US009408549B2

a2 United States Patent

Brockway et al.

US 9,408,549 B2
Aug. 9,2016

(10) Patent No.:
(45) Date of Patent:

(54) DETECTING FIDUCIAL POINTS IN
PHYSIOLOGICAL SIGNALS

(71)
(72)

Applicant: VivaQuant LL.C, St. Paul, MN (US)

Inventors: Marina Brockway, St. Paul, MN (US);
Brian Brockway, St. Paul, MN (US)

(73)

")

Assignee: VivaQuant LLC, St. Paul, MN (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

@
(22)

Appl. No.: 14/818,059

Filed: Aug. 4, 2015

Prior Publication Data

US 2016/0022164 Al Jan. 28, 2016

(65)

Related U.S. Application Data

(63) Continuation of application No.
PCT/US2013/024770, filed on Feb. 5, 2013, and a
continuation-in-part of application No. 13/931,228,

filed on Jun. 28, 2013, which is a continuation-in-part
(Continued)

Int. CI.
A61B 5/00
A61B 5/0452
A61B 5/0205
A61B 5/0456
U.S. CL
CPC ... A61B 5/0452 (2013.01); A61B 5/0205
(2013.01); A61B 5/0456 (2013.01); A61B
5/7203 (2013.01); A61B 5/725 (2013.01);
A61B 5/726 (2013.01); A61B 5/7257 (2013.01)
Field of Classification Search
CPC .. A61B 5/0452; A61B 5/0205; A61B 5/0456;

(51)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

(52)

(58)

A61B 5/7203; A61B 5/726; A61B 5/725;
A61B 5/7257
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,090418 A 2/1992 Squires et al.
5,279,283 A 1/1994 Dillon
5,521,851 A 5/1996 Wei et al.
5,792,065 A 8/1998 Xue et al.
5,817,027 A 10/1998 Arand et al.
5,827,195 A 10/1998 Lander
5,987,352 A 11/1999 Klein et al.
6,389,308 Bl 5/2002 Shusterman
(Continued)
FOREIGN PATENT DOCUMENTS
WO 2013/043157 A2 3/2013
OTHER PUBLICATIONS

Kellermann, et al.,“A mobile phone based alarm system for super-
vising vital parameters in free moving rats,” BMC Research Notes
2012, 5:119, Feb. 23, 2012.

(Continued)

Primary Examiner — Scott Getzow
(74) Attorney, Agent, or Firm — Crawford Maunu PLL.C

(57) ABSTRACT

Various aspects are directed to identifying a region of interest
in a physiological signal. As may be consistent with one or
more embodiments, the physiological signal is decomposed
into subcomponents, and a subset of the subcomponents is
selected based upon overlap of spectral energy with expected
spectral energy of the region of interest, in at least one of the
subcomponents. At least two of the subcomponents in the
subset are combined and compared to a threshold, with the
comparison being used to identify the location of the region of
interest.

26 Claims, 31 Drawing Sheets

02— 1 dpmain using aneof.

Step 1 + KathinerLoevs frafistorm
& Fourier transform

+ Gahor trastarn

« Fiiar bt

164 \
N i

ientily and remove sul et in D2aub tat
e primsarity assosiated with noise (o form & sybest
o wibor 5, D25, primarly assocated with
Step 2 the deaied signal by epplying at least one of

» Sparialy seloctive iiaring
+ Principal coropooent analysis
« independent sompovent analysis
» Pariotic component analysis

o

duntity an remove sukoompoents i Dsgl that
e giroanty ansociated Wil noiae 1o form a subset
lof subcomponsnts. Ds, prisnetly assecialed with
thes ciosire! signat by agpiyiog ane of.
» Spatially selective ftering
« Pariodic component analysis

&

[ T—

Reconstruct s denciead (desitac) signal i the frst domain by appiying the inverss of e
st e 10 duoariposs the input signal in siop 100 1 D2,

Step 3




