aside a detector 406.1 on the contact lens 102
within the hydrogel substrate of the contact lens and on or
near an outer surface 422 of the contact lens. In an aspect,
detector 406.1 can stand alone and does not need to be aside
a light source 404.1. In other aspects, detector 406.1 can
operate with light source 404.1 turned off and on. The detec-
tor 406.1 and light source 404.1 are further located within the
hydrogel in an area of the contact lens 102 that is not covered
by an eyelid 402/408 when the eye is open. According to this
aspect, the detector is configured to receive direct environ-
mental light 504 when the eye is open. In addition, as seen in
FIG. 5B, the detector 406.1 is configured to received trans-
mitted environmental light 508 when the eye 104 is closed.
The transmitted environmental light 508 is light that is not
absorbed by blood vessels in the eyelid 402 but transmitted
there through such blood vessels with the sun 502 as the light
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source. In FIG. 5B, the eye is closed as indicated by the
covering of the eye 104 by the upper eyelid 402.

[0071] In addition, in an aspect contact lens 102 as repre-
sented in FIGS. 5A and 5B can generate signals using light
sources 404.1 and 404 under conditions when the eye 104 is
opened and closed. Such additional signals can further be
employed to calibrate the pulse oximetry sensor and/or to
determine blood oxygenation levels and/or pulse rate.
[0072] With reference to FIG.5A, contact lens 102 can also
include light source 404 and detector 406 located on or near
an outer surface 422 of the contact and within an area of the
contact lens that is covered by an eyelid 408 when the eye is
open. According to this aspect. light sources 404 can be
configured to emit light towards one or more blood vessels
located in eyelid 408 when the eye is open (FIG. 5A) and/or
closed (FIG. 5B). In turn, detector 406 can be configured to
detect light reflected off of the one or more blood vessels
when the eye is open (reflected light 506 in F1G. 5A) and/or to
detect light reflected off of the one or more blood vessels
when the eye is closed (reflected light 512 in FIG. 5B). Fur-
ther, light source 404.1 can be configured to emit light
towards one or more blood vessels located in eyelid 402 when
the eye is closed (FIG. 5B). In turn, detector 406.1 can be
configured to detect light reflected off of the one or more
blood vessels when the eye is closed (reflected light 510 in
FIG. 5B).

[0073] FIG. 6 is an illustration of an exemplary non-limit-
ing reader device 600 that interfaces with a contact lens
employing a pulse oximetry sensor to detect information
indicative of a blood oxygen saturation level and/or a pulse
rate of a wearer of the contact lens in accordance with aspects
described herein. In various aspects, the reader device 600
can include one or more of the structure and/or functionality
of the reader device 110 (and vice versa).

[0074] As shown in FIG. 6, reader device 600 can include
interface component 610, analysis component 620, display
component 630, and request component 640. In an embodi-
ment, aspects of device 600 constitute machine-executable
components embodied within machine(s), e.g., embodied in
one or more computer readable mediums (or media) associ-
ated with one or more machines. Such components, when
executed by the one or more machines, e.g., computer(s),
computing device(s), virtual machine(s), etc. can cause the
machine(s) to perform the operations described. Device 600
can include memory 660 for storing computer executable
components and instructions. A processor 650 can facilitate
operation of the computer executable components and
instructions by device 600.

[0075] Interface component 610 interfaces with and
receives from at least one contact lens, data relating to blood
oxygen content and/or a pulse of a wearer of the contact lens.
In particular, interface component 610 can interface with
contact lenses described herein that comprise a contact lens
circuit such as contact lens circuit 106 and/or contact lens
circuit 200 (e.g. contact lens 102). In an aspect, interface
component 610 employs a receiver, such as an RF receiver, to
receive detected and/or determined information from a con-
tact lens comprising a contact lens circuit as described herein.
In some aspects, interface component 610 can receive from a
contact lens, a determined value indicating blood oxygen
content and/or pulse rate of a wearer of the contact lens.
According to this aspect, the contact lens may include appro-
priate circuitry and components to process data detected by a
pulse oximetry sensor thereon and/or therein.
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[0076] 1In another aspect, the reader can receive raw data
from a contact lens that is detected by a pulse oximetry sensor
located thereon/therein. For example, the interface compo-
nent 610 may request and receive calibration information and
detected information indicative of the wearers blood oxygen
level and/or pulse rate (e.g. a signal representative of an
amount and wavelength of light received at the sensor’s
detector over time. According to this embodiment, the reader
600 can comprise an analysis component 620 that can analyze
the received raw data and to determine a blood oxygen level
and/or pulse rate of the wearer of the contact lens from which
the data was transmitted. For example, the analysis compo-
nent 620 can perform the same or similar analysis techniques
as microprocessor 270 using processor 650 and memory 660.
Further, memory 660 can store same or similar information as
memory 260.

