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Application Serial No. 15/010,345 
Office Action dtd. 9/14/18 
Response to Office Action dtd. 12/11/18 

t& mtndngtn_ts hUJg: $_p~ci!Jtg_t!t1!.t: 

Please replace paragraph 28 in the specification with the following paragraph; 

"Photoplethysrnogram (PPG) or equivalent signal," as used herein, refers to signals obtained 

from a pulse oximeter or other devices that produce signals that behave like PPG signals 

obtained from the pulse oximeter, .,\.''.phvsiological. indicator signal.'' as USZ:)d.ho;tein., rcfr.'.rs t{> a 

si_gitn!Jh,H_can be used.to.obtain mi.~nsnren.1rnrts of one or.1u(,n:e pbV:':liplci_gic~,l.parmnz~ters. 

J~xqn.1pl()s.9fphv:~iPJngh;al indic_ntqr_ 5igm~Is.,Jhes~Je4~~hinQ;s not.1?s)ing.Jltn\tt~fL9ulyJ.pthos~ 

t::\mnnh;'.HJ/zjtt~l1:. _pl)ytc1pl.!':'Jh'£SnW gntcl1.f PPG t Qhpwls, .?P4.<:i'.PJ.Pr video in:mg.:~~~ __ 9hJa\n~~d .frmri.~ 

l)Ortiqp._of.,'.~·~UlU0Gt's. hodYJ1()f.~'>Wmplc,.bqt_not.lirnftt.d to,. ohtainedJ.!.SlH,£:_the camera in a 
mobile corrirrnmii::,ntion devitic".:\. '<Vbich b(have as r1.~fkcticm PPG ima<res, The <>ne or1noR~ ,,nnnn--',...,,.,._._....,..,..,.,..._..,._..,-.-.-.-.-.,,,-.-.--- .- .--- · ............ V••n•••~'>'>•••• ..,..,..,.,.,,,,,,,,,,.,. __ .,. ............ . --'-•'-•"n••n ~ .. ._.,..,._._..,..,..,..,..,.__.,_ '-.-.-.-. ...... ·· · ......... • .. ',,n'>,n•"" 

ph v~;io logical.1:i,:iramctcrs. include heart. rate. and heart rntc. vs::td ab i Hty ,. re!~nhatnrv rate, a. m:::)~isure 

Please replace paragraph 29 in the specification witb the following paragraph: 

In one or more embodiments, the method of these teachings for detection of motion and noise 

artifacts in a Photoplethysmogmrn (PPG) or equivalent signal includes obtaining a time 

frequency spectrum of a segment of the PPG· or equivalent signal, obtaining, from the time 

frequency spectrum, a noise quality index for the segment and applying a statistical learning 

method to detennine vvhether the segment is corrupted by motion and noise artifacts or not 

corrupted by motion and noise artifacts. ln, qnc. or more qrnhodirnents, the mz~thod. of th~se 

tcachings_for_phvsinlodcal.patarnetcr rnonitorirw,fnch.Rks_dek•ctlnu t.ffocts_ofnintinn.aitifads ln 

th.t:J}1~asLir1.:~nwn.t~ .. 2.fJ!w cn1~. oor~ois s~1iysiu1r~gjqt\l nm.1mK~tcrn,awJ _~j(}~~kling.wh0thtT to. (CY1ip .J}1e 

f'l-"·=•"'''''·'!1:'•='•';x Jri Ant·,~-~·1iro ,>,f\··~,,~·t·,::: ''ltti·>-.nt· ;,)l'' ·0'l'tl'.;\,r'.t··,, ·\11 <"\·!·•'~ 0 11:.·>BllP''l·11~'r•·1·,:; tyj'ttV' fl'l'' i'll' -1·1·•(r"·" o •. 00 ~( ..... , ...... ~.},ii;'\,.,'. •' •~ ,, ~--~ ~,;, '•._ "._• ~ • -. ,.~_ :'• _ :;-,x~_~•, • • {,:;_: .. ~'" • • ·-~~ ~- 00 "'n~·..... ,1.,-·, O • ~ ... "• .... !" ..... ~-~ ... • '• ... -~--~~.":·:,.,'"'( • .... • • ou~' •'- ·'':•n~-~ • • .... ..r;.:,..,.. ,.,_,, :,.,. ,,, .. ~·'"-,':,_.,_•:,.., ... ~~ .,_' -.- ',-- ·:-." • -- • -~• • ~• .:::,• '••n ·~ -~',•.,.!- 'S.• 

Please replace paragraph 78 in the specification with the following paragraph: 
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Application Serial No. 15/010,345 
Office Action dtd. 9/14/18 
Respomc to Office Action dtd. 12/1 l! 18 

The eventual airn of the present algoritlu11 is to detect MNA in real time, The algorithm only 

takes 333ms to compute noiseQI for a 4s PPG window length using Matlab b:1.bTLl.t!l~'. running 

on a PC 'Nith the Intel Xeon lN11(f}il?XE;(tbl'.~ processor operating at 3.6GHz. Therefore, it 

would be straightforward to optimize the algorithm for real time detection of MNA in a PPG 

signaL 

Please replace the abstract with the following: 

A pulse oximeter embedded with a novel motion and noise artifact (MNA) detection algorithm 

based on extraction of time-varying spectral features that are unique to the clean and corrupted 

components. 
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Applicant-Initiated Interview Summary 

Application 
No. 
15/010,345 
Examiner 
ANDREY 
SHOSTAK 

Applicant(s) 
Chon et al. 

Art 
Unit 
3791 

AIA {First Inventor 
to File) Status 
Yes 

All participants (applicant, applicants representative, PTO personnel): 

1. ANDREY SHOSTAK (Examiner); Telephonic 2. Orlando Lopez (Attorney); Telephonic 

3. Navin Natnithithadha (Primary Examiner); Telephonic 

Date of Interview: 06 December 2018 

Page 

1 of 2 

Brief Description of the main topic(s) of discussion: Participants discussed the proposed amendments. It was 
noted that semicolons were used throughout in place of commas, and that the Examiner would review the attorney's 
arguments as to the propriety of such usage. It was further noted that portions of the claims appeared to use the 
term "and" before ultimate elements, and Applicant suggested they would review such usage for potential 35 USC 
112(b) issues. The Office also noted that the 35 USC 101 rejections would not be overcome by the proposed 
amendments, at least in view of SAP America, Inc. v. INVESTPIC, LLC, 898 F. 3d 1161 - Court of Appeals, Federal 
Circuit 2018. The Office suggested tying the determination by the statistical learning method to the calculated index, 
and then outputting the result of the determination in a manner that could be appreciated in the real world, to take 
the abstract idea out of the "black box" (i.e., to make the improvement more than just an improvement in the abstract 
realm), thereby constituting significantly more than the abstract idea. No specific agreements were reached. 

ltem(s) under 35 U.S.C. 101: 
See above 

Formalities: 
See above 

Attachment(s): Other Attachment 
{Proposed Response} 

Issues Discussed: 
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/ANDREY SHOSTAK/ 
Examiner, Art Unit 3791 I /NAVIN NATNITHITHADHA/ 

Primary Examiner, Art Unit 3791 

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in 
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated 
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04 
Please further see: 
MPEP 713.04 
Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b) 
37 CFR § 1 .2 Business to be transacted in writing 

U.S. Patent and Trademark Office 
PTOL-413/413b (Rev. 01/01/2015) Interview Summary Paper No. 20181206 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the 
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a 
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this 
interview summary form, whichever is later, to file a statement of the substance of the interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete 
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete 
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general 
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the 
interview, to include an indication as to whether or not agreement was reached on the issues raised. 
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Patent Application 
Attorney Docket No.: 30210-216 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Ki H. Chon 

Application No.: 15/010,345 

Filed: 01-29-2016 

Exammer: SHOSTAK, ANDREY 

Confirm. No.: 2095 

Art Unit: 3735 

For: MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION 
ALGORITHMS FOR PHOTOPLETHYSMOGRAM AND EQUIVALENT SIGNALS 

TO: Mail Stop Amendments 
Commissioner for Patents 
P.O. Box 1450, 
Alexandria, VA 22313-14 50 

Sir: 

For interview 

In reply to the Office Action dated September 14, 2018, Applicants submit the following 

amendments and remarks which place the application in condition for allowance or, in the 

alternative, in better form for appeal. 

Amendments to the specification begin on page 2 of this paper. 

Amendments to the claims begin on page 3 of this paper. 

Remarks begin on page 8 of this paper. 
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ApplicationSerialNo. 15/010,345 
Office Action dtd. 9/14/18 

ResponsetoOfficeActiondtd. tHL\FT 

Amendments to the Specification: 

Please replace paragraph 78 in the specification with the following paragraph: 

The eventual aim of the present algorithm is to detect MN A in real time. The algorithm only 

takes 33.3ms to compute noiseQI for a 4s PPG window length using Matlab MATLAB® running 

on a PC with the Iatel "XeoH INTEL® XEON® processor operating at 3.6GHz. Therefore, it 

would be straightforward to optimize the algorithm for real time detection of MNA in a PPG 

signal. 

Please replace the abstract with the following: 

A pulse oxinleter embedded with a Ho,,rel motion and noise artifact (MNA) detection algorithm 

based on extraction of time-varying spectral features that are unique to the clean and corrupted 

components. 

2 
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ApplicationSerialNo. 15/010,345 
Office Action dtd. 9/14/18 

ResponsetoOfficeActiondtd. tHL\FT 

Amendments to the Claims: 

This listing of claims replaces all prior versions and listings of the claims. 

1. (Currently amended) A computer implemented method for detection of motion and noise 

artifacts in a signal used as a Photoplethysmogram (PPG) or equivalent signal, the computer 

implemented method comprising: 

obtaining a time frequency spectrum of a segment of the signal used as a PPG0f 

equivalent signal; 

obtaining, from the time frequency spectrum, a noise quality index for the segment; the 

noise quality index being used to determine whether [[a]]the segment is corrupted by motion and 

noise artifacts; 

wherein obtaining a noise quality index comprises: 

determining a dominant frequency in the time frequency spectrum of the segment; 

and 

normalizing the time frequency spectrum to a total power in a narrow band 

centered at the dominant frequency; 

determining a first trace of amplitudes in the narrow band spectrum of the time 

frequency spectrum centered at the dominant frequency; 

determining a second trace of amplitudes in a narrow band spectrum of the time 

frequency spectrum centered at twice the dominant frequency; 

determining a third trace of amplitudes in a narrow band spectrum of the time 

frequency spectrum centered at three times the dominant frequency; 

subtracting the first, second and third traces of amplitudes from the time 

frequency spectrum; and 

obtaining, after subtracting, a total power remaining in the time frequency 

spectrum, said total power remaining hereinafter referred to as a residual noise power; 

determining a difference in frequency between the first trace and the second and 

third traces, the difference in frequency referred to as a projected difference; 

the noise quality index being a weighted sum of the residual noise power and the 

projected difference; weights being selected such that each weighted factor represents less than a 

3 
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ApplicationSerialNo. 15/010,345 
Office Action dtd. 9/14/18 

ResponsetoOfficeActiondtd. tHL\FT 

predetermmed percentage of power in an uncorrupted segment; 

and 

applying a statistical learning method to determme whether the segment is corrupted by 

motion and noise artifacts or not corrupted by motion and noise artifacts. 

2. (Canceled) 

3. (Canceled) 

4. (Canceled) 

5. (Canceled) 

6. (Canceled) 

7. (Canceled) 

8. (Currently amended) The computer implemented method of claim [[7]] 1 wherein the 

statistical learning method is a Support Vector Machine (SVM). 

9. (Canceled) 

10. (Currently amended) The computer implemented method of claim [[9]] l further 

comprising determining a difference between the dommant frequency and a heart rate obtained 

from peak to peak intervals from the PPG or equivalent signal in a time domain, the difference 

between the dommant frequency and the heart rate obtained from peak to peak intervals 

hereinafter referred to as a heart rate frequency difference; wherein the noise quality index also 

comprises the heart rate frequency difference; the noise quality index being a weighted sum of 

the residual noise power, the projected difference and the heart rate frequency difference, the 

heart rate frequency difference being the difference between the dommant frequency and-the 

heart rate obtained from peak to peak intervals; 'Heights eeing seleet,ed sHeh Ehat, eaeh ,.veight,ed 

faet,or represent:s less fuan a predet,ermmed pereent,age of pmver in an Hneorrupt,ed segment. 

4 
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ApplicationSerialNo. 15/010,345 
Office Action dtd. 9/14/18 

ResponsetoOfficeActiondtd. tHL\FT 

11. (Original) The computer implemented method of claim 10 wherein the statistical learning 

method is a Support Vector Machine (SVM). 

