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SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH 
IMPROVED SIGNAL-TO-NOISE RATIO 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[OOOlj This application is a Continuation of U.S. Application Ser. No. 16/284,514 filed 

February 25, 2019, which is a Continuation of U.S. Application Ser. No. 16/016,649 filed June 24, 

2018 (now U.S. Patent No. 10,213,113), which is a Continuation of U.S. Application Ser. No. 

15/860,065 filed January 2, 2018 (now U.S. Patent No. 10,098,546), which is a Continuation of U.S. 

Application Ser. No. 15/686, 198 filed August 25, 2017 (now U.S. Patent No. 9,861,286), which is a 

Continuation of U.S. Application Ser. No. 15/357, 136 filed November 21, 2016 (now U.S. Patent. No. 

9,757,040), which is a Continuation of U.S. Application Ser. No. 14/651,367 filed June 11, 2015 (now 

U.S. Patent No. 9,500,635), which is the U.S. national phase of PCT Application No. 

PCT/US2013/075736 filed December 17, 2013, which claims the benefit of U.S. provisional 

application Ser. No. 61/747,477 filed Dec. 31, 2012 and U.S. provisional application Ser. No. 

61/754,698 filed Jan. 21, 2013, the disclosures of which are hereby incorporated by reference in their 

entirety. 

(00021 This application is also a continuation of U.S. application Serial No. 16/506,885 filed 

July 9, 2019, which is a continuation of U.S. Application No. 16/272,069 filed February 11, 2019, 

which is a continuation of U.S. application Serial No. 16/029,611 filed July 8, 2018 (now U.S. Patent 

No. 10,201,283), which is a continuation of U.S. application Serial No. 15/888,052 filed February 4, 

2018 (now U.S. Patent No. 10,136,819), which is a continuation of U.S. application Serial No. 

15/212,549 filed July 18, 2016 (now U.S. Patent No. 9,885,698), which is a continuation of U.S. 

application Serial No. 14/650,897 filed June 10, 2015 (now U.S. Patent No. 9,494,567), which is a 

U.S. National Phase of PCT/US2013/075700 filed December 17, 2013, which claims the benefit of 

U.S. provisional application Serial No. 61/747,472 filed December 31, 2012, the disclosures of all of 

which are hereby incorporated in their entirety by reference herein. 

(00031 U.S. application Serial No. 16/506,885 is also a continuation of U.S. application Serial 

No. 16/004,359 filed June 9, 2018, which is a continuation of U.S. application Serial No. 14/109,007 

filed December 17, 2013 (now U.S. Patent No. 9,993,159), which claims the benefit of U.S. 
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provisional application Serial No. 61/747,553 filed December 31, 2012, the disclosures of all of which 

are hereby incorporated in their entirety by reference herein. 

[0004] U.S. application Serial No. 16/506,885 is also a continuation of U.S. application Serial 

No.16/188, 194 filed November 12, 2018 (now U.S. Patent No. 10,386,230), which is a continuation 

of U.S. Application No. 16/004,154 filed June 8, 2018 (now U.S. Patent No. 10,126,283), which is a 

continuation of U.S. Application No. 15/855,201 filed December 27, 2017 (now U.S. Patent No. 

9,995,722), which is a continuation of U.S. Application No. 15/711,907 filed September 21, 2017 

(now U.S. Patent No. 9,897,584), which is a divisional of U.S. Application No. 15/357,225 filed 

November 21, 2016 (now U.S. Patent No. 9,797,876), which is a continuation of U.S. Application No. 

14/650,981 filed June 10, 2015 (now U.S. Patent No. 9,500,634), which is the U.S. national phase of 

PCT Application No. PCT/US2013/075767 filed December 17, 2013, which claims the benefit of U.S. 

provisional application Ser. No. 61/747,485 filed Dec. 31, 2012, the disclosures of all of which are 

hereby incorporated by reference in their entirety. 

[00051 U.S. application Serial No. 16/506,885 is also a continuation of U.S. application Serial 

No. 16/241,628 filed January 7, 2019 (now U.S. Patent No. 10,441,176), which is a continuation of 

U.S. Serial No. 16/015,737 filed June 22, 2018 (now U.S. Patent No. 10,172,523), which is a 

continuation of U.S. Serial No. 15/594,053 filed May 12, 2017 (now U.S. Patent No. 10,188,299), 

which is a continuation of U.S. application Serial No. 14/875,709 filed October 6, 2015 (now U.S. 

Patent No. 9,651,533), which is a continuation of U.S. application Serial No. 14/108,986 filed 

December 17, 2013 (now U.S. Patent No. 9,164,032), which claims the benefit of U.S. provisional 

application Serial No. 61/747,487 filed December 31, 2012, the disclosures of all of which are hereby 

incorporated in their entirety by reference herein. 

[OOO(ij U.S. application Serial No. 16/506,885 is also a continuation of U.S. Application Ser. 

No. 16/284,514 filed February 25, 2019, which is a continuation of U.S. Application Ser. No. 

16/016,649 filed June 24, 2018 (now U.S. Patent No. 10,213,113), which is a continuation of U.S. 

Application Ser. No. 15/860,065 filed January 2, 2018 (now U.S. Patent No. 10,098,546), which is a 

Continuation of U.S. Application Ser. No. 15/686,198 filed August 25, 2017 (now U.S. Patent No. 

9,861,286), which is a continuation ofU.S. Application Ser. No. 15/357,136 filed November 21, 2016 

(now U.S. Patent. No. 9,757,040), which is a continuation of U.S. Application Ser. No. 14/651,367 
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filed June 11, 2015 (now U.S. Patent No. 9,500,635), which is the U.S. national phase of PCT 

Application No. PCT/US2013/075736 filed December 17, 2013, which claims the benefit of U.S. 

provisional application Ser. No. 61/747,477 filed Dec. 31, 2012 and U.S. provisional application Ser. 

No. 61/754,698 filed Jan. 21, 2013, the disclosures of all of which are hereby incorporated by reference 

in their entirety. 

[0007] This application is related to U.S. provisional application Ser. No. 61/747,472 filed 

Dec. 31, 2012; Ser. No. 61/747,481 filed Dec. 31, 2012; Ser. No. 61/747,485 filed Dec. 31, 2012; Ser. 

No. 61/747,487 filed Dec. 31, 2012; Ser. No. 61/747,492 filed Dec. 31, 2012; and Ser. No. 61/747,553 

filed Dec. 31, 2012, the disclosures of which are hereby incorporated by reference in their entirety 

herein. 

(0008] This application has a common priority date with commonly owned U.S. Application 

Ser. No. 14/650,897 filed June 10, 2015 (now U.S. Patent No. 9,494,567), which is the U.S. national 

phase of International Application PCT/US2013/075700 entitled Near-Infrared Lasers For Non­

Invasive Monitoring Of Glucose, Ketones, HBAl C, And Other Blood Constituents (Attorney Docket 

No. OMNIOl0lPCT); U.S. application Ser. No. 14/108,995 filed December 17, 2013 (published as 

US 2014/0188092) entitled Focused Near-Infrared Lasers For Non-Invasive Vasectomy And Other 

Thermal Coagulation Or Occlusion Procedures (Attorney Docket No. OMNI0103PUSP); U.S. 

Application Ser. No. 14/650,981 filed June 10, 2015 (now U.S. Patent No. 9,500,634), which is the 

U.S. national phase of International Application PCT/US2013/075767 entitled Short-Wave Infrared 

Super-Continuum Lasers For Natural Gas Leak Detection, Exploration, And Other Active Remote 

Sensing Applications (Attorney Docket No. OMNI0104PCT); U.S. Application 14/108,986 filed 

December 17, 2013 (now U.S. Patent No. 9,164,032) entitled Short-Wave Infrared Super-Continuum 

Lasers For Detecting Counterfeit Or Illicit Drugs And Pharmaceutical Process Control (Attorney 

Docket No. OMNI0105PUSP); U.S. application Ser. No. 14/108,974 filed December 17, 2013 

(Published as US2014/0188094) entitled Non-Invasive Treatment Of Varicose Veins (Attorney 

Docket No. OMNI0106PUSP); and U.S. Application 14/109,007 filed December 17, 2013 (Published 

as US2014/0236021) entitled Near-Infrared Super-Continuum Lasers For Early Detection Of Breast 

And Other Cancers (Attorney Docket No. OMNIO 107PUSP), the disclosures of all of which are hereby 

incorporated in their entirety by reference herein. 
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TECHNICAL FIELD 

[00091 This disclosure relates to lasers and light sources for healthcare, medical, dental, or bio-

technology applications, including systems and methods for using near-infrared or short-wave infrared 

light sources for early detection of dental caries, often called cavities. 

BACKGROUND AND SUMMARY 

10010] Dental care and the prevention of dental decay or dental caries has changed in the 

United States over the past several decades, due to the introduction of fluoride to drinking water, the 

use of fluoride dentifrices and rinses, application of topical fluoride in the dental office, and improved 

dental hygiene. Despite these advances, dental decay continues to be the leading cause of tooth loss. 

With the improvements over the past several decades, the majority of newly discovered carious lesions 

tend to be localized to the occlusal pits and fissures of the posterior dentition and the proximal contact 

sites. These early carious lesions may be often obscured in the complex and convoluted topography 

of the pits and fissures or may be concealed by debris that frequently accumulates in those regions of 

the posterior teeth. Moreover, such lesions are difficult to detect in the early stages of development. 

(00111 Dental caries may be a dynamic disease that is characterized by tooth demineralization 

leading to an increase in the porosity of the enamel surface. Leaving these lesions untreated may 

potentially lead to cavities reaching the dentine and pulp and perhaps eventually causing tooth loss. 

Occlusal surfaces (bite surfaces) and approximal surfaces (between the teeth) are among the most 

susceptible sites of demineralization due to acid attack from bacterial by-products in the biofilm. 

Therefore, there is a need for detection of lesions at an early stage, so that preventive agents may be 

used to inhibit or reverse the demineralization. 

10012] Traditional methods for caries detection include visual examination and tactile probing 

with a sharp dental exploration tool, often assisted by radiographic (x-ray) imaging. However, 

detection using these methods may be somewhat subjective; and, by the time that caries are evident 

under visual and tactile examination, the disease may have already progressed to an advanced stage. 

Also, because of the ionizing nature ofx-rays, they are dangerous to use (limited use with adults, and 

even less used with children). Although x-ray methods are suitable for approximal surface lesion 
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detection, they offer reduced utility for screening early caries in occlusal surfaces due to their lack of 

sensitivity at very early stages of the disease. 

(0013] Some of the current imaging methods are based on the observation of the changes of 

the light transport within the tooth, namely absorption, scattering, transmission, reflection and/or 

fluorescence oflight. Porous media may scatter light more than uniform media. Taking advantage of 

this effect, the Fiber-optic trans-illumination is a qualitative method used to highlight the lesions 

within teeth by observing the patterns formed when white light, pumped from one side of the tooth, is 

scattered away and/or absorbed by the lesion. This technique may be difficult to quantify due to an 

uneven light distribution inside the tooth. 

[0014] Another method called quantitative light-induced fluorescence - QLF - relies on 

different fluorescence from solid teeth and caries regions when excited with bright light in the visible. 

For example, when excited by relatively high intensity blue light, healthy tooth enamel yields a higher 

intensity of fluorescence than does demineralized enamel that has been damaged by caries infection 

or any other cause. On the other hand, for excitation by relatively high intensity of red light, the 

opposite magnitude change occurs, since this is the region of the spectrum for which bacteria and 

bacterial by-products in carious regions absorb and fluoresce more pronouncedly than do healthy 

areas. However, the image provided by QLF may be difficult to assess due to relatively poor contrast 

between healthy and infected areas. Moreover, QLF may have difficulty discriminating between white 

spots and stains because both produce similar effects. Stains on teeth are commonly observed in the 

occlusal sites of teeth, and this obscures the detection of caries using visible light. 

[0015] As described in this disclosure, the near-infrared region of the spectrum offers a novel 

approach to imaging carious regions because scattering is reduced and absorption by stains is low. For 

example, it has been demonstrated that the scattering by enamel tissues reduces in the form of 

l/(wavelength)3
, e.g., inversely as the cube of wavelength. By using a broadband light source in the 

short-wave infrared (SWIR) part of the spectrum, which corresponds approximately to 1400nm to 

2500nm, lesions in the enamel and dentine may be observed. In one embodiment, intact teeth have 

low reflection over the SWIR wavelength range. In the presence of caries, the scattering increases, 

and the scattering is a function of wavelength; hence, the reflected signal decreases with increasing 

wavelength. Moreover, particularly when caries exist in the dentine region, water build up may occur, 
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and dips in the SWIR spectrum corresponding to the water absorption lines may be observed. The 

scattering and water absorption as a function of wavelength may thus be used for early detection of 

caries and for quantifying the degree of demineralization. 

[0016] SWIR light may be generated by light sources such as lamps, light emitting diodes, one 

or more laser diodes, super-luminescent laser diodes, and fiber-based super-continuum sources. The 

SWIR super-continuum light sources advantageously may produce high intensity and power, as well 

as being a nearly transform-limited beam that may also be modulated. Also, apparatuses for caries 

detection may include C-clamps over teeth, a handheld device with light input and light detection, 

which may also be attached to other dental equipment such as drills. Alternatively, a mouth-guard 

type apparatus may be used to simultaneously illuminate one or more teeth. Fiber optics may be 

conveniently used to guide the light to the patient as well as to transport the signal back to one or more 

detectors and receivers. 

(00171 One approach to non-invasive monitoring of blood constituents or blood analytes is to 

use near-infrared spectroscopy, such as absorption spectroscopy or near-infrared diffuse reflection or 

transmission spectroscopy. Some attempts have been made to use broadband light sources, such as 

tungsten lamps, to perform the spectroscopy. However, several challenges have arisen in these efforts. 

First, many other constituents in the blood also have signatures in the near-infrared, so spectroscopy 

and pattern matching, often called spectral fingerprinting, is required to distinguish the glucose with 

sufficient confidence. Second, the non-invasive procedures have often transmitted or reflected light 

through the skin, but skin has many spectral artifacts in the near-infrared that may mask the glucose 

signatures. Moreover, the skin may have significant water and blood content. These difficulties 

become particularly complicated when a weak light source is used, such as a lamp. More light intensity 

can help to increase the signal levels, and, hence, the signal-to-noise ratio. 

[0018] In one embodiment, a wearable device includes a measurement device including a light 

source comprising a plurality oflight 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 optical beam having a plurality of optical wavelengths, wherein at 

least a portion of the plurality of optical wavelengths is a near-infrared wavelength between 700 

nanometers and 2500 nanometers. The measurement device comprises one or more lenses configured 
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to receive and to deliver a portion of the optical beam to tissue, wherein the tissue reflects at least a 

portion of the optical beam delivered to the tissue, and wherein the measurement device is adapted to 

be placed on a wrist or an ear of a user. The measurement device further comprises a receiver, the 

receiver having a plurality of spatially separated detectors and one or more analog to digital converters 

coupled to the spatially separated detectors, the one or more analog to digital converters configured to 

generate at least two receiver outputs. The measurement device is configured to improve a signal-to­

noise ratio of the optical beam reflected from the tissue by comparing the at least two receiver outputs. 

The measurement device is also configured to further improve the signal-to-noise ratio of the optical 

beam reflected from the tissue by increasing the light intensity relative to the initial light intensity 

from at least one of the LEDs. The measurement device is further configured to generate an output 

signal representing at least in part a non-invasive measurement on blood contained within the tissue. 

The receiver further comprises one or more spectral filters positioned in front of at least some of the 

plurality of spatially separated detectors, wherein the receiver is configured to be synchronized to the 

modulation of the at least one of the LED, 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. 

[0019] In one or more embodiments, a wearable device comprises 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 optical beam having a plurality of optical 

wavelengths, wherein at least a portion of the plurality of optical wavelengths is a near-infrared 

wavelength between 700 nanometers and 2500 nanometers. The measurement device comprises one 

or more lenses configured to receive and to deliver a portion of the optical beam to tissue, wherein the 

tissue reflects at least a portion of the optical beam delivered to the tissue, and wherein the 

measurement device is adapted to be placed on a wrist or an ear of a user. The measurement device is 

configured to generate an output signal representing at least in part a non-invasive measurement on 

blood contained within the tissue. The measurement device is configured to improve a signal-to-noise 

ratio of the optical beam reflected from the tissue by increasing the light intensity relative to the initial 

light intensity from at least one of the LEDs. The measurement device further comprises a receiver 

having one or more detectors, wherein one of the one or more detectors is located a first distance from 
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a first one of the LEDs and a different distance from a second one of the LEDs such that the receiver 

can compare light received from the first LED and light received from the second LED, and wherein 

the output signal is generated in part by comparing signals associated with the light received from the 

first and second LEDs. The receiver is configured to be synchronized to the modulation of the at least 

one of the LEDs, 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. 

(00201 In at least one embodiment, a wearable device comprises 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 optical beam having a plurality of optical 

wavelengths, wherein at least a portion of the plurality of optical wavelengths is a near-infrared 

wavelength between 700 nanometers and 2500 nanometers. The measurement device comprises one 

or more lenses configured to receive and to deliver a portion of the optical beam to tissue, wherein the 

tissue reflects at least a portion of the optical beam delivered to the tissue, and wherein the 

measurement device is adapted to be placed on a wrist or an ear of a user. The measurement device is 

further configured to generate an output signal representing at least in part a non-invasive measurement 

on blood contained within the tissue. The measurement device is configured to improve a signal-to­

noise ratio of the optical beam reflected from the tissue by increasing the light intensity relative to the 

initial light intensity from at least one of the LEDs. The measurement device further comprises a 

receiver, the receiver having a plurality of spatially separated detectors configured to generate at least 

two receiver outputs, and the measurement device configured to further improve the signal-to-noise 

ratio of the optical beam reflected from the tissue by comparing the at least two receiver outputs. One 

of the plurality of detectors is located a first distance from a first one of the LEDs and a different 

distance from a second one of the LEDs such that the receiver can generate a third signal responsive 

to light received from the first LED and a fourth signal responsive to light received from the second 

LED, and wherein the output signal is generated in part by comparing the third and fourth signals, 

wherein the receiver is configured to be synchronized to the modulation of the at least one of the LEDs, 

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. 

8 

Petitioner WHOOP, Inc. Ex1002 
Page 10 of 459



OMNI O I 02 PUSA6 

[0021 J In one or more embodiments, a wearable device includes a measurement device having 

a light source comprising a plurality of light emitting diodes (LEDs) for measuring one or more 

physiological parameters. The measurement device is configured to generate, by modulating at least 

one of the LEDs having an initial light intensity, an optical beam having a plurality of optical 

wavelengths, wherein at least a portion of the optical beam includes a near-infrared wavelength 

between 700 nanometers and 2500 nanometers. The measurement device comprises one or more 

lenses configured to receive and to deliver at least a portion of the optical beam to tissue, wherein the 

tissue reflects at least a portion of the optical beam delivered to the tissue. The measurement device 

further comprises a receiver having a plurality of spatially separated detectors and one or more analog 

to digital converters coupled to the spatially separated detectors, the one or more analog to digital 

converters being configured to generate at least two receiver outputs. The receiver is configured to 

capture light while the LEDs are off and convert the captured light into a first signal, and to capture 

light while at least one of the LEDs is on and to convert the captured light into a second signal, the 

captured light including at least a portion of the optical beam reflected from the tissue. The 

measurement device is configured to improve a signal-to-noise ratio of the optical beam reflected from 

the tissue by differencing the first signal and the second signal and by differencing the two receiver 

outputs. The measurement device is configured to further improve the signal-to-noise ratio of the 

optical beam reflected from the tissue by increasing the light intensity relative to the initial light 

intensity from at least one of the LEDs. The measurement device is further configured to generate an 

output signal representing at least in part a non-invasive measurement on blood contained within the 

tissue. 

10022] Embodiments may include a wearable device compnsmg 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 is configured to generate, by modulating at 

least one of the LEDs having an initial light intensity, an optical beam having a plurality of optical 

wavelengths, wherein at least a portion of the plurality of optical wavelengths is a near-infrared 

wavelength between 700 nanometers and 2500 nanometers. The measurement device comprises one 

or more lenses configured to receive and to deliver a portion of the optical beam to tissue, wherein the 

tissue reflects at least a portion of the optical beam delivered to the tissue, and wherein the 

measurement device is adapted to be placed on a wrist or an ear of a user. The measurement device 
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further comprises a receiver having a plurality of spatially separated detectors and one or more analog 

to digital converters coupled to the spatially separated detectors. The one or more analog to digital 

converters is configured to generate at least two receiver outputs. The receiver is configured to capture 

light while the LEDs are off and convert the captured light into a first signal, and to 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 optical beam reflected from the tissue. The measurement device is 

configured to improve a signal-to-noise ratio of the optical beam reflected from the tissue by 

differencing the first signal and the second signal and by differencing the two receiver outputs. The 

measurement device is also configured to further improve the signal-to-noise ratio of the optical beam 

reflected from the tissue by increasing the light intensity relative to the initial light intensity from at 

least one of the LEDs. The measurement device is further configured to generate an output signal 

representing at least in part a non-invasive measurement on blood contained within the tissue. 

10023] In one or more embodiments, a wearable device comprises 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 is configured to generate, by modulating at 

least one of the LEDs having an initial light intensity, an optical beam having a plurality of optical 

wavelengths, wherein at least a portion of the plurality of optical wavelengths is a near-infrared 

wavelength between 700 nanometers and 2500 nanometers. The measurement device comprises one 

or more lenses configured to receive and to deliver a portion of the optical beam to tissue, wherein the 

tissue reflects at least a portion of the optical beam delivered to the tissue, and wherein the 

measurement device is adapted to be placed on a wrist or an ear of a user. The measurement device 

further comprises a receiver having a plurality of spatially separated detectors and one or more analog 

to digital converters coupled to the spatially separated detectors, the one or more analog to digital 

converters configured to generate at least two receiver outputs. The receiver is configured to capture 

light while the LEDs are off and convert the captured light into a first signal, and to 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 optical beam reflected from the tissue. The measurement device is 

configured to improve a signal-to-noise ratio of the optical beam reflected from the tissue by 

differencing the first signal and the second signal and by differencing the two receiver outputs. The 

measurement device is configured to further improve the signal-to-noise ratio of the optical beam 
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reflected from the tissue by increasing the light intensity relative to the initial light intensity from at 

least one of the LEDs. The measurement device is further configured to generate an output signal 

representing at least in part a non-invasive measurement on blood contained within the tissue, wherein 

the output signal is generated at least in part by using a Fourier transform and mathematical 

manipulation of a signal resulting from the captured light. The receiver further comprises one or more 

spectral filters positioned in front of at least some of the plurality of spatially separated detectors. 

(00241 In one embodiment a measurement system is provided with a light source, an apparatus, 

a receiver, a smart phone or tablet, and a remote device. The light source comprises a plurality of 

semiconductor sources that are configured to generate an output optical beam with one or more optical 

wavelengths, the light source is configured to increase signal-to-noise ratio by increasing a light 

intensity from at least one of the plurality of semiconductor sources. The apparatus is configured to: 

receive a portion of the output optical beam, and deliver an analysis output beam to a sample. The 

receiver is configured to: receive and process at least a portion of the analysis output beam reflected 

or transmitted from the sample, generate an output signal, and synchronize to the light source. The 

smart phone or tablet comprises a wireless receiver, a wireless transmitter, a display, a microphone, a 

speaker, one or more buttons or knobs, a microprocessor and a touch screen. The smart phone or tablet 

is configured to: receive and process at least a portion of the output signal, store and display the 

processed output signal, and transmit at least a portion of the processed output signal over a wireless 

transmission link. The remote device is configured to: receive, over the wireless transmission link, an 

output status comprising the at least a portion of the processed output signal, process the received 

output status to generate processed data, and store the processed data. 

(00251 In another embodiment a measurement system is provided with a wearable 

measurement device for measuring one or more physiological parameters, including a light source 

comprising a plurality of semiconductor sources that are configured to generate an output optical beam 

with one or more optical wavelengths. The light source is configured to increase signal-to-noise ratio 

by increasing a light intensity from at least one of the plurality of semiconductor sources. The wearable 

measurement device is configured to receive a portion of the output optical beam and to deliver an 

analysis output beam to a sample. The wearable measurement device further comprises a receiver 

configured to receive and process at least a portion of the analysis output beam reflected or transmitted 

from the sample and to generate an output signal, wherein the wearable measurement device receiver 
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is configured to be synchronized to pulses of the light source. The measurement system is also 

provided with a smart phone or tablet and a remote device. The smart phone or tablet comprises a 

wireless receiver, a wireless transmitter, a display, a microphone, a speaker, one or more buttons or 

knobs, a microprocessor and a touch screen. The smart phone or tablet is configured to receive and 

process at least a portion of the output signal, to store and display the processed output signal, and to 

transmit a portion of the processed output signal over a wireless transmission link. The remote device 

is configured to receive over the wireless transmission link an output status comprising the at least a 

portion of the processed output signal, to process the received output status to generate processed data 

and to store the processed data. The remote device is capable of storing a history of at least a portion 

of the received output status over a specified period of time. 

(00261 In yet another embodiment a wearable device for use with a smart phone or tablet is 

provided with a measurement device including a light source comprising a plurality of semiconductor 

sources for measuring one or more physiological parameters. The measurement device is configured 

to: generate, by modulating at least one of the semiconductor sources having an initial light intensity, 

an input optical beam having one or more optical wavelengths, and 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 comprises a receiver that is configured to: 

capture light while the semiconductor sources are off and convert the captured light into a first signal, 

and capture light while at least one of the semiconductor sources 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; synchronize to the modulation of the at least one of the semiconductor sources. The 

measurement device is further configured to improve a signal-to-noise ratio of the input optical beam 

reflected from the tissue by: differencing the first signal and the second signal, and increasing the light 

intensity relative to the initial light intensity from at least one of the semiconductor sources. The 

measurement device is further configured to generate an output signal representing at least in part a 

non-invasive measurement on blood contained within the tissue. The wearable device is configured to 

communicate with the smart phone or tablet. The smart phone or tablet comprises a wireless receiver, 

a wireless transmitter, a display, a voice input module, a speaker, and a touch screen. The smart phone 

or tablet is configured to: receive and to process at least a portion of the output signal, store and display 
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the processed output signal, and transmit at least a portion of the processed output signal over a 

wireless transmission link. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0027] For a more complete understanding of the present disclosure, and for further features 

and advantages thereof, reference is now made to the following description taken in conjunction with 

the accompanying drawings, in which: 

[0028j FIGURE I illustrates the structure of a tooth. 

[0029j FIGURE 2A shows the attenuation coefficient for dental enamel and water versus 

wavelength from approximately 600nm to 2600nm. 

[00301 FIGURE 2B illustrates the absorption spectrum of intact enamel and dentine in the 

wavelength range of approximately 1.2 to 2.4 microns. 

(00311 FIGURE 3 shows the near infrared spectral reflectance over the wavelength range of 

approximately 800nm to 2S00nm from an occlusal tooth surface. The black diamonds correspond to 

the reflectance from a sound, intact tooth section. The asterisks correspond to a tooth section with an 

enamel lesion. The circles correspond to a tooth section with a dentine lesion. 

[0032j FIGURE 4 illustrates a hand-held dental tool design of a human interface that may also 

be coupled with other dental tools. 

[00331 FIGURE SA illustrates a clamp design of a human interface to cap over one or more 

teeth and perform a non-invasive measurement for dental caries. 

(00341 FIGURE SB shows a mouth guard design of a human interface to perform a non-

invasive measurement for dental caries. 

(0035} FIGURE 6A illustrates the dorsal of a hand for performing a differential measurement 

for measuring blood constituents or analytes. 

[0036] FIGURE 6B illustrates the dorsal of a foot for performing a differential measurement 

for measuring blood constituents or analytes. 
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[00371 FIGURE 7 illustrates a block diagram or building blocks for constructing high power 

laser diode assemblies. 

(0038] FIGURE 8 shows a platform architecture for different wavelength ranges for an all-

fiber-integrated, high powered, super-continuum light source. 

10039] FIGURE 9 illustrates one embodiment for a short-wave infrared super-continuum light 

source. 

[0040j FIGURE 10 shows the output spectrum from the SWIR SC laser of FIGURE 9 when 

about 1 Om length of fiber for SC generation is used. This fiber is a single-mode, non-dispersion shifted 

fiber that is optimized for operation near 1550nm. 

[00411 FIGURE l lA illustrates a schematic of the experimental set-up for measuring the 

diffuse reflectance spectroscopy using the SWIR-SC light source of FIGURES 9 and 10. 

(0042] FIGURE l lB shows exemplary reflectance from a sound enamel region, an enamel 

lesion region, and a dentine lesion region. The spectra are normalized to have equal value near 

2050nm. 

[0043j FIGURES 12A-B illustrate high power SWIR-SC lasers that may generate light 

between approximately 1.4-1.8 microns (FIG. 12A) or approximately 2-2.5 microns (FIG. 12B). 

[00441 FIGURE 12C shows a reflection-spectroscopy based stand-off detection system having 

an SC laser source. 

(00451 FIGURE 12D shows one example of a dual-beam experimental set-up that may be used 

to subtract out ( or at least minimize the adverse effects of) light source fluctuations. 

(0046} FIGURE 13 schematically shows that the medical measurement device can be part of 

a personal or body area network that communicates with another device (e.g., smart phone or tablet) 

that communicates with the cloud. The cloud may in tum communicate information with the user, 

dental or healthcare providers, or other designated recipients. 

[00471 FIGURE 14A is a schematic diagram of the basic elements of an imaging spectrometer. 
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[00481 FIGURE 14B illustrates one example of a typical imaging spectrometer used in hyper-

spectral imaging systems. 

(0049] FIGURE 15 illustrates a flowchart of a smart manufacturing process. 

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS 

(0050} As required, detailed embodiments of the present disclosure are disclosed herein; 

however, it is to be understood that the disclosed embodiments are merely exemplary of the disclosure 

that may be embodied in various and alternative forms. The figures are not necessarily to scale; some 

features may be exaggerated or minimized to show details of particular components. Therefore, 

specific structural and functional details disclosed herein are not to be interpreted as limiting, but 

merely as a representative basis for teaching one skilled in the art to variously employ the present 

disclosure. 

[0051] Near-infrared (NIR) and SWIR light may be preferred for caries detection compared to 

visible light imaging because the NIR/SWIR wavelengths generally have lower absorption by stains 

and deeper penetration into teeth. Hence, NIR/SWIR light may provide a caries detection method that 

can be non-invasive, non-contact and relatively stain insensitive. Broadband light may provide further 

advantages because carious regions may demonstrate spectral signatures from water absorption and 

the wavelength dependence of porosity in the scattering of light. 

[0052] The wavelength of light should be selected appropriately to achieve a non-invasive 

procedure. For example, the light should be able to penetrate deep enough to reach through the dermis 

and subcutaneous fat layers to reach varicose veins. For example, the penetration depth may be 

defined as the inverse of the absorption coefficient, although it may also be necessary to include the 

scattering for the calculation. To achieve penetration deep enough to reach the varicose veins, 

wavelengths may correspond to local minima in water 501 and adipose 502 absorption, as well as 

potentially local minima in collagen 503 and elastin 504 absorption. For example, wavelengths near 

approximately 1100nm, 1310nm, or 1650nm may be advantageous for non-invasive procedures. More 

generally, wavelength ranges of approximately 900nm to 1150nm, 1280nm to 1340nm, or 1550nm to 

1680nm may be advantageous for non-invasive procedures. 
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[00531 In general, the near-infrared region of the electromagnetic spectrum covers between 

approximately 0.7 microns (700nm) to about 2.5 microns (2500nm). However, it may also be 

advantageous to use just the short-wave infrared between approximately 1.4 microns (1400nm) and 

about 2.5 microns (2500nm). One reason for preferring the SWIR over the entire NIR may be to 

operate in the so-called "eye safe" window, which corresponds to wavelengths longer than about 

1400nm. Therefore, for the remainder of the disclosure the SWIR will be used for illustrative 

purposes. However, it should be clear that the discussion that follows could also apply to using the 

NIR wavelength range, or other wavelength bands. 

[0054] In particular, wavelengths in the eye safe window may not transmit down to the retina 

of the eye, and therefore, these wavelengths may be less likely to create permanent eye damage from 

inadvertent exposure. The near-infrared wavelengths have the potential to be dangerous, because the 

eye cannot see the wavelengths (as it can in the visible), yet they can penetrate and cause damage to 

the eye. Even if a practitioner is not looking directly at the laser beam, the practitioner's eyes may 

receive stray light from a reflection or scattering from some surface. Hence, it can always be a good 

practice to use eye protection when working around lasers. Since wavelengths longer than about 

1400nm are substantially not transmitted to the retina or substantially absorbed in the retina, this 

wavelength range is known as the eye safe window. For wavelengths longer than 1400nm, in general 

only the cornea of the eye may receive or absorb the light radiation. 

[0055] FIGURE 1 illustrates the structure of an exemplary cross-section of a tooth 100. The 

tooth 100 has a top layer called the crown 101 and below that a root 102 that reaches well into the gum 

106 and bone 108 of the mouth. The exterior of the crown 101 is an enamel layer 103, and below the 

enamel is a layer of dentine 104 that sits atop a layer of cementum 107. Below the dentine 104 is a 

pulp region 105, which comprises within it blood vessels 109 and nerves 110. If the light can penetrate 

the enamel 103 and dentine 104, then the blood flow and blood constituents may be measured through 

the blood vessels in the dental pulp 105. While the amount of blood flow in the capillaries of the 

dental pulp 105 may be less than an artery or vein, the smaller blood flow could still be advantageous 

for detecting or measuring blood constituents as compared to detection through the skin if there is less 

interfering spectral features from the tooth. Although the structure of a molar tooth is illustrated in 

FIGURE 1, other types of teeth also have similar structure. For example, different types of teeth 

include molars, pre-molars, canine and incisor teeth. 
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[00561 As used throughout this document, the term "couple" and or "coupled" refers to any 

direct or indirect communication between two or more elements, whether or not those elements are 

physically connected to one another. As used throughout this disclosure, the term "spectroscopy" 

means that a tissue or sample is inspected by comparing different features, such as wavelength ( or 

frequency), spatial location, transmission, absorption, reflectivity, scattering, refractive index, or 

opacity. In one embodiment, "spectroscopy" may mean that the wavelength of the light source is 

varied, and the transmission, absorption, or reflectivity of the tissue or sample is measured as a 

function of wavelength. In another embodiment, "spectroscopy" may mean that the wavelength 

dependence of the transmission, absorption or reflectivity is compared between different spatial 

locations on a tissue or sample. As an illustration, the "spectroscopy" may be performed by varying 

the wavelength of the light source, or by using a broadband light source and analyzing the signal using 

a spectrometer, wavemeter, or optical spectrum analyzer. 