[0077] Request component 640 can transmit a request to a
contact lens for datarelating to a blood oxygen level and/or
pulse rate of a wearer of the contact lens. For example, the
request component 640 can request detected raw data and/or
determined blood oxygen levels and/or pulse rates. In an
aspect, the request can prompt the contact lens to perform
specific types of detection and/or analysis. For example, the
request may prompt the contact lens to generate and transmit
data relating to a blood oxygen level and/or a pulse rate of a
wearer of the contact lens, including calibration information.
Such information can include information that is detected
under specifically requested conditions. For example, the
request component 640 can request data detected in response
to opening and closing an eye in which the contact lens in
worn. According to this aspect, the request component can
instruct a wearer of the contact lens when and for how long to
open and close his or her eye (e.g. via presenting a visual or
audible signal to the wearer). As a result the reader device can
control the collection of signals by the contact lens when the
user opens and closes his or her eye.

[0078] For example, the request may include instructions
for the pulse oximeter to undergo calibration. According to
this aspect, the request can also signal the wearer of the
contact lens to open and close his or her eye in accordance
with procedure for generating calibration information. For
instance, the request component 640 may send a calibration
request to the contact lens and at the same time, instruct the
wearer of the contact lens to hold his or her eye closed. In an
aspect, the request component can signal an alarm, such as a
sound or image, to indicate when the wearer of the contact
lens should open and close his or her eye during the calibra-
tion process.

[0079] The reader device 600 can further include a display
component 630 that presents a display or response corre-
sponding to received and/or determined information. For
example, the reader device may present digital display with a
value of an individual’s blood oxygen level and/or pulse rate.
In another aspect, the reader device by employ speech soft-
ware to audibly read out determined information. Reader
device 600 can include any suitable computing device
capable of wirelessly transmitting and receiving information,
displaying information, sounding information, and/or pro-
cessing data detected via a pulse oximeter provided on/or
within a contact lens as described herein. For example, reader
device 600 can include but is not limited to, a cellular phone,
asmart phone, a personal digital assistant, an ipod, a watch, a
wearable device, a tablet PC, a laptop computer, or a desktop
computer.
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[0080] FIGS. 7-8 illustrates methodologies or flow dia-
grams in accordance with certain aspects of this disclosure.
While, for purposes of simplicity of explanation, the meth-
odologies are shown and described as a series of acts, the
disclosed subject matter is not limited by the order of acts, as
some acts may occur in different orders and/or concurrently
with other acts from that shown and described herein. For
example, those skilled in the art will understand and appre-
ciate that a methodology can alternatively be represented as a
series of interrelated states or events, such as in a state dia-
gram. Moreover, not all illustrated acts may be required to
implement a methodology in accordance with the disclosed
subject matter. Additionally, it is to be appreciated that the
methodologies disclosed in this disclosure are capable of
being stored on an article of manufacture to facilitate trans-
porting and transferring such methodologies to computers or
other computing devices.

