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I. Introduction 

Health monitoring systems based on optical sensors, which measure 

physiological parameters of a user based on how light interacts with the user’s 

tissue and blood, have been ubiquitous for decades.  Once found only in hospitals 

and doctor’s offices, these systems are now mainstream consumer devices.  Over 

time, they evolved to become smaller, digital, wireless, and Internet-connected, an 

evolution driven by several market trends and forces.  One sought to meet the 

needs and convenience of users for such devices to be wearable, unobtrusive and 

mobile.  Another addressed the need to integrate these devices into a digital data 

processing environment based on real-time collection and delivery of user data.  A 

third responded to consumer demand for personal health and fitness monitoring 

devices.     

By 2012, the prior art described numerous wearable optical sensing devices 

with common attributes.  They used LEDs emitting light at multiple wavelengths; 

were small, battery powered and wearable on the wrist or ear; and could wirelessly 

communicate with other devices.  This prior art also described solutions to the 

various challenges of developing such devices, including mitigating noise caused 

by user movement and ambient light, minimizing power consumption, and 

arranging the electronic and optical components within the smallest possible space.   
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Relative to this extensive body of prior art, contested claims 1-3 and 5 of the 

’698 Patent do not recite anything inventive.  Rather, they cobble together well-

known techniques for improving the signal-to-noise ratio of a sensor with routine 

and predictable combinations of known optical components, techniques a well-

known textbook describes as the “basic building blocks” of such optical sensors.  

See Ex.1019 (“BE Handbook”), 765.   

For example, U.S. Patent Publication No. 2012/0197093 (“Valencell-093”), 

describes an optical monitor with an LED-based sensor that measures heart rate 

and various blood constituents.  Valencell-093 describes various signal processing 

techniques to extract accurate physiological information in a noisy environment, 

including modulating the LEDs and using a frequency shifting technique 

commonly known as “lock-in.”  A related application—U.S. Patent Publication 

No. 2010/0217099 (“Valencell-099”)—describes applications of these devices 

including wireless communication of user health data between the sensor and a 

mobile device such as a smart phone, which in turn communicates with a database, 

computer or other remote device.   

Other prior art, such as Carlson (Ex.1009) and Hanna (Ex.1007), describe 

conventional techniques used in the same kind of optical monitors.  For example, 

Carlson uses a lock-in technique that a skilled person would have found obvious to 

use in the analogous Valencell-093 devices.  Similarly, Hanna teaches benefits of 
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modulating the optical beam to include information.1  It describes an optical 

physiological sensor analogous to that in Valencell-093 having multiple emitters, 

each configured to modulate light to include a unique identifying code, which 

makes it easier for the detector to discriminate signals of interest from noise.  

Claims 1-3 would have been obvious to a person skilled in the art based on 

Valencell-093, Carlson and Hanna. 

Dependent claim 5 recites additional but entirely conventional features of a 

smart phone or tablet, each taught by Valencell-099.  A skilled person would have 

been motivated to combine the teachings of the Valencell references as they both 

describe the same Bluetooth headset with an earbud sensor.  Together, Valencel-

093 and -099 (with Carlson and Hanna) would have rendered dependent claim 5 

obvious to a skilled person.      

Petitioner therefore respectfully requests that trial be instituted and claims 1-

3 and 5 be cancelled.     

                                           

1  See, infra, § IV.C (discussing district court’s preliminary construction of 

“modulating.”) 
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II. Certifications; Grounds 

A. Petitioner May Contest the ’698 Patent (§ 42.104(a)) 

Petitioner certifies that the ’698 Patent is available for inter partes review.  

Petitioner also certifies it is not barred or estopped from requesting inter partes 

review of the claims of the ’698 Patent.  Neither Petitioner, nor any party in privity 

with Petitioner, has filed a civil action challenging the validity of any claim of the 

’698 Patent.  The ’698 Patent has not been the subject of a prior inter partes review 

by Petitioner or a privy of Petitioner.   

Petitioner also certifies this petition for inter partes review is timely as it 

was filed within one year from April 10, 2018, the date Petitioner was first served 

with a complaint alleging infringement of the ’698 Patent.  See 35 U.S.C. § 315(b); 

Ex.1004. 

B. Identification of Claims Being Challenged (§ 42.104(b)) 

Claims 1-3 and 5 are unpatentable based on the following grounds.   

(i) Claims 1-3 are rendered obvious under 35 U.S.C. § 103 based on U.S. 

Patent Publication No. 2012/0197093 (“Valencell-093”) (Ex.1005) alone or with 

U.S. Patent Publication No. 2005/0049468 (“Carlson”) (Ex.1009). 

(ii) Claims 1-3 are rendered obvious under § 103 based on Valencell-093, 

alone or with Carlson, and U.S. Patent No. 6,505,133 (“Hanna”) (Ex.1007).   
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(iii) Claim 5 is rendered obvious under § 103 based on Valencell-093, 

alone or with Carlson and Hanna, in combination with U.S. Patent Publication No. 

2010/0217099 (“Valencell-099”) (Ex.1006).  

C. Fee for Inter Partes Review (§ 42.15(a)) 

The Director is authorized to charge the fee specified by 37 C.F.R. 

§ 42.15(a) to Deposit Account No. 50-1597.   

D. Service on Patent Owner (§ 42.105) 

Omni MedSci, Inc. is identified as the patent owner of record in the 

assignment records for the ’698 Patent.  Omni MedSci, Inc. is identified as the 

patent owner of record in the assignment records for the ’698 Patent. The named 

inventor of the ’698 Patent, Dr. Islam, has been a member of the faculty of the 

University of Michigan since 1992.  Ex.1054.  Based on the University of 

Michigan Bylaw 3.10 and Technology Transfer Policy, the University of Michigan 

is the owner of the ’698 Patent.  Ex.1055, Ex.1056 at 21-22.  Dr. Islam has also 

purported to assign the patent to OmniMedSci.  Id.  Petitioner has thus served this 

petition on both the University of Michigan and Omni MedSci.   

III. Relevant Background 

A. Photoplethysmography  

Optical health monitors use a sensing technique called 

photoplethysmography (“PPG”) that has been known and used for decades in 

medical monitoring systems.  Ex.1003, ¶37; Ex.1019, 769-76, 1346-55.  PPG 
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works by shining light through a person’s tissue and measuring the light that is 

either reflected back or transmitted through the tissue.  Ex.1019, 766.  Different 

components of blood and tissue absorb and reflect different wavelengths of light.  

Ex.1003, ¶38.  By measuring how much light is absorbed over time, a device can 

calculate the components of the blood and tissue.  Ex.1003, ¶38.   

For example, hemoglobin (the substance in blood that carries oxygen to 

cells) reflects more red light when it is oxygenated and absorbs more red light 

when it is deoxygenated.  Ex.1019, 769; see Ex.1003, ¶39.  Hemoglobin, however, 

reflects the same amount of infrared (IR) light whether oxygenated or 

deoxygenated.  Ex.1019, 769.  If a device measures the absorbed red and IR light 

multiple times per second, the device can determine: (i) the ratio of oxygenated to 

deoxygenated hemoglobin (oxygen saturation), and (ii) how the volume of blood in 

the tissue changes over time, allowing detection of a person’s pulse.  Ex.1019, 769, 

771; Ex.1003, ¶39.   

PPG is an optical technique that uses conventional optical components.  

Ex.1003, ¶40.  The 1995 BE Handbook explains that the “basic building blocks” of 

optical sensor systems include lenses, mirrors, filters, beam splitters, light sources, 

fiber optics, and detectors (Ex.1019, 765).  As illustrated in the figure below, light 

from the LED is directed through a lens and onto a sample.  Ex.1019, 765.  The 

light reflects back from the sample, is filtered, and sensed by a photodetector.  Id.; 
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Ex.1003, ¶¶41-43.  The photodetector outputs a signal proportionate to the 

measured light intensity, and then analog-to-digital conversion and signal 

processing are performed to extract data.  Ex.1019, 766.  To improve the signal-to-

noise ratio, the light source is typically modulated, and the detector uses 

“synchronized lock-in amplifier detection” to isolate signals that occur at the 

modulation frequency.  Ex.1019, 764, 766.  This allows the detector to reduce the 

noise in the detected signal.  Ex.1003, ¶¶44-45.   

 

Portable devices conventionally use light emitting diodes (LEDs) as the light 

source because LEDs are small and have low power requirements.  Ex.1019, 765; 

Ex.1003, ¶40.   
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B. Prevailing Industry Trends Before 2012   

From 2000 to 2012, several market trends and needs drove the medical 

device industry to develop wearable, mobile sensor devices that could wirelessly 

communicate user data to remote devices.  Ex.1003, ¶48.   

One trend responded to the challenge of providing medical care for patients 

in their homes or in locations where there was not easy access to a physician.  This 

drove development of wireless monitoring technologies that could be worn by the 

patient and used to transmit data to a remote physician or care provider.  Ex.1021, 

2; Ex.1024, 462; Ex.1027, 15-31; see Ex.1003, ¶¶48, 52-53.   

Another trend was to bring heart rate sensing devices based on pulsoximetry 

to the consumer market for personal fitness tracking and other uses.  Ex.1003, 

¶¶49-50.  As a June 2012 review observed: 

A multitude of commercial health devices and sensors, such as 

oximeters and heart rate monitors, formerly reserved for professional 

use, are now available and can be connected to smartphones. GPS 

watches, pedometers and heart rate monitors, allow recording and 

tracking of physical activity. 

Ex.1020, 3. See also, e.g., Ex.1009, [0004] (“Pulsoximetry measuring devices are 

also used in sports for control and survey of athletes.”); Ex.1029, 221 (“Wristband 

sensors are a predecessor to smartwatches and remain a successful product 

category on their own…”); Ex.1005, [0003] (“There is growing market demand for 
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personal health… monitors, for example, for gauging overall health, fitness, 

metabolism, and vital status during exercise, athletic training…”); Ex.1027, 33, 35.   

A third trend sought to take advantage of the miniaturization of electronics 

and communication technology, which led to the development of smaller, wearable 

monitoring systems for mobile health and fitness applications.  Ex.1021, 3; 

Ex.1020, 2; see also Ex.1003, ¶¶51-52.   

A fourth trend in the medical industry was to use apps and smartphones to 

not only deliver care to patients but to give individuals access to health data for 

fitness or health issues.  This drove integration of miniaturized, network-connected 

monitoring devices with smartphones and similar devices.  Ex.1027, 9-10, 40-49; 

Ex.1023, 1-2 (“Doctors and nurses were the early adopters of tablets”); Ex.1021, 4; 

see Ex.1023, 5 (One of “the biggest usage of tablets stems from… [p]atient 

monitoring and data collection…, includ[ing] using the Bluetooth enabled sensor 

devices and Wi-Fi+ Bluetooth enabled interfaces to patient monitoring devices, to 

medical instruments that can transmit information to the tablet when in the 

vicinity.”); Ex.1027, 41; see Ex.1003, ¶¶51-52. It also led to the prevalent use of 

cloud-based data transfer and storage of data.  Ex.1003, ¶52.   

