
US010765279B2 

( 12 ) United States Patent 
Conrad et al . 

( 10 ) Patent No .: US 10,765,279 B2 
( 45 ) Date of Patent : Sep. 8 , 2020 

( 54 ) ROTATABLE BRUSH FOR SURFACE 
CLEANING APPARATUS 

USPC 15/383 
See application file for complete search history . 

( 56 ) References Cited ( 71 ) Applicant : Omachron Intellectual Property Inc. , 
Hampton ( CA ) 

U.S. PATENT DOCUMENTS 

2,251,899 A * 8/1941 Smellie ( 72 ) Inventors : Wayne Ernest Conrad , Hampton 
( CA ) ; Dave Petersen , Bowmanville 
( CA ) 

A47L 5/34 
15/366 

A47L 11/4041 
15/183 

3,225,374 A * 12/1965 Daley 

( 73 ) Assignee : Omachron Intellectual Property Inc. , 
Hampton , Ontario ( CA ) 

( * ) Notice : Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U.S.C. 154 ( b ) by 180 days . 

3,649,984 A 
4,426,751 A 
5,452,490 A 
6,108,853 A 
7,159,276 B2 
D747,052 S 
9,314,140 B2 

3/1972 Kershaw et al . 
1/1984 Nordeen 
9/1995 Brundula et al . 
8/2000 Dittus 
1/2007 Omoto et al . 
1/2016 Therrien 
4/2016 Eriksson 

( Continued ) ( 21 ) Appl . No .: 15 / 939,660 
FOREIGN PATENT DOCUMENTS 

( 22 ) Filed : Mar. 29 , 2018 
CN 

( 65 ) Prior Publication Data EP 
102240191 A 11/2011 
0992211 A2 4/2000 

( Continued ) US 2019/0298125 A1 Oct. 3 , 2019 

OTHER PUBLICATIONS 

Total Patent : English machine translation of the Abstract of 
CN102240191 , published on Nov. 16 , 2011 . 

( Continued ) 

Primary Examiner David Redding 
( 74 ) Attorney , Agent , or Firm — Philip C. Mendes da 
Costa ; Bereskin & Parr LLP S.E.N.C.R.L. , s.r.l. 

( 51 ) Int . Ci . 
A47L 7/00 ( 2006.01 ) 
A47L 11/40 ( 2006.01 ) 
A47L 11/24 ( 2006.01 ) 
A46B 13/00 ( 2006.01 ) 
A46B 13/02 ( 2006.01 ) 
A47L 9/04 ( 2006.01 ) 
A46B 9/12 ( 2006.01 ) 

( 52 ) U.S. CI . 
CPC A47L 770066 ( 2013.01 ) ; A46B 9/12 

( 2013.01 ) ; A46B 13/006 ( 2013.01 ) ; A47L 
11/24 ( 2013.01 ) ; A47L 11/4041 ( 2013.01 ) ; 

A46B 13/02 ( 2013.01 ) ; A47L 9/0477 ( 2013.01 ) 
( 58 ) Field of Classification Search 

CPC A47L 7/0066 ; A47L 11/4041 ; A47L 11/24 ; 
A47L 9/0477 ; A46B 9/12 ; A46B 13/006 ; 

A46B 13/02 ; A46B 3/16 

( 57 ) ABSTRACT 
A surface cleaning apparatus includes a rotatably mounted 
brush associated with a dirty air inlet . A plurality of bristles 
extend outwardly from a radial outer surface of the rotatably 
mounted brush . A heating element that is positioned exterior 
to the brush core . 

20 Claims , 98 Drawing Sheets 

1510 

Hill 1010 H 

?? 



