US00D940116S

a2y United States Design Patent (o) Patent No.: US D940,116 S

Cho et al. 45) Date of Patent: «+ Jan. 4, 2022
(54) ARRAY MICROPHONE ASSEMBLY (56) References Cited
(71) Applicant: Shure Acquisition Holdings, Inc, U.S. PATENT DOCUMENTS
Niles, IL (US) 1,535,408 A * 4/1925 Fricke ..........ccvvnvii. GO9F 27/00
R . 40/716
(72) Inventors' Ellzabeth Ahra C-h?j WllmEttej IL 155405788 A 3K 6/1925 MCCIUI@ ““““““““““ EO4C 2/422
(US); Gregory William La.ntz, Aurora, 57/799 12
IL (US); John Matthew Miller, (Continued)
Grayslake, IL (US)
, L _ FOREIGN PATENT DOCUMENTS
(73) Assignee: Shure Acquisition Holdings, Inc.,
Niles, IL (US) CA 2505496 10/2006
CA 2838856 A1 12/2012
(**) Term: 15 Years (Continued)
(21) Appl. No.: 29/711,242 OTHER PURIL ICATIONS
(22) Filed: Oct. 29, 2019 Advanced Network Devices, IPSCM Ceiling Tile IP Speaker, Feb.
o 2011,2 pgs.
Related U.S. Application Data (Continued)
(63) Continuation of application No. 29/700,873, filed on | |
Aug. 6, 2019, now Pat. No. Des. 865,723, which isa  Primary Examiner — Paula Allen Greene
continuation of application No. 15/833,404, filed on (74) Attorney, Agent, or Firm — Finnegan, Henderson,
Dec. 6, 2017, now abandoned, which 1s a continuation Farabow, Garrett & Dunner, LLP
of application No. 15/631,310, filed on Jun. 23, 2017,
(Continued) (57) CLAIM
(51) LOC (13) Clo oo, 14-01  lheornamental design for an array microphone assembly, as
(52) U.S. Cl shown and described.
USPC .., D14/225; D14/209; D14/229 DESCRIPTION
(58) Field of Classification Search

USPC ... D14/225, 209, 229, 209.1, 126, 204, 214,
D14/210, 211, 219, 221, 250, 224, 224.1,
D14/240, 341, 315, 374, 358, 149, 227,
D14/496; D23/388; D6/300, 308;

D20/43; 181/150, 199; 381/391, 189;
248/250; 312/7.1; 428/13; 52/232;

434/317; 281/15.1; 40/455, 124.02, 714,
40/768

CPC . HO4R 1/02; HO4R 25/00; HO4R 5/02; HO4R

1/20; HO4R 9/06; HO4R 1/24; HO4R

7/18; HO4R 1/40; HO4R 31/00; HO4R
(Continued)

FIG. 1 1s a front, top, right perspective view of an array
microphone assembly, showing the new design;

IG. 2 1s a rear, bottom, left perspective thereof;

IG. 3 1s a top plan view thereof;

IG. 4 1s a bottom plan view thereof;

IG. 5 1s a front view thereof; and,

IG. 6 1s a left side view thereofl.

he broken lines of even length shown in the drawings
lustrate portions of the array microphone assembly that
form no part of the claimed design.

— — "] '] '] T T

1 Claim, 5 Drawing Sheets

T o
i T
= Sl
LN L
s e
vl RN
1'.-'-’.'."‘ -r H-\"‘H
e a - v
o " ~ln,
_ ._,-.__:-"". :r_: o - "“‘-:,_:_;
P - . T T
i - - ik i Tn_ e
o e . o {.-":',i ‘HQ .
o -___a' . _...""" - L.
R W5 . e , L
P S, : - N
w.'f"'::-‘{: 2 L - L ' o L -.-_:>
L 1 phr L Wt F - j)-’.’b'r .
o s . : Q37 -
L."“:qf._‘_--&r'h *-5‘1.-'.% - - '1 . -’-".f'- ..-.___.-. o
- "&‘?—'\-\.\_‘ - "a._““"! - 4, o f"‘_:-j;’:’.- _-". .- -
e, TRy e ST
- “"'1.‘_\-\. __.r’-':- ___,-'...--'-
T W e ’_’,.“' - e
e N
T ) -H"‘-*-uh - . e
--.\..\. - -H"‘."-:_\..:‘_-‘;‘-\H -“_:_.:-l_"- -..__
" . '-. . - . "'.\-\‘_:\::1{ " "* .
e e - - - -



US D940,116 S

Page 2
Related U.S. Application Data 4,296,280 A * 10/1981 Richie ......ccoovvnnnnnn HO4R 1/02
181/150
now abandoned, which 1s a continuation of applica- 4,305,141 A 12/1981 Massa
tion No. 15/403,765, filed on Jan. 11, 2017, now 4,308,425 A 1271981 Momose
T . .. 4311,874 A 1/1982 Wallace, Jr.
abandoned, which 1s a continuation of application No. 4330691 A 5/1987 Gordon
14/701,376, filed on Apr. 30, 2015, now Pat. No. 4,334,740 A 6/1982 Wray
9,565,493, 4,365,449 A 12/1982 Liautaud
_ _ _ 4414433 A 11/1983 Horie
(58) Field of Classification Search 4429850 A *  2/1984 Weber ..ooocvviviv.., A47F 5/0846
CPC . 1/406; HOSK 5/00; G10K 11/00; GO9F 3/00:; 108/108
GO9F 1/00; GO9B 5/06; GO3B 17/24 4,436,966 A 3/1984 Botros
See application file for complete search history 4,449,238 A >/1984  Lee
' 4,466,117 A 8/1984 Goerike
4485484 A 11/1984 Flanagan
(56) References Cited 4489442 A 12/1984 Anderson
4,518,826 A 5/1985 Caudill et al.
U.S. PATENT DOCUMENTS 4,521,908 A 6/1985 Miyaji
4,566,557 A 1/1986 ILemaitre
1,965,830 A 7/1934 Hammer 4,593,404 A 6/1986 Bolin
2,164,655 A *  7/1939 Kleerup ................ GO3D 15/10 4,653,102 A 3/1987 Hansen
156/492 4,658,425 A 4/1987 Julstrom
D122,771 S * 10/1940 DONET .oovoveeveveeeerereen., D6/300 4,669,108 A 5/1987 Deinzer
2233412 A *  3/1941 Hill ooovoovrvieieeriin, EO6B 9/52 4,693,174 A * 9/1987 Anderson .......... F24F 13/0254
160/378 454/292
2,268,529 A * 12/1941 Stiles ...ccoovvveenn.... GO3B 21/64 4,696,043 A 9/1987 Iwahara
40/707 4,712,231 A 12/1987 Julstrom
2,343,037 A * 2/1944 Adelman ... EO6B 9/52 4,741,038 A 4/1988  Llko
160/381 4,752,961 A 6/1988 Kahn
2377449 A *  6/1945 Prevette ... FO6B 9/57 4,805,730 A * 2/1989 O’Neill .................... HO4R 1/02
160/106 - 1817143
2,481,250 A * 9/1949 Schneider ... FO2N 15/063 4815132 A /1989 Minami
2417 R 4,860,366 A 8/1989 Fukushi
2521.603 A 0/1950 Prew 4,881,135 A 11/1989 Heilweil
2.533.565 A * 12/1950 Fichelman ....... GO9F 15/0025 4,903,247 A 271990 Van Gerwen
40/603 1028313 A 31000 Hil T
. 928, 1
2,840,181 A * 6/1958 Wildman ............... H04f{_8 iﬁgg 4969197 A 11/1990 Takaya
2912,605 A 11/1959 Tibbetts g’?g?’igg i gﬁggé %ﬁmkfﬁeft al;
2938113 A * 5/1960 Schneil ........cooco....... HO4B 1/08 S
739, D329.239 S 9/1992 Hahn
’ 455/350 5,214,709 A 5/1993 Ribic
3,019,854 A 271962 O"Bryant D340,718 S 10/1993 Leger et al.
3,143,182 A~ 8/1964 Sears et al. D345,346 S 3/1994  Alfonso et al.
3,160,225 A * 12/1964 Sechrist ............ HO4R 1/2857 D345.379 S 3/1994 Chan
| I81/151 5,297,210 A 3/1994 Julstrom
3,161,975 A 12/1964 McMillan 5,322,979 A 6/1994 Cassity et al.
3,205,601 A 9/1965 Gawne et al. 5.323.459 A 6/1994 Hirano
3,509,290 A 4/1970 chhlda ct al. 5,335,011 A /1994 Addeo
3,096,885 A ¥ 10/1972 Grieg ..o, HO4R 1/42 5359374 A * 10/1994 Schwartz ............. A47G 1/0616
181/141 40/455
3,755,625 A 8/1973 Maston 5,371,789 A 12/1994 Hirano
3,857,191 A 12/1974 Sadorus 5,383,293 A 1/1995 Roval
3,906,431 A 9/1975 Clearwaters 5,384,843 A 1/1995 Masuda
D237,103 S * 10/1975 Fisher ...coocoovvviiiviinnin. D25/119 5,396,554 A 3/1995 Hirano
3,938,017 A 2/1976  Forbes 5400413 A * 3/1995 Kindel ....ocoovoen..... HO4R 1/023
3,941,638 A *  3/1976 Horky ..ooovevecevecenn... HO4R 1/02 121/199
156/196 D363,045 S 10/1995 Phillips et al.
4,008,408 A 2/1977 Kodama 5473,701 A 12/1995 Cezanne
4,029,170 A 6/1977 Phillips 5,509,634 A * 4/1996 Gebka ......coccvenn..... GO9F 3/204
4,032,725 A 6/1977 McGee 14/336
4,070,547 A 1/1978 Dellar 5,513,265 A 4/1996 Hirano
i{*ggé% i é? g;g gauer 5,525,765 A 6/1996 Freiheit
U0, auer 5,550,924 A 8/1996 Helf
4,127,156 A * 11/1978 Brandt .........ccco....... EOfﬁBO/Ql/g; 5574793 A 11/1996 Hirschhorn
4131760 A 12/1978 Christensen 2,002,962 A 2/1997 Kellermann
4,184,048 A 1/1980 Alcaide 2,033,930 A >/1997 Oh
4198705 A 411980 Mocsa 5645257 A *  7/1997 Ward ....c.ccoco........ A47B 57/565
D255,234 S 6/1980 Wellward et al. 108/108
D256,015 N 7/1980 Doherty D382,118 S ¥ 8/1997 Ferrero .....ccocovvvvvvinninnnn, D5/53
4212,133 A 7/1980 T.ufkin 5,661,813 A 8/1997 Shimauchi
4237339 A 12/1980 Bunting 5,673,327 A 9/1997 Julstrom
4,244,096 A 1/1981 Kashichi 5,087,229 A 11/1997 Sih
4244906 A * 1/1981 Heinemann .............. C08G 8/04 5,700,344 A 1/1998 Finn
264/109 5717171 A *  2/1998 Miller ....ccocevve..... HO4R 1/023
4254417 A 3/1981 Speiser 181/150
4,275,694 A * 6/1981 Nagaishi ....cceoon...... GOLF 1/86 D392,977 S 3/1998 Kim
123/463 D394,061 S 5/1998 Fink



US D940,116 S

(56)

5,761,318
5,766,702

5,787,183
5,796,819
5,848,146
5,870,482
5,888,412
5,888,439

6,035,962
6,039,457

6,041,127
0,049,607
D424,538
6,069,961
0,125,179
D432,518
6,137,887
0,144,746
0,173,059
0,198,831
6,205,224
0,215,881
0,266,427
6,285,770
0,329,908
0,332,029
D453,016
0,393,129
6,442,272
0,449,593
0,488,367
D469,090
0,505,057
0,556,682
0,592,237

6,665,971

6,704,422
DA489,707
0,731,334
6,741,720
0,708,795
0,885,750
6,895,093
6,931,123
6,944,312

510,729
6,968,064
6,990,193
0,993,126
0,993,145
7,003,099
7,031,269
7,035,415
7,054,451
526,643
527,372
7,092,516
7,092,882
7,098,865
7,120,269
533,177
542,543
D546,318
546,814
D547,748
D549,673
7,209,263
552,570

Page 3
References Cited D566.,685
7,359,504
U.S. PATENT DOCUMENTS 7,387,151
A 6/1998 Shimauchi D582,391
A ¥ 6/1998 Lin ..ccovevennnnnn. B32B 17/10247 D587,709
156/101 589,605
A 7/1998 Chu 7,503,616
A 8/1998 Romesburg 7,536,769
A 12/1998 Slattery D595,736
A 2/1999 Loeppert et al. 7,505,949
A 3/1999 Sooriakumar et al. 1D599,553
A *  3/1999 Miller ......ooovvveene.n, HO4R 1/023 D601,585
264/248 7,651,390
A 3/2000 Lin
A F 32000 O’Neal .oovvvvviiiiinl, F21S &/00 7,660,428
362/217.16 613,338
A 3/2000 Elko 7,701,110
A 4/2000 Marash D614,871
S 5/2000 Hayashi et al. 7,724,891
A 5/2000 Nakazawa 7,747,001
A 9/2000 Wu 7,756,278
S 10/2000 Muto 7,831,035
A 10/2000 Anderson 7,831,036
A 11/2000 Azima et al. D636,188
Bl 1/2001 Huang 7,925,006
Bl 3/2001 Azima et al. 7,925,007
Bl 3/2001 Underbrink 7,970,123
Bl 4/2001 Azima 7,970,151
Bl 7/2001 Mathur Do642,385
Bl 9/2001 Azima et al. 7,991,167
Bl  12/2001 Frecska 7,995,768
Bl 12/2001 Azima 8,005,238
S 1/2002 Nevill et al. 8,019,091
Bl 5/2002 Conrad et al. 8,059,843
Bl 8/2002 Osovets
Bl 9/2002 Valve 8,064,629
Bl  12/2002 Debesis et al. 8,085,947
S % 1/2003 TSUJL +oorvrerereerererennn. D14/374 8,098,842
Bl 1/2003 Finn 8,098,844
Bl 4/2003 Gilloire 8,103,030
Bl1* 7/2003 Pledger .......c.c......... F21S 8/02 D655,271
362/147 D656,473
B2* 12/2003 LOWIY .ccooovvviniennnnn., GO9F 3/20 8,130,969
40/642.02 Al
Bl 3/2004 Jensen [5658153
S 5/2004 Kobayashi . 175a291
Bl 5/2004 Maeng 851843801
Bl 5/2004 Myatt 851893765
B2 7/2004 Feltstroem 83 | 89ﬁ8 00
B2 4/2005 Egelmeers 83 | 993927
Bl 5/2005 Al 852043198
Bl 8/2005 Hughes 832' 3ﬁ596
B2* 9/2005 Mason ........cceeen..... HO4R 1/025 8212?3"634
381/189 8"21‘9"387
S * 10/2005 Chen ..c.ccoovvveveviiiannnnn, D14/125 852-29&134
Bl 11/2005 Ning 8323?;352
B2 1/2006 Beaucoup 832493273
Bl 1/2006 Kyrylenko 85275j120
B2 1/2006 Combest 85 5 845949
Bl 2/2006 Zhang 83286j749
B2 4/2006 Lee 852903 149
B2 4/2006 Belt 852915670
B2 5/2006 Janse " ’
S 8/2006 Ishizaki 8297 402
S 8/2006 Allen 331 527
B2 8/2006 Furuta 8:385:557
B2 8/2006 Arr(_)wood D678.329
B2 8/2006 Christensen 2 305 653
B2 10/2006 Lowell 8: 403 : 107
S * 12/2006 Andre .................. D14/314 8.433.061
S 5/2007 Bruce D682.266
S 7/2007 Yoon et al. 8,437,490
S *  7/2007 Takita .....oooovviviiiniiininnn, D14/168 3,443,930
S 7/2007 Tsuge 8,447,590
S 8/2007 Niitsu D685,346
B2 9/2007 Dedieu D686,182
S 10/2007 Niitsu 8,479,871

