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Figure 5

Bottom plot shows example antomatic marking of QRS complexes (squares, as in 504) & detected ventricular
tachvcardia (circles, as in 503). Note the computed dynamic confidence signal 505 (dashed line on top
plot) 1s updated for each cardiac cycle and varies with QRS amplinude & noise.

\ Input ECG Signal and dynamic confidence sighal shown as dashed line
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Figure 6 — MDSP
Example of denoising performance on three lead ECG processed with PCA ICA, and MDF

#  Quality of siznal reconstruction for each of these technigques is a3 shown below for each lead of the 3-lead recording:
*  MDF embodiment of MDSP [98% 99% 92%]
* PCA[83% 68% 71i%)]

ICA [2% 1% 4%]
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Input ECG signals processing with PCA processing with ICA processing with MDF
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Figure 7
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Figure 8
Example result of ECG input signal processed with MDSP demonstrating
denoising and morphology preservation for very noisy signal

Note that the morphology of the P and QRS waves are preservad after denoising (802).
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Figure 9
Example of atrial activity extraction in an ECG with atrial flutter using an MDSP embodiment
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Figure 11
Example of background noise removal from a PNA signal
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Figure 12
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Data flow for computing an emphasis signal of a desired signal wave using an
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Figure13
QRS detection performance of an MDSP embodiment on a challenging ECG

\ ECG with bigemeny after processing with MDSP to remove noise and detect QRS
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Figure 15
Example of respiration signal derived from an ECG
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Three-dimensional ECG image created as an intermediate step in data compression

Figure 17

Sorted Cardiac Cycles

Sequential Cardiac Cycles
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Figure 18
ECG Remote Monitoring System and Rhythm Strip Evaluation Process
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Figure 19
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Figure 21
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Application Serial Mo, 15/010,345
Office Action did. 914718
Response to Office Action dtd. 12/11/18

REMARKS

The Cffice Action of has been carefully reviewed, and this response addresses the
Examiner’s concerns, Applicants respectiully 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, 1924, 26, and 29 are canceled.

Claira 1 has been amended to include the Imitations of claims 2-3 and 6-7. Claim 10 has been
amended to include the imitations of claim 9. Claim 13 has been amended in order to render it in
independent, including the limitations of all the infervening 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 himitations included in
amended claim 1.

A

The Examiner, in the Office Action, states that
“The disclosure is objected to because of the following informalities: The use of the terms
MASIMO, MASIMOG RADICAL, INTEL, XEON, and MATLAR, which are trade names or
marks used in commerce, has been noted in this application. They should be (1a) in ALL CAPS
or (1b) accorpanied by the appropriate symbol (™, "™ or ®) wherever they appear, and be (2)
accompanied by the generic terminology. Sce MPEP 608.01(v).

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

marks, ceriification marks, and collective marks) are permissible in palent applications, the
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proprietary nature of the marks should be respecied and every effort made to prevent their use in

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

Applicants respectfully stale that a search of the Masimo website shows that Masimo does not
mark its name as registered and that a search of the USPTO website shows that the Masimo
name 18 only registered as a typed drawing that Masimo Radical is not trademarked (but
RADICAL-T is). Applicants respectiully state that the trademark SET is registered by Masimo

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

Amendments to paragraphs 28 and 29 of the specification find support in paragraphs
29, 3% and 37 and elaims 10, 12, 14, 16 and {8 of U.S. Published application 2012190947,

which is incorporated by reference in the present application.

CLAIM OBIECTIONS

Claim 5 is objected to because of the following iformaiities: the recitation of *“Mahine” is a

typographical ervor and should instead read ~-Machine--. Appropriate correction is reguired,

CLAIM REJECTIONS -35USC § 112
Clatras 1-36 are rejected under 35 ULS.C 112(b) or 35 US.CL 112 (pre-AlLA), second paragraph,
as being indefinite for failing to particularly point out and distinetly claim the subject maiter

which the inventor or 8 joint invenior, or for pre-AlA 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 clainy i3 read in light of the specification.”

Orthokinetios, 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 §, 9, 12, 15, 16, 1R, 26, 29, 32,

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

claim indefinite. The phrase "equivalent signal” is not defined by the claim, the specification
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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
what kind of signal would be considered an equivalent. § 8028 of the specification defines them
as signals which behave Hke PP signals, but it is unclear what behavior/signal gualitics 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 o 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
detatled m g recently published paper {see also PCT Publication Mo, WOZE12100175,
corresponding to PCT/USZ2012/022049, PHYSIOLOGICAL PARAMETER MONITORING
WITH A MORBILE COMMUNICATION DEVICE, filed on January 20, 2012, and
corresponding 118, 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 , (1.8, 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 frov a pulse-oximeter.” Fig. 2a is

reproduced below:

16 Petitioner Ex-1004, 0239



Application Serial Mo, 15/610,343
Office Action d14/18
Response to Oifice Action did

IR

ia
Ay i
‘ %\ | ’2 -j: ﬁ{% o f' ;‘,&
g : 51/1 / g@f - ’ i &[‘“f /
= E[ i | ! J "
{_.hj 3 3 i 3
W{} 2 4 8 8 10
2b Time (seconds)

The above s a reflective PPQ signal. The typical PPG signal is a transmissive PP 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” entaiis.
Applicants have amended the claims to state “siguals used as PP signals,” which has support in

paragraph 81 of the specification.
Regarding ciahms 3, 6, 9, 12, 26, 23, 26, and 29, the Examiner states that “they each recite

“hereinatter referred o as” or “referred 1o as,” which are narraiive recitations that fail to

particularly point oul the invention at least because reference is made to subsequent claims, The

ferma 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 {o a subseguent claim,

Regarding claims 1, 3, 6, 7, %, 18, 12, 13, 18,28, 23, 24, 26, 27, 29, 34, and 35, the Examiner

states that “the separation and interoperability of elements 1s unclear because the ¢laims use a
p

17 Petitioner Ex-1004, 0240



Application Serial No, 15/010,345
Office Action did. 9714718
Response to Office Action dtd. 12/11/18

senpticolon, instead of e.¢. a conuna, to further detail particular elements (see e.g. line 5 of claim
{s the semicolon intended to introduce a new step, or to further limit a detail of a previous

step?”

Applicants respectfuily state that the only ruie stated in the rules and the MPEP is that a ¢laim is
a single sentence. The use of semicolons and sentences i3 well accepted in grammar (see, for
example, Margaret Shertzer, The Elements of Gramumar, pp. 8§8-99, C. Edward Good, A grammar
Book for You and  {ops, Me), pp. 378-380, Karen Elizabeth Gordon, The Deluxe Transiiive
Varpire, 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 Infernational Application Publication WO
2013/043157 (“Brockway™}.
Since; semi-coions have been used in these claims, both for independent clauses and for
separating clements 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 interpraia‘tim can be seen in 3Form, Inc. v. Lomicore, Ine. (Fed. Cir. 2015,

f00p ‘eoedenti ..

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

when the claim is read in Hght of the specification, the clatms are definite.

Regarding claims 1, 18, and 35, the Examiner states that “the second recitation of ©
segment” makes it unclear whether this is the same as, or different than, the segment
4 5%

contermplated by the first recitation of “a segiment.

Applicanis have amended the claims.

Regarding ciaims 3 and 28, 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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Apphicants have amended the claims in order 10 make them definite.

Regavding clatm 19, the Examiner siates that “the recitation of “a noise quality index” in line
I yoakes it unclear whether this is the same as, or different than, the noise qualily index already
introduced in claim 187

Applicants respectfully staie that the amended Claims are definite.

Regarding claim 35, the Examiner siates that “there is insufficient antecedent basis for the

recitgiion of “the one or more processors” in lne 3.7

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

Claims 1-36 are rejected under 35 U.S.C. 191 because the claimed invention is directed
to a judicial exception (1.e,, 8 law of nature, a natural phenowmenon, or an abstract ideay without

significantly more,

As stated in the specification, extraction of the above mentioned vital sigos and other
physiclogical parameters using Pulse Oximeters is predicated on artifact-free PPG data, It is well
known that the PPG is highly sensifive to artifacts, particularly those generated while the patient
is in motion (Petterson, M. T., V. L. Begnoche, and 1. M. Graybeal, The effect of motion on
pulse oximetry and its clinical significance. Anesth dnalg 105:878-84, 2007). This imposes a
huge himitation on the usability of the PPG for ambulatory moniioring applications. Motion and
noise artifacts (MNAs) distorting PPG recordings can cause erroneouns estimation of HR and
Spid2 (Sahni, R, A, Gupig, K. Ohira-Kist, and T, Rosen. Motion resistant pulse oximetry in

neonates, Arch. Dis. Child. Fetal Neonatal Ed. 8&:F505-F508, 2003).