12. (Canceled) 

13. (Currently amended) A +he computer implemented method of elaiffl 12 for detection of 

motion and noise artifacts in a signal used as a Photoplethysmogram (PPG) signal, the computer 

implemented method comprising: 

obtaining a time frequency spectrum of a segment of the signal used as a PPG 0f 

eqHivaleHt signal; 

obtaining, from the time frequency spectrum, a noise quality index for the segment; the 

noise quality index being used to determine whether the segment is corrupted by motion and 

noise artifacts; 

wherein obtaining a noise quality index comprises: 

determining a dominant frequency in the time frequency spectrum of the segment; and 

normalizing the time frequency spectrum to a total power in a narrow band centered at 

the dominant frequency; 

determining a first trace of amplitudes in the narrow band spectrum of the time frequency 

spectrum centered at the dominant frequency; 

determining a second trace of amplitudes in a narrow band spectrum of the time 

frequency spectrum centered at twice the dominant frequency; 

determining a third trace of amplitudes in a narrow band spectrum of the time frequency 

spectrum centered at three times the dominant frequency; 

subtracting the first, second and third traces of amplitudes from the time frequency 

spectrum; and 

obtaining, after subtracting, a total power remaining in the time frequency spectrum, said total 

power remaining hereinafter referred to as a residual noise power; 

determining a difference between the dominant frequency and a heart rate obtained from peak to 

peak intervals from the PPG or equivalent signal in a time domain, the difference between the 

5 
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Office Action dtd. 9/14/18 
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dommant frequency and the heart rate obtained from peak to peak intervals hereinafter referred 

to as a heart rate frequency difference; 

wherein the noise quality index also comprises the heart rate frequency difference; the noise 

quality index [[is]] being a weighted sum of the residual noise power and the heart rate 

frequency difference; weights being selected such that each weighted factor represents less than 

a predetermmed percentage of power in an uncorrupted segment; 

and 

applying a statistical learning method to determme whether the segment is corrupted by 

motion and noise artifacts or not corrupted by motion and noise artifacts. 

14. (Original) The computer implemented method of claim 13 wherein the statistical learning 

method is a Support Vector Machine (SVM). 

15. (Original) The computer implemented method of claim I wherein the signal used as a 

PPG or SEfHivalent signal is preprocessed before obtaining the time frequency spectrum. 

16. (Original) The computer implemented method of claim 15 wherein the signal used as a 

PPG or SEfHivalent signal is preprocessed by filtering with a bandpass filter of predetermmed 

bandwidth. 

17. (Original) The computer implemented method of claim I wherein the time frequency 

spectrum is obtained using variable frequency complex demodulation. 

18. (Currently amended) A system for detection of motion and noise artifacts in a signal used 

as a Photoplethysmogram (PPG) or eEfHivalent signaL the system comprising: 

a processor configured to: 

receive the signal used as a PPG or eEfHivalent signal; 

obtain a time frequency spectrum of a segment of the signal used as a PPG or eEfHivalent 

signal; 
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obtain, from the time frequency spectrum, a noise quality index for the segment; the noise 

quality index being used to determine whether [[a]]the segment is corrupted by motion and noise 

artifacts; aHe 

determine a dominant frequency in the time frequency spectrum of the segment; 

normalize the time frequency spectrum to the total power in a narrow band centered at 

the dominant frequency; 

determine a first trace of amplitudes in the narrow band spectrum of the time frequency 

spectrum centered at the dominant frequency; 

determine a second trace of amplitudes in a narrow band spectrum of the time frequency 

spectrum centered at twice the dominant frequency; 

determine a third trace of amplitudes in a narrow band spectrum of the time frequency 

spectrum centered at three times the dominant frequency; 

subtract the first, second and third traces of amplitudes from the time frequency 

spectrum; and 

obtain, after subtracting, a total power remaining in the time frequency spectrum; the 

total power remaining hereinafter referred to as a residual noise power; 

determine a difference in frequency between the first trace and the second and third 

traces; the difference in frequency referred to as a projected difference; 

apply a statistical learning method to determine whether the segment is corrupted by 

motion and noise artifacts or not corrupted by motion and noise artifacts; 

wherein the noise quality index is a weighted sum of the residual noise power and the 

projected difference; weights being selected such that each weighted factor represents less than a 

predetermined percentage of power in an uncorrupted segment. 

19. (Canceled) 

20. (Canceled) 

21. (Canceled) 

22. (Canceled) 

23. (Canceled) 
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24. (Canceled) 

25. (Currently amended) The system of claim [[24]] 18 wherein the statistical learning 

method is a Support Vector Machine (SVM). 

26. (Canceled) 

27. (Currently amended) The system of claim [[26]] 18 wherein the processor is further 

configured to determine a difference between the dominant frequency and a heart rate obtained 

from peak to peak intervals from the signal used as a PPG signal in a time domain; the difference 

between the dominant frequency and the heart rate obtained from peak to peak intervals 

hereinafter referred to as a heart rate frequency difference; wherein the noise quality index also 

comprises the heart rate frequency difference; and, wherein the noise quality index is a weighted 

sum of the residual noise power, the projected difference and the heart rate frequency difference-;­

'Neights being selected such that each ,.veighted factor represents less than a predeteFmffied 

percentage of po,.ver in an uncorrupted segment. 

28. (Original) The system of claim 27 wherein the statistical learning method is a Support 

Vector Machine (SVM). 

29. (Canceled) 

30. (Currently amended) A +he-system of claiffl 29 system for detection of motion and noise 

artifacts in a signal used as a Photoplethysmogram (PPG) signal the system comprising: 

a processor configured to: 

receive the signal used as a PPG signal; 

obtain a time frequency spectrum of a segment of the signal used as a PPG signal; 

obtain, from the time frequency spectrum, a noise quality index for the segment; the noise 

quality index being used to determine whether the segment is corrupted by motion and noise 

artifacts; 
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determme a dommant frequency in the time frequency spectrum of the segment; 

normalize the time frequency spectrum to the total power in a narrow band centered at 

the dommant frequency; 

determme a first trace of amplitudes in the narrow band spectrum of the time frequency 

spectrum centered at the dommant frequency; 

determme a second trace of amplitudes in a narrow band spectrum of the time frequency 

spectrum centered at twice the dommant frequency; 

determme a third trace of amplitudes in a narrow band spectrum of the time frequency 

spectrum centered at three times the dommant frequency; 

subtract the first, second and third traces of amplitudes from the time frequency 

spectrum; and 

obtain, after subtracting, a total power remaining in the time frequency spectrum; the 

total power remaining hereinafter referred to as a residual noise power; 

determme a difference between the dommant frequency and a heart rate obtained from 

peak to peak intervals from the PPG or equivalent signal in a time domain; the difference 

between the dommant frequency and the heart rate obtained from peak to peak intervals 

hereinafter referred to as a heart rate frequency difference; 

wherein the noise quality index is a weighted sum of the residual noise power and the heart rate 

frequency difference; weights being selected such that each weighted factor represents less than 

a predetermmed percentage of power in an uncorrupted segment; 

apply a statistical learning method to determme whether the segment is corrupted by motion and 

noise artifacts or not corrupted by motion and noise artifacts. 

31. (Original) The system of claim 30 wherein the statistical learning method is a Support 

Vector Machine (SVM). 

32. (Currently amended) The system of claim 18 wherein the processor is further configured 

to preprocess the signal used as a PPG or equivalent signal before obtaining the time frequency 

spectrum. 
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33. (Currently amended) The system of claim 32 wherein the processor is configured to 

preprocess the signal used as a PPG or equivalent signal by filtering with a bandpass filter of 

predetermined bandwidth. 

34. (Original) The system of claim 18 wherein the processor is configured to obtain the time 

frequency spectrum using variable frequency complex demodulation. 

35. (Currently amended) A computer program product comprising: 

tangible computer usable media, having computer readable code embodied therein, the 

computer readable code, when executed by ~ one or more processors, causes the one or more 

processors to: 

obtain a time frequency spectrum of a segment of a signal used as a PPG or equivalent 

signal; 

obtain, from the time frequency spectrum, a noise quality index for the segment; the noise 

quality index being used to determine whether [[a]]the segment is corrupted by motion and noise 

artifacts; 

determine a dominant frequency in the time frequency spectrum of the segment; 

normalize the time frequency spectrum to the total power in a narrow band centered at 

the dominant frequency; 

determine a first trace of amplitudes in the narrow band spectrum of the time frequency 

spectrum centered at the dominant frequency; 

determine a second trace of amplitudes in a narrow band spectrum of the time frequency 

spectrum centered at twice the dominant frequency; 

determine a third trace of amplitudes in a narrow band spectrum of the time frequency 

spectrum centered at three times the dominant frequency; 

subtract the first, second and third traces of amplitudes from the time frequency 

spectrum; and 

obtain, after subtracting, a total power remaining in the time frequency spectrum; the 

total power remaining hereinafter referred to as a residual noise power; 

determine a difference in frequency between the first trace and the second and third 
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traces; the difference in frequency referred to as a projected difference; 

and 

apply a statistical learning method to determine whether the segment is corrupted by 

motion and noise artifacts or not corrupted by motion and noise artifacts; 

wherein the noise quality index is a weighted sum of the residual noise power and the 

projected difference; weights being selected such that each weighted factor represents less than a 

predetermined percentage of power in an uncorrupted segment. 

36. (Original) The computer program product of claim 35 wherein the statistical learning 

method is a Support Vector Machine (SVM). 
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REMARKS 

The Office Action of has been carefully reviewed, and this response addresses the 

Examiner's concerns. Applicants respectfully request entry of this amendments into the 

application. 

STATUS OF THE CLAIMS 

Claims 1-36 are pending in the application. 

Claims 1-36 are rejected. 

Claims 7, 8, 10, 11, 13, 14, 24, 25, 27, 28, 30, and 31 are allowable over the prior art. 

Claims 2-7, 9, 12, 19-24, 26, and 29 are canceled. 

Claim I has been amended to include the limitations of claims 2-3 and 6-7. Claim 10 has been 

amended to include the limitations of claim 9. Claim 13 has been amended in order to render it in 

independent, including the limitations of all the intervening claims. As in claim 18, has been 

amended to include the limitations of claims, 19, 20, and 23-24. Claim 25 is amended in order to 

make it dependent on claim 18. Claim 27 is amended in order to include the limitations of claim 

26. Claim 30 is amended in order to render it independent and including the limitations of all of 

the intervening claims. Claims 35 is amended in order to include the limitations included in 

amended claim 1. 

A 

Amendments to the Specification: 

The Examiner, in the Office Action, states that: 

"The disclosure is objected to because of the following informalities: The use of the terms 

MASIMO, MASIMO RADICAL, INTEL, XEON, and MATLAB, which are trade names or 

marks used in commerce, has been noted in this application. They should be (la) in ALL CAPS 

or (lb) accompanied by the appropriate symbol (™, SM, or®) wherever they appear, and be (2) 

accompanied by the generic terminology. See MPEP 608.0l(v). 

Although the use of trade names and marks used in commerce (i.e., trademarks, service 

marks, certification marks, and collective marks) are permissible in patent applications, the 
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proprietary nature of the marks should be respected and every effort made to prevent their use in 

any manner which might adversely affect their validity as commercial marks." 

Applicants respectfully state that a search of the Masimo website shows that Masimo does not 

mark its name as registered and that a search of the USP TO website shows that the Masimo 

name is only registered as a typed drawing that Masimo Radical is not trademarked (but 

RADICAL-7 is). Applicants respectfully state that the trademark SET is registered by Masimo 

and that, in the Masimo website, is referred to as Masimo SET®, as used in the application. 

CLAIM OBJECTIONS 

Claim 5 is objected to because of the following informalities: the recitation of "Mahine" is a 

typographical error and should instead read --Machine--. Appropriate correction is required. 

CLAIM REJECTIONS - 35 USC § 112 

Claims 1-36 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second paragraph, 

as being indefinite for failing to particularly point out and distinctly claim the subject matter 

which the inventor or a joint inventor, or for pre-AIA the applicant regards as the invention. 

The test for definiteness under 35 U.S.C. § 112, second paragraph, is whether "those skilled in 

the art would understand what is claimed when the claim is read in light of the specification." 

Orthokinetics, Inc. v. Safety Travel Chairs, Inc., 806 F.2d 1565, 1576 (Fed. Cir. 1986); MPEP 

2173.02. 

The examiner, in the office action, states that "Regarding claims 1, 9, 12, 15, 16, 18, 26, 29, 32, 

33, and 35, they each recite "equivalent signal," which is a relative phrase which renders the 

claim indefinite. The phrase "equivalent signal" is not defined by the claim, the specification 

does not provide a standard for ascertaining the requisite degree, and one of ordinary skill in the 

art would not be reasonably apprised of the scope of the invention. Specifically, it is unclear 
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what kmd of signal would be considered an equivalent. CJ{ 0028 of the specification defines them 

as signals which behave like PPG signals, but it is unclear what behavior/signal qualities are 

intended or encompassed." 

Applicants respectfully state that an example of what are equivalent signals is provided in 

paragraph 81 of the specification, which states "The capability to extract accurate PPG 

equivalent signals, HR signals, heart rate variability dynamics, the respiratory rates and oxygen 

saturation information directly from the green, red, and blue band signals from a smart phone is 

detailed in a recently published paper (see also PCT Publication No. W02012100I 75, 

corresponding to PCT/US2012/022049, PHYSIOLOGICAL PARAMETER MONITORING 

WITH A MOBILE COMMUNICATION DEVICE, filed on January 20, 2012, and 

corresponding U.S. Published application 2012190947, PHYSIOLOGICAL PARAMETER 

MONITORING WITH A MOBILE COMMUNICATION DEVICE, which are incorporated by 

reference herein in their entirety and for all purposes)." 

In paragraph 79 of, U.S. Published application 2012190947, it is stated that "A section 105 of 

an exemplary GREEN signal obtained during spontaneous breathing is shown in Fig. 2a. The 

pulse signal is similar to a traditional PPG signal obtained from a pulse-oximeter." Fig. 2a is 

reproduced below: 
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The above is a reflective PPG signal. The typical PPG signal is a transmissive PPG signal. 