S
Bl
Bl *

e

vel2 R Rvo R RvelvvR? R 07>
N N9 R0

[—
-

B2

B2
B2
B2
B2
B2

B2
B2
B2
B2

B2
B2
B2
B2
B2 *

B2
B2
B2
B2
B2

B2
B2
B2

B2
Bl
B2
B2
Bl
B2
B2
Bl
B2
B2
B2
B2
B2
B2
B2
Bl
B2 *

B2
B2
B2

B2
B2
B2

B2
B2

B2

q
B2

4/2008

4/2008
6/2008

12/2008
3/2009
3/2009
3/2009
5/2009
7/2009
7/2009
9/2009

10/2009
1/2010

2/201
4/201
4/201
5/201
5/201
6/201
7/201
11/201
11/20

4/2011
4/2011
4/2011
6/2011
6/2011
8/2011
8/2011
8/2011
8/2011
9/2011
11/2011

11/201
12/201
1/201
1/201
1/201
3/201
3/201
3/201
3/201
3/201
4/201
5/201
5/201
5/201
5/201
6/201
6/201
7/201
7/201
7/201
7/201
7/201
8/201
9/201
10/201
10/201
10/201
10/201

10/201
12/201
2/201
3/201
3/201
3/201
4/201
5/201
5/201
5/201

5/201
7/201
7/201
7/201

e I e e J e J o e I e o

1
1

R I A R R R R S B R R R S R N R R R R N A I S B A" B A I oW B (I

W (d L L L G L L) G Ld Lo G o o

Koller et al.
Reuss
Payne EO6B 5/006

160/371

D14/214

ttttttttttttttttttttt

Morimoto
Niitsu et al.
Reedy et al.
[.inhard
Pedersen
Son et al.
Tojo
Shapiro
Andre

iiiiiiiiiiiiiiiiiiii

.......................... D14/314
F24F 13/06

454/307

ttttttttttttttttttt

Rodman
Marukos
Fukuda et al.
Tang et al.
Beaucoup
Kellermann
Moorer
Stokes
Beaucoup
Kim et al.
Hirai
Stokes
Beaucoup
Oxford
[ee et al.
Oxford
Miki
Tashev
Burnett

Hung HOAN 5/642

381/306

iiiiiiiiiiiiiiiiiiiii

Jlang

Haulick

Florencio

Elko

Barthel

Park ....ooovvviiiiininin

tttttttttttttttttttttttttt

D14/188
D14/126

Woo D14/188

ttttttttttttttttttttttttttttt

Hamalainen
Nishikawa
Woltl
Raftery
Adeney
Beaucoup
Daniel
Cutler
Duraiswami
Beaucoup
Inoda
Stokes, 111
Farhang
Stewart, Jr. et al.
Lambert

Gard E04AC 2/42

52/662

ttttttttttttttttttttttttt

Stewart et al.
Steele
Tashev

.ee
Feng
Stewart, Jr. et al.
Cutler

Wu
Marton
Stewart, Jr.

Ishibashi
Szymanski et al.
Ashiwa

Stewart et al.

D14/496

tttttttttttttttttttttttttttttt

D14/358

tttttttttttttttttttttttttttttt

D14/149

tttttttttttttttttttttttt



US D940,116 S

Page 4
(56) References Cited 0,578,413 B2 2?20_}7 S?lx;ra
9,591,404 B1  3/2017 Chbhetri
U.S. PATENT DOCUMENTS D784,299 S *  4/2017 ChO oooovoveerereeeee, D14/225
9,615,173 B2  4/2017 Sako
8,483,398 B2  7/2013 Fozunbal 9,635,186 B2  4/2017 Pandey
8498423 B2  7/2013 Thaden D787.481 S * 52017 TySSO wocoooorvriniiririn D14/229
D687.432 S * 82013 Duan ..o, D14/341 D788,073 S * 5/2017 Silvera ...........coooevenn. D14/214
8,503,653 B2 82013 Ahuja 9,041,688 B2 52017 Pandey
8,515,089 B2 82013 Nicholson 9,641,929 B2 52017 Li
8,553,904 B2  10/2013 Said 9,641,935 Bl 52017 Ivanov
D693,328 S * 11/2013 Goetzen ....oovovvn.... D14/209.1 789,323 § *  6/2017 Mackiewicz ............. D14/172
8,583,481 B2  11/2013 Viveiros 9,761,243 B2 9/2017 'laenzer
8,600,443 B2  12/2013 Kawaguchi 9,813,806 B2 11/2017 Graham
8,605,890 B2  12/2013 Zhang 9,826,211 B2 11/2017 Sawa
8,631,897 B2 1/2014 Stewart, Jr. et al. 9,854,101 B2 122017 Pandey
8,638,951 B2  1/2014 Zurek 9,866,952 B2 /2018 Pandey
D699.712 S 2/7014 Bourne 9,894,434 B2  2/2018 Rollow, IV
8,.644477 B2  2/2014 Gilbert 9,930,448 B1 ~ 3/2018 Chen
8,654,990 B2 /2014 TFaller D819,631 S * 6/20T8 Matsumiya .................. D14/357
8,660,274 B2 2/2014 Wolff 10,244,219 B2 3/2019 Sawa
8,660,275 B2 /2014 Buck D864,136 S * 10/2019 Kim ........coocevivviiniinnnn, D14/126
8,670,581 B2 3/2014 Harman D865,723 S * 11/2019 Cho ......ccoeevin, HO4R 31/00
8,672,087 B2  3/2014 Stewart, Jr. et al. | D14/225
8,676,728 Bl 3/2014 Velusamy D883,952 S * 5/2020 Lucas ........coocevviiviinnnn, D14/210
8.744.069 B2  6/2014 Cutler D888,020 S *  6/2020 LYU weoveevreerereerieen, D14/221
8.811.601 B2 872014 Mohammad D900,070 S * 10/2020 LantZ ......ccocoevevvveevnnn, D14/229
8,818,002 B2 /2014 Tashev DO00,071 S * 10/2020 Lantz ..........coovvvviinnnnn. D14/229
8,842,851 B2 9/2014 Beaucoup D900,072 S * 10/2020 Lantz ..........ccoovvvvinnnnn, D14/229
8.855326 B2  10/2014 Derkx D900,073 S * 10/2020 Lantz ......ccccocoevvveveennn, D14/229
8,855,327 B2  10/2014 Tanaka DO00,074 S * 10/2020 Lantz ........cooovvviviinnnnn. D14/229
8,873,789 B2  10/2014 Bigeh D924,189 S *  7/2021 Park .......coovviiiiiiniinn, D14/126
D717.272 S 11/2014 Kim et al. 2002/0015500 Al 2/2002 Belt
8,886,343 B2  11/2014 Ishibashi 2002/0041679 Al 4/2002 Beaucoup
8,.893.849 B2 11/2014 Hudson 2002/0131580 Al 9/2002 Smith
D504,889 S 12/2014 Andre et al. 2002/0146282 Al* 10/2002 Wilkes .............. A47F 5/0068
D718,731 S * 12/2014 Le€ covevvvveerereerenan, D14/126 403/331
8,903,106 B2  12/2014 Meyer 2002/0149070 Al  10/2002 Sheplak et al.
8,942,382 B2  1/2015 FElko 2003/0053639 Al 3/2003 Beaucoup
D725,059 S *  3/2015 Kim .oooovoveverereeiiennn, D14/126 2003/0059061 Al  3/2003 Tsuji
D725,631 S 3/2015 McNamara 2003/0063762 Al  4/2003 Tajima et al.
D726,144 S 4/2015 Kang 2003/0107478 Al  6/2003 Hendricks
D727.968 S * 4/2015 Onoue ....cooooevvvevnvnenn.... D14/500 2003/0118200 Al 6/2003 Beaucoup
9,002,028 B2  4/2015 Haulick 2003/0138119 Al  7/2003 Pocino
D729,767 S 5/2015 Lee et al. 2003/0161485 Al 82003 Smith
9,094,496 B2  7/2015 Teutsch 2003/0185404 Al  10/2003 Milsap
D735, 717 S * 82015 Lam ..cccooeovveveeirenn D14/374 2004/0013038 Al 1/2004 Kajala
D737,245 S 8/2015 Fan et al. 2004/0013252 Al 1/2004 Craner
9,113,247 B2 8/2015 Chatlani 2004/0105557 Al 6/2004 Matsuo
9,126,827 B2 9/2015 Hsich et al. 2004/0125942 Al 7/2004 Beaucoup
9,129,223 B1  9/2015 Velusamy 2004/0240664 Al  12/2004 Freed
D740,.279 S * 10/2015 WU ccovoeoreerereeeien D14/315 2005/0005494 Al*  1/2005 Way .....cc......... A47G 1/0622
9,172,345 B2  10/2015 Kok 40/714
D743,376 S 11/2015 Kim 2005/0094580 Al  5/2005 Kumar
D743,939 S * 11/2015 S€ONE voveeeveveernennn, D14/214 2005/0094795 Al 5/2005 Rambo
9,215,327 B2 12/2015 Bathurst 2005/0149320 Al  7/2005 Kajala
9,215,543 B2  12/2015 Sun 2005/0175189 Al  8/2005 Lee
9,226,088 B2  12/2015 Pandey et al. 2005/0213747 Al 9/2005 Popovich
9,237,391 B2  1/2016 Benesty 2005/0238196 Al* 10/2005 Furuno ................ HO4R 5/02
9,247,367 B2 1/2016 Nobile 381/386
9,253,567 B2 2/2016 Morcelli 2005/0271221 Al  12/2005 Cerwin
9,264,553 B2 2/2016 Pandey 2005/0286698 Al  12/2005 Bathurst
9,294,839 B2 3?20;6 Lillinbert 2005/0286729 Al* 12/2005 Harwood ................ H04R 7/04
9,301,049 B2 3/2016 Elko 381/152
D754,103 S 4/2016 Fischer et al. 2006/0088173 Al  4/2006 Rodman
9,319,532 B2~ 4/2016 Bao 2006/0104458 Al  5/2006 Kenoyer
9,319,799 B2 4/2016 Salmon et al. 2006/0151256 Al 7/2006 Lee
9,326,060 B2~ 4/2016 Nicholson 2006/0159293 Al 7/2006 Azima et al.
9,338,549 B2 5/2016 Haulick 2006/0165242 Al 7/2006 Miki
9,357,080 B2 5/2016 Beaucoup 2006/0192976 Al 82006 Hall et al.
9,403,670 B2 8/2016 Schelling et al. 2006/0198541 Al 9/2006 Henry
D769,239 S % 10/2016 Li ... D14/315 2006/0215866 Al* 9/2006 Francisco ......... HO4R 1/025
9,479,627 Bl 1072016 Rung 2006/0233353 Al 10/2006 Beaucoup
9,479,885 Bl 10/2016 Ivanov 2006/0239471 Al  10/2006 Mao
9,489,948 Bl  11/2016 Chu 2006/0262942 Al  11/2006 Oxford
9,510,090 B2  11/2016 Lissek 2006/0269080 Al  11/2006 Oxford
9,516,412 B2  12/2016 Shigenaga 2007/0053524 A1 3/2007 Haulick
9,560,451 B2  1/2017 Eichfeld 2007/0093714 Al  4/2007 Beaucoup
9,565,493 B2  2/2017 Abraham 2007/0116255 Al 5/2007 Derkx