US 10,765,279 B2 
Page 2 

( 56 ) References Cited FOREIGN PATENT DOCUMENTS 

U.S. PATENT DOCUMENTS GB 
WO 
WO 
WO 
WO 
WO 
WO 
WO 

2425715 A 
99/27834 A1 

2005/020779 A1 
2009/149722 Al 
2010/142971 Al 
2012/149572 A2 
2015/015166 Al 
2015/015167 A2 

11/2006 
6/1999 
3/2005 
12/2009 
12/2010 
11/2012 
2/2015 
2/2015 

A47L 9/068 

OTHER PUBLICATIONS 

9,326,654 B2 
9,763,549 B2 
10,117,554 B2 * 

2003/0066150 A1 
2005/0125941 Al 
2008/0086837 Al 
2009/0229075 A1 
2010/0037418 Al 
2010/0306958 A1 
2012/0311813 Al 
2013/0212831 A1 
2014/0053351 Al 
2014/0259475 A1 
2014/0259522 A1 
2016/0100726 A1 
2016/0166052 A1 
2016/0166127 Al 
2016/0213217 A1 
2017/0296010 A1 
2017/0296021 A1 
2017/0296023 Al 

5/2016 Doughty 
9/2017 Hyun et al . 
11/2018 Williamson 
4/2003 Stegens et al . 
6/2005 Joung et al . 
4/2008 Son et al . 
9/2009 Eriksson 
2/2010 Hussey et al . 
12/2010 Follows et al . 
12/2012 Gilbert , Jr. et al . 
8/2013 Follows et al . 
2/2014 Kapoor et al . 
9/2014 Doughty 
9/2014 Kasper et al . 
4/2016 Downey et al . 
6/2016 Kasper et al . 
6/2016 Lewis 
7/2016 Doughty 
10/2017 Li et al . 
10/2017 Li et al . 
10/2017 Qiao et al . 

Total Patent : English machine translation of the Abstract of EP0992211 , 
published on Apr. 12 , 2000 . 
U.S. Appl . No. 60 / 747,791 , filed May 19 , 2006 , in the name of 
Deepak Kapoor . 
English machine translation of EP0992211 , published on Apr. 12 , 
2000 . 
U.S. Appl . No. 15 / 939,569 . 
U.S. Appl . No. 15 / 939,592 . 
U.S. Appl . No. 15 / 939,607 . 
U.S. Appl . No. 15 / 939,696 . 

* cited by examiner 



U.S. Patent Sep. 8 , 2020 Sheet 1 of 98 US 10,765,279 B2 

100 

144 154 
144 

140 

142 

152 

130 

132 

120 
125 

123 

121 FIG . 1 



U.S. Patent 

125 

120 

FS 

Sep. 8 , 2020 

121 

Sheet 2 of 98 

1100 

1002 

1200 

1012 

122 
1000 

1005 

1200 

1054 
1200 

1010 

1001 

1103 

1100 

1103 

US 10,765,279 B2 

FIG . 22 

FIG . 3 



1012 

1100 

U.S. Patent 

1210b 
1114 

11011101 

-1112 
1210a 

1197101 

1210a 

1250 

12256 

1200a 

1200b 

1200a 

Sep. 8 , 2020 Sheet 3 of 98 

1010 
1001 

122.5a 

1035 

1125 

1210a 
1200a 

1030 

1110 

12000 

US 10,765,279 B2 

FIG . 4 



WELL 

AC PRER 

U.S. Patent 

1000 

1000 

Sep. 8 , 2020 

MAU 

1012 

1105 

Sheet 4 of 98 

ah 

1100 - 1200b 

1200a 

1210b 

10 

. 
2007 

1200b 

1250 

T 

1110 

1250 

TO 

1210a 

4 

US 10,765,279 B2 

TTTTTTTT 



? ? ? ? 

?? ??? ?? 
::: ? ? ? ? 

U.S. Patent Sep. 8 , 2020 Sheet 5 of 98 US 10,765,279 B2 

777 

??? 
{ } { } { 

20a 2 . 

HIIT tri 
1250 

} } 

2003 ? 

3.8 ? 3a 

?? 