Applicants respectfully state that one skilled in the art, upon being in the specification, would 

know what is claimed by "equivalent to PPG signals" and would know what "behaving as a PPG 

signal" entails. 

Applicants have amended the claims to state "signals used as PPG signals," which has support in 

paragraph 81 of the specification. 

Regarding claims 3, 6, 9, 12, 20, 23, 26, and 29, the Examiner states that "they each recite 

"hereinafter referred to as" or "referred to as," which are narrative recitations that fail to 

particularly point out the invention at least because reference is made to subsequent claims. The 

terms should be defined first. 

Claims 3, 6, 9, 12, 20, 23, 26 and 29 have been canceled. The recitation of hereinafter referred to 

as now occurs in the midst of the claim so that the reference is not made to a subsequent claim. 

Regarding claims 1, 3, 6, 7, 9, 10, 12, 13, 18, 20, 23, 24, 26, 27, 29, 30, and 35, the Examiner 

states that "the separation and interoperability of elements is unclear because the claims use a 
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semicolon, instead of e.g. a comma, to further detail particular elements (see e.g. line 5 of claim 

1). Is the semicolon intended to introduce a new step, or to further limit a detail of a previous 

step?" 

Applicants respectfully state that the only rule stated in the rules and the MPEP is that a claim is 

a single sentence. The use of semicolons and sentences is well accepted in grammar (see, for 

example, Margaret Shertzer, The Elements of Grammar, pp. 88-90, C. Edward Good, A grammar 

Book for You and I ( ops, Me), pp. 378-380, Karen Elizabeth Gordon, The Deluxe Transitive 

Vampire, p. 160, copies of which are enclosed in the appendix). Examples of the use of semi­

colons in claims can be found in the claims of the cited art, US Patent Application Publication 

2011/0077484, US Patent 5,853,364 ("Baker") and International Application Publication WO 

2013/043157 ("Brockway"). 

Since; semi-colons have been used in these claims, both for independent clauses and for 

separating elements in a series (both of which are acceptable, according to grammar), we have a 

good indication of how the courts will interpret (construe) the claims. The effect of a comma in 

claim interpretation can be seen in 3Form, Inc. v. Lumicore, Inc. (Fed. Cir. 2015, 

nonprecedential). 

Applicants respectfully state that, since those skilled in the art would understand what is claimed 

when the claim is read in light of the specification, the claims are definite. 

Regarding claims 1, 18, and 35, the Examiner states that "the second recitation of "a 

segment" makes it unclear whether this is the same as, or different than, the segment 

contemplated by the first recitation of "a segment."" 

Applicants have amended the claims. 

Regarding claims 3 and 20, the Examiner states that "the second and third recitations of "a 

narrow band spectrum" make it unclear whether they are the same as, or different than, the 

narrow band spectrum contemplated by the first recitation of "a narrow band spectrum."" 
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Applicants have amended the claims in order to make them definite. 

Regarding claim 19, the Examiner states that "the recitation of "a noise quality index" in line 

1 makes it unclear whether this is the same as, or different than, the noise quality index already 

introduced in claim 18" 

Applicants respectfully state that the amended claims are definite. 

Regarding claim 35, the Examiner states that "there is insufficient antecedent basis for the 

recitation of "the one or more processors" in line 3." 

Applicants have amended the claim in order to make it definite. 

THE 35 U.S.C. 101 REJECTIONS 

Claims 1-36 are rejected under 35 U.S.C. 101 because the claimed invention is directed 

to a judicial exception (i.e., a law of nature, a natural phenomenon, or an abstract idea) without 

significantly more. 

As stated in the specification, extraction of the above mentioned vital signs and other 

physiological parameters using Pulse Oximeters is predicated on artifact-free PPG data. It is well 

known that the PPG is highly sensitive to artifacts, particularly those generated while the patient 

is in motion (Petterson, M. T., V. L. Begnoche, and J.M. Graybeal. The effect of motion on 

pulse oximetry and its clinical significance. Anesth. Analg. 105:S78-84, 2007). This imposes a 

huge limitation on the usability of the PPG for ambulatory monitoring applications. Motion and 

noise artifacts (MN As) distorting PPG recordings can cause erroneous estimation of HR and 

Sp02 (Sahn~ R., A. Gupta, K. Ohira-Kist, and T. Rosen. Motion resistant pulse oximetry in 

neonates. Arch. Dis. Child. Fetal Neonatal Ed. 88:F505-F508, 2003). 

Although there are techniques which have been proposed to alleviate the effects of MNA, 

solutions to this problem still remain unsatisfactory in practice. Several algorithm-based MNA 

reduction methods have been proposed, such as time and frequency domain filtering, power 
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spectrum analysis, and blind source separation techniques. These techniques reconstruct noise 

contaminated PPG such that a noise-reduced signal is obtained. However, the reconstructed 

signal typically contains incomplete dynamic features of the uncorrupted PPG signal and some 

algorithms are solely designed to capture only the HR and Sp02 information instead of the 

signal's morphology and its amplitudes, which are needed for other physiological derivations. 

Moreover, these reconstruction algorithms operate even on clean PPG portions where MN A 

reduction is not needed. This introduces unnecessary computation burden and distorts the signal 

integrity of the clean portion of the data. Hence, an accurate MNA detection algorithm, which 

identifies clean PPG recordings from corrupted portions, is essential for the subsequent MNA 

reduction algorithm so that it does not distort the non-corrupted data segments (Krishnan, R., B. 

Natarajan, and S. Warren. Two-Stage Approach for Detection and Reduction of Motion Artifacts 

in Photoplethysmographic Data. IEEE Trans. Biomed. Eng. 57:1867- 1876, 2010) .. 

The method and system of these teachings solve the above stated problems with the present 

techniques. The present techniques was compared with three other recently published MNA 

detection algorithms: 1) Hjorth features (Hjorth), 2) time-domain variability SVM (TDV-SVM) 

approach, and 3) Kurtosis-Shannon Entropy (KSE) features. Performance results of each method 

are presented in Table II, reproduced below , and show that the present invention outperforms 

the other MNA detection techniques while avoiding the problems of distortion of the non­

corrupted data. 

18 
Petitioner Ex-1004, 0312



ApplicationSerialNo. 15/010,345 
Office Action dtd. 9/14/18 

ResponsetoOfficeActiondtd. tHL\FT 

TABLE II. MEAN± STD. DEVIATION OF PERFORMANCE METRICS OF THE PRESENT VFCDM, OTHER METHODS 

VFCDM Hjorth TDV KSE 

Ace 96.9 ± 1.4 72.5 ± 10.7 * 93.4 ± 3.5 * 83.1 ± 7.3 * 
..Cl 

"'Cl 
rtl Sen 96.3 ± 2.4 47.2 ± 28.8 * 88.8 ± 7.9 * 56.6 ± 17.9 * rtl Q) 

_J I 
Spe 97.7 ± 2.0 84.4 ± 4.6 * 96.7 ± 3.0 91.5 ± 1.1 * 

vi Ace 95.5 ± 2.2 69.5 ± 21.8 * 89.8 ± 1.4 * 85.1 ± 8.3 * 
Vl "'Cl 
rtl rtl Sen 91.1 ± 3.5 53.8 ± 26.1 * 84.6 ± 2.9 * 68.7 ± 17.7 * E Q) 

I 
::J Spe 96.3 ± 1.4 84.5 ± 8.8 * 94.3 ± 4.0 86.4 ± 7.8 * 

Ace 97.7 ± 1.4 91.1 ± 6.9 * 94.4 ± 3.3 * 58.5 ± 20.7 * ,._ 
..Cl 

Q) 
b.O Sen 96.3 ± 2.6 83.5 ± 21.0 * 94.7 ± 3.4 34.6 ± 12.2 * rtl C _J 

LL Spe 98.2 ± 1.4 96.2 ± 3.0 94.7 ± 3.0 * 86.3 ± 15.7 * 
vi Ace 95.5 ± 2.4 71.0 ± 19.0 * 89.6 ± 2.3 * 88.3 ± 2.7 * ,._ 
Vl Q) 
rtl b.O Sen 89.2 ± 2.0 41.1 ± 27.6 * 85.2 ± 3.8 * 71.5 ± 8.8 * E C 

::J LL 
Spe 97.2 ± 2.1 88.4 ± 7.5 * 95.1 ± 0.8 93.6 ± 1.5 * 

(*) indicate statistical significance (p<0.01) between the present method versus the others 

The present invention solves the problems brought about by the effect of motion on the use of 

PPG signals and does not distortion of the non-corrupted data. The present invention enables the 

use of PPG for ambulatory monitoring applications. 

Section 101 permits the patenting of "any new and useful process, machine, manufacture, 

or composition of matter, or any new and useful improvement thereof." 35 U.S.C. § 101. 

The Supreme Court has interpreted Section 101 to contain "an important implicit 

exception: Laws of nature, natural phenomena, and abstract ideas are not patentable." Alice 

Corp. v. CLS Bank Int'!, 134 S. Ct. 2347, 2354 (2014) (quoting Ass 'n for Molecular 

Pathology v. Myriad Genetics, Inc., 133 S. Ct. 2107, 2116 (2013)). 

In Mayo and in Alice, the Supreme Court set forth a two-step analytical framework to 

identify patents that, in essence, claim nothing more than abstract ideas. The court must 

first "determine whether the claims at issue are directed to a patent-ineligible concept." 
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Alice, 134 S.Ct. at 2355. If it is determmed that the claims are directed to a patent 

ineligible concept, the analysis proceeds to step two where one must "consider the elements 

of each claim both individually and 'as an ordered combination' to determine whether the 

additional elements 'transform the nature of the claim' into a patent-eligible application." 

/d.(quoting Mayo, 132 S. Ct. at 1298, 1297). 

Step one 

Starting with step one, as stated in Alice and as the Federal Circuit has stated in Enfish,Rapid 

Litigation and McRo, the inquiry should be whether the claims are directed a judicial exception. 

The directed to inquiry is based on whether the character of the claim as a whole is directed to a 

judicial exception (focus of the claimed advance over the prior art). Enfish, LLCv. Microsoft 

Corp, 822 F.3d 1327 (Fed. Cir. 2016); Rapid Litigation Managementv. CellzDirect, 827 F.3d 

1042, 1048 (Fed. Cir. 2016); Mero, Inc. v. Bandai Namco Games America, 837 F.3d 1299 (Fed. 

Cir. 2016). The inquiry under step one looks to whether the claims focus on a specific means or 

method that improves the relevant technology or are instead directed to a result or effect that 

itself is the abstract idea and merely invoke generic processes and machinery. Enfish, 822 F.3d at 

1336; Rapid Litig. Mgmt., 827 F.3d at 1048; as cited in McRo, 837 F.3d 1299 (Fed. Cir. 2016). 

The claimed invention is directed to solving the problems brought about by the effect of motion 

on the use of PPG signals and does not distort the non-corrupted data and to enabling the use of 

PPG for ambulatory monitoring applications. The Applicants' claimed invention does not 

attempt to patent a mathematical formula. 

Although the Supreme Court has not established a definitive rule to determme what 

constitutes an "abstract idea," both the Federal Circuit and the Supreme Court have found it 

sufficient to compare claims at issue to those claims already found to be directed to an 

abstract idea in previous cases. Enfish, 822 F.3d at 1334 (citing Alice, 134 S.Ct. at 2357). 

The Examiner, in the Office Action, states that "This idea is similar to the basic concept of 

manipulating information from source devices using mathematical relationships (e.g. creating 

device profiles based on processed information, using known mathematical techniques), such as 
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in Digitech Image Techs., LLC v Electronics for Imaging, Inc., 758 F.3d 1244, 111 U.S.P.Q.2d 

1717 (Fed. Cir. 2014), which has been found by the courts to be an abstract idea." 

In Digitech, "Claim 10 describes the process for generating the device profile: 

10. A method of generating a device profile that describes properties of a device 
in a digital image reproduction system for capturing, transforming or rendering an 
image, said method comprising: 

generating first data for describing a device dependent transformation 
of color information content of the image to a device independent color 
space through use of measured chromatic stimuli and device response 
characteristic functions; 

generating second data for describing a device dependent 
transformation of spatial information content of the image in said device 
independent color space through use of spatial stimuli and device 
response characteristic functions; and 

combining said first and second data into the device profile." 

Digitech, 758 F.3d at 1350-1351. The Court had found that the device profile "as claimed, is a 

collection of intangible color and spatial information" and held "that the device profile claims of 

the '415 patent do not encompass eligible subject matter as required by section 101 and are 

therefore not patent eligible." Digitech, 758 F.3d at 1350. The Court states that "The above claim 

recites a process of taking two data sets and combining them into a single data set, the device 

profile. The two data sets are generated by taking existing information--i.e., measured chromatic 

stimuli, spatial stimuli, and device response characteristic functions--and organizing this 

information into a new form. The above claim thus recites an ineligible abstract process of 

gathering and combining data that does not require input from a physical device. As discussed 

above, the two data sets and the resulting device profile are ineligible subject matter." 

In contrast, the present claim starts with a Photoplethysmogram (PPG) or equivalent signal and is 

directed to determining whether segments of the signal are corrupted by motion and noise 

artifacts or not corrupted by motion and noise artifacts. The corrupted segments can then be 

removed. The present invention solves the problems brought about by the effect of motion on the 

use of PPG signals and does not distortion of the non-corrupted data. The present invention 

enables the use of PPG for ambulatory monitoring applications. 
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Since the present claim starts with a Photoplethysmogram (PPG) or equivalent signal and is 

directed to removing the limitations on the use of PPG for ambulatory monitoring applications 

and the erroneous estimation of HR and Sp02 caused by corrupted data. The present claims have 

definite applications and provides improvements in the use of PPG data. 