US D940,116 S

Page 5
(56) References Cited 2013/0206501 Al 82013 Yu
2013/0251181 A1 9/2013 Stewart, Jr. et al.
U.S. PATENT DOCUMENTS 2013/0264144 Al  10/2013 Hudson et al.
2013/0271559 Al  10/2013 Feng
2007/0120029 Al 5/2007 Keung et al. 2013/0336516 Al 12/2013  Stewart et al.
2007/0165871 Al 7/2007 Roovers 2013/0343549 Al 12/2013  Vemireddy
2007/0230712 Al 10/2007 Belt 2014/0016794 Al 1/2014 Lu
2008/0056517 Al 3/2008 Algazi 2014/0072151 Al 3/2014  Ochs
2008/0101622 A1 5/2008 Sugiyama 2014/0098964 Al 4/2014 Rosca
2008/0130907 Al 6/2008 Sudo 2014/0233777 Al* 8/2014 Tseng ................. HO4R 1/021
2008/0144848 Al  6/2008 Buck 381/332
2008/0232607 Al 9/2008 Tashev 2014/0264654 Al 9/2014 Salmon
2008/0247567 Al  10/2008 Kjolerbakken 2014/0265774 Al 9/2014 Stewart, Jr. et al.
2008/0259731 Al  10/2008 Happonen 2014/0270271 Al 9/2014 Dehe et al.
2008/0260175 Al  10/2008 Flko 2014/0286518 Al 9/2014 Stewart, Jr. et al.
2008/0285772 Al 11/2008 Haulick 2014/0301586 Al  10/2014 Stewart, Jr. et al.
2009/0003586 Al  1/2009 Lai 2014/0307882 Al 10/2014 Leblanc
2009/0030536 Al  1/2009 Gur 2014/0341392 Al  11/2014 Lambert
2009/0052684 Al  2/2009 Ishibashi 2014/0357177 Al  12/2014 Stewart, Jr. et al.
2009/0087000 Al  4/2009 Ko 2015/0030172 Al 1/2015 Gaensler
2009/0087001 Al  4/2009 Jiang 2015/0055796 Al 2/2015 Nugent
2009/0129600 Al 5/2009 Oh 2015/0055797 Al 2/2015 Nguyen
2009/0147967 Al 6/2009 Ishibashi 2015/0070188 Al 3/2015 Aramburu
2009/0150149 Al  6/2009 Cutter 2015/0078581 Al 3/2015 Etter
2009/0169027 Al 7/2009 Ura 2015/0078582 Al  3/2015 Graham et al.
2009/0274318 Al 11/2009 Ishibashi 2015/0117672 A1~ 4/2015 Christoph
2009/0310794 Al 12/2009 Ishibashi 2015/0118960 A1  4/2015 Petit et al.
2010/0011644 A1  1/2010 Kramer 2015/0126255 Al 5/2015 Yang
2010/0034397 Al  2/2010 Nakadai 2015/0281832 Al  10/2015 Kishimoto
2010/0074433 Al 3/2010 Zhang 2015/0281833 A1 10/2015 Shigenaga
2010/0111324 Al 5/2010 Yeldener 2015/0350621 Al  12/2015 Sawa
2010/0119097 A1 5/2010 Ohtsuka 2016/0029120 Al 1/2016 Nesta
2010/0128892 Al 5/2010 Chen 2016/0031700 Al 2/2016 Sparks et al.
2010/0131749 Al 5/2010 Kim 2016/0080867 Al  3/2016 Nugent
2010/0150364 Al  6/2010 Buck 2016/0111109 Al 4/2016 Tsujikawa
2010/0189275 Al  7/2010 Christoph 2016/0142548 Al 52016 Pandey
2010/0202628 Al 82010 Meyer 2016/0142815 Al 5/2016 Norris
2010/0215184 Al  8/2010 Buck 2016/0148057 Al 5/2016 Oh
2010/0217590 Al  8/2010 Nemer 2016/0150316 Al 5/2016 Kubota
2010/0246873 Al1* 9/2010 Chen .......c.cccouev....... HO4R 5/02 2016/0234593 Al 82016 Matsumoto
3R81/333 2016/0295279 A1 10/2016 Srinivasan
2010/0314513 Al  12/2010 Evans et al. 2016/0300584 Al 10/2016 Pandey
2011/0007921 Al 1/2011 Stewart, Jr. et al. 2016/0302002° AL~ 10/2016 Lambert
2011/0038229 A1  2/2011 Beaucoup 2016/0302006 Al 10/2016 Pandey
2011/0096915 A1 4/2011 Nemer 2016/0323668 Al 11/2016 Abraham
2011/0164761 Al 7/2011 MecCowan 2016/0330545 Al 11/2016 McElveen
2011/0194719 Al 8/2011 Frater 2016/0337523 Al 112016 Pandey
2011/0211706 A1 9/2011 Tanaka 2016/0353200 Al 12/2016 Bigeh
2011/0311064 Al 12/2011 Teutsch 2017/0019744 Al 1/2017  Matsumoto
2011/0311085 Al  12/2011 Stewart, Jr. et al. 2017/0105066 Al 4/2017 McLaughlin
2011/0317862 Al  12/2011 Hosoe 2017/0134849 Al 5/2017 Pandey
2012/0002835 Al 1/2012 Stewart, Jr. et al. 2017/0134850 Al 52017 Graham
2012/0027227 Al 2/2012 Kok 2017/0164101 Al 6/2017 Rollow, IV
2012/0076316 Al 3/2012 Zhu 2017/0180861 Al 6/2017 Chen
2012/0080260 Al 4/2012 Stewart, Jr. et al. 2017/0264999 Al 9/2017 Fukuda
2012/0003344 Al 4/2012 Sun 2017/0374454 Al 12/2017 Bernardini
2012/0128160 Al 5/2012 Kim 2018/0160224 A1~ 6/2018 Graham
2012/0128175 Al 5/2012 Visser 2018/0292079 Al1* 10/2018 Branham ............. HO4R 1/2807
2012/0155688 Al 6/2012 Wilson 2018/0338205 Al* 11/2018 Abraham ............... HO04R 31/00
2012/0169826 Al 7/2012 Jeong 2020/0288237 Al* 9/2020 Abraham ............... HO4R 1/406
2012/0177219 Al 7/2012 Mullen et al. 2021/0200504 Al1* 7/2021 Park ......cvvivvneninnin, HO4R 1/24
2012/0182429 Al  7/2012 Forutanpour
2012/0224709 Al 9/2012 Keddem FOREIGN PATENT DOCUMENTS
2012/0243698 Al  9/2012 Flko
2012/0262536 Al  10/2012 Chen CA v246393 Al 92014
2012/0288079 Al  11/2012 Burnett CN 100646418 /7012
2012/0288114 A1  11/2012 Duraiswami CN 107871336 122012
2012/0294472 Al  11/2012 Hudson et al. CN 100833664 Al 122017
2012/0327115 A1  12/2012 Chhetri CN 102860039 12013
2013/0004013 Al 1/2013 Stewart, Jr. et al. CN 104080289 Al  10/2014
2013/0015014 Al  1/2013 Stewart, Jr. et al. CN 104581463 47015
2013/0016847 Al  1/2013 Steiner CN 103669990 57016
2013/0029684 Al  1/2013 Kawaguchi CN 306391070 32001
2013/0034241 Al  2/2013 Pandey DE 2041485 4/1081
2013/0039504 Al  2/2013 Pandey et al. EM 007754643-0001 12020
2013/0083911 Al 4/2013 Bathurst EP 0594008 4/1994
2013/0094689 Al 4/2013 Tanaka et al. FP 0869697 10/1998
2013/0101141 A1 4/2013 McElveen EP 1184676 3/2002
2013/0136274 Al  5/2013 Achgren EP 0944228 6/2003




US D940,116 S
Page 6

(56) References Cited
FORFEIGN PATENT DOCUMENTS

EP 1439526 7/2004
EP 1651001 4/2006
EP 1727344 11/2006
EP 1906707 4/2008
EP 1962547 8/2008
EP 2197219 6/2010
EP 2360940 8/2011
EP 2721837 Al 4/2014
EP 2778310 Al 9/2014
EP 3131311 2/2017
JP HO1260967 10/1989
JP HO7336790 12/1995
JP 3175622 6/2001
JP 2003087890 3/2003
JP 2004349806 12/2004
JP 2004537232 12/2004
JP 2005323084 11,2005
JP 2006094389 4/2006
JP 2006101499 4/2006
JP 4120646 8/2006
JP 4258472 8/2006
JP 4196956 9/2006
JP 2006340151 12/2006
JP 4760160 1/2007
JP 4752403 3/2007
JP 4867579 6/2007
JP 2007208503 8/2007
JP 2007228069 9/2007
JP 2007228070 9/2007
JP 20072774131 10/2007
JP 2007274463 10/2007
JP 2008005347 1/2008
JP 2008042754 2/2008
JP 5028944 5/2008
JP 2008154056 7/2008
JP 2008259022 10/2008
JP 2008312002 12/2008
JP 2009206671 9/2009
JP 2010028653 2/2010
JP 2010114554 5/2010
JP 2010268129 11/2010
JP 2011015018 1/2011
KR 100960781 1/2004
KR 300888582.0000 *12/2016
WO WO 2006049260 5/2006
WO WO 2006071119 7/2006
WO WO 2000121896 11/2006
WO WO 2010001508 1/2010
WO WO 2010140084 12/2010
WO WO 2010144148 A2 12/2010
WO WO 2011104501 9/2011
WO WO 2012160459 11/2012
WO WO 2012174159 Al 12/2012
WO WO 2016176429 11/2016
WO D2118435-001 * 11/2020

OTHER PUBLICATIONS

Advanced Network Devices, IPSCM Standard 2' by 2' Ceiling Tile
Speaker, 2 pgs.

Affes et al., A Signal Subspace Tracking Algorithm for Microphone
Array Processing of Speech, IEEE Trans. On Speech and Audio
Processing, vol. 5, No. 5, Sep. 1997, pp. 425-437.

Affes et al., A Source Subspace Tracking Array of Microphones for
Double Talk Situations, 1996 IEEE International Conference on
Acoustics, Speech, and Signal Processing Conference Proceedings,
May 1996, pp. 909-912.

Affes et al., An Algorithm for Multisource Beamforming and
Multitarget Tracking, IEEE Trans. On Signal Processing, vol. 44,
No. 6, Jun. 1996, pp. 1512-1522.

Affes et al., Robust Adaptive Beamforming via LMS-Like Target

Tracking, Proceedings of IEEE International Conference on Acous-
tics, Speech and Signal Processing, Apr. 1994, pp. IV-269-1V-272.

Armstrong World Industries, Inc., I-Ceilings Sound Systems Speaker
Panels, 2002, 4 pgs.

Arnold et al., A Directional Acoustic Array Using Silicon Micromachined
Piezoresistive Microphones, Journal of the Acoustical Society of
America, 113(1), Jan. 2003, pp. 289-298.

Atlas Sound, 1128SYSM IP Compliant Loudspeaker System with
Microphone Data Sheet, 2009, 2 pgs.

Atlas Sound, 1'x2' IP Speaker with Mioophone for Suspended
Ceiling Systems, https://www.atlasied.com/1128sysm., retrieved Oct.
25, 2017, 5 pgs.

Audio Technica, ES945 Omnidirectional Condenser Boundary Micro-
phones, https://eu.audio-technica.com/resources/ES945%
20Spectications.pdf, 2007, 1 pg.

Audix Microphones, Audix Introduces Innovative Ceiling Mies,
http://audixusa.com/docs_12/latest_ news/EFpIFkA AkIOtSdolke.
shtml, Jun. 2011, 6 pgs.

Audix Microphones, M70 Flush Mount Celling Mic, May 2016, 2

pgs.
Beh et al., Combining Acoustic Echo Cancellation and Adaptive

Beamforming for Achieving Robust Speech Interface in Mobile
Robot, 2008 IEEE/RSIJ International Conference on Intelligent
Robots and Systems, Sep. 2008, pp. 1693-1698.

Benesty et al., A New Class of Doubletalk Detectors Based on

Cross-Correlation, IEEE Transactions on Speech and Audio Pro-
cessing, vol. 8, No. 2, Mar. 2000, pp. 168-172.

Benesty et al., Adaptive Algorithms for Mimo Acoustic Echo
Cancellation, https://publik.tuwien.ac.at/files/pub-et_ 9085 .pdf, 2003,
pp. 1-30.

Benesty et al., Frequency-Domain Adaptive Filtering Revisited,
Generalization to the Multi-Channel Case, and Application to
Acoustic Echo Cancellation, 2000 IEEE International Conference

on Acoustics, Speech, and Signal Processing Proceedings, Jun.
2000, pp. 789-792.

Beyer Dynamic, Classis BM 32-33-34 DE-EN-FR 2016,1 pg.
Beyer Dynamic, Classis-BM-33-PZ Al,l pg.

Boyd, et al., Convex Optimization, Mar. 15, 1999, 216 pgs.
Brandstein et al., Eds., Microphone Arrays: Signal Processing
Techniques and Applications, Digital Signal Processing, Springer-
Verlag Berlin Heidelberg, 2001, 401 pgs.

Bruel & Kjaer, by J.J. Christensen and J. Hald, Technical Review:
Beamforming, No. 1, 2004, 54 pgs.

BSS Audio, Soundweb London Application Guides, 2010, 120 pgs.
Buchner et al., An Acoustic Human-Machine Interface with Multi-
Channel Sound Reproduction, IEEE Fourth Workshop on Multime-
dia Signal Processing, Oct. 2001, pp. 359-364.

Buchner et al., An Efficient Combination of Multi-Channel Acoustic
Echo Cancellation with a Beamforming Microphone Array, Inter-
national Workshop on Hands-Free Speech Communication (HSC2001),
Apr. 2001, pp. 55-58.

Buchner et al., Full-Duplex Communication Systems Using Loud-
speaker Arrays and Microphone Arrays, IEEE International Con-
ference on Multimedia and Expo, Aug. 2002, pp. 509-512.
Buchner et al., Generalized Multichannel Frequency-Domain Adap-
tive Filtering: Efficient Realization and Application to Hands-Free
Speech Communication, Signal Processing 85, 2005, pp. 549-570.
Buchner et al., Multichannel Frequency-Domain Adaptive Filtering
with Application to Multichannel Acoustic Echo Cancellation,
Adaptive Signal Processing, 2003, pp. 95-128.

Buchner, Multichannel Acoustic Echo Cancellation, http://www.
buchner-net.com/mcaec.html, Jun. 2011.

Buck, Aspects of First-Order Differential Microphone Arrays in the
Presence of Sensor Imperfections, Transactions on Emerging Tele-
communications Technologies, vol. 13, No. 2, Mar.-Apr. 2002, pp.
115-122.

Buck, et al., Self-Calibrating Microphone Arrays for Speech Signal
Acquisition: A Systematic Approach, Signal Processing, vol. 86,
2006, pp. 1230-1238.

Burton et al., A New Structure for Combining Echo Cancellation
and Beamforming in Changing Acoustical Environments, IEEE
International Conference on Acoustics, Speech and Signal Process-

ing, 2007, pp. 1-77-1-80.