Although there are technigues 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

spectrum analysis, and blind source separation technigues, These technigues reconstruct noise
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contaminated PPG such that a noise~-reduced signal is obtained. However, the reconstructed
signal typically contains incompiete dvnamic features of the uncorrupted PP signal and some
algorithms are solely desigme& to capture only the HR and SpO2 information instead of the
signal’s morphoiopgy and its amplitudes, which are needed for other physiclogical derivations.
Moreover, these reconstruction algorithvus operate even on clean PPO portions where MNA
reduction s 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 (Krishnagn, R, B,
Natarajan, and 8. Warren. Two-Slage Approach for Detection and Reduction of Motion Artifacts

in Photoplethvamographic Data, JEEE Trans. Biomed. Eng. 571867 1876, 2010},

The method and system of these teachings solve the above stated problems with the present
technigues. The present techniques was compared with three other recently published MNA
detection algorithms: 1) Hiorth features (Hjorth), 2) thme-domain variability SVM (TDV-8VM)
approach, and 3} Kurtosis-Shannon Entropy (K5E) teatures. Performance resulis of each method
are presented in Table I, 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,

20 Petitioner Ex-1004, 0243



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

TARLE H, MEAN + STD. DEVIATION OF PERFORMANCE METRICS OF THE PRERENT VFCDM, OTHER METHODS

VECDM Hjorth TOV _ KSE

L Al 968 %14 | 7252107 *| 934£33 Y| 8331%73 ¢

® $ Seni 963324 | 4721288 | 8B8:78 | 566+179 ¥
Sped 977320 | 844246 * 1 967230 91511 ¥

G oo Accl 955 %22 | 695:218 *| 83814 *| 851:83 *

E S Sen] 9L1%35 | 5384261 *| 846:29 *| 687177 *
S 7 spel 963 %14 | BAS 8B Y| 943140 864+ 7.8 %

y Accl 977 14 1.1 £65 *| 944133 - *| 5851207 *

TP Sen| 96326 | 8351210 *| 947:234 34.6+122 *

*oSpeld 982 %14 | 962 % 3.0 947430 *i 863+157 *

4 o Accy 955 k24 702190 * | 86x23 *i 883%27 *

£ ¥ seny 832120 | 4112276 *| 852438 *| 7L5:z8B ¢

S ™ ospe| 97.2£21 | 884275 *| 95108 93.6£15 *

€%} tndicate siatistical significance (p<0.01) between the present method versus the others

{9611 Accurate detection of the start and end time of the MNA is important for the subsequent
reconstruction of the MNA-corrupted data in order not to miss the MNA portion of data for
reconstruction or avoid having o reconsiruet the noisy portion of the PPG signal when the data
segment is designated to be clean. To evaluate the algorithmt’s effectiveness in pinpointing the
start and end time of the MNA, the time difference of start and end points was computed
between the visual reference and detection algorithms’ results. The time difference is termed
detection transition fime, DTT, which reflects how acourate on average the MNA algorithm
detects the stari and end time of the MNA, Table [I provides DTT comparison of the VECDM
algorithm and other detection algorithins, As shown in Table 1, the algorithat’s detection
accuracy of the duration of the MNA is significantly betier than three other methods compared.
The algorithin is off by less than | second whereas the second best algorithm, the Hjorth, i off

by reore than 2 seconds and the least accurate method, the KBE, is off by more than 4 seconds.
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TABLE L MEAN £ STD, BETECTION OF TRANSITION TiME, DT T OF THE VFCDM METHEDD AND OTHER METHODS,

Algorithm DTT {sec)
VFCDM {.94 + 0.65
Hiorth 217 £ 037 ¢
KSE 4324+ 242 %
ToV - 275+086 *

(*} 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-corrupied data. The present invention enables the

use of PPG for ambulatory montioring applications,

Scetion 101 permits the patenting of "any new and uselul process, machine, manufaciure,
or composition of matier, or any new and useful improvement thereof” 35 US.C. § 101

L

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

exceplion: Laws of nature, natural phenomena, and abstract ideas are pot patentable” Alice
Corp. v CLS Bank Int’f, 134 5. Ct 2347, 2354 (2014) (quoting Ass 'n for Molecular
Pathology v, Myriad Generics, Inc., 133 8§, C1L 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 {o a patent-ineligible concept.,”
Afice, 134 8.Ci. at 2355, If it 1s determined that the claims are directed to a palent
ineligible concept, the analysis proceeds to step two where one must “consider the clements
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.”

Id {(quoting Maye, 132 8, Ct. at 1298, 1297).

Starting with step one, as stated in 4lice and as the Federal Cireudt has stated in Enfish, Rapid

Lizigarion and McRe, the inguiry should be whether the claims are directed a judicial exception.

]
]
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The directed to inquiry is based on whether the character of the clatm as a whole is directed to a
judicial excepiion (focus of the claimed advance over the prior art), Enfish, LLC v Microsoft
Corp, 822 F.3d 1327 {Fed. Cir. 2016); Rapid Litigation Management v. CellzDivect, 827 F 3d
1042, 1048 (Fed. Cir. 2016); Mcro, Ine. v, Bandai Nameo Games America, 8§37 F.3d 1299 (Fed.
Cir. 2016). The inguiry under siep one looks to whether the claims focus on a specific means or
method that improves the relevant technology or are instead directed to a resulf or effect that
itself is the abstract idea and merely invoke generic processes and machinery. Enfish, 822 F3d at

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

The ¢laimed 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-cormupted data and to enabling the use of
PP for ambulatory monitoring applications. The Applicants’ claimed invention does uot

attempt to patent a mathematical formula.

Although the Supreme Court has not established a definitive rule to determine what
constitutes an “abstract idea,” both the Federal Cirenit and the Supreme Court have found it
sufficient io compare claims at issue (o those claims already found to be direcied to an

ghetract idea in previous cases. Anfish, 822 F.3d at 1334 {citing dlice, 134 5.Ct, g 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 {echniques}), such as

in Digitech Imege Techa, LLC v Electronies for Imaging Inc., 7S8 F.3d 1244, 111 USP.Q.2d

1717 (Fed. Cir, 2014), which has been found by the couris (o be an abatract 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 g 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 fmage 1o a device independent color

23
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space through use of measured chromatic stimuli and device response
characlerisiic {unciions;

generating  second  data  for deseribing 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 prodile.”
Diigitech, 738 F.3d at 13501351, The Court had found that the device profile “as claimed, is &
collection of intangible color and spatial information” and held “that the device protile claims of
the '4135 patent do not encorpass eligible subject matter as required by section 141 and are
therefore not patent eligible.” Digitech, 758 F.3d at 1350, The Court states that “The above claim
recites a process of taking fwo data sets and combining them into a single data set, the device
profite. The two data sets are generated by taking existing information--i e., measured chromatic
stimuli, spatial stimuli, and device response characteristic funclions—-and organizing this
information info a new form. The above claim thus recites an ineligible abstract process of
gathering and combining data that does not reguire input from a physical device. As discussed

above, the two data seis and the resulting device profile are ineligible subject matter.”

During the interview, the examiner made reference o SAP AMERICA, INC, v, INVESTPIC,
LLC, 890 F3d 1016 (Fed. Cir. 2018). As the Federal Circuit stated, in SAF America, the subject
matter of the claims is " is nothing but a series of mathermatical caleulations based on selected
information and the presentation of the results of those caleulations (in the plot of & probability

distribution function). S4P America, 758 F. 3d at 101§,

In conirast, the present claim starts with a Photoplethysmogram (PPG) or equivalent signal and is
dirgcted {o determining whether segments of the signal are corrupted by motion and noise
artifacts or not corrupied by motion and noise artifacts. The corrupied segmenis can then be
removed. The present invention solves the problems brought abowut by the effect of motion on the
use of PPG signals and the distortion of the non-corrupted data. The present invention enables

the use of PPG for ambulatory monitoring applications.
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Although the specification is very articulate about the use of the present invention, Applicants have

defined in the specification, phy

respiratory rate foxyvesn saturation, 2 mensure of blood luas, and & measure of atrial

fibvillaficn, A person would not want their measure of atrial fibrillation o indicate the presence

of atrial fibrillation when there is no girial fibrillation or to indicate the absence of atrial
fibritlation when there is actual aivial fibrillation, The present invention prevents errors caused by

motion and noisc artifacts from cansing such problems.

Singe the present claun starts with 3 Photoplethysmogram (PPG) or equivalent signal and is
directed to removing the Hmitations on the use of PPG for ambulatory monitoring applications
and the erroneous estimation of HR and SpO2 caused by corrupied data. The present claims have

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

Applicants respecttully state that the present claims are more simtlar to the clalms in Research
Carporation Technologies, Inc. v. Microsoft Corp,, 627 ¥.3d 859 (Fed. Cir. 2010}, In Resewch
Corporation Technologies, the claims recited a mathematical operation of utilizing a blue noise

mask for halftoning of gray scale images. For example, claim 1 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 biue noise mask in which the blue noise mask is comprised of a random non-det-
erministic, non-white noise single valued funetion 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 g method of and gpparatus for the halfione rendering of gray scale images in which &
digiial data processor is utilized in a sirmple and precise manner to accomplish the hatftone

rendering.”” The Court also staies that "inventions with specific applications or improvements {o
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technoiogies in the marketplace are not likely to be so abstract that they override the siatutory

language and framework of the Patent Act.”” Research Corporation, 627 F.3d at £68-869,

As the Federal Circuit stated in SAP America, the present claimas are similar to the claims in
McRC Ine. v. Bandai Namco Games America Inc., 837 F.3d 1299 (Fed, Cir, 2016}, “The claims
in MeRO were directed {o the oreation of something physical— namely, the display of “lip
synchronization and facial expressions” of animated characiers on sereens for viewing by human
gves. Jd at 1313, The claimed improvement was to how the physical display operated (o
produce better quality tmages), unlike (what is present here} g claimed irnproverment in g

mathematical technigue with oo improved display mechanism.” S4P dmerica, 758 F. 3d at 1021,

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

PPE data in physiclogical parameter measurement.