10057] As used throughout this disclosure, the term "fiber laser" refers to a laser or oscillator 

that has as an output light or an optical beam, wherein at least a part of the laser comprises an optical 

fiber. For instance, the fiber in the "fiber laser" may comprise one of or a combination of a single 

mode fiber, a multi-mode fiber, a mid-infrared fiber, a photonic crystal fiber, a doped fiber, a gain 

fiber, or, more generally, an approximately cylindrically shaped waveguide or light-pipe. In one 

embodiment, the gain fiber may be doped with rare earth material, such as ytterbium, erbium, and/or 

thulium, for example. In another embodiment, the mid-infrared fiber may comprise one or a 

combination of fluoride fiber, ZBLAN fiber, chalcogenide fiber, tellurite fiber, or germanium doped 

fiber. In yet another embodiment, the single mode fiber may include standard single-mode fiber, 

dispersion shifted fiber, non-zero dispersion shifted fiber, high-nonlinearity fiber, and small core size 

fibers. 

[0058j As used throughout this disclosure, the term "pump laser" refers to a laser or oscillator 

that has as an output light or an optical beam, wherein the output light or optical beam is coupled to a 

gain medium to excite the gain medium, which in tum may amplify another input optical signal or 

beam. In one particular example, the gain medium may be a doped fiber, such as a fiber doped with 

ytterbium, erbium, and/or thulium. In one embodiment, the "pump laser" may be a fiber laser, a solid 

state laser, a laser involving a nonlinear crystal, an optical parametric oscillator, a semiconductor laser, 

or a plurality of semiconductor lasers that may be multiplexed together. In another embodiment, the 

17 

Petitioner WHOOP, Inc. Ex1002 
Page 19 of 459



OMNI O I 02 PUSA6 

"pump laser" may be coupled to the gain medium by using a fiber coupler, a dichroic mirror, a 

multiplexer, a wavelength division multiplexer, a grating, or a fused fiber coupler. 

(0059] As used throughout this document, the term "super-continuum" and or 

"supercontinuum" and or "SC" refers to a broadband light beam or output that comprises a plurality 

of wavelengths. In a particular example, the plurality of wavelengths may be adjacent to one-another, 

so that the spectrum of the light beam or output appears as a continuous band when measured with a 

spectrometer. In one embodiment, the broadband light beam may have a bandwidth or at least I 0nm. 

In another embodiment, the "super-continuum" may be generated through nonlinear optical 

interactions in a medium, such as an optical fiber or nonlinear crystal. For example, the "super­

continuum" may be generated through one or a combination of nonlinear activities such as four-wave 

mixing, the Raman effect, modulational instability, and self-phase modulation. 

(00601 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. The "optical 

light" and or "optical beam" and or "light beam" may be modulated or unmodulated, which also means 

that they may or may not contain information. In one embodiment, the "optical light" and or "optical 

beam" and or "light beam" may originate from a fiber, a fiber laser, a laser, a light emitting diode, a 

lamp, a pump laser, or a light source. 

TRANSMISSION OR REFLECTION THROUGH TEETH 

(00611 The transmission, absorption and reflection from teeth has been studied in the near 

infrared, and, although there are some features, the enamel and dentine appear to be fairly transparent 

in the near infrared (particularly SWIR wavelengths between about 1400 and 2500nm). For example, 

the absorption or extinction ratio for light transmission has been studied. FIGURE 2A illustrates the 

attenuation coefficient 200 for dental enamel 20 I (filled cir cl es) and the absorption coefficient of water 

202 (open circles) versus wavelength. Near-infrared light may penetrate much further without 

scattering through all the tooth enamel, due to the reduced scattering coefficient in normal enamel. 

Scattering in enamel may be fairly strong in the visible, but decreases as approximately 

l/(wavelength)3 [i.e., inverse of the cube of the wavelength] with increasing wavelength to a value of 

only 2-3 cm-I at 1310nm and 1550nm in the near infrared. Therefore, enamel may be virtually 
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transparent in the near infrared with optical attenuation 1-2 orders of magnitude less than in the visible 

range. 

(0062] As another example, FIGURE 2B illustrates the absorption spectrum 250 of intact 

enamel 251 ( dashed line) and dentine 252 (solid line) in the wavelength range of approximately 1.2 to 

2.4 microns. In the near infrared there are two absorption bands in the areas of about 1.5 and 2 microns. 

The band with a peak around 1.57 microns may be attributed to the overtone of valent vibration of 

water present in both enamel and dentine. In this band, the absorption is greater for dentine than for 

enamel, which may be related to the large water content in this tissue. In the region of 2 microns, 

dentine may have two absorption bands, and enamel one. The band with a maximum near 2.1 microns 

may belong to the overtone of vibration of PO hydroxyapatite groups, which is the main substance of 

both enamel and dentine. Moreover, the band with a peak near 1.96 microns in dentine may 

correspond to water absorption (dentine may contain substantially higher water than enamel). 

(0063} In addition to the absorption coefficient, the reflectance from intact teeth and teeth with 

dental caries (e.g., cavities) has been studied. In one embodiment, FIGURE 3 shows the near infrared 

spectral reflectance 300 over the wavelength range of approximately 800nm to 2500nm from an 

occlusal (e.g., top) tooth surface 304. The curve with black diamonds 301 corresponds to the 

reflectance from a sound, intact tooth section. The curve with asterisks(*) 302 corresponds to a tooth 

section with an enamel lesion. The curve with circles 303 corresponds to a tooth section with a dentine 

lesion. Thus, when there is a lesion, more scattering occurs and there may be an increase in the 

reflected light. 

[0064] For wavelengths shorter than approximately 1400nm, the shapes of the spectra remain 

similar, but the amplitude of the reflection changes with lesions. Between approximately 1400nm and 

2500nm, an intact tooth 301 has low reflectance (e.g., high transmission), and the reflectance appears 

to be more or less independent of wavelength. On the other hand, in the presence of lesions 302 and 

303, there is increased scattering, and the scattering loss may be wavelength dependent. For example, 

the scattering loss may decrease as the inverse of some power of wavelength, such as l/(wavelength)3 

-- so, the scattering loss decreases with longer wavelengths. When there is a lesion in the dentine 

303, more water can accumulate in the area, so there is also increased water absorption. For example, 
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the dips near 1450nm and 1900nm may correspond to water absorption, and the reflectance dips are 

particularly pronounced in the dentine lesion 303. 

(0065] FIGURE 3 may point to several novel techniques for early detection and quantification 

of carious regions. One method may be to use a relatively narrow wavelength range (for example, 

from a laser diode or super-luminescent laser diode) in the wavelength window below 1400nm. In 

one embodiment, wavelengths in the vicinity of 1310nm may be used, which is a standard 

telecommunications wavelength where appropriate light sources are available. Also, it may be 

advantageous to use a super-luminescent laser diode rather than a laser diode, because the broader 

bandwidth may avoid the production of laser speckle that can produce interference patterns due to 

light's scattering after striking irregular surfaces. As FIGURE 3 shows, the amplitude of the reflected 

light (which may also be proportional to the inverse of the transmission) may increase with dental 

caries. Hence, comparing the reflected light from a known intact region with a suspect region may 

help identify carious regions. However, one difficulty with using a relatively narrow wavelength range 

and relying on amplitude changes may be the calibration of the measurement. For example, the 

amplitude of the reflected light may depend on many factors, such as irregularities in the dental 

surface, placement of the light source and detector, distance of the measurement instrument from the 

tooth, etc. 

[0066] In one embodiment, use of a plurality of wavelengths can help to better calibrate the 

dental caries measurement. For example, a plurality oflaser diodes or super-luminescent laser diodes 

may be used at different center wavelengths. Alternately, a lamp or alternate broadband light source 

may be used followed by appropriate filters, which may be placed after the light source or before the 

detectors. In one example, wavelengths near 1090nm, 1440nm and 1610nm may be employed. The 

reflection from the tooth 305 appears to reach a local maximum near 1090nm in the representative 

embodiment illustrated. Also, the reflectance near 1440nm 306 is higher for dental caries, with a 

distinct dip particularly for dentine caries 303. Near 1610nm 307, the reflection is also higher for 

carious regions. By using a plurality of wavelengths, the values at different wavelengths may help 

quantify a caries score. In one embodiment, the degree of enamel lesions may be proportional to the 

ratio of the reflectance near 1610nm divided by the reflectance near 1090nm. Also, the degree of 

dentine lesion may be proportional to the difference between the reflectance near 1610nm and 

1440nm, with the difference then divided by the reflectance near 1090nm. Although one set of 
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wavelengths has been described, other wavelengths may also be used and are intended to be covered 

by this disclosure. 

(0067] In yet another embodiment, it may be further advantageous to use all of some fraction 

of the SWIR between approximately 1400 and 2500nm. For example, a SWIR super-continuum light 

source could be used, or a lamp source could be used. On the receiver side, a spectrometer and/or 

dispersive element could be used to discriminate the various wavelengths. As FIGURE 3 shows, an 

intact tooth 301 has a relatively low and featureless reflectance over the SWIR. On the other hand, 

with a carious region there is more scattering, so the reflectance 302,303 increases in amplitude. Since 

the scattering is inversely proportional to wavelength or some power of wavelength, the carious region 

reflectance 302, 303 also decreases with increasing wavelength. Moreover, the carious region may 

contain more water, so there are dips in the reflectance near the water absorption lines 306 and 308. 

The degree of caries or caries score may be quantified by the shape of the spectrum over the SWIR, 

taking ratios of different parts of the spectrum, or some combination of this and other spectral 

processing methods. 

[0068j Although several methods of early caries detection using spectral reflectance have been 

described, other techniques could also be used and are intended to be covered by this disclosure. For 

example, transmittance may be used rather than reflectance, or a combination of the two could be used. 

Moreover, the transmittance, reflectance and/or absorbance could also be combined with other 

techniques, such as quantitative light-induced fluorescence or fiber-optic trans-illumination. Also, the 

SWIR could be advantageous, but other parts of the infrared, near-infrared or visible wavelengths may 

also be used consistent with this disclosure. 

(00691 One other benefit of the absorption, transmission or reflectance in the near infrared and 

SWIR may be that stains and non-calcified plaque are not visible in this wavelength range, enabling 

better discrimination of defects, cracks, and demineralized areas. For example, dental calculus, 

accumulated plaque, and organic stains and debris may interfere significantly with visual diagnosis 

and fluorescence-based caries detection schemes in occlusal surfaces. In the case of using quantitative 

light-induced fluorescence, such confounding factors typically may need to be removed by 

prophylaxis (abrasive cleaning) before reliable measurements can be taken. Surface staining at visible 

wavelengths may further complicate the problem, and it may be difficult to determine whether pits 
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and fissures are simply stained or demineralized. On the other hand, staining and pigmentation 

generally interfere less with NIR or SWIR imaging. For example, NIR and SWIR light may not be 

absorbed by melanin and porphyrins produced by bacteria and those found in food dyes that 

accumulate in dental plaque and are responsible for the pigmentation. 

HUMAN INTERFACE FOR MEASUREMENT SYSTEM 

[0070] A number of different types of measurements may be used to image for dental caries, 

particularly early detection of dental caries. A basic feature of the measurements may be that the 

optical properties are measured as a function of wavelength at a plurality of wavelengths. As further 

described below, the light source may output a plurality of wavelengths, or a continuous spectrum 

over a range of wavelengths. In one embodiment, the light source may cover some or all of the 

wavelength range between approximately 1400nm and 2500nm. The signal may be received at a 

receiver, which may also comprise a spectrometer or filters to discriminate between different 

wavelengths. The signal may also be received at a camera, which may also comprise filters or a 

spectrometer. In one embodiment, the spectral discrimination using filters or a spectrometer may be 

placed after the light source rather than at the receiver. The receiver usually comprises one or more 

detectors ( optical-to-electrical conversion element) and electrical circuitry. The receiver may also be 

coupled to analog to digital converters, particularly if the signal is to be fed to a digital device. 

10071 I Referring to FIGURE 1, one or more light sources 111 may be used for illumination. 

In one embodiment, a transmission measurement may be performed by directing the light source 

output 111 to the region near the interface between the gum 106 and dentine 104. In one embodiment, 

the light may be directed using a light guide or a fiber optic. The light may then propagate through 

the dental pulp 105 to the other side, where the light may be incident on one or more detectors or 

another light guide to transport the signal to 112 a spectrometer, receiver, and/or camera, for example. 

In one embodiment, the light source may be directed to one or more locations near the interface 

between the gum 106 and dentine 104 (in one example, could be from the two sides of the tooth). The 

transmitted light may then be detected in the occlusal surface above the tooth using a 112 spectrometer, 

receiver, or camera, for example. In another embodiment, a reflectance measurement may be 

conducted by directing the light source output 111 to, for example, the occlusal surface of the tooth, 

and then detecting the reflectance at a 113 spectrometer, receiver or camera. Although a few 
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embodiments for imaging the tooth are described, other embodiments and techniques may also be used 

and are intended to be covered by this disclosure. These optical techniques may measure optical 

properties such as reflectance, transmittance, absorption, or luminescence. 

[0072] In one embodiment, FIGURE 4 shows that the light source and/or detection system 

may be integrated with a dental hand-piece 400. The hand-piece 400 may also include other dental 

equipment, such as a drill, pick, air spray or water cooling stream. The dental hand-piece 400 may 

include a housing 401 and a motor housing 402 (in some embodiments such as with a drill, a motor 

may be placed in this section). The end of hand-piece 403 that interfaces with the tooth may be 

detachable, and it may also have the light input and output end. The dental hand-piece 400 may also 

have an umbilical cord 404 for connecting to power supplies, diagnostics, or other equipment, for 

example. 

(00731 A light guide 405 may be integrated with the hand-piece 400, either inside the housing 

401, 402 or adjacent to the housing. In one embodiment, a light source 410 may be contained within 

the housing 401, 402. In an alternative embodiment, the hand-piece 400 may have a coupler 410 to 

couple to an external light source 411 and/or detection system or receiver 412. The light source 411 

may be coupled to the hand-piece 400 using a light guide or fiber optic cable 406. In addition, the 

detection system or receiver 412 may be coupled to the hand-piece 400 using one or more light guides, 

fiber optic cable or a bundle of fibers 407. 

(0074] The light incident on the tooth may exit the hand-piece 400 through the end 403. The 

end 403 may also have a lens system or curved mirror system to collimate or focus the light. In one 

embodiment, if the light source is integrated with a tool such as a drill, then the light may reach the 

tooth at the same point as the tip of the drill. The reflected or transmitted light from the tooth may 

then be observed externally and/or guided back through the light guide 405 in the hand-piece 400. If 

observed externally, there may be a lens system 408 for collecting the light and a detection system 409 

that may have one or more detectors and electronics. If the light is to be guided back through the 

hand-piece 400, then the reflected light may transmit through the light guide 405 back to the detection 

system or receiver 412. In one embodiment, the incident light may be guided by a fiber optic through 

the light guide 405, and the reflected light may be captured by a series of fibers forming a bundle 

adjacent to or surrounding the incident light fiber. 
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[00751 In another embodiment, a "clamp" design 500 may be used as a cap over one or more 

teeth, as illustrated in FIGURE SA The clamp design may be different for different types of teeth, or 

it may be flexible enough to fit over different types of teeth. For example, different types of teeth 

include the molars (toward the back of the mouth), the premolars, the canine, and the incisors (toward 

the front of the mouth). One embodiment of the clamp-type design is illustrated in FIGURE SA for a 

molar tooth 508. The C-clamp 501 may be made of a plastic or rubber material, and it may comprise 

a light source input 502 and a detector output 503 on the front or back of the tooth, for example. 

[0076] The light source input 502 may comprise a light source directly, or it may have light 

guided to it from an external light source. Also, the light source input 502 may comprise a lens system 

to collimate or focus the light across the tooth. The detector output 503 may comprise a detector 

directly, or it may have a light guide to transport the signal to an external detector element. The light 

source input 502 may be coupled electrically or optically through 504 to a light input 506. For 

example, if the light source is external in 506, then the coupling element 504 may be a light guide, 

such as a fiber optic. Alternately, if the light source is contained in 502, then the coupling element 

504 may be electrical wires connecting to a power supply in 506. Similarly, the detector output 503 

may be coupled to a detector output unit 507 with a coupling element 505, which may be one or more 

electrical wires or a light guide, such as a fiber optic. This is just one example of a clamp over one or 

more teeth, but other embodiments may also be used and are intended to be covered by this disclosure. 

For example, if reflectance from the teeth is to be used in the measurement, then the light input 502 

and detected light input 503 may be on the same side of the tooth. 

(00771 In yet another embodiment, one or more light source ports and sensor ports may be 

used in a mouth-guard type design. For example, one embodiment of a dental mouth guard 550 is 

illustrated in FIGURE SB. The structure of the mouth guard 551 may be similar to mouth guards used 

in sports ( e.g., when playing football or boxing) or in dental trays used for applying fluoride treatment, 

and the mouth guard may be made from plastic, rubber, or any other suitable materials. As an example, 

the mouth guard may have one or more light source input ports 552, 553 and one or more detector 

output ports 554, 555. Although six input and output ports are illustrated, any number of ports may 

be used. 
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[00781 Similar to the clamp design described above, the light source inputs 552, 553 may 

comprise one or more light sources directly, or they may have light guided to them from an external 

light source. Also, the light source inputs 552, 553 may comprise lens systems to collimate or focus 

the light across the teeth. The detector outputs 554, 555 may comprise one or more detectors directly, 

or they may have one or more light guides to transport the signals to an external detector element. The 

light source inputs 552, 553 may be coupled electrically or optically through 556 to a light input 557. 

For example, if the light source is external in 557, then the one or more coupling elements 556 may 

be one or more light guides, such as a fiber optic. Alternately, if the light sources are contained in 

552, 553, then the coupling element 556 may be one or more electrical wires connecting to a power 

supply in 557. Similarly, the detector outputs 554, 555 may be coupled to a detector output unit 559 

with one or more coupling elements 558, which may be one or more electrical wires or one or more 

light guides, such as a fiber optic. This is just one example of a mouth guard design covering a plurality 

of teeth, but other embodiments may also be used and are intended to be covered by this disclosure. 

For instance, the position of the light source inputs and detector output ports could be exchanged, or 

some mixture of locations of light source inputs and detector output ports could be used. Also, if 

reflectance from the teeth is to be measured, then the light sources and detectors may be on the same 

side of the tooth. Moreover, it may be advantageous to pulse the light source with a particular pulse 

width and pulse repetition rate, and then the detection system can measure the pulsed light returned 

from or transmitted through the tooth. Using a lock-in type technique (e.g., detecting at the same 

frequency as the pulsed light source and also possibly phase locked to the same signal), the detection 

system may be able to reject background or spurious signals and increase the signal-to-noise ratio of 

the measurement. 

[0079j Other elements may be added to the human interface designs of FIGURES 4-6 and are 

also intended to be covered by this disclosure. For instance, in one embodiment it may be desirable 

to have replaceable inserts that may be disposable. Particularly in a dentist's or doctor's office or 

hospital setting, the same instrument may be used with a plurality of patients. Rather than disinfecting 

the human interface after each use, it may be preferable to have disposable inserts that can be thrown 

away after each use. In one embodiment, a thin plastic coating material may enclose the clamp design 

of FIGURE SA or mouth guard design of FIGURE SB. The coating material may be inserted before 

each use, and then after the measurement is exercised the coating material may be peeled off and 
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replaced. The coating or covering material may be selected based on suitable optical properties that 

do not affect the measurement, or known optical properties that can be calibrated or compensated for 

during measurement. Such a design may save the dentist or physician or user considerable time, while 

at the same time provide the business venture with a recurring cost revenue source. 

[0080] Thus, beyond the problem of other blood constituents or analytes having overlapping 

spectral features, it may be difficult to observe glucose spectral signatures through the skin and its 

constituents of water, adipose, collagen and elastin. One approach to overcoming this difficulty may 

be to try to measure the blood constituents in veins that are located at relatively shallow distances 

below the skin. Veins may be more beneficial for the measurement than arteries, since arteries tend 

to be located at deeper levels below the skin. Also, in one embodiment it may be advantageous to use 

a differential measurement to subtract out some of the interfering absorption lines from the skin. For 

example, an instrument head may be designed to place one probe above a region of skin over a blood 

vein, while a second probe may be placed at a region of the skin without a noticeable blood vein below 

it. Then, by differencing the signals from the two probes, at least part of the skin interference may be 

cancelled out. 

[0081 J Two representative embodiments for performing such a differential measurement are 

illustrated in FIGURE 6A and FIGURE 6B. In one embodiment shown in FIGURE 6A, the dorsal of 

the hand 600 may be used for measuring blood constituents or analytes. The dorsal of the hand 600 

may have regions that have distinct veins 601 as well as regions where the veins are not as shallow or 

pronounced 602. By stretching the hand and leaning it backwards, the veins 601 may be accentuated 

in some cases. A near-infrared diffuse reflectance measurement may be performed by placing one 

probe 603 above the vein-rich region 601. To tum this into a differential measurement, a second probe 

604 may be placed above a region without distinct veins 602. Then, the outputs from the two probes 

may be subtracted 605 to at least partially cancel out the features from the skin. The subtraction may 

be done preferably in the electrical domain, although it can also be performed in the optical domain or 

digitally/mathematically using sampled data based on the electrical and/or optical signals. Although 

one example of using the dorsal of the hand 600 is shown, many other parts of the hand can be used 

within the scope of this disclosure. For example, alternate methods may use transmission through the 

webbing between the thumb and the fingers 606, or transmission or diffuse reflection through the tips 

of the fingers 607. 
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[00821 In another embodiment, the dorsal of the foot 650 may be used instead of the hand. 

One advantage of such a configuration may be that for self-testing by a user, the foot may be easier to 

position the instrument using both hands. One probe 653 may be placed over regions where there are 

more distinct veins 651, and a near-infrared diffuse reflectance measurement may be made. For a 

differential measurement, a second probe 654 may be placed over a region with less prominent veins 

652, and then the two probe signals may be subtracted, either electronically or optically, or may be 

digitized/sampled and processed mathematically depending on the particular application and 

implementation. As with the hand, the differential measurements may be intended to compensate for 

or subtract out (at least in part) the interference from the skin. Since two regions are used in close 

proximity on the same body part, this may also aid in removing some variability in the skin from 

environmental effects such as temperature, humidity, or pressure. In addition, it may be advantageous 

to first treat the skin before the measurement, by perhaps wiping with a cloth or treated cotton ball, 

applying some sort of cream, or placing an ice cube or chilled bag over the region of interest. 

[0083] Although two embodiments have been described, many other locations on the body 

may be used using a single or differential probe within the scope of this disclosure. In yet another 

embodiment, the wrist may be advantageously used, particularly where a pulse rate is typically 

monitored. Since the pulse may be easily felt on the wrist, there is underlying the region a distinct 

blood flow. Other embodiments may use other parts of the body, such as the ear lobes, the tongue, 

the inner lip, the nails, the eye, or the teeth. Some of these embodiments will be further described 

below. The ear lobes or the tip of the tongue may be advantageous because they are thinner skin 

regions, thus permitting transmission rather than diffuse reflection. However, the interference from 

the skin is still a problem in these embodiments. Other regions such as the inner lip or the bottom of 

the tongue may be contemplated because distinct veins are observable, but still the interference from 

the skin may be problematic in these embodiments. The eye may seem as a viable alternative because 

it is more transparent than skin. However, there are still issues with scattering in the eye. For example, 

the anterior chamber of the eye (the space between the cornea and the iris) comprises a fluid known 

as aqueous humor. However, the glucose level in the eye chamber may have a significant temporal 

lag on changes in the glucose level compared to the blood glucose level. 

[0084] One of the issues in measuring a particular blood constituent is the interfering and 

overlapping signal from other blood constituents. The selection of the constituent of interest may be 
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improved using a number of techniques. For example, a higher light level or intensity may improve 

the signal-to-noise ratio for the measurement. Second, mathematical modeling and signal processing 

methodologies may help to reduce the interference, such as multivariate techniques, multiple linear 

regression, and factor-based algorithms, for example. For instance, a number of mathematical 

approaches include multiple linear regression, partial least squares, and principal component 

regression (PCR). Various mathematical derivatives, including the first and second derivatives, may 

help to accentuate differences between spectra. In addition, by using a wider wavelength range and 

using more sampling wavelengths may improve the ability to discriminate one signal from another. 

These are just examples of some of the methods of improving the ability to discriminate between 

different constituents, but other techniques may also be used and are intended to be covered by this 

disclosure. 

LIGHT SOURCES FOR NEAR INFRARED 

(0085} There are a number of light sources that may be used in the near infrared. To be more 

specific, the discussion below will consider light sources operating in the short wave infrared (SWIR), 

which may cover the wavelength range of approximately 1400nm to 2500nm. Other wavelength 

ranges may also be used for the applications described in this disclosure, so the discussion below is 

merely provided as exemplary types of light sources. The SWIR wavelength range may be valuable 

for a number of reasons. First, the SWIR corresponds to a transmission window through water and 

the atmosphere. Second, the so-called "eye-safe" wavelengths are wavelengths longer than 

approximately 1400nm. Third, the SWIR covers the wavelength range for nonlinear combinations of 

stretching and bending modes as well as the first overtone of C-H stretching modes. Thus, for 

example, glucose and ketones among other substances may have unique signatures in the SWIR. 

Moreover, many solids have distinct spectral signatures in the SWIR, so particular solids may be 

identified using stand-off detection or remote sensing. For instance, many explosives have unique 

signatures in the SWIR. 

[00861 Different light sources may be selected for the SWIR based on the needs of the 

application. Some of the features for selecting a particular light source include power or intensity, 

wavelength range or bandwidth, spatial or temporal coherence, spatial beam quality for focusing or 

transmission over long distance, and pulse width or pulse repetition rate. Depending on the 
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application, lamps, light emitting diodes (LEDs), laser diodes (LD's), tunable LD's, super-luminescent 

laser diodes (SLDs), fiber lasers or super-continuum sources (SC) may be advantageously used. Also, 

different fibers may be used for transporting the light, such as fused silica fibers, plastic fibers, mid­

infrared fibers (e.g., tellurite, chalcogenides, fluorides, ZBLAN, etc), or a hybrid of these fibers. 

[0087] Lamps may be used if low power or intensity of light is required in the SWIR, and if 

an incoherent beam is suitable. In one embodiment, in the SWIR an incandescent lamp that can be 

used is based on tungsten and halogen, which have an emission wavelength between approximately 

500nm to 2500nm. For low intensity applications, it may also be possible to use thermal sources, 

where the SWIR radiation is based on the black body radiation from the hot object. Although the 

thermal and lamp based sources are broadband and have low intensity fluctuations, it may be difficult 

to achieve a high signal-to-noise ratio due to the low power levels. Also, the lamp based sources tend 

to be energy inefficient. 

(0088} In another embodiment, LED's can be used that have a higher power level in the SWIR 

wavelength range. LED's also produce an incoherent beam, but the power level can be higher than a 

lamp and with higher energy efficiency. Also, the LED output may more easily be modulated, and 

the LED provides the option of continuous wave or pulsed mode of operation. LED's are solid state 

components that emit a wavelength band that is of moderate width, typically between about 20nm to 

40nm. There are also so-called super-luminescent LEDs that may even emit over a much wider 

wavelength range. In another embodiment, a wide band light source may be constructed by combining 

different LEDs that emit in different wavelength bands, some of which could preferably overlap in 

spectrum. One advantage of LEDs as well as other solid state components is the compact size that 

they may be packaged into. 

(0089} In yet another embodiment, various types of laser diodes may be used in the SWIR 

wavelength range. Just as LEDs may be higher in power but narrower in wavelength emission than 

lamps and thermal sources, the LDs may be yet higher in power but yet narrower in wavelength 

emission than LEDs. Different kinds of LDs may be used, including Fabry-Perot LDs, distributed 

feedback (DFB) LDs, distributed Bragg reflector (DBR) LDs. Since the LDs have relatively narrow 

wavelength range (typically under 10nm), in one embodiment a plurality ofLDs may be used that are 

at different wavelengths in the SWIR. The various LDs may be spatially multiplexed, polarization 
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multiplexed, wavelength multiplexed, or a combination of these multiplexing methods. Also, the LDs 

may be fiber pig-tailed or have one or more lenses on the output to collimate or focus the light. Another 

advantage of LDs is that they may be packaged compactly and may have a spatially coherent beam 

output. Moreover, tunable LDs that can tune over a range of wavelengths are also available. The 

tuning may be done by varying the temperature, or electrical current may be used in particular 

structures such as distributed Bragg reflector (DBR) LDs, for example. In another embodiment, 

external cavity LDs may be used that have a tuning element, such as a fiber grating or a bulk grating, 

in the external cavity. 

[0090] In another embodiment, super-luminescent laser diodes may provide higher power as 

well as broad bandwidth. An SLD is typically an edge emitting semiconductor light source based on 

super-luminescence (e.g., this could be amplified spontaneous emission). SLDs combine the higher 

power and brightness of LDs with the low coherence of conventional LEDs, and the emission band 

for SLD's may be 5 to 100nm wide, preferably in the 60 to 100nm range. Although currently SLDs 

are commercially available in the wavelength range of approximately 400nm to 1700nm, SLDs could 

and may in the future be made to cover a broader region of the SWIR. 

[0091 J In yet another embodiment, high power LDs for either direct excitation or to pump fiber 

lasers and SC light sources may be constructed using one or more laser diode bar stacks. FIGURE 7 

shows an example of a block diagram 700 or building blocks for constructing the high power LDs. In 

this embodiment, one or more diode bar stacks 70 I may be used, where the diode bar stack may be an 

array of several single emitter LDs. Since the fast axis (e.g., vertical direction) may be nearly 

diffraction limited while the slow-axis (e.g., horizontal axis) may be far from diffraction limited, 

different collimators 702 may be used for the two axes. 

(00921 Then, the brightness may be increased by spatially combining the beams from multiple 

stacks 703. The combiner may include spatial interleaving, it may include wavelength multiplexing, 

or it may involve a combination of the two. Different spatial interleaving schemes may be used, such 

as using an array of prisms or mirrors with spacers to bend one array of beams into the beam path of 

the other. In another embodiment, segmented mirrors with alternate high-reflection and anti-reflection 

coatings may be used. Moreover, the brightness may be increased by polarization beam combining 

704 the two orthogonal polarizations, such as by using a polarization beam splitter. In a particular 
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embodiment, the output may then be focused or coupled into a large diameter core fiber. As an 

example, typical dimensions for the large diameter core fiber range from diameters of approximately 

100 microns to 400 microns or more. Alternatively or in addition, a custom beam shaping module 

705 may be used, depending on the particular application. For example, the output of the high power 

LD may be used directly 706, or it may be fiber coupled 707 to combine, integrate, or transport the 

high power LD energy. These high power LDs may grow in importance because the LD powers can 

rapidly scale up. For example, instead of the power being limited by the power available from a single 

emitter, the power may increase in multiples depending on the number of diodes multiplexed and the 

size of the large diameter fiber. Although FIGURE 7 is shown as one embodiment, some or all of the 

elements may be used in a high power LD, or additional elements may also be used. 

(00931 As described in greater detail in commonly owned US Pat. App. Pub. 2014/0188094, 

in some instances, it may be desirable to create multiple locations of focused light. For example, the 

speed of the treatment for varicose veins may be increased by causing thermal coagulation or occlusion 

at multiple locations. Multiple collimated or focused light beams may be created in one assembly. In 

such embodiments, optionally a surface cooling apparatus may be used, where a cooling fluid may be 

flowed either touching or in close proximity to the skin. Also, in this particular embodiment a 

cylindrical assembly may optionally be used, where the cylindrical length may be several millimeters 

in length and defined by a clamp or mount placed on or near the leg. In one embodiment, a window 

and/or lenslet array is also shown on the cylindrical surface for permitting the light to be incident on 

the skin and varicose vein at multiple spots. The lenslet array may comprise circular, spherical or 

cylindrical lenses, depending on the type of spots desired. As before, one advantage of placing the 

lenslet array in close proximity to the skin and varicose vein may be that a high NA lens may be used. 

Also, the input from the lens and/or mirror assembly to the lenslet array may be single large beam, or 

a plurality of smaller beams. In one embodiment, a plurality of spots may be created by the lenslet 

array to cause a plurality of locations of thermal coagulation in the varicose vein. Any number of 

spots may be used and are intended to be covered by this disclosure. 

(0094] In a non-limiting example, a plurality of spots may be used, or what might be called a 

fractionated beam. The fractionated laser beam may be added to the laser delivery assembly or 

delivery head in a number of ways. In one embodiment, a screen-like spatial filter may be placed in 

the pathway of the beam to be delivered to the biological tissue. The screen-like spatial filter can have 
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opaque regions to block the light and holes or transparent regions, through which the laser beam may 

pass to the tissue sample. The ratio of opaque to transparent regions may be varied, depending on the 

application of the laser. In another embodiment, a lenslet array can be used at or near the output 

interface where the light emerges. In yet another embodiment, at least a part of the delivery fiber from 

the infrared laser system to the delivery head may be a bundle of fibers, which may comprise a plurality 

of fiber cores surrounded by cladding regions. The fiber cores can then correspond to the exposed 

regions, and the cladding areas can approximate the opaque areas not to be exposed to the laser light. 

As an example, a bundle of fibers may be excited by at least a part of the laser system output, and then 

the fiber bundle can be fused together and perhaps pulled down to a desired diameter to expose to the 

tissue sample near the delivery head. In yet another embodiment, a photonic crystal fiber may be used 

to create the fractionated laser beam. In one non-limiting example, the photonic crystal fiber can be 

coupled to at least a part of the laser system output at one end, and the other end can be coupled to the 

delivery head. In a further example, the fractionated laser beam may be generated by a heavily multi­

mode fiber, where the speckle pattern at the output may create the high intensity and low intensity 

spatial pattern at the output. Although several exemplary techniques are provided for creating a 

fractionated laser beam, other techniques that can be compatible with optical fibers are also intended 

to be included by this disclosure. 

[0095] Although the output from a fiber laser may be from a single or multi-mode fiber, 

different spatial spot sizes or spatial profiles may be beneficial for different applications. For example, 

in some instances it may be desirable to have a series of spots or a fractionated beam with a grid of 

spots. In one embodiment, a bundle of fibers or a light pipe with a plurality of guiding cores may be 

used. In another embodiment, one or more fiber cores may be followed by a lenslet array to create a 

plurality of collimated or focused beams. In yet another embodiment, a delivery light pipe may be 

followed by a grid-like structure to divide up the beam into a plurality of spots. These are specific 

examples of beam shaping, and other apparatuses and methods may also be used and are consistent 

with this disclosure. 