US D940,116 S
Page 7

(56) References Cited
OTHER PUBLICATIONS

Campbell, Adaptive Beamforming Using a Microphone Array for
Hands-Free Telephony, Virginia Polytechnic Institute and State
University, Feb. 1999, 154 pgs.

Chan et al., Uniform Concentric Circular Arrays with Frequency-
Invariant Characteristics—Theory, Design, Adaptive Beamforming
and DOA Estimation, IEEE Transactions on Signal Processing, vol.
55, No. 1, Jan. 2007, pp. 165-177.

Chen et al., Design of Robust Broadband Beamtormers with Passband
Shaping Characteristics using Tikhonov Regularization, IEEE Trans-
actions on Audio, Speech, and Language Processing, vol. 17, No. 4,
May 2009, pp. 565-681.

Chen, et al., A General Approach to the Design and Implementation
of Linear Differential Microphone Arrays, Asia-Pacific Signal and
Information Processing Association Annual Summit and Confer-
ence, 2013, 7 pgs.

Chou, “Frequency-Independent Beamformer with Low Response
Error,” 1995 International Conference on Acoustics, Speech, and
Signal Processing, pp. 2995-2998, May 9, 1995, 4 pp.

Chu, Desktop Mic Array for Teleconferencing, 1995 International
Conference on Acoustics, Speech, and Signal Processing, May
1995, pp. 2999-3002.

ClearOne Communications, X AP Audio Conferencing White Paper,
Aug. 2002, 78 pgs.

Clearone, Beamforming Microphone Array, Mar. 2012, 6 pgs.
Clearone, Ceiling Microphone Array Installation Manual, Jan. 9,
2012, 20 pgs.

Cook, et al., An Alternative Approach to Interpolated Array Pro-
cessing for Uniform Circular Arrays, Asia-Pacific Conference on
Circuits and Systems, 2002, pp. 411-414.

Cox et al., Robust Adaptive Beamforming, IEEE Trans. Acoust.,
Speech, and Signal Processing, vol. ASSP-35, No. 10, Oct. 1987,
pp. 1365-1376.

CTG Audio, Ceiling Microphone CTG CM-01, Jun. 5, 2008, 2 pgs.
CTG Audio, CM-01 & CM-02 Ceiling Microphones Specifications,
2 pgs.

CTG Audio, CM-01 & CM-02 Ceiling Microphones, 2017, 4 pgs.
CTG Audio, Expand Your IP Teleconferencing to Full Room Audio,
http://www.ctgaudio.com/expand-your-ip-teleconferencing-to-full -

room-audio-while-conquering-echo-cancellation-issues.html, Jul. 29,
2014, 3 pgs.

CTG Audio, Installation Manual, Nov. 21, 2008, 25 pgs.

CTG Audio, White on White—Introducing the CM-02 Ceiling
Microphone, https://ctgaudio.com/white-on-white-introducing-the-
cm-02-ceiling-microphone/, Feb. 20, 2014, 3 pgs.

Dahl et al., Acoustic Echo Cancelling with Microphone Arrays,
Research Report 3/95, Univ. of Karlskrona/Ronneby, Apr. 1995, 64

pgs.
Desiraju et al., Efficient Multi-Channel Acoustic Echo Cancellation

Using Constrained Sparse Filter Updates in the Subband Domain,
[TG-Fachbericht 252: Speech Communication, Sep. 2014, 4 pgs.
Dibiase et al., Robust Localization in Reverberent Rooms, 1n
Brandstein, ed., Microphone Arrays: Techniques and Applications,
2001, Springer-Verlag Berlin Heidelberg, pp. 157-180.

Do et al., A Real-Time SRP-PHAT Source Location Implementation
using Stochastic Region Contraction (SRC) on a Large-Aperture
Microphone Array, 2007 IEEE International Conference on Acous-
tics, Speech and Signal Processing—ICASSP *07, Apr. 2007, pp.
1-121-1-124.

Fan et al., Localization Estimation of Sound Source by Micro-
phones Array, Procedia Engineering 7, 2010, pp. 312-317.
Flanagan et al., Autodirective Microphone Systems, Acustica, vol.
73,1991, pp. 58-71.

Flanagan et al., Computer-Steered Microphone Arrays for Sound
Transduction in Large Rooms, J. Acoust. Soc. Am. 78 (5), Nov.
1985, pp. 1508-1518.

Frost, III, An Algorithm for Linearly Constrained Adaptive Array
Processing, Proc. IEEE, vol. 60, No. 8, Aug. 1972, pp. 926-935.

Gannot et al., Signal Enhancement using Beamforming and
Nonstationarity with Applications to Speech, IEEE Trans. On Signal
Processing, vol. 49, No. 8, Aug. 2001, pp. 1614-1626.

(Gansler et al., A Double-Talk Detector Based on Coherence, IEEE
Transactions on Communications, vol. 44, No. 11, Nov. 1996, pp.
1421-1427.

Gazor et al., Robust Adaptive Beamforming via Target Tracking,
IEEE Transactions on Signal Processing, vol. 44, No. 5, Jun. 1996,
pp. 1589-1593.

Gazor et al., Wideband Multi-Source Beamforming with Adaptive
Array Location Calibration and Direction Finding, 1995 Interna-
tional Conference on Acoustics, Speech, and Signal Processing,

May 1995, pp. 1904-1907.
Gentner Communications Corp., AP400 Audio Perfect 400

Audioconferencing System Installation & Operation Manual, Nov.
1998, 80 pgs.

Gentner Communications Corp., XAP 800 Audio Conferencing
System Installation & Operation Manual, Oct. 2001, 152 pgs.
Gil-Cacho et al., Multi-Microphone Acoustic Echo Cancellation

Using Multi-Channel Warped Linear Prediction of Common Acous-
tical Poles, 18th European Signal Processing Conference, Aug.
2010, pp. 2121-2125.

Gritton et al., Echo Cancellation Algorithms, IEEE ASSP Magazine,
vol. 1, 1ssue 2, Apr. 1984, pp. 30-38.

Hamalainen et al., Acoustic Echo Cancellation for Dynamically
Steered Microphone Array Systems, 2007 IEEE Workshop on
Applications of Signal Processing to Audio and Acoustics, Oct.
2007, pp. 58-61.

Herbordt, Combination of Robust Adaptive Beamforming with
Acoustic Echo Cancellation for Acoustic Human/Machine Inter-
faces, Friedrich-Alexander University, 2003, 293 pgs.

Herbordt et al., A Real-time Acoustic Human-Machine Front-End
for Multimedia Applications Integrating Robust Adaptive Beamform-
ing and Stereophonic Acoustic Echo Cancellation, 7th International
Conference on Spoken Language Processing, Sep. 2002, 4 pgs.
Herbordt et al., GSAEC—Acoustic Echo Cancellation embedded
into the Generalized Sidelobe Canceller, 10th European Signal
Processing Conference, Sep. 2000, 5 pgs.

Herbordt et al., Joint Optimization of LCMV Beamforming and
Acoustic Echo Cancellation for Automatic Speech Recognition,
IEEE International Conference on Acoustics, Speech, and Signal
Processing, Mar. 2005, pp. III-77-111-80.

Herbordt et al., Multichannel Bin-Wise Robust Frequency-Domain
Adaptive Filtering and Its Application to Adaptive Beamforming,
IEEE Transactions on Audio, Speech, and Language Processing,
vol. 15, No. 4, May 2007, pp. 1340-1351.

Huang et al., Immersive Audio Schemes: The Evolution of Multi-
party Teleconferencing, IEEE Signal Processing Magazine, Jan.
2011, pp. 20-32.

International Search Report and Written Opinion for PCT/US2016/
029751 dated Nov. 28, 2016, 21 pp.

InvenSense Inc., Microphone Array Beamforming, Dec. 31, 2013,
12 pgs.

Ishii et al., Investigation on Sound Localization using Multiple
Microphone Arrays, Reflection and Spatial Information, Japanese
Society for Artificial Intelligence, JSAI Technical Report, SIG-
Challenge-B202-11, 2012, pp. 64-69.

Ito et al., Aerodynamic/Aeroacoustic Testing in Anechoic Closed
Test Sections of Low-speed Wind Tunnels, 16th AIAA/CEAS
Acroacoustics Conference, 2010, 11 pgs.

Johansson et al., Robust Acoustic Direction of Arrival Estimation
using Root-SRP-PHAT, a Realtime Implementation, IEEE Interna-
tional Conference on Acoustics, Speech, and Signal Processing,
Mar. 2005.,4 pgs.

Johansson, et al., Speaker Localisation using the Far-Field SRP-
PHAT in Conference Telephony, 2002 International Symposium on
Intelligent Signal Processing and Communication Systems, 5 pgs.
Julstrom et al., Direction-Sensitive Gating: A New Approach to
Automatic Mixing, J. Audio Eng. Soc., vol. 32, No. 7/8, Jul./Aug.
1984, pp. 490-506.

Kahrs, Ed., The Past, Present, and Future of Audio Signal Process-
ing, IEEE Signal Processing Magazine, Sep. 1997, pp. 30-57.



US D940,116 S
Page &

(56) References Cited
OTHER PUBLICATIONS

Kallinger et al., Multi-Microphone Residual Echo Estimation, 2003
IEEE International Conference on Acoustics, Speech, and Signal
Processing, Apr. 2003, 4 pgs.

Kammeyer, et al., New Aspects of Combining Echo Cancellers with
Beamformers, IEEE International Conference on Acoustics, Speech,
and Signal Processing, Mar. 2005, pp. III-137-11I-140.
Kellermann, A Self-Steering Digital Microphone Array, 1991 Inter-
national Conference on Acoustics, Speech, and Signal Processing,
Apr. 1991, pp. 3581-3584.

Kellermann, Acoustic Echo Cancellation for Beamforming Micro-
phone Arrays, in Brandstein, ed., Microphone Arrays: Techniques
and Applications, 2001, Springer-Verlag Berlin Heidelberg, pp.
281-306.

Kellermann, Integrating Acoustic Echo Cancellation with Adaptive
Beamforming Microphone Arrays, Forum Acusticum, Berlin, Mar.
1999, pp. 1-4.

Kellermann, Strategies for Combining Acoustic Echo Cancellation
and Adaptive Beamforming Microphone Arrays, 1997 IEEE Inter-
national Conference on Acoustics, Speech, and Signal Processing,
Apr. 1997, 4 pgs.

Knapp, et al., The Generalized Correlation Method for Estimation
of Time Delay, IEEE Transactions on Acoustics, Speech, and Signal
Processing, vol. ASSP-24, No. 4, Aug. 1976, pp. 320-327.
Kobayashi et al., A Hands-Free Unit with Noise Reduction by Using
Adaptive Beamformer, IEEE Transactions on Consumer Electron-
ics, vol. 54, No. 1, Feb. 2008, pp. 116-122.

Kobayashi et al., A Microphone Array System with Echo Canceller,
Electronics and Communications in Japan, Part 3, vol. 89, No. 10,
Feb. 2, 2006, pp. 23-32.

Lebret, et al., Antenna Array Pattern Synthesis via Convex Opti-
mization, IEEE Trans, on Signal Processing, vol. 45, No. 3, Mar.
1997, pp. 526-532.

Lectrosonics, LecNet2 Sound System Design Guide, Jun. 2006, 28
pgs.

Lee et al., Multichannel Teleconferencing System with Multispatial
Region Acoustic Echo Cancellation, International Workshop on
Acoustic Echo and Noise Control (IWAENC2003), Sep. 2003, pp.
51-54.

Lindstrom et al.,, An Improvement of the Two-Path Algorithm
Transfer Logic for Acoustic Echo Cancellation, IEEE Transactions
on Audio, Speech, and Language Processing, vol. 15, No. 4, May
2007, pp. 1320-1326.

Liu et al., Adaptive Beamforming with Sidelobe Control: A Second-
Order Cone Programming Approach, IEEE Signal Proc. Letters,
vol. 10, No. 11, Nov. 2003, pp. 331-334.

Lobo, et al., Applications of Second-Order Cone Programming,
Linear Algebra and its Applications 284, 1998, pp. 193-228.

Luo et al., Wideband Beamforming with Broad Nulls of Nested
Array, Third Int’]l Conf. on Info. Science and Tech., Mar. 23-25,
2013, pp. 1645-1648.

Marquardt et al., A Natural Acoustic Front-End for Interactive TV
in the EU-Project Digit, IEEE Pacific Rim Conference on Commu-
nications, Computers and Signal Processing, Aug. 2009, pp. 894-
899,

Martin, Small Microphone Arrays with Postfilters for Noise and
Acoustic Echo Reduction, in Brandstein, ed., Microphone Arrays:
Techniques and Applications, 2001, Springer-Verlag Berlin Heidelberg,
pp. 255-279.

Maruo et al., On the Optimal Solutions of Beamformer Assisted
Acoustic Echo Cancellers, IEEE Statistical Signal Processing Work-
shop, 2011, pp. 641-644.

McCowan, Microphone Arrays: A Tutorial, Apr. 2001, 36 pgs.
Mohammed, A New Adaptive Beamformer for Optimal Acoustic
Echo and Noise Cancellation with Less Computational L.oad, Cana-
dian Conference on Electrical and Computer Engineering, May
2008, pp. 000123-000128.

Mohammed, A New Robust Adaptive Beamformer for Enhancing
Speech Corrupted with Colored Noise, AICCSA, Apr. 2008, pp.
508-515.

Mohammed, Real-time Implementation of an eflicient RLLS Algo-
rithm based on HR Filter for Acoustic Echo Cancellation, AICCSA,
Apr. 2008, pp. 489-494.

Myllyla et al., Adaptive Beamforming Methods for Dynamically
Steered Microphone Array Systems, 2008 IEEE International Con-
ference on Acoustics, Speech and Signal Processing, Mar.-Apr.
2008, pp. 305-308.

Nguyen-Ky et al., An Improved Error Estimation Algorithm for
Sterephonic Acoustic Echo Cancellation Systems, 1st International
Conference on Signal Processing and Communication Systems,
Dec. 2007, 5 pgs.