As the Federal Circuit stated in SAP America, the present claims are similar to the claims in
MeRC, Inc. v, Bandai Nameo Games America fnc., 837 ¥3d 1299 (Fed. Cir. 2016). “The claims
in McRO were directed {o the ereation of something physical— namely, the display of “lip
synchronization and facial expressions” of animated characters on screens for viewing by human
eves. /d at 1313, The claimed improvement was to how the physical display operated (lo
produce betier quality images), unlike (what is present here} a claimed improvement in a

mathematical technigue with no improved display mechanism,”

Nimilarly, the present claimed invenfion has specific applications and improvements in the use of
PPG data in physiological parameter measurement where the output is a heart rate, oxygen

saturation in blood, blood foss, or the measurement of afrial fibritlation.

The present claimes are similar to the claims in Thales Visionix Inc. v, United Staves, 850 F.3d
1343, 134849 (Fed. Cir. 2017), where “the improvement was in a physical tracking systern. The
use of mathematics 1o achieve an improversent ne more changed the conclusion that improved
physical things and actions were the subject of the claimed advance than it did in Diwnond v,

Diehr, 430 U.S. 173, 101 5.CL 1048, 67 L.EA.2d 155 (198117 S4P America, 758 F. 3d at 1022
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Similarly, the present claimed invention apply mathematics to obtain improvements in the use of
PPG data in physiclogical parameter measurement where the ouiput is a heart rate, oxygen

saturation in blood, blood loss, or the measurement of atrial fibriliation,

As the Federal Circuit Court Stated In Finjan, Ine. v, Blue Coat Systems, Inc., “Starting at siep
one [of Alice], [one] must first examine the [application’s] “claimed advance™ to determine
whether the olaime are directed {0 an absiract idea.” Finjan, tnc, v, Blue Coat Bystems, fno.,
opinion 2016-2520 {F ed. Clr. January 10, 2018 (citing Affinity Labs of Tex.,, LLC v, DIRECTV,
LLC, 838 F.3d 1253, 1257 (Fed. Cir. 2016}

The application’s claimed advance over the prior arf, by outperforming 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 {o enable the use

of PP{ for ambulatory monitoring applcations.

Where the method of Research Corporation helped iruprove upon prior halftoning processes, the
methed in McRo improves the display of lip synchronization and the method in Thales Visionix
iraproves g fracking system, Claim 1 helps improve upon the use of prior methods of Motion and
Motse Artifact (MNA) detection in physiological parameter monitoring while avoiding the

problerms of distortion of the non-corrpted data,

Applicants respectiully state that the present claims should be found to be patentable subjeet
matter under section 101 a5 an improvement on the use of PP signals by solving the problems
brought about by the effect of motion on the use of PPG signale and to enabling the use of PPG

for ambulatory monitoring applications.

Step fwo

The Courts have recognized that the two steps of the Alice/Muyo test “are easier to
separate in recitation than in application” (see, AG (RNBx} dmeranth v. Genesis Gaming
Soiutions, Order Denying Motion for Summary Judgment of Invalidity, Central District CA Case

No. SACY 11-00189, January 2, 2015, BASCOM Global Internet Services., Ine, v, ATET

27
Petitioner Ex-1004, 0250



Application Serfal Ne, 15/610,3458
Office Action did. 9/14/18
Response to Office Action did, 12/11/18

Mobility LLC, 827 ¥.34 1341, 1249 (Fed. Cir. 2016)). Although Applicants do not acgquiescs to
the assertions of the Examiner to the effect that Apphicants’ ¢laims are divected o an abstract
idea, Applicants present the following arguments in response to the application of step two of the

dAlice/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. ... “{Alpphicationfs]” of such

(159

coneepts “*to a new and useful end,”” we have said, remain eligible for patent protection.” Adlice,
134 8. Ci. at 2334 {cliations omitied),
As the Federal Cirenit stated in Rapid Litigation Managemeni, under step two of the

Alice test, claims that are “directed 107 a patent-ineligible concept, yet also “improvel] [sic] an

existing technological process,” are sufficient to “iransformf] the process into an inventive
application” of the patent-ineligible concepl. Rapid Litigation Monagement, 827 F.3d at 1030
{citing Afice, 134 8. Ci. at 2358 (quoting Maye, 132 8. €t at 1299) (discussing Diamond v.
Dhehr, 430 U8, 175 (19811}

As stated above, the claimed vention improves the use of PPG dala in reedics! diagnosis and
enable the use of PPC for ambulatory monitoring appiications, The improverent of the existing

technologieal 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
clements in the claims, other than the abstract idea per se, amount to no more than a recitation of
generic computer structure to perform generic compuder functions (the processors, computer
usable media, ete. - see the below art rejections), that serve to generally link the abstract ideatoa
particular technological environment or field of use.” Using the coroputer to gather and
manipulate data s what the Supreme Court, in 4iice, callied "well known, routine and
conventional activities, dlice, 134 8. Ct,, 2347, 2359 (2014) {citing Maye, 132 8. Ct. 1289, 182 L.
Bd. 2d 321, 337,
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The Federal Cirenit’s decision this vear in Berkheimer v. FP Inc., 881 V.34 1360 (Fed. Cir,
2118}, expressly atated that patent eligible subject matter is a question of law which may contain
undertying facts, and that the guestion whether something is well-understood, routine, and
conventional to a skilled artisan at the time of the patent is a factual determination. Berkheimer v,
HE Inc., 881 P.3d 1360, 1368 ~1369 (Fed. Cir. 2018). Moreover, whether a particular technology
is well-understood, routine, and conventional goes bevond what way sbmply known in the prior

art, Berkheimer, 881 F.3d gt 1369

in Berkheimer v. FIP Inc., the Federal Cirenit considered an invention in which the hardware
components were conventional (see Fig. T in US patent 7,447,713, at issue in that case) and the

clatms were considered divected to an abstract ides. Berkheimer. 881 F.3d at 1367,

{n Berkheimer, the limitations were directed to purperied improvements and the Federal Cirenit
raised a genuine issue of material fact as to whether the purported improvements were more that
well understood, routine and conventional activity previcusly known in the industry. Ber&heimer,

881 F.3d al 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 Noijse 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, routing, conventional nature of the claimed invention, or a citation to a
publication, such as 4 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

nemorandum on Berkheimer v, HP)
As in Berkheimer, there is a genuine issue of material fact as to whether it s routine and

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

equivalent data.
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Applicants respectfully state that the Examiner’s statements are not supporied by
substantial evidence.

Applicants respectinlly state that the claims reciie patentable sulyject matter,

THE 35S USs C 182 REJECTIONS

anticipated by US Patent Application Publication 201170077484 (“Van Slyke™).

Claim 1 has been amended to include the Hmitations of allowable claim 7 and intervening
claims. Claim 2 is canceled, Clatm 18 has been amended to include the limitations of allowable
claim 24 and infervening 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

epend on amended claim 18,
Applicants respectiully state that claims 1, 15, 16, 18, 32, 33 and 35 as amended are not

anticipated by Van Slyke.

_1_‘___{;11&:_3&“.1}.,&_. . 183 REJECTIONS

Claims 3, 4, 6, 20, 21, and 23 are rejected under 35 11.8.C. 103 as being unpateniable
over Van Slvke in view of UR Patent 5,853,364 (“Baker”) and International Application
Publication WO 2013/043157 (“Brockway™).

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

Claims § and 22 are reiected under 35 U1.8.C. 103 as being unpatentable over Van Slvke-
Baker-Brockway in view of non-patent publication Couceire, Ricardo, et al. "Detection of
motion artifacts in photoplethysmographic signals based on time and peried domain analysis.”
2012 Annual International Conference of the IEEE Engineering in Medicine and Biology

Soctety. IEEE, 2012 ("Couceiro™).
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Claims § and 22 are canceled,

Claims 9, 12, 26, and 29 are rejected under 35 U.S.C, 103 ag being unpatentable over Van
Siyke-Baker-Brockway in view of US Patent Application Publication 2016/0270733
{*Hanason").

Claims 9, 12, 26 and 29 are canceled.
Claims 17 and 34 are rejected under 35 US.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.K.C. 163 as being unpatentable over Van Slvke in view
of Couceiro.

Claim 35 bas 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 Counceiro teach or suggest a noise
guality index from a time frequency specirum, 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 amendmends to the claims as sei forth herein, including the modification, addition,

cancellation, or withdrawal of any claims, have been offered (o advance this application to issue.
None of the amendragnts made berein should be construed as an admission that the subject
matter of the claime, as originally tiled, is anticipated by or made obvious in light of any art of
record whether considered singularly or in combinations. Applicands 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 guestions regarding this

amendment, he/she is invited 1o call Applicanis” attomey at the number listed below.
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The Director of Patents and Trademarks is hereby authorized to charge any
underpavment of fees, or eredit any overpayments, to Deposit Account §3-2410, 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,

Respectivily submiited,

Dated: December 11, 2018 By: iOranda Lopes/d
Orlando Lopez
Reg. No., 46,880
Attorney for Patent Application Qwner
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ihe committee had heard these argumen

turned it attention to other matears,

The agency trusted the repory

Neyes the report proved fauley
i its scientific method.

One of the roost comman mistakes in writing involves the use of o
conuna (nof & sericelon! and a conjunctive adverd to join independent
clauses:

Il
"
fis

Wrong: gency trustad the report, Bowevar the report

s

proved faulty In fes scientific method,

Right: The agancy trusted the rapors) hawdees, the report

il T

proved {aulty in s scientific method.