[0081] Referring now to FIG. 7, presented is a flow diagram
of an example application of systems and apparatuses dis-
closed in this description in accordance with an embodiment.
In an aspect, in exemplary methodology 700, a contact lens
such as those described herein (e.g. 102 and the like) is
employed to detect information pertaining to a blood oxygen
content and/or pulse rate of a wearer of the contact lens. At
710, information associated with at least one of a blood oxy-
gen content or a pulse rate of a wearer of a contact lens is
detected using a pulse oximetry sensor located on or within
the contact lens (e.g., pulse oximetry sensor 220 of contact
lens 102). The pulse oximetry sensor comprises one or more
light emitting diodes and a detector. The detecting includes
illuminating a blood vessel of at least one of a region of an eye
or an eyelid via the one or more light emitting diodes, 720,
receiving light reflected from the blood vessel at the detector,
730, and generating the information based in part on the
reflected light, 740 (e.g. using pulse oximetry sensor 220 of
contact lens 102).

[0082] Turning now to FIG. 8, a method 800 can include
receiving information detected by a contact lens relating to a
blood oxygen content and/or pulse rate of a wearer of the
contact lens (e.g. using reader device 110 or 600). At 810, data
relating to a blood oxygen content and/or pulse rate of a
wearer of the contact lens is received (e.g. using interface
component 610). In an aspect, the data is received in response
to a request for the data sent by a reader device at which the
data is received. The request can initialize detection by the
pulse oximetry sensor of the contact lens from which the data
is generated and received from. At 820, the received data is
analyzed and the blood oxygen content and/or pulse rate of a
wearer of the contact lens determined (e.g. using analysis
component 620). At 830, a display is generated correspond-
ing to the blood oxygen content and/or pulse rate of a wearer
of the contact lens (e.g. using display component 630).

Exemplary Networked and Distributed Environments

[0083] FIG. 9 provides a schematic diagram of an exem-
plary networked or distributed computing environment with
which one or more aspects described in this disclosure can be
associated. The distributed computing environment includes
computing objects 910, 912, etc. and computing objects or
devices 920, 922, 924, 926, 928, etc., which can include
programs, methods, data stores, programmable logic, etc., as
represented by applications 930, 932, 934, 936, 938. [t can be
appreciated that computing objects 910, 912, etc. and com-
puting objects or devices 920, 922, 924, 926, 928, etc. can
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include different devices, such as active contact lenses (and
components thereof), personal digital assistants (PDAs),
audio/video devices, mobile phones, MPEG-1 Audio Layer 3
(MP3) players, personal computers, laptops, tablets, etc.
[0084] Each computing object 910, 912, etc. and comput-
ing objects or devices 920, 922, 924, 926, 928, etc. can com-
municate with one or more other computing objects 910, 912,
etc. and computing objects or devices 920, 922, 924, 926,
928, etc. by way of the communications network 940, either
directly or indirectly. Even though illustrated as a single ele-
ment in FIG. 9, network 940 can include other computing
objects and computing devices that provide services to the
system of FIG. 9, and/or can represent multiple intercon-
nected networks, which are not shown.

[0085] Inanetwork environment in which the communica-
tions network/bus 940 can be the Internet, the computing
objects 910, 912, etc. can be Web servers, file servers, media
servers, etc. with which the client computing objects or
devices 920, 922, 924, 926, 928, etc. communicate via any of
a number of known protocols, such as the hypertext transfer
protocol (HTTP).

Exemplary Computing Device

[0086] As mentioned, advantageously, the techniques
described in this disclosure can be associated with any suit-
able device. It is to be understood, therefore, that handheld,
portable and other computing devices (including active con-
tact lens having circuitry or components that compute and/or
perform various functions). As described, in some aspects,
the device can be the contact lens (or components of the
contact lens) and/or reader described herein. In various
aspects, the data store can include or be included within, any
of the memory described herein, any of the contact lenses
described herein and/or the reader device described herein. In
various aspects, the data store can be any repository for stor-
ing information transmitted to or received from the contact
lens.

[0087] FIG. 10 illustrates an example of a suitable comput-
ing system environment 1000 in which one or aspects of the
aspects described in this disclosure can be implemented.
Components of computer 1010 can include, but are not lim-
ited to, a processing unit 1020, a system memory 1030, and a
system bus 1022 that couples various system components
including the system memory to the processing unit 1020.
[0088] Computer 1010 typically includes a variety of com-
puter readable media and can be any available media that can
be accessed by computer 1010. The system memory 1030 can
include computer storage media in the form of volatile and/or
nonvolatile memory such as read only memory (ROM) and/or
random access memory (RAM). By way of example, and not
limitation, memory 1030 can also include an operating sys-
tem, application programs, other program components, and
program data.