SWIR SUPER-CONTINUUM LASERS 

(0096] Each of the light sources described above have particular strengths, but they also may 

have limitations. For example, there is typically a trade-off between wavelength range and power 
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output. Also, sources such as lamps, thermal sources, and LEDs produce incoherent beams that may 

be difficult to focus to a small area and may have difficulty propagating for long distances. An 

alternative source that may overcome some of these limitations is an SC light source. Some of the 

advantages of the SC source may include high power and intensity, wide bandwidth, spatially coherent 

beam that can propagate nearly transform limited over long distances, and easy compatibility with 

fiber delivery. 

(00971 Supercontinuum lasers may combine the broadband attributes oflamps with the spatial 

coherence and high brightness of lasers. By exploiting a modulational instability initiated 

supercontinuum (SC) mechanism, an all-fiber-integrated SC laser with no moving parts may be built 

using commercial-off-the-shelf (COTS) components. Moreover, the fiber laser architecture may be a 

platform where SC in the visible, near-infrared/ SWIR, or mid-IR can be generated by appropriate 

selection of the amplifier technology and the SC generation fiber. But until recently, SC lasers were 

used primarily in laboratory settings since typically large, table-top, mode-locked lasers were used to 

pump nonlinear media such as optical fibers to generate SC light. However, those large pump lasers 

may now be replaced with diode lasers and fiber amplifiers that gained maturity in the 

telecommunications industry. 

[00981 In one embodiment, an all-fiber-integrated, high-powered SC light source 800 may be 

elegant for its simplicity (FIGURE 8). The light may be first generated from a seed laser diode 801. 

For example, the seed LD 801 may be a distributed feedback (DFB) laser diode with a wavelength 

near 1542 or 1550 nm, with approximately 0.5-2.0 ns pulsed output, and with a pulse repetition rate 

between about one kilohertz to about 100MHz or more. The output from the seed laser diode may 

then be amplified in a multiple-stage fiber amplifier 802 comprising one or more gain fiber segments. 

In one embodiment, the first stage pre-amplifier 803 may be designed for optimal noise performance. 

For example, the pre-amplifier 803 may be a standard erbium-doped fiber amplifier or an 

erbium/ytterbium doped cladding pumped fiber amplifier. Between amplifier stages 803 and 806, it 

may be advantageous to use band-pass filters 804 to block amplified spontaneous emission and 

isolators 805 to prevent spurious reflections. Then, the power amplifier stage 806 may use a cladding­

pumped fiber amplifier that may be optimized to minimize nonlinear distortion. The power amplifier 

fiber 806 may also be an erbium-doped fiber amplifier, if only low or moderate power levels are to be 

generated. 
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[00991 The SC generation 807 may occur in the relatively short lengths of fiber that follow the 

pump laser. The SC fiber length may range from around a few millimeters to 1 00m or more. In one 

embodiment, the SC generation may occur in a first fiber 808 where the modulational-instability 

initiated pulse break-up occurs primarily, followed by a second fiber 809 where the SC generation and 

spectral broadening occurs primarily. 

(OlOOJ In one embodiment, one or two meters of standard single-mode fiber (SMF) after the 

power amplifier stage may be followed by several meters of SC generation fiber. For this example, in 

the SMF the peak power may be several kilowatts and the pump light may fall in the anomalous group­

velocity dispersion regime-often called the soliton regime. For high peak powers in the anomalous 

dispersion regime, the nanosecond pulses may be unstable due to a phenomenon known as 

modulational instability, which is basically parametric amplification in which the fiber nonlinearity 

helps to phase match the pulses. As a consequence, the nanosecond pump pulses may be broken into 

many shorter pulses as the modulational instability tries to form soliton pulses from the quasi­

continuous-wave background. Although the laser diode and amplification process starts with 

approximately nanosecond-long pulses, modulational instability in the short length of SMF fiber may 

form approximately 0.5 ps to several-picosecond-long pulses with high intensity. Thus, the few meters 

of SMF fiber may result in an output similar to that produced by mode-locked lasers, except in a much 

simpler and cost-effective manner. 

[0101] The short pulses created through modulational instability may then be coupled into a 

nonlinear fiber for SC generation. The nonlinear mechanisms leading to broadband SC may include 

four-wave mixing or self-phase modulation along with the optical Raman effect. Since the Raman 

effect is self-phase-matched and shifts light to longer wavelengths by emission of optical photons, the 

SC may spread to longer wavelengths very efficiently. The short-wavelength edge may arise from 

four-wave mixing, and often times the short wavelength edge may be limited by increasing group­

velocity dispersion in the fiber. In many instances, if the particular fiber used has sufficient peak 

power and SC fiber length, the SC generation process may fill the long-wavelength edge up to the 

transmission window. 

(0102] Mature fiber amplifiers for the power amplifier stage 806 include ytterbium-doped 

fibers (near 1060 nm), erbium-doped fibers (near 1550nm), erbium/ytterbium-doped fibers (near 1550 
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nm), or thulium-doped fibers (near 2000nm). In various embodiments, candidates for SC fiber 809 

include fused silica fibers (for generating SC between 0.8-2.7 µm), mid-IR fibers such as fluorides, 

chalcogenides, or tellurites (for generating SC out to 4.5 µm or longer), photonic crystal fibers (for 

generating SC between 0.4 and 1.7 µm), or combinations of these fibers. Therefore, by selecting the 

appropriate fiber-amplifier doping for 806 and nonlinear fiber 809, SC may be generated in the visible, 

near-IR/ SWIR, or mid-IR wavelength region. 

(01031 The configuration 800 of FIGURE 8 is just one particular example, and other 

configurations can be used and are intended to be covered by this disclosure. For example, further 

gain stages may be used, and different types of lossy elements or fiber taps may be used between the 

amplifier stages. In another embodiment, the SC generation may occur partially in the amplifier fiber 

and in the pig-tails from the pump combiner or other elements. In yet another embodiment, 

polarization maintaining fibers may be used, and a polarizer may also be used to enhance the 

polarization contrast between amplifier stages. Also, not discussed in detail are many accessories that 

may accompany this set-up, such as driver electronics, pump laser diodes, safety shut-offs, and thermal 

management and packaging. 

[01041 In one embodiment, one example of the SC laser that operates in the SWIR is illustrated 

in FIGURE 9. This SWIR SC source 900 produces an output of up to approximately SW over a 

spectral range of about 1.5 to 2.4 microns, and this particular laser is made out of polarization 

maintaining components. The seed laser 901 is a distributed feedback (DFB) laser operating near 

1542nm producing approximately 0.5nsec pulses at an about 8MHz repetition rate. The pre-amplifier 

902 is forward pumped and uses about 2m length of erbium/ytterbium cladding pumped fiber 903 

(often also called dual-core fiber)with an inner core diameter of 12 microns and outer core diameter 

of 130 microns. The pre-amplifier gain fiber 903 is pumped using a l0W laser diode near 940nm 905 

that is coupled in using a fiber combiner 904. 

In this particular SW unit, the mid-stage between amplifier stages 902 and 906 

comprises an isolator 907, a band-pass filter 908, a polarizer 909 and a fiber tap 910. The power 

amplifier 906 uses an approximately 4m length of the 12/130 micron erbium/ytterbium doped fiber 

911 that is counter-propagating pumped using one or more 30W laser diodes near 940nm 912 coupled 

in through a combiner 913. An approximately 1-2 meter length of the combiner pig-tail helps to 
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initiate the SC process, and then a length of PM-1550 fiber 915 (polarization maintaining, single­

mode, fused silica fiber optimized for 1550nm) is spliced 914 to the combiner output. 

(0106] If an output fiber of about 1 Om in length is used, then the resulting output spectrum 

1000 is shown in FIGURE 10. The details of the output spectrum 1000 depend on the peak power 

into the fiber, the fiber length, and properties of the fiber such as length and core size, as well as the 

zero dispersion wavelength and the dispersion properties. For example, if a shorter length of fiber is 

used, then the spectrum actually reaches to longer wavelengths ( e.g., a 2m length of SC fiber broadens 

the spectrum to about 2500nm). Also, if extra-dry fibers are used with less 0-H content, then the 

wavelength edge may also reach to a longer wavelength. To generate more spectra toward the shorter 

wavelengths, the pump wavelength (in this case -1542nm) should be close to the zero dispersion 

wavelength in the fiber. For example, by using a dispersion shifted fiber or so-called non-zero 

dispersion shifted fiber, the short wavelength edge may shift to shorter wavelengths. 

(0107} In one particular embodiment, the SWIR-SC light source of FIGURE 9 with output 

spectrum in FIGURE 10 was used in preliminary experiments for examining the reflectance from 

different dental samples. A schematic of the experimental set-up 1100 for measuring the diffuse 

reflectance spectroscopy is illustrated in FIGURE l lA. The SC source 1101 in this embodiment was 

based on the design of FIGURE 9 and delivered approximately 1.6W of light over the wavelength 

range from about 1500-2400nm. The output beam 1102 was collimated, and then passed through a 

chopper 1103 (for lock-in detection at the receiver after the spectrometer 1106) and an aperture 1104 

for localizing the beam on the tooth location. Different teeth 1105 with different lesions and caries 

were placed in front of the aperture 1104, and the scattered light was passed through a spectrometer 

1106 and collected on a detector, whose signal was sent to a receiver. The tooth samples 1105 were 

mounted in clay or putty for standing upright. Different types of teeth could be used, including molars, 

premolars, canine and incisor teeth. 

FIGURE l lB shows exemplary reflectance spectra 1150 from a sound enamel region 

1151 (e.g., without dental caries), an enamel lesion region 1152, and a dentine lesion region 1153 of 

various teeth. The spectra are normalized to have equal value near 2050nm. In this particular 

embodiment, the slope from the sound enamel 1151 is steepest between about 1500 and 1950nm, with 

a lesser slope in the presence of an enamel lesion 1152. When there is a sample with dentine lesion 
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1153, more features appear in the spectrum from the presence of water absorption lines from water 

that collects in the dentine. For this experiment, the spectra 1151, 1152, and 1153 are flatter in the 

wavelength region between about 1950nm and 2350nm. These are preliminary results, but they show 

the benefit of using broadband sources such as the SWIR-SC source for diagnosing dental caries. 

Although the explanation behind the different spectra 1150 of FIGURE l lB may not be understood 

as yet, it is clear that the spectra 1151, 1152 and 1153 are distinguishable. Therefore, the broadband 

reflectance may be used for detection of dental caries and analyzing the region of the caries. Although 

diffuse reflectance has been used in this experiment, other signals, such as transmission, reflectance 

or a combination, may also be used and are covered by this disclosure. 

[01091 Although one particular example of a SW SWIR-SC has been described, different 

components, different fibers, and different configurations may also be used consistent with this 

disclosure. For instance, another embodiment of the similar configuration 900 in FIGURE 9 may be 

used to generate high powered SC between approximately 1060 and 1800nm. For this embodiment, 

the seed laser 901 may be a distributed feedback laser diode of about 1064nm, the pre-amplifier gain 

fiber 903 may be a ytterbium-doped fiber amplifier with 10/125 microns dimensions, and the pump 

laser 905 may be a l0W laser diode near 915nm. A mode field adapter may be including in the mid­

stage, in addition to the isolator 907, band pass filter 908, polarizer 909 and tap 910. The gain fiber 

911 in the power amplifier may be an about 20m length of ytterbium-doped fiber with 25/400 microns 

dimension. The pump 912 for the power amplifier may be up to six pump diodes providing 30W each 

near 915nm. For this much pump power, the output power in the SC may be as high as SOW or more. 

(01101 In an alternate embodiment, it may be desirous to generate high power SWIR SC over 

1.4-1.8 microns and separately 2-2.5 microns (the window between 1.8 and 2 microns may be less 

important due to the strong water and atmospheric absorption). For example, the SC source of 

FIGURE 12A can lead to bandwidths ranging from about 1400nm to 1800nm or broader, while the 

SC source of FIGURE 12B can lead to bandwidths ranging from about 1900nm to 2500nm or broader. 

Since these wavelength ranges are shorter than about 2500nm, the SC fiber can be based on fused 

silica fiber. Exemplary SC fibers include standard single-mode fiber (SMF), high-nonlinearity fiber, 

high-NA fiber, dispersion shifted fiber, dispersion compensating fiber, and photonic crystal fibers. 

Non-fused-silica fibers can also be used for SC generation, including chalcogenides, fluorides, 

ZBLAN, tellurites, and germanium oxide fibers. 
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[0111 J In one embodiment, FIGURE 12A illustrates a block diagram for an SC source 1200 

capable of generating light between approximately 1400nm and 1800nm or broader. As an example, 

a pump fiber laser similar to FIGURE 9 can be used as the input to a SC fiber 1209. The seed laser 

diode 1201 can comprise a DFB laser that generates, for example, several milliwatts of power around 

1542nm or 1553nm. The fiber pre-amplifier 1202 can comprise an erbium-doped fiber amplifier or 

an erbium/ytterbium doped double clad fiber. In this example, a mid-stage amplifier 1203 can be used, 

which can comprise an erbium/ytterbium doped double-clad fiber. A bandpass filter 1205 and isolator 

1206 may be used between the pre-amplifier 1202 and mid-stage amplifier 1203. The power amplifier 

stage 1204 can comprise a larger core size erbium/ytterbium doped double-clad fiber, and another 

bandpass filter 1207 and isolator 1208 can be used before the power amplifier 1204. The output of 

the power amplifier can be coupled to the SC fiber 1209 to generate the SC output 1210. This is just 

one exemplary configuration for an SC source, and other configurations or elements may be used 

consistent with this disclosure. 

[0112] In yet another embodiment, FIGURE 12B illustrates a block diagram for an SC source 

1250 capable of generating light between approximately 1900 and 2500nm or broader. As an example, 

the seed laser diode 1251 can comprise a DFB or DBR laser that generates, for example, several 

milliwatts of power around 1542nm or 1553nm. The fiber pre-amplifier 1252 can comprise an erbium­

doped fiber amplifier or an erbium/ytterbium doped double-clad fiber. In this example, a mid-stage 

amplifier 1253 can be used, which can comprise an erbium/ytterbium doped double-clad fiber. A 

bandpass filter 1255 and isolator 1256 may be used between the pre-amplifier 1252 and mid-stage 

amplifier 1253. The power amplifier stage 1254 can comprise a thulium doped double-clad fiber, and 

another isolator 1257 can be used before the power amplifier 1254. Note that the output of the mid­

stage amplifier 1253 can be approximately near 1542nm, while the thulium-doped fiber amplifier 1254 

can amplify wavelengths longer than approximately 1900nm and out to about 2100nm. Therefore, for 

this configuration wavelength shifting may be required between 1253 and 1254. In one embodiment, 

the wavelength shifting can be accomplished using a length of standard single-mode fiber 1258, which 

can have a length between approximately 5 and 50 meters, for example. The output of the power 

amplifier 1254 can be coupled to the SC fiber 1259 to generate the SC output 1260. This is just one 

exemplary configuration for an SC source, and other configurations or elements can be used consistent 

with this disclosure. For example, the various amplifier stages can comprise different amplifier types, 
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such as erbium doped fibers, ytterbium doped fibers, erbium/ytterbium co-doped fibers and thulium 

doped fibers. 

(Oll3J FIGURE 12C illustrates a reflection-spectroscopy based stand-off detection system 

having an SC laser source. The set-up 1270 for the reflection-spectroscopy-based stand-off detection 

system includes an SC source 1271. First, the diverging SC output is collimated to a 1 cm diameter 

beam using a 25 mm focal length, 90 degrees off-axis, gold coated, parabolic mirror 1272. To reduce 

the effects of chromatic aberration, refractive optics are avoided in the setup. All focusing and 

collimation is done using metallic mirrors that have almost constant reflectivity and focal length over 

the entire SC output spectrum. The sample 1274 is kept at a distance from the collimating mirror 1272, 

which provides a total round trip path length of twice the distance before reaching the collection optics 

1275. A 12cm diameter silver coated concave mirror 1275 with a 75cm focal length is kept 20cm to 

the side of the collimation mirror 1272. The mirror 1275 is used to collect a fraction of the diffusely 

reflected light from the sample, and focus it into the input slit of a monochromator 1276. Thus, the 

beam is incident normally on the sample 1274, but detected at a reflection angle of tan-1(0.2/5) or about 

2.3 degrees. Appropriate long wavelength pass filters mounted in a motorized rotating filter wheel are 

placed in the beam path before the input slit 1276 to avoid contribution from higher wavelength orders 

from the grating (300 grooves/mm, 2µm blaze). The output slit width is set to 2mm corresponding to 

a spectral resolution of 10.8nm, and the light is detected by a 2mm x 2mm liquid nitrogen cooled 

(77K) indium antimonide (InSb) detector 1277. The detected output is amplified using a trans­

impedance pre-amplifier 1277 with a gain of about 105V/A and connected to a lock-in amplifier 1278 

setup for high sensitivity detection. The chopper frequency is 400Hz, and the lock-in time constant is 

set to l00ms corresponding to a noise bandwidth of about lHz. These are exemplary elements and 

parameter values, but other or different optical elements may be used consistent with this disclosure. 

[0ll4j While the above detection systems could be categorized as single path detection 

systems, it may be advantageous in some cases to use multi-path detection systems. In one 

embodiment, a detection system from a Fourier transform infrared spectrometer, FTIR, may be used. 

The received light may be incident on a particular configuration of mirrors, called a Michelson 

interferometer, that allows some wavelengths to pass through but blocks others due to wave 

interference. The beam may be modified for each new data point by moving one of the mirrors, which 

changes the set of wavelengths that pass through. This collected data is called an interferogram. The 
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interferogram is then processed, typically on a computing system, using an algorithm called the 

Fourier transform. One advantageous feature of FTIR is that it may simultaneously collect spectral 

data in a wide spectral range. 

[0115] Another advantage of using the near-infrared or SWIR is that most drug packaging 

materials are at least partially transparent in this wavelength range, so that drug compositions may be 

detected and identified through the packaging non-destructively. As an example, SWIR light could 

be used to see through plastics, since the signature for plastics can be subtracted off and there are large 

wavelength windows where the plastics are transparent. Because of the hydro-carbon bonds, there are 

absorption features near 1.7 microns and 2.2-2.5 microns. In general, the absorption bands in the near 

infrared are due to overtones and combination bands for various functional group vibrations, including 

signals from C-H, O-H, C=O, N-H, -COOH, and aromatic C-H groups. It may be difficult to assign 

an absorption band to a specific functional group due to overlapping of several combinations and 

overtones. However, with advancements in computational power and chemometrics or multivariate 

analysis methods, complex systems may be better analyzed. In one embodiment, using software 

analysis tools the absorption spectrum may be converted to its second derivative equivalent. The 

spectral differences may permit a fast, accurate, non-destructive and reliable identification of 

materials. Although particular derivatives are discussed, other mathematical manipulations may be 

used in the analysis, and these other techniques are also intended to be covered by this disclosure. 

[0116] Described herein are just some examples of the beneficial use of near-infrared or SWIR 

lasers for spectroscopy, active remote sensing or hyper-spectral imaging. However, many other 

spectroscopy and identification procedures can use the near-infrared or SWIR light consistent with 

this disclosure and are intended to be covered by the disclosure. As one example, the fiber-based 

super-continuum lasers may have a pulsed output with pulse durations of approximately 0.5-2nsec and 

pulse repetition rates of several Megahertz. Therefore, the near-infrared or SWIR spectroscopy, active 

remote sensing or hyper-spectral imaging applications may also be combined with LIDAR-type 

applications. Namely, the distance or time axis can be added to the information based on time-of­

flight measurements. For this type of information to be used, the detection system would also have to 

be time-gated to be able to measure the time difference between the pulses sent and the pulses received. 

By calculating the round-trip time for the signal, the distance of the object may be judged. In another 

embodiment, GPS (global positioning system) information may be added, so the near-infrared or 
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SWIR spectroscopy, active remote sensing or hyper-spectral imagery would also have a location tag 

on the data. Moreover, the near-infrared or SWIR spectroscopy, active remote sensing or hyper­

spectral imaging information could also be combined with two-dimensional or three-dimensional 

images to provide a physical picture as well as a chemical composition identification of the materials. 

These are just some modifications of the near-infrared or SWIR spectroscopy, active remote sensing 

or hyper-spectral imaging system described in this disclosure, but other techniques may also be added 

or combinations of these techniques may be added, and these are also intended to be covered by this 

disclosure. 

[Ol 17] In yet another example of multi-beam detection systems, a dual-beam set-up 1280 such 

as in FIGURE 12D may be used to subtract out ( or at least minimize the adverse effects of) light source 

fluctuations. In one embodiment, the output from an SC source 1281 may be collimated using a CaF2 

lens 1282 and then focused into the entrance slit of the monochromator 1283. At the exit slit, light at 

the selected wavelength is collimated again and may be passed through a polarizer 1284 before being 

incident on a calcium fluoride beam splitter 1285. After passing through the beam splitter 1285, the 

light is split into a sample 1286 and reference 1287 arm to enable ratiometric detection that may cancel 

out effects of intensity fluctuations in the SC source 1281. The light in the sample arm 1286 passes 

through the sample of interest and is then focused onto a HgCdTe detector 1288 connected to a pre­

amp. A chopper 1282 and lock-in amplifier 1290 setup enable low noise detection of the sample arm 

signal. The light in the reference arm 1287 passes through an empty container (cuvette, gas cell etc.) 

of the same kind as used in the sample arm. A substantially identical detector 1289, pre-amp and lock­

in amplifier 1290 is used for detection of the reference arm signal. The signal may then be analyzed 

using a computer system 1291. This is one particular example of a method to remove fluctuations 

from the light source, but other components may be added and other configurations may be used, and 

these are also intended to be covered by this disclosure. 

[Ot 181 Although particular examples of detection systems have been described, combinations 

of these systems or other systems may also be used, and these are also within the scope of this 

disclosure. As one example, environmental fluctuations (such as turbulence or winds) may lead to 

fluctuations in the beam for active remote sensing or hyper-spectral imaging. A configuration such as 

FIGURE 12D may be able to remove the effect of environmental fluctuations. Yet another technique 

may be to "wobble" the light beam after the light source using a vibrating mirror. The motion may 
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lead to the beam moving enough to wash out spatial fluctuations within the beam waist at the sample 

or detection system. If the vibrating mirror is scanned faster than the integration time of the detectors, 

then the spatial fluctuations in the beam may be integrated out. Alternately, some sort of synchronous 

detection system may be used, where the detection is synchronized to the vibrating frequency. 

[0119] By use of an active illuminator, a number of advantages may be achieved, such as 

higher signal-to-noise ratios. For example, one way to improve the signal-to-noise ratio would be to 

use modulation and lock-in techniques. In one embodiment, the light source may be modulated, and 

then the detection system would be synchronized with the light source. In a particular embodiment, 

the techniques from lock-in detection may be used, where narrow band filtering around the modulation 

frequency may be used to reject noise outside the modulation frequency. In an alternate embodiment, 

change detection schemes may be used, where the detection system captures the signal with the light 

source on and with the light source off Again, for this system the light source may be modulated. 

Then, the signal with and without the light source is differenced. This may enable the sun light changes 

to be subtracted out. In addition, change detection may help to identify objects that change in the field 

of view. In the following some exemplary detection systems are described. 

[01201 In one embodiment, a SWIR camera or infrared camera system may be used to capture 

the images. The camera may include one or more lenses on the input, which may be adjustable. The 

focal plane assemblies may be made from mercury cadmium telluride material (HgCdTe), and the 

detectors may also include thermo-electric coolers. Alternately, the image sensors may be made from 

indium gallium arsenide (InGaAs), and CMOS transistors may be connected to each pixel of the 

InGaAs photodiode array. The camera may interface wirelessly or with a cable (e.g., USB, Ethernet 

cable, or fiber optics cable) to a computer or tablet or smart phone, where the images may be captured 

and processed. These are a few examples of infrared cameras, but other SWIR or infrared cameras 

may be used and are intended to be covered by this disclosure. 

[0121] In another embodiment, an imaging spectrometer may be used to detect the light 

received from the sample. For example, FIGURE 14A shows a schematic diagram 1400 of the basic 

elements of an imaging spectrometer. The input light 1401 from the sample may first be directed by 

a scanning mirror and/or other optics 1402. An optical dispersing element 1403, such as a grating or 

prism, in the spectrometer may split the light into many narrow, adjacent wavelength bands, which 
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may then be passed through imaging optics 1404 onto one or more detectors or detector arrays 1405. 

Some sensors may use multiple detector arrays to measure hundreds of narrow wavelength bands. 

(0122] An example of a typical imaging spectrometer 1450 used in hyper-spectral imaging 

systems is illustrated in FIGURE 14B. In this particular embodiment, the input light may be directed 

first by a tunable mirror 1451. A front lens 1452 may be placed before the entrance slit 1453 and the 

collector lens 1454. In this embodiment, the dispersing element is a holographic grating with a prism 

1455, which separates the different wavelength bands. Then, a camera lens 1456 may be used to image 

the wavelengths onto a detector or camera 1457. 

[0123] Figures 14A and 14B provide particular examples, but some of the elements may not 

be used, or other elements may be added, and these are also intended to be covered by this disclosure. 

For instance, a scanning spectrometer may be used before the detector, where a grating or dispersive 

element is scanned to vary the wavelength being measured by the detector. In yet another embodiment, 

filters may be used before one or more detectors to select the wavelengths or wavelength bands to be 

measured. This may be particularly useful if only a few bands or wavelengths are to be measured. 

The filters may be dielectric filters, Fabry-Perot filters, absorption or reflection filters, fiber gratings, 

or any other wavelength selective filter. In one embodiment, a wavelength division multiplexer, 

WDM, may be used followed by one or more detectors or detector arrays. One example of a planar 

wavelength division multiplexer may be a waveguide grating router or an arrayed waveguide grating. 

The WDM may be fiber coupled, and detectors may be placed directly at the output or the detectors 

may be coupled through fibers to the WDM. Some of these components may also be combined with 

the configurations in Figures 14A and 14B. 

(01241 One advantage of the SC lasers illustrated is that they may use all-fiber components, 

so that the SC laser can be all-fiber, monolithically integrated with no moving parts. The all-integrated 

configuration can consequently be robust and reliable. 

[0125] The Figures provide examples of SC light sources that may advantageously be used for 

SWIR light generation in various medical and dental diagnostic and therapeutic applications. 

However, many other versions of the SC light sources may also be made that are intended to also be 

covered by this disclosure. For example, the SC generation fiber could be pumped by a mode-locked 

laser, a gain-switched semiconductor laser, an optically pumped semiconductor laser, a solid state 
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laser, other fiber lasers, or a combination of these types of lasers. Also, rather than using a fiber for 

SC generation, either a liquid or a gas cell might be used as the nonlinear medium in which the 

spectrum is to be broadened. 

[0126] Even within the all-fiber vers10ns illustrated such as in FIGURE 9, different 

configurations could be used consistent with the disclosure. In an alternate embodiment, it may be 

desirous to have a lower cost version of the SWIR SC laser of FIGURE 9. One way to lower the cost 

could be to use a single stage of optical amplification, rather than two stages, which may be feasible 

if lower output power is required or the gain fiber is optimized. For example, the pre-amplifier stage 

902 might be removed, along with at least some of the mid-stage elements. In yet another embodiment, 

the gain fiber could be double passed to emulate a two stage amplifier. In this example, the pre­

amplifier stage 902 might be removed, and perhaps also some of the mid-stage elements. A mirror or 

fiber grating reflector could be placed after the power amplifier stage 906 that may preferentially 

reflect light near the wavelength of the seed laser 901. If the mirror or fiber grating reflector can 

transmit the pump light near 940nm, then this could also be used instead of the pump combiner 913 to 

bring in the pump light 912. The SC fiber 915 could be placed between the seed laser 901 and the 

power amplifier stage 906 (SC is only generated after the second pass through the amplifier, since the 

power level may be sufficiently high at that time). In addition, an output coupler may be placed 

between the seed laser diode 901 and the SC fiber, which now may be in front of the power amplifier 

906. In a particular embodiment, the output coupler could be a power coupler or divider, a dichroic 

coupler (e.g., passing seed laser wavelength but outputting the SC wavelengths), or a wavelength 

division multiplexer coupler. This is just one further example, but a myriad of other combinations of 

components and architectures could also be used for SC light sources to generate SWIR light that are 

intended to be covered by this disclosure. 

[0127j One definition of process analytical technology, PAT, is "a system for designing, 

analyzing and controlling manufacturing through timely evaluations (i.e., during processing) of 

significant quality and performance attributes of raw and in-process materials and processes, with the 

goal of ensuring final product quality." Near-infrared or SWIR spectroscopy may have applications 

in the PAT of the pharmaceutical industry by providing, for example, quantitative analysis of multiple 

components in a sample and in pack quantification of drugs in formulation, as well as quality of a drug 

and quality control of complex excipients used in formulation. The PAT process may benefit from 
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near-infrared or SWIR spectroscopy for some steps, such as: raw material identification, active 

pharmaceutical ingredient applications, drying, granulation, blend uniformity and content uniformity. 

Some of the strengths of near-infrared or SWIR spectroscopy include: radiation has good penetration 

properties, and, thus, minimal sample preparation may be required; measurement results may be 

obtained rapidly, and simultaneous measurements may be obtained for several parameters; non­

destructive methods with little or no chemical waste; and organic chemicals that comprise most 

pharmaceutical products have unique spectra in the near-infrared and SWIR ranges, for example. 

[0128] One goal of the manufacturing process and PAT may be the concept of a "smart" 

manufacturing process, which may be a system or manufacturing operation responding to analytical 

data generated in real-time. Such a system may also have an in-built "artificial intelligence" as 

decisions may be made whether to continue a manufacturing operation. For example, with respect to 

the raw materials, integration of the quality measurement into smart manufacturing processes could 

be used to improve manufacturing operations by ensuring that the correct materials of the appropriate 

quality are used in the manufacture. Similarly, a smart blender would be under software control and 

would respond to the real-time spectral data collected. 

[01291 FIGURE 15 illustrates what might be an eventual flow-chart 1500 of a smart 

manufacturing process. The manufacturing process 1501 may have as input the process feed 1502 

and result in a process output 1503. A process controller 1504 may at least partially control the 

manufacturing process 1501, and the controller 1504 may receive inputs from the closed loop control 

(process parameters) 1505 as well as the on-line monitoring of process parameters 1506. The feedback 

loops in the process could refine the manufacturing process 1501 and improve the quality of the 

process output 1503. These are particular embodiments of the use of near-infrared or SWIR 

spectroscopy in the PAT of the pharmaceutical industry, but other variations, combinations, and 

methods may also be used and are intended to be covered by this disclosure. 

[0130] The discussion thus far has centered on use of near-infrared or SWIR spectroscopy in 

applications such as identification of counterfeit drugs, detection of illicit drugs, and pharmaceutical 

process control. Although drugs and pharmaceuticals are one example, many other fields and 

applications may also benefit from the use of near infrared or SWIR spectroscopy, and these may also 

be implemented without departing from the scope of this disclosure. As just another example, near-
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infrared or SWIR spectroscopy may also be used as an analytic tool for food quality and safety control. 

Applications in food safety and quality assessment include contaminant detection, defect 

identification, constituent analysis, and quality evaluation. The techniques described in this disclosure 

are particularly valuable when non-destructive testing is desired at stand-off or remote distances. 

WIRELESS LINK TO THE CLOUD 

[0131] The non-invasive dental caries measurement device may also benefit from 

communicating the data output to the "cloud" (e.g., data servers and processors in the web remotely 

connected) via wireless means. The non-invasive devices may be part of a series of biosensors applied 

to the patient, and collectively these devices form what might be called a body area network or a 

personal area network. The biosensors and non-invasive devices may communicate to a smart phone, 

tablet, personal data assistant, computer and/or other microprocessor-based device, which may in turn 

wirelessly or over wire and/or fiber optic transmit some or all of the signal or processed data to the 

internet or cloud. The cloud or internet may in turn send the data to dentists, doctors or health care 

providers as well as the patients themselves. Thus, it may be possible to have a panoramic, high­

definition, relatively comprehensive view of a patient that doctors and dentists can use to assess and 

manage disease, and that patients can use to help maintain their health and direct their own care. 

[01321 In a particular embodiment 1300, the non-invasive measurement device 1301 may 

comprise a transmitter 1303 to communicate over a first communication link 1304 in the body area 

network or personal area network to a receiver in a smart phone, tablet, cell phone, PDA, and/or 

computer 1305, for example. For the measurement device 1301, it may also be advantageous to have 

a processor 1302 to process some of the measured data, since with processing the amount of data to 

transmit may be less (hence, more energy efficient). The first communication link 1304 may operate 

through the use of one of many wireless technologies such as Bluetooth, Zigbee, WiFi, IrDA (infrared 

data association), wireless USB, or Z-wave, to name a few. Alternatively, the communication link 

1304 may occur in the wireless medical band between 2360MHz and 2390MHz, which the FCC 

allocated for medical body area network devices, or in other designated medical device or WMTS 

bands. These are examples of devices that can be used in the body area network and surroundings, 

but other devices could also be used and are included in the scope of this disclosure. 
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[01331 The personal device 1305 may store, process, display, and transmit some of the data 

from the measurement device 1301. The device 1305 may comprise a receiver, transmitter, display, 

voice control and speakers, and one or more control buttons or knobs and a touch screen. Examples 

of the device 1305 include smart phones such as the Apple iPhones® or phones operating on the 

Android or Microsoft systems. In one embodiment, the device 1305 may have an application, software 

program, or firmware to receive and process the data from the measurement device 1301. The device 

1305 may then transmit some or all of the data or the processed data over a second communication 

link 1306 to the internet or "cloud" 1307. The second communication link 1306 may advantageously 

comprise at least one segment of a wireless transmission link, which may operate using WiFi or the 

cellular network. The second communication link 1306 may additionally comprise lengths of fiber 

optic and/or communication over copper wires or cables. 

(0134] The internet or cloud 1307 may add value to the measurement device 1301 by providing 

services that augment the measured data collected. In a particular embodiment, some of the functions 

performed by the cloud include: (a) receive at least a fraction of the data from the device 1305; (b) 

buffer or store the data received; ( c) process the data using software stored on the cloud; ( d) store the 

resulting processed data; and ( e) transmit some or all of the data either upon request or based on an 

alarm. As an example, the data or processed data may be transmitted 1308 back to the originator (e.g., 

patient or user), it may be transmitted 1309 to a health care provider or doctor or dentist, or it may be 

transmitted 1310 to other designated recipients. 