SEMICOLONS SEPARATING BELEMENTS IN A SERIES

Ne reviewed ihis rule when we discussed the se

zi comroa rule in chanp-

ter 33. it bears repeating, however, When elements in a serics are lon

i

and complex or involve isternal punctuation, they should be separated

by semicolons for the sal

The company has offices In Greensboro, North Carclina; Adanta,
Georgla; Los Angeles, California; London, Englands and Talpet, Taiwan,

The committee raviewed the Jones Report, which was written in

1967 the jackson Study, which came from ths regional office; and

the Lommissioner’s Raport, which prompted the initial COnroversy,

[13

heir constitutional

Since the sarfiest days philosophers have dreamed of 2 country

wherg the mind and spirit of man would be frees where there would

be no limits to inquiry; where men would be free 1o expiore the

unknown and o challengs the most deeply rooted beliefs and
principles.”

Yns S T
AUE, Furinarmorg, and

s

SEMICQLON AND QUOTATION MARES
The semicolon should be placed cutside ending guotation marks When

the quoted matter ends with a seraicolon, the semicolon in the quoiation

i dropped:
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CORRECT ENGLISH USAGE AY IT HAS NEVER BEEN TAUGHY
REFORE: LUCIDLY, MEMORABLY, AND HUMORQUNLY

"’"i’ns fviting book ntroduces readers anaw to the Sight pans of spesch andg CORNNON
gray { problems (such as the cwe of pronouns depicted in the tidde), the
i s&mn Hetween nouns and var %}«‘ the (03”"\*9 gy of the active varsus passive volee,

and the powsr of a verb-basad style.

§ ¥

swaken anyone’s dormant intersat ini nga';‘"sim"ré
ar of gramnan With verve and wit, 84 Gooe
AINEAr fwm Hodeserved neglect.”

“Clarity of sxprassion is exsential it our busivess, &d Good'y fusghe
espegially in combination with the courss b pressated &t Daont
~provides perwerful tools w halp our tachnical writers. iﬁ(pf‘ﬁn

complex selentific concepts In understandsble prase”
non B, Rice Vica-President, Pant de Nemours and Company
“We strees the importance of 3 vaightforeard, cunclze, gramumaticaliy
correct writng. This entertaining book will help w verits about
(ang Keated subjects iy & way oo readsrs can wastly somprebend.”

s 83 Buck i, Sandor intellacty

Praige f

£d Good is Counset & Yyritemin-Residence 2t the irtellectual pmprerw izve firm of
Finnegar, Hendarson, Farabow, Garrett & Dunner, LLP in Washington, D

‘E‘Eh Gr3-L-96 Jr‘ﬂﬂ‘

Printed in the U.8.A, 1127233
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Amendments to the Clalms:

This listing of claims replaces ali prior versions and listings of the claims,
1. {Currently amended) A computer implemenied method for detecticnefmetivnand noaisy

artitaets-in physiological parameter monitoring using a signal ssed s & Photoplethysmogram

(PPG) seequivslontaignal, the computer implemented method comprising:

obtaining a time freguency spectrum of a segment of the signal used aathe PG o#

suaividetsignal;
obtaining, from the time freguency spectrum, 2 noise guality index for the segment; the

noise artifacts;

wherein obtain

determining g dominant frequeney i the e frequency spectmum of the seements

and
poraalizing the tme fegueney speetinm (o o dotal posver Ina nawrow band

contersd ot the dominant fivgueney:

determining a first trace of wonplitudes in the narrow band specivum of the time

frequency speotrum gentered b the dowinant frequeney:

determining a second irace of amptitudes i a narrow band speetvum of the tine

Hiqueney speetiun ee

detevinining a third tace of gnplitudes i s navrow band spectrom of the time

rogueney seotrwm genterod gt theee thmes the dominant feguensy

frenuency spotirams

specirung, sadd wotal power rerasining herctnafier reforred to ax s rosidual nodse power

detsrmininga difftrence in fiequeney between the firat trace angd the second and

thivd tracex, the differenve in froqueney referred to as 8 mujected diforcnce:

the neise guality indey boing sowsiatted sum of the residual noise power aund the

praiected differsnesweihis belng selecind such that sach walghied factor represents less thana

4 Petitioner Ex-1004, 0268
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predetermined perestage of power in an aneorrupied sesment

applying a statistical fearning method, ysing the neise qality des, 1o determine whether

the segment is corrupted by motion and noise artifacts or not corrupied by motion and noise
artifacts;
and,

if noise/motion artifucts are not present. the seament is included in determination of a

hysiological paramater.

. {Canceled)
3, {Canceled)
4, {Canceled)

5, {Canceled}

G, {Canceled)

7. {Canceled)
8. {Currently amended) The computer implemented method of claim [I7]]1 wherein the

statistical learning method 1s a Support Vector Machine (SVM).

g, {Canceled)

i, {Currently amended) The computer implemented method of claim {[91] 1 further
comprising determining a difference between the dominant freguency and a heart rate oblained
from peak to peak infervals from the PPG or eguivalent signal in a time domain, the difference
between the dominant frequency and the heart rate obtained from peak to peak intervals

hereinafier referred {0 as a heart rate frequency difference; wherein the neoise quality index also

rprises the heart rate fredqueiey difforence: the neise gquality Index belni s weighted som of

the residual noise power, the protected difference and the heart rate frequency difference, the
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Application Serial No, {5/010,348
Office Action did. 9714718
Hesponase to Office Action dtd, 1271118

i1, {Uriginal} The computer implemenied method of claim 10 wherein the siatistical loaming

method is a Support Vector Machine (SYM.

12, (Canceled)

13. {Currently amended) A Fhe computer implemented method efeteisn32 physvlogienl

parameter monitering vsing a stgoal used i a Photoplathysnsarm { PG signad, the computer

_i;.?:z_-'glse;zmﬁui method comprising

. from the e fronuency spedituny, nolse i;imi-z?-.v index for the scoment: the

ROISE L}tmi*t‘f n‘u‘it‘\ tsf:u‘h e . setenmine whother the segment iz eornuied by motion aud

git:i;‘;t!‘m_ii:lmg, a dominant froquoncy i the e Drequeney spectram of the seerssots aod

normaliziog the fime frequeney specirum to a total power in a narrow band centered at

the domivant freguencys

apecimm centerad at the dominant fi‘e{mé-na\f:

deterinining o second trace of amphitudes s narrow band spestowrs of the Hog

frequeney Spuctnwm sentered gtbwive the donnant frequendy:

determining o thivd trace of amplitudes i g naerow_ band speetnwn of the Tioe frequeney

the i*amm it i SQUENEY:

&

spectrun, centoresd at threg za-m

AReRIURY

ghisining afteor subteacting, a ol poower ramaining i the tme fregueney spestram, said total

nwer remigining hereinafier reforred 1o as a vesiduad noise power:

6 Petitioner Ex-1004, 0270



Application Serlal No. 15/310,245
Office Action did, 9/14/18
Eesponse to Office Action did, 12/11/18

£ as v heart vate frequeney differsnee;

wherein the noise quality index alse comprising the heart rate Doquensy difference: the nolise

guatity index [Tis]] being a weighied sum of the residual noise power and the heart vate

frequency difference; weights being selected such that each weighied factor represents less than
a predefermined percentage of power in an uncorrupted segment;

and

ise quality ind ot the

ariiiaets,

and,

i nodse/motion artifets are not mesent, the segment 13 included in dettrmination ofa

physiclogival pavamster,

14, {Original) The computer implemented method of claim 13 wherein the statistical leaming

method is a Support Vector Machine (SVM).

15, {Original} The computer implemented method of claim 1 wherein the sipnal vsed as the

FPG sr-enuivalsnt-signal is preprocessed before obtaining the fime frequency spectrum,

16, {Original} The computer implemented method of claim 15 wherein the signal nsed gs the

PPG araguivalentsignal is preprocessed by filtering with a bandpass filter of predetermined

bandwidth.

17, (Original} The computer implemented method of claim 1 wherein the time frequency

spectrum 15 obtatned using variable frequency complex demodulation,

-3
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18, (Currently amended) A system for defectionofmationand-nnise-artifacts-in

physiologieal parameter monitoring using 2 sienal used ax g Photoplethysmogram (PPQ) or

sguivalent signal, the system comprising:
a processor configured to

receive the signal used as the PPG svequivalont signal;

obtain a fime frequency spectrurm of a segment of the Signal wsed g the PPG ey

sgerbatent signal;

obtain, from the time frequency spectrum, a noise quality index for the segment; the noise
guality index being used to determine whether {allthe segment is corrupted by motion and noise
artifacts; and

deterimine a dominant frequeney i the time fregoeney spectiun of the ssementy

normalize the tne fegueney specirao i ihe total power 1 g navvow band centered at

determing o ot eee of amplitudes dn the pacrow, band spectrunt of the time Brogueney

speetrunt centersd ot the dominant frequeney;

determine & second trace of smplitudes ina narrow band spectrumn of the e frequeney

determing a third tave of gophitudes in wnarrow hand speetrurn of the Ung frequengey

spectrunt contered at thees fimes the dombrat frequencys

oblain, afler subiracting, 8 utal power eawining inthe tne Sogqueney spadtvan; the

ot power romaining hewinaftor referned toas aresidual noise powern;

\

Terence in frequency referved W as a projeciad differenpe;

apply a statistical learning method, pstng the muise quality jndex, to determine whether

the segment is corrupted by motion and noise grtifacts or not corrupted by motion and noise

artifacts;
and,

i nodse/motion arifacis are not presend, the sepment s dncluded o deltmination of o

8 Petitioner Ex-1004, 0272
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Response o Cifice Action dtd, 12/11/18

physiologieal parametay

the noise quality lndex belng awedghited suo of the residuad noise power and the

1. {Canceled)

20. {Canceled)

21, {Canceled)

22, {Canceled)

23. {Canceled)

24, {Canceled}

25, (Currently amended) The system of claim {{241]18  wherein the statistical learning
method 18 a Support Vector Machine (SVM]},

28, {Canceled)

27, {Carrently amended) The system of claim {{261118 wherein the processor is furthey

genfigored 1o delerming a ditfersuce between the dominant frequeney and a heart rate obtained

from peak fo peak intervals from the sicual aved ay the PPO sivnal in g thoe domeain the

difference be

a weighted sum of the residual noise power, the projected difference and the heart rate freguency

differencerweighiv-heing seheted suchthut sachonighted fhstor soprasentsdass than g

;;m&i{%sﬁvﬂ}i‘smﬁrf;}ﬁfaﬂs;;&g&éi}ﬁfwsﬁsf«‘_é&ﬁ;}i-_~ij§,;§miw§}i§5e!_--Sx‘sggﬁmm.