Oh et al., Hands-Free Voice Communication in an Automobile With
a Microphone Array, 1992 IEEE International Conference on Acous-
tics, Speech, and Signal Processing, Mar. 1992, pp. 1-281-1-284.
Omologo, Multi-Microphone Signal Processing for Distant-Speech
Interaction, Human Activity and Vision Summer School (HAVSS),
INRIA Sophia Antipolis, Oct. 3, 2012, 79 pgs.

Pados et al., An Iterative Algorithm for the Computation of the
MVDR Filter, IEEE Trans. On Signal Processing, vol. 49, No. 2,
Feb. 2001, pp. 290-300.

Pettersen, Broadcast Applications for Voice-Activated Micro-
phones, db, Jul./Aug. 1985, 6 pgs.

Plascore, PCGA-XR1 3003 Aluminum Honeycomb Data Sheet,
2008, 2 pgs.

Polycom Inc., Vortex EF2211/EF2210 Reference Manual, 2003, 66
pgs.

Polycom, Inc., Polycom Soundstructure C16, C12, C8, and SR12
Design Guide, Nov. 2013, 743 pgs.

Polycom, Inc., Setting Up the Polycom HDX Ceiling Microphone
Array Series, https://support.polycom.com/content/dam/polycom-
support/products/Telepresence-and-Video/HDX%20Ser1es/ setup-
maintenance/en/hdx_ceiling microphone array setting up.pdf, 2010,

16 pgs.
Polycom, Inc., Vortex EF2241 Reference Manual, 2002, 68 pgs.

Powers, Proving Adaptive Directional Technology Works: A Review
of Studies, The Hearing Review, http://www.hearingreview.com/
2004/04/proving-adaptive-directional-technology-works-a-review-
of-studies/, Apr. 2004, 8 pgs.

Rabinkin et al., Estimation of Wavefront Arrival Delay Using the
Cross-Power Spectrum Phase Technique, 132nd Meeting of the
Acoustical Society of America, Dec. 1996, pp. 1-10.

Rane Corp., Halogen Acoustic Echo Cancellation Guide, AEC
Guide Version 2, Nov. 2013,16 pgs.

Rao et al., Fast LMS/Newton Algorithms for Sterophonic Acoustic
Echo Cancellation, IEEE Transactions on Signal Processing, vol.
57, No. 8, Aug. 2009, pp. 2919-2930.

Reuven et al., Jomnt Acoustic Echo Cancellation and Transfer
Function GSC in the Frequency Domain, 23rd IEEE Convention of
Electrical and Electronics Engineers 1n Israel, Sep. 2004, pp.
412-415.

Reuven et al., Joint Noise Reduction and Acoustic Echo Cancella-
tion Using the Transfer-Function Generalized Sidelobe Canceller,
Speech Communication, vol. 49, 2007, pp. 623-635.

Reuven et al., Multichannel Acoustic Echo Cancellation and Noise
Reduction 1n Reverberant Environments Using the Transfer-
Function GSC, 2007 IEEE International Conference on Acoustics,
Speech and Signal Processing—ICASSP 07, Apr. 2007, pp. 1-81-
1-84.

Ristimaki, Distributed Microphone Array System for Two-Way
Audio Communication, Helsinki Univ. of Technology, Master’s
Thesis, Jun. 15, 2009, 73 pgs.

Rombouts et al., An Integrated Approach to Acoustic Noise and
Echo Cancellation, Signal Processing 85, 2005, pp. 849-871.
Sasaki et al., A Predefined Command Recognition System Using a
Ceiling Microphone Array in Noisy Housing Environments, 2008
IEEE/RSJ International Conference on Intelligent Robots and Sys-
tems, Sep. 2008, pp. 2178-214.

Sennheiser, New microphone solutions for ceilling and desk instal-
lation, https://en-us.sennheiser.com/news-new-microphone-solutions-
for-celling-and-desk-installation, Feb. 2011, 2 pgs.

Sennheiser, TeamConnect Ceiling, https://en-US.sennheiser.com/
conference-meeting-rooms-teamconnect-ceiling, 7 pgs.

Shure AMS Update, vol. 1, No. 1, 1983, 2 pgs.




US D940,116 S
Page 9

(56) References Cited
OTHER PUBLICATIONS

Shure AMS Update, vol. 1, No. 2, 1983, 2 pgs.
Shure AMS Update, vol. 4, No. 4, 1997, 8 pgs.
Shure Inc., Microflex Advance, http://www.shure.com/americas/

microflex-advance, 12 pgs.
Shure Inc., MX395 Low Profile Boundary Microphones, 2007, 2

pgs.
Shure Inc., MXA910 Ceiling Array Microphone, http://www.shure.

com/americas/products/microphones/microflex-advance/mxa910-
celling-array-microphone, 7 pgs.
Silverman et al., Performance of Real-Time Source-Location Esti-

mators for a Large-Aperture Microphone Array, IEEE Transactions
on Speech and Audio Processing, vol. 13, No. 4, Jul. 2005, pp.
593-606.

Sinha, Ch. 9: Noise and Echo Cancellation, in Speech Processing in
Embedded Systems, Springer, 2010, pp. 127-142.

Soda et al., Introducing Multiple Microphone Arrays for Enhancing
Smart Home Voice Control, The Institute of Electronics, Informa-
tion and Communication Engineers, Technical Report of IEICE,
Jan. 2013, 6 pgs.

Symetrix, Inc., SymNet Network Audio Solutions Brochure, 2008,
32 pgs.

Tandon et al., An Eflicient, Low-Complexity, Normalized LMS
Algorithm for Echo Cancellation, 2nd Annual IEEE Northeast
Workshop on Circuits and Systems, Jun. 2004, pp. 161-164.
Tetelbaum et al., Design and Implementation of a Conference Phone
Based on Microphone Array Technology, Proc. Global Signal
Processing Conference and Expo (GSPx), Sep. 2004, 6 pgs.

Tiete et al., SoundCompass: A Distributed MEMS Microphone
Array-Based Sensor for Sound Source Localization, SENSORS,
Jan. 23, 2014, pp. 1918-1949.

TOA Corp., Ceiling Mount Microphone AN-9001 Operating Instruc-
tions, http://www.toaelectronics.com/media/an9001_mtle.pdf, 1 pg.
Van Compernolle, Switching Adaptive Filters for Enhancing Noisy
and Reverberant Speech from Microphone Array Recordings, Proc.
IEEE Int. Conf. on Acoustics, Speech, and Signal Processing, Apr.
1990, pp. 833-836.

Van Trees, Optimum Array Processing: Part IV of Detection,
Estimation, and Modulation Theory, 2002, 54 pgs., pp. 1-xxv, 90-95,
201-230.

Van Veen et al., Beamforming: A Versatile Approach to Spatial
Filtering, IEEE ASSP Magazine, vol. 5, 1ssue 2, Apr. 1988, pp. 4-24.
Wang et al., Combining Superdirective Beamforming and Frequency-
Domain Blind Source Separation for Highly Reverberant Signals,
EURASIP Journal on Audio, Speech, and Music Processing, vol.
2010, pp. 1-13.

Weinstein et al., LOUD: A 1020-Node Microphone Array and
Acoustic Beamformer, 14th International Congress on Sound &

Vibration, Jul. 2007, 8 pgs.

Wung, A System Approach to Multi-Channel Acoustic Echo Can-
cellation and Residual Echo Suppression for Robust Hands-Free
Teleconferencing, Georgia Institute of Technology, May 2015, 167
pgs.

Yamaha Corp., MRX7-D Signal Processor Product Specifications,
2016,12 pgs.

Yamaha Corp., PIP-100H IP Audio Conference System Owner’s
Manual, Sep. 2006, 59 pgs.

Yamaha Corp., PIP-EC200 Conference Echo Canceller, Oct. 2009,2
pgs.

Yan et al., Convex Optimization Based Time-Domain Broadband
Beamforming with Sidelobe Control, Journal of the Acoustical
Society of America, vol. 121, No. 1, Jan. 2007, pp. 46-49.
Yensen et al., Synthetic Stereo Acoustic Echo Cancellation Struc-
ture with Microphone Array Beamforming for VOIP Conferences,
2000 IEEE International Conference on Acoustics, Speech, and
Signal Processing, Jun. 2000, pp. 817-820.

Zhang et al., Multichannel Acoustic Echo Cancellation 1n Multi-
party Spatial Audio Conferencing with Constrained Kalman Filter-
ing, 11th International Workshop on Acoustic Echo and Noise
Control, Sep. 2008, 4 pgs.

Zhang et al., Selective Frequency Invariant Uniform Circular Broad-
band Beamformer, EURASIP Journal on Advances in Signal Pro-
cessing, vol. 2010, pp. 1-11.

Zheng et al., Experimental Evaluation of a Nested Microphone
Array with Adaptive Noise Cancellers, IEEE Transactions on Instru-
mentation and Measurement, vol. 53, No. 3, Jun. 2004, p. 777-786.

* cited by examiner



US D940,116 S

Sheet 1 of 5

Jan. 4, 2022

U.S. Patent




U.S. Patent Jan. 4, 2022 Sheet 2 of 5 US D940,116 S




Patent
S.
U-

4, 2022
Jan.