[0089] A usercanenter commands and information into the
computer 1010 through input devices 1040 (e.g., keyboard,
keypad, a pointing device, a mouse, stylus, touchpad, touch
screen, motion detector, camera, microphone or any other
device that allows the user to interact with the computer
1010). A monitor or other type of display device can be also
connected to the system bus 1022 via an interface, such as
output interface 1050. In addition to a monitor, computers can
also include other peripheral output devices such as speakers
and a printer, which can be connected through output inter-
face 1050.
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[0090] The computer 1010 can operate in a networked or
distributed environment using logical connections to one or
more other remote computers, such as remote computer 1060.
The remote computer 1060 can be a personal computer, a
server, arouter, a network PC, a peer device or other common
network node, or any other remote media consumption or
transmission device, and can include any or all of the ele-
ments described above relative to the computer 1010. The
logical connections depicted in FIG. 10 include a network
1070, such local area network (LAN) or a wide area network
(WAN), but can also include other networks/buses e.g., cel-
lular networks.

[0091] Computing devices typically include a variety of
media, which can include computer-readable storage media
and/or communications media, in which these two terms are
used herein differently from one another as follows. Com-
puter-readable storage media can be any available storage
media that can be accessed by the computer, can be typically
of a non-transitory nature, and can include both volatile and
nonvolatile media, removable and non-removable media. By
way of example, and not limitation, computer-readable stor-
age media can be implemented in connection with any
method or technology for storage of information such as
computer-readable instructions, program components, struc-
tured data, or unstructured data. Computer-readable storage
media can include, but are not limited to, RAM, ROM, elec-
trically erasable programmable read only memory (EE-
PROM), flash memory or other memory technology, or other
tangible and/or non-transitory media which can be used to
store desired information. Computer-readable storage media
can be accessed by one or more local or remote computing
devices, e.g., via access requests, queries or other data
retrieval protocols, for a variety of operations with respect to
the information stored by the medium. In various aspects, the
computer-readable storage media can be, or be included
within, the memory, contact lens (or components thereof) or
reader described herein.

[0092] On the other hand, communications media typically
embody computer-readable instructions, data structures, pro-
gram components or other structured or unstructured data in
a data signal such as a modulated data signal, e.g., a carrier
wave or other transport mechanism, and includes any infor-
mation delivery or transport media. The term “modulated data
signal” or signals refers to a signal that has one or more ofits
characteristics set or changed in such a manner as to encode
information in one or more signals.

[0093] It is to be understood that the aspects described in
this disclosure can be implemented in hardware, software,
firmware, middleware, microcode, or any combination
thereof. For a hardware aspect, the processing units can be
implemented within one or more application specific inte-
grated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FP-
GAs), processors, controllers, micro-controllers, micropro-
cessors and/or other electronic units designed to perform the
functions described in this disclosure, or a combination
thereof.

[0094] For a software aspect, the techniques described in
this disclosure can be implemented with components or com-
ponents (e.g., procedures, functions, and so on) that perform
the functions described in this disclosure. The software codes
can be stored in memory units and executed by processors.
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[0095] What has been described above includes examples
of one or more aspects. It is, of course, not possible to describe
every conceivable combination of components or methodolo-
gies for purposes of describing the aforementioned aspects,
but one of ordinary skill in the art can recognize that many
further combinations and permutations of various aspects are
possible. Accordingly, the described aspects are intended to
embrace all such alterations, modifications and variations that
fall within the spirit and scope of the appended claims.
[0096] Moreover, the term “or” is intended to mean an
inclusive “or” rather than an exclusive “or.” That is, unless
specified otherwise, or clear from the context, the phrase “X
employs A or B” is intended to mean any of the natural
inclusive permutations. That is, the phrase “X employs A or
B> is satisfied by any of the following instances: X employs
A; X employs B; or X employs both A and B. In addition, the
articles “a” and “an” as used in this application and the
appended claims should generally be construed to mean “one
or more” unless specified otherwise or clear from the context
to be directed to a singular form.