[0135] Service providers coupled to the cloud 1307 may provide a number of value-add 

services. For example, the cloud application may store and process the dental data for future reference 

or during a visit with the dentist or healthcare provider. If a patient has some sort of medical mishap 

or emergency, the physician can obtain the history of the dental or physiological parameters over a 

specified period of time. In another embodiment, alarms, warnings or reminders may be delivered to 

the user 1308, the healthcare provider 1309, or other designated recipients 1310. These are just some 

of the features that may be offered, but many others may be possible and are intended to be covered 

by this disclosure. As an example, the device 1305 may also have a GPS sensor, so the cloud 1307 

may be able to provide time, date, and position along with the dental or physiological parameters. 

Thus, if there is a medical or dental emergency, the cloud 1307 could provide the location of the patient 

to the dental or healthcare provider 1309 or other designated recipients 1310. Moreover, the digitized 
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data in the cloud 1307 may help to move toward what is often called "personalized medicine." Based 

on the dental or physiological parameter data history, medication or medical/dental therapies may be 

prescribed that are customized to the particular patient. Another advantage for commercial entities 

may be that by leveraging the advances in wireless connectivity and the widespread use of handheld 

devices such as smart phones that can wirelessly connect to the cloud, businesses can build a recurring 

cost business model even using non-invasive measurement devices. 

(01361 Beyond the above benefits, the cloud application 1307 and application on the device 

1305 may also have financial value for companies developing devices 1301 such as a non-invasive 

blood constituent monitor. In the case of glucose monitors, the companies make the majority of their 

revenue on the measurement strips. However, with a non-invasive monitor, there is no need for strips, 

so there is less of an opportunity for recurring costs ( e.g., the razor/razor blade model does not work 

for non-invasive devices). On the other hand, people may be willing to pay a periodic fee for the 

value-add services provided on the cloud 1307. Diabetic patients, for example, would probably be 

willing to pay a periodic fee for monitoring their glucose levels, storing the history of the glucose 

levels, and having alarm warnings when the glucose level falls out of range. Similarly, patients taking 

ketone bodies supplement for treatment of disorders characterized by impaired glucose metabolism 

( e.g., Alzheimer's, Parkinson's, Huntington's or ALS) may need to monitor their ketone bodies level. 

These patients would also probably be willing to pay a periodic fee for the value-add services provided 

on the cloud 1307. Thus, by leveraging the advances in wireless connectivity and the widespread use 

of handheld devices such as smart phones that can wirelessly connect to the cloud, businesses can 

build a recurring cost business model even using non-invasive measurement devices. 

(01371 In addition, it may be advantageous to use pattern matching algorithms and other 

software and mathematical methods to identify the blood constituents of interest. In one embodiment, 

the spectrum may be correlated with a library of known spectra to determine the overlap integrals, and 

a threshold function may be used to quantify the concentration of different constituents. This is just 

one way to perform the signal processing, and many other techniques, algorithms, and software may 

be used and would fall within the scope of this disclosure. 

(0138] One of the issues in measuring a particular blood constituent is the interfering and 

overlapping signal from other blood constituents. The selection of the constituent of interest may be 
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improved using a number of techniques. For example, a higher light level or intensity may improve 

the signal-to-noise ratio for the measurement. Second, mathematical modeling and signal processing 

methodologies may help to reduce the interference, such as multivariate techniques, multiple linear 

regression, and factor-based algorithms, for example. For instance, a number of mathematical 

approaches include multiple linear regression, partial least squares, and principal component 

regression (PCR). Also, various mathematical derivatives, including the first and second derivatives, 

may help to accentuate differences between spectra. In addition, by using a wider wavelength range 

and using more sampling wavelengths may improve the ability to discriminate one signal from 

another. 

[01391 Described herein are just some examples of the beneficial use of near-infrared or SWIR 

lasers for non-invasive measurements of dental caries and early detection of carious regions. However, 

many other dental or medical procedures can use the near-infrared or SWIR light consistent with this 

disclosure and are intended to be covered by the disclosure. 

10140] Although the present disclosure has been described in several embodiments, a myriad 

of changes, variations, alterations, transformations, and modifications may be suggested to one skilled 

in the art, and it is intended that the present disclosure encompass such changes, variations, alterations, 

transformations, and modifications as falling within the spirit and scope of the appended claims. 

[01411 While exemplary embodiments are described above, it is not intended that these 

embodiments describe all possible forms of the disclosure. Rather, the words used in the specification 

are words of description rather than limitation, and it is understood that various changes may be made 

without departing from the spirit and scope of the disclosure. Additionally, the features of various 

implementing embodiments may be combined to form further embodiments of the disclosure. While 

various embodiments may have been described as providing advantages or being preferred over other 

embodiments with respect to one or more desired characteristics, as one skilled in the art is aware, one 

or more characteristics may be compromised to achieve desired system attributes, which depend on 

the specific application and implementation. These attributes include, but are not limited to: cost, 

strength, durability, life cycle cost, marketability, appearance, packaging, size, serviceability, weight, 

manufacturability, ease of assembly, etc. The embodiments described herein that are described as less 

desirable than other embodiments or prior art implementations with respect to one or more 
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characteristics are not outside the scope of the disclosure and may be desirable for particular 

applications. 
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WHAT IS CLAIMED IS: 

1. A measurement system comprising: 

a light source comprising a plurality of semiconductor sources that are configured to 

generate an output optical beam with one or more optical wavelengths, the light source configured to 

increase signal-to-noise ratio by increasing a light intensity from at least one of the plurality of 

semiconductor sources; 

an apparatus configured to: 

receive a portion of the output optical beam, and 

deliver an analysis output beam to a sample; 

a receiver configured to: 

receive and process at least a portion of the analysis output beam reflected or 

transmitted from the sample, 

generate an output signal, and 

synchronize to the light source; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a display, 

a microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch screen, the smart 

phone or tablet configured to: 

receive and process at least a portion of the output signal, 

store and display the processed output signal, and 

transmit at least a portion of the processed output signal over a wireless 

transmission link; and 

a cloud configured to: 

receive, over the wireless transmission link, an output status comprising the at 

least a portion of the processed output signal, 

to: 

process the received output status to generate processed data, and 

store the processed data. 

2. The measurement system of claim 1, wherein the receiver is further configured 
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capture light while the semiconductor sources are off and convert the captured light 

into a first signal; 

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

captured light into a second signal, the captured light including at least a part of the at least a portion 

of the analysis output beam reflected or transmitted from the sample; and 

the measurement system further configured to improve the signal-to-noise ratio by 

differencing the first signal and the second signal. 

3. The measurement system of claim 2 further comprising a reflective surface to 

receive and redirect at least some of the at least a portion of the analysis output beam reflected or 

transmitted from the sample. 

4. The measurement system of claim 1, wherein the measurement system IS 

configured to use artificial intelligence in making decisions; 

wherein the measurement system is configured to perform pattern identification or 

classification, and wherein the measurement system is configured to apply a threshold function to a 

comparison with a stored data set; and 

wherein the measurement system IS at least in part configured for selection or 

identification of an object, and wherein the measurement system is configured to improve a signal-to­

noise ratio of the selection or identification by applying regression signal processing methodologies 

or multivariate techniques. 

5. The measurement system of claim 1, wherein the light source is configured to 

further increase signal-to-noise ratio by increasing a pulse rate of at least one of the plurality of 

semiconductor sources. 

6. The measurement system of claim 1, wherein the plurality of semiconductor 

sources comprises at least one of: light emitting diodes (LEDs), laser diodes (LD's), tunable LD's, 

and super-luminescent laser diodes (SLDs). 
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7. The measurement system of claim 1, wherein the light source is further 

configured to increase the light intensity from the plurality of semiconductor sources by spatially 

coupling the optical output beam from at least two of the plurality of semiconductor sources. 

8. A measurement system comprising: 

a wearable measurement device for measuring one or more physiological parameters, 

including a light source comprising a plurality of semiconductor sources that are configured to 

generate an output optical beam with one or more optical wavelengths; 

the light source configured to increase signal-to-noise ratio by increasing a light 

intensity from at least one of the plurality of semiconductor sources; 

the wearable measurement device configured to receive a portion of the output optical 

beam and to deliver an analysis output beam to a sample; 

the wearable measurement device further comprising a receiver configured to receive 

and process at least a portion of the analysis output beam reflected or transmitted from the sample and 

to generate an output signal, wherein the wearable measurement device receiver is configured to be 

synchronized to pulses of the light source; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a display, 

a microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch screen, the smart 

phone or tablet configured to receive and process at least a portion of the output signal, to store and 

display the processed output signal, and to transmit a portion of the processed output signal over a 

wireless transmission link; and 

a cloud configured to receive over the wireless transmission link an output status 

comprising the at least a portion of the processed output signal, to process the received output status 

to generate processed data and to store the processed data, and wherein the cloud is capable of storing 

a history of at least a portion of the received output status over a specified period of time. 

9. The measurement system of claim 8, wherein the receiver is further configured 

to: 

capture light while the semiconductor sources are off and convert the captured light 

into a first signal; 
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capture light while at least one of the semiconductor sources is on and convert the 

captured light into a second signal, the captured light including at least a part of the at least a portion 

of the analysis output beam reflected or transmitted from the sample; and 

the measurement system further configured to improve the signal-to-noise ratio by 

differencing the first signal and the second signal. 

10. The measurement system of claim 9 further comprising a reflective surface to 

receive and redirect at least some of the at least a portion of the analysis output beam reflected or 

transmitted from the sample. 

11. The measurement system of claim 8, wherein the measurement system IS 

configured to use artificial intelligence in making decisions; 

wherein the measurement system is configured to perform pattern identification or 

classification, and wherein the measurement system is configured to apply a threshold function to a 

comparison with a stored data set; and 

wherein the measurement system IS at least in part configured for selection or 

identification of an object, and wherein the measurement system is configured to improve a signal-to­

noise ratio of the selection or identification by applying regression signal processing methodologies 

or multivariate techniques. 

12. The measurement system of claim 9, wherein the light source is configured to 

further increase signal-to-noise ratio by one of increasing a pulse rate of at least one of the plurality of 

semiconductor sources. 

13. The measurement system of claim 8, wherein the plurality of semiconductor 

sources comprises at least one of: light emitting diodes (LEDs), laser diodes (LD's), tunable LD's, 

and super-luminescent laser diodes (SLDs). 

14. A wearable device for use with a smart phone or tablet, the wearable device 

compnsmg: 

a measurement device including a light source comprising a plurality of semiconductor 

sources for measuring one or more physiological parameters, the measurement device configured to: 
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generate, by modulating at least one of the semiconductor sources having an 

initial light intensity, an input optical beam having one or more optical wavelengths, and 

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 configured to: 

capture light while the semiconductor sources are off and convert the captured 

light into a first signal, and 

capture light while at least one of the semiconductor sources 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; 

synchronize to the modulation of the at least one of the semiconductor sources; 

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

input optical beam reflected from the tissue by: 

differencing the first signal and the second signal, and 

increasing the light intensity relative to the initial light intensity from at least 

one of the semiconductor sources; 

the measurement device further configured to generate an output signal representing at 

least in part a non-invasive measurement on blood contained within the tissue; 

the wearable device configured to communicate with the 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; and 

the smart phone or tablet configured to: 

receive and to process at least a portion of the output signal, 

store and display the processed output signal, and 

transmit at least a portion of the processed output signal over a wireless 

transmission link. 

15. The wearable device of claim 14, wherein the light source is configured to 

further improve the signal-to-noise ratio of the input optical beam reflected from the tissue by 

increasing a pulse rate of at least one of the plurality of semiconductor sources. 
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16. The wearable device of claim 15, further comprising a cloud configured to: 

receive, over the wireless transmission link, an output status comprising the at least a 

portion of the processed output signal, 

process the output status to generate processed data, and 

store the processed data, and 

wherein the cloud is capable of storing a history of at least a portion of the output status 

over a specified period of time. 

17. The wearable device of claim 14, wherein the wearable device is configured to 

use artificial intelligence in making decisions; 

wherein the wearable device 1s configured to perform pattern identification or 

classification, and wherein the wearable device is configured to apply a threshold function to a 

comparison with a stored data set; and 

wherein the wearable device is at least in part configured for selection or identification 

of an object, and wherein the wearable device is configured to improve a signal-to-noise ratio of the 

selection or identification by applying regression signal processing methodologies or multivariate 

techniques. 

18. The wearable device of claim 14, wherein the receiver is located a first distance 

from a first one of the semiconductor sources and a different distance from a second one of the 

semiconductor sources such that the receiver can capture a third signal from the first semiconductor 

source and a fourth signal from the second semiconductor source. 

19. The wearable device of claim 14, wherein the measurement device further 

comprises a reflective surface configured to receive and redirect at least a portion of light reflected 

from the tissue. 

20. The wearable device of claim 14, further comprising a cloud configured to: 

receive, over the wireless transmission link, an output status comprising the at least a 

portion of the processed output signal, 

process the output status to generate processed data, and 

store the processed data, and 
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wherein the cloud is capable of storing a history of at least a portion of the output status 

over a specified period of time. 

57 

Petitioner WHOOP, Inc. Ex1002 
Page 59 of 459



OMNI O I 02 PUSA6 

ABSTRACT 

A measurement system is provided with a light source that is configured to increase signal-to­

noise ratio by increasing a light intensity from at least one of a plurality of semiconductor sources. An 

apparatus to receive a portion of the output optical beam, and deliver an analysis output beam to a 

sample. A receiver to: receive and process at least a portion of the analysis output beam reflected or 

transmitted from the sample, generate an output signal, and synchronize to the light source. A smart 

phone or tablet to: receive and process at least a portion of the output signal, store and display the 

processed output signal, and transmit at least a portion of the processed output signal. A cloud to: 

receive an output status comprising the at least a portion of the processed output signal, process the 

received output status to generate processed data, and store the processed data. 

58 

Petitioner WHOOP, Inc. Ex1002 
Page 60 of 459



UGHT 
SOURCE 

UGHT ------

1/22 

FIG. 1 

REFLECIA.NCE 
SPECTROMETER/ 

RECEIVER/ CAMERA 

I 
1'13 

TRANSMISSION 
SPECTROMETER/ 

RECEIVER f CAMERA 

112 

Petitioner WHOOP, Inc. Ex1002 
Page 61 of 459



160 

200 60 

600 

AJTi=N• 'LiATIPN l ~ f :lu.,l l l• I ._,,i 

BOO 

COEFFICIENT 
OF Ei~AMEL 

I 

1000 

2/22 

WATERABS~/ 

1200 1400 1600 -i3on 
i 'u 

WAVELENGTH (nm) 

FIG. 2A 

202 

2000 2600 

Petitioner WHOOP, Inc. Ex1002 
Page 62 of 459



3/22 

250 
I 

600 

500 
252 

"'----
' C = (_"> 

~~ 
~ 

400 

300,_ ___ ....._ _______ -

t2 2.0 2-4 

FIG. 28 

Petitioner WHOOP, Inc. Ex1002 
Page 63 of 459



4/22 

c;;, 
t-----+------t-----'lr--+------t------t-------1,---...,..;--,"S;<-165 

or:, 
,c::): 
,;;"<"') 

I 
.J. "" 

' \ \ 
,»,»»,:~ 

i-........, 
,c:> 
C"'.:-

l 

' \ \ 
·---i.... 

,;:-,-.i 

c:> g 
..,,.... 

0 

"§' 
~~":..": 

M "--
::r:: 
1--

~ (...') 
z CJ u.J 
....J -w LL ~ 
~ 

Petitioner WHOOP, Inc. Ex1002 
Page 64 of 459



DETECTION 
SV"Tn.A :-~ cwt 

4/'.}Q 
(.HJ. 

\, 
... , .. 

-409 

'\·, ... 

\.,, 
\ 
" ... 
"\, 403 

" .. 
' .. 

\,. 
\ 
" 

405 

401 

1IG''HT ~... !, 

"'"JRf'E• ,j,,Jt ,,..,, 

411 

FIG. 4 

Ar-,-a :•+vv 

Jflfl ,,,J 

I 

4,'>,~ 
iJi 410 

4-07 

404 

1/ 

DETECTION 
SYSTEM/ 

RECEIVER 

412 

Ol -I\.) 

"' 

Petitioner WHOOP, Inc. Ex1002 
Page 65 of 459



506 UGHT 
INPUT 

502 

6/22 

FIG. 5A 

DETECTOR 507 
OiiTOiiT•. V.l V 

Petitioner WHOOP, Inc. Ex1002 
Page 66 of 459



7/22 

I !GWT l.,. :: 

INPUT 
DETECTOR 

OUTPUT 

FIG. 5B 

550 
I 

Petitioner WHOOP, Inc. Ex1002 
Page 67 of 459



8/22 

600 
I 

603 
601 

A 

604 A~B 

B 
602 

FIG. 6A 

Petitioner WHOOP, Inc. Ex1002 
Page 68 of 459



9/22 

650 ~· 

i mm 

FIG. 68 

Petitioner WHOOP, Inc. Ex1002 
Page 69 of 459



701 
V}. 

D.!r..'D,.. Bq:i "Tt1r-'K'S • ~<)~ t f1J \ ►:,: rs0i _ 

(c702 
g I FAC+SAC I > 

FAST AXIS 
COLLIMATOR 

+ 
SLOWAX!S 

COLLIMATOR 

MODULAR MULT!¥PURPOSE LASER~HEAD 

700 ; 

SPATIAL l~HERLEAVING 
OR COMBINING ~ 703 

JJ 
POLARIZATION BEAM 

COMBINING l'-704 

: 
7.,,,.,__' --------------, 

/7,; 

DIRECT DIODE 
APPLICATION 

CUSTOM BEAM 
SHAPING MODULE 

FIG. 7 

105 

,,.!,81" 0 "OL'"'' 1~1,.., r j t1 % 
1
~.J 1 r'LH~it.J 

707 

-:. 
0 -N 
I\.) 

Petitioner WHOOP, Inc. Ex1002 
Page 70 of 459



Rr:[o L~-,.r.:o v:~ !" -)-3. \ . 

D 
PUi i ·~t: 
I -VJ...,. 

~l Er-rou""11Jtr~ ;,,.,.-~ 'l,,.:.q P~ L n,,Jv 

801 

I 
802 

803 

FIBER AMPLIFIER 

D 
t 4i:::::)---

nni::; Q,,,., 

FIG. 8 

·~ 

806 

7 
807 

800 ; 

SC GENERAJION 

D 
808 809 

....lo. 

....lo. -N 
I\.) 

Petitioner WHOOP, Inc. Ex1002 
Page 71 of 459



o.oi-,-;i .., 

~ 904 

903 

901 

PRE-AMP 

l 

on2· .. v:.r 

911 

"'f'•1t:1ER .H 1P y,,.m NfW11 

FIG . gos .. 9 

912 

914 

900 
I 

-:. 
I\..') -I\..') 

915 I\.) 

Petitioner WHOOP, Inc. Ex1002 
Page 72 of 459



13/22 

60 

55 1000 

, ..... ~ ........ 
Oc) 
:"9_ 
>-i;.;... 50 
(.I) 
z 
LU 
j---', 

~ 
w 
~ 45 :5 w 
0::: 

40 

35-+-----....----....----....-----------+----
1400 moo 2000 2200 2400 2600 

FIG. 10 

Petitioner WHOOP, Inc. Ex1002 
Page 73 of 459



! .~,.-, "f'll 1RCF i ,~t.> .:,>"- :.J ~ ~ 
! 

11n1 H.; 
1102 

A:10!} l ,J 

FIG. 11A 

1106 

SPECTROMETER 

·1H14 jlJ 

-:. 
~ -N 
I\.) "' .,_ 

/ 
/ r:;:,,,.-:-.,.;::.r-:;:i: _JI:' • ~, ..• • ...... , . l 

}~~iHti:l 

Petitioner WHOOP, Inc. Ex1002 
Page 74 of 459



15/22 

2,0 

1 8 ,. 

'L6 

~ 4 ! ~ . 
w 
(.,) 
z 
~ ~ >j C) 
w ! ,,;: 
.....I 
w.. 
u.J o:::· 

-1 0 ,. 

ti3 '>.,\. 

0,6 

n4 . .,, 

1600 HOO 1800 2100 2200 

WAVELENGTH (nm) 

FIG. 11 B 

Petitioner WHOOP, Inc. Ex1002 
Page 75 of 459



PULSE 
EL,..r'TR/"\~llf">Q . tlt ~\~J;,~ ~ .. ;.a) 

~~ 

120:J 
\ 

1201 

12i:.r, 
~ ,·JV 

PULSE 
ELECTROMCS 

q;; 1 
~4'/.} ~ 

\ 

1202 

1252 

>)A/:, 1,w 

~ 
~ 
~ 

1255 

,-,z:; 
,,.,~ 
~ 

FIG~ 12A 

1.2.53 

FIG~ 12B 

1207 

1210 

-:. 
a, -N 
I\.) 

126i'l ' ... ,v 

Petitioner WHOOP, Inc. Ex1002 
Page 76 of 459



1271 

1275 

17/22 

1276 

INPUT SLIT 

MONOCHROMATOR 
Oul'PLJI• "i l"!" ! ! ~LU 

5m 

1277 

lnSb DETECTOR t 
PRE~AMP 

FIG. 12C 

1270 

1274 

g 
V 

A ) M 
p 
L 
E 

1278 

Petitioner WHOOP, Inc. Ex1002 
Page 77 of 459



1281 4282 

~0 .• ~>",U'DCE·. ·,;JV vt} {\ .. 

'-'IV~ f J;.,V,i,,I 

MONOCHROMATOR 

ro•_',~PUTER vJi;,i - , 

1291 

1"{l< t'.04 
1285 

FIG. 12D 

i286 

S.1·'1 ~Jr-,,, "" 
r,!~lrl.t: 

1')87 
~ t., ! 

"''E· F~0E~'f"E K b\ 1'-i\., • 

' r,.r,v !-~,- AHP -1+1 : 1,.}1 ?;;,.... iVl w.·· 
r..,....,)'\J, ~- ""n " 

LOCK-IN AMP #2 

1'l-l)g ,~v 

1280 
I 

1288 

SAMPLE DETECTOR+ 
PRE-AMP {MCT} 

REFERENCE DETECTOR 
+ PRE-AMP (MCT) 

1289 

-:. 
co -N 
I\.) 

Petitioner WHOOP, Inc. Ex1002 
Page 78 of 459



MEASUREMENT 
DEVICE 1301 

1300 

I 

.;3"·!J l· Vu 
1-\- .,;'!'~H-""'w 

" ,. .. 

1307 

PROCESSOR 
TRANSM!TTEP~ 

·j'L'1".! 
RETURN DATA ~/..,,. ,, 

,; 

"CLOUD~ 
-RECEIVE 

~BUFFERJSTORE 
9 PROCESS 

STORE RESULTS 
-TRANSMIT 

,)\,If,.. 

, :.J.J 1304 
1303 

BAN 
OR 
PAN 

' I , 
I 

f 

I 
I 

SMART PHONE, 
TABLET, CELL PHONE, 

PDA, COMPUTER 

1305 

FIG. 13 

,. I' 
I 

,, 
,, ,, 

• --~ 

~1 1 
~ \ i 
\ \ I : 
'\ 13Y' : !Jo i 

WIRELESS TRANSMISSION 
(LG. WiFl, 
< 

CEll)JLPtR 
NETWORK} 

I 
1 
1 
l 
I 
t 
I 
t 

j 
f , 

t , 
i , 

I 

13G,1d ,1 

\ l 

" ' \" ; 
HEALTHCARE 

PR ,.,, "D,.,,'R , { 'i-\{~ . .,, ~v 1 ~ i,.,.,.i. •. 

I 

' I 
I 
t 
I 
I 
l 
I 
I 
l 
I 
l 
l 
l 
! 
I 
~ 
I 
I 
! 
l 
I 
t 
I 
~ 
I 
I 

,,,...4 
I I 

1310 \ 
l 
I 

~. 

OTHER 
DESIGNATED 
RECIPIENTS 

-:. 
(0 -N 
I\.) 

Petitioner WHOOP, Inc. Ex1002 
Page 79 of 459



e;:n ~ ~; H:R"'f'V'' "~Jf'> 
v~i •. h~J•'i :r:;iu r<) .... 1?\ ~~i~~J 

OrurR lJ"'PT!rs·. U ~t LV· 

1M'(·J· ~ '1"~)4 
I 

I 

i lf'Uo/ "'R(V• 3 l ~~fl~ t \~Jr11~ 
A ~j~l{'f E , . ,;.::!.,;;<,,. 

GROUND~ 
RESOLUTlON 

GELL 

14.(\'l :: tfv 

1404 
\ 

.-,---·---·~ 

~- ~-

1400 
I 

~ \ -
'~ _,.A,,-"'2=:;;. \\ ----, 

·~· . ---~----- . • • • • ' ~ __s--~ \} ~~- ,,, 
~ ,, 

-' -.,.,,......_-:::~. 

A 

D!SPERSiNG 
ELEMENT 

IMAGING 
OPTJ.CS 

DETECTORS 

. ~JV'_ •• 

...... ·7:<7:-r, 

FIG~ 14A 

I 
1 lo.~ 4 .,; 

N 
0 -N 
N 

Petitioner WHOOP, Inc. Ex1002 
Page 80 of 459



1 ~ 
TURNABLE· 

"'IR,..,,·QR iVL .re. \ 

/' 

i:: 
UGHT 

(;f;tlRC''" vVU f,~ "" 

·-....., ..,.,_ 
~'1 

111 

\ 
\\\ 
'\\ .......... \,\ 
"'\ ':\\ 

\~ 

z 
t FRONT LENS 

.j4t,<•, 
i .:Ji 

,_/ Hf'\' fV''f'lf pu•c· :.;J LtJU:r~J~. r ri ~ 

1,lt;A 
:'1:,./\J 

✓ 

EN'" ~ t"", ,...,') COLLEC10K L 'V SUT • 1454 GRATlNG W! PRISM 
xA5"-H ,:; ·y 

_;,~\j'I r .• • ;.-".; l -------. .... · .. ·.· . 
'"- -- • is~ ~-+--• ·-- ----· .'9,7 -·· -----.... ... 

.~ 

1r1~~ 
~ 1-v,.J 

CAMERA LENS 

L1·-~~-..... 
.........,,,_-..,,, 

t 
/:,, 

'7:} 
/~ 

·?FT· .... \I I 
,A.RG·E' ,·,s 'ECT tt\~ . . ~\.,J-.) .~ 

S1 ---....._--+-.........,,, 

L2~ 
-....._.........,,, 

GP -.....--+-.........,,,.........,,, 

L3 ...._..,,,~-
~ V CCD A 

! 
!/ // 

s 
/ 

FIG. 148 

N 
-lo. -N 
N 

Petitioner WHOOP, Inc. Ex1002 
Page 81 of 459



! ~;'(:J:/ 
·-,z-4Ct4'·-;.,,_ 

PRQr,r,v, , , . vt,::,,:, 

CONTROL 

po.nr,i:~~ f:EED I, pJJ;.,,,.,1,.,..,,,. . .n,.;' 

.. :l~i"-: ,,;,--r<,.tL:-
r .... ,.,,.,.,. ...,.,,,,~ 

,._:, • .. ,.., .,.-;;, .... 

f ;~/() .() 
.,24-05---,, 

CLOSED LOOP 
CONTROL /PROCESS 
PARMAETERS ONLY) 

TEMPERATURE 
TIME 

PRESSURE 
ETC, 

MANUFACTURING 
PROCESS 

-2:MJl--
/.5''?)/ 

-----, 
! 
! 
l 
l 
l 
! 
! 

___ ! 

: ~;~:) .;~~:~ 

--2400-

CONTROL FUNCTION 

ON~UNE MONITORING 
OF PROCESS 
PARtitJf:TERS }, , ~; u1.~V1 ._ -. 

I 
I 
I 
I 
I 

------------ I 

PROCESS 
OUTPUT 

.---t4&3'--··, 
/ /,~:;• () ,. r~:> 

F I G t')_,,k,'.:/ /<::'" 
X.,~'r / ./ 

---24tfr-· 

✓ 

N 
N -N 
N 

Petitioner WHOOP, Inc. Ex1002 
Page 82 of 459



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t,1ohammed ~- ISLAM I El 
Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City J'l.nn Arbor I State/Province I t,11 I Country of ResidencJ I f.Js 

Mailing Address of Inventor: 

Address 1 1718 Newport Creek 

Address 2 

City I J'l.nn Arbor I State/Province I rvi1 

Postal Code I ~8103 I Countryi I 1us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 09543 

Email Address I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention 
1111 IUN:-""'111 .t- t:)f,\,;:,t:.U l'\ILr\l'\. ""' ,.I ULv'IL,t:. vv1IH 

MPROVED SIGNAL-TO-NOISE RATIO 

Attorney Docket Number PMNI0102PUSA6 I Small Entity Status Claimed ~ 
Application Type Non provisional . 
Subject Matter Utility . 
Total Number of Drawing Sheets (if any) 

I ~2 I Suggested Figure for Publication (if any) 111 

EFSWeb2.2.13 

Petitioner WHOOP, Inc. Ex1002 
Page 83 of 459



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

;_ 
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

I 

Publication Information: 
□ Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

□ 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner IO Limited Recognition (37 CFR 11.9) 

Customer Number ~09543 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status !='ending I· I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I J:ontinuation of I· 16/284514 ~019-02-25 

EFS Web 2.2.13 

Petitioner WHOOP, Inc. Ex1002 
Page 84 of 459



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/284514 ponlinuation of I· 116/016649 ~018-06-24 110213113 ~019-02-26 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/016649 ponlinuation of I· 115/860065 ~018-01-02 110098546 ~018-10-16 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/860065 ponlinuation of I· 115/686198 ~017-08-25 ~861286 ~018-01-09 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/686198 ponlinuation of I· 115/357136 ~016-11-21 ~757040 ~017-09-12 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/357136 ponlinuation of I· 114/651367 ~015-06-11 ~500635 ~016-11-22 

Prior Application Status J=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~4/651367 ~ 371 of international . PCT/US2013/075736 ~013-12-17 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

tcT/US2013/075736 t;laims benefit of provisional . 61/747477 ~012-12-31 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

tcT/US2013/075736 t;laims benefit of provisional . 61/754698 ~013-01-21 

Prior Application Status Dending . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I j:;onlinuation of . 16/506885 ~019-07-09 

EFS Web 2.2.13 

Petitioner WHOOP, Inc. Ex1002 
Page 85 of 459



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Prior Application Status !='ending . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~6/506885 Continuation of . 16/272069 ~019-02-11 

Prior Application Status Patented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/272069 pontinuation of I· 116/029611 ~018-07-08 110201283 ~019-02-12 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/029611 pontinuation of I· 115/888052 ~018-02-04 110136819 ~018-11-27 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/888052 pontinuation of I· 115/212549 ~016-07-18 ~885698 ~018-02-06 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/212549 pontinuation of I· 114/650897 ~015-06-10 ~494567 ~016-11-15 

Prior Application Status J=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~4/650897 a 371 of international . PCT/US2013/075700 ~013-12-17 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

tcT/US2013/075700 Claims benefit of provisional . 61/747472 ~012-12-31 

Prior Application Status Dending . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~6/506885 Continuation of . 16/004359 ~018-06-09 

Prior Application Status Datented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/004359 pontinuation of B 114/109007 ~013-12-17 ~993159 ~018-06-12 

EFS Web 2.2.13 

Petitioner WHOOP, Inc. Ex1002 
Page 86 of 459



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Prior Application Status t=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~4/109007 Claims benefit of provisional . 61/747553 ~012-12-31 

Prior Application Status Patented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116506885 pontinuation of I· 116/188194 ~018-11-12 110386230 ~019-08-20 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/188194 pontinuation of I· 116/004154 ~018-06-08 110126283 ~018-11-13 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/004154 pontinuation of I· 115/855201 ~017-12-27 ~995722 ~018-06-12 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/855201 pontinuation of I· 115/711907 ~017-09-21 ~897584 ~018-02-20 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/711907 !Division of I· 115/357225 ~016-11-21 ~797876 ~017-10-24 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/357225 pontinuation of I· 114/650981 ~015-06-10 ~500634 ~016-11-22 

Prior Application Status t=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~4/650981 a 371 of international . PCT/US2013/075767 ~013-12-17 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

tcT/US2013/075767 Claims benefit of provisional . 61/747485 ~012-12-31 

Prior Application Status Datented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

116/506885 pontinuation of B 116/241628 ~019-01-07 110441176 ~019-10-15 

EFS Web 2.2.13 

Petitioner WHOOP, Inc. Ex1002 
Page 87 of 459



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/241628 ponlinuation of I· 116/015737 ~018-06-22 110172523 ~019-01-08 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/015737 ponlinuation of I· 115/594053 ~017-05-12 110188299 ~019-01-29 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/594053 ponlinuation of I· 114/875709 ~015-10-06 ~651533 ~017-05-16 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

114/875709 ponlinuation of I· 114/108986 ~013-12-17 ~164032 ~015-10-20 

Prior Application Status t=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~4/108986 Claims benefit of provisional . 61/747487 ~012-12-31 

Prior Application Status Pending . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~6/506885 Continuation of . 16/284514 ~019-02-25 

Prior Application Status Patented . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/284514 ponlinuation of I· 116/016649 ~018-06-24 110213113 ~019-02-26 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116/016649 ponlinuation of I· 115/860065 ~018-01-02 110098546 ~018-10-16 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/860065 ponlinuation of I· 115/686198 ~017-08-25 ~861286 ~018-01-09 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/686198 ponlinuation of El 115/357136 ~016-11-21 ~757040 ~017-09-12 

EFS Web 2.2.13 

Petitioner WHOOP, Inc. Ex1002 
Page 88 of 459



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Prior Application Status !='atenled . I Remove I 
Issue Dale Application Prior Application Filing Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115/357136 ponlinuation of I· 114/651367 ~015-06-11 ~500635 ~016-11-22 

Prior Application Status t=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~4/651367 ~ 371 of international . PCT/US2013/075736 ~013-12-17 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

tcT/US2013/075736 t;laims benefit of provisional . 61/747477 ~012-12-31 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

tcT/US2013/075736 J:laims benefit of provisional . 61/754698 ~013-01-21 

Additional Domestic Benefit/National Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDXi the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

[81 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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Attorney 
Number 

Docke1 0;\-1NIO 102PUSA6 

ASSIGNMENT A.ND DE:CLARATJON (37 C.F.R. 1.63) :FOR UTILJT\' OR DESIGN 
APPLICATJON USING A1~ APPLICATION DATA SHEE:T (37 C.F.R 1.76) 

Title of Invention SEJ\llCONUUCTOR SOURCE. BASED NE.AR INFRARED .MEASUREMENT 
DEVICE WITH lMPROVED SIGNAL-TO-NOISE RA TIO 

As a below named inventor, l hereby declare that: 

This de-clarati(ln is directed to: 

Q9 The attached application, or 

0 United States application or PCT international application number 

--------------------------------------------------------------------------· filed on--------------------------------------------------------------------------- (.I hereby aulhorize the 
insertion of the applicalion filing date and number when they become knmvn,) 

The above-identified application was made or aulhorized to be made by me. 