These market trends provided a strong motivation to skilled persons to 

integrate medical optical sensing techniques into miniaturized wearable consumer 

devices that communicate wirelessly with smart devices and remote services.  
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Ex.1003, ¶¶49-50. They also led to a proliferation of products using a distributed 

architecture supporting personal health, sports, and mobile monitoring systems.  

Ex.1003, ¶53.   

One example of this architecture was described in Patel 2012 (Ex. 2021):  

 

Ex.1021, 2.  As this figure illustrates, data from wearable sensors is transmitted to 

a cell phone, which in turn transmits the data, along with GPS information, to 

remote devices used by a clinician or maintained by an emergency responder. The 

data also is shown being transmitted to and stored in the cloud.  Ex.1021, 4.   

A 2010 publication described a similar architecture in which “medical data 

can be sent from a wireless monitor to a cell phone or PC and from there to a 

remote physician.”  Ex.1024, 459.  As depicted, it comprised three network-

interconnected components: (i) the “sensor” device on the person that collected 
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physiological data, (ii) a host device such as a smartphone, tablet, or computer that 

wirelessly captured and transmitted the physiological data, and (iii) a remote web 

service accessible over the Internet.  Ex.1024, 460; Ex.1003, ¶54.  

 

Other articles from around 2012 similarly envisioned use of “cloud” based 

services to support this interconnected scheme.  Ex.1003, ¶55.  A 2012 article 

illustrated a cloud-based architecture implemented as a fitness app as follows:   
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Ex.1020, 7.  In this example, a smartphone records and processes sensor 

data, then sends the data to a cloud server for further processing, and then the cloud 

server returns processed data back to the smartphone for display to the user.  

Ex.1020, 7; Ex.1020, 6, 12.  This same article specifically recognized this type of 

system could be used with heart rate monitors and optical sensors.  Ex.1020, 12 

(“Coupling with devices like heart rate monitors using e.g. ANT+ further would 

increase the sensed database and allow for further, more detailed physical and 

physiological assessments.”).  

IV. The’698 Patent 

A. Illustrative Claim 

Independent claim 1 defines a wearable device comprising a number of well-

known components of optical sensing systems.  Claim 1, the only challenged 

independent claim, is reproduced in the attached claim appendix. 
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B. The ’698 Patent and Its Prosecution 

The ’698 Patent issued from U.S. Application No. 15/212,549, which claims 

benefit or priority to a series of earlier filed applications (shown below): 

 

The ’549 Application, like the ’897 Application and the ’700 PCT, claims the 

benefit of U.S. Provisional Application No. 61/747,472 (the ’472 Provisional).  

Ex.1001, 1:9-23; Ex.1002, 11. 

The ’549 application and its two predecessors also state they are “related to” 

a series of provisional applications, including, inter alia, 61/747,477 (‘477 

Provisional) and 61/747,485 (’485 Provisional).  Ex.1002, 11.  None of those 

provisionals was made the basis of a priority claim under 35 U.S.C. § 119(e). 

C. The ’698 Patent Is Subject to AIA 

Claims 1-3 and 5 of the ’698 Patent are not entitled to priority to the ’472 

Provisional filed on December 31, 2012.  As the ’698 Patent has no other basis for 
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an effective filing date prior to March 16, 2013, it is subject to the first-to-file 

provisions of the AIA.2 

To be entitled to priority to an earlier filed application, the claimed subject 

matter must be supported in the manner required by 35 U.S.C. § 112 by the 

disclosure of the earlier application.  Hologic, Inc. v. Smith & Nephew, Inc., 884 

F.3d 1357, 1361 (Fed. Cir. 2018).  Among other things, the earlier application’s 

disclosure must establish the inventors had possession of the invention as it is later 

claimed—it is not sufficient if the earlier disclosure simply makes the claimed 

invention obvious.  Lockwood v. American Airlines, 107 F.3d 1565, 1572 (1997) 

(“One shows that one is ‘in possession’ of the invention by describing the 

invention, with all its claimed limitations, not that which makes it obvious.”) 

(citation omitted).  

Here, the ’472 Provisional does not demonstrate possession of a wearable 

device defined by claims 1-3 and 5 having a measurement device comprising a 

receiver that: 

the measurement device further comprising a receiver, wherein the 

receiver includes a plurality of spatially separated detectors, the 

detectors configured to: 

                                           

2  Pub. L. 112-29, §3(n); see MPEP 2159.02. 
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capture light while the LEDs are off and convert the captured 

light into a first signal; and 

capture light while at least one of the LEDs is on and convert 

the captured light into a second signal, the captured light 

including at least a portion of the input optical beam 

reflected from the tissue; 

*** 

the measurement device configured to improve a signal-to-noise ratio 

of the input optical beam reflected from the tissue by 

differencing the first data signal and the second data signal to 

generate an output signal representing at least in part a non-

invasive measurement on blood contained within the tissue;  

No passages in the ’472 Provisional provide written description support for 

these “lock-in” or “differencing” elements of claims 1-3 and 5.  Ex.1003, ¶31.  

This can be easily appreciated by observing that passages in the ’698 Patent 

concerning these elements are absent in the ‘472 Provisional.  See, e.g., Ex.1001 at 

14:36-44, 21:51-55 (“lock-in”); 16:43-45 (“differencing” signals); Ex. 1003, ¶31.  

Because the ’472 Provisional does not provide written description support for the 

claims as required by § 112 as of it filing date, claims 1-3 and 5 may not properly 

claim priority to the ‘472 Provisional.   

Importantly, the ’549 application itself did not contain these passages when 

it was filed.  Ex.1002, 56.  Instead, the ’549 specification was amended on May 4, 

2017 to add ¶[0077-1] and later, on June 8, 2017 to add ¶[0103-1].  Both additions 
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added for the first time text to the specification concerning the “lock-in” and 

“differencing” elements of claims 1-3 and 5.  Ex.1002, 528, 545-546.  In each case, 

Patent Owner justified the additions as proper amendments because the added text 

was found in the earlier-filed ’ 477 and ’485 Provisionals that Patent Owner 

contended had been “incorporated by reference.”  

The subject matter added by these amendments, however, is “essential 

material”—it is necessary to provide § 112 written description support for the 

claims.  Pursuant to 37 C.F.R. §1.57(d), such “essential material” may not be 

incorporated by reference from a provisional application.  37 C.F.R. § 1.57(d).  

Rule 57(d) provides that essential material may only be incorporated by reference 

via “a U.S. patent or U.S. patent application publication which ‘does not itself 

incorporate such essential material by reference.’” 37 C.F.R. § 1.57(d), Droplets, 

Inc. v. E*trade Bank, 887 F.3d 1309, 1318 (Fed. Cir. 2018) (claim amendments 

can transform nonessential material into essential material, causing a § 112 

violation).  A provisional application cannot be a “U.S. patent application 
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publication” specified in Rule 57(d) because it is never published. 3   The 

amendments made by Patent Owner during examination, thus, improperly added 

new “essential material” to the disclosure.  

Patent Owner may contend the added material is not “essential material.”  

Plainly it is—it corresponds to specific claim elements, and is the only text in the 

’698 Patent corresponding to these elements.  Regardless, Patent Owner may not 

rely on disclosures in the ’477 or ’485 Provisionals  for any purpose before the 

date on which they were incorporated by reference into the disclosure of an 

application to which the ’698 Patent makes a valid claim of benefit or priority.  

                                           

3  A “patent application publication” is a non-provisional application filed 

under 35 U.S.C. § 111(a) that has been published pursuant to 35 U.S.C. § 122(b). 

A provisional patent application cannot be a patent application publication because 

it is filed under 35 U.S.C. § 111(b) and is expressly excluded from publication 

under § 122(b).  See 35 U.S.C. §§ 122(b)(1), (b)(2)(A)(iii); 37 C.F.R. § 1.215; 

M.P.E.P. § 1121 (defining contents of a “patent application publication”); M.P.E.P. 

§ 903.04.  
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The earliest date when this occurred was December 17, 2013, when applicant filed 

its PCT application.4 

D. Person of Ordinary Skill in the Art 

A person of ordinary skill in the art (“skilled person”) would have a good 

working knowledge of optical sensing techniques and their applications, and 

familiarity with optical system design and signal processing techniques.  That 

knowledge would have been gained via an undergraduate education in engineering 

(electrical, mechanical, biomedical or optical) or a related field of study, along 

with relevant experience in studying or developing physiological monitoring 

devices (e.g., non-invasive optical biosensors) in industry or academia.  Ex.1003, 

¶35.  This description is approximate; varying combinations of education and 

practical experience also would be sufficient.  Id. 

Petitioner’s positions regarding how a skilled person would have understood 

the ’698 Patent claims and the prior art are supported by the testimony of Brian 

Anthony, Ph. D., an expert in optical sensing devices with over 20 years of 

experience.  Ex.1003, ¶¶2-9, 36. 

                                           

4  Petitioner reserves its right to dispute any assertion by Patent Owner that the 

claims are entitled to priority earlier than December 17, 2013.   
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V. Claim Construction  

The parties in related district court litigation agreed that the claim language 

should be given its plain and ordinary meaning, except for three terms.  The parties 

offered alternative constructions for these terms, and the Court provided a 

preliminary construction of each disputed term. See Ex.1043, 5, 8-10 (the parties’ 

claim constructions), Ex.1040, 2-3 (preliminary claim construction).5   

To avoid any dispute linked to claim scope, the grounds in this petition 

demonstrate the claims are unpatentable using the narrowest construction for each 

disputed claim term.6  For “beam,” that is Apple’s proposed construction of 

“photons or light transmitted to a particular location in space.”  For “one or more 

lenses,” the narrowest construction is Apple’s proposed construction of “one or 

more transparent surfaces used to collimate (make parallel) or focus rays of light.”  

For “modulating at least one of the LEDs,” the narrowest construction is the 

                                           

5  The district court has not yet provided a final claim construction order, 

which is expected to issue in the next few months.  Petitioner will file the final 

claim construction as an exhibit when the order issues. 

6  If Patent Owner contends that special constructions should be used that are 

different from those it has advanced in the co-pending litigation, Petitioner may 

request leave to file a reply to such assertions.   
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district court’s preliminary construction of “varying the amplitude, frequency, or 

phase of the light produced by at least one of the LEDs to include information.”  

As explained below, these constructions are faithful to the patentee’s lexicography, 

the specification, and the extrinsic evidence.   

A. “Beam”  

The claim term “beam” is expressly defined in the specification: “As used 

throughout this disclosure, the terms ‘optical light’ and or ‘optical beam’ and or 

‘light beam’ refer to photons or light transmitted to a particular location in space.”  