{5
heet 3 0
S

S
6

S

U

L
!
I
' :
[y !
i 4
I i
8 : )
» 2 . ;
O gjgu : 1
ﬁ@ﬂﬁou , t
HGOGGD S A : ;
I['“H:} }{'T G':‘O Qo v !
nﬂoﬂ UUQQ : :
GLGGGG 208 U“OG” Lo
C}[l"ﬁ CJCJ ‘ '
ﬁﬁgggg%ggg ggGﬂDUﬂﬂ : :
naimaa&agogugﬁrﬁﬁg = : ;
om%;gEﬂJﬂQ Gﬁpﬂ&ﬂéégoggﬁgg E E
rcDD 3Fggpggggggm GMGG oeagg ; '
E'}L[j"'j‘:’g ‘:"D 3 On o GD'L} o 03 O y :
ngjcuﬂﬁﬂﬁlbgo I GLUU QG}GDGJQ?E ) :
3 .,gqgﬂﬁt o 05 ¢
}g?gg?ggaoﬁgvﬂﬂﬂ 298 g E go gggﬂﬁﬁﬂ“ ; :
e -
= -, {‘}JC ! ]
qﬂrGGD 294 xpé s 5001 2 GGG gggmcﬂ GGD ‘ :
noonmql GG%OQDD g Co QOQQGQLGQGQ ﬂgﬁu 958 : !
1LQGDQG L g1CEE gﬁooﬁhﬂ O DGGODHEEEGDQ{gQ“OGQ : :
@oroaa:cﬂﬁﬂg ‘E”g goaoﬁ urGD °5 go Demggg QDGQD : ;
ngﬂFGGCGEUOSEG ﬁabggg 0003 g QQGD@DF Qg”mﬁ Dgﬂg% f |
GGD?GG“}QEGwﬂgchQODG O DC GQOﬁﬁngDGUD G G““GJ“ DG%SQF : !
ﬁgﬁDGDGCDGLLﬁL%qQOGQ 29 23 GCO%QQ @5 95 Gonﬂgmqg USEGGE : :
ngﬁﬁﬂgﬂﬂﬂﬁ chgagﬂggbc o5 ﬁDuP%GGﬁ GDQ@QGJ GGQO GﬁgangQGD ! :
GJEG”GDUQﬁO%PGGCGGOG}DG GGD {ggag < GJOﬁDEFGD o GQG}EOGD { ,
“DD“QOCDDGUDDGEDDE GGDGU 9838 GGEc GGUJPD O Dﬂqﬁicﬂaﬂggﬁﬂﬁﬂﬁﬂ 0 : i
EGGGGGDDGDQGSEOQQ JDUDﬁGjG”DJP% b GDDi GU ﬂqGDOG Qﬁﬂg DGDG-GQDG Qﬂu ; ;
pgjﬁﬂﬂﬂﬂ@ﬂﬁog gchDUG g@GGDDﬂ G?PQﬁQGDJ D”Q{DQQOEGQFJGLUD O Qngﬂﬂﬁﬂﬁﬁgiu : )
LcLDGDJQOHEG g OR o QJUOGGQqugqﬁGHQDQQn e naﬂﬁﬂbﬁi ot Ggggoﬂﬁ SGGGGU0 < ; ;
qoqﬁqaﬂ s ”Eg ﬂﬁﬁﬂﬂﬂﬁ TGGGGDGEJDQEJDOGUGQDHO LDUUEQGEG @ UGGGGFD g%%g g4 : :
“GDGQQ#FDO{’GGEEGGHDJFG [1G QGJPGGC *QQQ{}DGJCCQGDOD gr}'ﬂﬂ .:,(3{}5{'} ){}G{:C]EDC:F” {}I’j u,:,. . .
}Jrﬁ*ﬂﬂﬁﬁﬁjgvﬁﬁ S goaﬁﬂﬁb Dﬂﬂogggggga oﬁgmﬁﬁﬂﬁﬂﬂﬂﬁ “Gb oca"ﬂq Gﬂgﬁﬁcgggmaoﬂﬂ“ : ’
ncoﬂwﬂfcﬁﬂﬂgjﬁﬂ A o O Cgﬂgﬂqgong £ O Lﬁﬂﬂﬂqﬁﬂg 080 gg GFQGGGDOG ‘UGG 5000 o
ol i oan — “ﬁ:}[‘ﬂ C — E}QU(}E}DGE :. ’ '
ﬁGJFGbQQDQ 2 5C ~ gGGGFﬂJGGOGQCGEGGDDJ@QG@GGGGD}FGGUGQ 055 ol 95 @@Dggamob QQGGGGDGG 03 : :
FGUGQQ”GD “GGEQDQ 209 608 GJF%GE ggnoﬁﬁﬂdfﬂnﬂﬂjﬂﬁgﬁﬁéb O g0l O o @ﬁ?ggﬂg et GGGJU =05 ; }
ggmmuﬂﬂuﬂﬁﬁg“gﬁg chj} JUDGDGDDEEELGG g ggoﬁﬂcﬂ G@QUS@ bJEDvG{QDﬁ ch O GGDD QGGGGGQ gﬁ@ o t .
Q@DGDQ Gﬂﬂﬁﬁﬂjq GGLC ggg}ﬂﬂubﬂqﬁ 3 JFGdooﬁﬂgﬂhGG}Fggﬁamﬁjkf GOOJG% ggﬂ GG-OGQQ UQGGDGGJ : ;
1GDG09 GgaﬁQDEggggggﬁ?c“UCDD 4 g“gaggagﬁg ﬁDGGODGG gqadﬂﬂﬁﬁﬂﬁﬂﬂﬁu 0 ? G*GamﬂgjggQQGJUE GQO GGD y :
J}ﬁﬂD CGGQ Q ESFG ugogﬂ @ DGGUGGGQ‘ o o DﬁDﬁFO G?‘ pga GGCDDJ{GDQ nquaﬂ Gugg}q GG I : -
aogcaaﬂ Oﬁggjo 0a8 S03¢ GJP% 0995 maeubﬂﬂqﬁ” 258 2852 D-ﬁﬂ g o 0263 580 GEGGLG““ ggga 5053 b
QG{DDQ Dceogmgfoﬁ 008 23 QDGD}R@ESGU OGGJOGFGQfCDGG o080 DGUGGG“Q DP Uiﬂgomaoﬁ QDGOGDG Dﬂggq 5 GGD & : E
GG{}Q{}QCC]UGUDDDGGE}GD C o CD{}{’E%GC.GQ o E'CJ'UG':*DG G'*}, Ggﬁbg{:l A (2 bl | GG?G“J\'}SC 01 D{:" . DD(}B }:'\{:);;}{JC ’Dﬁ;} : 1
HGDGQGQ}EO%%OE & goq;oauo Deﬂﬁgﬂmgagﬁggn }Unﬂﬂﬂﬂﬂgggh oS ng@ﬂﬁdﬂﬂgaﬂﬂgﬁ Uﬂgjﬂgggco 508 Gﬁgggﬁg G5 goa ; !
Gcggq&ﬂmﬂgﬂﬁﬂgm GOQJQQG GG quqﬂg GD}@QJUDQGGGQGE O& S gnqvﬂﬂﬁﬁﬂﬂ GGJ o chg GSLG a0a EDOGPGG G QQGG GG“ ; ,
qg{ﬁoqﬁﬁﬁﬂg&ﬂgﬁaun gg}go @cmeoa %Daﬁbcggﬂﬁﬁﬂﬂffcgﬂ?ga G;g@oﬂﬁﬁ Dﬂﬂﬁﬂﬂgajgﬂgﬁpg gmoa Gaggp anGDDDG gouqoﬂgu ; ;
; oamﬁmuﬂﬂﬂﬂ?ﬂ*éﬁmgaamc O 358 LG%G jaooavc uﬁﬂﬂ 3 ”?EGég GDD Gjﬂﬂﬂﬂﬂrﬁ Géagcoaaoﬂﬂﬁﬂaﬂ Gﬁﬂﬁggoacmano Gﬁﬂﬂﬂﬂ&?f “Qn' : t
; : 140 DGDCDG“{?Lf r FOD 0399“ & > 03 DWLD Y4 a0 Og 5828 25 o o 250 Dﬁﬁcﬂjﬂﬁ < ggu adﬂﬂﬁﬂ Co =503 Coo
4 3 R 'S GOJU 35 Qq Q&uﬂﬂ DDJGQGG*QQDGL ﬁuﬁGDD{GGQ ¢ y QG O GG J GQ GQGH 551 L '
: : .;':,ﬁ-:}[} G = 'U":“:” QGDGEGDDQ l}f}{] JCIC; , {}DD’:' {}{;DGGQD:"D D{C’{}g {}C‘G 1':'{"' ,jpg{} GGC 259 G':}{"C r [}f“l{j {]CJG D"}{} 8o g 15 'l:.'_'II'I:‘I'fL , X
: ' : e Co DG*HG | qﬁaﬂo LDDGE { GUQQDu DGG ' o QGFG#I Ca g F{G DGD G gggqguru GDG ’
¢ , coQOGG~9 &) DAt DDﬁD GCG S & Q ggem Dﬁﬁu . ojmaﬂﬁeﬂ 2 O gjgﬁgﬂ GGDGG g o) Yol QDDGJGQ G ot EG Gga : ;
l . e QDE ﬁﬂ{ﬂ SOEQ Qgﬁgr& GGJQ qﬁg Dﬂﬁuﬂ 9 GQ' SDG Q& QQQG O Co D QQP OGDG‘ OGGQ OLGUQGUQG 3 Y iy :
; 25 > s bt QJQD @3 208 5< p GD 2 G o GDDG 2 Ggﬁgn}ﬁﬂ LoY GG 2 e Ge 35 e o O Uﬁﬂ{ GE— n i
f : ooa < 63 ok aem Qod 205 . gggﬂﬁ add S0 ﬁmg, gﬁGDODFGDL Lga oc@ QQEDDL ouﬂﬂﬂﬁﬂ gggaemmﬂ : -
: ! GDDG“ Jfﬂﬂ} goo,m 5 GG”DQGUJ 560 203 G 398 a8 & 0232 0 DGGGG 3 05y 5 Oﬁﬁﬂ” 50 268 9350009 ”DG“J 203 Lo
o DGDJ GLUE 3 Q5% & QQGGOGG OG“GG 523 268 04 Q% cﬁuﬂﬁﬂ g Sugg 805¢ GJGGDQG* qu CoR aDuO ﬁ?ﬁﬂ 0% ggpg&ﬂﬂﬁﬁﬂﬂmq o GUQQD : !
: : So¢ GQGGOFDDG{ {GGODQDJGQLOGEGQDQ o8 QGD Epgg:mﬂa DDGU&GGugngQOG cGGGG 3 o aggggj Qr C QLGGD~ ggbgﬂﬂﬁﬁﬂ EGEFGU . ;
: \ GJDGuGG & o QJGGJuD o Dggu 3 2 3 Loy {GDG - . QQQQJLD G Y3 S QQQQUS ¢
: l LQGU Q GQGD QGGG‘DGG 98¢ go3 & 34 25¥ Qod “GG GJG 28l GGFD 308 020¢ = eiuﬂﬁuﬂﬂﬁﬁﬁdhmﬁsc QX OFGOuUGOﬂ S0 o0 GGDﬁGD ‘ !
: : O GDG”PG o0 ggu;ﬂua O Dﬂoaﬁog o8 258 Ouﬁ UGQOJGOH 8 O A aﬁﬂﬂﬂﬁ 3 TS0 QQDGGG a0S G D58 QLOG ﬁ509051{0 {=ﬁgﬂ i i
! : QDQGD 2 achgﬂoaﬁﬁﬁﬂﬂﬁﬂﬂ GDO”‘OJEGUQGGG“G DC 523 %ﬁgguoaoﬁao DJGGGQG@ 153 QGLCGGQQD 0 &0 ﬁﬂéggo}veJﬂﬁDD UG'GGED 063 * :
‘ ' o ﬂﬂﬂﬁﬁfﬂﬁf EDGEDGGﬁ DDGQG o2 9 o Qe GGU > DGGE maua Q GDDQﬁQG {G,D gojre{aﬂfuﬁﬂﬁﬂpgdcﬁ gcnﬂﬁﬂ GUGGD”GG gnoou 7 :
’ " {:, Y Gu{}C‘GDHO “ - -_-H:_;:. i}{"l{}-}{]ﬂ ‘D":” by {]{,D{J }"'}Gi} {":-”:]'1 o ODG .:,g{'_‘; (2 {;G“‘ peil 3 QQ[}[?G‘JGCUDHDJ ] i{}{:}}}ﬂ‘:" o g{}:j{} 4 ; ;
2 ' ooﬁﬂﬂuﬂﬂ mgqﬂﬁiﬂﬂﬂ GJQQ o DDD 205 O = 0y o UOOﬁ GF(Dt GGGGL-G .
y ' G GDG 80 Ur QDD“GGLG GQG 2 3 QQQ 258 Q o DGQ u*g QDQG ods o GGDG &) @Q”GDD“UGQG & ) Dol Duidﬁg OG&” Q*GGD " -
y ' {DGDOD“G UCHGL HGG g&g Y5 Gﬂﬁﬂ QA0 & e D3 & ¢ Oy Qﬂﬂﬂﬂﬂﬂﬁ GGU HSLGGDQGGHO_LC 808 D‘G UQQDG C QDL i ' !
- b ) FDGUE»QG~ QQQ ., Cs 8o QQGG Duﬂ Gbgogﬁeﬂﬂg 9 GQUQJ QGGG ¢ QﬁGGCDu{{D : !
, - Lot 0o 0 , gggacoﬂﬂﬂﬁ 3G3 DQLGG GGGGDHL” 04 2o8 Y GDGDEG < g QOuﬁPOJLEQGQ‘ 3 ggcooﬂ e DGGDU muaa : 1
i : L'_',I-.}"“ UG?DGC’ F(}Jﬂﬂ"“ﬁﬂﬁ"}[} :} {1{} Gﬂ:”?' E:’ﬂ' UG“GGG DwﬁDﬂE OJGQGC’!} GOL{}D {}HJ{}C‘{}J{ "‘Cl{lf:":}':' :,D."*\G Q{)D{:G{ HGJ{"‘U t:! [}Gg{ﬁ{}@{ﬁ@ﬂﬁ}ﬂﬁﬂﬂ:} ! ;
X . QHJG 9 Qe D‘gJEQLQQDG Dﬂﬂﬁaﬂﬂuﬁgguﬁ D4 GQGDQG U{GQQ GGDGFD GQGGG fqngEﬂGGGDCQ JDD“G{QD G] QL Dﬁgggcﬁﬂﬂﬂuﬂﬂﬂﬂﬂ 0x : :
] L UGGDQQHD G?QQUGEGG QDGGGQGGG {G DQ GJ (1 G GGDDJGEU o GQ D QJ o GODGG mﬁﬂﬁrgﬂmgg} 25 Gq ﬁ OCDGLGDGGOQBDG QG _ : :
] ¥ 5y - — l.,'n-. Ll ':i '::"':“rj
, ' cGDGGD“G,DG, Gngm o Q Dﬁﬂdg ¢ DAL OX Ue GGOD ~C Of 5a00@051ﬂ05ﬂ < ﬁ}QﬁUL{GGGG o UEGQD QGD Oﬁﬂﬂrﬁg L o = QQD ; 1
b o 'O 20} 9 Ui? z QGDGGGGﬂDG & 35_“‘ ﬂﬁﬂupﬂ ) QGDDG DQQUG"a“qﬁ OGGOEEO DOG GGGDG OGFG” Co
‘ ! L < Jﬂgquggaﬂ O GGQ uuoo GG( oy ﬂ,; gggﬁL U O QDGﬂDELGJ 803 GCGGWG ggnﬂmau
I L ) GGGGC’{}G 1 EHGAGGQG:}GOLDD = ) (:h:} ﬂqg PE ) o5 Qr}o{}b{}{}(}{}ﬁ{jﬂoab C‘QD"?’:'[:'F} {]GG '-:”:" {-} Jf""ﬂ' 03 e f}@{}{]{} {J‘:"ED ﬁﬂdr] ¢ :
! N }F"Jl ':3 oA = 1,:,.;:;.(_} {}"}C*{} {C'G{:’__ Ggr*(gc} 1':!:'[']{] Q{JC’ I}JLG {}GUGHLH}D{ A :”:._ C’ C {}D:l’:l {_':.: . A :'DG-':}-.“:]‘:]D - ) ,