Applicants respectfully state that the present claims are more similar to the claims in Research 

Corporation Technologies, Inc. v. Microsoft Corp., 627 F.3d 859 (Fed. Cir. 2010). In Research 

Corporation Technologies, the claims recited a mathematical operation of utilizing a blue noise 

mask for halftoning of gray scale images. For example, claim I of the '310 patent recites: 

"A method for the halftoning of gray scale images by utilizing a pixel-by-pixel comparison of the 

image against a blue noise mask in which the blue noise mask is comprised of a random non-det­

erministic, non-white noise single valued function which is designed to produce visually pleasing 

dot profiles when thresholded at any level of said gray scale images." Research Corporation, 627 

F.3d at 865. 

In finding the claims to be patent eligible, the Court states that "These inventions address "a need 

in the art for a method of and apparatus for the halftone rendering of gray scale images in which a 

digital data processor is utilized in a simple and precise manner to accomplish the halftone 

rendering."" The Court also states that "inventions with specific applications or improvements to 

technologies in the marketplace are not likely to be so abstract that they override the statutory 

language and framework of the Patent Act."" Research Corporation, 627 F.3d at 868-869. 

Similarly, the present claimed invention has specific applications and improvements in the use of 

PPG data. 

As the Federal Circuit Court Stated In Finjan, Inc. v. Blue Coat Systems, Inc., "Starting at step 

one [of Alice], [one] must first examine the [application's] "claimed advance" to determine 

whether the claims are directed to an abstract idea." Finjan, Inc. v. Blue Coat Systems, Inc., 

opinion 2016-2520 (Fed. Cir. January 10, 2018) (citing Affinity Labs of Tex., LLCv. DIRECTV, 

LLC, 838 F.3d 1253, 1257 (Fed. Cir. 2016)). 
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The application's claimed advance over the prior art, by outperforms the other MNA detection 

techniques while avoiding the problems of distortion of the non-corrupted data, is to solve the 

problems brought about by the effect of motion on the use of PPG signals and to enable the use 

of PPG for ambulatory monitoring applications. 

Where the method of Research Corporation helped improve upon prior halftoning processes, 

Claim I helps improve upon prior methods of Motion and Noise Artifact (MNA) detection while 

avoiding the problems of distortion of the non-corrupted data. 

Applicants respectfully state that the present claims should be found to be patentable subject 

matter under section 101 as an improvement on the use of PPG signals by solving the problems 

brought about by the effect of motion on the use of PPG signals and to enabling the use of PPG 

for ambulatory monitoring applications. 

Step two 

The Courts have recognized that the two steps of the Alice/Mayo test "are easier to 

separate in recitation than in application" (see,AG (RNBx) Ameranth v. Genesis Gaming 

Solutions, Order Denying Motion for Summary Judgment of Invalidity, Central District CA Case 

No. SACV 11-00189, January 2, 2015; BASCOM GloballnternetServices., Inc. v. AT&T 

Mobility LLC, 827 F.3d 1341, 1349 (Fed. Cir. 2016)). Although Applicants do not acquiesce to 

the assertions of the Examiner to the effect that Applicants' claims are directed to an abstract 

idea, Applicants present the following arguments in response to the application of step two of the 

Alice/Mayo test to the analysis of Applicants' invention. 

The Supreme Court in the Alice decision stated that "an invention is not rendered 

ineligible for patent simply because it involves an abstract concept. ... ' [ A ]pplication[ s]' of such 

concepts "'to a new and useful end,"' we have said, remain eligible for patent protection." Alice, 

134 S. Ct. at2354 (citations omitted). 

As the Federal Circuit stated in Rapid Litigation Management, under step two of the 

Alice test, claims that are "directed to" a patent-ineligible concept, yet also "improve[] [sic] an 

existing technological process," are sufficient to "transform[] the process into an inventive 
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application" of the patent-ineligible concept. Rapid Litigation Management, 827 F.3d at 1050 

(citing Alice, 134 S. Ct. at 2358 (quoting Mayo, 132 S. Ct. at 1299) (discussing Diamond v. 

Diehr,450 U.S. 175 (1981)). 

As stated above, the claimed invention improves the use of PPG data in medical diagnosis and 

enable the use of PPG for ambulatory monitoring applications. The improvement of the existing 

technological process is sufficient to transform the process into an inventive application. 

The Examiner, in the office action, states that "the additional elements or combination of 

elements in the claims, other than the abstract idea per se, amount to no more than a recitation of 

generic computer structure to perform generic computer functions (the processors, computer 

usable media, etc. - see the below art rejections), that serve to generally link the abstract idea to a 

particular technological environment or field of use." Using the computer to gather and 

manipulate data is what the Supreme Court, in Alice, called "well known, routine and 

conventional activities. Alice, 134 S. Ct., 2347, 2359 (2014) (citing Mayo, 132 S. Ct. 1289, 182 L. 

Ed. 2d 321, 337). 

The Federal Circuit's decision this year in Berkheimerv. HP Inc., 881 F.3d 1360 (Fed. Cir. 

2018), expressly stated that patent eligible subject matter is a question of law which may contain 

underlying facts, and that the question whether something is well-understood, routine, and 

conventional to a skilled artisan at the time of the patent is a factual determination. Berkheimer v. 

HP Inc., 881 F.3d 1360, 1368 -1369 (Fed. Cir. 2018). Moreover, whether a particular technology 

is well-understood, routine, and conventional goes beyond what was simply known in the prior 

art. Berkheimer, 881 F.3d at 1369. 

In Berkheimer v. HP Inc., the Federal Circuit considered an invention in which the hardware 

components were conventional (see Fig. I in US patent 7,447,713, at issue in that case) and the 

claims were considered directed to an abstract idea. Berkheimer. 881 F.3d at 1367. 
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In Berkheimer, the limitations were directed to purported improvements and the Federal Circuit 

raised a genuine issue of material fact as to whether the purported improvements were more that 

well understood, routine and conventional activity previously known in the industry. Berkheimer, 

881 F.3d at 1369. 

Applicants are provided in the specification (and also cited above) data that shows that the 

claimed invention improve upon prior methods of Motion and Noise Artifact (MNA) detection 

while avoiding the problems of distortion of the non-corrupted data. 

The Examiner has not presented a citation to a court decision, noting the well 

understood, routine, conventional nature of the claimed invention, or a citation to a 

publication, such as a book, manual, or review article that describes the state-of-the-art and 

discusses what is well known and in common use in the field. (See the April 19, 2018 

memorandum on Berkheimer v. HP.) 

As in Berkheimer, there is a genuine issue of material fact as to whether it is routine and 

conventional to use the claimed invention to detect corrupt segments, due to MN A, in PPG or 

equivalent data. 

Applicants respectfully state that the Examiner's statements are not supported by 

substantial evidence. 

Applicants respectfully state that the claims recite patentable subject matter. 

THE 35 U.S.C.102 REJECTIONS 

Claims 1, 2, 15, 16, 18, 19, 32, 33 and 35 are rejected under 35 U.S.C. I02(a) (1) as being 

anticipated by US Patent Application Publication 2011/0077484 ("Van Slyke"). 

Claim I has been amended to include the limitations of allowable claim 7 and intervening 

claims. Claim 2 is canceled. Claim 18 has been amended to include the limitations of allowable 
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claim 24 and intervening claims. Claim 19 is canceled. Claim 35 has been amended to include 

limitations of allowable claim 24. Claims 15, 16 depend on amended claim 1. Claims 32, 33 

depend on amended claim 18. 

Applicants respectfully state that claims 1, 15, 16, 18, 32, 33 and 35 as amended are not 

anticipated by Van Slyke. 

THE 35 U.S.C.103 REJECTIONS 

Claims 3, 4, 6, 20, 21, and 23 are rejected under 35 U .S.C. 103 as being unpatentable 

over Van Slyke in view of US Patent 5,853,364 ("Baker") and International Application 

Publication WO 2013/043157 ("Brockway"). 

Claims 3, 4, 6, 20, 21, and 23 are canceled. 

Claims 5 and 22 are rejected under 35 U.S.C. 103 as being unpatentable over Van Slyke­

Baker-Brockway in view of non-patent publication Couceiro, Ricardo, et al. "Detection of 

motion artifacts in photoplethysmo graphic signals based on time and period domain analysis." 

2012 Annual International Conference of the IEEE Engineering in Medicine and Biology 

Society. IEEE, 2012 ("Couceiro"). 

Claims 5 and 22 are canceled. 

Claims 9, 12, 26, and 29 are rejected under 35 U.S.C. 103 as being unpatentable over Van 

Slyke-Baker-Brockway in view of US Patent Application Publication 2016/0270733 

("Hansson"). 

Claims 9, 12, 26 and 29 are canceled. 

Claims 17 and 34 are rejected under 35 U.S.C. 103 as being unpatentable over Van 

Slyke-Baker-Brockway in view of US Patent Application Publication 2008/0287815 ("Chon"). 

Claim 36 is rejected under 35 U.S.C. 103 as being unpatentable over Van Slyke in view 

of Couceiro. 
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Claim 35 has been amended to include limitations of allowable claim 24. Claim 36 

depend on claim 35. 

As stated in the Office Action, neither Van Slyke nor Couceiro teach or suggest a noise 

quality index from a time frequency spectrum, the noise quality index being based on a weighted 

sum of residual noise power, as specified, and a projected difference or a heart rate frequency 

difference. 

CONCLUSION 

Any amendments to the claims as set forth herein, including the modification, addition, 

cancellation, or withdrawal of any claims, have been offered to advance this application to issue. 

None of the amendments made herein should be construed as an admission that the subject 

matter of the claims, as originally filed, is anticipated by or made obvious in light of any art of 

record whether considered singularly or in combinations. Applicants expressly reserve the right 

to pursue the originally filed claims in another co-pending application without being prejudiced 

by any amendments, including cancellation of claims, made herein. 

Applicants believe the claims are in allowable condition. A notice of allowance for this 

application is solicited earnestly. If the Examiner has any further questions regarding this 

amendment, he/she is invited to call Applicants' attorney at the number listed below. 

The Director of Patents and Trademarks is hereby authorized to charge any 

underpayment of fees, or credit any overpayments, to Deposit Account 03-2410, Order No. 

30210-216. 

The following information is presented in the event that a call may be deemed desirable 

by the Examiner: 

ORLANDO LOPEZ (617) 345-3000. 

Respectfully submitted, 

By: 
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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 inspection 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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1. 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 an interview with Orlando 

Lopez (Reg. # 46,880) on 01/16/2019. 

The application has been amended as follows: 

In the specification: 

[0043] has been replaced with the following paragraph: 

[0043] In laboratory-controlled head and finger movement data, motion artifacts were 

induced by head and finger movements for specific time intervals in both horizontal and 

vertical directions. For head movement data, 11 healthy volunteers were asked to wear the 

PO on the forehead along with a reference Masimo MASIMO Radical (Masimo MASIMO SET®) 

finger type transmittance pulse oximeter. After baseline recording for 5 minutes without 

any movement, subjects were instructed to introduce motion artifacts for specific time 

intervals varying from 10 to 50% within a 1 minute segment. For example, if a subject was 

instructed to perform left-right random movements for 6 seconds, 1 min segment of data 

would contain 10% noise. The finger laboratory movement data were recorded in a similar 

setup as the head data using a custom-made PPG finger sensor. 

[0044] has been replaced with the following paragraph: 
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[0044] The patient PPG data were recorded from 10 subjects admitted to emergence rooms. 

Similar to the laboratory-controlled dataset, each patient was fitted with custom-made 

sensors (both forehead and finger) and the Masimo MASIMO POs on the forehead and 

fingers, respectively. The patients were admitted due to pain related symptoms and were 

not restrained from movements. Therefore, they were expected to generate different MNA 

characteristics in the recorded PPG. 

In the claims: 

1. (Currently amended) A computer implemented method for physiological parameter 

monitoring using a signal used as a Photoplethysmogram (PPG) signal, the computer 

implemented method comprising: 

obtaining a time frequency spectrum of a segment of the signal used as the 

PPG signal; 

obtaining, from the time frequency spectrum, a noise quality index for the 

segment; the noise quality index being used to determine whether the segment is 

corrupted by motion and noise artifacts; 

wherein obtaining a noise quality index comprises: 

determining a dominant frequency in the time frequency spectrum of 

the segment; [[and]] 

normalizing the time frequency spectrum to a total power in a narrow 

band centered at the dominant frequency; 

determining a first trace of amplitudes in the narrow band spectrum of 

the time frequency spectrum centered at the dominant frequency; 

determining a second trace of amplitudes in a narrow band spectrum 

of the time frequency spectrum centered at twice the dominant frequency; 
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determining a third trace of amplitudes in a narrow band spectrum of 

the time frequency spectrum centered at three times the dominant 

frequency; 

subtracting the first, second and third traces of amplitudes from the 

time frequency spectrum; 

obtaining, after subtracting, a total power remaining in the time 

frequency spectrum, said total power remaining hereinafter referred to as a 

residual noise power; 

determining a difference in frequency between the first trace and the 

second and third traces, the difference in frequency referred to as a projected 

difference; 

the noise quality index being a weighted sum of factors including the residual 

noise power and the projected difference; weights being selected such that each 

weighted factor represents less than a predetermined percentage of power in an 

uncorrupted segment; 

applying a statistical learning method, using the noise quality index, to 

determine whether the segment is corrupted by motion and noise artifacts or not 

corrupted by motion and noise artifacts; 

and, 

if noise/motion motion and noise artifacts are not present, the segment is 

included including the segment in determination of a physiological parameter. 