28, {Originaly The system of claim 27 wherein the statistical learning method is a Support

Vector Machine {(SVM).

g Petitioner Ex-1004, 0273
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28, {(Canceled)

5

30, {Currently amended) A The-system of elabm28 system fur detontion of metion and nodse

ariiiacts:

determing a dominant frequeney i thy tine frogueney spectmm of the scements

apecirun centered at the dominant frequency;

determine g sevend tace of amphitsdes e narrow band spectrum of the Ume fequeney

detesming g thivd trace of smaplitudss i 2 naveew hand spoctram of the time frequeney

stectrum sentered at three tines the dominant Sy

ocak o peak intervals frow the PPG or syuivalent steoal in a e domain the ditforenee

botween the dontinent frequency and the heart sle obtained fon peak to pesk Jutervals
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Office Aciion did, 9/14/18
Fesponse to Office Action dtd, 12/11/18

wiherein the noise quality index isheing a weighted surn of the residual noise power and the heart
te frequency difference; weighis being selected such that each weighied factor represents less

than a predetermined percentage of power in an uncorrupted segment;

ical }x*mwfe method, using the nolse quality Index, to detennine whether

appby 2 statis

and,

i odsefmetion artifacts ave not present, the séorent is included in deternination of g

phisiokgival paraaster.

31, {Original} The systern of claim 30 wherein the siatistical learning method is a Support
Vecior Machine (SVM).
32, {Currently amended} The system of claim 18 wherein the processor is further configured

0 preprocess the zs;{mvil used as the PPG erequivabent signal before obtaining the time frequency

spectrum,

~y
b

33. {Currently amended} The system of claim 32 wherein the processor is configured to

preprocess the signal used us the PPG seeqgiivalont 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 tims

frequency specirum using variable frequency complex demodulation,

3S. {Currently amended) A computer program product compristng!

tangible computer usable media, having computer readable code embodied therein, the
computer readable code, when executed by the one or more processoers, causes the one or more
ProCessoers 1o:

obtain a time freguency spectrum of a segment of a signal used 232 PPG ereguivalant

obtain, from the fime freguency spectrum, 8 noise quality index for the segmeni; the notse

11 Petitioner Ex-1004, 0275
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Oifice Action did, 9/14/18
Fesponse to Office Action dtd, 12/1 /18

guality index being used to determine whether [[allthe sepment is corrupted by motion and noise
artifacis;

determing a dominand frequeney fo the time fregueney spectrum of the seements

the deminant frosueneys

determing a frsd race of amplitudes in the navrese band spectum ol the e frequeney

spectrm, centered at three Himes the doninam froquency:

subtract the fivsd seeoid and thisd waces of amplingdes from the tne frequency

oldain, aller subtracting, a tetal power remaining in the tme frequeney Spavtrum the

{otal power remaining herelnatier rofiorved tu as 2 residual notse power;

frawes: the differense m fegueney referred doas g projeoted difforenes

and

apply a statistical learning method using the novse quality index, to determine whether

the segment 1s corrupted by motion and noise artifacts or not corrupted by motion and noise

artifacts;
and.

A nobse‘maotion artifiets are uos present, the segment is included in determination nla

cights betugsetecind sueh that sach welghiad feetor ropresents Joss than s
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fResponse to Offive Action did. 12/11/18
BIAN

{Originaly The computer program product of claim 35 wherein the statistical leaming

method is g Support Vector Machine (SVM).
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Pateni Application
Attorney Docket Mo, 30210-216

INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant:  KiH. Chon Examiner: SHORTAK, ANDREY
Application No.: 15/010,345 Confirrn. MNo.: 2095
Filed: 01-29-2016 Art Unit: 3735

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

TO:  Mail Stop Amendments
Commissioner for Patents
.0, Box 1450,
Alexandria, VA 22313-1450

SUPPLEMENTAL AMENDMENT AND RESPONSE TO OFFICE ACTION

Sy
In reply to the Office Action dated Sepiember 14, 2018, Applicants subumit the following

supplemental amendments and remarks,

Amendments to the drawings begin on page 2 of this paper.
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Ansendorenty o the Brawinex

The drawings are objected to because at least Figs, 18, 1D, 3, 4A44C, 5,6, 7TA, and 7B,

Replacement sheets are attached. No new matier is added.

Applicants believe the clatms are in allowable condition. A notice of allowance for this
application is solicited eamestly H the Examiner has any further questions regarding this

amendment, he/she is inviled to call Applicant’s attorney at the number listed below.

The Dhrector of Patents and Trademarks is hereby anthorized to charge any
underpayment of fees, or to credit any overpayments to Deposit Account 83-2410 {Order No.,
3210-1633

The following information is presented in the event that a call may be deeroed desivable
by the Examiner:

ORLANDG LOPEZ  (617) 345-3000.

Respectiully sabmitted,

Dated: Decenber 11, 2018 By:  Anlaide Lopez/

Orlasdo Lopez, Esqg.
Reg No.: 46,888
Attorney for the Patent Owner
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Patent Application
Attorney Docket No.: 30210-216

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: KiH. Chon Examiner: SHOSTAK, ANDREY
Application No.: 15/018,345 Confirm. No,: 2095
Filed: 01-29.2016 Art Unii: 3735

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

TG Mail Stop Amendments
Cormmissioner for Patents
P.O, Box 1450,
Alexandris, VA 22313-1450

AMENDMENT AND RESPONSE 10 OFFICE ACTION

Sir

In reply io the Ofice 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 fo the specification begin on page 2 of this paper,

Amendments to the claims begin on page 4 of this paper.

Remarks begin on page 14 of this paper.
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Application Serial Mo, 15/018,345
Office Action dtd. 3/14/18
Response 1o Office Action did. 12/11/18

Anrndoients o the Specilication:

Please replace paragraph 28 in the specification with the following paragraph:
“Photoplethysmogram (PPG) or equivalent signal,” as used herein, refers to signals obiaiped
from a pulse oximeter or other devices that produce signals that behave like PP dgnals

obtained froro the puise oximeter. A “phyvsintogical Indivetor siznal” s vsed herein refas o

enia ot oo or more phssiolopical parameters,

Examplos ot phivsiological brdicetor sivosls, these oachings st 'bezizwf__iif:.ﬁ;liiml cuhy o those

sxarophs, inchude photoplathvamograpt (PP stonels, snd golor video tngges obiained fromaa

portion of a subieet’s ody (lor example bt not mited o, oblained using the etiviraing

it behgve aoretloction B PGiimaces, The
£

QT 1

mebile sotinnunivation devieg) whi

physivlogioal pax amcters include heart rate and Hogrfrato variability, resbiraiony sl mosaae

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

in ane or more embodiments, the method of these teachings for detection of motion and noise
artifacts in a Photoplethysmogram (PPG) or eguivalent signal includes obtaining a time
frequency spectrwrn of a segment of the PPG or equivalent signal, obtaining, from the time
frequency apectrum, a noise quality index for the segment and applying a statistical leaming

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

corrupted by motion and noise artifscte. nons o mwore sysbodineats, e mcihad of ihv\y

tnhings for physiclosioad parmsiey sualiodng laclodes detesting effe

fhe mes

sramnents of the one o were physiolostoal pammetors and deciding wheti st e ratainde

1 ,iﬁcus;j{tmx_i i caleutaticny ol guauities of nusrest,

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

2
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Application Serial No, 15/010,343
Oifice Astion did. 9/14/18
Response o Gifice Action did. 12/11/18

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

(R -
1™ running

on a PC with the Iteb-Neen INTELY KEQN® processor operating at 3.6GHz, Therefore, it

would be straightforward 1o optimize the algorithm for real time detection of MNA ina FPG

signal.
Please replace the abstract with the following:
A pulse oximeter embedded with a sevebmotion and noise artifact (MNA) detection algorithm

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

components,
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Application Applicant(s)
No. Chon et al.
15/010,345
Applicant-/nitiated Interview Summary Examiner Art AlA (First Inventor Page
ANDREY Unit to File) Status
SHOSTAK 3791 Yes 1of 2

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

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.