I believe thal .I am the original inventor or an original joint inventor of a claimed invention in the application. 

1 hereby state that I have revie,ved and understand the contents of the above-identified specification, including the claims. 

1 am aware of the duty to disdose to the U.S. Patent and Trademark Oflice all information known to me to be material 10 patentability 
as defined in 3 7 C. F.R. § 1.56. 

NOW, THEREFORE, for good and valuable consideration, receipt of which is hereby acknowledged, I do hereby assign, sell and set 
over to QnmL.M?.ffaii.,J11,;:,, n corporation organized nnd existing tmder the laws of the state or cotmtry of Mfobjmm, and hnving n place 
ofhusiness at UlE .. N?.}!-,:1!9.r!.G:r.i;.i;.kJJ.xh:K<.1~.m1.b.r.b.9.r, _ _MjfJJi_gm1.18J/}J, hereinaner referred to as the ASSIGNEE, its successors, assigns 
or other legal representatives, my entire right, title and interest, domestic and fbreign, in and 1(1 the inventions and discoveries in the 
above-identified application including the right or said ASSIGNEE, its successors, assigns or other legal representatives 1(1 make 
applications and to receive Letters Patent for said inventions and disc(lveries in any and all foreign countries in its or their o,;s,11 name or 
names, or in my name, at its or their election, and I hereby assign, sell and set over to said ASSIGNEE, its successors, assigns or other 
legal representatives, nll rights of priority, including any !}ro·visional npplications, in and to said inventions and discoveries in all 
countries, including all applications claiming benefit of the filing date hereof, continuations, continuations-in-part, divisionals, 
reexaminati(lns and reissue applications. 

And l hereby· agree n.1r myself: my heirs, successors, assigns or o!her legal representalives !O execwe ,rny and all papers, including 
applica1ions {!}I' Letlern Patent of any m1d all kinds and in any and all cmm!ries and lo perform any and all acts which said ASSIGNEE, 
its successors, assigns or other legal representatives may deem necessary to secure thereto the rights herein assigned, sold and set over. 

And 1 hereby represenl and wamml !hat I have not granted any rights inconsistent with the righls grnnled herein . 

.I hereby acknowledge that any willful false statement made in lhis declaration is punhhable under 18 U.S,C. 1001 by fine or 
imprisonment of not more than five (5) years or both. 

LEGAL NAME OF INVENTOR 

Inventor: Date: 
October 30, 2019 

Signature: 

Page 1 (Supplemental Sheet with Additional Joint Inventors i~ at1ad1ed ifnece~~ary) 

Note: An A.pplic:arion Dara Sheet (PTOiSil14 m- eguiv;,lent), induding naming th;; entirn inventive entity, mmt ;,;;company this form, 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE 
WITH IMPROVED SIGNAL-TO-NOISE RATIO 

First Named Inventor/Applicant Name: Mohammed N. ISLAM 

Filer: Andrew B. Turner/Amy Tanner 

Attorney Docket Number: OMNI0l 02PUSA6 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 75 75 

UTILITY SEARCH FEE 2111 1 330 330 

UTILITY EXAMINATION FEE 2311 1 380 380 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 785 
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Electronic Acknowledgement Receipt 

EFSID: 37616267 

Application Number: 16669794 

International Application Number: 

Confirmation Number: 7663 

Title of Invention: 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE 
WITH IMPROVED SIGNAL-TO-NOISE RATIO 

First Named Inventor/Applicant Name: Mohammed N. ISLAM 

Customer Number: 109543 

Filer: Andrew B. Turner/Amy Tanner 

Filer Authorized By: Andrew B. Turner 

Attorney Docket Number: OMNI0l 02PUSA6 

Receipt Date: 31-OCT-2019 

Filing Date: 

Time Stamp: 12:18:10 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $785 

RAM confirmation Number E20190UC18463155 

Deposit Account 023978 

Authorized User Amy Tanner 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1120243 

1 Power of Attorney OMNI0l 02PUSA6_POA.pdf no 2 
3b496e 1307081 5263f47d6Sfff96ef76eb53 

bf52 

Warnings: 

Information: 

495625 

2 
OMNI0l 02PUSA6_Specification 

yes 58 
.pdf 

23edb9702b5Sc35418ee 7c5a7baefa7fd5a 1 
be94 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 50 

Claims 51 57 

Abstract 58 58 

Warnings: 

Information: 

4398983 

3 
Drawings-only black and white line OMNI0l 02PUSA6_Drawings_fi 

no 22 
drawings nal.pdf 

5 ed 9 b2f84efe4d 095 b880067 66d 34c2dab 1 
eced0 

Warnings: 

Information: 

1456835 

4 Application Data Sheet OMNI0l 02PUSA6_ADS.PDF no 8 
91 a4 f20e066e34 38cff56a3 66 7 ccb 7fec399e 

Sd8 

Warnings: 

Information: 

860708 

5 Oath or Declaration filed 
OMNI0l 02PUSA6_oath_assign 

no 1 
ment_v2.pdf 

77f7157c532a3ef3811 b3bac7b1 eb82b 19c 
0d52d 

Petitioner WHOOP, Inc. Ex1002 
Page 95 of 459



Warnings: 

Information: 

35223 

6 Fee Worksheet (5B06) fee-info.pdf no 2 
cads a6954 5 cfcS e 71 3fe 7 69 3 a3d 628725efb 

a83d 

Warnings: 

Information: 

Total Files Size (in bytes) 8367617 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTOiA.iA/14 (02-Hl) 
,l,pproved for use through 11/30/2020. 0MB 0651"0032 

U.S. P11teN and Trademark Oitioo· U.S. DEPARTMENT OF COMMERCE 

Under the Pilper,vork Radu,;;tion Act of 1995, no pe;sor,s ilre required to re!lpornl !oil <:oiiedior- oi ir,fo;rnation U'1ies!l ,t wntains a v;,lid 0MB control r,;;;r:b-er. 

Attorney Docket Number OM N!O 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

The application data sheet is part of the provisional or nonpro11isional application for which it is bf,ing submitted. The following form contains !he 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR i. 76. 
This document may be completed electronically and submitted to the Office in f•leclmnic format using the Elf,ctronic Filing Systmn (EFS) or thf, 
document may tx, printed and included in a papmftled application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with t!1is Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only, Applications that fall under Secrecy Order may not be filed electronically,) 

Inventor Information: 

Inventor 1 !? IMim\m. ?I 
Legal Name 

Prefix Given Name Middle Name Family Name 

Mohammed N. ISLAM 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Ann Arbor I State/Province I Ml I Country of Residenc~ I us 

Mailing Address of Inventor: 

Address 1 1718 Newport Creek 

Address 2 

City I Arm Arbor I State/Provi nee I Ml 

Postal Code I 48103 I Countryi I us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33{a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 109543 

Email Address 

Application Information: 

\%1.#. ti 

Title of the Invention SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH 
IMPROVED SIGNAL-TO-NOISE RATIO 

Attorney Docket Number OMNI 0102PUSA6 I Small Entity Status Claimed 0 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 22 I Suggested Figure for Publication {if any) 11 

EFS Web 2.2.1:, 

Suffix 

Petitioner WHOOP, Inc. Ex1002 
Page 97 of 459



PTOiA.iA/14 (02-Hl) 
,l,pproved for use through 11/30/2020. 0MB 0651"0032 

U.S. P11!eN and Trademark Oitioo· U.S. DEPARTMENT OF COMMERCE 
Unde: !he P£Jperwork Reduction Act of 1995. no f--'f.<rsor:s me te<.]tti:ed !o t"f.<Spond !o £J coiie..1lior: o: ir:for:11a!ion u:1i<;i;s i! contains a valid 0MB r.control r:umoot. 

Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

Filing By Reference: 
Onty complete this section when filing an application by reference under 35 Li.SL 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
appllcation papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information rnust be 
provided in the appropriate section(s) below {i.e., "Domestic: Benefit/National Stage Information" and NForelgn Priority lnformationN). 

For the purposes of a filing date tmder 37 CFR 1.5 3( b), the desni ptlon and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to condltions and requirements of 37 CFR 1.57{a), 

Appllcatlon nu rnber of the previoLisly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

D 35 U.S.C, 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing, 

Representative Information: 

Representative information should be provided for an practitioners having a power of attorney in the application, Providing 
this information in the Application Data Sheet doos not constitute a power of attorney in !he application (see 37 CFR 1.32). 

i-

Either enter Customer Number or complete the Representative Name section below. !f both sections are completed the customer 
Number wm be used for the Representative Information during processing. 

Please Select One: 0 Customer Number !O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 109543 

Prefix Given Name Middle Name Family Name Suffix 
! ;11m.w.*-: l 

Registration Number 

Prefix Given Name Middle Name Family Name Suffix 
!tiiW:W.M! 

Registration Number 

Additional Representative Information blocks may be generated within this form by 
selecting the Add button. 

EFS Web2.2.13 
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Attorney Docket Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U-8.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the ~Application Numbe( field blank. 

Prior Application Status Pending IR@@i@I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-M M-DD) 

Continuation of 16/284514 2019-02-25 

Prior Application Status Patented !@iim.@1 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/284514 Continuation of 16/016649 2018-06-24 10213113 2019-02-26 

Prior Application Status Patented 1;~im.@I 
Application Prior Application Filing Date Issue Date 

Number 
Conlinu!ty Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/016649 Continuation of 15.1860065 2018-01-02 10098546 2018-10-16 

Prior Application Status Patented 1;~im.@I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

·15/860065 Continuation of '15/686198 2017-08-25 9861286 201 B-0·1-09 

Prior Application Status Patented l@tim.@1 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-M M-DD) 

·15/686198 Continuation of '15/357136 2016-11-2·1 9757040 2017-09-12 

Prior Application Status Patented !Riim.@I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

·15/357136 Continuation of '14/651367 2015-06-1 ·1 9500635 2016-1'1-22 

Prior Application Status Expired IB.i@w.¼MI 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-0D) 

14/651367 a 371 of international PCT/Li S2013/075 736 20·13-12-17 

Prior Application Status Expired IB-i@w.il 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-0D) 

PC T/US2013/0 75736 Claims benefit of provisional 61/747477 20·12-12-31 

EFS Web2.2.13 
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Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

Prior Application Status Expired IR@§i@I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT/US2013/075736 Claims benefit of provisional 61/754698 2013-01-21 

Prior Application Status Pending IR@§i@I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

Continuation of 16/506885 2019-07-09 

Prior Application Status Pending !Btilm¼MI 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/506885 Continuation of 16/272069 2019-02-11 

Prior Application Status Patented !Btiw.ml 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/272069 Continuation of 16/029611 2018-07-08 10201283 2019-02-12 

Prior Application Status Patented !Btiw.m! 
Application Prior App!icalion Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-Mlv1-DD) 
Patent Number (YYYY-MM-DD) 

16i029611 Continuation of 15/888052 2018-02-04 10136819 2018-11-27 

Prior Application Status Patented !BMM@! 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD) 
Patent Number (YYYY-MM-0D) 

15/888052 Continuation of 15/212549 2016-07-18 9885698 2018-02-06 

Prior Application Status Patented !BMM@! 
Application 

Continuity Type 
Prior App!icalion Filing Date Issue Date 

Number Number {YYYY-Mlv1-DD) 
Patent Number (YYYY-MM-DD) 

15i212549 Continuation of 14/650897 2015-06-10 9494567 2016-11-15 

Prior Application Status Expired !~~w.liM I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

14/650897 a 371 of inl,oimational PCT.IUS2013/075700 2013-12-17 

Prior Application Status Expired !R~w.liMI 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT/US2013/075700 Claims benefit of provisional 61i747472 2012-12-31 
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Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

Prior Application Status Pending IR@§i@I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/506885 Continuation of 16/004359 2018-06-09 

Prior Application Status Patented IR@§i@I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY ·MM-DD) 

16/004359 Continuation of 14/109007 2013-12-17 9993159 2018-06-12 

Prior Application Status Expired !@iim.iHI 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-M M-DD) 

14/109007 Claims benefit of provisional 61/747553 2012-12-31 

Prior Application Status Patented l@tim.yj I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16506885 Continuation of 16/188194 2018-11-12 10386230 2019-08-20 

Prior Application Status Patented !@tim.yj I 
Application Prior App!icalion Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-Mlv1-DD) 
Patent Number (YYYY-MM-DD) 

16/188194 Continuation of 16/004154 2018-06-08 10126283 2018-11-13 

Prior Application Status Patented !§MM@! 
Application 

Continuity Type 
Prior App!icalion Filing Date Issue Date 

Number Number {YYYY-Mlv1-DD) 
Patent Number (YYYY-MM-DD) 

16/004154 Continuation of 15/855201 2017-12-27 9995722 2018-06-12 

Prior Application Status Patented !@tim.yjl 
Application Prior App!icalion Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-Mlv1-DD) 
Patent Number (YYYY-MM-DD) 

15/855201 Continuation of 15/711907 2017-09-21 9897584 2018-02-20 

Prior Application Status Patented ! ffl.li.ffll!{ I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

15/711907 Division of 15/357225 2016-11-21 9797876 2017-10-24 

Prior Application Status Patented !~~w.liM I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

15/357225 Continuation of 14/650981 2015-06-10 9500634 2016-11-22 

Prior Application Status Expired !Rli.Wi¼HI 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number {YYYY-MM-OO) 

14/650981 a 371 of international PCT/US.2013/075767 201:1-12-17 
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Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

Prior Application Status Expired IR@§i@I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT /US2013/07576 7 Claims benefit of provisional 61/747485 2012-12-31 

Prior Application Status Patented IR@§i@I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY ·MM-DD) 

16/506885 Continuation of 16/241628 2019-01-07 10441176 2019-10-15 

Prior Application Status Patented !@iim.iHI 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/241628 Continuation of 16/015737 2018-06-22 10172523 2019-01-08 

Prior Application Status Patented !@iim.iHI 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/015737 Continuation of 15.1594053 2017-05-12 10188299 2019-01-29 

Prior Application Status Patented !@tim.yj I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

15/594053 Continuation of 14/875709 2015-10-06 9651533 2017-05-16 

Prior Application Status Patented !@tim.yjl 
Application Prior App!icalion Filing Date Issue Date 

Number 
Continuity Type 

Number {YYYY-Mlv1-DD) 
Patent Number (YYYY-MM-DD) 

14/875709 Continuation of 14/108986 2013-12-17 9164032 2015-10-20 

Prior Application Status Expired !@tim.yjl 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-M M-DD) 

14/'108986 Claims benefit of provisional 6"1.1747487 20·12--12-31 

Prior Application Status Pending ! ffl.li.ffll!{ I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number {YYYY-MM-OO) 

16/506885 Continuation of 16/284514 2019-02-25 

Prior Application Status Patented !Riwi\%MI 
Application 

Continuity Type 
Prior Application Filing Date Issue Date 

Number Number {YVYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/284514 Continuation of 16/016649 2018-06-24 10213113 2019-02-26 

Prior Application Status Patented ! ~~wit#. I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number {YVYY-MM-DD) 
Patent Number {YYYY-MM-DD) 

16/016649 Continuation of 15/860065 2018-0·1-02 10098546 2018-10-16 
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Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

Prior Application Status Patented IR@§i@I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY ·MM-DD) 

15/860065 Continuation of 15/686198 2017-08-25 9861286 2018-01-09 

Prior Application Status Patented IR@§i@I 
Applicalion 

Continuity Type 
Prior Application Filing Date Issue Date 

Number Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

15/686198 Continuation of 15/357136 2016-11-21 9757040 2017-09-12 

Prior Application Status Patented 1;~ii®.@I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

15/357136 Continuation of 14.1651367 2015-06-11 9500635 2016-11-22 

Prior Application Status Expired !@iim.@1 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

14/651367 a 371 of international PCT/US2013/075736 2013-12-17 

Prior Application Status Expired !@iim.@1 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY -MM-DD) 

PCT/US2013/075736 Claims benefit of provisional 6"1.1747477 20·12-·12-31 

Prior Application Status Expired !§MM@! 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT/US2013/075736 Claims benefit of provisional 6"1.1754698 20·13-01-21 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting tile Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreirJn app!icalion. Providing this information in the app!icalion data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119{b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priOrity document exchange program (PDX/ the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55{i)( 1} and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of !he foreign application is received by the Office from the participating foreign inte!!ectual 

property office, or a certified copy of lhe foreign priority application is filed, witt"1in the time period specified in 37 CFR 1.55{g)(1 ). 

!B.iim.@! 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code1 (if applicable) 
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Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

Additional Foreign Priority Data may be generated within this fom1 by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application ( 1 ) claims priority to or the benefit of an application filed before March 16, 2013 and (2) a Isa 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA 
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OM N!0 102PUSA6 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

Authorization or Opt .. Qut of Authorization to Permit Access: 

When t!1is Application Data Sheet is properly signed and filed with the application, applicant has provided written authority 
to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A 
in subsection 1 below) and the European Patent Office (EPO) access to any search results from U1e instant application 
(see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant _t11_t,1J;;t __ 1:>p_t_~fl_ll, of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

fll_QJI:_: This section of the Application Data Sheet is QJtl,._'I' reviewed and processed with the l_t-J_IJ_l~J,, filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange(PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants_the_USPTO_authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO). the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (W!PO), and any other foreign intellectual property office 
participating with the US PTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(17) 
(1 ). 

B. _$_E?_il_r_<::_l1 __ 8E?_f;_1J_l_t~Jr9_m __ l.l,,~. __ Appl_ii::il_t_iQ,l_l __ t_9 __ ,l:_f'_Q - Unless box B in subsection 2 ( opt-out of auU1orization) is checked. 
the undersigned !1ereby g_r~l'_"l~)f_"l~Jl_$_f'T_Q __ l,l_µtf1g_r_i_ty to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1 .14(h )(2). 

The applicant is reminded that the EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the Instant application without delay In a European patent application U1at claims priority to 
the instant application. 

2. Opt~Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES_NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the US PTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES_NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. !f this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14, 
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Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 
!f the applicant is the inventor ( or the remaining joint inventor or inventors under 37 CFR 1.45 ), th!s section shou!d not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
·1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person wtm otheiwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. I t iji.ij~f: fj 

@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary Interest 

!f applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. 0 
Organization Name I Omni Medsci, !nc. 

Mailing Address Information For Applicant: 

Address 1 1718 Newport Creek Drive 

Address 2 

City Arm Arbor State/P rovi nee Ml 

Country ! us Postal Code 48103 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 

Assignee Information including Non .. Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Assignee 1 

Complete this section if assignee infonnation, lnc!uding non-app!lcant assignee information, is desired to be included on the patent 
applicalion publication. An assignee-applicant identified in the "Applicant Information" section wrn appear on the patent application 
publication as an applicant For an assignee-applicant complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here, □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non•Applicant Assignee: 

Address 1 

Address 2 

City I State/P rovi nee 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button, 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the _l_r.J_IT_I_J~J- filing of the application :<1-_ri_c:t_ either box A or B is ri_c,J checked in 
subsection 2 of the "Authorization or Opt•Out of Authorization to Permit Access-" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). !f the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, ~JI joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of ~_II joint inventor-applicants. 

See 37 CFR 1 .4(d) for the manner of making signatures and certifications. 

Signature /Andrew B. Turner/ Date (YYYY-MM-DD) 2019-10-31 

First Name Andrew I Last Name I Turner Registration Number 63121 

Additional Signature may be generated within this form by selecting the Add button. 
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Attorney Dock.et Number OM N!0 102PUSA6 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREl\i'lENT DEVICE WITH IMPROVED 
S!GNAL-TO-NO!SE RAT!O 

This co!!ection of information is r(..>quired by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by Ille USPTO to process) an application. Confidentiality is governed by 35 U.S.C .. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, induding gathering, preparing, and submitting tile completed application data 
shm;:t form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THtS ADDRESS. SEND TO; Commissioner for Patents, P.O. Box 1450, Ale.xandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 19:74 (i'' .L. 93.-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly. pursuant to the requirements of the An, please be advised that: ( 1 ! the general authority for the collection of this information 
is 35 U.S.C 2(b)i2); (2) furnishing of the informiltion solicited is voluntilfy; ;,nd (3) the principal purpose for whid1 the information is used by the U.S. Patent and 
Trademark Office is to process and/or exilmir1e your submission related to;, pilter1t ;;,pplk:ation or patent. if you do not furnish the requested in formiltion. the \J.S. 
?;,tent ;,nd Tr;,demilfk Office may not be able to process and/or examine your (,ubmission, which mily result ir1 termination of proceedings or abilndonment of 
the ;;,pplkation or expirntior1 of the p;;,tent. 

The information provided by you in this form will be subject to the following routine uses: 

The ir1fonn;;,tion on this form will be treilted mnfidentially to the extent allowed ur1der the Freedom of Information Act (5 US.C. 552) and the ~'rivacy 
.Au (5 U.S.C. 552;;,). Records from this sy(,tem of records mily be disclosed to the C'lepi!ttment of Jw,tice to determine whether the l'reedom of 
inforrn;;,tion A<.t requires di,do;ure of these records. 

2. A record from thi, system of rewrds may be di;dosed. as ;i routine use, in the course of presenting evidence to,; court. magistr,;te, or administrative 
tribun;il, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this sy; tem of records rnay be disdosed, as a routine use, to a Member of Congres, submitting a request involving an individu;il, to whom 
the record pertain;, when the individual h;i, requested assistance frorn the Member with respect to the subject matter of the record. 

4. A record in thi; sy,tem of records may be disclosed, as a routine use, to a contractor of the Agency h,wing need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 19?4, as amended, pursuant to 5 U.SL 
552a(m). 

S. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. ·Is1) 
and for review pursuant to the Atomic Energy Act (42 U.S.C 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GS/\ as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U .S.C 
·I22{b) or i,suance of a patent pursuant to 35 U.S .. C 151, Further, a record may be disclosed. subject to the limfliltiom of 37 cm 1.14. as a routine use. 
to the public if the record was filed in an applic;;,tion which bec;,rne abandoned or in which tt1e proceedings were terminated and which applicatior1 i(, 
referer1ced by either a publist1ed appliciltion, ;,n application open to public ir1spectior1(, or an issued patent 

9. A record from this sy(,tem of records may be disclosed, ilS a routine use, to a ;0ederal, State. or local i;;,w enforcement agency, if the USPTO becomes 
aware ofil viol;;,tion or potential violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 37618470 

Application Number: 16669794 

International Application Number: 

Confirmation Number: 7663 

Title of Invention: 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE 
WITH IMPROVED SIGNAL-TO-NOISE RATIO 

First Named Inventor/Applicant Name: Mohammed N. ISLAM 

Customer Number: 109543 

Filer: Andrew B. Turner/Amy Tanner 

Filer Authorized By: Andrew B. Turner 

Attorney Docket Number: OMNI0l 02PUSA6 

Receipt Date: 31-OCT-2019 

Filing Date: 

Time Stamp: 13:17:19 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

9652875 

1 Application Data Sheet OMNI0l 02PUSA6_ADS_v2.pdf no 13 
0b034ef57beb67898dc51 d750a953bde 77 

d04d33 
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Information: 

This is not an USPTO supplied ADS fillable form 

Total Files Size (in bytes)~ 9652875 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16669794 Document Date: 10/31/2019 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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APPLICATION 
NUMBER 

16/669,794 

109543 

UNITED STATES PATENT AND TRADEMARK OFFICE 

FILING or 
37l(c)DATE 

10/31/2019 

GRPART 

UNIT 

1731 
FIL FEE REC'D 

785 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

OMNI0102PUSA6 20 3 
CONFIRMATION NO. 7663 

FILING RECEIPT 
Brooks, Kushman P.C./Cheetah Omni MedSci 
1000 Town Center 1111111111111111111111 m~mll!~~ IHlll llll lllll lllll lllll llll llll 
Twenty Second Floor 
Southfield, Ml 48075 

Date Mailed: 11/20/2019 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 
Group Art Unit: 1731 

MOHAMMED N. ISLAM 
Examiner: 

Serial No.: 16/669794 

Filed: 10/31/2019 

For: SEMICONDUCTOR SOURCE BASED NEAR INFRARED 
MEASUREMENT DEVICE WITH IMPROVED SIGNAL-TO­
NOISE RATIO 

Attorney Docket No.: OMNI0102PUSA6 

RESPONSE TO NOTICE TO FILE CORRECTED PAPERS, AND 
PRELIMINARY AMENDMENT UNDER 37 C.F.R. § 1.115 

Commissioner for Patents 
U.S. Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Please amend the above-identified application as follows: 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

1. (Currently Amended) A measurement system comprising: 

a light source comprising a plurality of semiconductor sources that are configured 

to generate an output optical beam with one or more optical wavelengths, the light source 

configured to increase signal-to-noise ratio by increasing a light intensity from at least one of the 

plurality of semiconductor sources; 

an apparatus configured to: 

receive a portion of the output optical beam, and 

deliver an analysis output beam to a sample; 

a receiver configured to: 

receive and process at least a portion of the analysis output beam reflected 

or transmitted from the sample, 

generate an output signal, signal, and 

synchronize to the light source.,_ 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, 

capture light while at least one of the semiconductor sources is on and 

convert the captured light into a second signal, the captured light including at least a part of the at 

least a portion of the analysis output beam reflected or transmitted from the sample, and 

the measurement system further configured to improve the signal-to-noise 

ratio by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a 

display, a microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch 

screen, the smart phone or tablet configured to: 

receive and process at least a portion of the output signal, 

store and display the processed output signal, and 

transmit at least a portion of the processed output signal over a wireless 

transmission link; and 

a cloud configured to: 

2 
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receive, over the wireless transmission link, an output status comprising the 

at least a portion of the processed output signal, 

process the received output status to generate processed data, and 

store the processed data. 

2. (Cancelled) 

3. (Cancelled) 

4. (Currently Amended) The measurement system of claim 22claim: 1, 

wherein the measurement system is configured to use artificial intelligence in making decisions; 

wherein the measurement system is configured to perform pattern identification or 

classification, and wherein the measurement system is configured to apply a threshold function to 

a comparison with a stored data set; and 

wherein the measurement system is at least in part configured for selection or 

identification of an object, and wherein the measurement system is configured to improve a signal­

to-noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

5. (Currently Amended) The measurement system of claim 22claim: 1, 

wherein the light source is configured to further increase signal-to-noise ratio by increasing a pulse 

rate of at least one of the plurality of semiconductor sources. 

6. (Currently Amended) The measurement system of claim 1, wherein the 

plurality of semiconductor sources comprises at least one of: light emitting diodes (LEDs), laser 

diodes (LD's), tunable LD's, and super-luminescent laser diodes (SLDs), and wherein the 

measurement system further comprises a reflective surface to receive and redirect at least some of 

the at least a portion of the analysis output beam reflected or transmitted from the sample. 

7. (Original) The measurement system of claim 1, wherein the light source is 

further configured to increase the light intensity from the plurality of semiconductor sources by 

3 
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spatially coupling the optical output beam from at least two of the plurality of semiconductor 

sources. 

8. (Currently Amended) A measurement system comprising: 

a wearable measurement device for measuring one or more physiological 

parameters, including a light source comprising a plurality of semiconductor sources that are 

configured to generate an output optical beam with one or more optical wavelengths; 

the light source configured to increase signal-to-noise ratio by increasing a light 

intensity from at least one of the plurality of semiconductor sources; 

the wearable measurement device configured to receive a portion of the output 

optical beam and to deliver an analysis output beam to a sample; 

the wearable measurement device further comprising a receiver configured 

teconfi gured to: 

receive and process at least a portion of the analysis output beam reflected 

or transmitted from the sample.,_ and to 

generate an output signal, wherein the wearable measurement device 

recei11er is configured to be synchroniz;ed 

synchronize to pulses of the light source.,_ 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, 

capture light while at least one of the semiconductor sources is on and 

convert the captured light into a second signal, the captured light including at least a part of the at 

least a portion of the analysis output beam reflected or transmitted from the sample, 

wherein the measurement system is further configured to improve the signal-to­

noise ratio by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a 

display, a microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch 

screen, the smart phone or tablet configured to receive and process at least a portion of the output 

signal, to store and display the processed output signal, and to transmit a portion of the processed 

output signal over a wireless transmission link; and 

a cloud configured to receive over the wireless transmission link an output status 

comprising the at least a portion of the processed output signal, to process the received output 

4 
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status to generate processed data and to store the processed data, and wherein the cloud is capable 

of storing a history of at least a portion of the received output status over a specified period of 

time. 

9. (Cancelled) 

10. (Cancelled) 

11. (Currently Amended) The measurement system of Claim 27elaim: 8, 

wherein the measurement system is configured to use artificial intelligence in making decisions; 

wherein the measurement system is configured to perform pattern identification or 

classification, and wherein the measurement system is configured to apply a threshold function to 

a comparison with a stored data set; and 

wherein the measurement system is at least in part configured for selection or 

identification of an object, and wherein the measurement system is configured to improve a signal­

to-noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

12. (Currently Amended) The measurement system of claim 27elaim: 9, 

wherein the light source is configured to further increase signal-to-noise ratio by one of increasing 

a pulse rate of at least one of the plurality of semiconductor sources. 

13. (Currently Amended) The measurement system of claim 8, wherein the 

plurality of semiconductor sources comprises at least one of: light emitting diodes (LEDs), laser 

diodes (LD's), tunable LD's, and super-luminescent laser diodes (SLDs), and the measurement 

system further comprising a reflective surface to receive and redirect at least some of the at least a 

portion of the analysis output beam reflected or transmitted from the sample. 

14. (Original) A wearable device for use with a smart phone or tablet, the 

wearable device comprising: 

5 
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a measurement device including a light source compnsmg a plurality of 

semiconductor sources for measuring one or more physiological parameters, the measurement 

device configured to: 

generate, by modulating at least one of the semiconductor sources having 

an initial light intensity, an input optical beam having one or more optical wavelengths, and 

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 configured to: 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, and 

capture light while at least one of the semiconductor sources 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; 

synchronize to the modulation of the at least one of the semiconductor 

sources; 

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

input optical beam reflected from the tissue by: 

differencing the first signal and the second signal, and 

increasing the light intensity relative to the initial light intensity from at least 

one of the semiconductor sources; 

the measurement device further configured to generate an output signal 

representing at least in part a non-invasive measurement on blood contained within the tissue; 

the wearable device configured to communicate with the 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; and 

the smart phone or tablet configured to: 

receive and to process at least a portion of the output signal, 

store and display the processed output signal, and 

transmit at least a portion of the processed output signal over a wireless 

transmission link. 

6 
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15. (Currently Amended) The wearable device of claim 3 lelaim: 14, wherein 

the light source is configured to further improve the signal-to-noise ratio of the input optical beam 

reflected from the tissue by increasing a pulse rate of at least one of the plurality of semiconductor 

sources. 

16. (Original) The wearable device of claim 15, further comprising a cloud 

configured to: 

receive, over the wireless transmission link, an output status comprising the at least 

a portion of the processed output signal, 

process the output status to generate processed data, and 

store the processed data, and 

wherein the cloud is capable of storing a history of at least a portion of the output 

status over a specified period of time. 

17. (Currently Amended) The wearable device of claim 16elaim: 11, wherein 

the wearable device is configured to use artificial intelligence in making decisions; 

wherein the wearable device is configured to perform pattern identification or 

classification, and wherein the wearable device is configured to apply a threshold function to a 

comparison with a stored data set; and 

wherein the wearable device 1s at least in part configured for selection or 

identification of an object, and wherein the wearable device is configured to improve a signal-to­

noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

18. (Cancelled) 

19. (Currently Amended) The wearable device of claim 17elaim: 11, wherein 

the measurement device further comprises a reflective surface configured to receive and redirect 

at least a portion of light reflected from the tissue. 

20. (Cancelled) 

7 
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21. (New) The measurement system of claim 1, wherein the plurality of 

semiconductor sources comprises six light emitting diodes, and wherein the receiver comprises six 

detectors. 

22. (New) The measurement system of claim 21, wherein the six detectors are 

located on an arc surrounding the six light emitting diodes. 

23. (New) The measurement system of claim 1, wherein the receiver comprises 

a plurality of detectors arranged along a first arc, and wherein the plurality of semiconductor 

sources are arranged along a second arc. 

24. (New) The measurement system of claim 23, wherein the first arc is offset 

from the second arc. 

25. (New) The measurement system of claim 23, wherein the first arc and the 

second arc are concentric. 

26. (New) The measurement system of claim 8, wherein the plurality of 

semiconductor sources comprises six light emitting diodes, and wherein the receiver comprises six 

detectors. 

27. (New) The measurement system of claim 26, wherein the six detectors are 

located on an arc surrounding the six light emitting diodes. 

28. (New) The measurement system of claim 8, wherein the receiver comprises 

a plurality of detectors arranged along a first arc, and wherein the plurality of semiconductor 

sources are arranged along a second arc that is offset from the first arc. 

29. (New) The measurement system of claim 28, wherein the first arc and the 

second arc are concentric. 
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30. (New) The wearable device of claim 14, wherein the plurality of 

semiconductor sources comprises six light emitting diodes, and wherein the receiver comprises six 

detectors. 

31. (New) The wearable device of claim 30, wherein the six detectors are 

located on an arc surrounding the six light emitting diodes. 

32. (New) The wearable device of claim 14, wherein the receiver comprises a 

plurality of detectors arranged along a first arc, and wherein the plurality of semiconductor sources 

are arranged along a second arc that is offset from the first arc. 

33. (New) The wearable device of claim 32, wherein the first arc and the 

second arc are concentric. 
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Amendments to the Drawings: 

The attached sheet(s) of drawings includes changes to Fig. 15. This sheet, which includes 

Fig. 15, replaces the original sheet(s) including Fig. 15. 
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drawings are required. Accordingly, by this Response, Applicant amends Figure 15 to remove 

informalities. 

Applicant has also amended various claims, cancelled claims, and added new claims, to 

more particularly point out the claimed subject matter. Independent claims 1 and 8 are amended 

to include the limitations of claims 2 and 9, respectively; and claims 6 and 13 are amended to 

include the limitations of claims 3 and 10, respectively. Claims 2, 3, 9, 10, 18, and 20 are cancelled. 

Support for new claims 21-33 is found, e.g., in Fig. SB and paragraphs 77-78 of the application as 

filed. No new matter is added. Applicant respectfully requests entry of this amendment prior to 

substantive examination. 

The additional claims filing fee of $350 pursuant to 37 C.F.R. § l. l 7(a) is being charged 

to our Deposit Account No. 02-3978 via electronic authorization submitted concurrently herewith. 