E MNEM HD 

U.S. Patent Sep. 8 , 2020 Sheet 6 of 98 US 10,765,279 B2 

FIG.10 
ZLOL 

9 

TTTTTTTTTTT 1250 1200b KT 
1210b 

1000 1200a 
7 



U.S. Patent 

1 { } { } 

{ 33 

ZLOL 

{ 1 { } { } 

1 1 { } ? 

Sep. 8 , 2020 

K.131 

1 
30 

30 ) 

00 . 

?? 
1 03 

Sheet 7 of 98 

= 

CSOL 

US 10,765.279 B2 



U.S. Patent Sep. 8 , 2020 Sheet 8 of 98 US 10,765,279 B2 

1100 

1101 

1310 

-1300 

1010 

1035 1030 
FIG . 12 



U.S. Patent Sep. 8 , 2020 Sheet 9 of 98 US 10,765,279 B2 

FIG.13 
1310 

1110 
pers 

o 

os 



U.S. Patent Sep. 8 , 2020 Sheet 10 of 98 US 10,765,279 B2 

FIG.15 
1110 LOLL OLEL 1300 

1325 
1125 

1100 00 € L 

1110 

> STEL FIG.14 1125 



U.S. Patent Sep. 8 , 2020 Sheet 11 of 98 US 10,765,279 B2 

SEE G.77 

054 

SAL 
GO ? 

752 

ESE 
00 € L resor 

? 
125 3.5 ?? 25 



U.S. Patent Sep. 8 , 2020 Sheet 12 of 98 US 10,765,279 B2 

FIG.18 

? 

8 1500a 
1500 

15006 



U.S. Patent Sep. 8 , 2020 Sheet 13 of 98 US 10,765,279 B2 

1500 

m 
1500b 1500a 

1035 1030 
FIG . 19 



U.S. Patent Sep. 8 , 2020 Sheet 14 of 98 US 10,765,279 B2 

FIG . 20 

SZIL'SZSL 00SL 

1501 
OOL 



U.S. Patent Sep. 8 , 2020 Sheet 15 of 98 US 10,765,279 B2 

FIG . 21 

1501 

an 



U.S. Patent Sep. 8 , 2020 Sheet 16 of 98 US 10,765,279 B2 

FIG . 22 

LOLL 

??? 
DOC 

po 
OOO 
OOOO 
000 
0001 OOOOOOOOO bod 

000 
?? OOOOOOOO OOOO 000C OOOOOOOOO DOC 

??? DOC 
000 8 OC 

1500b 1500a 



U.S. Patent Sep. 8 , 2020 Sheet 17 of 98 US 10,765,279 B2 

FIG . 23 

1500a 
1500b 1530a 

BLOS 

1503b 
15016 

1010 // 
W111 



U.S. Patent Sep. 8 , 2020 Sheet 18 of 98 US 10,765,279 B2 

1500b TOOS FIG . 24 

ZIL 



U.S. Patent Sep. 8 , 2020 Sheet 19 of 98 US 10,765,279 B2 

CLOSL FIG . 25 

1500a 1503a 
1501a WWW 000 

1507 ) 

1503b 9LOSL 

1010 



U.S. Patent Sep. 8 , 2020 Sheet 20 of 98 US 10,765,279 B2 

FIG . 26 

1503a 

1112 

000C 
???? 
000 
Oooa 

000 
000 
000 
000 

1507b CLOS 

:: 

1114 

OOOO 
OOOO 
DOO 
OOOC 

OOO 
000 
Ooo 

Q000 
1503b 



U.S. Patent Sep. 8 , 2020 Sheet 21 of 98 US 10,765,279 B2 

1500a FIG.27 
IMIMO 1503a 15000 

150la 
1503b 

1507b 

41 X11 



U.S. Patent Sep. 8 , 2020 Sheet 22 of 98 US 10,765,279 B2 

FIG . 28 

1503b 1503a 

1507b DOOOO00C OOLOOO 1112 
1114 . 