: : GG:}[ :nﬂ. 4;:} GGGGQGEDGL{ " DﬂL}ﬁ{JOGCIUGGD“} pf r:,r:}r}u.:t:} GDDG ~ DGQDG{} {}ﬂu{* C' a4 ‘G.:G-’"_]O'D DG{JED ) Dn{},‘jc‘ ot ':' ' 1
; ' & o Gr HGDjGQQDFG CD GGLO gomﬂ “FGHDG A S5 DDG o GGG@?G O gjmﬁ LGGG ﬂ 038 Lo QnﬁGGDP Gﬂﬂﬁﬁ % o' D - :
o DG 5923 rﬁgn : A Co2e% umauoﬂﬁﬁﬂ “D”D;G; o 258 Gﬂvﬂﬂﬂdﬁegﬁ: o oanc 28OS 298 598 SEOR Gﬂﬂﬂﬂ“fﬁ 03¢ aa : :
: ' GG GDGC Guﬂ“”} 02 D}LGDDGODQ &2 690C oY G o8g ﬂGQDQ gﬁgo EtD} o gggcﬁﬂuﬂﬂ ﬁG}FDG Og uﬂcu : :
: : 3 ¢ UGQ QQGD“O G - }gggga Gﬁﬂﬂ DO & 4 DG= A GJGG DGQD goa 325 3 , :
i | jﬁ uUC Gﬂij b4 QQQ gﬂ {DGG 3 GEGG Q5 G«EG GFU C QGGJFC jﬂuﬁd o GDD?G - 4 QJ@Q O D 4 t :
: n Q ; DUGOF 5O $o }qgaLﬁDGODE9591 ggr{a O DGQD o b, Gd o S QGFGD S }DD L ogﬂa ‘ !
, . mo ﬂGDUUﬁDCC 3 DpGJGOGGQDE Or QQUJGG Lo GGOD ﬁggg QQQGDWG GF, o ngaﬂﬂﬁ GELU QDGEQDQQ gGuD Cy GJG 5 ; ‘
‘ : L¢ cGQGGL g GGDD@UO ¢ GGDG ggcﬂ GG@DQQPGGD qug DDDGJDQ . DGOL{DG @gQDﬁPDJ o GGO' GQQ; FgﬂﬁjﬁﬁUGL 50 @ = ;Guﬁ ! !
o Gﬂhc 525 OEOE o o 8CY 583 2% o 208 80% 25 E*QQG QﬁDGLﬂC G*ﬁﬂbbg QGOG 200G DGGQ Gxgapg G DSGDF 5 QGGggkOGJ : :
) : 20 < ?GGG o?ﬂ Q Q DOGPGO < ?9 Qﬁuu GGGGG “?ﬁpu ¢ GDG@G Dﬂ GQDQG 1 ¢poo GDGUDJLOGUCDj”QQQGDDGD}GEGQGG oyt ggjm“ X :
, ' ggjﬁDJ Ue ﬁq gbggaﬁo Dﬂﬂu{fﬂ, A gaf G?QO?D e - gn QFGDGEGGGG o JQGJJ Ciﬂﬂu o & Gﬂ-ﬂﬁﬂﬂ o D. A ’ :
: " ﬂnCCGQGGLG ggmqgaccﬁﬂﬂﬂ GQDQ GUPGD Q) Qgg rsﬁﬁd C 5 Q“LcGOQGDLG \ ggochDDG ,
¢ ' {-::'.-C}.._}*‘ﬁfj "-:h-..-* '-:IC' Dk} {}{_’}-GGUG hos [1GDGQ’I}J{_}¢:J i O D‘n o UDL}{}GJG l:}f:}ﬁ}ﬁu ngg(}ﬂnﬂ ":'ﬂ' QL}ﬁG {_;.{QD 5 C“DL}QC";:' ! ,
) 1 CIL}D{:’GC;GGE'FDD ]QGGGDGC’G o GG Y r}p{} g DGGFCD o {} ') C'C"E}‘:JG {:"!:" {}DDGLGGG{, Y h}["{:fd':ﬁ‘:’*:*gg TDDGDGL{JDC.QQ{}'\}{]G ﬁ':‘rﬂgf L ,—..{-]G:" : .
; ; > 95 CDD” %E{JJG agoﬁﬂﬂﬂﬂﬂﬂ GU? 258 T ommo uﬂD 285 ﬁ? 3 0% Gbuﬁﬁﬂ 926 398 gggggcnﬂﬂﬂDﬂcfﬁﬁidfg ocganar GGGJGQ%GﬁGGu m :
; ' coﬁaﬂﬁﬂﬁqbio ﬁﬂgnggpgaﬂﬂﬂﬂﬂﬂfqgacﬂ e jg £ FLUGGGQ ﬁ QARG Dggﬂﬂﬂﬁﬂ 20 G?'LUQQQHGPGQ Qﬂmqﬂ_biﬁﬁ QgﬁoDD Gﬁﬂﬂﬂgﬁm 0 DDQGQ " :
: " DGU“GG 2 DGG&Q@QODGO UUGGG w2 2 gug QOD 1505 O 05 G ggg&bouﬂﬁ GQGGLCEQ —Qbﬁr OG”CQG OLEDG ‘GQGG}GGJQD ©o GQGQE ”{GG ' :
b }GDGUG GCGj”ODU = uoomﬂﬂ UGﬁGG D567 “naﬂ 208 ot UCDD. mmmﬂuﬂﬂﬂ@ﬂﬂﬁu, Ugh gmacﬂ O& 03&““” oo GGGE03UQ a0 = 2 S
! ' ; ?EQMUUG &3 JQQGQQGW 103 GJD GGCGGﬁOF Gggtmcﬂuﬂﬂi \ 1Qggga {UGG Ugggﬂﬂu : :
! ! 50! 828 295¢ Euomﬂeo GGG“GD “DJEG GGDOG 50¢ G ¢ S0 g”amu ﬂaﬂﬁﬂﬁﬂﬂﬂﬂﬂuﬁ““” o:%muoﬁﬂﬁ D’ﬂ “EEErgm & GGGGDG“D”GO% 962 ; .
) . D~uggo e GU]QDGbDQﬂGJQDGQ EDJ G”G HGOD}GL gQD%O po}moﬂbcﬂﬂﬂﬁﬂqgﬂncﬁg GGDGDGG'CGG GEEG ‘LGGDG }JD Ga O ey %Gﬂj . !
! ! C A e DGOqu ¢ qn-GgQDﬁDO GGGD@@ > ﬁDD & b HGDGLEGGJ 058 Lgoﬂﬁﬂﬂﬂﬂﬂ Q 262 gq_g Dbﬁﬁﬁﬂﬂnﬂ A= 258 b Gﬁﬂﬁﬂqcﬁnggq : *
' " jﬁGGDD oy GOQGS - - GDQ CGJQGD Of i — "UQ Gvﬁﬁ o GﬁDG, s GQQQQQGD ﬁiﬂ 5 M gﬁ&p UG OD”US H] GOUCGGﬁQ Gﬂﬂuu = ; :
: ' ~ ; }QOﬁDQJGU j ¢ 5 ) SH2 5 & k ﬁjﬂﬂ 00{&90 QQQ DGDUGGG o ﬂ@gﬁga e Qg Qggg}ﬂu .
1 ' {-DQ Dﬁﬁ DQC e 3 gauooﬂﬁﬁ 2o s Qgggpcahﬂﬁﬁ © S0 = ﬁDQGG JOS GHOS0 20 49 Qgg_uﬂﬂ CGG 103ﬂogggﬁ Co G " J
- b o GDQC’HC’ o QJFDDC‘ 2 . : O !}QGDDDDG{} {‘CI'C"::* [}f}uDG{ y o3 Q= Q{'J E} U & 3 Ci
L GJJQ“GGDG ﬁﬁ{BﬁGGGGDDWGOF Dﬂqgoqj}uﬂ z GGﬁGTDDGLC GO0 208 ¢ GCGG UGGD%L ; GDQQOJ O GGGG 380 ;UGODGOﬁGGF G QGDD
' , i‘-gfj(}ﬂﬂ ‘:‘CGD G:‘E}{:" {JDD{}I"’”'} GC}G‘{JC GG' :C}Gc'r}ﬁ :}GQQQQDJ {:]] g{""':":}"} UQ{_.I- '::' GGO* GGDSGQGDG“JOE ‘GCG:I'E} Ja{}n{]gﬂ{}ﬁ:}t}{jﬁﬂﬂc
L ﬂﬂﬁﬂﬂﬁnﬂchgoaga?{ou DGGGO“GGJ“°303QQ“urnacaﬂﬂ~ s 053¢ 308 Gﬂﬂﬁ“* 50 ~uanaoﬁfbﬂﬂuﬂ 3 oamoamo
! ’ {QGC}ﬁDr}DGG": © ":':' :j GDGC‘ E}’jﬁu G{"*CH:".J":DJ ,i:ut_} '[:'r_:" {}r_,‘ & G{}QQC}{]E}J{'C’ - ﬁ[}r}ﬁ{_}{__}{l:i O jr}ﬂ":‘ 0) {}'}GG LD
f ' “Wﬂﬂﬁwﬁ U5 20 JGO o & Gﬁr@ . QQQQGLGGGD < G 32 gqg caouﬂ- = Dog@gf O UGO JGG
: . Q 5 z muoﬂoﬁ o , goqc e O ) DUGJ 0a LUGGGGJPGG JQDDGGC ¢
. - Gduﬂ GGDPQ%% nDDDﬁﬂGL{ 50 3 O OGGGOﬂEDGfC o G}GD SOa0 ﬁ” DGDG QDQDGJ GQGGG a,gg GQDJ
: ' }GG GEDG@O o ) QQQQGGGG GQ 20 b ,Q*GCDGGGJU{GGGG e C A QO QQGGQLOD o = Dgﬂggag rJ o -
‘ ' GG3 3 & Dggggf{ﬂbﬁ OQ Ca QGHOF 91 > 05 ', LD 908 ¢ ggo 0 GJLDUG C < CAC DFU
' , {DGQLG {G ﬁQQﬁGDGGDGGGQ i &y Uggqgﬂﬂﬂgﬂug s Gﬂn G GQDG JUD 0y o }qﬂaggﬂﬁﬂ }ﬁﬂu QGG
' . o”uﬂﬁﬂ 4 2 & QGGOJGQ 24 GJE “QDGGQCGDQGD” Qﬂﬂ GD?G S GG g}bo GGD Q0 ” G
: " 150 gma&ﬂ GGE ! & gmuqcuuﬂﬂy dgadbg mcoﬂﬂﬂ ) A > go DDGﬂ - ogc 50
4 f [‘-"}D{}ﬁ - Q 18 {}*"}E} QE}QDQD jr}ﬁ{}"ﬁl‘:}{jﬂﬂ-}& G oy Q:}L{“}DUG‘:"G e : C,.DQ(} I:]G 'DD'
' \ ' .J'}{}DG{ ] GDL}QQD{}GE el et J[‘]{‘] {'].{jl:r . {‘1.::{}’3{_.& {GDQE’ 5 "{:
! ¢ CQGG OﬂGGLUGG QQ QQEGuGGUQDL ﬂﬁLQ ngﬁﬂﬂ LGG%GD OUGG DUQQGD Ot UGDGG‘ }QEQHQQDG Dﬁﬂ
, ; QC“GUJ e GGGgEQGQGJGO DGL“ ggcaﬁggggoeo & fGGJG DGOJ ggeﬁmﬁﬂﬁﬂ Gﬁ Gﬂggqggﬁ GDJ
1 i GDFGGGD GDGJ HGGDDqQUQGDGGﬁI GD ) 4 CD}q PG GD 1 ) LGGQG GHDJ “ 5
- . 3 i 208 2: AO¢ 3 o ooﬂﬁﬂﬂ < P4 nogcoaccoﬁ CA GJFG GDO . e
, : LuD DCQ%C DDGU ngﬁtﬁﬂ DGGO} 55GGOG UQD Q}LGD 0 FGG“QGC
! r GGJQDD&{CDG j‘gﬂh@ﬂﬂﬂﬂﬂ 150 QD L o Qo GQ}?GJ Q GEOD Qﬁﬂoﬂﬂﬂ )
c ' oqrc Gﬂﬁﬂﬂfb ooo J{GGOG Dﬂoﬁﬂﬂu 9% G;U QQDQG ». aah
! ! Q3 DGG@GL 3 rgﬂgonooﬁmﬂﬁ oo ?5 OJUQD > GG’UGDﬁﬂf GDQDGGQQQG*Q 868 03 D51
: ; 958 o08 ﬂgﬁgu,guagooﬁﬂﬂbﬂ GQQ{ Oy QJ“GOGG@J 0 ch DDLGGUG 0 2 LGGGD
¢ ' rqD}DG Dﬂﬂﬂiﬁggﬁ,n LDQGGLDJU 20 o & 25 05 J”QD : {Uoﬁggggogﬂﬂ QOGD GFG
7 : G“QGD ”chgaosoﬁFDD GDGGGOQDD}QEG S & moucﬁ? Ojﬂgﬂ *GGOGFOG GQQQDGD
: " DGGGDQ G DU hjgaﬂﬁﬂﬂ QD Ggﬂﬂ } Eggﬁﬂﬂﬂ GGFUGDI QGD ) GDDQ o
x - oaLG DOOPF@ wo - gg QQQLOGGGO{ Gﬁﬁ o8 aa Lo CGGQD o= GDDG
1 \ 4 20 JDEHG QGﬁU Q5 ¢ ‘6 quDG G
o Lﬂﬂ 3 685 GﬁuGbU a0 580 0o ) Q 2O S oS 3 coﬂﬂﬂﬂﬂﬂ
- : GQGGDGJ{ QgﬂﬁﬁﬂQFDDGGDGGFQDGGDQELQGﬂﬁQ}bﬂ GG}M#JUDHEG GQDGE
! - Qﬁaﬂgq Gmﬁﬁﬂggag Q5 Y3 4 GDGJ{ cgggooﬂ 24 LGDGGS %ﬁgggm O
i 1 DG{}{\Q(} CJL.-E{ CFC}GE':‘GG ur.'_'jt:'l > g{}{j{}’iﬁc\g (3 {j{:(‘,,‘hﬁ C;':Hﬁ .[}["'..IE-‘
: : goﬁnerﬁ gﬂﬂﬂaﬁﬂuﬁﬁ < hﬂmﬂ
, ; aos GUGJU¢°Q.Qgﬁ¢an GDDG D”}”; Qoﬁﬁﬂﬂbﬂﬂ Gﬂ@u
: : GDQ” Dqﬂcnﬁgngoo O oauaaﬂ fd{aggggoﬁﬂﬂﬁﬂPfGDQ 7ot
fo $63 24 s} & ~950aeuam 24 O gagguig5903TGQDioﬂ
i ' C'-J C.':i':f':' 0 3 C?D o) f:; {JGEG 20 }{"}GCJ:‘GDGGD{ :‘_"{:r
; : A250 G “GGP jEGJPGL 25 GGFGGG < Dgﬁ@q1aamﬂuﬂ
; : GQOG < S ?q 45 o GDGGLODUO ﬂﬂgoﬁgbﬁgﬂﬂﬂ
: . oooﬂﬁO“DG 520 QA5G GJLD S0& GDJ{GG «nobaa
i I hﬁ_.Qq:. O & U':’ 3 3 {3,:, Dr‘-l:} GDFQ':*}..
) i {U_ - GWD ] i Eﬁu{fo
' ' OQJ GOOEDU GGQ@jJG LCGG} mﬂo
: . etV DGDL ggpﬂu 5 208 QGGEGGGG
; v : !:}'D
! ‘ Q B QG ngg o Q5 GDDGGG GHGO
P 5 ae CDG@ jﬁGDLQD & moonu O
: ' DUGLDD > 1 D8 o ey Gﬂ@ﬂ
: ' QGOEDDG G100 5 ht St
! i - ™ o {:DGGOI :}G
| : S@Ba%hbgaqa ]noogﬁg ’o
; ; GGUGDQDDDGDFiDCg
L 52055 *3?835033
) : 38833?Eoﬁagco
; , DGOfﬂﬁ”QJFG
t ; QECGQDQUJ
; . mﬂﬂcbﬂ
-
; : 29698
[ L Ql:}r:'l{}
: ; <
] i
1 l
. :
1 1
1
!
i
|
|