Please charge any fees or credit any overpayments as a result of the filing of this paper to our 

Deposit Account No. 02-3978. 

Date: November 26 2019 

BROOKS KUSHMAN P.C. 
1000 Town Center, 22nd Floor 
Southfield, MI 48075-1238 
Phone: 248-358-4400 
Fax: 248-358-3351 

Respectfully submitted, 

MOHAMMED N. ISLAM 

By: /Andrew B. Turner/ 
Andrew B. Turner 
Reg. No. 63,121 
Attorney for Applicant 
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require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
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application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
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6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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ABSTRACT OF THE DISCLOSURE 

A gas filter correlation r:ddiometer mounted· -0n an aircraft is flo\llln over a target 

area. The gas filter correlation radiometer: is configured to detect ethane (C2H-0) gas in 

the event of a gas leak. The gas filter correlation radiometer uses background· radiation 

to detect ethane. 
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REMOTE SENSING OF GAS LEAKS 

CROSS--REFERENCE TO OTHER A.PPLICA TIONS 

This application claims priority from provisional application US 60/455~25 filed 

March 13~ 2003~ 

BACKGROUND OF THE lNVENTION 

01 This invention relates to remote sensing techniques to detect gas leaks. In 

particular, the invention i11volVC;.S t1ying an aircraft with a remote sensing instrument over 

a target area, such es a pipeline, and Illeasuring absorption ofupwe]ling electr01nagnetic 

radiation thathas passed through natural .gas. 

02 Past attempts lo remotely detect natural gas leaks have . involved detecting 

increased concentrations of metbane (C&). CH.4 comprises approximately 95% of the 

composition of natural gas, which makes it a natural target for detection. One problem 

that bas been experienced is that ·cfl4 exists in fairly large quantities in the atmosphere (it 

is well ·mixed in the atmosphere with a concentrati-On of approximately 1.7 ppm). 

Therefore, detecting a .gas leak requited detection. of a small increase on a large 

background. Events such as passing near a source region ofCH.4 (such as a fann), or an 

increase in the altitude of the airplane (an increase in the .atmospheric pa.th length) might 

result in the false sigmmire of a leak. 

03 To reduce the influence of the background. some past attempts have tried to 

detect the excess Cl4 ofa natural gas leak by detecting the absorption of CfL in the long 

wavelength infrared region (for example, at 7,8 µm or 2180 cm·1). This provides the 

advantage that the upwelling radiation is primarily emitted from the earth1s surface. This 

minimises the background CH.t. as only the Cm located between the airplane and the 

earth's surface is detected. 

Petitioner WHOOP, Inc. Ex1002 
Page 217 of 459



2 

04 However, for underground pipe s.ince. the temperature of the surface and the 

leaked CRi are nearly the san).f:, the radiative contrast between the surface and the leaked 

methane is very small, greatly reducing the detectivity/detectability of the leak. Also, the 

thermal noise introduced within the instrument itself becomes a serious design 

constraint Using a shorter wavelength absorption band of C& could potentially help~ as 

the upwelling radiation would be primarily from the sun, This would greatly increase 

the radiative contrast• between the source and the uleakcd" gas, and significantly reduce 

the thennal noise within the instrument . However, the background of Cli4 becomes very 

large, as the solar radiation reaching the instrument would have passed thtough entire 

atmosphere. 

SUMMARY OF THE INVENTION 

05 According to an aspect of the· :invention. leaks from natural gas are detet.."ted by 

remote detection of radiation that has passed through a eoncentration of ethane gas. 

06 Ethane; C2&, is a minor constituent in natural gas. comprising up to 20% of 

unprocessed natural gas, and approximately 2.5% of processed natural gas. It has the 

distinct advantage for detection over Clf4 in that it exists in the atmosphere in very 
minute quantities (global annual average concentration of 860 ppt). Therefore~ the 

natural background is very small (2000 times smaller than CR4). 

07 The tv.ro main sources of Ctl4 in the atmosphere are from leaked natural gas and 

biomass burning (both of roughly equivalent magnitudes). The main sink is by reaction 

with the hydroxyl (OH) radical. C21-l6 has a strong absorption/emissioh band(s) at 3000 

cm-• (3.33 µtn). fu this spectral region,: the upwelling radiation will consist primarily of 

reflected. solar radiation. Al.s.Q, thermal noise within the instrument • is significantly 

reduced at these shorter wavelengths. This combination of.a tiny background, a strong 

spectral signature in a "solar1
• region of the spec~ and reduced thermal noise makes 
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C2H6 suitable for the detection of natural gas pipeline leaks. Preferably, the ethane is 

detected by using the ethane absorption/emission band(s) at 3000 cm-l. 

08 According to a further aspect of the invention. the ethane is detected by tuning 

the gas filter correlation radiometer to detect ethane·using an ethane absQrPt:i-On peak at a 

bandwidth of 2850 to 3075 cm.~1
• 

09 According to a further aspect of the inventio~ the ethane is detected by tuning 

the gas filter correlation radiometer to detect ethane using ·an· ethane abwq,tion peak at a 

bandwidth up to 150 cm~• above or below 3000 cm~•. 

IO According to a further aspect of the invention1 remote sensing. of leaked ethane 

:from natural gas pipelines is carried . out by using a gas filter correlation radiometer 

(GFCR). ·Toe gas filter correlation radiometer comprises a window in a housing;optics 

defining a first pptical path and a second optical path between the window and a detector 

section mounted in the bousing; a bean1 splitter mounted in the housing as part of the 

optics for directing radiation entering 1he window .from an outside source to divide the 

radiation between the first optical path and the second optical path; the first optical •path 

having a first ethane pa.th· length and the second optical path having a second ethane path 

length. the frrst ethane path length being different from the second ethane path length; 

and electronics for processing signals produced by the detector section section as a result 

of radiation being directed by the optics onto the detector . section.. The ethane path 

length is provided by gas filters 0011taining differing amounts of ethane,, preferably with 

one of the eptical paths having Zt;ro etha,."le path length. 

11 According to a further aspect of the invention1 the beam splitter comprises a bi•• 

prism. 
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12 According to a further aspect of the invention, the detector section further 

comprises a first detector on the first optical path and a second detector on the second 

optical path,- and C<)rresponding pixels on the first detector and second det.ector- having 

collocat~ fields of view and being sampled synchronously. 

l3 Ac.cording to a further aspect . of the invention, the detector section detects 

radiation using a pushbroom imaging technique. 

14 These and other &"'Peets of the h1vention are described in the detailed description 

of the invention and claimed in the claims that follow. 

BRIEF DESCRIPTION OF THE DRA\VINGS 

15 There vvin now be described preferred embodiments of the invention, with 

reference to the drawings. by \\1ay of illustration only and not with the • intention of 

limiting the scope of the invention, in which like numera~ denote like• elements and in 

which: 

Fig. l is a schematic of the gas filter correlation tadiomeu.."r; 

F:ig. 2 is a schematic of an alternative embodiment of the gas filter correlation 

radiometer; 

Fig. 3 depicts a helicopter using the gas filter correlation radiometer to detect a 

leak in a pipeline; 

Fig. 4 depicts an overhead view of a helicopter tra.vers.ing a pipeline and shows 

su~ive fields of view" including an exploded view of a portiQn of a field of view 

being sampled; and 

Fig. 5 sho\\'S, upper graph, a spectra ofCil-L; in a 28.6 mm gas: cell with 106 Pa 

of pure C2l¼.middle graph, a high resolution spectraofC2HG in a 28.6 mm gas cell with 

12, 1 kPa of pure C.21% and, lower graph,. a calculation of the spectra using the Hitran line 

database. 

Petitioner WHOOP, Inc. Ex1002 
Page 220 of 459



5 

DETAILED DESCRIPTION .. OF PREFERRED EMBODIMENTS 

16 In this patent document, the word "comprising'' is used in its non-limiting sense 

to mean that items following the word in the sentence are included and that items not 

specifiauly mentioned are not excluded. ·The use· of the indefinite article "a" 1n the 

claims before an el~ment means that one of the ~lements is specified, but does not 

specifically exclude others of the clements being present, unless the conte..xt dearly 

:requires that there be one and only one of the elements. 

17 The in$trutnent used in this invention is a type of gas-:filter correlation radiometer 

(GFCR). GFCRs have been used in different configurations for over 3 decades in 

remote sensing .ins~n:tation. 

18 Referring to Fig. I, there is sho-wn a GFCR 101 mcorporated within a housing 

100, ,vith a detector section, such as a pair of photodiode arrays 102A, l02B mounted in 

the housing. .Radiation from. source 126 passes thrQugh a window l 03 in the housing 

100~ is collected by collector optic 124 and .filtered by bandpass filter 116 and then 

directed by collimating lens 122 onto beam splitter 106. In an exemplary embodiment. a 
40 cm·• vv.ide band-pass filter I 16 centred at 2988 cm-1 is specifi~ The filter width is 

1.3% of the central wavenumber. The passband of filter l 16 is selected to include the 

ethane absorption peak at 3000 cm ~1 and exclude radiation falling outside of the peak. 

Beam splitter 106 formed by a·partially reflective mirror splits the radiation from the 

radiation source 126 along paths 110 and 112. On the first radiation path HO, the 

radiation passes thrQUgh ~ correlation cell 114 and is focused h)r detector lens 104A 

onto the photodiode l02A. On the second :radiation path 112~ the radiation is directed by 

mirror 120 through an evacuated gas celI 118 and is focused by lens l04B onto 

photodiode 102B. The gas correlation cell 114, also called a gas filter or absorption cell, 

contains a gas~ such as ethane; tobe detected. 
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l 9 The ga.s correlation cell 114 trn:tY for e:xruuple be a 1 cm cell with for exm:nple a 

concentration of ethane provided by one atmosphere of pure C1H6. Thesoooix! path 112 

has a different path length of C2Hi;, su.eh as may be obtained by providing the ceU 118 

with for ex.tmJple no C2H6, as for example an eVat,'1.lated gas ce11 or a cell contaiping a gas 

that is opiically neutral in relation to the ci:h.ane spectra of interest. The output Qf the 

photodiodes 102A, I 02B is provided to .suitable el~'i:ronics. such as a comrmter l 08, f« 

pr-0(..~mg, The GFCR lO l may use a bean1 splitter:, for example, in the form of a 

partially reflective mirror as sho'Wn in Fig. 1~ or in the form of a. bi-prism,, as sho\\-'tl in 

Fig. 2~ or may selectively direct the .incoming radiation through separate paths, in a time 

division manner, m.cing for example a chopper. The use of a beam splitter v~ a 

chopper is a tmde-0ff between simultaneity of the t\vo receive.,ti signals an<l. lo88 of :signal 

intensity. A beam splitter. such as·a partially reflective mirror or·a bi-prism, is preferred 

for gas leak dete.ction because .it provides simultaneous measurement of b(,th detector 

signals. This can be importani because the · signals are fust varying due to the il~rward 

motion of the helicopter and the variation in the reflective sutfu.re; 

20 A different optical configuration is shown i:n .@ alternative·. embodfrnent in 

Fig. 2, Rad:latirn1 from source 226 passes through a w.indow 203 in housing 200, is 

collected on collector optic 224 and focused to a fidd stop 216, The field stpp 216 is 

used to limit tbe field of view, The radiation from source 226 is then directed by 

collimating lens 222 011to prisms 206 and 207 which fonn the front. of a con~pound 

gas cell 215 fonned by gas cell walls 22&t gas ceU separator-230~ and a plane p.araUe1 

ga~ <:eH window 232~ The prisms 206 and 207 split the radiation from the radiation 

source 226 along paths 210 aud 212 by causing the radiation to diverge while passing 

through gas. cells 214 and 218, On the first radiation path 210~ the radiation is 

directed by prism 206 through gas correlation cell 2 i 4 and. is focused by detector lens 

204 onto the photodiode 202A. On the second radiation path 212, the radiation is 

directed by the prism 207 thmugh an evacuated gas cell ::ns and is focused by 

detector lem. 204 onto photodiod~ 2028. 
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21 The compound gas cell 215 with prisms 206 and 207 may also be located 

between the field stop 216 and. the collimating lens 222, or between the detector lens 

204 a.nd the photodiod.es 202A and 202B. Like·wise, the prisms 206 and 207 may be 

located at either the front of the compound gas cell 215 or at the back . of the 

compound gas cell 215, 

22 The gas correlation cell 214, also called a gas filter or absorption cell, 

contains a gas, such as ethane, to be detected. The gas correlation cell 214 may for 

example be ~ 1 crn cell with fc;,r example a conceµtration of ethane provided by one 

atmosphere of pure C2H6. The second path 212 has a different path length ofC2H6, 

such as may be obtained by providing the ceU 218 with for example no C2H6, as for 

example fill evacuated gas c~ll or a cell containing a gas that is optically neutral in 

relation to the ethane spectra ofinterest. The output of the photodfodes 202.A, 202B 

is provided to suitable electronics, such as computer 208~ for processing, 

23 The detector signal on the path 112 is: 
.i, 

sl ·""' G f 1,i Tfi!;erd:t 

,\ 

where fa is the intensity of the radiation from the radiation source 126, truier is 

the tra.n.smissivjty Qf the filter ll (), k1 is the low pass of the filter 116, A2: is the high 

pass of the filter 116 and G is the gainofthe photodiode l02B. 

The detector signal on the path 110 is: 
-,., 

s2 = GI ]Ar },Iler r.,_,._.'tflid A 
.\ 

where-reorrceJJ is the transrrrissivity of the correlation cell 114. 

S, +St • and SaiJJ :;:;; S1 -Sz, then the calculation made by the computer is: 
2 

sd#! . . . 
S,,,_,, = _,_, which yields a signal that is dependent on the presence of the target gas 

sal'J: 

in the radiation path from the source 126 to the photodetectot I 028. The calculation 
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of the difference in the received signals for both optical paths is made for each pixel 

of the photodetectors 102A, 102B to yield an image of the field of view that may be 

displayed on a monitor. 

24 Fig. 3 shows the manner of use of the GFCR 101 shown in Fig. 1. A helicopter 

350 traverses a pipeline 354.with a GFCR 101 having.a field of view 352 oriented 

towards the pipeline 354. The GFCR 101 is tuned to detect ethane by appropriate 

selection of the bandpass of the filter 116, and the gas filter 114 contains a sample of 

ethane. If a leak 356 exists in the pipeline 354. the presence of ethane in the resulting 

plume 358 that may be moved by the presence of wind 360 will be detected using the 

GFCR 101. The presence of a leak is indicated by for example displaymg the received 

signal using a monitor that is provided as part of the oomputer l08. Pixels on the 

monitor display corresponding to detected ethane may be coloured to enhance the i.mage. 

Other methods of indication of the presence of a leak may be used such as detecting a 

concentration of ethane in the path between helicopter 350 and the ground that exceeds a 

predetenmned threshold, and providing an alarm. The threshold is detenruned readily by 

calibratiQrt of the radiometer and experimentation. Fig. 5 shows that the absorption 

spectra of ethane at 3000-1 cm is Jarger th<ID the caJculat~ spectrum frotn the Hitran 

database, with the result that ethane is mi.expectedly a suitable candidate for the detection 

of pipeline gas leaks. Due to the remote sen~ng capabilities of the device. the GFCR 

does not have to: fly through the plUllle in order to detect leaks. The GFCR measures the 

integrated column concentration of natural gas between the helfoopter and the ground, 

regardless of where in this cob.mm the natural gas occurs. 

25 In one embodiment as shown in Fig. 4, the field of view 352 covers an area of 

128 m\ representing a swath 64 m long by 2 rn wide, The long but narrow swath of 

the field of view 352 leads to an. ovemll view of the pipeline 354 or target area 

through the use of a technique knovvn as pushbroom imaging. As the helicopter 350 

advances along the helicopter path 464 o-ver the· pipeline 3 54 or other target area, 
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successive swaths below the helicopter 350 and perpendicular to the helicopter path 

464 are detected by the GFCR l O 1. At a frrst time interval, the detectors 102A and 

102B would sample signals from the fiel<l of view 352A, followed moments later by 

352B. followed again by 352C and so on, 

26 In Fig. 4, the field of view 352F represents the cum:mt swath of the target area 

being detected by the detectors 102A and 102R Detectors 102A and 102B have 

corresponding pixels having collocated fields of view :352F where each 2 m X 2 m 

cell of the field of view 352F is sampled synchronously by detectors 102A and 102B. 

Therefore, the cell marked Pl would be detected by a first pixel representing a 

portion of the field ofview collocated and synchronized on detectors 102A and 102B. 

The cell marked P2 would he detected by a second pixel collocated and synchronized 

on detectors l02A and 1028. The same can be said for the cells marked PJ ~ P4 

and so on. All cells Pl to P32 along a line would be .detected simultaneously. 

27 In an exemplary embodimen~ the GFCR 101 operates using ambient backgroll1ld 

radiation that passes through the plume 358 of natural gas. The upwelli11g radiation field 

is comprised of reflocted solar radiation, ra4iation emittetl from the surface,. plus 

upwelling emission from the. atmosphere. For c,peration during cloudy periods or at 

nigh4 a source of illumination 362 may be used. For exampte1 a powerful 1600W 

Tungsten Halogen bulb may be mounted on the helicoptw 350, with an lRtrant-imitting 

window (not shown) and a focusing mirror (not shown). This mirror focuses the 

emission from the illumination source: 362 to a 5m spot on the ground. Assuming a 

lambertian re:fledive surface and a reflectivity of 5%~ the reflected mtertsity at the 

surface would be 0.048W m·2. This is roughly equivalent to (or slight gr<=ater than) the 

reflected intensity of &UD.light The illuminanon source 362 should be mounted to reduce 

vibrations that could increase the signal to noise ratio of the detected signal ln an 

alternative embodiment. the OFCR 101 may be ID01lI1ted on a different type of vehicle~ 

such as a truck, and driving the vehicle along a pipeline o:r other possible source of a gas 
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leak. The GFCR l 01 may also be tuned to detect other gases by selection of the 

bandpass of the filter 116. 

28 The detected. instrument signal is a function of the height of the •natural gas 

column. For an atmospheric background concentration of 1 • ppb of C2Ho, the e.quivatent 

total atmospheric column thickness is approximately 8.5 µm. The equivalent Cl4 

column thickness would be approximately 1700 times thicker. 

29 A linear tegres~Qn of th~ signal sensitivity between O and 4 mm of naturdl gas 

shows that the change in signal per w.m of natural &,as is -l.69 Xlff3 mm-1
. The 

measm-ement is actually detecting C2H6 which is assumed to be· 2.5% of natural gas. 

Therefor~ the detected colwnns of pure C:2H6 are 40 times shorter than that of n,.etbaoe, 

Maximum sensitivity to Ci.Ho occurs at the lowest concentrations. This is the most 

desirable for detecting the smallestleaks. 

30 Uncertainties may be introduced into· the measurement by spectral interferences 

by other gases in the atmosphere (prin(:ipally HiO and CH4); vru::iations in the $w1ace 

emissivity, .temperature vwiation.c;· in the .a.tmo..qpherk tempeniture, and variations in the 

altitude of the w.rplane. These uncertainties tend to reduce the sensitivity of the 

measurement to. concentrations of natural g~. ·and variations may result in falSJ; 

signatu.res of leaks. The combined uncertainty is about +l-19 µm. This level of accuracy 

places· a minimum limitation on the measurement's accuracy. Given a measurement 

resolution of -l ,69X 1 o-'3 per mm natural gas; to measure a column height of± 19 µm a 

measurement precision of± 3 .2 X 10-5 (Le. a signal-to-noise ratio of31.000) is requrred. 

Such a measurement precision may be obtained from the GFCR lOlt and may be 

act.justed by for example varying the length of the absorption cell· 114. 

3 I The sensitivity of the instnnnent is ultimately a fimction of the amount of energy 

that is collected and focussed onto the detector element. This in turn is a• function of the 
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field-of--view (FOV) of the instrument (which determines the sur.face resolution}. the size 

of the collector optic 124~ the size of the detector pixel in the photodiodes l OZA. l02B, 

the transmission of the instrument, and the observation period (frequency) of the 

instrument, The FOV and the collector optic size directly affect the energy collected, as 

the larger the optic and FOV~ the more photons collected. However, they alSQ directly 

affect the detector pixel size~ due to the principle ◊fetend11e (AO) conservation in an 

optical chain. The transmission of the in~ent directly affects the energy collected as 

any losses in the Sy$telll directly reduces the number of photons incident on the detector. 

And finally, the pixel size and observation period directly affect the noise-equivalent 

power (NEP} of the detector. In an cxemplacy embodiment:, the aircraft may operate at a 

height of30 ro, with surface resolution 1.5 m. FOV solid angle 2.0xlff3sr., FOV2.86°, 

collector optic diameter 12.2 cm, An product 2.29xl0-5m2 
Sf, transmissic>n 75%~ 

temperature 2931{, observation time t{) ms(lOO hz), detector element d.unneter 2 mm, 

detector FQV 1700 and detector D* l 011
• cm Hz03

. 

32 The upwelling radiance reaching the aircraft is calm-dated to be 0.04 W m •2 sr-1
. 

This includes the energy lost dll<! to absorption by a:tmospheric 8.20 and C&. and which 

is :reduced to 0.03W m-2 sr-1
" Assuming the instrument bas a 12.2 cm diameter optic to 

-rollectupweUingmdiation witha field-of~viewof2.86° and an instnmte:nttrans:mission 

of 75%, the collected energy by the instrument will be 5.2 X lff7 W. The noise 

equivalent power (NEP) for a 2 mm diameter liquid nitrogen cooled JnSb detector would 

be 2 X lff11 W, providing a. radiative SIN ratio of approximately 25,800. Given 1bis 
level of precision and the calculated sensitivity to natural gas of -1.69 X 10-'3 mm-1, 

the measurement is able to detect below a 23 Jun column of natural gas. 

33 A person skilled in the art could make immaterial:modifications to the invention 

described in this patent document "vithout departing from the invention. 
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THE E2vffiODIMENTS OF THE INVEJ\.'l]ON IN WHICH AN EXCLUSIVE 

PROPERTY ORPRIVILEGE IS CLAIMED ARE DEFJNED AS FOLLOWS: 

1. A method of detecting gas leaks~themethod comprising the steps of 

traversing a target area with a gas filter correlation radiometer having ·a field of 

view oriented towards the target area, the gas filter correlation ra.diQmeter being tuned to 

detect ethane; and 

identifying a gas leak upon the gas filter correlation radiometer detecting the 

presence ofetbclne. 

2. The method of claim l in which the gas :filter correlation radiometer is «med to 

detect ethane using an ethane absorption peak at 3000 cni1
. 

3. The method of claim 1 in which the gas filter correltation :t'adiometer is tuned to 

detect ethane using an ethane absorption peak ata bandv.•idth of2850to 3075 cm·1
. 

4. The method of claim 1 in which the gas filter correlationradionieteris tuned to 

detoot ethane using an ethane.absorption peak at a bandwidth· up to 150 cm~1 a:oove or 

below 3000 cm·1
• 

5. The method of daim l in which the gas filter correlation radiometer comprises: 

a window in a housing; 

optics defining a first optical path and a second optical path between the window 

and a dc~"tor section mounted in the-housing; 

a beam splitter mounted in the housing as part of the optics ·for directing radiation 

entering the window from an outside source • to divide the radiation between the first 

optical path and the second optical pa!h; 
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the :first optical path having a first ethane path length and the second optical path 

having a second ethane path length, the .fust ethane path length being diffe:rent from the 

second ethane path length; and 

electronics for processing signals produced by the detector section as a result of 

radiation being directed by the optics onto the. detector section, 

6. The method of claim 5 in which the beam splitter comprises a hi-prism. 

7. The method of.claim Sin which the gas filter correlation radiometer is tuned to 

detect ethane using fill ethane absorption peak at 3000 cm-1. 

8. The method of claim 5 in which the gas filter correlation .radiometer is tuned to 

detect ethane using an ethane absorption peak at a bandwidth of 2850 to 3075 cm'1, 

9, The method of claim 5 in which the gas filter correlation radiometer is tuned to 

detect ethane using an ethane absorption peak at a bandwidth up to 150 cm.:1 above or 

below 3000 cnf1
. 

IO~ The method of claim 6 in which the gas filter correlation radiometer is tuned to 

detect ethane using the ethane absorption peak at 3000 crrl.'1 by incorporating a filter in 

the optics that se~ radiation in a passband that includes the ethane absoiption peak at 

300Qcm·I. 

l l. The tnetbod of claim 5 in which the first optical path is provided with an ethane 

path length by incorporation into the firstoptical path of a gas filter containing ethane. 

12. The method of claim 11 in which the second ethane path length is lower than the 

first ethane·path length. 
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13. The method of claim 5 in which the detector section further comprises: 

a first detector on the first optical path and a second detector on the second 

optical path, and con-esponding pixels on the first detector and second detector having 

collocated fields of view and being sampled synchronously. 

14, The method of claim 5 in which the detector section detects radiation using a 

pushbroom imaging technique. 

15. The method of claim 1 • j.n which the gas filter correlation :radiotneter is mounted 

in an aircraft. 

16. The method ofehtim 1 in which the gas leak is located along a pipeline. 

17. The method of claim l in which the gas leak.is detected as part of a reservoir 

mapping process. 

18. A gas filter correlation radiometer, comprising: 

a window in a housing; 

op.tics de't.Jning a first optical path and a second optical path bet;,.veen the Vvindow 

and a detector section. mounted in the housil'.lg; 

a beam splitter mounted in the hQUsing ·as. pmt of the optics for directing radiation 

entering the window from an outside source to divide the radiation between the first 

optical path and the second optical path; 

the first optical path having a fiTst ethane path length and the second optical pa.th 

having. a second ethane path length. the first ethane path length being different. from the 

second ethane path length; and 

electronics for processing signals produced by the deteetor section as a result of 

radiation being directed by the optics onto the detector section. 
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19. The gas filter con-elation radiometer of claim 18 in which the beam splitter 

comprises abi~prism. 

20. The ga& .filter correlation nuiiometer of claim 18 in which the .gas filter 

correlation radiometer is tuned to detect ethane using the ethane absorption peak at 3000 

cm-1• 

21. The gas filter correlation radiometer of claim 18 in which. the gas filter 

correlation radiometer is tuned to: detect ethane using an • ethane. absorption peak at a 

bandwidth of 2850 to 3075 cm·1. 

22. The gas filter correlation radiomet~ of claim 18 in which the gas 1:ilter 

correlation radiometer is. tuned to detect ethane using an et:han.e absorption peak at a 

bandwidth up to 150 cm -'t above or below 3000 cm1. 

23. The gas filter correlation radiometer of claim 20 in which the gas filter 

correlation ra.diQmeter is tuned to detect ethane using the ethane .absorption peak at 3000 

cm·' by incorporruing a filter in the optics that selects radiatiQn in a: passband that 

includes the ethane absorption peak at 3000 cm~1
. 

24, 'lbe gas filter correlation nuliometer ofclaun 18 in which the first optical path 

incorporates a gas filter conta:ining ethane. 

25. The gas filter con'elation radiometer of claim 24 in ~nich the second ethane path 

length• is· 1ower than the first ethane path length. 

26, The gas filter correlation radiometer of claim 18 in which the detector section 

further comprises: 
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a first detector on the first optical path and. a second detector on the second 

optical path, and corresponding pfa.els on the first detector and second detectQt having 

collocated fields of view and being sampled synchronously. 

27. The gas· filter correlation radiometer of claim 18 in which the detector section 

detects radiation usirlg a pushbroom imaging technique. 
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15 Non Patent Literature 13_US 10098546_FH_Part2.PDF no 135 
aS aefe0a34 23 a006a3 5 8ffcfe86d 146d cf6d a 

975 

Warnings: 

Information: 

Petitioner WHOOP, Inc. Ex1002 
Page 240 of 459



3422562 

14_InterPartes_Review_lPR202 
16 Non Patent Literature 0_00029_USPat_10098546_20 no 101 

191017 _v3.PDF 4 79e018d6e5cecd 1 fb8660677417dc9d832 
a8f1b 

Warnings: 

Information: 

2175451 

17 Non Patent Literature 15_Lister_2012.PDF no 16 
d2e5f5707f119ccf98c9bd5fafbb557d3678 

dcd 

Warnings: 

Information: 

8482602 

18 Non Patent Literature 
16_Mark_Nelson_Data_Compr 

no 17 
ession_Book_ 1996.PDF 

5 ee 77 4 209cee 778ef7e 25c0d 02b 7 eacd0 b4 
91Sd4 

Warnings: 

Information: 

1857569 

19 Non Patent Literature 
17 _Newton_ Telecom_Dictiona 

no 5 
ry_V2.PDF 

a6806b5251 dd0f06dc4e86Saba 1 c972466d 
4ebec 

Warnings: 

Information: 

18_Order_Omni_Apple_218_C 
966002 

20 Non Patent Literature 
V _ 134RWS_USDC_EastDistrictT 

no 3 
exasMarshallDivision_2019082 

cadf7f35 8d7 5 0ccb0Sf3 7f1 fc8bd cb960bba 
3_287.PDF c14 

Warnings: 

Information: 

668088 

19_Proof_of_Service_Summon 
21 Non Patent Literature s_OmniMedSci_218_CV429_EC no 2 

Texas_ V4.PDF 2dda5f51 68992fd2bb68fe 7e343130036a3 
c003 

Warnings: 

Information: 

Total Files Size (in bytes) 122662926 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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APPLICATION 
NUMBER 

16/669,794 

109543 

UNITED STATES PATENT AND TRADEMARK OFFICE 

FILING or 
37l(c)DATE 

10/31/2019 

GRPART 

UNIT 

1731 
FIL FEE REC'D 

1135 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

OMNI0102PUSA6 27 3 
CONFIRMATION NO. 7663 

UPDATED FILING RECEIPT 
Brooks, Kushman P.C./Cheetah Omni MedSci 
1000 Town Center 1111111111111111111111 m~mll!~~ ~~1,~11111111111111111111111111 

Twenty Second Floor 
Southfield, Ml 48075 

Date Mai led: 12/03/2019 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Mohammed N. ISLAM, Ann Arbor, Ml; 

Applicant( s) 
Omni Medsci, Inc., Ann Arbor, Ml; 

Power of Attorney: The patent practitioners associated with Customer Number 109543 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/284,514 02/25/2019 
which is a CON of 16/016,649 06/24/2018 PAT 10213113 
which is a CON of 15/860,065 01/02/2018 PAT 10098546 
which is a CON of 15/686,198 08/25/2017 PAT 9861286 
which is a CON of 15/357,136 11/21/2016 PAT 9757040 
which is a CON of 14/651,367 06/11/2015 PAT 9500635 
which is a 371 of PCT/US2013/075736 12/17/2013 
which claims benefit of 61/747,477 12/31/2012 
and claims benefit of 61/754,698 01/21/2013 
This application 16/669,794 
is a CON of 16/506,885 07/09/2019 
which is a CON of 16/272,069 02/11/2019 
which is a CON of 16/029,611 07/08/2018 PAT 10201283 
which is a CON of 15/888,052 02/04/2018 PAT 10136819 
which is a CON of 15/212,549 07/18/2016 PAT 9885698 
which is a CON of 14/650,897 06/10/2015 PAT 9494567 
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which is a 371 of PCT/US2013/075700 12/17/2013 
which claims benefit of 61/747,472 12/31/2012 
and said 16/506,885 07/09/2019 
is a CON of 16/004,359 06/09/2018 
which is a CON of 14/109,007 12/17/2013 PAT 9993159 
which claims benefit of 61/747,553 12/31/2012 
and said 16/506,885 07/09/2019 
is a CON of 16/188,194 11/12/2018 PAT 10386230 
which is a CON of 16/004,154 06/08/2018 PAT 10126283 
which is a CON of 15/855,201 12/27/2017 PAT 9995722 
which is a CON of 15/711,907 09/21/2017 PAT 9897584 
which is a DIV of 15/357,225 11/21/2016 PAT 9797876 
which is a CON of 14/650,981 06/10/2015 PAT 9500634 
which is a 371 of PCT/US2013/075767 12/17/2013 
which claims benefit of 61/747,485 12/31/2012 
and said 16/506,885 07/09/2019 
is a CON of 16/241,628 01/07/2019 PAT 10441176 
which is a CON of 16/015,737 06/22/2018 PAT 10172523 
which is a CON of 15/594,053 05/12/2017 PAT 10188299 
which is a CON of 14/875,709 10/06/2015 PAT 9651533 
which is a CON of 14/108,986 12/17/2013 PAT 9164032 
which claims benefit of 61/747,487 12/31/2012 
and said 16/506,885 07/09/2019 
is a CON of 16/284,514 02/25/2019 
which is a CON of 16/016,649 06/24/2018 PAT 10213113 
which is a CON of 15/860,065 01/02/2018 PAT 10098546 
which is a CON of 15/686,198 08/25/2017 PAT 9861286 
which is a CON of 15/357,136 11/21/2016 PAT 9757040 
which is a CON of 14/651,367 06/11/2015 PAT 9500635 
which is a 371 of PCT/US2013/075736 12/17/2013 
which claims benefit of 61/747,477 12/31/2012 
and claims benefit of 61/754,698 01/21/2013 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 11/18/2019 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/669, 794 
Projected Publication Date: 03/12/2020 
Non-Publication Request: No 
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Early Publication Request: No 
** SMALL ENTITY ** 
Title 

SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH 
IMPROVED SIGNAL-TO-NOISE RATIO 

Preliminary Class 

501 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: Yes 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/669,794 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 75 N/A (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 330 N/A (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 380 N/A (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 27 minus 20= 7 (37 CFR 1.16(i)) 
X 50 = 350 OR 

INDEPENDENT CLAIMS 3 minus 3 = X 230 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 0 ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 1135 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I l',llohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 12886 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number I OMNI0102PUSA6 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 p497769 ~996-03-12 3ratton et al. 

2 t,078833 Rooo-06-20 Hueber 

3 a649838 Ro14-02-11 :;hen et al. 

4 a12s226 Ro14-05-13 saacson 

5 ~0188299 Ro19-01-29 slam 

6 ho213113 Ro19-02-26 slam 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 
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Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 2886 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMNI0102PUSA6 

1 

2 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 nter Partes Review No IPR2020-00175; Petition for Inter Partes Review of US Patent No. 10,188,299; Apple Inc. v. 
::>MNI MEDSCI, INC.; pps. 1-91; dated December 11, 2019 

2 nter Partes Review No. IPR2020-00209; Petition for Inter Partes Review of US Patent No. 10,213,113; Apple Inc. v. 
::>MNI MEDSCI, INC.; pps. 1-91; dated December 11, 2019 

3 rile History for U.S. Patent No. 10,213,113 issued February 26, 2019, 686 pps. 