Ex.1001, 9:29-31.  This definition should be adopted verbatim as the patentee’s 

chosen lexicography.  Sinorgchem Co., Shandong v. Int’l Trade Comm’n, 511 F.3d 

1132, 1136 (Fed. Cir. 2007).  The definition is also consistent with extrinsic 

evidence reflecting that a skilled person would understand a “beam” to mean “a 

collection of nearly parallel rays.”  Ex.1047, 106; see also Ex.1042, 1.  Such a 

collection of nearly parallel rays would necessarily travel to a particular location in 

space, as opposed to scattering in different directions.  See Ex.1001, 10:42-47 

(distinguishing a beam from “stray light from a reflection or scattering”), 24:12-14 

(directing an array of beams), and 6:18-22 (delivering a beam to a sample).   The 

district court’s preliminary construction recognized that a beam does not include 

randomly directed light.  See Ex.1045.  
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Petitioner submits that “beam” should be construed to mean “photons or 

light transmitted to a particular location in space.”  

B. “One or more lenses”  

The only type of lens described by the ’698 Patent is one that will “collimate 

or focus the light.”  Ex.1001, 20:57-58, 21:22-24, 23:40-42.  In addition, the claims 

specify the lenses are “configured to receive and to deliver a portion of the input 

optical beam to tissue.”  To perform these claimed functions, the lens must be 

transparent so that the received light can pass through the lens and travel to the 

tissue.  And, to deliver the received beam the lens must collimate or focus the 

beam, rather than scatter the beam.  These defining characteristics of the claimed 

lens are consistent with the dictionary definition of lens: 

a piece of transparent material (as glass) that has two opposite regular 
surfaces either both curved or one curved and the other plane and that 
is used either singly or combined in an optical instrument for forming 
an image by focusing rays of light. 

Ex.1046, 712; see also Ex.1041, 481 (“[a] piece of glass or other transparent 

material”). 

Petitioner therefore submits that “one or more lenses” should be construed to 

mean “one or more transparent surfaces used to collimate (make parallel) or focus 

rays of light.” 
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C. “Modulating at least one of the LEDs” 

The district court did not adopt either party’s proposed construction for 

“modulating” and instead proposed the following construction: “varying the 

amplitude, frequency, or phase of the light produced by at least one of the LEDs to 

include information.”  This construction adopts definitional language in the ’698 

Patent stating that beams “may be modulated or unmodulated, which also means 

that they may or may not contain information.”  Ex.1001, 9:32-34 (emphasis 

added).  It also is consistent with extrinsic evidence relied on by both parties, 

including a dictionary definition both parties employed: 

To vary the amplitude, frequency, or phase of (carrier wave or a light 
wave) for the transmission of information (as by radio). 

Ex.1046, 798; see also Ex.1039, 14-15 (describing modulation in the context of 

AM and FM radio used to transmit audio information). 

At the Markman hearing, Petitioner urged the court to revise its preliminary 

construction to delete “amplitude” because the specification and claims distinguish 

modulating from varying the amplitude of the signal.  Ex.1044, 21:16-

22:1.  Petitioner observes that whether “amplitude” is included in the construction 

of modulating ultimately has no consequence in this proceeding, as the prior art 

renders the claims unpatentable under either construction.  For simplicity, 

Petitioner proposes that the Board use the district court’s preliminary construction 

Omni MedSci Ex. 2016 
WHOOP, Inc. v. Omni MedSci - IPR2025-01585



Petition in IPR2019-00912  U.S. Patent No. 9,885,698 

 23 

in this proceeding, with the express reservation that Petitioner may argue the 

narrow construction in district court. 

VI. Detailed Explanation Why The Claims Are Unpatentable 

A. Ground 1: Valencell-093 with Carlson Renders Claims 1-3 
Obvious 

1. Valencell-093 

Valencell-093 was filed on January 25, 2012, and published on August 2, 

2012.  It is prior art under 35 U.S.C. § 102(a). 

Valencell-093 describes a Bluetooth headset with a sensor that can measure 

heart rate and blood constituents of the user such as blood oxygen level, 

cholesterol, and many others.  Ex.1005, [0006], [0050], [0090], [0109].  Its 

objective is “to make a wearable monitor, such as an earbud monitor, that may 

provide accurate information on physiological conditions in the midst of 

environmental noise, such as noise from ambient light and/or sunlight.”  Ex.1005, 

[0112].  Annotated Figure 1 shows components of the wearable monitor: 
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As shown, at least one emitter 102 emits modulated optical energy 110 at a 

target region 120 of a medium 130.  Ex.1005, [0107], [0108].  The target region 

can be a user’s ear, wherein the medium “comprises blood vessels and/or blood 

flow within the ear region.”  Ex.1005, [0108].  The energy 110 interacts with the 

medium to generate a scattered light response 111, which is detected by at least 

one detector 103.  Ex.1005, [0107].  “The outputs of the detector 103 may be sent 

to at least one analog-to-digital converter (ADC) 105 and the digitized output may 

be sent to at least one interference filter 106, which is configured to remove the 

effects of time-varying environmental interference 140 from the signal output of 

the detector 103.”  Ex.1005, [0107].  The output of the interference filter may be 

further processed by a signal extraction filter 107 “to extract accurate information 

from the medium” and produce an “extracted energy response signal” 109.  

Ex.1005, [0107].  “At least one signal processor (not shown) may be used to 

control the operations of the energy emitter 102, detector 103, filter 106 and/or 

other components of the interference filtering method 100.”  Ex.1005, [0107].  The 

processor processes the detected energy response signal to produce an output 

signal.  Ex.1005, [0007].  This processed output signal can be wirelessly 

transmitted to a remote device such as a cellphone.  Ex.1005, [0035], [0104].   

Valencell-093 further describes that the physiological sensor can be 

incorporated into an earbud.  Ex.1005, Figs. 4-5, 9-17.  The earbud sensor shown 
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in Figure 14, for example, has one or more optical emitters 102 and two optical 

detectors each covered by a lens 715.  Ex.1005, Fig. 14 (annotated), [0130]. 

 

Valencell-093 also teaches that the physiological sensor can be incorporated 

into a wristband or configured for application to other parts of a user.  Ex.1005, 

Figs. 23-29, [0043], [0050]. 

2. Overview of Carlson 

Carlson was published on March 3, 2005, and is prior art under 35 U.S.C. § 

102(a) (AIA).   

Carlson describes a wearable pulse oximeter that can be worn on the ear, 

finger, toe or “other parts of the human body.”  Ex.1009, [0052], [0078].  The 

device uses a conventional sensor known in “the state of the art” that emits optical 

wavelengths in the red (e.g., 660 nm) and infrared (e.g., 800 to 1000 nm) ranges, 

and detects light that has been transmitted or reflected.  Ex.1009, [0003], [0050], 
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[0052].  The device uses beam shaping elements such as a lens to direct light from 

one or more LED light sources to tissue.  Ex.1009, [0012]-[0014] [0054].  The 

light source is modulated, and lock-in detection is used to improve a signal-to-

noise ratio.  Ex.1009, [0020], [0027], [0064]-[0065], [0070]. The device is mobile 

and can wirelessly transmit data to a doctor or hospital.  Ex.1009, [0072], [0077]-

[0078]; Ex.1003, ¶78.   

Carlson describes techniques for “increasing the technical performance of 

pulsoximetry in terms of quality and robustness of the measurement signal versus 

environmental disturbances and energy consumption.”  Ex.1009, [0002]; see also 

Ex.1003, ¶79.  Carlson notes that while known sensors can be used in 

telemedicine, athletics, and other mobile applications, these standard sensors 

“suffer from signal instability and insufficient robustness versus environmental 

disturbances.”  Ex.1009, [0004].  Carlson’s objective thus was “to define optical 

and/or electronic means for increasing the Signal-to-Noise ratio (S/N)…of a 

pulsoximeter sensor for robust application of pulsoximetry in telemedicine and 

near patient testing applications in rough (optical) environmental conditions, e.g. at 

changing light influences, such as sunlight, shadow, artificial light, etc.”  Ex.1009, 

[0010].  These observations in Carlson provide a direct motivation to a skilled 

person to incorporate its techniques, features and other improvements—including 
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its “lock-in” technique—into other pulsoximetry devices, such as those in 

Valencell-093.  Ex. 1003, ¶¶80-81. 

3. A Skilled Person Would Have Modified Valencell-093 
to Incorporate Elements Shown in Carlson  

A skilled person would have considered Valencell-093 with prior art that 

describes analogous pulsoximetry devices having the same applications (e.g., 

mobile monitoring of pulse and other physiological characteristics of a person).  

Ex.1003, ¶80.  That person following ordinary design processes would identify and 

evaluate known techniques and structures used in analogous systems that could 

improve performance, particularly in the presence of noise.  Id.  The latter is a 

specific objective of Valencell-093—“to make a wearable monitor…that may 

provide accurate information … in the midst of environmental noise.”  Ex.1005, 

[0112], [0005].    

That would have led the skilled person to Carlson, which describes 

complementary techniques for improving signal measurement in an optical sensor.  

Ex.1006, [0002]; Ex.1003, ¶81.  The skilled person would have considered Carlson 

when implementing a system based on the teachings of Valencell-093.  Ex.1003, 

¶81.  Moreover, as explained in §III.B, by 2012, there were trends in the industry 

to create wearable devices for mobile monitoring situations or for sports and 

personal fitness applications.  Ex.1003, ¶¶48-56.  These trends would have 

provided additional reasons for a skilled person to consider references like Carlson, 
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which describes desirable features for improving performance of wearable devices.  

Ex.1003, ¶82.   

For example, Carlson teaches processes and structures for increasing the 

signal-to-noise ratio of the detected signal, even when optical conditions of the 

environment are changing.  Ex.1009, [0010].  Like Valencell-093 (Ex.1005, 

[0003]), Carlson describes using its techniques in devices used in hospitals, mobile 

monitoring and telemedicine, and sports applications to monitor athletes.  Ex.1009, 

[0004].  It also describes devices that can be worn, for example, on an earlobe or 

finger.  Ex.1009, [0048], [0052].  Valencell-093 and Carlson thus describe 

analogous systems with common applications and utility, and both describe 

techniques for improving the performance of wearable optical sensors by removing 

noise.  Ex.1003, ¶81.   

4. Claim 1  

a)  “A wearable device” 

The preamble is non-limiting.  The elements in the body of claim 1 define a 

structurally complete device, and none of those terms finds antecedent basis in the 

preamble.  Rowe v. Dror, 112 F.3d 473, 478 (Fed. Cir. 1997).  Nor is the preamble 

necessary to breathe life, meaning, and vitality into the claim.  See Pitney Bowes, 

Inc. v. Hewlett-Packard Co., 182 F.3d 1298, 1305 (Fed. Cir. 1999).  In addition, 

the patentee did not rely on the preamble to distinguish art during prosecution, and 
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in the concurrent litigation, Omni agreed that the preamble is not limiting.  