Issues Discussed:

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

Formalities:
See above

Attachment(s): Other Attachment
{Proposed Response}
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/ANDREY SHOSTAK/ /NAVIN NATNITHITHADHA/
Examiner, Art Unit 3791 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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

R

Applicant: Ki H. Chon Examiner: SHOSTAK, ANDREY
Application No.: 15/010,345 Confirm. No.: 2095
Filed: 01-29-2016 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 22313-1450

For interview
Sir:

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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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 MNA in real time. The algorithm only
takes 33.3ms to compute noiseQl for a 4s PPG window length using Matlab MATLAB® running
on a PC with the Iatelxeen 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 oximeter embedded with a sevel-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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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 (PPGQG) ereguivalent—signal, the computer

implemented method comprising:

obtaining a time frequency spectrum of a segment of the signal used as a PPGer
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
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predetermined percentage of power in an uncorrupted segment;

and
applying a statistical learning method to determine 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).

0. (Canceled)

10. (Currently amended) The computer implemented method of claim [[9]] 1 further
comprising determining a difference between the dominant frequency and a heart rate obtained
from peak to peak intervals from the PPGor 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 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 dominant frequency and-the
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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 Fe computer implemented method ef-elat—2 for detection of

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

implemented method comprising:

obtaining a time frequency spectrum of a segment of the signal used as a PPG er
egquivadent—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
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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; 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 predetermined percentage of power in an uncorrupted segment;

and

applying a statistical learning method to determine 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 1 wherein the signal used as a

PPG erequivalent—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 erequivalent—signal is preprocessed by filtering with a bandpass filter of predetermined
bandwidth.

17. (Original) The computer implemented method of claim 1 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 (PPGQG) erequivalent signal, the system comprising:
a processor configured to:

receive the signal used as a PPG erequivalent signal;

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

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; anéd

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 differences

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

29. (Canceled)

30. (Currently amended) A Fhe-system ef-elai#—29 system for detection of motion and noise

artifacts in a signal used as a Photoplethysmogram (PPGQG) 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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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 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 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 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 predetermined percentage of power in an uncorrupted segment;

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.

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 erequivalent 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 erequivalent 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 the 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 erequivalent

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

10
Petitioner Ex-1004, 0304



Application Serial No. 15/010,345
Office Action dtd. 9/14/18

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).

11
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Response to Office Actiondtd. ¥

-~

PAWY
ALY §

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 1 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. Asin 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 (1a) in ALL CAPS
or (1b) accompanied by the appropriate symbol (™, SM_or ®) wherever they appear, and be (2)
accompanied by the generic terminology. See MPEP 608.01(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

12
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Response to Office Actiondtd. ¥

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 USPTO 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-AlA 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 eachrecite “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

13
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Response to Office Actiondtd. ¥

what kind of signal would be considered an equivalent. J 0028 of the specification defines them
as signals which behave like PPGsignals, 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 arecently published paper (see also PCT Publication No. WO2012100175,
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. 2ais

reproduced below:

14
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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 PPGsignals,” which has support in

paragraph 81 of the specification.

Regarding claims 3, 6,9,12,20,23,26, and 29, the Examiner s tates 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

15
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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 ¥ (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 canbe seenin 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

2993

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 PPGis 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 (MNAs) distorting PPG recordings can cause erroneous estimation of HR and
SpO2 (Sahni, 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 SpO2 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 MNA
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 PPGrecordings 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.
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TABLE II. MEAN + STD. DEVIATION OF PERFORMANCE METRICS OF THE PRESENT VFCDM, OTHER METHODS

VFCDM Hjorth TDV KSE
L Acc| 969 :14 | 725%107 93.4 + 35 83.1+73 *
S 3 sen| 96324 | 472:288 88.8 + 7.9 56.6 + 17.9 *
Spe | 97.7+2.0 | 844 +46 96.7 + 3.0 915+ 1.1 *
i o Acc| 955%22 | 69.5+218 89.8 + 1.4 851+83 *
£ 8 Sen| 91135 | 538261 84.6 + 2.9 68.7 +17.7 *
> 7 Spe| 963+14 | 845+88 94.3 + 4.0 864+7.8 *
. Acc| 977+14 | 911£69 94.4 +33 58.5+20.7 *
3 Eﬂ Sen| 963 +26 | 83.5+210 94.7 + 3.4 346+122 *
" spe| 982+14 | 962 +30 94.7 + 3.0 863+ 157 *
4 5 Acc| 955+24 | 710190 89.6 + 2.3 883+2.7 *
E P sen| 82+20 | 411+276 85.2+38 71.5+88 *
= % spe| 972+21 | 84+£75 95.1+ 0.8 936+ 15 *

(*)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’l, 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 determined 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.”
Id (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 Management v. CellzDirect, 827 F.3d
1042, 1048 (Fed. Cir. 2016); Mcro, 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 abstractidea 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 PPGsignals 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 determine 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 SpO2 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 1 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. DIRECTYV,
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 1 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 PPGsignals 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 Global Internet Services., 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

(194

concepts “‘to a new and useful end,”” we have said, remain eligible for patent protection.” Alice,
134 S. Ct. at 2354 (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 PPGdata in medical diagnosis and
enable the use of PPG for ambulatory monitoring applications. The improvement of the existing

technological processis 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,132S. 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 askilled 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 Berkheimerv. HP Inc.,the Federal Circuit considered an invention in which the hardware
components were conventional (see Fig. 1in US patent 7,447,713, at issue in that case) and the

claims were considered directed to an abstractidea. 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.)

Asin 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 MNA, in PPGor
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. 102(a) (1) as being
anticipated by US Patent Application Publication 2011/0077484 (“Van Slyke”).
Claim 1 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 photoplethysmographic 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,

Dated: DRAYNFY By: /1
Orlando Lopez
Reg. No. 46,880
Attorney for Patent Application Owner
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DETAILED ACTION

EXAMINER'S AMENDMENT
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 Masime MASIMO Radical (Masime 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 Masime 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 hereirafter 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 reisefmeotior motion and noise artifacts are not present, the-segmentis

ireluded 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 ereguivalent 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-heartrate frequeneydifferencebeing

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 hereirafter 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 ef

eguivatlent signal in a time domain, the difference between the dominant
frequency and the heart rate obtained from peak to peak intervals hereiratter
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 reisefmeotior motion and noise artifacts are not present, the-segmentis

ireluded 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 hereirafter 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 reisefmetior motion and noise artifacts are not present, the-segmentis

ireluded 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 hereirafter 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 systerm 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 hereirafter 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 ereguivalent

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 reisefmetior motion and noise artifacts are not present, the-segmentis

ineluded 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 the 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; and
obtain, after subtracting, a total power remaining in the time frequency
spectrum; the total power remaining hereirafter 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, 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 reisefmeotior motion and noise artifacts are not present, the-segmentis

ireluded 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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Notice of Pre-AIA or AIA Status
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/interviewpractice.

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.

/NAVIN NATNITHITHADHA/
Primary Examiner, Art Unit 3791
/ANDREY SHOSTAK/
Examiner, Art Unit 3791
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1. ANDREY SHOSTAK (Examiner); Telephonic 2. Orlando Lopez (Attorney); Telephonic

3. Navin Natnithithadha(Primary Examiner: Consulted);

Date of Interview: 15 January 2019

Brief Description of the main topic(s) of discussion: The Examiner called to offer an examiner's amendment to
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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. 20190104

Applicant recordation instructions:It is not necessary for applicant to provide a separate record of the substance of 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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pattern or decoration. FIG(s)
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This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
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depynding tp fad taug, Any comnants onthe amouit of Bime you requinn w commpieta U forim andfor sugiestiony fon redicing this burden, showtd
: .m»w me-x U i “e.x‘m;uyd hotlm..mk\)ime 13.5; Department of Commarce, F0, Bux 1440, Aluxundiis, VA 223 13- PG, DORNGY

Wt for Batants, 1.0, Box 280, Aleaidsth, YA 223112350,
i y(..l nénd s umnu in r.umph. m.g e form, cait 13O0 PTG Y ad suiect option 2

Thiscolleation of information iy reguired by 37 CFR 3.3, 1,
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PTOINAAT (06412)

Approvad for use throtgh 11/30/2020. QMB 085810032

.5, Patenl and Tradsmark Office; U5, DEPARTMENT OF COMMERCE

Under the Papenvork Raduction Act of 1995, no persons are required © respond to a coflection of information unless it displays o vaikd GME contrest number,

4 RECLARATION (37 CFR 1.83) FOR UT} Li“&‘{' QR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78) ‘

«»“@

Tige of  § MOTION AND NOISE ARTIFACT DETECTHIN AND RECONSTRUCTION
tvention { ALGORITHMS FOR PHOTOPLETHYSMOGRAM AND EQUIVALENT SIGNALS

As the telow named inventor, t hereby declare that;
This deciaralion [ """ l

Y 1 N
o directed tor Lo The attached application, o

15/010,346

{@ﬂ United States application or POT Internationat application number

(1-29-2016

filexct on

The ghove-identified application was made or autharized to be made by me.

| befieve thatd am the ariginal inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowladge that any willful false statemaent made.in this declaration is punishable under 18 UL.8:C. 1004
by fine-or imprisonment of not more than five (5) vears, or both.