10. (Currently amended) The computer implemented method of claim 1 further comprising 

determining a difference between the dominant frequency and a heart rate obtained from 

peak to peak intervals from the signal used as the PPG or equivalent signal in a time 

domain, the difference between the dominant frequency and the heart rate obtained from 

peak to peak intervals hereinafter referred to as a heart rate frequency difference; wherein 
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the noise quality index also comprises the heart rate frequency difference; the noise quality 

index being a weighted sum of factors including the residual noise power, the projected 

difference and the heart rate frequency difference, the heart rate frequency difference being 

the difference between the dominant frequency and the heart rate obtained from peak to 

peak intervals ment. 

13. (Currently amended) A computer implemented method for physiological parameter 

monitoring using a signal used as a Photoplethysmogram (PPG) signal, the computer 

implemented method comprising: 

obtaining a time frequency spectrum of a segment of the signal used as the 

PPG signal; 

obtaining, from the time frequency spectrum, a noise quality index for the 

segment; the noise quality index being used to determine whether the segment is 

corrupted by motion and noise artifacts; 

wherein obtaining a noise quality index comprises: 

determining a dominant frequency in the time frequency spectrum of 

the segment; [[and]] 

normalizing the time frequency spectrum to a total power in a narrow 

band centered at the dominant frequency; 

determining a first trace of amplitudes in the narrow band spectrum of 

the time frequency spectrum centered at the dominant frequency; 

determining a second trace of amplitudes in a narrow band spectrum 

of the time frequency spectrum centered at twice the dominant frequency; 

determining a third trace of amplitudes in a narrow band spectrum of 

the time frequency spectrum centered at three times the dominant 

frequency; 
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subtracting the first, second and third traces of amplitudes from the 

time frequency spectrum; 

obtaining, after subtracting, a total power remaining in the time 

frequency spectrum, said total power remaining hereinafter referred to as a 

residual noise power; 

determining a difference between the dominant frequency and a heart 

rate obtained from peak to peak intervals from the signal used as the PPG 6-f 

equivalent signal in a time domain, the difference between the dominant 

frequency and the heart rate obtained from peak to peak intervals hereinafter 

referred to as a heart rate frequency difference; 

the noise quality index also comprising the heart rate frequency difference; 

the noise quality index being a weighted sum of factors including the residual noise 

power and the heart rate frequency difference; weights being selected such that 

each weighted factor represents less than a predetermined percentage of power in 

an uncorrupted segment; 

applying a statistical learning method, using the noise quality index, to 

determine whether the segment is corrupted by motion and noise artifacts or not 

corrupted by motion and noise artifacts; 

and, 

if noise/motion motion and noise artifacts are not present, the segment is 

included including the segment in determination of a physiological parameter. 

18. (Currently amended) A system for physiological parameter monitoring using a signal 

used as a Photoplethysmogram (PPG) signal, the system comprising: 

a processor configured to: 

receive the signal used as the PPG signal; 
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obtain a time frequency spectrum of a segment of the signal used as the PPG 

signal; 

obtain, from the time frequency spectrum, a noise quality index for the 

segment; the noise quality index being used to determine whether the segment is 

corrupted by motion and noise artifacts; 

determine a dominant frequency in the time frequency spectrum of the 

segment; 

normalize the time frequency spectrum to the total power in a narrow band 

centered at the dominant frequency; 

determine a first trace of amplitudes in a narrow band spectrum of the time 

frequency spectrum centered at the dominant frequency; 

determine a second trace of amplitudes in a narrow band spectrum of the 

time frequency spectrum centered at twice the dominant frequency; 

determine a third trace of amplitudes in a narrow band spectrum of the time 

frequency spectrum centered at three times the dominant frequency; 

subtract the first, second and third traces of amplitudes from the time 

frequency spectrum; 

obtain, after subtracting, a total power remaining in the time frequency 

spectrum; the total power remaining hereinafter referred to as a residual noise 

power; 

determine a difference in frequency between the first trace and the second 

and third traces; the difference in frequency referred to as a projected difference; 

apply a statistical learning method, using the noise quality index, to 

determine whether the segment is corrupted by motion and noise artifacts or not 

corrupted by motion and noise artifacts; 

and, 
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if noisefmotion motion and noise artifacts are not present, the segment is 

included include the segment in determination of a physiological parameter; 

the noise quality index being a weighted sum of factors including the residual 

noise power and the projected difference; weights being selected such that each 

weighted factor represents less than a predetermined percentage of power in an 

uncorrupted segment. 

27. (Currently amended) The system of claim 18 wherein the processor is further configured 

to determine a difference between the dominant frequency and a heart rate obtained from 

peak to peak intervals from the signal used as the PPG signal in a time domain; the 

difference between the dominant frequency and the heart rate obtained from peak to peak 

intervals hereinafter referred to as a heart rate frequency difference; wherein the noise 

quality index also comprises the heart rate frequency difference; and, wherein the noise 

quality index is a weighted sum of factors including the residual noise power, the projected 

difference and the heart rate frequency difference. 

30. (Currently amended) A system system for detection of motion and noise artifacts in a 

signal used as a Photoplethysmogram (PPG) signal, the system comprising: 

a processor configured to: 

receive the signal used as the PPG signal; 

obtain a time frequency spectrum of a segment of the signal used as the PPG 

signal; 

obtain, from the time frequency spectrum, a noise quality index for the 

segment; the noise quality index being used to determine whether the segment is 

corrupted by motion and noise artifacts; 

determine a dominant frequency in the time frequency spectrum of the 

segment; 
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normalize the time frequency spectrum to the total power in a narrow band 

centered at the dominant frequency; 

determine a first trace of amplitudes in the narrow band spectrum of the time 

frequency spectrum centered at the dominant frequency; 

determine a second trace of amplitudes in a narrow band spectrum of the 

time frequency spectrum centered at twice the dominant frequency; 

determine a third trace of amplitudes in a narrow band spectrum of the time 

frequency spectrum centered at three times the dominant frequency; 

subtract the first, second and third traces of amplitudes from the time 

frequency spectrum; 

obtain, after subtracting, a total power remaining in the time frequency 

spectrum; the total power remaining hereinafter referred to as a residual noise 

power; 

determine a difference between the dominant frequency and a heart rate 

obtained from peak to peak intervals from the signal used as the PPG or equivalent 

signal in a time domain; the difference between the dominant frequency and the 

heart rate obtained from peak to peak intervals hereinafter referred to as a heart 

rate frequency difference; 

the noise quality index being a weighted sum of factors including the 

residual noise power and the heart rate frequency difference; weights being 

selected such that each weighted factor represents less than a predetermined 

percentage of power in an uncorrupted segment; 

apply a statistical learning method, using the noise quality index, to 

determine whether the segment is corrupted by motion and noise artifacts or not 

corrupted by motion and noise artifacts; 

and, 
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if noisefmotion motion and noise artifacts are not present, the segment is 

included include the segment in determination of a physiological parameter. 

35. (Currently amended) A computer program product comprising: 

tangible computer usable media, having computer readable code embodied therein, 

the computer readable code, when executed by one or more processors, causes the one or 

more processors to: 

obtain a time frequency spectrum of a segment of a signal used as a PPG 

signal; 

obtain, from the time frequency spectrum, a noise quality index for the 

segment; the noise quality index being used to determine whether the segment is 

corrupted by motion and noise artifacts; 

determine a dominant frequency in the time frequency spectrum of the 

segment; 

normalize the time frequency spectrum to the total power in a narrow band 

centered at the dominant frequency; 

determine a first trace of amplitudes in :tl,e 2. narrow band spectrum of the 

time frequency spectrum centered at the dominant frequency; 

determine a second trace of amplitudes in a narrow band spectrum of the 

time frequency spectrum centered at twice the dominant frequency; 

determine a third trace of amplitudes in a narrow band spectrum of the time 

frequency spectrum centered at three times the dominant frequency; 

subtract the first, second and third traces of amplitudes from the time 

frequency spectrum; and 

obtain, after subtracting, a total power remaining in the time frequency 

spectrum; the total power remaining hereinafter referred to as a residual noise 

power; 
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determine a difference in frequency between the first trace and the second 

and third traces; the difference in frequency referred to as a projected difference; 

apply a statistical learning method.L using the noise quality index, to 

determine whether the segment is corrupted by motion and noise artifacts or not 

corrupted by motion and noise artifacts; 

and, 

if noise/motion motion and noise artifacts are not present, the segment is 

included include the segment in determination of a physiological parameter; 

wherein the noise quality index is a weighted sum of factors including the 

residual noise power and the projected difference; weights being selected such that 

each weighted factor represents less than a predetermined percentage of power in 

an uncorrupted segment. 
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2. The present application, filed on or after March 16, 2013, is being examined under 

the first inventor to file provisions of the AIA. 

Response to Amendment 

3. This Office Action is responsive to the amendment filed 12/11/2018 ("Amendment"). 

Claims 1, 8, 10, 11, 13-18, 25, 27, 28, and 30-36 are currently under consideration. The 

Office acknowledges the amendments to claims 1, 8, 10, 13, 15, 16, 18, 25, 27, 30, 32, 33, 

and 35 (it being noted that claims 15 and 16 use the incorrect status indicator of "Original," 

and claim 25 uses incorrect amendment form by not underlining the addition of "18"), as 

well as the cancellation of claims 2-7, 9, 12, 19-24, 26, and 29. Further amendments have 

been made as shown above. 

4. It is noted that the rejections based on use of the phrase "referred to as" have been 

reconsidered. The phrase is clear and does not necessarily make reference to subsequent 

claims. The rejections based on multiple uses of the phrase "a narrow band spectrum" have 

also been reconsidered because, throughout, the phrase is followed by features which 

distinguish it from other recitations. The claims are determined to be directed to patent 

eligible subject matter because the specific recitations of steps, as claimed, are directed to 

an improvement to the technology. As shown e.g. in Table II of the specification, the recited 

algorithm is an improved method of filtering motion and noise artifacts from a signal used 

as a PPG signal. 

Reasons for Allowance 

5. The following is an examiner's statement of reasons for allowance: the prior art of 

record fails to teach or fairly suggest a noise quality index from a time frequency spectrum, 

the noise quality index being based on a weighted sum of residual noise power, as specified, 
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and a projected different or a heart rate frequency difference, as specified, in combination 

with all other recited limitations. 

Any comments considered necessary by applicant must be submitted no later than 

the payment of the issue fee and, to avoid processing delays, should preferably accompany 

the issue fee. Such submissions should be clearly labeled "Comments on Statement of 

Reasons for Allowance." 

Conclusion 

6. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ANDREY SHOSTAK whose telephone number is (408)918-

7617. The examiner can normally be reached on Monday - Friday 9 am - 5 pm. 

Examiner interviews are available via telephone, in-person, and video conferencing 

using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/i nterviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Charles Marmor II can be reached on (571) 272-4730. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published 

applications may be obtained from either Private PAIR or Public PAIR. Status information 

for unpublished applications is available through Private PAIR only. For more information 

about the PAIR system, see http://pair-direct.uspto.gov. Should you have questions on 

access to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-

217-9197 (toll-free). If you would like assistance from a USPTO Customer Service 

Representative or access to the automated information system, call 800-786-9199 (IN USA 

OR CANADA) or 571-272-1000. 

/ANDREY SHOSTAK/ 
Examiner, Art Unit 3791 

/NAVIN NATNITHITHADHA/ 
Primary Examiner, Art Unit 3791 
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Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 
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Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

\I\N\/W.uspto.gov 

Application No. : 15010345 
Applicant : Chon 

Filing Date : 01/29/2016 
Date Mailed : 03/13/2019 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 
application, however, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS. 

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the 
abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR 
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informalities noted herein. See Waiver of 3 7 CFR 1. 312 for Documents Required by the Office of Patent 
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not 
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), "all outstanding 
requirements" will be considered to have been satisfied when the informality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 
ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 
"Mail Stop Issue Fee, Commissioner for Patents, 

/Meriem Powell/ 
Publication Branch 

P.O. Box 1450, Alexandria, VA 22313-1450". 

Office of Data Management 
(571) 272-4200 
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Application No. 15010345 Drawings filed: 12/11/2018 

IDENTIFICATION OF DRAWING DEFICIENCIES 

D There is a hole or the image thereof within the illustration. FIG(s) 

D The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the 
drawing, such as a dark line caused by a flaw in the copying process. FIG(s) 

D An ink stamp or the image thereof obscures part of the illustration. FIG(s) 

D The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots 
in a substantial portion of the drawing). FIG(s) 

D Figure numbers are duplicated or missing. FIG(s) 

D Drawing sheet or figure is missing. FIG(s) 

D Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten. 
FIG(s) 

D The character of the lines, numbers, and letters is poor. FIG(s) 

D The drawing's background shows that the original drawing was made on graph paper or other paper with a 
pattern or decoration. FIG(s) 

D The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s) 

D Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference 
number. FIG(s) 

D The drawing and/or the FIG. label contain(s) foreign language. FIG(s) 

D This utility application contains a photograph of a view that is capable of being illustrated as a line drawing. 
FIG(s) 

D A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of 
the drawings in the specification does not contain ( or has not been amended to contain) the paragraph 
required by 37 CFR 1.84(a)(2)(iii). 