[0097] The aforementioned systems have been described
with respect to interaction between several components. It
can be appreciated that such systems and components can
include those components or specified sub-components. Sub-
components can also be implemented as components com-
municatively coupled to other components rather than
included within parent components (hierarchical). Addition-
ally, it is to be noted that one or more components can be
combined into a single component providing aggregate func-
tionality. Any components described in this disclosure can
also interact with one or more other components not specifi-
cally described in this disclosure but generally known by
those of skill in the art.

[0098] In view of the exemplary systems described above
methodologies that can be implemented in accordance with
the described subject matter will be better appreciated with
reference to the flowcharts of the various figures. While for
purposes of simplicity of explanation, the methodologies are
shown and described as a series of blocks, it is to be undetr-
stood and appreciated that the claimed subject matter is not
limited by the order of the blocks, as some blocks can occur in
different orders and/or concurrently with other blocks from
what is depicted and described in this disclosure. Where
non-sequential, or branched, flow is illustrated via flowchart,
it can be appreciated that various other branches, flow paths,
and orders of the blocks, can be implemented which achieve
the same or a similar result. Moreover, not all illustrated
blocks may be required to implement the methodologies
described in this disclosure after.

[0099] In addition to the various aspects described in this
disclosure, it is to be understood that other similar aspects can
be used or modifications and additions can be made to the
described aspect(s) for performing the same or equivalent
function of the corresponding aspect(s) without deviating
there from. Still further, multiple processing chips or multiple
devices can share the performance of one or more functions
described in this disclosure, and similarly, storage can be
provided across a plurality of devices. The invention is not to
be limited to any single aspect, but rather can be construed in
breadth, spirit and scope in accordance with the appended
claims.

1. A contact lens, comprising:
a substrate that forms at least part of a body of the contact
lens; and
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a pulse oximetry sensor located on or within the substrate
configured to detect information associated with at least
one of a blood oxygen content or a pulse rate of a wearer
of the contact lens, the pulse oximetry sensor compris-
ing:
one or more light emitting diodes configured to illumi-

nate a blood vessel of at least one of a region of an eye
or an eyelid; and

a detector configured to receive light from the blood
vessel and generate the information;

wherein the one or more light emitting diodes and the
detector are positioned away from a center of the
contact lens;

the contact lens configured to maintain an orientation when
worn on an eye such that the one or more light emitting
diodes and the detector are not covered by an eyelid
when the eye is open.

2. The contact lens of claim 1, wherein the detector is
further configured to receive light reflected from the blood
vessel of the eye, and wherein the information includes a
signal indicating an amount of light reflected from the blood
vessel in response to illumination of the blood vessel by the
one or more light emitting diodes.

3. The contact lens of claim 1, wherein the one or more light
emitting diodes are configured to illuminate the blood vessel
over a period of time as the blood vessel expands and con-
tracts, and wherein the information includes a signal indicat-
ing time variance in an amount of light received from the
blood vessel, in response to illumination of the blood vessel
by the one or more light emitting diodes, between blood
vessel expansion and contraction.

4. The contact lens of claim 1, wherein the detector is
further configured to receive light transmitted through the
blood vessel of the eye, and wherein the information includes
a signal indicating an amount of light transmitted through the
blood vessel in response to illumination of the blood vessel by
the one or more light emitting diodes.

5. The contact lens of claim 1, wherein the information
includes a signal indicating an amount of light reflected from
the blood vessel when the one or more light emitting diodes
do not illuminate the blood vessel and the eye is open, and an
amount of light reflected from the blood vessel when the one
or more light emitting diodes do not illuminate the blood
vessel and the eye is shut.

6. The contact lens of claim 1, wherein at least one of the

one or more light emitting diodes are configured to emit
infrared light.

7. The contact lens of claim 1, wherein the one or more light
emitting diodes include a first diode that is configured to emit
infrared light and a second diode that is configured to emit red
light.