WARNING:

Patitionerapplivant is cautionsd 1o avoid submitting parsonal information in documents filed in a patent application that may
contribute to identity theft. Personal informaltion such as soclal security numbers, bank account numbers, or oredit card numbers
(othar than a chenk or credit card authorization form PTO-20388 submitted for payment purposes) is never reguired by the USPTO
to stupport a petition or an application, U thistyps of personal information is included in documents submitted to the USPTQ,
petitionersfapplicants should consider redacting such persenal inforniation from the documents before qubmittinﬂ them to the
USPTO, Petittoner/applicant s advised that the record of a patent app!iration is available to the pubiic after publication of the
application (unless a non-publication request in campliance with 37 CFR 1.213(a) is made in the application) orissuanee of &
patent. Furthermore, the record from ah abandonaed application may alse be available to the public if the application fs
referenced in a published application or an issuad patent (see 37 CFR 1.14). Checks and credit card autharization forms
PYO-2038 submitted for paymant purposes are nof retained in the application file-and therefare are nat publicly available,

LEGAL NAME OF INVENTOR

{nventar: KiH. Ghon Date (Optional)
PG o
Signature: // Loves C \ ,‘f?’f:(..ﬁ}w*‘ i
¥

Note: An application data shisel (PTO/SBM4 or squivalent), including naniing the entire inventive entity, must accompany this foim or must have
been praviously filed, Usaan additional PTOAINGT form tor each additional invertor.

This colieetion of information is required hy:25 UWE.C 115 and 37 CFR 1,62, The information is required to oibtain orretain a benafit by the public whinh is to file (and
by the USPTO to process) an application, Gonfidentiality is govemed by 35 U.S.C. 122 and 37 CFR 111 and 1,14, This toffsction is astimated © take 1 minuts to
cumplete, nchading gathering, preparng, and submitting the compieted application form tu she USPTO. Tirme will vary depehding Gpn the individual cass, Any
sormmaents on the ameunt.of ime you reduire o complate this form andfor suggestions for reducing this burden, sheulid be sunt to ths Chist infurrmation Qfffcer, 15, S,
Fatent and Zvadeimark Office, .5 Deparinent of Cormmerce; F.O. Box 1450, Alexandria, VA 228181450, DO NQT SEND FEES OR COMPLETED FORMS T0O
THIS ADDRESS. SEMND TO: Commissioner Jor Patents, PO, Box 1450, Alexandrly, VA 2231314450,

I vou need dssistance in completing the form. eali 1-800-RTCO-4 103 snef ssiect option 2,
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FIE "‘a‘i‘\ﬁ" 0612}

F‘,‘M]

ar tetyitieed o resipand o o i fsplays s 3 condret number.

Under the Papoonvork Rudiction Art of 1995, no gers,
(/*"‘ By NN ,w“ T v AN F P o oy N .5 y e
{ DECLARATION (37 OFR 1.63) FOR UTHITY OR DESIGN ARPUCATION USING AN \\
'\\ APPLICATION DATA SHEET (37 CFR 176}

Tite of | MOTION ANDY NOIGE ART

FACT DETECTION AND RECONSTRUGTION
nvention | ALGORITHMS FOR PHOTOPLET

HY 3.5.\/1(‘( RAM AND EQUIVALENT SIGNALS

The attached application, or

...... - C1BA0,345

“‘5 Uniled Slates spplication or PCT mterrational apglication nuraber

01-28-2018

This dectaralion | 1
is diveated fo

filezed on

The above-idendified application was made or authorized to e made by 1o,

Eteliove that Lant the origirial kventor or-an originat joint inverdor of s claimed invention i the application.

! humby zv‘mov\f!n i( £ th Al an t fs deckuaton s pantshable unday 18 U.8.G. 1007

VWARNING:

Petitionerfapplicant is cautioned (O avold submilting personal informadion in documients filed in p\:tm‘-' application that may
contribivte to identity theft. Fersonal information sueh as sockal security numbers, bank account numbers, of erodit card pumbar
{other than a chack or credit eard authorization form PTO-2038 submitied for ,mymem PUTPOSES Hs never raguired by the USF i
to support & pelition or an application. if this type of personal information e included it dostments submitfed to the UsPTo,
fon-frony the dosuments before submitting them to the

|

petitionarsfaenticants should consider redacting such personal infork
USPTO. Patitioner/applicant s advised that the record of a patent application is available to the public atter publication of the
application mn{ seen napubdication request in complisnee with 37 CFRL218() is made in the applic dt‘()'*) or issuanes of i
patent. Furtharmiore, the record from an abandoned application may also bg avaitable to the public *‘ti ¢ application s
referenced in a published application or andissusd patent (see 37 CFR 1.14). Checks and Lrexm* sutharization forms

PTO-2088 subraitted far payment purposes are hal etainad n he application fils and therefo 2ot piblicly avaxlmb,c:.

SGAL MAME OF INVENTOR

Hamed \\c

iventor Dot (Gplienal)

Sigralure;

Mote: An application d«m shent (PTGERAG or equivalent, including narsing the entire loventive enfity, misst accompany this form oravust have
b praviousty fled. tse an additionsl PTONAKT forn for each 'sdmtmrz;a. invantor,

fetion is requirad by 30 US.CL 118 and 37 QER .63, Tha informstion is required {o obtsin of retpia a bm‘vm by thier priblic which fs to difs (and
it Condidentic \!x"f s govemed by 85 R0, 422 and 87 CER 1 anl 114, Thts colindion is estin ittt b ek 1 il to
ring, and submiting ihé oompleted apphiation farmy e the UE?P‘I‘D. Time will vary dopending upon the individuat cage, Ay
COMINERLS B i dmwrnomm you s require o aampiete this form sndror suagestions for saducting this burdan, shouls be sentto the Chiel Infesmation Glissr, U
Pestesat andd Tradsack Ofifes, 1.8, Department of Gorarreass, 1.0 Box 1180, Al VA 2RV 1440, DO ROT BEND FEES R COMPLETED FORMS 10
THIZ ADRRESE, SEND VO Gommissionar for Pateots, PO Rox 1450, Alexandiia, VA 233131450,

JEyir naed assisiancedy compieting 1he fann, eolt 1aon-PTO0188 miwd sulect tition 2

'I'niu cobechon af itor
By the USPTO 0 procesa) an appl
cinpete, holiding gathering, proy

o
PR
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BYOIAIARY (05412)

Approvid for usa through 11/30/2020. OMB 08510032

LS Fratont and Tractomark Offies; U.S. DEPARTMENT QF COMMERCE

Undor the Papsreoik Rudueton Setol 1888, no persons ses raquired lo ssspond 10 2 oitiection of infosmation untses & disstays 5 valld OMR contol numtssr,

DECLARATION {37 CFR 1.83) FOR UTHITY OR DESIGN APPLICATION USING AN \}
&
y

APPLICATION DATA SHEET (37 CFR 1.78)
e Y 8 SNSNSE RS ey
Yitle o { MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION
vention { ALGORITHMSE FOR PHOTOPRLETHYSMOGRAM AND EQUIVALENT SIGNALS

H

As ths below named inventor, | hershy daclars that:

This declargtion |77 The attached sonlioat :
s Aot b Lj The attached spplication, o

3 ‘! =
@ {nited States applisation.or PCT internations] application numbsr 15/010,345
flag on U1-R9-2018

Tha above-identified appliication was made or authorized to be mads by me,

Vbalieve that | am the origingl invertor or an original jsint inventor of & claimed invention in the apphication,

{ hareby acknowledye thal any wilhul falss staterment mads i this dedlaration is punishabils under 18 U.5.C. 1001
ty fing or imprisonmant of nat mare than five (5) years, or both,

WARNING:

Petitionsr/applicant s cautionasd to avold submilting personal information in documants filad in & patent application that may
contribute to identity thall, Parsonal tnformation such as socisl seeurity numbaers, bank scsount numbers, of credit card numbers
{ether thian a check or oredit card authorization form FTO-2038 submitted for payment purposes) is never required by the USPTQ
o support a patidon or an application, 1 ths yps of personal information is included in documents subimittad to the USPTO,
petitionersfapplicants should conaider redanting such personal information from the dosurnends before submitling tem to the
LISPTO. Pslitionar/applicant is advised thal the record of a patent application is-available 16 the public after publicatior of the
application (Unless & non-publicstion reguast in compliance with 37 CFR 1.213(x) is mada it the application) or issusnes of g
patant, Fustharmaore, the racord frar an shandoned application may alse be avaitabls to the public Hthe applivationis
refarsnoad in & published application or an issusd patent (seu 37 CFR 1.14). Chacks and credit card suthorization forms
STO-2038 submittad for payment prposes are not rotainad in the spplication file and tharefors are not publicly avsilable.

LEGAL NAME OF INVENTOR

b . / o / L
ivemor: _{3(&}_/ Dan e Liate (Optionalj l? éf,/ C) f 7 / .?
IR ’ / v
o O
Sigristure: ot S
Ll L
o
Mote: Ao npplisetion daia%‘mﬁﬁ’ftmn or eguivalent), including naming the entirs Inventive sntity, must sonompany this foam.or must have

biven previcugly flod, Use an addiionat FYO/AIAOY form for each sdditional invantar,

This collection of information e requirsd by 38 1L.8.0. 118 and 37 CFR 1.83. The nformation fa requirad to abtalmnr retaln a benefit Dy the public wiety s i (and
by the USRTO lo pracass) sn applivation. Confidentislity Is govermsd by 35 8.0, 132 and 37 GFR1 1T eent 114, This endlsrtion is estimated 82 take ¥ avinste o
vormpkste, inciuding gathering, preparng, ani submitiing the completed spplization torm ta the UBETO. Time will very degmnding upsn the individust css, Any
Sorimentson ths amaunt of time you remsre 1 complate s form andior suggestinns fae reauaing this burden, showtd be sens to the Chie! formetion ONcer, U8
Patent ang Trademark Oifice, U8, Depattmunt of Gomimarey, 1.0. Box 14580, Aaxandis, VA 223131450, DO NOT SEND FEES OR COMPLETED FORMS TQ
THIS AVDRESS, SEND YU: Commissonsr for Patanty, B.O, Bax 1480, Alexandris, ¥& 223131480,

IF you s SRYISIENGE i COrrNaing the forr, call 1-800-FTI-8108 andd suleat option £,
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Dow code: Cath
Bocument Desoription: Qath or declaration fled . .
PTOMAOZ (B7-18)
Approved for use fhrough 11/28/2020, QMB 0051-0032
4.5, Patent and Tradeatark Gifite; US, DERARTMENT OF COMMERCE
Unider thi Paparwork Roduction Act of 1895, no parsons are required fozespond (0 s eollecion of information anlass 1t dispiays 2 valid CHAR control mmbey.