Ex.1043, 2; see Ex.1002.   

Even if the preamble is limiting, Valencell-093 teaches it by describing a 

wearable Bluetooth headset that incorporates a physiological sensor into an earbud.   

Ex.1005, Figs. 4-5, 9-17 [0006], [0104], [0112].  Valencell-093 also describes 

incorporating the sensor into a wearable wristband.  Ex.1005, Figs. 23-29, [0151]-

[0154].   

b) “a measurement device including a light source 
comprising a plurality of light emitting diodes 
(LEDs) for measuring one or more 
physiological parameters” 

The Valencell-093 headset includes an earbud sensor that measures 

physiological parameters of the user’s blood.  Ex.1005, Figs. 1, 2, 4A, 4B, 5, 7-17, 

[0006] (“the detector detects an energy response signal… [that] is associated with a 

physiological condition of the subject (e.g., heart rate, pulse pressure…, blood 

metabolite level, blood oxygen level”)), [0050], [0108]-[0109].  
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The sensor shown in Figure 1 (annotated) above includes a light source comprised 

of one or more emitters 102, which can be LEDs.  Ex.1005, [0038] (“multiple 

emitters… may be employed”), [0108] (“Examples of optical emitters include 

light-emitting diodes (LEDs)”), [0130].  A processor controls operation of the 

sensor, Ex.1005, [0007], [0107], such that the earbud sensor operates as “a 

measurement device…for measuring one or more physiological parameters.”  

Ex.1003, 86.  

c) “the measurement device configured to 
generate, by modulating at least one of the 
LEDs having an initial light intensity, an input 
optical beam”  

Valencell-093 teaches that the LEDs emit “pulsed or modulated energy,” 

wherein modulated energy is defined as energy “that is emitted in pulses and/or 

that is emitted such that the amplitude, frequency, phase, or intensity is varied.”  
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Ex.1005, [0008], [0097], [0107], [0108], [0143] (emphasis added).  Valencell-093 

describes the same way of modulating light as the ’698 Patent.  Ex.1003, ¶90.  

Valencell-093 also discloses that the LED emits a “beam of light” and 

“directs energy (e.g., optical energy… etc.) at a target region of the subject.”7  

Ex.1005, [0006], [0009], [0012], [0019], [0033], [0044], [0047], [0109], [0137].  

As “beam” is being used in Valencell-093, it is referring to light that is directed to 

a particular location in space (the target region of the subject) and is therefore the 

same type of “beam” described in the ’698 Patent.  Ex.1003, ¶88.   Valencell-093 

thus teaches an LED that emits a beam comprised of photons or light transmitted to 

a particular location in space.  Id. 

Valencell-093 also teaches that the LEDs are modulated, as defined by the 

district court by varying amplitude, phase, or frequency, Ex.1005, [0097], except 

that it does not expressly indicate that it is modulating light to include information.  

But a skilled person would have read Valencell-093 as describing modulating a 

beam to include information, and would also have considered doing so to have 

been obvious. Ex.1003, ¶¶91-98.   

                                           

7   This disclosure also meets the definition of “beam” proposed by Omni in the 

related district court litigation.  Ex.1003, ¶88. 
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As the ’698 Patent explains, a beam may be modulated (which contains 

information) or unmodulated (which does not). 8  Ex.1001, 9:32-33.  This was a 

well-understood technical fact. Ex.1003, ¶91; Ex.1046, 798. The use of the term 

“beam” without further discussion in Valencell-093 would have been read by a 

skilled person as describing either known type of beams of light – those that are 

modulated to include information and those that are not.  Ex.1003, ¶91; see In re 

Petering, 301 F.2d 676, 681 (C.C.P.A. 1962) (disclosure of a limited class allows 

“one skilled in the art [to] at once envisage each member of this limited class….”).   

A skilled person also would have found it obvious to select one of these 

known options for a beam, and doing so would have yielded predictable results 

when implemented in the Valencell-093 device.  KSR Int’l Co. v. Teleflex Inc., 550 

U.S. 398, 421 (2007) (“When there is a design need or market pressure to solve a 

problem and there are a finite number of identified, predictable solutions, a skilled 

person has good reason to pursue the known options within his or her technical 

grasp.”); Perfect Web Tech., Inc. v. InfoUSA, Inc., 587 F.3d 1324, 1328-29, (Fed. 

Cir. 2009) (claimed invention obvious to try based on only three possibilities).   

                                           

8  Omni conceded in its proposed district court claim construction that a beam 

“may be modulated or unmodulated, and which may or may not contain 

information.”  See Ex. 1039, 14. 
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As Dr. Anthony explains, a skilled person would have had obvious reasons 

to use a beam in the Valencell device that was modulated to include information 

because of the benefits obtained by doing so. Ex.1003, ¶¶ 92-96. For example, the 

beam of light could be modulated to embed an identification code that would 

enable a detector to identify the source of received light.  Ex.1003, ¶93.  This 

technique would be particularly useful when used in a device with multiple 

emitters located at different distances from the detector, such as the devices 

described in Figure 9A of Valencell ’093. Ex.1005, [0122], [0130]; Ex.1003, ¶93.   

Hanna (Ex.1007) describes such a technique.  As Hanna teaches and was known in 

the prior art, a beam of light can be modulated to embed an identification code that 

would enable a detector to identify the source of received light.  Ex.1007, 2:26-29 

Ex.1003, ¶93.   

Similarly, the signal could be modulated to encode a unique identifier in the 

modulated light keyed to the user or to the serial number of the device, to enable 

unique identification by the receiver in order to reduce the risks for device 

tampering.  Ex.1003, ¶94.  The signal also could be modulated to be encrypted for 

security purpose.  Id.  The signal also could be modulated to contain information 

about the operational characteristics of the LED, such as a number representing an 

expected intensity value, which would allow the detector to determine if the LED 

is operating properly.  Ex.1003, ¶95. 
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A skilled person could have readily altered the Valencell-093 device to 

modulate a beam to create a signal that includes any of these types of 

informationEx.1003, ¶97.  That person, knowing that “market demand for personal 

health and environmental monitors” required sensors that would produce “accurate 

health, fitness, and vital status monitoring,”  Ex.1005, [0003], would have been 

motivated to make one or more of such alterations to include information as one 

way to improve and enhance the performance of the sensor, or to ensure the sensor 

was operating properly, as one way to produce more accurate data.   Ex.1003, 

¶¶96-97.  

Moreover, Patent Owner did not contend that the nature of the beam was 

relevant to patentability and the examiner did not rely on that aspect of the signal 

in allowing the claims.  The ’698 Patent does not identify any benefit of using 

modulated light, nor does it describe the nature of information to be conveyed or a 

reason for encoding a signal to contain it.  Ex.1003, ¶98.  The ’698 Patent thus 

reflects the conventional nature of modulating a beam to contain information if 

desired.   Indeed, modulating energy to include information is a technique that has 

been used for decades in any number of contexts, and it would have been obvious 

to do so in the context of the Valencell device as one way to achieve the 

performance benefits identified above.  Ex.1003, ¶97. 
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Finally, Valencell-093 explains that “the intensity of the optical emitter 102 

may be increased to increase the ratio of physiological optical scatter 111 from 

blood vessels with respect to unwanted sunlight.”  Ex.1005, [0123] (emphasis 

added).  Valencell-093 therefore teaches that the LED emitter has the claimed 

“initial light intensity” (which then can be increased).  A processor controls 

operation of these emitters, such that the “measurement device is configured” as 

claimed.  Ex.1005, [0007], [0107]; Ex.1003, ¶89. 

d) “[the input optical beam] having one or more 
optical wavelengths, wherein at least a portion 
of the one or more optical wavelengths is a 
near-infrared wavelength between 700 
nanometers and 2500 nanometers” 

Valencell-093 teaches that the LEDs generate light beams having one or 

more optical wavelengths.  Ex.1005, Fig. 2 (110), [0109] (“one or more optical 

sources emitting one or more optical wavelengths”), [0137].  In one embodiment, 

“the optical emitter 102 is configured to emit wavelengths centered around 930 

nm.”  Ex.1005, [0117].  An LED with a wavelength centered around 930 

nanometers emits a near-infrared wavelength of light as described by this 

limitation of the claim.  Ex.1003, ¶100. 

e) “the measurement device comprising one or 
more lenses configured to receive and to deliver 
a portion of the input optical beam to tissue, 
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wherein the tissue reflects at least a portion of 
the input optical beam delivered to the tissue” 

As shown in Figure 7 (annotated), Valencell-093 discloses one or more 

lenses for focusing light onto the user’s tissue:   

 

Ex.1005, Figs. 7 (715), [0016], [0135].  The disclosed lenses are transparent and 

can focus or collimate light.  Ex.1005, [0118], [0119], [0125], [0128].9  Valencell-

093 therefore teaches one or more transparent surfaces used to collimate (make 

parallel) or focus rays of light. Ex.1003, ¶102. 

                                           

9  This disclosure also meets the definitions of lens proposed by Omni 

and by the court in the related district court litigation.  Ex.1003, ¶¶102-103. 
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Valencell-093 also teaches that the lens is “is in optical communication with 

the optical emitter” (“receive[s]… a portion of the input optical beam”) and 

“focuses light emitted by the optical emitter” onto a target region of the user’s ear 

(“deliver[s] a portion of the input optical beam to tissue”).  Ex.1005, [0017], 

[0117], Fig. 7 (showing lens in contact with emitter).   

As shown in Figure 2 (annotated), the tissue of the target region scatters and 

reflects the light delivered by the lens-covered emitter(s) 102:   

 

Ex.1005, Fig. 2 (111), [0107], [0109], [0118].    
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f)  “the measurement device further comprising a 
receiver, wherein the receiver includes a 
plurality of spatially separated detectors”  

The Valencell-093 sensor includes a “receiver” comprising multiple optical 

detectors, which are controlled by a processor.  Ex.1005, Figs. 2 (103), 9-11, 14, 

15; [0007], [0107], [0038]; Ex.1003, ¶¶105-106.   

 

Valencell-093 discloses that “multiple emitters, detectors…may be 

employed within a sensor module.”  Ex.1005, [038], Figs. 2 (103), 9-11, 14, 15.  

Figure 14 provides an example, showing two spatially separated detectors 715:        
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Ex.1005, [0130] (“a multi-detector earbud 1400”).  Similarly, Figure 9A shows an 

earbud having two spatially separated detectors. 

 

Ex.1005, Fig. 9A, [0122]. 
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g) “the detectors configured to capture light while 
the LEDs are off and convert the captured light 
into a first signal and capture light while at 
least one of the LEDs is on and convert the 
captured light into a second signal, the captured 
light including at least a portion of the input 
optical beam reflected from the tissue;” 

As described in limitation (f), Valencell-093 describes an earbud sensor 

having a “receiver” comprising a plurality of spatially separated detectors, 

controlled by a processor such that they are configured to operate as claimed.  