4 Declaration ofBrian W. Anthony, PhD, regarding USPN 10,213,113 in IPR2020-00209, December 11, 2019, 101 pps. 
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Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 2886 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMNI0102PUSA6 

5 
United States District Court Eastern District of Texas Marshall Division; Omni Medsci, Inc. vs. Apple Inc.; Civil Action 
No. 2:18-cv-00429; Second Amended Complaint; Feb. 26, 2019; 274 pps. 

6 
United States District Court Northern District of California Oakland Division;Omni Medsci, Inc. vs. Apple Inc.; Civil 
l\ction No. 19-cv-05673-YGR; Order staying the case; Nov. 20, 2019, 5 pps. 

7 rile History for U.S. Patent No. 10,188,299 issued January 29, 2019, 787 pps. 

8 Declaration ofBrian W. Anthony, PhD, regarding USPN 10,188,299 in IPR2020-00175, December 11, 2019, 119 pps. 

9 
United States District Court Eastern District of Texas Marshall Division; Omni Medsci, Inc. vs. Apple Inc.; Civil Action 
No.2:18-cv-429; Amended Complaint; January 28, 2019; 169 pps. 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 16669794 

Filing Date 2019-10-31 
INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 2886 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMNI0102PUSA6 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Andrew B. Turner/ Date (YYYY-MM-DD) 2020-02-26 

Name/Print Andrew B. Turner Registration Number ~3121 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb2.1.17 
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Electronic Acknowledgement Receipt 

EFSID: 

Application Number: 

International Application Number: 

Confirmation Number: 

Title of Invention: 

First Named Inventor/Applicant Name: 

Customer Number: 

Filer: 

Filer Authorized By: 

Attorney Docket Number: 

Receipt Date: 

Filing Date: 

Time Stamp: 

Application Type: 

Payment information: 

Submitted with Payment 

File Listing: 

Document 
Number 

Warnings: 

Document Description 

Other Reference-Patent/ App/Search 
documents 

38630837 

16669794 

7663 

SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE 
WITH IMPROVED SIGNAL-TO-NOISE RATIO 

Mohammed N. ISLAM 

109543 

Andrew B. Turner/Amy Tanner 

Andrew B. Turner 

OMNI0l 02PUSA6 

26-FEB-2020 

31-OCT-2019 

15:59:44 

Utility under 35 USC 111 (a) 

I no 

File Name 

001 _ 1 _IPR2020_00175_Petitio 
n_.pdf 

File Size(Bytes}/ 
Message Digest 

20192792 

9badf43e870a5d766864dbe2639fee8aeafd 
ffd3 

Multi Pages 
Part /.zip (if appl.) 

no 91 
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Information: 

2 

Warnings: 

Information: 

3 

Warnings: 

Information: 

4 

Warnings: 

Information: 

5 

Warnings: 

Information: 

6 

Warnings: 

Information: 

7 

Warnings: 

Information: 

8 

Warnings: 

Information: 

Other Reference-Patent/ App/Search 
documents 

Other Reference-Patent/ App/Search 
documents 

Other Reference-Patent/ App/Search 
documents 

Other Reference-Patent/ App/Search 
documents 

Other Reference-Patent/ App/Search 
documents 

Other Reference-Patent/ App/Search 
documents 

Other Reference-Patent/ App/Search 
documents 

001_2_IPR2020_00209_Petitio 
n_.pdf 

001_3_Ex_1002_US10213113_ 
FH_Partl .pdf 

001_3_Ex_1002_US10213113_ 
FH_Part2.pdf 

001_3_Ex_1002_US10213113_ 
FH_Part3.pdf 

15367763 

cbcf40fb 1 c3fd7a66b2 46ea29f4 3 98793 9 Sd 
5021 

21708932 

6302a3c487d49f22a7989a87add436b03cd 
eba45 

16632617 

192b6ab1245261bfd1508e4d6ab1121 Sf76 
0624b 

13140183 

4d504fedec7dbc06c83b371 af8221 f1 5Sc03 
8217 

9443745 
001_4_Ex_1003_Anthony _Deel, ________ _, 
a ration_ 113_Patent_ 12_ 11 _20 

19_IPR2020_00209.pdf 45355Sa49b2d9ba877354b3e81 cl 6e371 0 
9b9a08 

25503938 

001_S_Ex_1004_0mniMedSci_1------------; 
2_D052_2nd_Amended_Comp 

laint_Exhs_20190226.pdf 13dcc79139a3e29179fe2083729b6Sb8c98 
Ocfb3 

414690 

001_6_Ex_1062_OmniMedSci ,-------------< 
2_D219_Stip_Order _to_Stay _2 

0191120_.pdf f7d6da0318cb3fa2647b9Sb2882cd51fcbeE 
c27e 

no 91 

no 363 

no 231 

no 92 

no 101 

no 274 

no 5 
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24143720 

9 
Other Reference-Patent/ App/Search 001 _7_Ex_1002_US10188299 - 425 

documents File_History _Partl .pdf 
no 

e9b21 d5a2aa900b8a5fcd314f9c521 b0634 
3712c 

Warnings: 

Information: 

25195936 

10 
Other Reference-Patent/ App/Search 001 _7_Ex_1002_US10188299 - 362 

documents File_History _Pa rt2.pdf 
no 

288745c29d3b6Sd613bfa5c8cd312ed03e0 
9a59b 

Warnings: 

Information: 

15361505 
001_8_Ex_1003_Anthony _Deel 

11 
Other Reference-Patent/ App/Search 

aration_299_Patent_ 12_ 11 20 no 119 
documents -

19_IPR2020_00175.pdf 7 c21 cbefad 65 d 656b83 d 3 e07d a3 69d 2e9 39 
f4bdc 

Warnings: 

Information: 

15613274 

001 _9_Ex_ 1004_0mniMedSci 
12 

Other Reference-Patent/ App/Search 
2_D042_Amended_ Complaint no 169 

documents 
_20190128.pdf 034837 c314 f57 bfd 685 SbS eed Sfcb85 beS Si 

6374 

Warnings: 

Information: 

653464 

13 
Information Disclosure Statement (IDS) OMNI0l 02PUSA6_Supp_lDS. 

no 5 
Form (SB08) PDF 

7e0190c1 68cb72e2808ab8793ef97ae443c 
9329 

Warnings: 

Information: 

A U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form. You may remove the form to add the 
required data in order to correct the Informational Message or if you chose not to, the image of the form will be processed and be made 
available within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign 
Patent Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems. 

Total Files Size (in bytes) 203372559 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

Petitioner WHOOP, Inc. Ex1002 
Page 256 of 459



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/669,794 10/31/2019 

109543 
Brooks, Kushman P.C./Cheetah Omni MedSci 
1000 Town Center 
Twenty Second Floor 
Southfield, Ml 48075 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Mohammed N. ISLAM OMNI0102PUSA6 
CONFIRMATION NO. 7663 

PUBLICATION NOTICE 

111111111111111111111111]~!1]!~1!~1!~~ ~UIUHll lllll 111111111111111111 

Title:SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED 
SIGNAL-TO-NOISE RATIO 

Publication No.US-2020-0077898-A 1 
Publication Date:03/12/2020 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PTO/SB/26 

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office 
Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce 

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 16669794 

Filing Date 31-0ct-2019 

First Named Inventor Mohammed ISLAM 

Attorney Docket Number OMNI0102PUSA6 

Title of Invention 

SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH 
IMPROVED SIGNAL-TO-NOISE RATIO 

~ 
Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 
Office Action 

~ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 

Owner Percent Interest 

Omni Medsci, Inc. 100% 

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the 
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

10098546 

9861286 

9757040 

9500635 

10213113 
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as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent 
is presently shortened by any terminal disclaimer," in the event that said prior patent later: 
- expires for failure to pay a maintenance fee; 
- is held unenforceable; 
- is found invalid by a court of competent jurisdiction; 
- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
- has all claims canceled by a reexamination certificate; 
- is reissued; or 
- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

0 

Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. 

I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims the following fee status: 

@ Small Entity 

Q Micro Entity 

Q Regular Undiscounted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 63121 
-----

Q A sole inventor 

0 

0 

A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

A joint inventor; all of whom are signing this request 

Signature 
/Andrew B. Turner/ 

Name Andrew B. Turner 
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*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 
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Electronic Patent Application Fee Transmittal 

Application Number: 16669794 

Filing Date: 31-0ct-2019 

Title of Invention: 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE 
WITH IMPROVED SIGNAL-TO-NOISE RATIO 

First Named Inventor/Applicant Name: Mohammed N. ISLAM 

Filer: Andrew B. Turner/Amy Tanner 

Attorney Docket Number: OMNI0l 02PUSA6 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

STATUTORY OR TERMINAL DISCLAIMER 2814 1 160 160 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 160 
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Doc Code: DISQ.E.FILE 
Document Description: Electronic Terminal Disclaimer -Approved 

Application No.: 16669794 

Filing Date: 31-0ct-2019 

Applicant/Patent under Reexamination: ISLAM 

Electronic Terminal Disclaimer filed on August 4, 2020 

C8J APPROVED 

This patent is subject to a terminal disclaimer 

0 DISAPPROVED 

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web 

U.S. Patent and Trademark Office 
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Electronic Acknowledgement Receipt 

EFSID: 40188687 

Application Number: 16669794 

International Application Number: 

Confirmation Number: 7663 

Title of Invention: 
SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE 
WITH IMPROVED SIGNAL-TO-NOISE RATIO 

First Named Inventor/Applicant Name: Mohammed N. ISLAM 

Customer Number: 109543 

Filer: Andrew B. Turner/Amy Tanner 

Filer Authorized By: Andrew B. Turner 

Attorney Docket Number: OMNI0l 02PUSA6 

Receipt Date: 04-AUG-2020 

Filing Date: 31-OCT-2019 

Time Stamp: 14:03:06 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $160 

RAM confirmation Number E202084E03031081 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

35337 

1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 3 
056b6bd4ddbb8a5396dddb5d41 e493965 

4fd74eb 

Warnings: 

Information: 

30607 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
a25b8494752c5891 e8a46e1 d58080Sb97af 

8e74c 

Warnings: 

Information: 

Total Files Size (in bytes) 65944 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

109543 7590 08/14/2020 

Brooks, Kushman P.C./Cheetah Omni MedSci 
1000 Town Center 
Twenty Second Floor 
Southfield, MI 48075 

APPLICATION NO. FILING DATE 

16/669,794 10/31/2019 

FIRST NAMED INVENTOR 

Mohammed N. ISLAM 

EXAMINER 

RAHMAN,MDM 

ART UNIT PAPER NUMBER 

2886 

DA TE MAILED: 08/14/2020 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

OMNI0102PUSA6 7663 

TITLE OF INVENTION: SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED SIGNAL-TO-NOISE 
RATIO 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional SMALL $500 $0.00 $0.00 $500 11/16/2020 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

109543 7590 08/14/2020 

Brooks, Kushman P.C./Cheetah Omni MedSci 
1000 Town Center 
Twenty Second Floor 
Southfield, MI 48075 

APPLICATION NO. 

16/669,794 

FILING DATE 

10/31/2019 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Mohammed N. ISLAM OMNI0102PUSA6 7663 

TITLE OF INVENTION: SEMICONDUCTOR SOURCE BASED NEAR INFRARED MEASUREMENT DEVICE WITH IMPROVED SIGNAL-TO-NOISE 

ENTITY STATUS ISSUE FEE DUE 

nonprovisional SMALL $500 

EXAMINER ART UNIT 

RAHMAN,MDM 2886 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

356-300000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$500 11/16/2020 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 
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Notice of Allowability 

Application No. 
16/669,794 
Examiner 
MD M RAHMAN 

Applicant(s) 
ISLAM, Mohammed N. 
Art Unit I AIA (FITF) Status 
2886 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.0 This communication is responsive to 10/31/19. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.0 The allowed claim(s) is/are See Continuation Sheet. As a result of the allowed claim(s), you may be eligible to benefit from the 
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to 
PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material __ . 

4.0 Interview Summary (PT0-413), 
Paper No./Mail Date. 

/MD M RAHMAN/ 
Primary Examiner, Art Unit 2886 

U.S. Patent and Trademark Office 

5. 0 Examiner's Amendment/Comment 

6. 0 Examiner's Statement of Reasons for Allowance 

7. D Other 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200809 
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Notice of Pre-A/A or A/A Status 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Terminal Disclaimer 

The terminal disclaimer filed on 8/4/20 disclaiming the terminal portion of any 

patent granted on this application which would extend beyond the expiration date of (US 

10098546, 9861286, 9757040, 9500635, 10213113) has been reviewed and is 

accepted. The terminal disclaimer has been recorded. 

Information Disclosure Statement 

Acknowledgment is made of Applicant's Information Disclosure Statement (IDS) 

form PTO 1449.These IDS has been considered. 

EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview with 

Andrew Turner on 08/10/20. 

The application has been amended as follows: 

1. (Currently Amended) A measurement system comprising: 

g light source comprising a plurality of semiconductor sources that are 

configured to generate an output optical beam with one or more optical wavelengths, the 
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light source configured to increase signal-to-noise ratio by increasing a light intensity 

relative to an initial light intensity from at least one of the plurality of semiconductor 

sources; 

an apparatus configured to: 

receive a portion of the output optical beam, and 

deliver an analysis output beam to a sample; 

a receiver configured to: 

receive and process at least a portion of the analysis output beam 

reflected or transmitted from the sample, 

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

measurement on blood contained within the sample, 

synchronize to the light source, 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, 

capture light while at least one of the semiconductor sources is on 

and convert the captured light into a second signal, the captured light including at least a 

part of the at least a portion of the analysis output beam reflected or transmitted from the 

sample, and 

the measurement system further configured to improve the signal-to­

noise ratio by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless 

transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a 

microprocessor and a touch screen, the smart phone or tablet configured to: 
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receive and process at least a portion of the output signal, 

store and display the processed output signal, and 

Page 4 

transmit at least a portion of the processed output signal over a 

wireless transmission link; and 

a cloud configured to: 

receive, over the wireless transmission link, an output status 

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

process the received output status to generate processed data, and 

store the processed data. 

2.-3. (Cancelled) 

4. (Previously Presented) The measurement system of claim 22, 

wherein the measurement system is configured to use artificial intelligence in making 

decisions; 

wherein the measurement system is configured to perform pattern 

identification or classification, and wherein the measurement system is configured to 

apply a threshold function to a comparison with a stored data set; and 

wherein the measurement system is at least in part configured for selection 

or identification of an object, and wherein the measurement system is configured to 

improve a signal-to-noise ratio of the selection or identification by applying regression 

signal processing methodologies or multivariate techniques. 
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5. (Previously Presented) The measurement system of claim 22, 

wherein the light source is configured to further increase signal-to-noise ratio by 

increasing a pulse rate of at least one of the plurality of semiconductor sources. 

6. (Previously Presented) The measurement system of claim 1, 

wherein the plurality of semiconductor sources comprises at least one of: light emitting 

diodes (LEDs), laser diodes (LD's), tunable LD's, and super-luminescent laser diodes 

(SLDs), and wherein the measurement system further comprises a reflective surface to 

receive and redirect at least some of the at least a portion of the analysis output beam 

reflected or transmitted from the sample. 

7. (Original) The measurement system of claim 1, wherein the light 

source is further configured to increase the light intensity from the plurality of 

semiconductor sources by spatially coupling the optical output beam from at least two of 

the plurality of semiconductor sources. 

8. (Currently Amended) A measurement system comprising: 

a wearable measurement device for measuring one or more physiological 

parameters, including a light source comprising a plurality of semiconductor sources that 

are configured to generate an output optical beam with one or more optical wavelengths; 

the light source configured to increase signal-to-noise ratio by increasing a 

light intensity relative to an initial light intensity from at least one of the plurality of 

semiconductor sources; 
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the wearable measurement device configured to receive a portion of the 

output optical beam and to deliver an analysis output beam to a sample; 

the wearable measurement device further comprising a receiver configured 

to: 

receive and process at least a portion of the analysis output beam 

reflected or transmitted from the sample, 

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

measurement on blood contained within the sample, 

synchronize to pulses of the light source, 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, 

capture light while at least one of the semiconductor sources is on 

and convert the captured light into a second signal, the captured light including at least a 

part of the at least a portion of the analysis output beam reflected or transmitted from the 

sample, 

wherein the measurement system is further configured to improve the 

signal-to-noise ratio by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless 

transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a 

microprocessor and a touch screen, the smart phone or tablet configured to receive and 

process at least a portion of the output signal, to store and display the processed output 

signal, and to transmit a portion of the processed output signal over a wireless 

transmission link; and 
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a cloud configured to receive over the wireless transmission link an output 

status comprising the at least a portion of the processed output signal, to process the 

received output status to generate processed data and to store the processed data, and 

wherein the cloud is capable of storing a history of at least a portion of the received output 

status over a specified period of time. 

9.-10. (Cancelled) 

11. (Previously Presented) The measurement system of Claim 27, 

wherein the measurement system is configured to use artificial intelligence in making 

decisions; 

wherein the measurement system is configured to perform pattern 

identification or classification, and wherein the measurement system is configured to 

apply a threshold function to a comparison with a stored data set; and 

wherein the measurement system is at least in part configured for selection 

or identification of an object, and wherein the measurement system is configured to 

improve a signal-to-noise ratio of the selection or identification by applying regression 

signal processing methodologies or multivariate techniques. 

12. (Previously Presented) The measurement system of claim 27, 

wherein the light source is configured to further increase signal-to-noise ratio by one of 

increasing a pulse rate of at least one of the plurality of semiconductor sources. 
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13. (Previously Presented) The measurement system of claim 8, 

wherein the plurality of semiconductor sources comprises at least one of: light emitting 

diodes (LEDs), laser diodes (LD's), tunable LD's, and super-luminescent laser diodes 

(SLDs), and the measurement system further comprising a reflective surface to receive 

and redirect at least some of the at least a portion of the analysis output beam reflected 

or transmitted from the sample. 

14. (Original) A wearable device for use with a smart phone or tablet, the 

wearable device comprising: 

a measurement device including a light source comprising a plurality of 

semiconductor sources for measuring one or more physiological parameters, the 

measurement device configured to: 

generate, by modulating at least one of the semiconductor sources 

having an initial light intensity, an input optical beam having one or more optical 

wavelengths, and 

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 configured to: 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, and 
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capture light while at least one of the semiconductor sources 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; 

synchronize to the modulation of the at least one of the 

semiconductor sources; 

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

ratio of the input optical beam reflected from the tissue by: 

differencing the first signal and the second signal, and 

increasing the light intensity relative to the initial light intensity from 

at least one of the semiconductor sources; 

the measurement device further configured to generate an output signal 

representing at least in part a non-invasive measurement on blood contained within the 

tissue; 

the wearable device configured to communicate with the 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; and 

the smart phone or tablet configured to: 

receive and to process at least a portion of the output signal, 

store and display the processed output signal, and 

transmit at least a portion of the processed output signal over a 

wireless transmission link. 
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15. (Previously Presented) The wearable device of claim 31, wherein 

the light source is configured to further improve the signal-to-noise ratio of the input optical 

beam reflected from the tissue by increasing a pulse rate of at least one of the plurality of 

semiconductor sources. 

16. (Original) The wearable device of claim 15, further comprising a 

cloud configured to: 

receive, over the wireless transmission link, an output status comprising the 

at least a portion of the processed output signal, 

process the output status to generate processed data, and 

store the processed data, and 

wherein the cloud is capable of storing a history of at least a portion of the 

output status over a specified period of time. 

17. (Previously Presented) The wearable device of claim 16, wherein the 

wearable device is configured to use artificial intelligence in making decisions; 

wherein the wearable device is configured to perform pattern identification 

or classification, and wherein the wearable device is configured to apply a threshold 

function to a comparison with a stored data set; and 

wherein the wearable device is at least in part configured for selection or 

identification of an object, and wherein the wearable device is configured to improve a 

signal-to-noise ratio of the selection or identification by applying regression signal 

processing methodologies or multivariate techniques. 
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19. (Previously Presented) The wearable device of claim 17, wherein the 

measurement device further comprises a reflective surface configured to receive and 

redirect at least a portion of light reflected from the tissue. 

20. (Cancelled) 

21. (Previously Presented) The measurement system of claim 1, 

wherein the plurality of semiconductor sources comprises six light emitting diodes, and 

wherein the receiver comprises six detectors. 

22. (Previously Presented) The measurement system of claim 21, 

wherein the six detectors are located on an arc surrounding the six light emitting diodes. 

23. (Previously Presented) The measurement system of claim 1, 

wherein the receiver comprises a plurality of detectors arranged along a first arc, and 

wherein the plurality of semiconductor sources are arranged along a second arc. 

24. (Previously Presented) The measurement system of claim 23, 

wherein the first arc is offset from the second arc. 
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The measurement system of claim 23, 

wherein the first arc and the second arc are concentric. 

26. (Previously Presented) The measurement system of claim 8, 

wherein the plurality of semiconductor sources comprises six light emitting diodes, and 

wherein the receiver comprises six detectors. 

27. (Previously Presented) The measurement system of claim 26, 

wherein the six detectors are located on an arc surrounding the six light emitting diodes. 

28. (Previously Presented) The measurement system of claim 8, 

wherein the receiver comprises a plurality of detectors arranged along a first arc, and 

wherein the plurality of semiconductor sources are arranged along a second arc that is 

offset from the first arc. 

29. (Previously Presented) The measurement system of claim 28, 

wherein the first arc and the second arc are concentric. 

30. (Previously Presented) The wearable device of claim 14, wherein the 

plurality of semiconductor sources comprises six light emitting diodes, and wherein the 

receiver comprises six detectors. 
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31. (Previously Presented) The wearable device of claim 30, wherein 

the six detectors are located on an arc surrounding the six light emitting diodes. 

32. (Previously Presented) The wearable device of claim 14, wherein 

the receiver comprises a plurality of detectors arranged along a first arc, and wherein the 

plurality of semiconductor sources are arranged along a second arc that is offset from the 

first arc. 

33. (Previously Presented) The wearable device of claim 32, wherein 

the first arc and the second arc are concentric. 

Allowable Subject Matter 

Claims 1, 4-8, 11-17, 19 and 21-33 are allowed. 

The following is an examiner's statement of reasons for allowance: 

As to claims 1, 8 and 14, the prior arts alone or in combination fail to disclose the 

claimed limitations such as, "generate an output signal representing at least in part a 

non-invasive measurement on blood contained within the sample, 

synchronize to the light source, 

capture light while the semiconductor sources are off and convert the captured 

light into a first signal, 
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capture light while at least one of the semiconductor sources is on and convert 

the captured light into a second signal, the captured light including at least a part of the 

at least a portion of the analysis output beam reflected or transmitted from the sample, 

the measurement system further configured to improve the signal-to-noise ratio 

by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a 

display, a microphone, a speaker, one or more buttons or knobs, a microprocessor and 

a touch screen, the smart phone or tablet configured to: 

receive and process at least a portion of the output signal, 

store and display the processed output signal, and 

transmit at least a portion of the processed output signal over a wireless 

transmission link; and 

a cloud configured to: 

receive, over the wireless transmission link, an output status comprising the at 

least a portion of the processed output signal, 

process the received output status to generate processed data, and store the 

processed data" along with all other limitations of the claim. 

Claims 4-7, 11-13, 15-17, 19 and 21-33 are allowable due to their dependencies. 

The closest references, Islam (US PG Pub 2009/0204110) (cited in the IDS 

filed by the applicant), Islam et al. (US 6381391) (cited in the IDS filed by the 

applicant), Holman (US PG Pub 2007/0078348) (cited in the IDS filed by the 

applicant) and Waarts et al. (US 6212310 81) (cited in the IDS filed by the 
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applicant) alone or in combination disclose some features of the claimed 

invention but do not disclose the claimed invention. 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MD M RAHMAN whose telephone number is (571 )272-

9175. The examiner can normally be reached on Mon-Thur. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, TARIFUR CHOWDHURY can be reached on 571-272-2287. The fax phone 
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9 p549702 t2003-04-15 slam et al. 

10 p603910 t2003-08-05 slam et al. 

11 p898451 t2005-05-24 i/1/uori 

12 17060061 t2006-06-13 l\ltshuler et al. 

13 17167300 t2007-01-23 - ermann et al. 

14 17263288 t2007-08-28 slam 

15 17278966 t2007-10-09 Hjelt et al. 

16 17318909 t2008-01-15 ehmann et al. 

17 17433116 t2008-10-07 slam 

18 17519253 t2009-04-14 slam 

19 17787924 t2010-08-31 l\costa et al. 
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20 8198589 t2012-06-12 Talton et al. 

21 8463576 t2013-06-11 Yuen et al. 

22 8472108 t2013-06-25 slam 

23 8948832 t2015-02-03 Hong et al. 

24 9142117 t2015-09-22 Muhsin et al. 

25 9326712 t2016-05-03 Kiani 

26 9596990 t2017-03-21 Dark et al. 

27 9757040 t2017-09-12 slam 
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29 9885698 t2018-02-06 slam 
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CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 
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That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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scale near invariant near3 US-PGPUB; 
modal with decomposition USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
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scale near invariant and modal US-PGPUB; 
with decomposition USPAT; USOCR; 

adulator with complex with 
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G0lJl/0407 G0lJl/0411 US-PGPUB; 
G0lJl/0437 G0lJl/4228 USPAT; USOCR; 
G0lJl/4257 G0lJl/4257 FPRS; EPO; JPO; 
H0153/09415 H0153/0014 DERWENT; 
H0153/0014 IBM_TDB 

512 and (spatial with light with US-PGPUB; 
modulator same complex with USPAT; USOCR; 
amplitude with laser) FPRS; EPO; JPO; 

DERWENT; 
IBM_TDB 

512 and (spatial with light with US-PGPUB; 
modulator and complex with USPAT; USOCR; 
amplitude with laser) FPRS; EPO; JPO; 

DERWENT; 
IBM_TDB 

modal with decomposition with US-PGPUB; 
superpositions USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

modal with decomposition with US-PGPUB; 
superposit$4 USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

517 and (spatial with light with US-PGPUB; 
modulator and diffraction and USPAT; USOCR; 
laser and fourier with lens) FPRS; EPO; JPO; 

DERWENT; 
IBM_TDB 

517 and ((spatial with light with US-PGPUB; 
modulator "SLM") and USPAT; USOCR; 
diffraction and laser and fourier FPRS; EPO; JPO; 
with lens) DERWENT; 

IBM_TDB 

517 and ((spatial with light with US-PGPUB; 
modulator "SLM") and USPAT; USOCR; 
diffraction and laser and lens) FPRS; EPO; JPO; 

DERWENT; 
IBM_TDB 
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((spatial with light with US-PGPUB; 
modulator "SLM") and USPAT; USOCR; 
diffraction and laser and fourier FPRS; EPO; JPO; 
with lens) DERWENT; 

IBM_TDB 

521 and (complex near US-PGPUB; 
amplitude near3 modulatio) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

"SLM" and ("ccd" camera) and US-PGPUB; 
lens and laser and spatial with USPAT; USOCR; 
modula$4 FPRS; EPO; JPO; 

DERWENT; 
IBM_TDB 

"SLM" and ("ccd" camera) and US-PGPUB; 
(Fourier with lens) and laser USPAT; USOCR; 
and spatial with modula$4 FPRS; EPO; JPO; 

DERWENT; 
IBM_TDB 

524 and (detect$3 with focal US-PGPUB; 
with diffraction) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

524 and ( focal with diffraction US-PGPUB; 
near3 pattern) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

determin$3 near3 phases with US-PGPUB; 
unknown withmodes with laser USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

528 and (modal with US-PGPUB; 
decomposit$3) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 
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528 and (modal and 
decomposit$3) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

533 and ( phases with unknown U5-PGPUB; 
withmodes with laser) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

determin$3 near3 phases with U5-PGPUB; 
unknown with modes with laser U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

phases with unknown with U5-PGPUB; 
modes with laser U5PAT; U5OCR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

phases with unknown with U5-PGPUB; 
modes U5PAT; U5OCR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

phases with unknown with U5-PGPUB; 
mode U5PAT; U5OCR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

Petitioner WHOOP, Inc. Ex1002 
Page 311 of 459



( phases with unknown 
withmodes with laser) 

( phases with unknown with 
mode$! with laser) 

( phases with mode$! with 
laser) 

( phases with modes near3 
laser) 

546 and (spatial adj light adj 
modulator and Fourier near3 
transform$3 and (camera 
"CCD" detector)) 

546 and (spatial adj light adj 
modulator and (camera "CCD" 
detector)) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
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U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
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U5-PGPUB; 
U5PAT; U50CR; 
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IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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distance near sensor and 
separating near unit and 
selecting near unit 

shape adj measuring with 
device 

574 and (distance near3 
sensor) 

576 and (wavelength adj 
variable adj filter) 

576 and (filter near3 separat$3 
with plural$3 near3 (light 
measurment beams)) 

(filter near3 separat$3 with 
plural$3 near3 (light 
measurment beams)) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
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FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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579 and (distance near3 U5-PGPUB; 
(sensor detect$3)) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

574 and (distance near3 U5-PGPUB; 
(detect$3 sensor)) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

581 and (separat$3 near3 U5-PGPUB; 
measur$4) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

shape adj (measur$4 calculat$3 U5-PGPUB; 
comput$3) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

585 and (selecting with light U5-PGPUB; 
with separating) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

585 and (select$3 with (beams U5-PGPUB; 
laser light) with separat$3) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

wavelength adj variable adj U5-PGPUB; 
filter U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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calculat$3 near3 shape with 
object with measur$3 with 
distance 

shape adj (measur$4 calculat$3 
comput$3) 

593 and (plural$3 near3 
interference) 

594 and (distance near3 
interference) 

594 and (distance with 
interference) 

594 and (distance with 
interferences) 

G01B9/02 G0lBll/2441 
G0lBll/0675, G0lBll/303, 
G01N21/9501 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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599 and (distance with 
interferences) 

detect$3 with distance withg 
focal with length 

5107 and (Fourier with 
transform$3 with lens same 
diffraction near3 pattern) 

5108 and (modal with 
decompostion) 

5108 and (phases with 
unknown with modes) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5113 AND (PHASE AND 
MODES) 

5119 and (DIFFRACTION 
NEAR3 PATTERN WITH LASER 
WITH REFLECT$3 WITH (SLM)) 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5119 and (DIFFRAC$4 with 
PATTERN WITH LASER WITH 
REFLECT$3 WITH (SLM)) 

5119 and (DIFFRAC$4 with 
PATTERN WITH LASER WITH 
REFLECT$3 and (SLM)) 

5119 and (DIFFRAC$4 with 
PATTERN WITH LASER and 
(SLM)) 

5119 and (DIFFRAC$4 with 
PATTERN WITH LASER and 
(SLM modulator)) 

5129 and (diffract$3 with 
pattern) 

5131 and (diffract$3 with 
pattern) 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 
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spatial with light with modulator US-PGPUB; 
"SLM" USPAT; USOCR; 

5134 and (diffraction with 
pattern ) 

5135 and (Fourier with 
transform) 

5136 and (determin$3 with 
phase$!) 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

spatial with light with modulator US-PGPUB; 
"SLM" USPAT; USOCR; 

5139 and (diffraction with 
pattern ) 

5140 and (Fourier with 
transform) 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5141 and (phases and modes US-PGPUB; 
and modal) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

5141 and (phases and (modes US-PGPUB; 
decomposition modal)) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

(detect$3 with diffraction with US-PGPUB; 
pattern ) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

5145 and (Fourier with US-PGPUB; 
transform) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

5145 and (Fourier with US-PGPUB; 
transform near3 lens) USPAT; USOCR; 

5147 and (spatial with light 
with modulator "SLM") 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5152 and (complex with U5-PGPUB; 
conjugate near4 orthonormal) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5152 and (complex with U5-PGPUB; 
conjugate with orthonormal) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5152 and (complex with U5-PGPUB; 
conjugate same orthonormal) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

(complex with conjugate same U5-PGPUB; 
orthonormal) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5156 and (spatial adj light adj U5-PGPUB; 
modulator) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5156 and (spatial with light U5-PGPUB; 
with modulator) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5156 and ( light with U5-PGPUB; 
modulator) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

spatial adj light adj modulator U5-PGPUB; 
and orthonormal U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5161 and (complex with 
conjugate) 

5152 and (hologram and grey 
with scale with proportional) 

5152 and (hologram and grey 
with scale) 

5152 and (hologram and grey 
with scale and phase near 
change) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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axial same centrifuge) 

(reflector with sensor with 
coaxial same centrifuge) 

(reflector with sensor with 
coaxial and centrifuge) 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 
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(reflect$3 with sensor with 
coaxial and centrifuge) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5192 and (reflector with U5-PGPUB; 
coaxial) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5192 and (reflector with U5-PGPUB; 
scanning with coaxial) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5192 and (reflect$3 with U5-PGPUB; 
scanning with coaxial) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5192 and (reflect$3 with U5-PGPUB; 
coaxial) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

(reflect$3 with scanning with U5-PGPUB; 
coaxial) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5222 and (light with 
transmis$4) 

yoke with arm with rotat$3 
same transmis$4 

5228 and (yoke with lens with 
(detect$3 sensor)) 

5228 and (yoke with 
(transmissive lens) with 
(detect$3 sensor)) 

5228 and ( (transmissive lens) 
with (detect$3 sensor)) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5228 and ( (transmis$4 lens) U5-PGPUB; 
with (detect$3 sensor)) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

yoke with (arm holder) with U5-PGPUB; 
fluid U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5241 and ( (transmissive lens) U5-PGPUB; 
with (detect$3 sensor)) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5241 and ( (transmissive lens) U5-PGPUB; 
same (detect$3 sensor)) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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yoke with (arm holder) with U5-PGPUB; 
light with rotat$3 U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5244 and ( (transmissive lens) U5-PGPUB; 
same (detect$3 sensor)) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5246 and (yoke with (arm U5-PGPUB; 
holder) with light with rotat$3) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5248 and ( (transmissive lens) U5-PGPUB; 
same (detect$3 sensor)) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5249 and ( light with rotat$3 U5-PGPUB; 
and fluid) U5PAT; U50CR; 

5246 and (fiber with bundle 
same arm) 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

Petitioner WHOOP, Inc. Ex1002 
Page 329 of 459



5252 and ((sensor detect$3) 
and light and lens) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

yoke with (arm support) with U5-PGPUB; 
light U5PAT; U50CR; 

5256 and (light adj3 support 
and blood) 

yoke with arm near3 rotat$3 
with light 

yoke with (support arm) near3 
rotat$3 with light 

(harness coller yoke) with 
(support arm) near3 rotat$3 
with light 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5262 and (yoke and rotat$3 
near3 arm) 

(plural$3 multiple) near3 
(sensor detect$3) with different 
near3 time 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

true near3 white near3 (laser US-PGPUB; 
light beam source) USPAT; USOCR; 

FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; USOCR; 
FPRS; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5288 and (different near3 
wavelengths) 

5288 and (different near3 
wavelengths) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5292 and ((plural$3 mutiple) U5-PGPUB; 
adj2 (sensor detect$3)) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5293 and (controller and fluid U5-PGPUB; 
and character) U5PAT; U50CR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5302 and (blood and 
centrifuge) 

5304 and (only adj2 white 
near3 light) 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U50CR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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5304 and ((single true only) 
adj2 white near3 light) 

5309 and ((single true only) 
adj2 white near3 light) 

5309 and (only adj2 white 
near3 light) 

(plural$3 multiple) near3 
(sensor detect$3) with different 
near3 time 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5314 and ((plural$3 mutiple) U5-PGPUB; 
adj2 (sensor detect$3)) U5PAT; U5OCR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 
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(harness coller yoke) with U5-PGPUB; 
(support arm) near3 rotat$3 U5PAT; U5OCR; 
with light FPR5; EPO; JPO; 

DERWENT; 
IBM_TDB 

(light laser source) and (fiber U5-PGPUB; 
fibre) and (detect$3 sensor) U5PAT; U5OCR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5330 and ( adjust$3 near3 U5-PGPUB; 
fiber) U5PAT; U5OCR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

U5-PGPUB; 
U5PAT; U5OCR; 
FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

5331 and (blood near3 U5-PGPUB; 
process$3) U5PAT; U5OCR; 

FPR5; EPO; JPO; 
DERWENT; 
IBM_TDB 

(plural$3 multiple) adj2 fiber U5-PGPUB; 
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13 File History for U.S. Patent No. 10,098,546, issued October 16, 2018 

14 
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for the Eastern District of Texas Marshall Division (8/16/2019), ECF No. 283 

19 Proof of Service of Sununons in Omni MedSci, Inc. v. Apple Inc., No. 2: 18-cv-429 (E.D. Tex.). 

Examiner Signature 

I 
Date Considered 

/MD M RAHMAN/ 
/"\O /1 I"\/')/"\')/'\ 

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with 
next communication to applicant. 