1101 



U.S. Patent Sep. 8 , 2020 Sheet 23 of 98 US 10,765,279 B2 

OLOL 

1500a 

OLEL 
00EL 



U.S. Patent Sep. 8 , 2020 Sheet 24 of 98 US 10,765,279 B2 

FIG . 30 

THOM 
1110 

1500 



U.S. Patent Sep. 8 , 2020 Sheet 25 of 98 US 10,765,279 B2 

FIG . 31 

1500a BEOGI 
1500b 1300 

1503b 
1501b 



U.S. Patent Sep. 8 , 2020 Sheet 26 of 98 US 10,765,279 B2 

1500b 1310 

ooo00ood ga OOOOOOO 
LOLL 

1500a 



U.S. Patent Sep. 8 , 2020 Sheet 27 of 98 US 10,765,279 B2 

FIG . 33 
*** 1300 

1500 

200 



U.S. Patent Sep. 8 , 2020 Sheet 28 of 98 US 10,765,279 B2 

FIG . 34 

900SL 1310 
1110 

DOOOOO 
00 
OOO 

booC 
OO ?? 
OO 
OO OC 
?? OC 
OO OC 
000 

OOC 
??? 
??? 
??? 
??? 
DOOC 
?? 
??? 
200C 8 



U.S. Patent Sep. 8 , 2020 Sheet 29 of 98 US 10,765,279 B2 

1500a 1507a 1503a RLOSL 1300 

1507b 

rea 
1000 



U.S. Patent Sep. 8 , 2020 Sheet 30 of 98 US 10,765,279 82 

????? - - 

15072 OOOOT TOOOO 1507 pooolloooo 
03 15032 



O HD 

U.S. Patent Sep. 8 , 2020 Sheet 31 of 98 US 10,765,279 B2 

1012 yeres 
ADE 

00 L 1500 

Trio TH TIITTITITI 1012 
1114 

1300 



NOT NO DO 

U.S. Patent 

1500 

1000 

ta 
1012 

1103b 

Sep. 8 , 2020 

***** 
1012 

1103a 

Sheet 32 of 98 

1500 

1300 

T 

1112 

1114 

444 

TTTTTTTTTT 

US 10,765,279 B2 

FIG . 40 



U.S. Patent Sep. 8 , 2020 Sheet 33 of 98 US 10,765,279 B2 

CEOL CEO m “ TD 

? 
? 



U.S. Patent Sep. 8 , 2020 Sheet 34 of 98 US 10,765,279 B2 

FIG . 42 

QEOLL 
w 

11035 1507 TI 
1500 

1103a 

1500 



U.S. Patent Sep. 8 , 2020 Sheet 35 of 98 US 10,765,279 B2 

1938 
? DEOLL ? ? 

? 2 

597 ? 

H 

12 
TEOLL 



1524 

U.S. Patent 

1000 

1524 ETT 
1524 

1004 

1510 1510 1524 

Sep. 8 , 2020 

1524 . 