Ex.1005, Figs. 1, 2, 7-17, [0007], [0107], Ex.1003, ¶¶107-109.   Each detector is 

configured to “capture light” when the near-infrared LED emitters are on and off 

as follows.  Ex.1003, ¶108.  Valencell-093 states that a “first optical interaction 

response is obtained by at least one detector” when the emitter is on and a “second 

optical interaction response, is obtained by the optical detector” when the emitter is 

off.  Ex.1005, [0108], [0117].  Each optical interaction response represents “optical 

absorption, modulation, scatter, transmission, luminescence, or the like, from the 

physiological region 130” targeted by the LED emitters. Ex.1005, [0108]-[0109], 

[0117]. Thus, when an emitter is on and directing light to the user’s tissue, the 

tissue reflects at least some of the light, which is then captured by the detectors.  

Ex.1005, Fig. 2, [0108], [0109], [0137], [0117]; Ex.1003, ¶108. 

Each detector “convert[s] the captured light” into first and second energy 

response signals.  Ex.1003, ¶109; Ex.1005, [0033] (detector “obtain[s] a first 
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energy response signal from the subject when the emitter is on” and “obtain[s] a 

second energy response signal from the subject when the emitter is off”), [0108] 

(detector produces “first and second energy response signals”).   

h) “wherein at least one analog to digital converter 
is coupled to the spatially separated detectors 
and is configured to generate at least a first 
data signal from the first signal and at least a 
second data signal from the second signal” 

Figure 1 (annotated) of Valencell-093 shows analog-to-digital converter 105 

coupled to detector(s) 103, which can be spatially separated.  Ex.1005, Figs. 1, 9A, 

14, [0107] (“The outputs of the detector 103 may be sent to at least one analog-to-

digital convertor (ADC) 105”); Ex.1003, ¶¶ 11-112.  

 

Valencell-093 explains that “[t]he first and second energy response signals are 

digitized by at least one ADC 105 and the digitized signals (“at least a first data 

signal from the first signal and at least a second data signal from the second 

signal”) are processed via an interference filter 106 to produce a processed energy 

response signal.”  Ex.1005, [0108], Fig. 18, [0138]; Ex.1003, ¶¶111-112.   
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i) “the measurement device configured to improve 
a signal-to-noise ratio of the input optical beam 
reflected from the tissue by differencing the 
first data signal and the second data signal to 
generate an output signal representing at least 
in part a non-invasive measurement on blood 
contained within the tissue” 

Valencell-093 explains that the “digitized signals” from the ADC (“the first 

data signal and the second data signal”) “are processed via an interference filter 

106.”  Ex.1005, [0108].   

 

Ex.1005, Fig. 1.  The interference filter “subtract[s] temporally neighboring 

emitter-off samples (“first data signal”) … from temporally neighboring emitter-

on samples (“second data signal”)… and output[s] a ‘subtraction’ signal 

(“differencing the first data signal and the second data signal”) for further 

processing.”  Ex.1005, [0139], Figs. 19A, 19B; Ex.1003, ¶114.  The interference 

filter thus “produces a processed energy response signal that is associated with a 

physiological condition of the subject” (“generate[s] an output signal representing 
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at least in part a non-invasive measurement”).  Ex.1005, [0108]; Ex.1003, ¶¶114-

116.  These physiological conditions can include “measurements on blood” such as 

blood oxygen level and cholesterol, among many others.  Ex.1005, [0006], [0050], 

[0090], [0109]; Ex.1003, ¶116.  These properties are non-invasively measured 

from light interaction with “blood vessels and/or blood flow within the ear region” 

(“non-invasive measurement on blood contained within the tissue”).  Ex.1005, 

[0006], [0108], [109]; Ex.1003, ¶116.   

Valencell-093 teaches that the purpose of this operation is to remove noise 

from a detected signal.   Ex.1005, [0108] (“the filter removes time-varying 

environmental interference caused by an interferant, such as sunlight, ambient 

light, airflow, temperature, etc.”), [0138], [0145]; Ex.1003, ¶117.  A skilled person 

would have understood that removing noise from a detected signal increases a 

signal-to-noise ratio.  Ex.1003, ¶117.  The signal-to-noise ratio is calculated by 

dividing the signal power by the noise power:  
𝑆𝑆
𝑁𝑁

.  Id.  Reducing or removing the 

noise power from this equation necessarily increases the signal-to-noise ratio.  Id. 

j) “wherein the modulating at least one of the 
LEDs has a modulation frequency, and wherein 
the receiver is configured to use a lock-in 
technique that detects the modulation 
frequency.” 

As explained for limitation (c), Valencell-093 teaches that the emitters are 

configured to emit “pulsed or modulated energy,” that is “emitted in pulses and/or 
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that is emitted such that the amplitude, frequency, phase, or intensity is varied.”  

Ex.1005, [0008], [0097], [0107] [0108] [0143].  As described by Valencell ’093, 

these emitters have a “modulation frequency.”   Ex.1005, [0107] (“pulsed driving 

circuit 101 is used to drive at least one energy emitter 102 at one or more pulsed 

frequencies”), [0097] (“‘modulated energy’…is emitted such that …frequency… 

is varied”), [0108] (“time varying energy”).  A skilled person would also 

understand that frequency modulated energy, as described by Valencell-093, would 

necessarily and inherently have a modulation frequency.  Ex.1003, ¶119. 

Valencell-093 further explains that this modulated “time-varying energy 

generates a time-varying energy response, typically an optical interaction response, 

such as optical absorption, modulation, scatter, transmission, luminescence, or the 

like, from the physiological region 130.” Ex.1005, [0108].  Valencell-093 teaches 

that the detection of this time varying response is synchronized to the modulation 

frequency of the emitters as they turn on and off.  Ex.1005, [0108] (“A first optical 

interaction response is obtained by at least one detector 103, typically an optical 

detector, when the pulsed optical energy 110 is in the on state. A second energy 

response, in this case a second optical interaction response, is obtained by the 

optical detector 103 when the pulsed optical energy 110 is in the off state.”); 

Ex.1003, ¶120.   
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Valencell-093 explains that this technique “may modulate the physiological 

signal to a higher frequency.”  Ex.1005, [0144].  This is shown in Figure 21, 

annotated below, where “the modulated heart rate signal 2160 modulated by the 

emitter on/off sample rate” is shifted to the high end of a normalized frequency 

spectrum.  Ex.1005, [0145]; Ex.1003, ¶120.   

 

A noise signal from sunlight 2150 is shown at the low end of the spectrum, 

away from the modulated heart rate signal. Three different exemplary filters 2110, 

2120, and 2130, can be used to filter out this noise.  Ex.1005, [0146] (“Because the 

dominant sunlight noise frequencies 2150 may be located at lower frequencies, and 

because the modulated heart rate signal frequency 2160 may be located at a much 
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higher frequency, most or all of the sunlight noise 2150 may be rejected by the 

interference filter 2130.”).  Once the noise is removed, “the heart rate signal can be 

returned to the baseband [shown as signal 2140] so that real-time heart rate may be 

extracted.”  Ex.1005, [0146]. 

Valencell-093 does not specifically call this frequency-shifting and filtering 

process a “lock-in technique that detects a modulation frequency.”10  But a skilled 

person would have understood that the detection of the time varying response 

synchronized to the modulation frequency as described by Valencell-093 is one 

example of a lock-in technique.  Ex.1003 ¶121.  This conclusion is supported by 

Carlson, which describes the same kind of processing steps as part of what it calls 

                                           

10  While the parties originally proposed different constructions for “lock-in,” 

they agreed before the Markman hearing to the district court’s preliminary 

construction:  “plain and ordinary meaning.  The ‘lock-in technique’ is not any 

technique that ‘lessens noise outside the modulation frequency.’”  Ex.1043, 6.  The 

district court’s negative qualification was a rejection of Omni’s proposal that “the 

receiver is configured to detect the modulation frequency of the optical beam and 

lessens noise outside the modulation frequency.”  Ex.1045.  This petition uses the 

plain and ordinary meaning, as agreed to by the parties. 
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“Lock-in Amplification (synchronous detection).”  Ex.1009, [0020]; Ex. 1003, 

¶¶122-123.  Carlson explains: 

at least one light source frequency modulating means to frequency 

modulate the optical radiation of the light source at a carrier frequency 

to shift the power spectrum of the pulsoximeter signals. The basic 

idea of using AC-Coupling or Lock-In Amplification (synchronous 

detection), is to temporarily modulate the amplitude of the optical 

radiation of, e.g., the LED at a carrier frequency fc to shift the power 

spectrum of the pulsoximeter signals into a higher frequency range 

where environmental optical radiation is unlikely and electronic 

band pass filtering is technologically less stringent. Thus, the 

pulsoximeter signals are readily discriminated from electronic and 

parasitic contributions of environmental optical radiation outside the 

frequency range of, e.g. fc +/-5 Hz, increasing significantly the S/N 

(Signal/Noise)- and S/B ratio. 

Ex.1009, [0020], [0065].  Carlson explains that “Lock-in Amplification is well 

known out of the state of the art.”  Ex.1009, [0065].   

A skilled person reading Valencell-093, which describes the same frequency 

shifting and filtering technique described by Carlson, would have recognized that 

the Valencell-093 technique is the well-known lock-in technique, even though it is 

not specifically labeled as such.  Ex.1003, ¶123.   This is also consistent with how 

the ’698 patent describes lock-in, as “detecting at the same frequency as the pulsed 

light source and also possibly phase locked to the same signal” in order to “reject 
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background or spurious signals and increase the signal-to-noise ratio of the 

measurement.”  Ex.1001, 21:51-55.   Valencell-093 therefore both discloses and 

renders obvious this claim limitation. Ex.1003, ¶¶113-123. 

Should Patent Owner argues that Valencell-093 does not disclose the 

claimed lock-in technique, a skilled person would have found it obvious to include 

the lock-in technique of Carlson in the Valencell-093 device for the reason Carlson 

identifies: to increase signal-to-noise ratio.  Ex.1009, [0020], [0069]; Ex.1003, 

¶124.  Carlson teaches that lock-in allows “pulsoximeter signals [to be] readily 

discriminated from electronic and parasitic contributions of environmental optical 

radiation…increasing significantly the Signal-to Noise and Signal-to-Background 

ratio.” Ex.1006, [0069].  Like Carlson, Valencell-093 recognizes the desirability of 

removing noise from a signal, and a skilled person would have turned to the lock-

in detection described by Carlson as a known way of doing so.  Ex.1003, ¶124; 

Ex.1019, 766 (lock-in detection allows “improved selectivity and enhanced signal-

to-noise ratio”).   

