a2 United States Patent

Kniazev et al.

US009510787B2

US 9,510,787 B2
Dec. 6, 2016

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

(54)

(71)

(72)

(73)

")

@
(22)

(65)

(1)

(52)

(58)

METHOD AND SYSTEM FOR
RECONSTRUCTING SAMPLED SIGNALS

Applicant: Mitsubishi Electric Research
Laboratories, Inc., Cambridge, MA
(US)

Inventors: Andrei Kniazev, Cambridge, MA (US);

Akshay Gadde, Los Angeles, CA (US);

Dong Tian, Boxborough, MA (US);

Hassan Mansour, Boston, MA (US);

Richard C Waters, Concord, MA (US)

Mitsubishi Electric Research
Laboratories, Inc., Cambridge, MA
(Us)

Assignee:

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 70 days.

Appl. No.: 14/567,015
Filed: Dec. 11, 2014

Prior Publication Data

US 2016/0173736 Al Jun. 16, 2016
Int. CL.
A61B 5/00 (2006.01)
GOIR 33/561 (2006.01)
(Continued)
U.S. CL
CPC ..o A61B 5/72 (2013.01); A61B 5/0035

(2013.01); 461B 5/7257 (2013.01);
(Continued)

Field of Classification Search
CPC ... A61B 5/0035; A61B 5/7257, A61B 5/0073;
A61B 5/7235; A61B 5/72; GO1R 33/5611;
GOIR 33/5608; GO6T 11/003; GO6T
11/006; GO6T 11/005; GO6T 2207/20064,
GO6T 2207/10081; GO6T
2207/20048; GO6T 2207/20072; GO6T

100/ Original Pl
; .

2207/20076;GO6T 2211/421; GO6T 7/206;
GO6T 9/00; G10L 19/008; G10L 19/03;
G10L 19/24; GO3H 2001/0883; GO3H
2240/62; GO6K 9/0057; GO6K
9/527;, GO6K 9/6232; GO6K
9/6262; GO6K 9/78; GOIN 23/046; GOIN
29/0654; GOIN 29/46; HOAN
19/00; HO4N 19/122; HO4N
19/156; HO4N 19/172; HO4N
19/395; HO4N 19/61; HO4N 19/63; HO4N
19/91; HO4N 5/142

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
4,209,843 A * 6/1980 Hyatt ......cccoe.. B60R 16/0373
708/422
4,581,715 A * 4/1986 Hyatt ........c.c.... B60R 16/0373
708/403

(Continued)

OTHER PUBLICATIONS

Bansal et al., “Bandwidth expansion of narrowband speech using
non-negative matrix factorization,” In Ninth European Conference
on Speech Communication and Technology, 2005.

(Continued)

Primary Examiner — Manav Seth
(74) Attorney, Agent, or Firm — Gene Vinokur; James
McAleenan; Hironori Tsukamoto

(57) ABSTRACT

A method reconstructs a signal by sampling the signal using
a sampling procedure to obtain an input signal. A consistent
set is determined from the input signal including the first
elements such that applying the sampling procedure to the
first elements results in the input signal. According to the
type of the signal, a guiding set is determined including
second elements disjoint from the first elements. A recon-
struction set including third elements is generated so that the
third elements minimize a sum of a first similarity measure
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