1524 III 

1103b 

1522 

Sheet 36 of 98 

1103a 

1010 

US 10,765,279 B2 



U.S. Patent Sep. 8 , 2020 Sheet 37 of 98 US 10,765,279 B2 

1103b 1103a FIG . 45 

1004 

1524 
OLSL 

1510 !!!! 1522 1524 llliii 1002 192 



U.S. Patent Sep. 8 , 2020 Sheet 38 of 98 US 10,765,279 B2 

FIG . 46 

ww 

0101 1103a 

1103b 

009 
1510 1103a mont 



U.S. Patent Sep. 8 , 2020 Sheet 39 of 98 US 10,765,279 B2 

| FIG . 47 

1500 

1510 

1 
= 

1002 



U.S. Patent Sep. 8 , 2020 Sheet 40 of 98 US 10,765,279 B2 

FIG . 48 

1010 

00SL 
08SL 



U.S. Patent Sep. 8 , 2020 Sheet 41 of 98 US 10,765,279 B2 

1103b 

1000 viii 1103a 
08SL 

I 1002 



U.S. Patent Sep. 8 , 2020 Sheet 42 of 98 US 10,765,279 B2 

FIG . 50 

1507 
1510 1500 



U.S. Patent Sep. 8 , 2020 Sheet 43 of 98 US 10,765,279 B2 

= FIG . 51 

1000 

OLOL 

1510 1507 

1510 IND 
TE 1002 



U.S. Patent Sep. 8 , 2020 Sheet 44 of 98 US 10,765,279 B2 

FIG . 52 
Lim 

OLSL 

1010 00v 

1 

11 
1500 

1002 



U.S. Patent Sep. 8 , 2020 Sheet 45 of 98 US 10,765,279 B2 

1004 

1510 

1500 

2001 



U.S. Patent Sep. 8 , 2020 Sheet 46 of 98 US 10,765,279 B2 

FIG . 54 

OLOL 

1430 



U.S. Patent Sep. 8 , 2020 Sheet 47 of 98 US 10,765,279 B2 

1004 = FIG . 55 

1010 

1002 
? 



U.S. Patent Sep. 8 , 2020 Sheet 48 of 98 US 10,765,279 B2 

40e0L 1030a 

1010 M 
1 . 

1400 1500 
? 



U.S. Patent Sep. 8 , 2020 Sheet 49 of 98 US 10,765,279 B2 

FIG . 57 

UHF 

00SL 

HF 
? 



U.S. Patent 

WAAAAAAA 

Sep. 8 , 2020 

www OL 

from ??????? 
AM 

Sheet 50 of 98 

180 

175 

165 

177 

123 

162 

MMYNNA 

164 
170 

10 

LOOT 

FOOT 

THULE 

122 

124 

US 10,765,279 B2 

FIG . 58 



U.S. Patent 

MAALAAAAAAAAA 

Sep. 8 , 2020 

120 

???????? um 
AM 

Sheet 51 of 98 

180 

175 

123 

165 

177 

162 

164 
170 

1000 

10 

122 

AM 

VEICOT 

WALTER 

124 

US 10,765,279 B2 

FIG . 59 



U.S. Patent Sep. 8 , 2020 Sheet 52 of 98 US 10,765,279 B2 

123 FIG . 60 

for 
f 

MAAAA 
180 

MAAA 164 

160 

165 124 

162 
122 

120 

RE 
YNNA 

1000 

1 



U.S. Patent Sep. 8 , 2020 Sheet 53 of 98 US 10,765,279 B2 

EZI FIG . 61 

????????? 
VAATA 180 

VAA 164 

09 

A 165 w 

162 124 

ZZL 
120 

CODE 

CUITS 
0001 LOCIDO 



U.S. Patent 

WAAA . 

Sep. 8 , 2020 

w 

120 

thony 

123 

Sheet 54 of 98 

1400 
1400 

165 

180 

179 
1 160 

WWW 

164 

10 

1000 

TE 

Atun 

co 

co 

US 10,765,279 B2 

122 

124 

FIG . 62 



U.S. Patent Sep. 8 , 2020 Sheet 55 of 98 US 10,765,279 B2 

FIG . 63 

180 
AAAAM 

????????????????? 62L Am ORISTA 

164 
160 162 

165 124 

1400 
ZZL 

COD 

ALEBO 



U.S. Patent Sep. 8 , 2020 Sheet 56 of 98 US 10,765,279 B2 

FIG . 64 

1100a 1112 saan 1650 1 

owner 

dra OLIKA 1610 ur 1 

1610 1600b 
1600a 

OLOL 



U.S. Patent Sep. 8 , 2020 Sheet 57 of 98 US 10,765,279 B2 

FIG . 65 

1 
TEOLL 1012 ?? 

1 

1600b 

QEOLL 
OLOL 90071 1200a 



U.S. Patent Sep. 8 , 2020 Sheet 58 of 98 US 10,765,279 B2 

1004 FIG . 66 

1600b 
1620a 

1600a 

0021 



U.S. Patent 

VON 

1000 

1103a 
1620b 

Sep. 8 , 2020 

1103b 

11 
? 