The skilled person also would have recognized that incorporating the lock-in 

technique described by Carlson into the Valencell-093 sensor would involve 

combining familiar elements according to known methods, yielding predictable 

results.  Ex.1003, ¶125.  Lock-in is a known technique commonly used with optical 

sensors.  Ex.1009, [0065]; Ex.1003, ¶125.  Indeed, the ’698 specification provides 
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little explanation of this technique, reflecting its conventional nature.  See Ex.1001, 

13:36-44, 21:51-55.  A skilled person would have been able to reasonably predict 

that the effect of incorporating this known technique into the Valencell-093 device 

would be to filter out noise and improve a signal-to-noise ratio.  Ex.1003, ¶125.   

Thus, Valencell-093, either alone or in view of Carlson, teaches this element 

of claim 1.   

5. Claim 2 

Claim 2 depends from claim 1 and specifies “wherein the plurality of LEDs 

and the plurality of spatially separated detectors are mounted on a common 

structure, and wherein the plurality of LEDs are coupled electrically to a power 

supply.”   

The Valencell-093 sensor includes a plurality of LEDs and a plurality of 

spatially separated detectors.  Ex.1005, [038]; Figs. 2 (103), 9-11, 14, 15.  These 

components may be integrated within a printed circuit board (“PCB”) assembly 

such that they are “mounted on a common structure” as claimed.   
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Ex.1005, Fig. 7 (annotated), [0120].  Figure 9A (annotated) shows these 

components mounted on an earbud housing, another example of a “common 

structure.”  Ex.1005, Fig. 9A (700, 901), [0122].  Figure 14 (annotated) likewise 

shows the LED emitters and detectors mounted on a common structure, 

highlighted in yellow: 
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Valencell-093 teaches that these components are part of a Bluetooth headset, 

which a skilled person would have understood to include an internal power supply, 

such as a battery, electronically coupled to components of the headset, including 

the LEDs.  Ex.1003, ¶130.  Such an internal power supply is necessary for the 

headset to operate wirelessly according to its intended purpose, unconnected by a 

wire or cable to an external power source.  Id.  A skilled person would have been 

motivated to put a battery in an electronic device to make it portable thereby 

granting the user more freedom to move around while using the device.  Id. 

Should Patent Owner argue that the earbud embodiment of Valencell-093 

does not include a power supply, the wristband embodiment of Valencell-093 

includes this aspect of claim 2.  Ex.1003, Fig. 23-29.  Valencell-093 teaches that 

“[t]he wristband 2300 houses a power source….”  Ex.1005, [0151] (emphasis 

added).  A skilled person would have understood that the terms “power source” 

and “power supply” in the context of these devices would be used interchangeably, 

and that the described power source is a power supply as that term is used in claim 

2.   Ex.1003, ¶131.  A skilled person would have further understood that the LEDs 

are electrically coupled to this power supply so that the LEDs can be powered on.  

Id.  While this coupling is not explicitly identified in Valencell-093, a skilled 

person would have understood that it is necessarily present in order for the LEDs 

to function.  Id. 
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A skilled person also would have understood that a power supply as 

described in the wristband embodiment would be included in the earbud 

embodiment.  Ex.1003, ¶132.  As explained by Valencell-093, “aspects of the 

invention described with respect to one embodiment may be incorporated in a 

different embodiment although not specifically described relative thereto. That is, 

all embodiments and/or features of any embodiment can be combined in any way 

and/or combination.”  Ex.1005, [0051], [0151] (“[t]he wristband 2300 includes a 

power source…as described above with respect to the various earbud 

embodiments”).   

Should Patent Owner contend that Valencell-093 does not teach that the 

described headset has a power supply, it would have been obvious to include the 

power supply identified in the wristband embodiment in the headset.  Ex.1003, 

¶133. This simple arrangement of known elements (a power supply and optical 

sensor), with each performing the same function it had been known to perform (the 

battery supplying power; the optical sensor emitting, detecting, and processing 

light), would have yielded precisely the expected result of this arrangement: the 

optical device operates using power from the power supply.   Ex.1003, ¶133.  

6. Claim 3 

Claim 3 depends from claim 1 and specifies “wherein the light source is 

configured to further improve the signal-to-noise ratio of the input beam reflected 
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from the tissue by increasing the light intensity relative to the initial light intensity 

from at least one of the LEDs, and wherein the receiver is configured to be 

synchronized to at least one of the LEDs.”  Valencell-093 teaches these limitations. 

Valencell-093 teaches that “the intensity of the optical emitter 102 may be 

increased to increase the ratio of physiological optical scatter 111 from blood 

vessels with respect to unwanted sunlight.”  Ex.1005, [0123], [0117].  The LED 

emitter is controlled by a processor such that it is configured to operate as claimed.  

Ex.1005, [0007], [0107], [0108]; Ex.1003, ¶¶135-138.  Increasing the light 

intensity of optical emitter 102 as Valencell-093 describes would necessarily be 

relative to an initial light intensity of the emitter prior to the increase.  Ex.1003, 

¶135.  Valencell-093 therefore teaches increasing the light intensity of at least one 

of the LEDs relative to an initial light intensity.  Id. 

Valencell-093 also teaches that “physiological optical scatter 111 from blood 

vessels” is comprised of light from the input optical beam reflected from the user’s 

tissue.  Ex.1005, [0123], [0107], [0108].  It also teaches that unwanted sunlight is 

noise.  Ex.1005, [0112], [0145].  A skilled person would understand that the ratio 

of optical scatter 111 to unwanted sunlight is a “signal-to-noise ratio of the input 

optical beam reflected from the tissue,” and that increasing the disclosed ratio 

would “further improve” this signal-to-noise ratio.  Ex.1003, ¶136.  
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Valencell-093 also teaches that the “receiver” includes an analog-to-digital 

converter (“ADC”) that receives and digitizes output signals from the optical 

detectors.   

  

Ex.1005, Figs. 1, 18, [0107]; Ex.1003, ¶137.  The sample rate of the ADCs is 

synchronized to the pulse rate of the emitters.  Ex.1005, Figs. 18, 19A, 19B 

(showing digital sampling of a signal), [0137], [0144]; Ex.1003, ¶137.  As shown 

in Figure 18, at least one ADC sample is read when the emitters are on and then at 

least one ADC sample is read when the emitters are off.   
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Ex.1005, Fig. 18, [0137].  The operations of the modulated LED emitter and the 

receiver, comprised of the detectors and at least one ADC, are therefore 

synchronized.   Ex.1003, ¶137.  This is consistent with the only statement in the 

’698 Patent about what it means to be “synchronized.”  Ex.1001, 14:38-40 (“In one 

embodiment, the light source may be modulated, and then the detection system 

would be synchronized with the light source.”).  Valencell-093 therefore teaches 

that “the receiver is configured to be synchronized to the modulation of the at least 

one of the LEDs.” Ex.1003, ¶137.   
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Thus, Claim 3 would have been obvious based on Valencell-093, alone or in 

combination with Carlson, as described for Claim 1. 

B. Ground 2: Valencell-093, With or Without Carlson, and Hanna 
Render Obvious Claims 1-3 

As indicated in Ground 1, Patent Owner may contend that Valencell-093 

does not teach modulating one or more LEDs to include information.   Modifying 

the Valencell-093 device to do that, however, would have been obvious based on 

Hanna (Ex.1007).  Hanna issued on January 7, 2003, and is prior art under 35 

U.S.C. § 102(a)(AIA). 

Hanna describes a pulse oximeter that can be applied to a user’s ear or finger 

to measure oxygen saturation or other constituents of the user’s blood: 

 

Ex.1007, Fig. 1, 1:25-39.  As shown, the sensor has multiple emitters 102, which 

can be a red LED and an infrared LED.  Ex.1007, 4:34-43.  The signals from these 
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light sources “are modulated using different code sequences.”  Id., 4:43-51; Fig. 2-

4, 6:13-8:25 (describing encoded signals).  The modulated light is applied to the 

user’s tissue 103, and the transmitted or reflected light is detected by one or more 

detectors 106.  Id., 4:67-5:18, 8:26-33, 1:48-49.  Hanna explains that the purpose 

of encoding the light is to “allow the contribution of each source to the detector 

output to be determined.”  Ex.1007, 1:49-51, 2:23-29.  The described coding 

technique also allows the detector to discriminate between noise and a signal of 

interest, because the modulated light generated by each emitter includes a unique 

code that is not found in noise.  Ex.1007, 2:29-31, 2:59-62, 4:51-54.   

As Hanna describes, each code is identifying information that is included in 

a modulated emitter signal.  Ex.1007, 6:13-8:25, Ex.1003, ¶140.  Thus, Hanna 

teaches modulating light to include information, as required by the district court’s 

preliminary claim construction.  Ex.1003, ¶140.    

Hanna teaches using this technique in the same kind of optical sensor 

described by Valencell-093, and identifies the benefits of doing so, including to 

better extract discrete optical signals from multiple emitters in the presence of 

noise.   Ex.1003, ¶¶143-145.  Both Hanna and Valencell-093 recognize the 

desirability of removing noise from a signal of interest. Ex. 1007, 2:3-31; Ex.1005, 

[0112], [0005].  A skilled person would have understood the importance of 

removing noise this in the context of a wearable device and would have considered 
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known techniques for accomplishing this objective.  Ex.1003, ¶¶141-143.  A 

skilled person would have considered the coding technique described by Hanna as 

a known way of accomplishing this objective, recognizing that implementing the 

Hanna technique in the Valencell sensor would improve its performance in the 

same way the techniques improved the performance of the Hanna sensor.  Ex.1003, 

¶¶144-145.   That skilled person would have been motivated to incorporate the 

modulated coding techniques described by Hanna into the sensor described by 

Valencell, with or without modifications as described by Carlson, to improve the 

performance of a wearable, wireless device consistent with prevailing market 

demands.  Ex.1003, ¶¶143-146.  

Hanna, Valencell-093 and Carlson also would have been considered together 

because they describe analogous devices for measuring physiological parameters 

and applications of those devices.  Ex.1003, ¶146. The skilled person would have 

considered these analogous references together when implementing a system based 

on these teachings.  Moreover, as explained in § III.B, by 2012, there was a general 

trend in the industry to create wearable devices that can be used in mobile 

monitoring situations or for sports and personal fitness applications.  The skilled 

person would have had reason to look to references describing analogous devices 

with similar applications when considering how to create or improve wearable 

devices for these mobile health and consumer applications.  Ex.1003, ¶146. 
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Thus, Valencell-093, with or without Carlson as described in Ground 1, in 

combination with Hanna renders claims 1-3 obvious. 

C. Ground 3: Valencell-099 Would Have Made Dependent Claim 5 
Obvious  

Claim 5 depends from claim 1 and specifies:  

wherein the wearable device is configured to 

communicate with a smart phone or tablet,  

the smart phone or tablet comprising a wireless receiver, 

a wireless transmitter, a display, a voice input module, a 

speaker, and a touch screen,  

the smart phone or tablet configured to receive and to 

process at least a portion of the output signal, wherein the smart 

phone or tablet is configured to store and display the processed 

output signal, wherein at least a portion of the processed output 

signal is configured to be transmitted over a wireless 

transmission link.   