Substitute Disclosure Form (PT0-1449) 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 

Petitioner WHOOP, Inc. Ex1002 
Page 382 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Sheet _3_ of_]_ 

Substitute Form PT0-1449 U.S. Department of Commerce Attorney Docket No. Application No. 
(Modified) Patent and Trademark Office OMNIO 102PUSA6 16/669,794 

Applicant Confirmation Number 
Information Disclosure Statement Mohanuned N. ISLAM 7663 

by Applicant 
Filing Date Group Art Unit (Use several sheets if necessary) 
10-31-2019 1731 

Examiner Name 
(37 CFR §1.98(b)) 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

D That each item of information contained in the information disclosure statement was first cited in any 
communication from a foreign patent office in a counterpart foreign application not more than three months prior to the 
filing of the information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

D That no item of information contained in the information disclosure statement was cited in a communication from 
a foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 
any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D This application relies, under 35 U.S.C. § 120, on the earlier filing date of prior application No.-----~ filed 
•-------- and the references cited therein are hereby referenced, but are not required to be provided in this 
application under 37 CFR § 1.98(d). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

[8J A certification statement is not submitted herewith. 

SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please 
see CFR 1.4(d) for the form of the signature. 

Signature /Andrew B. Turner/ Date (YYYY-MM-DD) November 26, 2019 

Name/Print Andrew B. Turner Registration Number 63121 

Substitute Disclosure Form (PT0-1449) 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 

Petitioner WHOOP, Inc. Ex1002 
Page 383 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Doc code: IDS PTO/SB/0Ba (02-18) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 11/30/2020. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 16669794 

Filing Date )019-10-31 

INFORMATION DISCLOSURE First Named Inventor I iviohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 11731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number I OMNI0102PUSA6 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 ~063106 M977-12-13 l\shkin et al. 

2 ~158750 M979-06-19 Sakoe et al. 

3 ~221997 M9B0-09-09 ~lemming 

4 ~275266 M981-06-23 asar 

5 ~374618 M983-02-22 Howard 

6 ~403605 M983-09-13 Tanikawa 

7 ~462080 M984-07-24 Johnstone et al. 

8 ~516207 M985-05-07 Moriyama et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 384 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

9 ~523884 n985-06-18 8Iement et al. 

10 ~605080 n986-08-12 emelson 

11 ~641292 n981-02-03 Tunnell et al. 

12 ~704696 M987-11-03 Reimer et al. 

13 ~728974 n988-o3-01 Nia et al. 

14 ~762455 n988-o8-o9 8oughlan et al. 

15 ~776016 n988-10-04 Hansen 

16 ~958910 M990-09-25 Taylor et al. 

17 ~989253 n991-01-29 iang et al. 

18 5078140 n992-01-01 Kwoh 

19 5084880 n992-01-28 ::sterowitz et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 385 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

20 5086401 n992-02-04 31assman et al. 

21 5134620 n992-01-28 Huber 

22 6142930 n992-09-01 /\Hen et al. 

23 5180378 M993-01-19 Kung et al. 

24 5191628 n993-o3-02 Byron 

25 6218655 n993-o6-o8 Mizrahi 

26 6230023 n993-01-20 Nakano 

27 5246004 M993-09-21 8Iarke et al. 

28 5267152 n993-11-3o Yang et al. 

29 6267256 n993-11-3o Saruwatari et al. 

30 6267323 n993-11-3o Kimura 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 386 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

31 5300097 n994-o4-os emeret al. 

32 5303148 n994-o4-12 Mattson et al. 

33 6305427 n994-o4-19 Nagata 

34 5313306 M994-05-17 Kuban et al. 

35 5323404 n994-06-21 3rubb 

36 6345538 n994-o9-o6 Narayannan et al. 

37 6368224 n994-11-29 Richardson et al. 

38 5400165 M995-03-21 3nauck et al. 

39 5458122 n99s-10-11 Hethuin 

40 6544654 n996-o8-13 Murphy et al. 

41 6563710 n996-10-08 il\/ebb et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 387 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

42 5572999 n996-11-12 -unda et al. 

43 5617871 n997-o4-o8 Burrows 

44 6631758 n997-o5-20 Knox et al. 

45 5687734 M997-11-18 Dempsey et al. 

46 5695493 n991-12-09 Nakajima et al. 

47 6696778 n991-12-09 MacPherson 

48 6704351 n998-01-06 Mortara et al. 

49 5718234 M998-02-17 il\/arden et al. 

50 5746206 n998-o5-os Mannheimer 

51 6747806 n998-os-os Khalil et al. 

52 6748103 n998-os-os -Iach et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 388 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

53 5792204 n998-08-11 Snell 

54 5795300 n998-08-18 Bryars 

55 6812978 n998-o9-22 Nolan 

56 5855550 M999-01-05 ai et al. 

57 5862803 n999-01-26 Besson et al. 

58 6867305 n999-02-02 il\/aarts et al. 

59 6912749 n999-06-15 Harstead et al. 

60 5919134 M999-07-06 Diab 

61 5944659 n999-o8-31 -iach et al. 

62 6950629 n999-o9-14 Taylor et al. 

63 6014249 ~000-01-11 - ermann et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 389 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

64 p031603 t2000-02-29 -ine et al. 

65 p043927 t2000-03-28 slam 

66 p115673 t2000-09-05 Malin et al. 

67 6181414 t2001-01-30 Raz et al. 

68 p185535 t2001-02-06 Hedin et al. 

69 p200309 t2001-03-13 Rice et al. 

70 p212310 t2001-04-03 il\/aarts et al. 

71 6224542 t2001-05-01 8hang et al. 

72 p246707 t2001-06-12 Yin et al. 

73 p246896 t2001-06-12 Dumoulin et al. 

74 p273858 t2001-08-14 -ox et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 390 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

75 p281471 t2001-08-28 Smart 

76 p285897 t2001-09-04 Kilcoyne et al. 

77 p301271 t2001-10-09 Sanders et al. 

78 6301273 t2001-10-09 Sanders et al. 

79 p325978 t2001-12-04 abuda et al. 

80 p333803 t2001-12-25 Kurotori et al. 

81 p337462 t2002-01-08 Smart 

82 6340806 t2002-01-22 Smart et al. 

83 p350261 t2002-02-26 Domankevitz et al. 

84 p364834 t2002-04-02 Reuss et al. 

85 p374006 t2002-04-16 slam et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 391 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

86 p381391 t2002-04-30 slam et al. 

87 p402691 t2002-06-11 Peddicord et al. 

88 p407853 t2002-06-18 Samson et al. 

89 6436107 t2002-08-20 i/1/ang et al. 

90 p442430 t2002-08-27 - erek-Petric 

91 p443890 t2002-09-03 Schulze et al. 

92 p450172 t2002-09-17 Hartlaub et al. 

93 6453201 t2002-09-17 Daum et al. 

94 p454705 t2002-09-24 8osentino et al. 

95 p458120 t2002-10-01 Shen et al. 

96 p462500 t2002-10-08 'Hegarat et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 392 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

97 p463361 t2002-10-08 i/1/ang et al. 

98 p480656 t2002-11-12 slam et al. 

99 p509566 t2003-01-21 i/1/amsley et al. 

100 6512936 t2003-01-28 Manfre et al. 

101 p534012 t2003-03-18 Hazen et al. 

102 p567431 t2003-05-20 Tabirian et al. 

103 p587702 t2003-07-01 Ruchti et al. 

104 6605080 t2003-08-12 l\ltshuler et al. 

105 p611643 t2003-08-26 Birk et al. 

106 p619835 t2003-09-16 Kita 

107 p625180 t2003-09-23 Bufetov et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 393 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

108 p631025 t2003-10-07 slam et al. 

109 p640117 t2003-10-28 Makarewicz et al. 

110 p659947 t2003-12-09 8arter et al. 

111 6659999 t2003-12-09 l\nderson et al. 

112 p701170 t2004-03-02 Stetson 

113 p708048 t2004-03-16 8hance 

114 p731967 t2004-05-04 Turcott 

115 6738652 t2004-05-18 Mattu et al. 

116 p760148 t2004-07 -06 slam 

117 p773922 t2004-08-10 Jeng et al. 

118 p788965 t2004-09-07 Ruchti et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 394 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

119 p802811 t2004-10-12 Slepian 

120 p816241 t2004-11-09 3rubisic 

121 p847336 t2005-01-25 emelson et al. 

122 6864978 t2005-03-08 Hazen et al. 

123 p885498 t2005-04-26 slam 

124 p885683 t2005-04-26 ~ ermann et al. 

125 p916096 t2005-07 -12 ::berl et al. 

126 6943936 t2005-09-13 slam et al. 

127 p990364 t2006-01-24 Ruchti et al. 

128 ~010336 t2006-03-07 orenz et al. 

129 ~027467 t2006-04-11 Baev et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 395 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

130 17105823 t2006-09-12 l\brahamsson et al. 

131 17133710 t2006-11-07 l\costa et al. 

132 V184148 Roo1-02-21 l\lphonse 

133 17209657 t2007-04-24 slam 

134 17233816 t2007-06-19 Blank et al. 

135 V259906 R007-08-21 slam 

136 V294105 Roo7-11-13 slam 

137 17299080 t2007-11-20 l\costa et al. 

138 17317938 t2008-01-08 orenz et al. 

139 V332784 R008-02-19 Mills et al. 

140 V356364 R008-04-08 Bullock et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 396 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

141 [7395158 t2008-07-01 Manfre et al. 

142 17468036 t2008-12-23 Rulkov et al. 

143 V519406 Roo9-04-14 Blank et al. 

144 17620674 t2009-11-17 Ruchti et al. 

145 [7648463 t2010-01-19 t:lhag et al. 

146 V697966 R010-04-13 Manfre et al. 

147 V771320 Ro10-08-10 Riley et al. 

148 17787503 t2010-08-31 il\/adsworth 

149 [7800818 t2010-09-21 Mattsson 

150 V807718 Ro10-10-05 Hashim et al. 

151 V847234 Ro10-12-01 Meyers et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 397 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

152 V848605 t2010-12-07 Ridder et al. 

153 V890158 t2011-02-15 Rowe etal. 

154 8000574 Ro11-os-16 Buchler et al. 

155 8145286 t2012-03-27 l\rai et al. 

156 8157730 t2012-04-17 eBoeuf et al. 

157 8158175 R012-04-17 Bourg Jr. 

158 8158493 R012-04-17 Shah et al. 

159 8172761 t2012-05-08 Rulkov et al. 

160 8180422 t2012-05-15 Rebec 

161 8180591 R012-05-15 Yuen et al. 

162 8213007 Ro12-01-03 i/1/ang et al. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 398 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

163 8310336 t2012-11-13 Muhsin et al. 

164 8315682 t2012-11-20 Such et al. 

165 8430310 t2013-04-30 Ho et al. 

166 8475367 t2013-07-02 Yuen et al. 

167 8509882 t2013-08-13 l\lbert et al. 

168 8755871 t2014-06-17 il\/eng et al. 

169 8767190 t2014-07-01 Hall 

170 8788002 t2014-07-22 eBoeuf et al. 

171 8945017 t2015-02-03 Venkatraman et al. 

172 8954135 t2015-02-10 Yuen et al. 

173 9164032 t2015-10-20 slam 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 399 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

174 9179876 t2015-11-10 8chs et al. 

175 9192329 t2015-11-24 /\I-Ali 

176 9207121 t2015-12-08 Mier 

177 9241676 t2016-01-26 isogurski et al. 

178 9651533 t2017-05-16 slam 

179 9675250 t2017-06-13 Tverskoy 

180 9723993 t2017-08-08 Vermeulen 

181 9820658 t2017-11-21 Tran 

182 RE44875 t2014-04-29 Kiani et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 400 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 
INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 /MD M RAHMAN/ I Date Considered I 08/10/2020 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 401 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Application Number 16669794 

Filing Date 2019-10-31 
INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 1731 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMN 10102PUSA6 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Andrew B. Turner/ Date (YYYY-MM-DD) 2019-11-26 

Name/Print Andrew B. Turner Registration Number ~3121 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFSWeb 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 
Petitioner WHOOP, Inc. Ex1002 

Page 402 of 459



Receipt date: 11/26/2019 16/669,794 - GAU: 2886 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb 2.1.18 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.M.R/ 

Petitioner WHOOP, Inc. Ex1002 
Page 403 of 459



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 
Group Art Unit: 2886 

MOHAMMED N. ISLAM 
Examiner: RAHMAN, MD M. 

Serial No.: 16/669794 

Filed: 10/31/2019 

For: SEMICONDUCTOR SOURCE BASED NEAR INFRARED 
MEASUREMENT DEVICE WITH IMPROVED SIGNAL-TO­
NOISE RATIO 

Attorney Docket No.: OMNI0102PUSA6 

AMENDMENT AFTER ALLOWANCE 
UNDER 37 C.F.R. § 1.312 

Mail Stop Issue Fee 
Commissioner for Patents 
U.S. Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Please amend the above-identified application as follows: 

Petitioner WHOOP, Inc. Ex1002 
Page 404 of 459



Serial No.16/669794 Atty. Dkt. No. OMNI0102PUSA6 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

1. (Currently Amended) A measurement system comprising: 

a light source comprising a plurality of semiconductor sources that are configured 

to generate an output optical beam with one or more optical wavelengths, the light source 

configured to increase signal-to-noise ratio by increasing a light intensity relative to an initial 

light intensity from at least one of the plurality of semiconductor sources; 

a measurement device an apparatus configured to: 

receive a portion of the output optical beam, and 

deliver an analysis output beam to a sample; 

a receiver configured to: 

receive and process at least a portion of the analysis output beam reflected 

or transmitted from the sample, 

generate an output signal representing at least m part a non-mvas1ve 

measurement on blood contained within the sample, 

synchronize to the light source, 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, 

capture light while at least one of the semiconductor sources is on and 

convert the captured light into a second signal, the captured light including at least a part of the 

at least a portion of the analysis output beam reflected or transmitted from the sample, and 

the measurement system further configured to improve the signal-to-noise 

ratio by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a 

display, a microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch 

screen, the smart phone or tablet configured to: 

receive and process at least a portion of the output signal, 

store and display the processed output signal, and 
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transmit at least a portion of the processed output signal over a wireless 

transmission link; and 

a cloud configured to: 

receive, over the wireless transmission link, an output status comprising 

the at least a portion of the processed output signal, 

process the received output status to generate processed data, and 

store the processed data. 

2.-3. (Cancelled) 

4. (Previously Presented) The measurement system of claim 22, wherein the 

measurement system is configured to use artificial intelligence in making decisions; 

wherein the measurement system is configured to perform pattern identification or 

classification, and wherein the measurement system is configured to apply a threshold function 

to a comparison with a stored data set; and 

wherein the measurement system is at least in part configured for selection or 

identification of an object, and wherein the measurement system is configured to improve a 

signal-to-noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

5. (Previously Presented) The measurement system of claim 22, wherein the 

light source is configured to further increase signal-to-noise ratio by increasing a pulse rate of at 

least one of the plurality of semiconductor sources. 

6. (Previously Presented) The measurement system of claim 1, wherein the 

plurality of semiconductor sources comprises at least one of: light emitting diodes (LEDs), laser 

diodes (LD's), tunable LD's, and super-luminescent laser diodes (SLDs), and wherein the 

measurement system further comprises a reflective surface to receive and redirect at least some 

of the at least a portion of the analysis output beam reflected or transmitted from the sample. 
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7. (Original) The measurement system of claim 1, wherein the light source 

is further configured to increase the light intensity from the plurality of semiconductor sources 

by spatially coupling the optical output beam from at least two of the plurality of semiconductor 

sources. 

8. (Previously Presented) A measurement system comprising: 

a wearable measurement device for measuring one or more physiological 

parameters, including a light source comprising a plurality of semiconductor sources that are 

configured to generate an output optical beam with one or more optical wavelengths; 

the light source configured to increase signal-to-noise ratio by increasing a light 

intensity relative to an initial light intensity from at least one of the plurality of semiconductor 

sources; 

the wearable measurement device configured to receive a portion of the output 

optical beam and to deliver an analysis output beam to a sample; 

the wearable measurement device further comprising a receiver configured to: 

receive and process at least a portion of the analysis output beam reflected 

or transmitted from the sample, 

generate an output signal representing at least m part a non-mvas1ve 

measurement on blood contained within the sample, 

synchronize to pulses of the light source, 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, 

capture light while at least one of the semiconductor sources is on and 

convert the captured light into a second signal, the captured light including at least a part of the 

at least a portion of the analysis output beam reflected or transmitted from the sample, 

wherein the measurement system is further configured to improve the signal-to­

noise ratio by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a 

display, a microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch 

screen, the smart phone or tablet configured to receive and process at least a portion of the output 
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signal, to store and display the processed output signal, and to transmit a portion of the processed 

output signal over a wireless transmission link; and 

a cloud configured to receive over the wireless transmission link an output status 

comprising the at least a portion of the processed output signal, to process the received output 

status to generate processed data and to store the processed data, and wherein the cloud is 

capable of storing a history of at least a portion of the received output status over a specified 

period of time. 

9.-10. (Cancelled) 

11. (Currently Amended) The measurement system of claim 8Claim 27, 

wherein the measurement system is configured to use artificial intelligence in making decisions; 

wherein the measurement system is configured to perform pattern identification or 

classification, and wherein the measurement system is configured to apply a threshold function 

to a comparison with a stored data set; and 

wherein the measurement system is at least in part configured for selection or 

identification of an object, and wherein the measurement system is configured to improve a 

signal-to-noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

12. (Currently Amended) The measurement system of claim llelaim 27, 

wherein the light source is configured to further increase signal-to-noise ratio by one of 

increasing a pulse rate of at least one of the plurality of semiconductor sources. 

13. (Previously Presented) The measurement system of claim 8, wherein the 

plurality of semiconductor sources comprises at least one of: light emitting diodes (LEDs), laser 

diodes (LD's), tunable LD's, and super-luminescent laser diodes (SLDs), and the measurement 

system further comprising a reflective surface to receive and redirect at least some of the at least 

a portion of the analysis output beam reflected or transmitted from the sample. 
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14. (Original) A wearable device for use with a smart phone or tablet, the 

wearable device comprising: 

a measurement device including a light source compnsmg a plurality of 

semiconductor sources for measuring one or more physiological parameters, the measurement 

device configured to: 

generate, by modulating at least one of the semiconductor sources having 

an initial light intensity, an input optical beam having one or more optical wavelengths, and 

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 configured to: 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, and 

capture light while at least one of the semiconductor sources 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; 

synchronize to the modulation of the at least one of the semiconductor 

sources; 

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

the input optical beam reflected from the tissue by: 

differencing the first signal and the second signal, and 

increasing the light intensity relative to the initial light intensity from at 

least one of the semiconductor sources; 

the measurement device further configured to generate an output signal 

representing at least in part a non-invasive measurement on blood contained within the tissue; 

the wearable device configured to communicate with the 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; and 

the smart phone or tablet configured to: 

receive and to process at least a portion of the output signal, 

store and display the processed output signal, and 
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transmit at least a portion of the processed output signal over a wireless 

transmission link. 

15. (Currently Amended) The wearable device of claim l 1elaim 31, wherein 

the light source is configured to further improve the signal-to-noise ratio of the input optical 

beam reflected from the tissue by increasing a pulse rate of at least one of the plurality of 

semiconductor sources. 

16. (Currently Amended) The wearable device of claim l!lelaim 15, further 

comprising a cloud configured to: 

receive, over the wireless transmission link, an output status comprising the at 

least a portion of the processed output signal, 

process the output status to generate processed data, and 

store the processed data, and 

wherein the cloud is capable of storing a history of at least a portion of the output 

status over a specified period of time. 

17. (Currently Amended) The wearable device of claim l 1elaim 16, wherein 

the wearable device is configured to use artificial intelligence in making decisions; 

wherein the wearable device is configured to perform pattern identification or 

classification, and wherein the wearable device is configured to apply a threshold function to a 

comparison with a stored data set; and 

wherein the wearable device 1s at least in part configured for selection or 

identification of an object, and wherein the wearable device is configured to improve a signal-to­

noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

18. (Cancelled) 
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19. (Currently Amended) The wearable device of claim l 1claim 17, wherein 

the measurement device further comprises a reflective surface configured to receive and redirect 

at least a portion of light reflected from the tissue. 

20. (Cancelled) 

21. (Previously Presented) The measurement system of claim 1, 

wherein the plurality of semiconductor sources comprises six light emitting diodes, and wherein 

the receiver comprises six detectors. 

22. (Previously Presented) The measurement system of claim 21, 

wherein the six detectors are located on an arc surrounding the six light emitting diodes. 

23. (Previously Presented) The measurement system of claim 1, 

wherein the receiver comprises a plurality of detectors arranged along a first arc, and wherein the 

plurality of semiconductor sources are arranged along a second arc. 

24. (Previously Presented) The measurement system of claim 23, wherein the 

first arc is offset from the second arc. 

25. (Previously Presented) The measurement system of claim 23, 

wherein the first arc and the second arc are concentric. 

26. (Currently Amended) The measurement system of claim 12claim 8, 

wherein the plurality of semiconductor sources comprises six light emitting diodes, and wherein 

the receiver comprises six detectors. 

27. (Previously Presented) The measurement system of claim 26, 

wherein the six detectors are located on an arc surrounding the six light emitting diodes. 
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28. (Previously Presented) The measurement system of claim 8, 

wherein the receiver comprises a plurality of detectors arranged along a first arc, and wherein the 

plurality of semiconductor sources are arranged along a second arc that is offset from the first 

arc. 

29. (Previously Presented) The measurement system of claim 28, 

wherein the first arc and the second arc are concentric. 

30. (Currently Amended) The wearable device of claim 15claim 11, wherein 

the plurality of semiconductor sources comprises six light emitting diodes, and wherein the 

receiver comprises six detectors. 

31. (Previously Presented) The wearable device of claim 30, wherein 

the six detectors are located on an arc surrounding the six light emitting diodes. 

32. (Currently Amended) The wearable device of claim 15claim 11, wherein 

the receiver comprises a plurality of detectors arranged along a first arc, and wherein the 

plurality of semiconductor sources are arranged along a second arc that is offset from the first 

arc. 

33. (Previously Presented) The wearable device of claim 32, wherein 

the first arc and the second arc are concentric. 
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Remarks 

Applicant amends claim 17 to correct its dependency in response to a request from the 

Examiner. Applicant also amends claims 1, 11, 12, 15-17, 19, 26, 30, and 32 to address 

informalities. 

Please charge any fees or credit any overpayments as a result of the filing of this paper to 

our Deposit Account No. 02-3978. 

Date: September 25, 2020 

BROOKS KUSHMAN P.C. 
1000 Town Center, 22nd Floor 
Southfield, MI 48075-1238 
Phone: 248-358-4400 
Fax: 248-358-3351 

Respectfully submitted, 

Mohammed N. Islam 

By: /Andrew B. Turner/ 
Andrew B. Turner 
Reg. No. 63,121 
Attorney/Agent for Applicant 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

1. (Previously Presented) A measurement system comprising: 

a light source comprising a plurality of semiconductor sources that are configured 

to generate an output optical beam with one or more optical wavelengths, the light source 

configured to increase signal-to-noise ratio by increasing a light intensity relative to an initial 

light intensity from at least one of the plurality of semiconductor sources; 

a measurement device configured to: 

receive a portion of the output optical beam, and 

deliver an analysis output beam to a sample; 

a receiver configured to: 

receive and process at least a portion of the analysis output beam reflected 

or transmitted from the sample, 

generate an output signal representing at least m part a non-mvas1ve 

measurement on blood contained within the sample, 

synchronize to the light source, 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, 

capture light while at least one of the semiconductor sources is on and 

convert the captured light into a second signal, the captured light including at least a part of the 

at least a portion of the analysis output beam reflected or transmitted from the sample, and 

the measurement system further configured to improve the signal-to-noise 

ratio by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a 

display, a microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch 

screen, the smart phone or tablet configured to: 

receive and process at least a portion of the output signal, 

store and display the processed output signal, and 

2 
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transmit at least a portion of the processed output signal over a wireless 

transmission link; and 

a cloud configured to: 

receive, over the wireless transmission link, an output status comprising 

the at least a portion of the processed output signal, 

process the received output status to generate processed data, and 

store the processed data. 

2.-3. (Cancelled) 

4. (Previously Presented) The measurement system of claim 22, wherein the 

measurement system is configured to use artificial intelligence in making decisions; 

wherein the measurement system is configured to perform pattern identification or 

classification, and wherein the measurement system is configured to apply a threshold function 

to a comparison with a stored data set; and 

wherein the measurement system is at least in part configured for selection or 

identification of an object, and wherein the measurement system is configured to improve a 

signal-to-noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

5. (Currently Amended) The measurement system of claim 22, wherein the 

light source is configured to further increase signal-to-noise ratio by increasing a pulse rate of at 

least one of the plurality of semiconductor sources from an initial non-zero pulse rate. 

6. (Previously Presented) The measurement system of claim 1, wherein the 

plurality of semiconductor sources comprises at least one of: light emitting diodes (LEDs), laser 

diodes (LD's), tunable LD's, and super-luminescent laser diodes (SLDs), and wherein the 

measurement system further comprises a reflective surface to receive and redirect at least some 

of the at least a portion of the analysis output beam reflected or transmitted from the sample. 

3 
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7. (Original) The measurement system of claim 1, wherein the light source 

is further configured to increase the light intensity from the plurality of semiconductor sources 

by spatially coupling the optical output beam from at least two of the plurality of semiconductor 

sources. 

8. (Currently Amended) A measurement system comprising: 

a wearable measurement device for measuring one or more physiological 

parameters, including a light source comprising a plurality of semiconductor sources that are 

configured to generate an output optical beam with one or more optical wavelengths; 

the light source configured to increase signal-to-noise ratio by increasing a light 

intensity relative to an initial light intensity from at least one of the plurality of semiconductor 

sources; 

the wearable measurement device configured to receive a portion of the output 

optical beam and to deliver an analysis output beam to a sample; 

the wearable measurement device further comprising a receiver configured to: 

receive and process at least a portion of the analysis output beam reflected 

or transmitted from the sample, 

generate an output signal representing at least m part a non-mvas1ve 

measurement on blood contained within the sample, 

synchronize to pulses of the light source, 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, 

capture light while at least one of the semiconductor sources is on and 

convert the captured light into a second signal, the captured light including at least a part of the 

at least a portion of the analysis output beam reflected or transmitted from the sample, 

wherein the measurement system is further configured to improve the signal-to­

noise ratio by differencing the first signal and the second signal; 

a smart phone or tablet comprising a wireless receiver, a wireless transmitter, a 

display, a microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch 

screen, the smart phone or tablet configured to receive and process at least a portion of the output 

4 
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signal, to store and display the processed output signal, and to transmit a portion of the processed 

output signal over a wireless transmission link; and 

a cloud configured to receive over the wireless transmission link an output status 

comprising the at least a portion of the processed output signal, to process the received output 

status to generate processed data and to store the processed data, and wherein the cloud is 

capable of storing a history of at least a portion of the received output status over a specified 

period of time. 

9.-10. (Cancelled) 

11. (Previously Presented) The measurement system of claim 8, wherein the 

measurement system is configured to use artificial intelligence in making decisions; 

wherein the measurement system is configured to perform pattern identification or 

classification, and wherein the measurement system is configured to apply a threshold function 

to a comparison with a stored data set; and 

wherein the measurement system is at least in part configured for selection or 

identification of an object, and wherein the measurement system is configured to improve a 

signal-to-noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

12. (Currently Amended) The measurement system of claim 11, wherein the 

light source is configured to further increase increase the signal-to-noise ratio by one of 

increasing a pulse rate of at least one of the plurality of semiconductor sources from an initial 

non-zero pulse rate. 

13. (Previously Presented) The measurement system of claim 8, wherein the 

plurality of semiconductor sources comprises at least one of: light emitting diodes (LEDs), laser 

diodes (LD's), tunable LD's, and super-luminescent laser diodes (SLDs), and the measurement 

system further comprising a reflective surface to receive and redirect at least some of the at least 

a portion of the analysis output beam reflected or transmitted from the sample. 

5 
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14. (Original) A wearable device for use with a smart phone or tablet, the 

wearable device comprising: 

a measurement device including a light source compnsmg a plurality of 

semiconductor sources for measuring one or more physiological parameters, the measurement 

device configured to: 

generate, by modulating at least one of the semiconductor sources having 

an initial light intensity, an input optical beam having one or more optical wavelengths, and 

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 configured to: 

capture light while the semiconductor sources are off and convert the 

captured light into a first signal, and 

capture light while at least one of the semiconductor sources 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; 

synchronize to the modulation of the at least one of the semiconductor 

sources; 

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

the input optical beam reflected from the tissue by: 

differencing the first signal and the second signal, and 

increasing the light intensity relative to the initial light intensity from at 

least one of the semiconductor sources; 

the measurement device further configured to generate an output signal 

representing at least in part a non-invasive measurement on blood contained within the tissue; 

the wearable device configured to communicate with the 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; and 

the smart phone or tablet configured to: 

receive and to process at least a portion of the output signal, 

store and display the processed output signal, and 
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transmit at least a portion of the processed output signal over a wireless 

transmission link. 

15. (Currently Amended) The wearable device of claim 14, wherein the light 

source IS configured to further improve the signal-to-noise ratio of the input optical beam 

reflected from the tissue by increasing a pulse rate of at least one of the plurality of 

semiconductor sources from an initial non-zero pulse rate. 

16. (Previously Presented) The wearable device of claim 14, further 

comprising a cloud configured to: 

receive, over the wireless transmission link, an output status comprising the at 

least a portion of the processed output signal, 

process the output status to generate processed data, and 

store the processed data, and 

wherein the cloud is capable of storing a history of at least a portion of the output 

status over a specified period of time. 

17. (Previously Presented) The wearable device of claim 14, wherein the 

wearable device is configured to use artificial intelligence in making decisions; 

wherein the wearable device is configured to perform pattern identification or 

classification, and wherein the wearable device is configured to apply a threshold function to a 

comparison with a stored data set; and 

wherein the wearable device IS at least in part configured for selection or 

identification of an object, and wherein the wearable device is configured to improve a signal-to­

noise ratio of the selection or identification by applying regression signal processing 

methodologies or multivariate techniques. 

18. (Cancelled) 

7 

Petitioner WHOOP, Inc. Ex1002 
Page 441 of 459



Serial No.16/669794 Atty. Dkt. No. OMNI0102PUSA6 

19. (Previously Presented) The wearable device of claim 14, wherein the 

measurement device further comprises a reflective surface configured to receive and redirect at 

least a portion of light reflected from the tissue. 

20. (Cancelled) 

21. (Currently Amended) The measurement system of claim 25claim 1, 

wherein the plurality of semiconductor sources comprises six light emitting diodes, and wherein 

the receiver comprises six detectors. 

22. (Currently Amended) The measurement system of claim 21, wherein the 

six detectors are located on the first arc an arc surrounding the six light emitting diodes. 

23. (Previously Presented) The measurement system of claim 1, 

wherein the receiver comprises a plurality of detectors arranged along a first arc, and wherein the 

plurality of semiconductor sources are arranged along a second arc. 

24. (Previously Presented) The measurement system of claim 23, wherein the 

first arc is offset from the second arc. 

25. (Previously Presented) The measurement system of claim 23, 

wherein the first arc and the second arc are concentric. 

26. (Currently Amended) The measurement system of claim 29claim 12, 

wherein the plurality of semiconductor sources comprises six light emitting diodes, and wherein 

the receiver comprises six detectors. 

27. (Currently Amended) The measurement system of claim 26, wherein the 

six detectors are located on the first arc an are surrounding the six light emitting diodes. 

8 
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28. (Previously Presented) The measurement system of claim 8, 

wherein the receiver comprises a plurality of detectors arranged along a first arc, and wherein the 

plurality of semiconductor sources are arranged along a second arc that is offset from the first 

arc. 

29. (Previously Presented) The measurement system of claim 28, 

wherein the first arc and the second arc are concentric. 

30. (Currently Amended) The wearable device of claim 33claim 15, wherein 

the plurality of semiconductor sources comprises six light emitting diodes, and wherein the 

receiver comprises six detectors. 

31. (Currently Amended) The wearable device of claim 30, wherein the six 

detectors are located on the first arc an arc surrounding the six light emitting diodes. 

32. (Previously Presented) The wearable device of claim 15, wherein 

the receiver comprises a plurality of detectors arranged along a first arc, and wherein the 

plurality of semiconductor sources are arranged along a second arc that is offset from the first 

arc. 

33. (Previously Presented) The wearable device of claim 32, wherein 

the first arc and the second arc are concentric. 

9 
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