8. The contact lens of claim 1, further comprising:

a circuit disposed on or within the substrate configured to
receive the information associated with the at least one
of the blood oxygen content or the pulse rate; and

a transceiver configured to transmit the information.

9. The contact lens of claim 8, wherein the pulse oximetry
sensor is configured to detect the information in responseto a
request from a device external to the contact lens and wherein
the transceiver is configured to receive the request and trans-
mit the information in response to the request.
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10. The contact lens of claim 8, further comprising a pro-
cessor configured to determine at least one of the blood oxy-
gen content or the pulse rate of the wearer of the contact lens
based on the information.

11. The contact lens of claim 9, wherein the transceiver is
configured to transmit a message indicating at least one of the
blood oxygen content or the pulse rate of the wearer of the
contact lens in response to a determination that the blood
oxygen content or the pulse rate is outside a predetermined
range.

12. A method comprising:

detecting information associated with at least one of a

blood oxygen content or a pulse rate of a wearer of a
contact lens using a pulse oximetry sensor located on or
within the contact lens, the pulse oximetry sensor com-
prising one or more light emitting diodes and a detector,
wherein the one or more light emitting diodes and the
detector are positioned away from the center of the con-
tact lens, the contact lens configured to maintain an
orientation when worn on an eye such that the one or
more light emitting diodes and the detector are not cov-
ered by an eyelid when the contact lens is worn on an eye
and the eye is open.

13. The method of claim 12. wherein the detecting the
information comprises:

illuminating a blood vessel of at least one of a region of an

eye or an eyelid via the one or more light emitting
diodes;

receiving reflected light reflected from the blood vessel at

the detector; and

generating the information based in part on the reflected

light.

14. The method of claim 13, wherein the information
includes a signal indicating an amount of light reflected from
the blood vessel in response to the illuminating.

15. The method of claim 13, wherein the illuminating
further comprises, via the one or more light emitting diodes,
illuminating the blood vessel over a period of time as the
blood vessel expands and contracts, and wherein the infor-
mation includes a includes a signal indicating a time variance
in an amount of light reflected from the blood vessel, in
response to the illuminating, between blood vessel expansion
and contraction.

16. The method of claim 12, wherein the detecting the
information comprises:

illuminating a blood vessel of at least one of a region of an

eye or an eyelid via the one or more light emitting
diodes;

receiving transmitted light transmitted through the blood

vessel at the detector in response to the illuminating; and
generating the information based in part on the transmitted
light.

17. The method of claim 12, wherein the detecting the
information comprises:

receiving open light at the detector when the one or more

emitting diodes are off and the eye is open;

receiving closed light at the detector when the one or more

emitting diodes are off and the eye is shut, wherein the
closed light is transmitted through a blood vessel in the
eyelid; and

generating the information based in part on open light and

the closed light.

18. The method of claim 12, wherein at least one of the one
or more light emitting diodes emit infrared light.
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19. The method of claim 12, wherein the one or more light
emitting diodes include a first diode that emits infrared light
and a second diode that emits red light.

20. The method of claim 12, further comprising transmit-
ting the information to a device external to the contact lens.

21. The method of claim 12, further comprising:

receiving a request for the information from a device exter-

nal to the contact lens, wherein the detecting the infor-
mation comprises detecting the information in response
to the request; and

transmitting the information to the device in response to the

request.

22. A device, comprising:

a memory that stores computer executable components;

and

a processor that executes the following computer execut-

able components stored in the memory:
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an interface component that interfaces with and receives
from a contact lens, data collected from a sensor on the
contact lens relating to at least one of a blood oxygen
content or a pulse rate of a wearer of a contact lens;

a request component that transmits a request to the contact
lens, wherein the request includes instructions for the
sensor to generate calibration information, wherein the
calibration information includes a baseline environmen-
tal light level,

an analysis component that analyzes the received data and
the calibration information and determines at least one
of the blood oxygen content or the pulse rate of a wearer
of a contact lens; and

a display component that generates a display correspond-
ing to the data.

23. The device of claim 22, wherein the request includes a

request for the data.
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