U.S. Patent Jan. 4, 2022 Sheet 4 of 5 US D940,116 S

4l
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
1
|
|
I
|
1
|
1
|
|
1
|
|
I
|
|
|
1
|
1
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
1
|
|
|
|
1
|
|
|
|
1
|
1
|
|
1
|
|
|
|
|
|
1
|
1
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
1
|
|
|
|
1
|
|
|
|
1
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
I
|
1
|
|
|
|
1
|
|
|
|
|
|
1
|
|
|
|
1
|
|
|

™|

“bh"ﬁ.‘*hw“diﬁ-"ﬂ‘.hvﬂﬂ.h—ﬂ“hh“Ji.h—ﬂ‘ih-w‘ihw—“hhuﬂibhuﬂ‘*hwwdiﬁ-"ﬂ‘.h.'-.rl.ﬂﬂ.h-.r‘ﬂ.‘*h'-.“diﬁhuﬂ.‘.h-ﬂ_.-ih-.-ld.-‘hh.l..d--i-h.-.ll.d-.-*h-.-l.r.ﬁiﬁ-a"ﬂ‘hh"ﬂﬂ.hwﬂ‘*ﬁ‘“M—_-.hwﬂ“hhuJiih—ﬂ‘*hwudihw"ﬂ‘hhu-ﬂ‘.hwﬂﬂ*f

Tu b o W Taom o w el A e e 2 Pawm e T T Tmoat o T T e o of A P fe e ot R P ow T T ot o F R nm F O T et o AT e o o R T Few o R P n® e T Tecm o T T o A e e R wm e T T ot oF F T e o N Tacfe e e e e AT e 0 R Tem wTdF T Tecim o AT Tae o e A e e R A owm e T Tafmot oF F T e o e o R m e AR T T o 0 F Ta e om T o T Pmcim et A

I . PER IR aia e e

-~ L PN
i 3 ] ' Lk i ] r re
Wl H L] _..'J: -I,“ - -',, v - ) - .‘i t_p an ! L l_! tllg.‘_blh #Il.'.hlﬂ

- a -

/
r
%
P
L
r
LY
1
1

as "t o=

LI Ve is
o -

= = = = 1 m= = = = - u
-
e
wl
-
-

.,,.___.,.-___.,._,-__-,._,.
-

th L
P Lt

H
]
1
1
1
1
i
1
1
1
1
i
1
]
1
|
i
|
1
i
1
1
1
1
i
1
1
1
|
i
1
1
1
1
i
i
1
1
1
H
i
1
1
1
1
i

1
-

I ..1-# L] . * '-ql"
T ey L T"
| 1.-.!-.', P 1 1 r 1 . 1
e 1 - y =
e

-
£X

L

“"--i-—--l--n--l-l-i--q-I-|.Jl-i--q-I-an-.--rll-u-iri--r-l--l-l-i---iil-.i---i-i-i---i-i-i-i-q-n- e e W R o=y
—— e Ym W N T TN E m W T ™ v W W T I~ "E "I N F M~ "5 "E B F F ™ T W e N~ - W W S M~ "5 wTWre Fr— — E m F -~ ™ "mE"m e r— - m o T -

J..F—
[ SR

1
1
]
]
]

-y f—r.. e |
{ L L LY l! :l_

L L] -t

T4
B |
It

A
-
| ]
-
-
r
L

I.'-'--'I"-I.-'-"-'I"FI- - - -'1-'-‘---'-'-‘---'-'q'-'-"-'-'H'-'-'-'-"F-l'---'-".l'---fq‘----'ﬂ'.-l.'-" .r
- & ™
, 9 * L]
1 ] L |
L nl . _

lIIT'l"i I';}

LI L
- 1..'_

- — o m W N mEr oE—— == oW o——— w W -
—_ r - = — e T — — e — = — o —-—
ERFE N S NN A N I N R W W R NN

'--‘--'ﬂ-l

r
.

.
.
L !
- T
-
-

n
L
LI ]
-
A

e £y

-

-
1
”

Fg -
’ 1
L F

—

f*
-
™ - ul wleodr o rm owh o o ow v ko ose de o omw e sk dr mr w —w e e b - rwm owh v i e vr u sk odm o wT e sk b o —w w W

r
"
- Sy by g g Ry Sy g g A Ny By oy o O By By o RO, By o R, By ooy’ o R By gy o Ry By g R, By o,

™

- R I R Ry RG  R YR R Mg MR R R R R L o AT P R BRI R L B e MR R M o e R R R Y T R Ry o B g my Ay e g momy oy

- - - rr
P L " 1 ‘_,J
L3 - ‘-‘.- 'lu__‘ 1

‘--'-——-----—------——r---—-——-l--—-——---———----—-——---r-—
—_—— e w T - — - T ~R—— e w T — — 7 w T~ —— T~ = — 3w W —— o = —
R W O R R W W N PRy R R S e Em N R W W RSy W MR W R W W m W
—m uh de der e vm wh s dm o v m ek b o wr-m o wr s o - ko e e sl e w o wm ek e e e Tm wh ale

.y By g o Ay By oy gt g N, e o W N By oyt g Ny By oy o N T Ey By g RN iy g gy By oy N, By oy N By By e Ny By et S, f-‘"—
i wt d fmmm et e sl e A e e Eleaer et s s e e S e ilmwwe s b Ewmew e e e Ay

1 1
l.l: -I
iy o,
1'4-"' ] fl';:.- )

“d.ﬂ-ih-—-diﬁh-d.‘hh-'_.ﬂlh-'d.ﬂ‘L.--d-ﬂ-h-h.r_-:\d-.i-ﬁ-h-.--di-ﬁ-.--—-ﬂﬁﬁh-—-.dﬂ-ﬁh--ﬂﬂ-ih-wdiﬁh‘ﬁ-‘di.
-
i ™
ih '.f

-
'\_FJ

i
- :
L
."l'l-‘- ;
[

el

f 11 a1
WL P
L

o

- -
"_“. l’.r"-,"l
LN LR | '

4
. R

= = = = omm = = = om
o
-
-
- .
"'-\.
-
-

_— L Fo R ..i'__-.. ok T
"o .il ¥ -..i.i .r‘ r,f: . ..* J‘r - }t. 'f - 1-5 L- 5 l‘_,-',.l,.l -lf ¥ -I'.' +
o, ! by - T, M ' - e [ W

1
|
|
|
|
1
1
1
1
1
|
|
|
1
1
1
1
1
1
1
1
|
|
|
|
|
1
|
|
1
1
1
|
|
|
1
1
1
|
1
1
1
1
|
|
1
1
|
1
1
1
1
1
|
|
|
|
|
1
1
1
1
1
|
|
|
1
1
1
1
1
1
1
1
|
|
|
|
|
1
|
1
1
1
1
|
|
|
1
1
|
|
1
1
1
1
|
|
1
1
|
|
|
1
1
1
|
|
|
|
|
1
|
1
1
1
1
|
|
1
1
1
1
1
1
1
1
|
|
|
|
|
1
1
1
1
1
1
|
|
|
1
1
1
|
1
1
1
1
|
|
|
|
|
|
|
1
1
1
|
|
|
1
1
1
|
1
1
1
1
|
|
1
1
1
1
1
1
1
1
|
|
r N - '--'Ft - - |
- - L =0 4 'l\._.u-' - I

———— —— T e i E— — E— — — — i i — — —— E— — —— . E— e i — i i i e —— —— — . E— i e — — —— — — — — E— — E— — —— — — — — E— — E— E— —— — — — — — E— — E— —— E— —— —— — i i T —— —E— ——

—1-———1--—-m.v--n&-—--—-—F-—--rhq.‘—-—-fr--uifr—-‘"—--1llll-—--—-I-ll-|---l-r---—-l-r---l---l--l-l-—--ll-—a--!--—-—--ql-l-----i--——--ll---—-—i-l-—--—--r-----——--r--l--—--l-—-—--——&---—-4--—----'F-—--r-—--—-------u-———uu——:—v-J

Ta e w" A W P T ot SR T O moam P AT N Sr o wm T W T bm o mf vm O Wa fm owA w® A W Ta wd wh M T T b mt % T T Swr o mt oM W B Smowd m® AT Sy W e mf S W Wy ohm owd o A W fmomd oW N R S o’ wm o W W b o mt R W Wy Gm ot ow® AT My P omd vt A fa hm omft oW U W M omd oW W B S o w® AT W Pm e o mt AR W P o mt % N P T o 0% S A by oo W oW M T tmw® M N W fm owm o AP W S T #W M A S e ™ % TR T Tm o m® VN W e Smom ™ AT e e e omA M T W b omf 0% N W fwromt #® W W S’ w® AT W Tm e owt M W Wy M
J-I"_-"I‘I-‘".*I—-'--i—-"_.bq'_.b“*‘..'q‘--*"i‘.*@i_-#“i‘.*F-i.-hﬁ"_-b-li_-b“-*‘..‘-"--*--i‘.b-r'-..-H‘.‘..r‘li_-i‘l‘l"".*F-i.-hﬁi-.bqi--b“i‘..@i‘-bq-.--“*‘..rqi--i-l-"‘"*—--.--—-*-.-'-Ii--b“

F 4
- .
- . . . . =
W m mm mm mp e P mr o E am g g Em AN M mp P R m Ep R am Em M ML M am M R YR PR g M mp N [ W g Em ML W A M Em R ER N Er L mp Y [ M am g M B Em W P M m m mp R M R T M ML e am Ep MR PR MR am ML Ep N MR m Em mp W P G ML N WL R ME MR N MR WE - ML Ep Y M M M R P M M MM W P M Em Em mp M fEr B T Mp ML N M am M MR PR BN Em Ep N MR m Em mp W fE O ML L R M N E MR WE R am ML Ep Y MR M MMy R P R ML Em W B e Em wm mp W o mr wm mp W

o O Sy oy owf w N Ty owm owr v BT S o My Taoom ok A Sy ok e SN by o of Ly wf e m] N Ty o ey e S Ty N Tyowm e w R Ty Ty ' R S Taom ok R Sy ok e S N o of L o of Y Tmom om N iy e iy e S Ty o e N Taom w! R Ty o] e Sy Ty o ok R Sy ol e SN e wf S N By oy e P Taom ok e Ny iy ey o wf S Ty o wf RN Taowm owm] N Ty By o] A Sy Ty o of R Sy ooy wf W N Sy b owr wR
o o w® o e oo et By b o ot e A e om o 0T v e e o om® W Ry o omr o o Sy b w wt A fm o owm e S e o o e e By mom o e A e o o w0 o o wt e By b o ot e A e om o e A e o o ow® e R o omr o e Ry b’ A e o o e S e o o e e By em o omr w® S b owd w0 b o o wt R By b o ot e A m om0 A dw o o ow® e Rm o omr o 0 By b ot e A e o om e e e o o e By e o o W S b w0 o o et e By o o e A e om o e A e o o m® 0 Rm o omm owh R By by



U.S. Patent Jan. 4, 2022 Sheet 5 of 5 US D940,116 S

£
ar F X .
| T, U-”A--du-*-i--

-y e W - ey ol o gy my
-..---.-----. - - m om = [ e Y e
|
: :..:"r"i"".; I
I BRI L t
‘{r._.f_._" .1‘| KL |
E i doggain }-1: "o I
e e 1 L - |
! o g om m !
]
ru--f-'d—_---—-----JEL‘-'---H_--—-—..----.-.-._----...---l-"—"'l--..._.it'l-.-.u---‘.':-'l-\.---f:-aln--i-*l--.-----.-...----.l‘..'.'-i----.-._-----...----—_J-.--.-.u----l—f‘"i---—-u-h*-h-u----_----:h—‘r- -h----.-J-—-—--.--.r._:hh'!.-}l----—_----.u---‘:.rh---‘?.'h---.l.“‘.-‘!----a._-d’—'-ﬂ.u-—‘
-
L

b= am s E R A Eam E R S E aE W E e R AN BN R B R N R B A e W SE e B o SN B R B o RN N SN EE R B R N R B e N AN SR R e Bl o S G B B o S B R e S R R B B T A SN aE R B o A A R B o B R e A N B R B o G B BE A N N AN SR B BN N SN Ee B oE S B R e o R R R BT N AN SE B B N SN R Ee Al o B B R e R N R R B A N N AN BN R R o AN N AR e b o SN R e N N B R B oA S B B B N N SN SE e BN N AE B O AT oA e e el

L
1

o Bt owm AT kol S oo ol Eh el F ek Tkl dh br vl E R vl S hbrind 8 o ow bl Skt o ol dh ol Al e ok by o mink o drer ol h vl ohmin ol b ok Tkl B b Y ol S Bl o Brhr ko T b owr oAl Ehdrer ol ol h vl o E Bhdrawiind ol b ok o kol dh brow Al el Bk nk T odhr vl ok el el A E B ow A

o ..-.l_:'
-_l._l"'" . """.L
e i BT el T et B e T T s B T el e K e e B o el T T e e e R
- oy T e m—_—— _.-—-.-.-....--..-...._-EL T e e T — e g = = —— e — = . oy
:’E’mv—r:}-'-r‘ﬁ----mﬁ--ﬁﬂm e LR T e a8 .---ﬂlﬂnr----n-ﬂ--nr--'-l-i--!:-.‘-t-nﬁﬁ-—-ndnﬁ-.-,.l.-finr-lfll..
A pm - B N A T N N A L S R R R LR I N I T R R A e L. N L T R A S R g N L LR

- b
- N o
e mom g

v em o mfm M en = m o e omm A ke T as o momome cs omom e Ees L";'._'.. SRR [ R -__...f..ﬁ.--...d'.""..---....--._'- s mmomm td E R ke K. e R A E R A R R R ek o E. e s R K m = mm s ms ammm s am bk et U F SO T I VR I, S - I Rl S - TR Rl SRR

*
r

L 4

—Fi-.*—-.-.-—'——.‘."——|*'-'-I—!—.-.-‘I—-F-.-.h—.*-.kp*'.’wq'.khq*-’#qM.‘h*‘-.hq‘-.*F*'.*F—F‘-*'——.-‘-"-—-....—'——.‘-.—.——|+'.+I—-.‘."——.‘-.h—*..*F**.mq..’bq*-**ﬁ*‘h*.-.'——*--b“-‘*."‘--’i-.—'——ﬁ-.-..——-.'.“——.‘-*'-I—ri

I
L]

e T L L S e T T T o T e L T L e L T T T N S

i e




	Claims
	Front Page
	Specification
	Drawings