As explained below, claim 5 would have been obvious based on Valencell-093,  

with Carlson and Hanna as described in Grounds 1 and 2, and Valencell-099.   

1. Overview of Valencell-099 

Valencell-099 was filed on February 22, 2010, and published on August 26, 

2010.  It is prior art under 35 U.S. § 102(a) (AIA). 

Like Valencell-093, Valencell-099 describes a Bluetooth headset that 

includes a sensor for measuring physiological conditions such as blood metabolite 

level, blood oxygen level, protein levels and water content of blood, and 
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cholesterol, among many others.  Ex.1006, [0007], [0010], [0076].  The headset is 

part of a health and environmental monitoring system that can be used by doctors, 

dieticians, the user, and others for a variety of health and fitness related 

applications based on data collected by the system.  Ex.1006, [0110]-[0130].  The 

headset includes a sensor module, shown below as element 21 of Fig. 2, which can 

be an optical sensor.  Ex.1006, [0095]. 

 

Valencell-099 explains that the sensor module 21 communicates wirelessly 

with portable telecommunication device 22, which can be a smart phone, laptop 

computer, or other portable device.  Ex.1006, [0096].  Valencell-099 explains that 

the portable telecommunication device can store, analyze, summarize, and display 
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data from the sensor.  Ex.1006, [0097].  It also transmits the local wireless signal 

from the sensor over long distances not attainable by the short range (Bluetooth) 

transmitter within the sensor.   Ex.1006, [0096].  Using transmission system 23, the 

portable telecommunication device can wirelessly transmit information to remote 

databases 25 and 26 for storage, analysis and retrieval of data.  Ex.1006, [0098]. 

2. A Skilled Person Would Have Considered Valencell-
099 with Valencell-093, Carlson and Hanna 

Before December of 2013, a skilled person would have considered the 

systems and devices described by Valencell-093 in conjunction with those in 

Valencell-099, as both describe a Bluetooth headset designed by Valencell to 

measure physiological conditions using a physiological sensor, and to collect and 

use data generated by this device to monitor health and other conditions.  Ex.1003, 

¶¶152-155.  A skilled person reading either reference would have naturally 

considered other Valencell references describing the same device to understand its 

operational aspects, as well as its applications and uses. Ex.1003, ¶156. 

Both Valencell references identify the same objective of meeting a “growing 

market demand for personal health and environmental monitors,” while describing 

complementary aspects of a device and system that meet this objective.  Ex.1005, 

[0003]; Ex.1006, [0003]; Ex.1003, ¶157.  Valencell-093 focuses on teaching “how 

to make a wearable monitor, such as an earbud monitor, that may provide accurate 

information on physiological conditions in the midst of environmental noise,” 
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while Valencell-099 focuses on improved ways to collect “health and 

environmental exposure statistics” of users “to direct healthcare resources to where 

they are most highly valued.”  Ex.1005, [0003]; Ex.1006, [0003].   

Driven, inter alia, by general market trends and needs, a skilled person 

reading Valencell-093 would have looked to Valencell-099 for guidance on how its 

remote device could be used to store and analyze collected data.  Ex.1003, ¶158.  

Valencell-093 identifies this application, stating that a “processed energy response 

signal [from the described sensor] is transmitted to a remote device, for example 

wirelessly transmitted.”  Ex.1005, [0035].  Valencell-093 also identifies the 

benefits of incorporating a physiological sensor into a Bluetooth headset, which 

was commonly known to wirelessly communicate with another device such as a 

cell phone.  Ex.1005, [0104].   

Valencell-093 does not describe how the cellphone or other remote device 

should be configured to process the signals received from the sensor.  That precise 

guidance, however, is provided by Valencell-099, which teaches that “[h]ealth and 

environmental information, sensed by the sensors [in an earpiece of a Bluetooth 

headset] is transmitted wirelessly, in real-time, to a recording device, capable of 

processing and organizing the data into meaningful displays, such as charts.”    

Ex.1006, [0018].  Valencell-099 then describes in Figures 1 and 2 a smart phone 

for receiving “data from a wearable sensor module 21” that can be “stored, 
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analyzed, summarized, and displayed” by the smart phone.  Ex.1006, [0097]; Figs. 

9-21.  It also teaches that the smart phone “sends/receives wireless information 

directly to/from a transmission system 23 for transmission to a database … for 

storage, analysis, and retrieval of data.”  Ex.1006, [0098].  The databases can 

include “aggregated health and environmental data” from multiple users or “health 

and environmental data that is personalized” for each user.  Ex.1006, [0099].   

Conversely, the skilled person reading Valencell-099 would have looked to 

Valencell-093 for guidance on how to build an optical sensor incorporated into its 

Bluetooth headset.  Ex.1003, ¶¶157-159.  Figures 1 and 2 of Valencell-099 show a 

monitoring device and system that includes physiological sensors 11 and sensor 

module 21.  Ex.1006, Figs. 1, 2.  Sensor 11 “can be any compact sensor for 

monitoring the physiological functioning of the body.”  Ex.1006, [0076].  Sensor 

module 21 can be a PPG sensor placed in or near an ear of the user.  Ex.1006, 

[0101].  Valencell-099 does not describe the specific structure or operation of 

sensor 11 or sensor module 21, but Valencell-093 provides that information, 

teaching an optical sensor incorporated into an earbud that can remove or prevent 

environmental noise, as described above in Ground 1.   

In addition, skilled persons recognized that building an optical health 

monitor to meet the evolving demand for a small, wearable, wireless device would 

turn to the prior art to find solutions to challenges encountered in developing such 
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devices.  See, e.g., Ex.1005, [0003] (“traditional wearable health monitors cannot 

measure physiological information accurately in typical daily environments”); 

Ex.1003, ¶152.  One such challenge was extracting information of interest 

generated by these devices from a noisy signal.  Ex.1003, ¶152. Such noise comes 

from many different sources, such as “environmental interference from sunlight, 

temperature changes, and motion-coupled environmental noise, [which] can 

present measurement artifacts on wearable health monitors.”  Ex.1005, [0003].  

“These measurement artifacts can reduce sensor accuracy, generate false 

measurements, and prevent accurate health, fitness, and vital status monitoring.”  

Ex.1005, [0003].  Valencell-093 teaches how to build a sensor that can mitigate the 

effects of noise, and a skilled artisan looking to build the device described by 

Valencell-099 would have incorporated the teachings of Valencell-093 to build a 

wearable, wireless device that can provide accurate data. Ex.1003, ¶¶153-156.   

Moreover, a skilled person would have combined the lock-in teachings of 

Carlson as described in Ground 1 and the coding technique of Hanna as described 

in Ground 2 with the teachings of Valencell-093 to build a sensor that mitigates the 

effects of noise.  Ex.1003, ¶160.  A skilled person looking to build the device 

described by Valencell-099 would have incorporated the combined teachings of 

Carlson, Hanna and Valencell-093 to build a wearable wireless device that can 
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provide accurate data, in accordance with prevailing market demands. Ex.1003, 

¶¶152-155, 160.   

A skilled person looking to build a “personal and health environmental 

monitor” would therefore look to the complementary teachings of Valencell-093, 

with or without Carlson or Hanna, in combination with Valencell-099 to build a 

wireless, wearable device that can collect accurate physiological information in the 

presence of noise and then communicate that information to other devices for 

storage and analysis.  Ex.1003, ¶159.  A skilled person would do that as part of the 

ordinary design process he or she follows to improve the operation of a device, 

particularly given the emphasis all three references place on providing accurate 

health data.  Id. 

Valencell ’099, Valencell ’093, Hanna and Carlson also would have been 

considered because they describe analogous devices for measuring physiological 

parameters and applications of those devices.  Ex.1003, ¶160. The skilled person 

would have considered these analogous references together when implementing a 

system based on these teachings.  Moreover, as explained in § III.B, by 2012, there 

was a general trend in the industry to create wearable devices that can be used in 

mobile monitoring situations or for sports and personal fitness applications.     

Thus, the skilled person would have had reason to look to references describing 

analogous devices with similar applications when considering how to create or 
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improve wearable devices for these mobile health and consumer applications.  

Ex.1003, ¶160. Thus, the skilled person would have had reason to look to 

references describing analogous devices with similar applications when 

considering how to create or improve wearable devices for these applications.  Id. 

3. Claim 5  

a) “wherein the wearable device is configured to 
communicate with a smart phone or tablet,” 

Valencell-093 teaches that its physiological sensor can be incorporated into 

a wearable Bluetooth headset that can wirelessly communicate with a remote 

device such as “cell phone.”  Ex.1005, [0035] [0104].  It was well-known before 

December of 2013 that a smart phone is a type of cell phone, and a skilled person 

would have used the terms interchangeably. Ex.1003, ¶163.  Bluetooth headsets 

also were routinely used at that time with smart phones and tablets for both 

“personal communications and multimedia applications.”  Ex.1005, [0104]; 

Ex.1003, ¶163.  Thus, a skilled person would have considered Valencell-093 to 

teach configuration of its wearable headset for use with a remote device such as a 

smart phone or tablet.  Ex.1003, ¶163. 

Valencell-099 teaches that this remote device is a smart phone or tablet 

configured to receive, process, store and display output signals received from a 

wearable device such as that in Valencell-093.  Figure 1 of Valencell-099 shows 
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such a “wearable monitoring device” 10, which includes physiological sensors 11 

and a transmitter/receiver 14 for transmitting and receiving wireless data 19: 

 

 

Ex.1006, [0074] (wearable monitoring device 10), [0076] (physiological sensor 

11); [0083]-[0086] (wireless transmitter/receiver 14); [0085] (wireless data signal 

19); [0070] (“Bluetooth® enabled and/or other personal communication headsets 

may be configured to incorporate physiological and/or environmental sensors, 

according to some embodiments of the present invention.”).  The wireless data 

signal 19 can represent a “non-invasive measurement on blood,” like the output of 

the sensor described by Valencell-093.  Ex.1006, [0010] (listing physiological 

information, including “blood metabolite levels or ratios, blood pH level”), [0139] 

(“noninvasive”), [0145]-[0146] (listing noninvasive physiological information). 

Omni MedSci Ex. 2016 
WHOOP, Inc. v. Omni MedSci - IPR2025-01585



Petition in IPR2019-00912  U.S. Patent No. 9,885,698 

 68 

Valencell-099 also explains that the wireless data signal 19 can be sent to a 

“portable telecommunications device 22” such as a smart phone or tablet.  

Ex.1006, [0018], [0096] (“telecommunication device 22 can be any portable 

device, such as a cell phone (which includes a ‘smartphone’), PDA, laptop 

computer, Blackberry, another earpiece, or other portable, telemetric device.”).  A 

skilled person would immediately envisage a tablet from these teachings.  Ex.1003, 

¶164. 