D This reissue application contains added and/or amended drawings that are not labeled as "New" or 
"Amended" or "Canceled" as required by 37 CFR 1.173(b)(3). FIG(s) 

D This Design reissue application contains a drawing that is labeled as "Canceled" but is not surrounded by 
brackets, or a drawing that is surrounded by brackets but is not labeled as "Canceled." See 37 CFR 
1.173(b)(3). FIG(s) 

D OTHER: 

[KJ COMMENTS: 
Drawings filed 12/11/18 contain a replacement sheet for FIG(s) 1B and ID but did not include FIG(s) IA 
and IC. Per 37 CFR 1.12l(d) the replacement sheet shall include all of the figures appearing on the 
immediate prior version, even if only one figure is being amended. 
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petition,,rs/applic,mts should consider redactin9 such persona! inforn,ation from the documents befom submittin9 them to !hE, 
US PTO P(,titioner/appiicant is advised tl'!,.it the record of a patent c.ipp!ic8tion is 8Vi>il8ble to the putJiic afl<:,r publication of thG 
applic,lt:on (unless a non,publicaiion request in cornpliance with 37 CFR ·1.:?.'i 3(a) is mack in the application) 01· i,;,;uance of a 
patent. Furtherrnore, the 1·ecord from an abandoned application may ,ilso bE, available to the public if the appiication is 
referenced in a published application or mi issw~d patent (see 37 CFR 1 ·:4). Criec:k:; and credit card autl101t?:ation forms 
PTO<W31.'\ i,ubrnittGd for payment purposes are not retain,~d in the application fiie mid iJ1erefore am no1 publicly Mailable. 

I . 
LECM. NAME OF lNVENTOf~ 

111VEil1tc;r: _Ki __ H. Chon .................................. w•a• .. ,...................................................... Dat(l (Optional): .. ·------------···-·····---·---·······-

-~:::'.~-------;z{~~~~:_£::::~-f:~:::.-_-----------·------·-·-------------·--·------------------·--------------------""_" __ _ 
N,1\e: An app!l(:,,tlon di:1t<1 slw0t (PTOISn/14 or equivale11t). lnclucJln(J namlnfJ ttlcl entlrn invrintive 0r1tity, 1m1st scc<Jrnpwiy tt1i:1 t"orrn or rn1mt 11avs, 
been pn~viously filert Use c111 additiM<1I. r,·rotAtA/O·! form tor e;ich :idctition<1l liwm1tor. 

Tl1i;~~ inorreta1~{by~epub!t;;~~hl~~fHo{And' 
by th,1 U SPTO to pmc:r,~~) an :;pplic:;tion. Gr,nfidentif,lity is (JCJV,1med by :15 U.S.C. ·122 and 37 CFR 1 .11 .<n<.I '1.14. Thi, co\1,,ctlon is e~tim•;t"d kl t~ke ·1 minut~ t" 
cc.,rnpletr,, inclt.1tiing (Jnth,nin(,, pr<::pr,rlng, and n1,bmittinq \he <.:M1p!Gt<ld npµli<:Btl~n !01111 to tlw lJSPTO. Tim~ will vary depen,!1119 L1.pon th,1 individLail case. Any 
c<!rr11n.mt,, on the, rirnmmt <;f tinm y,>ll r<;quim to comptetG thi~ fc.,rrn ornihn ~1ioo~~tlm1s for rc,ciucing 1hi, b,1rc1,,11, st1'>L1ld b,1 sent to th(.; Ctw,t inforrmiticn (lfik:ar, UJ,, 
f',1\<llit and Ti:mie1n~rk ()ftic,1, ().~: C1,1p~1tm<mt of Cr;rnm,1m~1, l",0. Box "1450, 1\1t1x8t1drl,1, VA ,2M3•14$0. DO l~OT S!:.ND FEES OR COlv!PLl,TE'Cl FORMG TO 
'fl·ll~i ADDm:S1i. $F.:ND TO: Cmnmi,;sioner for P,itent"S, P,O, Blix 1450, Ak•x,mdrl.-i, VJ\ n3·13-1450. 

It you need Msist,mce in <;ompfoting the rorm. t>,1/i ·1-1100.pro,9-,,q9 sn,1 s8/Mt r,pfiM 2. 
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Vf't)/!\J.l\jO'i (00- ·J 2) 
Approved for u,;c: tt1u,uqt1 11/i0/2020. orvm OG(;-1.orn;, 

U.Z). F·0u:r1t an(l Tmd<::rr1ark (Hile•:,: U.8, DEPAfffM[tff' OF GO!v~fAEHCE: 
Undc.:'!-1 th<:~ Pz:pei\Vll:'k f~1::ducUon /\ct of H1H5: no per:>un;: :.:lr'f: ff~fJUlff:d tn 1Y:f,pond to :3 cu:!eclion f1f 1Hfr)fn1,1:tk1n un!e::s it df:ipl::1y~, <~ v;:iHd 0MB cN1tfd nt:mbeL 

/.... nr:: ':! J.\ n f:,. 'l'l'")N {''.'"' ,-,~,:'") ·i /~'") Ft')f~} IJ'l'1! i·i·y· ,''\n !')1~-::&::-1f;-N ,'\ no1 !('' ':I, Tl'()!'d ll''l 0 l '::O f..'N '\ I '" ... \~k ... "l'i''- ,. \'){ \...>, h !,,h') ' ..... ' '- i .. ! \,,n. k. w<.,l ul $--\If .. • ,h I • f\! ,,;\ !'1.H.,J ·\ ) 

~
, t<OQ• l('j..<"Ti<")N l')(T'.\ {~Ur,-::cT IT't ··:r~n ,-1 ·>·t•; 

, ·H , l,1 ,, ·\ 11,,. ~- A , I-\ ,::in;; .. .: .. , \ ,, 1 Cr " i. 1 ,>; 
.......... .:'"::::::::::::::::::::::::::::::::::::::::::::::::::::'::::::::::::::::-;::::::::::::::::::::::::::::::::::::;;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.::.:::::::::::::::::.:::::::::::::.:::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::' ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.::::::::::::.:::::::~::::::::::::::::::::::::::::::.~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::::::::::::::::::::::~:::::::::::::::::::~:::::::::::::::::::::::::::::::::::::::::::::::::.::::::::::.::::::::::.::::::.::::::::::::::::::::::::::::::::~'~·~~' 

TiUQ of fV10TtON /\ND I\JO!SE J\Rf!F/\CT DETECTiON /\ND HECONSTHUCT!ON 
!nvimtion AL.GOF~lTHMS FOH PHOTOPL.FTHYSMOC:.iFV\M /\ND EQUIVAU:NT S!CNALS 

/\,, (hn t;;,,mv rmrnrn:I inventor, ! hnrntiy dec!nrn that: 

Thk; dEJclarn!ion 
l:; directed lo: 

r··1 
L. ... 

!~! 
L ... : 

1) ··1 2 9 •') () 0 e ;,lo" .),·l l _. ,< --,~. I'.) 
!I ,;..{J t ! .••••••.•••••••..••••••••.•.••.••..•.•..••.•.•. 

ThEi above-i1JEmti!l<:,d applic:aiion w;ii; 1rn,de m authorized to be rm1dE, by rrw. 

! believe: thnt I w,1 the orioim1! inventor or an ori[Jinai joint invr~ntor o! a c!ai;neci invention iri the ,,pplk:al:on. 

I lwr,~\iy ,1cknowled9e that rn1y wiiifu! faiw statement rnacfo in this dE,Giarnilon ii, puni~d,c1ble under "18 USC. 100·1 
by fine or i:npri::.011rn0nt of not more than five (6) yGars, vr t10th. 

WARNING: 

PetitionHh1pp!icant is caulio11ec1 to avcid subrnilting per,,onn! infonn,,ition in documents filed in 8 pd,)nt i,pplication that m8y 
contritiute to ici,~nlity Hidt. P1~mona! informai.ion ~;uch as social t,ecur1ty nurnt;em, bank account numb<:>rs, or c:rndii card nurnb1m, 
(otl10r tlinn a c!Hcck 01· ci-edit Gmcl authorization kmn fYf0-20~'i8 submitted fo1· pnyment purpos<:Js) is never required by the USPTO 

i to support a pE,!ition or an npplbition. if thi,; type ,)f pernontl! infornwiion i1; incluci,)d in clocUffH~nts ,;ubrnitted to th,) USPTO, 
j petitiont,rslar,piicants should consider wductinu t;uch pomon;:;i information fron1 ttw docunwnb before 1,ubmittinn tiif~rn to the 
! USP_TO: F'c;t,tionertapplic,0mt is <H?vk;ed that U1(, record of a pn_teni. ?f;~'.licati?l_ !:, a:ailab!e t~i the publ!~: "'.ter r,ub_licntion of th(~ 
i apr,!1c,,it1Dn \un!m,i; a ncm-pub!1c,,t;on rnqiw,;f :ri compllrnic:e wtth '.-l r C,· }~ ·1 JLl(a) 1s mrnk u, thB app!!cat1on) or H,sti;,inc<', ot a 
! patont. Furtli,crnHX!\ ·Uie :::;co1d frorn rn, ab(lndon,~d applic,1tio11 inay ab) be ailailable to the public lf the applicalion is I rt:turunceri in a fH:iliished applictition 01· an issuNl p,llent (i;t'lf' Ji' err"\ ·[ .14). Checks and credit <'.:ard :,iuthoriwtion form~. li 
.fYf-0--'.-:0'.1i3. ,;1_1brniltw!. fo1,p,,1yrnen! ,purpose;; mE:. nol-retairn:,cJ in. ihe .app!icalion ,fi!,, ,and ,tiwrnlor\!, ,::m,nol .. publicly,avni!ab!~, ............... , 

lYC/\l. N/\:Vll:-: or iN\i[NTCm 

!··! ··11·1··1 -~ (..i <' <'•·! ,.. '1·1 ·1 ••· ''I ·j C !·1 ·nv--·\'•t 1r· c l· .. ·1 ,),,;., (:) ___ 1..r., l :1 

' •. l,1, (.. • ...... ..-1:.'_ 1··..._\ ,..::' . 
... . ' .. ··, .~.:, ... · .. ···.~ ,• ,; ,, .. l ,/)' ..... 

D;;1to (Upt1on:,1I) : ... (/.-::-:"°J/ .. '/./...d:L:Y. .. '!.. ........... . 

'11""·1·1tlJrP· / "-.' , ,··i ,,· 

r
". "'· "·1·:·· """ ', __ '//_,,·""""'""" \ .......... .J/::< .. ·<,, ... '" """'""'"'""""""'. ""'"""'"'""'""""' ."'" ."'" · .. """'"" .. · ........ · .. · ......... _ ."""" '""""'" """""""'"'""""'"'"'""" 
NolE!: An ;ipplictttl(JI) ckit:i shocl (PTO/SB/-14 c,r 0quivn!rmt), ine!udino nflr,-11ng tlrn mHire inv@Uve rn1lify 1 nHisl acco;npm1y !his form or mw;t hav,; 
bmrn prnvio,11,ly fit(,d. Us(, an mJdilk,n:il PT0/1\!NO'I forrn for mich addilk1(w! i11vr:111tor . 

.............. , .............. , .... , .......................... , ...... , ..................................................................... ~ ......................................................................................................................................................... ..: ............... -.. ................. : ... , ................... : ....... ~, ........... ~-.; .... , ............................................................................. ~ ............. -.:,,.,, ................ " ................................................. .. 
Tl1i,: col;,,c:lil1'l ,,r ;r1!c,rr;;,J1lon I$ 10qt:lrmi by c:t, LU,.C. 11 ii ,.111<.l 3/ CFI~ ·1.c:3. Tiw. iflfor11i:-'licm i~ rt1qp:r,,d t,., 1.11.>t,;in or r<H,Jin a t,~n,1m by !tit, plihlii; wh:ctl I& lt) ii!r, (amJ 
by li1<, llSPTO to pr\)(«):,:,) M1 nr,pllo;i!inn. ConlirJ,mtinlity i~JJov,,rn,,rJ tJy '.l!i lJ.t,.C. ·;22 mid 37 c1:1~ t.·! I and 'f.H. Tills coliodion i,; ,,$!i111,.it"(J to t,ikE> l minut,s tr; 
cmnpl,,tE,, ,nc!ucHng nalher,ng, pr~1p,1rin\J, ,m(i s1.1umiHin,1 the wmple!ed appl1@tion foim k1 !Im u~a>TO. ·nnw wm vmy dop(:nrlln\J up(111 lhl, indivirJ1rnl cMe, Any 
c:c»11m,mt. '-'11 !t;o amc,unt or time ym1 ;,)(]uir,,i to :J<J/llpiet,, thit: lorrn ,lnclM i,lsnnesti<.>11>, for rr,1J1.11;tnrJ thlB IJurd(<I\, 1,t1r,u!si l1,1 ss1nl to 1t1r1 Cl1i<lf !nfwmH;c,n Otiic;;r, U.l,. 
!':,11,r,t w-,d Yrr,rbrri:·11"1-: OHicr,, !.Ut Ot1pmtir1t,nl nf Cmmm,,-,,,\ P.O. Box 1,ii\O, /1!t·::«tndd:,1 1 VA 22:3·13.·1<1&0. 1)0 N<Sf :~E~-if) FH:S OH <~O!vlf'LET!cO FOl~M~, ·ro 
THl:l /\Dl)fff/3:l. SEND H): Cwnrnissi<)nur for PaltHlt~., P.O, Bo:< ·1450, Alo:<ancl!i,i, VA US·\:3.-'!<rn(l. 

n vou Med 11:;Mswm:e In <:xlmf)it111n9 I/J0 rcmn, c,111 -/-uoo-Pt0-Di$9 ;;n(i s,;1ecf.-,ti/irm :?: 
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>'TOIAIN01 (06,12) 
Appmv;,d !or <JS!<> thwwgh 11130/2020. O.'vlll 0651 ·0032 

IJ.S, P<>t<Jnt a,><.I T1'ild;,mijrs OffiO<l; U,S, DEPARTMENT OF COMMEHC<i 
Un.:J•Jr thB Pa~~l"\\l<.1~k RBductlon Act of 19H!ii no ~~'i'¢Ons ;sm !"fx.wlmd tu r$t:pomj t,;:i. a c,:.1H<3ction ,:,f" inforni~tk.1n un;,;j~ H (11"$~:....)~ a vaUd 0MJ3 c<:mtsrJi numt>~r. 

