a2 United States Patent

Tsai et al.

US009411035B2

US 9,411,035 B2
Aug. 9,2016

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

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(30)

(1)

(52)

(58)

Oct. 7, 2013

METHOD AND ELECTRONIC APPARATUS
FOR ANGLE ESTIMATION VERIFICATION

Applicant: National Chiao Tung University,
Hsinchu (TW)

Inventors: Tsung-Yu Tsai, Hsinchu (TW);
Chung-Jung Huang, Hsinchu (TW);
Ta-Sung Lee, Hsinchu (TW)
Assignee: National Chiao Tung University,
Hsinchu (TW)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 361 days.
Appl. No.: 14/106,853

Filed: Dec. 16, 2013

Prior Publication Data

US 2015/0097717 Al Apr. 9, 2015
Foreign Application Priority Data

(TW) e 102136235 A
Int. CL.
G018 13/93
G018 3/74
GO1S 7/40
G018 1334
G018 13/42
U.S. CL
CPC ... GOIS 3/74 (2013.01); GOIS 7/40 (2013.01);
GO1S 7/4026 (2013.01); GO1S 13/34 (2013.01);
G018 13/42 (2013.01); GO1S 13/931 (2013.01)
Field of Classification Search
CPC .... GO1S13/931; GO1S 3/74; GO1S 2007/403
USPC i 342/70, 107, 133, 195
See application file for complete search history.

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

(56) References Cited

U.S. PATENT DOCUMENTS

3/1998 Nakatani et al.
5/1998 Fujita et al.

(Continued)

5,731,778 A
5,751,240 A

FOREIGN PATENT DOCUMENTS

CN 1537237 10/2004
CN 101779139 7/2010

OTHER PUBLICATIONS

Choi et al., “High angular resolution estimation methods for vehicle
FMCW radar,” 2011 IEEE CIE International Conference on Radar
(Radar), Oct. 24-27, 2011, pp. 1868-1871.

(Continued)

Primary Examiner — John B Sotomayor
Assistant Examiner — Marcus Windrich
(74) Attorney, Agent, or Firm — Jianq Chyun IP Office

(57) ABSTRACT

A method for angle estimation verification, adapted for veri-
fying an estimated angle calculated by an electronic appara-
tus having an angle estimator and at least three antennas, is
provided. The estimated angle is extracted from the angle
estimator. An autocorrelation matrix is generated according
to a signal vector formed by a plurality of measurements of a
received signal received by each of the antennas so as to
obtain a plurality of eigenvalues. Among phase difference
data generated by a plurality of antenna groups formed by all
different combinations of two of the antennas, a plurality of
possible estimated angles corresponding to the phase differ-
ence data not caused by a coterminal angle effect are calcu-
lated. According to the eigenvalues and the possible estimated
angles, whether the received signal corresponds to a single
target or multiple targets is determined so as to verify the
reliability of the estimated angle.

12 Claims, 2 Drawing Sheets

"m0t g 102 10_N
1200 | 1202 120 N,
signal signal signal
processing| |processingt ... oL L processing
unit unit unit
— 1,44 140
| I : )
142~ eigenvalue |[ Phose
calculating dlffTrepce gl
i i analyzin
onge estmoter ot um’ty ? verification
~130 unit
electronic apparatus

100