SUBSTITUTE STATENMENT IN LIEU OF AN CATH OR DECLARATION FOR UTHITY \\
QR DESIGN PATENT APPLICATION (35 U.S.0, 115{d) AND 37 OFR 1.84) /f

ST,

Titte of  § MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION
Inveation | AL GORITHMS FOR PHOTOPLETHYSMOGRAM AND EQUIVALENT SIGNALS

This stetement is divected o

[ l The attachad application,

OR

15/010,345 (01-29-2018

filed on

’&} United States spplication or POT international application numbar
fRoee

LEGAL NAME of taventor to whom this substitute statement applies:
(E.g., Givan Namte {first and middle (if any} and Family Name or Surname)

Jo Woon Chonyg

Rasidence (exospt for a deceased of legally incapacitated inventor),

Lubbock TX US

ity State ounty
Muiling Address {except for & deceased or legally lncapacitated inventor);

Texas Tech University 2500 Broadway

Lubbock > L, 19409 1 US

Slate

City

{ betlova the above-namead inventor or loint inventar (¢ be the original inventor of an origingl joint inventor of a clalmed Invention
in the application.

The abova-ldentified application was made or awthorized to bemade by ma,

i hareby acknowledge that any williful false statement made In this statement s punishable under 18 U.8.C, 1001 by fine or
imprisonment of ot more than five (8) years, or both,

Ratationship o the inventor to whom this substitute statement appliss:

Lagal Repreasntative (for deceased orlegally incapanitated Inventor only),

[Page 1 of 2}

This colinntion of information 1s reguired by 35 1.8.C 115 and 37 CFR 1,83, The Information is required fo oblain of telsln-a benglit by i publio which isto fils (and
ty the USPTO 30 process) an spplivation, Cenfidentiatity fa governed by 38 U8.C 122 and &7 149 vnd 494, This colfastion ts aatimated In take 1 mingie to
complate, insfuding geathering, preparing, snd subsmitting the compictes applitativg form 1o ths USFTO. Time with vary dapsnding upon the individus! case, Ay
comments o he smoeunt of fime vou requiie to complete this form smdfor sugigestions far reducing this burdan, should he senl o the Chief Informating Officer, LLE,
Patent and Trademarn Office, L5, Depspimant of Commeree, FLO, Box 1480, Alaxandsiz, VA 2231381450, 00 NOT SEND FEES QR COMPLETER FORMS TG
THIS ADDRESRS, SRND YO Commissionw far Fatents, P.0O. Box 1450, Alexandris, VA 223131480,

I you need sasistanion in coraplefing the form, pall 1-800-PFQRY8R.80d salsct option 2,

¥
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FTOISBIAIAD2{Q7-13)
Approved for tut‘ihrox'y; THIO2020, OMB 0651 003"
8L Patent and Traderratk Office; .8, DEPARTMERT OF COMMERCE
Under the Papeavork Redustion Act of 1985, no perscas are requlred o reapendio o w)i@c,!xun of Information uniess i c‘u plays a.valid OMB sontral numbiesr,

f; SUBSTITUTE STATEMENT
. -

Clroymslanses permitting execution of this subsiitute statermant

{, | nventar is dac ceaged,

{f there are joint inventors, please check the approgriate box below

[@} An application data shest under 37 GFR 1.78 (PTOAIAA of aquivalent) naming the entire inventive entity has baen
ot is currently subrniited.

[_} An application data sheet under 37 GFR 1.78 (PTOAIAM 4 or equivalent) has not baen submitted. Thus, a Substituie
Staterment Supplemental Sheet (PTOAIAMTT or eguivalent) naming the entire inventive entity and providing fnventor
information is attached, See 37 GFR 1.64(b).

WARNING:

Petitioner/applicant s cautioned to avoid submitling personad Information in documents filed in a patent application Syatmay
cotfribute 16 ideniity theft, Personal information such as sooial securily numbers, bank account numbers, or credit can rsmbers
(other than a chedk or oredit card asthorfzation fonm PTO-2038 submitied for payment puirposes) is never required by the USPTO
to support & pelition or an application. 1f this type of versonat information is included in documents submiftad o the USPTQ,
petitionersfapplicants should consider redacting such parsonal informaation frora the documents before submitting them to tha
USPTO, Patiiuner/applicant i advised thal the meord of a patent application is available to the pablic aller pubiscat on of the
application (unless a non-publication request It complianes with 37 CFR 1.213(@) s made in the application) or issuancs of a
patsnt. Fudhepmore, the record from an abandoned application may alsn be available to the public if the spplisition s
referenced n g pub.ssnM application of an issusd patent (see 37 OFR 1.14). Checks and credit card authortzation forms
PTO-2038 submitted for payment purpesss are ot retained in the application fite and therefore are not publicly available,

FERSON EXECUTING THIS SUBSTITUTE STATEMENT:

Name: Todd 5. Rg‘i‘iiiﬁ

Date {(Optionaly.

Signatire; -7""‘i QQ&jj /g \g u/#, RS

APPLICANT NAME AND TITLE OF PERSON EXECUTING THIS SUBSTITUTE STATEMENT:

{fthe applicant is ajwistic entily, fisf the upplicant name and thetitte of the signer:
Woreastar Polytachnic Instifute
Apphicant Name:

Tiie of Parson Executin P vt
This Substitie Statamens: Lirectar, intellectual Property and innovation

The signer, whose iitle Is supplied ;at..\')ve. 13 apthorized 1o act on hetall of the applicant,

Residence of the signer (unless provided in an applcation data sheet, PTOQ/AIAML orequivatent):

{ N avN c\. d ~'S - g
o, Worceste s VIA oy IS
Malling Address of the signer funless provided in an spplication dats sheet, PTO/AINE or sauivalent)
TG Institute Road Worcester, MA 01608

o Worcester MA 01608

Statn Zip Gonntry

Note: Use an adaitional PTOAIEER form for each inventor wha is deceased, legally Incapacialed, cannot be found or reached
after diligent effort, or bas refused o exsaute the oath or declaration under 37 OFR 1,63,

{Pags 2 of 2
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Electronic Acknowledgement Receipt

EFS ID: 35951163
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 Ouijli

Filer Authorized By:

Orlando Lopez

Attorney Docket Number: 30210-216
Receipt Date: 08-MAY-2019
Filing Date: 29-JAN-2016
Time Stamp: 12:05:08

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document - . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
67503
1 Miscellaneous Incoming Letter 30210-216_ResponseNoticefile no 1
Corrected.pdf
e775c4f9ad3cbcBc4761945e65¢70e1f10e2

57ch

Warnings:
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Information:

78132
Drawings-only black and white line 30210-216US_ReplacementFig
2 drawi 1ATC.pdf no 2
rawi ng 5 ures ) p b796fdf2fofb37e987a854bacd 3e03075d57]
af91
Warnings:
Information:
511331
3 Application Data Sheet 30210-216_CorrectedADS.pdf no 7
997e61ee1449e357246a8d675fbd867babd]
al724
Warnings:
Information:
This is not an USPTO supplied ADS fillable form
117937
4 Assignee ShOW?FgRO; ‘;;N”e“h'p Per37 1 30210-216_Statement373.pdf no 3
) 88c4d618dd5886ca50109382db9ed03d4d
d330bb
Warnings:
Information:
769129
5 Power of Attorney 4706_001.pdf no 1
Tec518e1b3e1393f39fab7deab1bd0dfod2
a75ca
Warnings:
Information:
4391159
6 QOath or Declaration filed 4705_001.pdf no 5
b0c9f440d80a676d7b80ce87de73ch%ed 1|
ef8da
Warnings:
Information:
Total Files Size (in bytes): 5935191
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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

Burns & Levinson LLP
125 Summer Street
Boston, MA 02110
(617) 345-3000
To:  Mail Stop Issue Fee

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

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. 1A and 1C 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 Respectfully submitted,

By:__ /Orlando Lopez/
Orlando Lopez
Registration No.: 46,880
Customer No.: 26486
Attorney for Applicant

4822-0434-2421.1
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PTO/AIA/14 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

CO RREC-ILEB the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 30210-216
Application Data Sheet 37 CFR 1.76

Application Number 15/010,345

MOTION AND NOISE ARTIFACT DETECTION AND RECONSTRUCTION ALGORITHMS FOR

Title of Invention | o\ ~rop| ETHYSMOGRAM AND EQUIVALENT SIGNALS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Ki H. Chon

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

City | Worcester State/Province | MA Country of Residencd | US

Mailing Address of Inventor:

Address 1 c/o Worcester Polytechnic Institute

Address 2 100 Institute Road

City Worcester | State/Province MA

Postal Code 01609 | Countryi us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Jowoon Chong

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