C ...... ~--·--·i;'i;c·~»~;:~;;·{;;~;;;·;~~>-;;;·~;:;~:-;;:;:·o;"i;EsiGN--;~;·ri.ic;;i"o;---~;1;;-:;;--··, 
.APPUCAT!ON DATA SHEET {37 CFR i,'it1} ) 

,/ ---"-~"'"'~"~'="-"<-'=-'="="-=m.-~~--""-""-""-~-------------"'-~--~""---""""-~+ ' 
Titl,i of I MOTION AND NOISE M·lT!FACT DETECTION ANO FiECONSTRUCT!ON 
lilv~ntion ALGOFHTHMS FOH PHOTOPLETHYSMOGHAM AND EQUIVALENT SIGNALS 

l .................. "' ... """"'""""--t.......,....,-.;,,. ...... -.:,..,...,.,,-..:,.:,..~ ........................................................................................ ..,. ................................................................... .._, ................................ ""'"""' ... ~~~ ... - ...... ~,~~ ......... ,..._ ... ~, ...... , ............ , .............. ~ ... ,,,,,,,,,-----,,,,,,,,,,,_,,,,,,-,-,,,-

A, the billow namad inventor, I haraby dectar,;i th,:1t: 

This ctec!amtion 
is dirnctad to: [] The attached ;.~pp!ication, or 

~ United Statas appfication or PCT intema!iomil applic;Hkin number.'15/010 ,345······················--·-
() -i, r)(} • .<)Q ~ t.' 

fi!ad on ..... '. ... ~·'· .. ~' ..... ~:'-~--------------·····-······ 

'Tfo, abovn-·iden\!fiad application w.~s mac!!~ t,r authorizacl to be made by ma. 

l boliave that I am the ori~Jirn~I invantor or an original Joint inventor of a c!uimod invanHon ln the application, 

l harE>by acknowfodga !hai any willful fafsa statement mada In this declaration is puni,;habla under 18 U.S,C. 1001 
by fine or lmprisonrmint of not more than five (5) ya,irs, or both. 

WARNING: 
Pfi!iiicnar/appflc~nt fs cmi!iormd to avoid submitting p€m,onai information in docwrnants fifed in a patent application !hat may 
co11tribute to identity theft Personal Information such as smcial SElCurlty numbf~rs, bank a!':f:ount numbers, or credit card numbers 
(other than a chack or credit card authorization form PT0-20~~8 s1.1bmittm;t for payment purposes) is never r0quirnd by the USPTO 
to support a petition or an appli<mtion. If this type ot pGrstmal information is included in documents submitted to the USPTO, 
potiUonern/applicanls should consider mdm:!ing suct1 pernonal information from the documents before submitting t~mm to the 
USPTO, P1,titloner/applic,:1nt is advised that H;e record of a patm1t application is available to the public aftm publication oftha 
appHc.atlM (unless a nofl-public0lion request in compliance- with 37 CF}"{ 1.213(a) is rm~di, in the applic.ation) or issuance of a 
patent. Fur!hmmorn, tha rncord from an abandonml 0ppllcation may also b0 ,1v0ilable to the public if the appli<:ation is 
rnforenciid in a p,1blished iiipplication or an issued patiint (sea 37 CFR t i4). Chee.ks and cr<:ldit card authorlzation forms 
PT0-'2038 submitted for payment purp(JSes arn not mtairrnd in tlw application file and thimifom me not pubfidy awillable. 

LEGAL NAME OF !NVENTOH 

}nvanlor: . Duy Da0,..,,,//:·/ ................................... ______ .............................. Dnte (Opl1om11, ; ________ Q} ;10(/;~ ? ....... _ 
Signatt,re: ._. ___ , ::: /<>~ ,.J:;_;::.;::::;-·· _________________ _. ........... -. ................ -----------·--·---, .................................. -.-, ________ 1 

---·-··----···· 
~~ ....... ,,~,,,-v.,v...:-.~'1.t..~ $,,:; "" 'I('<' .--............ .....-....-......... ~~~~ ........ , .. ,, .. ,, ....................... _ ........ "'."""""°" ............... "'~~ ... '"""'""""' ............ - .......... ~...........,.""'"'"~ 

~fote: An ,1pplk'fftion d11tn<i~:m:rnn'll or equivelent), Jn(;ltlrlln!) miming the enUr•) lnvuntrvf, m1Uty. rmmt Bw..-,mpany thlis fonn or muf!t. ha.vu 
been pruvl(nmly 111.ed. Use an acldltiomi! PlO/.<\IA/01 form for 1mch mlditiorial inwmlor. 

11,, ............... "'-"""'""....-..'«"-"'°'~"o.'lo,.,~,............,......_ ,. ,voi 1; Q :a: aaia:: c:::i=~~=t ~ "" "" ~ > ~ ~:a::i::: :;::a::o:~~~.~ i.r ":> ~ : ::a: :::::n:::a::: ~ 
1"111~ l:<Jll~~llll of lnform~Uon 1,~ requJm<f by 3n lJ,S,C, 1 HS and 37 CPR 1.63, lhe ln!omm!lon In req<Jl~'ld to obtain or mtal11 a lwnljflt by ti>* l)Ul>lki whlctr Is !fJ til;i (11n<1 
by the USPTO to 111o<:,f>~6) ,m aµµlil:~Uon, C<lnf/dt)nt/1;ilily Is govem..,1'1 lly :m WS,C, 1ii and 37 CFR 'I, 1 f 1100 i, 14. l'hfa r;,:,l~:ti<Jr, Is <18tim&ted ~~ tak,i,, 1 mln11te to 
lx.1m1)let<,, incll,Jding gAthwino, prepMng, tin,j submitt!l'i() the mmplF>t,~d 1mpli~tir.11 form t~, the l!$i"l'O, rim<! w!ll vm-y deri,,n<.111111 upt,n tha lndlvi\iu~I e<>~n. Any 
com,11,,nt,; on th~ an1t>ltnt rn' Um<o yo1J r~(1llire t,:; complete \his l(irm 1111<.!k,r sugw.sU~os for r~rJud11(1 lh~1 ()urd1m. ~!)()Wid b!i sent to Uw Ch!Df lnl,;rrr,~Uon Offir.tir, U.S. 
P,)tE>nl t\(1(! 'fradem11r, Olfaw, v.s. Oepanm1;ot of CommD,:r~,, f',(), Bm<. 1460, /I.IGK3110~(J, VA 22:113-14!>0, 00 NOT SEiNl) f H:S ()I~ G()Ml>tF.TE:t'l !'ORMS TQ 
mis A.Cl!)R£SS, smm TO: CommhHiltJmw for PMiml&, f.<.O. tlox ·!MIO, A~iumdi-ui, VA 1,t31:M400. 

lr'yo11 M~d 11$.~lslllflc:t< in <'<Jmp/~ling 1/r(I furm. <'<1ll 1,,/J()O./>if'J..91&0 Mei s<>i,1r;/ o,,#Qr, ~-
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Doe c:ode: Oath 
Docurnent Descrlption: Oath or declarnfiori !1!<:,d 

PTO/AIN02 (Ol-1:1) 
Approved ror use tt1r<.J1)Qh 111~0/?.il?.O. 0MB 005·1-0032 

U.S. Pa!r,nt an<J Trn,:lomarx Qffko; U.S. DEl'AffiMl:Nr OF COMMF.:f,CE' 
Urn.kn thn Pfaprnwor!:; Hoducifon Act of ·1096, m) p8rsons am rnquin..·u.! to n1sp0mi ti.) a <:-dlr:cHon of inforn:aiion unk~1.i-s It 1Jk::pa~ys a v~lkJ OM8 control f\Hrnber. 

/ SUBSTn:u:rE STATEMENT !N Ut~U OF AN OATH ~f~ OECLAHAT!ON FOR UT!l:!;Y -,'\ 
~ OR DESIGN PATENT APPLICATION (35 U.S,C. i'rn(d) AND 37 CFR 1,64} ) 

--.;~!e of''"IMCHION,!\ND,NOISE.J-\HTIFACT-DETE:CT!O~'/\ND,F<.ECOf\J~'3TF,~UCTl_ON ,,,,,,,.J,.,_,,,,,,;·,,.1 
lnv,rnHon ALGORITHMS FOR PHOTOPLE.THYSMOGF<.AM /\ND EQUIVALENT SIGNALS 

....... ._.,..,.,.,....,.,.,,.,,..,.,,,-..-.,-.. ,.,.....,.........,._""""" ............... ~-........._ .. "' .. '"-"''"--""'"',;,,v,c,,:,n,-..,-.v~,~v,-..,.,.,-..,-..·,,·,...-. .. ......,. ................ ,-.-.-.-..-.-.. .. -.•v-.-....-. .. , ......... , .. ,_ ... ....,...............,.,,,......,.."°"-... -."°"-.....__.__..._..._~..._ .... ...,,._..._ .. ..._.._.._..,. ..... -.-....-.-.-.-.-....-.-.-.-..-.-..-. .......... ,-.-..-. ............. -. ......... , 

This staleinent is dired,~cl to: 

[.] Th0 nltach0d 0pplJcation, 

on 
'1 r.-- ·o 1 (} ') A r: () '1 2 9 2· ( '1 6 ~l · , , , ·.. , , ,)/ I , , ,__) -r,) "' .. ,. = ,. _) ) 

L~JUrntecl StatE,:. appl1cat1on or ~;c ! 1ntemat1onal appl1cntion n,imbr~r --·--------·-·--·----·:.,. ................ fifed on .................. ______ . 

LLEGAL NAME of !nV{l~?r to whon\Hlis~s~bstitlltv sfat0m0nt appllos: """"""'"''" -"""""""""""""""'"""""'"'"""'""' 
(Eg .. Givon Name (first and middle (if Bny)} and Family Name or Surname) 

Jo 'Noon Chong 
....._.....,....,.,,...._..........,.....,....,...._,....,._.....,....,.._ .......................... ....,... ........... .,.,., ..... .,......., .. ...,....,y•;,,>---...._,=,A'•'._..,,,....,......_..,..,,..,..._.._._._....,.,,._.,,, ........... -.....-..-.....-..-..-..-..-. ..... -....-. ........ -. .......... ...-. ...... -.,.....,,....._ ... ......,.. ............. , ................... ,.,.._ ........ c,;w.,u-.;...-...-..x,.;,,-.,-..,"""0.,......-......._._.._._ .... -w-.....-.-..........,..-.-., ................. ,. ..... ..,..-

TF.:xas Tech University 2500 Broadway 

1 be!iev,, the above-narned inventor or joint inventor to bo \he origirnil inwntor or an origin<-11 joint invent<>r of a clflimrnj lnventlon 
in tho apptication. 