Both Valencell references thus teach this limitation of dependent claim 5.   

Should Patent Owner content that Valencell-093 does not teach this 

limitation, it would have been obvious based on the complementary teachings of 

the Valencell references to use a Bluetooth headset with a sensor as described in 

Valencell-093 with a smart phone or tablet as described in Valencell-099 in order 

to produce a wearable wireless device meeting market demands.  Ex.1003, ¶164 

b) “the smart phone or tablet comprising a 
wireless receiver, a wireless transmitter, a 
display, a voice input module, a speaker, and a 
touch screen,”  

Valencell-099 teaches that the portable telecommunications device 22 can be 

a smart phone or tablet, as described above.  Nothing in the ’698 Patent suggests 

that the terms “smart phone” or “tablet” were being used with a special meaning.  

Ex.1003, ¶166.  It was well known that smart phones and tablets include a wireless 
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receiver, a wireless transmitter, a display, a voice input module such as a 

microphone, a speaker, and a touch screen.  Id.    

Valencell-099 also describes these claimed features as aspects of the 

portable telecommunication device 22.  For example, the portable 

telecommunications device has a wireless receiver and wireless transmitter.  

Ex.1006, Fig. 2, [0096]-[0098].  The portable telecommunication device also has a 

display, voice input module, speaker and screen (see annotated Figure 9 below).   

 

Should Patent Owner contend that Valencell-099 does not explicitly describe 

the disclosed screen as being a touch screen, a skilled person would have 

considered a touch screen to be an obvious choice for this screen.  Ex.1003, ¶168. 
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Valencell-099 describes a user interacting with handheld devices to view and 

manipulate the information obtained from the remote sensor.  See, e.g., Ex.1006, 

Figs. 9, 10. The logical and known options for handheld devices were smart 

phones and tablets with user interfaces that incorporate touch screens. Ex.1003, 

¶166.  A skilled person reading Valencell-099 also would have immediately 

envisaged a touch screen as one of a small number of known types of screens 

suitable for the types of described user devices.  Ex.1003, ¶168.  See Kennametal, 

Inc. v. Ingersoll Cutting Tool Co., 780 F.3d 1376, 1381 (Fed. Cir. 2015); In re 

Petering, 301 F.2d at 681.   

Valencell-093 (alone or with Carlson and/or Hanna as described in Grounds 

1 and 2) in combination with Valencell-099 thus teaches and suggests a wearable 

device as described in claim 1 configured to communicate with a smart phone or 

tablet per claim 5.     

c) “the smart phone or tablet configured to receive 
and to process at least a portion of the output 
signal,”  

Valencell-093 and Valencell-099 each teach a wearable measurement device 

that generates an output signal—physiological signal 109 and wireless data signal 

19, respectively.  Both also teach wirelessly transmitting these signals to a smart 

phone or tablet.  Ex.1005, [0035], [0096], [0104], [0110]; Ex.1006, [0018], [0083]-

[0086], [0096], [0124].  A skilled person would understand that both Valencell 
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references teach a smart phone or tablet “configured to receive …at least a portion 

of” the transmitted “output signal.”  Ex.1003, ¶171. 

Valencell-099 also teaches that personal communication device 22 (e.g., a 

smart phone or tablet) receives output signal 19 transmitted by sensor module 21 

(corresponding to the wearable monitoring device shown in Figure 1):  

 

Ex.1006, Fig. 2 

(yellow represents wireless signals received by portable communication device), 

[0094]. Valencell-099 further teaches that “[t]he portable telecommunication 

device 22 and the wearable sensor module 21 can telemetrically communicate both 

to and from each other.”  Ex.1006, [0096] (emphasis added); see also [0014]; 

[0018]. 
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Valencell-099 further teaches that the portable telecommunication device 22 

is configured to receive and process the output signal 19.  Ex.1003, ¶172.  For 

example, “[i]n one embodiment, raw or preprocessed data from the sensor module 

10, 21 is transmitted wirelessly to the telecommunication device 22, and this 

device executes various algorithms to convert the raw sensor data (from one or 

more sensors) into a meaningful assessment for the user.”  Ex.1006, [0124], [0014] 

(“receiving …and analyzing the received information”); (information “may 

undergo virtually any type of analysis” by a remote device), [0018] (sensor 

wirelessly transmits data to a remote device “capable of processing and organizing 

the data into meaningful displays, such as charts.”) (emphases added). 

Valencell-093 (alone or with Carlson and/or Hanna as described in Grounds 

1 and 2) in combination with Valencell-099 thus teaches and suggests a wearable 

device as described in claim 1 configured to communicate with a smart phone or 

tablet, wherein “the smart phone or tablet [is] configured to receive and to process 

at least a portion of the output signal” received from the wearable measurement 

device described in Valencell-093.  Ex.1003, ¶¶171-173. 

d) “wherein the smart phone or tablet is 
configured to store and display the processed 
output signal,”  

Valencell-099 explains that  

The portable telecommunication device 22 may also contain an end-

user graphical interface, such as a user interface 24 in the monitoring 
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system 20, such that data from the wearable sensor module 21 can be 

stored, analyzed, summarized, and displayed on the portable 

telecommunication device 22.  For example, charts relating health and 

environment, as well as real-time biofeedback and the like, can be 

displayed on a cell phone, media player, PDA, laptop, or other 

device.”   

Ex.1006 [0097] (emphasis added); [0107], Fig. 9 (mobile device displaying 

processed data).  In addition, a “data storage component” included in the portable 

telecommunication device 22 “allows processed signal data to be stored, analyzed 

and manipulated.””  Ex.1006, [0108] (emphases added).   

 Valencell-093 in combination with Valencell-099 thus teaches a wearable 

device configured to communicate with a smart phone or tablet, “wherein the 

smart phone or tablet is configured to store and display the processed output 

signal” created by receiving and processing the output signal.  Ex.1003, ¶¶175-

176.  

e) “wherein at least a portion of the processed 
output signal is configured to be transmitted 
over a wireless transmission link.” 

Figure 2 of Valencell-099 describes a portable telecommunication device 22 

that can wirelessly communicate with other devices via transmission system 23. 
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Ex.1006, Fig. 2, [0098] (“The portable telecommunication device 22 

sends/receives wireless information directly to/from a transmission system 23).  

The transmission system 23 is a wireless transmission link such as the Internet or 

“reception tower and routed through a base station.”  Ex.1006, [0098].  Ex.1003, 

¶178. 

The information transmitted over the wireless transmission system 23 to 

other devices such as databases 25, 26 or user interface 24 can include at least a 

portion of the processed output signal generated by personal telecommunication 

device 22, per claim limitation 5(d) above.  Ex.1006, [0096] (“portable 

telecommunication device … transmit[s] the local wireless signal from the sensor 

module 21”), [0099] (databases store health data from multiple wearable sensor 

devices), [0100] (user interface displays health data).  Figure 3 provides an 
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example of the health data displayed by user interface 24 based on information 

collected from one or more wearable measurement devices:  

 

Ex.1006, Fig. 3; see also Figs. 10-21 (providing additional display examples). 

Valencell-093 (alone or with Carlson and/or Hanna as described in Grounds 

1 and 2) in combination with Valencell-099 therefore teaches a wearable device 

configured to communicate with a smart phone or tablet that generates a processed 

output signal, “wherein at least a portion of the processed output signal is 

configured to be transmitted over a wireless transmission link.”  Ex.1003, ¶¶178-

180. 

D. No Secondary Considerations Exist 

As described above, Valencell-093, alone and with Carlson and Hanna, 

teaches devices that render obvious claims 1-3 of the ’698 Patent.  Those 

references with Valencell-099 render obvious devices and systems per dependent 

Omni MedSci Ex. 2016 
WHOOP, Inc. v. Omni MedSci - IPR2025-01585



Petition in IPR2019-00912  U.S. Patent No. 9,885,698 

 76 

claim 5.  No secondary indicia of non-obviousness exist having a nexus to the 

putative “invention” of the ’698 Patent.  Apple reserves its right to respond to any 

assertion of secondary indicia of non-obviousness advanced by Patent Owner.   

VII. Conclusion 

Petitioner respectfully submits that the evidence presented in this Petition 

establishes a reasonable likelihood that Petitioner will prevail in establishing the 

challenged claims are unpatentable, and requests that Trial be instituted.  
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(202) 736-8314 
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Claim Appendix 

1. A wearable device, comprising: 

 a measurement device including a light source comprising a plurality 

of light emitting diodes (LEDs) for measuring one or more 

physiological parameters, the measurement device configured 

to generate, by modulating at least one of the LEDs having an 

initial light intensity, an input optical beam having one or more 

optical wavelengths, wherein at least a portion of the one or 

more optical wavelengths is a near-infrared wavelength 

between 700 nanometers and 2500 nanometers; 

 the measurement device comprising one or more lenses configured to 

receive and to deliver a portion of the input optical beam to 

tissue, wherein the tissue reflects at least a portion of the input 

optical beam delivered to the tissue; 

 the measurement device further comprising a receiver, wherein the 

receiver includes a plurality of spatially separated detectors, the 

detectors configured to: 

capture light while the LEDs are off and convert the captured 

light into a first signal; and 

capture light while at least one of the LEDs is on and convert 

the captured light into a second signal, the captured light 

including at least a portion of the input optical beam 

reflected from the tissue; 

wherein at least one analog to digital converter is coupled to the 

spatially separated detectors and is configured to generate at 
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least a first data signal from the first signal and at least a second 

data signal from the second signal; 

the measurement device configured to improve a signal-to-noise ratio 

of the input optical beam reflected from the tissue by 

differencing the first data signal and the second data signal to 

generate an output signal representing at least in part a non-

invasive measurement on blood contained within the tissue; and 

wherein the modulating at least one of the LEDs has a modulation 

frequency, and wherein the receiver is configured to use a lock-

in technique that detects the modulation frequency. 

2. The wearable device of claim 1, wherein the plurality of LEDs and the plurality 

of spatially separated detectors are mounted on a common structure, and wherein 

the plurality of LEDs are coupled electrically to a power supply. 

3. The wearable device of claim 1, wherein the light source is configured to further 

improve the signal-to-noise ratio of the input beam reflected from the tissue by 

increasing the light intensity relative to the initial light intensity from at least one 

of the LEDs, and wherein the receiver is configured to be synchronized to at least 

one of the LEDs. 

5. The wearable device of claim 1, wherein the wearable device is configured to 

communicate with a smart phone or tablet, the smart phone or tablet comprising a 

wireless receiver, a wireless transmitter, a display, a voice input module, a speaker, 

and a touch screen, the smart phone or tablet configured to receive and to process 

at least a portion of the output signal, wherein the smart phone or tablet is 

configured to store and display the processed output signal, wherein at least a 
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portion of the processed output signal is configured to be transmitted over a 

wireless transmission link. 
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