Tlle above--ldentified application was rnad0 or authori:rnd to b0 made by rne. 

i herdiy <1cknowktd8(~ that any wiiifu! false :,tatem0nt mn,jo in this ~;talem,,n1 is punl~;hc1ble under '18 U.S.C. 1001 by finE! or 
irnprisonrn(mi of not morn th<1n five (6) years, or both. 

r.·--·1 , ..... , Legal f~epresent2.tive (for dec0as0d or !Ggnlly incapacitat(,d Inventor only), 

l:~_,_·!!t_··.'_1!, ~~ .A.~;;;i~Jnee, 
r---1 l. .... ! P0rnon to whom lhE, inventor is under an obligation to m;,;iqn, 

[] Person who 0H1erwl1;e i;llows a suflici0nt proprietary inte1\l1,t in the n;aHi,r (petition und1~r 37 en~ 1.46 is requirr~d), or 

[] Joint inventors 

", , ' . ---------------·--rf;;g~;·1 oLiJ · ,_ ___ - -----, · '"" """ ' 
This <.,o!(,Jdion o! lnf(J(ff)aHon ls it~quirr:d by 3:J U.S,(;. 115 Flf'td 'J( CFH ·t.na. ThB lnformriuori is r<;quiro<J t0 fihtoin <:H wloln l:'l benfi!'it by !tio pubHt. whict1 is t(> filt; (and 
liy \!10 urn.>"fO lo prr,c,rn,) an ~pp!k,,,tion. C•)n(ici,,nti:,lil)' I~ i1ovr,rned by 35 U,$.G. ·122 and 37 CFf11.H rJnd 1.'14. This co!fc,;Uon Is <JGtim,~t«tl to i~ka 1 min\Jk'>tc; 
comp!ek\ induciinH l-H~therinn. pr.:-pafinu, and submitting -the t:ompi0ted «p:>t!caHi:.1n torm to ltH) u~;PTO ·nrnll wiH vory flt1pC:lnd!ng upon thi; indf1,~du;~J t~?,~A:\ Any 
comrn:mls on lhc r~:nounl cf llme yo(J require 1<; c1..vnpl~1tt;: this fcrm :Smi/or Sll(HJE>Stlons klf rec.fwcint~ thf):; burdt1n, ~hould h1=1 :s~nl to the Chi6f lntOtm-.::Ur;n Or!iC-$f, 1,...t.f;. 
!);jif:nt an,:j Trnde:n;.ffh OHiCt-)~ u.~:;. Dt:ipBrtfi)(:lr)t of con1mf:(C:e, fl.O. Box i:i50, ;\J.:-x::,n<fr1~. VA 2231~1-·Msn. DO NOY H[Nt) F~ES Oi~ GOMPU:"fi~t:} FOf~MS 'f(i 
YHIS 1\Dtl!'<Eco8. $ENO 10: Comrnh;si()nur f<Jr h1tonts, P.O, nox ·t450, J\k:xamirl;,, VA 2;,3·13.1z1Bo. 

h' yoa n(:t"u.1 ;;f;S/:;t~n:.:<J ln completing the form, i::siJ f.,iiOO PT0,9i9ft sno S(1l$Ci op1.,·on 2, 
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i''l0/SB/AIA02 (07 • i:>) 

,\µproved ior ,;;;e Uirougtl i 11;w1202n. 0MB OM1-0032 
l.},~:. f!~;tent and T:i.:1dttrmlfk ()(nee; U.U. DE:PARfMEr·JT OF GOMMERC!; 

Und,;~r th0 F'ap<:.rwork RG<lL1olion ,'\ct of ·i 005, no pi::rson~1 are requlrnd lo roopond to a col\Bc!it)n of lnform1:1t1on tmit1SG ii <.ih.:pk-;yij n valld OM8 ccmtr<.il numtJ(if. 

( , SUBSTITUTE STATEMENT • - ) 

'-..._,,._.,,............,.,..,...,.,._..,.,..._.._ .. ._,._.,., .. .,., ... n-..,,,-.,,.,._..,....,..._,.._ .... ._.,.._._._._._._,._._,,-.,-.-.,-.-. .. -.-. ...................... ._,u,,.do,•e,._-.,,._..;.,. .. -.-.-. .. -,...,,..........,,._._,,._,,,-..,-..,-.., ...... -.,,,..,,-. .... -. .... -.-......_ .... .._._.;<•"-'-:'-"..._..._._....,.,.,,,-.-.·,,·,-..-.,-.,.,....,.,,,-.,-. .. ,-.-.,.....,,...,.,._......_._._,,..,.,._,y , .. -..-.-.., ... -..,-.-...._-.,,-.-..-..,-."' ... 
................................................................... , .......................................................... ..,.,.,.-:,,,,.,.,, .............. -~ ............ '"' ................................................................................................. ,.,,, .. "',. .... ,._ ..... ;.,,...:,..-.,, ... -. ...................... _.. ....................................................................... ..., ....................................................................................................... -... .......... ,...:..;..-. ........... ... 

Circum,;f::inces pennit!ing execution ofthis substitut(, statement: 

[.] Inventor ii\ dec0a<;ed, 
[ ..... , 
.... .I 
[i 
[] 

fnventor is under iugai inc:apacity, 

Inventor cannot be found or reached alter diH9ent effort, or 

Inventor has rofused to ex0cute the oath or declaration urn;er 3'1 CFH i .63. 

If tr1ere Me Joint invt,ntorn, pie::imi cr1eok the ::ippropri::ite box below: 

[~J i\n application dat11 sh,Hlt undm· 37 CFH ·1 .76 (PTO/AIN14 or oqulval,mt) naniin9 the entire inventive entity l1as been 
or is r;urrently submitted. 

on 
[] i\n application ,iai,: sheet under ~rr GFR i .76 (PTO/,W-\ii4 or equivalEmt) hm; not been submi\!<~d. Thw;, .~ Substitute 

Statement Supplemental Sheet (PTO/AIA/-11 or 0quiv0lent) naming th~i ;Jntire inventive 0ntity and providing Inventor 
information ii, att,1ch1,d. t'lee 37 CFR i .64(b ). 

PEltltioner/applicm1t ls cautioned to avoid s,1bmltting persona! Information in documents filud in a p.~tent application !hat may 
contribute lo identity theft. Personal inforrnution such as social scicul'ity numb<3rH, bank '3ccount numbers, or credit c,~rd nurnbers 
(o!hor thM a check or crndit card authorization form PT0-2038 .:submlttr~d for payrn<:m! purposes) Is never required by the USPTO 
to ;;upport a petition or c1n c1ppiication. If thif. type of personal information is included in documents submitted to ihe USPTO, 
petlt!oners/appllcants slwuld comiider redacting such personal inforrnation from lhe documents befom m.1bmitting them to th,, 
USPTO. Pelitionerfappllcanl Is advised that the record of a paknt applioation is available to thB public alter pub!ica\i()n of thu 
application (unlo,rn H non--publ1caiion requ<~st in complbnce w!th 37 CFH 1.213(a) i:, m,idu in thEJ ,1pplication) or issuancn of,?. 
patent. Furthermore, the record from ,rn abandoned application may also be av,iilablt3 to tt1,1 pvbllc if th0 application is 
refoftmc:nd in a pu~;lisiK,d application or an issued p::it<Jnt (see 37 CF!~ ·1. 14). Checks and credit card ;;1u!horlzaflon forms 
PT0--2038 Sl1brnitted for pilyment purposes are not retained in tho $ppiication file ,md thewfor0 are not publicly avai!<1ble. 

'l~HSON EXl:ZC:tJTING THIS t}UBSTITUTE STA YEMHNT: 

"'""·Todd _8.f<eil 1;:::, . •. ~c ---·-- -__ ~ ••• (Optiom,I)• '" ·-·-

<'~/ . j }/ -J 
~i~J,ature: ,----------~~/@:<OQ<:7. f [;_'\-f,,{j(,----·::~--~~==:~_,, ~ '"""""""'--""""""""' , , '" ~---"""""""'""--"'"__.",-·« 

APPUC,<\NT,N,<\ME AND. Tffl/'. OF _PERSON EXECtJTJNG TH.IS SUBSTITUTE STATEMENT:_~,-------------------~----------------­
!f Hie appl!cant iB a juristic ,rntily, lk;t the app!lcant nam,; ;rnd the title of !he signer: 

Worcosh:Jr Polytechnic Institute 
Applicant Name: 

Title, of [->Grson Executing [Y . , s t ll 1 1· n t i ! t' , , 
This ~~ub!,titute statement: .. 1rector, srMJ oc1.11a r· roper y tmo nnova 10n 
'Y!w sinn<,~I'. Wh0Sci litlefo sup )fted above, hi' author/i6B to ac:t on bctialfof the ,l. plicant.""""'""""""'""""'"'"""'--"-""'"""'"'" """"' 
R!lsid~-1)(:(~ of tlw signor lut~ei,s nrovidoc(in an apiiffcatk{n cloita'silellt, PT5iAlX!i4 or (ll1Ulv~{ont):"-'"'"'"'""""'""""'""""'"" 
··-----"-"'-----A--------"···'*''"'''"'""""-,----···--·····-···---1·----=-----------···-------------·--

g_i_~L~~-~~~~~~~~~~:!~-------------·------------J~~- 'V!~----·"'''"__b~try U_? ------- , " -·---------------·"" Mi!l!ln~1 AdctroS$ of Urn sit111er (un!Eiiss provid1~d in ,m ,;pplilrntlon <lat,, sheElt, PTO/AIA/14 or oquiv,ihmt} 

H.lO lnstit.utt~ !~~oacl Worcester, MA 01G09 

~:~:Vv~;-r:·~·;;·io ~---·-----------------~~~:·t~--M·A---------------·---·[~·::·0·1· e'og ___ J(~:,~~~~: .. lJ s--
--------------··--·----------,-------------------1-·····---·-.. ·----·------------------ .. ,[,.________________ ---~'-'" " 
Not(i: Uso an additional PTO/Al/\/£J2 forn, for e1:1ch lnv~Hlk)f who i!l ,foceasecl, 10n.1i!y hw.1pa~~ltate<i, cmmot be (OLlfHJ or w,wtHid 

,1ftisr <JiligEmt effort, or has ref1.1sec.i to (!Xisctit<~ tll~1 1)ath or dr~claratlon undBr :'l7 GFr-l 1.63 . ................................................................................. .., .. ...,,.,~,,."'""",..... ..... ~~""" ............ _ .......................................... ..., ........................ ~-.. --...... -........................................ -: .................................................. _ .... .._ ........................................................... --
{P::ii1il .2 of 2] 
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Application Number: 15010345 

International Application Number: 

Confirmation Number: 2095 

Title of Invention: 
MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION 
ALGORITHMS FOR PHOTOPLETHYSMOGRAM AND EQUIVALENT SIGNALS 

First Named Inventor/Applicant Name: Ki H. Chon 

Customer Number: 26486 

Filer: Orlando Lopez/Susan Jones Oujli 

Filer Authorized By: Orlando Lopez 

Attorney Docket Number: 30210-216 

Receipt Date: 08-MA Y-2019 
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Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 
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no 2 
drawings uresl A 1 C.pdf 
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af91 

Warnings: 

Information: 

511331 

3 Application Data Sheet 30210-216_CorrectedADS.pdf no 7 
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a1724 
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117937 
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Information: 

769129 

5 Power of Attorney 4706_001.pdf no 1 
1 ec51 8e1 b3e 1393f39fab7deab 1 bd0df0d2 

a75ca 

Warnings: 

Information: 
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Information: 
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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/E0/903 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/R0/1 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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Atty Doc. No.: 30210-216 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Ki H. Chon Confirm. No.: 2095 
Application No.: 15/010,345 Group Art Unit: 3791 
Filed: 01-29-2016 Examiner: SHOSTAK, ANDREY 
Title: MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION 
ALGORITHMS FOR PHOTOPLETHYSMOGRAM AND EQUIVALENT SIGNALS 

To: Mail Stop Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Burns & Levinson LLP 
125 Summer Street 
Boston, MA 02110 
(617) 345-3000 

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS AFTER 

NOTICE OF ALLOWANCE 

Sir: 

In reply to the Notice to File Corrected Application Papers dated March 13, 2019, 

requesting submission of replacement drawings, please find enclosed 2 sheets of 

replacement drawings consisting of Figs. 1 A and 1 C for filing in the above-captioned 

application. No new matter has been added to these drawings. 

The Director of Patents and Trademarks is hereby authorized to charge any 

deficiencies, or credit any overpayment, to Deposit Account No.03-2410, Order No. 30210-

216. 

Dated: May 8, 2019 

4822-0434-2421.l 

Respectfully submitted, 

By: /Orlando Lopez/ 
Orlando Lopez 
Registration No.: 46,880 
Customer No.: 26486 
Attorney for Applicant 
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FIG.1A 
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PTO/AIA/14 (03-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

CORRE cm 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 30210-216 
Application Data Sheet 37 CFR 1. 76 

Application Number 15/0102345 

Title of Invention 
MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION ALGORITHMS FOR 
PHOTOPLETHYSMOGRAM AND EQUIVALENT SIGNALS 

The application data sheet is part of the provisional or non provisional 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 
Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 

D 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 ! Rijmp,x#: fl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Ki H. Chon 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Worcester I State/Province I MA I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 c/o Worcester Polytechnic Institute 

Address 2 1 00 Institute Road 

City I Worcester I State/Provi nee I MA 

Postal Code I 01609 I Countryi I us 

Inventor 2 !f Rim~~ fl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jowoon Chong 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Worcester I State/Province I MA I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 c/o Worcester Polytechnic Institute 

Address 2 1 00 Institute Road 

City I Worcester I State/Provi nee I MA 

Postal Code I 01609 I Countryi I us 

Inventor 3 !: ,,,,,RimW#., Jj 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Duy Dao 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 
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PTO/AIA/14 (03-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
CQRREC"'(jliiQhe 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 30210-216 
Application Data Sheet 37 CFR 1. 76 

Application Number 15/0102345 

Title of Invention 
MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION ALGORITHMS FOR 
PHOTOPLETHYSMOGRAM AND EQUIVALENT SIGNALS 

City I Malden I State/Province I MA I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 c/o Worcester Polytechnic Institute 

Address 2 1 00 Institute Road 

City I Worcester I State/Province I MA 

Postal Code I 01609 I Countryi I us 

Inventor 4 !] iimii'.¥. Jl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Hamed Salehizadeh 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Worcester I State/Province I MA I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 c/o Worcester Polytechnic Institute 

Address 2 1 00 Institute Road 

City I Worcester I State/Province I MA 

Postal Code I 01609 I Countryi I us 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
!J \Mi ti 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 26486 

Email Address docketing@burnslev.com I !i 1%\ijij:)$.fo\j :::::,1 IWMiitwsmm:1 

Application Information: 

Title of the Invention MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION ALGORITHMS FOR 
PHOTOPLETHYSMOGRAM AND EQUIVALENT SIGNALS 

Attorney Docket Number 30210-216 I Small Entity Status Claimed ~ 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I a I Suggested Figure for Publication (if any) I 
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