Sheet 59 of 98 

1200b 

1620a 

1600b 

- 1600a 

US 10,765,279 B2 

1103a 
1200a 

FIG . 67 



U.S. Patent Sep. 8 , 2020 Sheet 60 of 98 US 10,765,279 B2 

1103a 
FIG . 68 

1620a OOCL 
EOLZL 

1600a 1620b 

1002 



U.S. Patent Sep. 8 , 2020 Sheet 61 of 98 US 10,765,279 B2 

FIG . 69 

1600b 1200 ALLET w 

} 

1600a 

1200 1600b 



U.S. Patent Sep. 8 , 2020 Sheet 62 of 98 US 10,765,279 B2 

OLZL 007L OLZL 
FIG . 70 

OOCL 

1600b 

1 
1600a 



U.S. Patent Sep. 8 , 2020 Sheet 63 of 98 US 10,765,279 B2 

FIG . 71 

20091 
1510 1103b 1103a 

1600b 



U.S. Patent Sep. 8 , 2020 Sheet 64 of 98 US 10,765,279 B2 

1500 1510 
FIG . 72 

16206 

1600a 

1620a 



U.S. Patent Sep. 8 , 2020 Sheet 65 of 98 US 10,765,279 B2 

FIG . 73 

1600a 1103b 

1600b 

3522 OLOL 
1510 

1524 



U.S. Patent Sep. 8 , 2020 Sheet 66 of 98 US 10,765,279 ?2 

500 1522 ??? 
3 524 

3154 FIG . 74 

1600i 

? 
4 



U.S. Patent Sep. 8 , 2020 Sheet 67 of 98 US 10,765,279 B2 

OLOL FIG . 75 

2009 
1526 

1526 

1526 1600b 



U.S. Patent Sep. 8 , 2020 Sheet 68 of 98 US 10,765,279 B2 

FIG . 76 

0001 
1103b -1510 REOLL 

9009 
1103b 1507 

N 1103a 

1507 1500 



U.S. Patent Sep. 8 , 2020 Sheet 69 of 98 US 10,765,279 B2 

OLOL 
FIG . 77 

1500 
1507 OLSL 



U.S. Patent Sep. 8 , 2020 Sheet 70 of 98 US 10,765,279 B2 

FIG . 78 

wa 

OLSL 
OLSL 

1600a 

900CL 

1200a 
12002 Q00TL 

1600b 



NA 
E 

D 

PORN DMMM 

FIG . 79 

FIG . 80 

U.S. Patent 

1000 

ON 

Sep. 8 , 2020 

1012 

1012 

Sheet 71 of 98 

1200b 

12001 1 2006 

12002 

1630 

- 1630 

1200a 

1250 

1210b 

1210a 

OSZ 
al se mueren 

10 

US 10,765,279 B2 

77 

1620 

program 

1620 



th or 

FIG . 81 

FIG . 82 

U.S. Patent 

1000 

IN 

1000 

WIKI 

Sep. 8 , 2020 

1012 

1012 

Sheet 72 of 98 

6 

1200b 

41200b 

12002 

1630 

12102 

1630 

1250a 

1977 

7777 

1250 

1620 

1620 

1210b 

1977 

777 



D D 

FIG . 83 

FIG . 84 

U.S. Patent 

117 

1000 

Sep. 8 , 2020 

> 
th 

. 3 

1012 

} 

Sheet 73 of 98 

* 
+ 

12006 
1630 

1200a . 

1200b 1630 

1200a 

1210b 

12100 

1210a 
Luka 

porno por 

ATTITUTO TITITI HAITI 

US 10,765,279 B2 

1620 



MBO HAD COMM 

DE DA 

FIG . 85 

FIG . 86 

U.S. Patent 

1000 

Sep. 8 , 2020 

1012 

210L 

Sheet 74 of 98 

1200b 

9007 

POOL 

H 

1630 

1200a 

1210b 

1250 

ATTTTTT - 17 

TTTTTT AT 

US 10,765,279 B2 

OZ9l 

1620 " 1250 



OG 
MANG 

FIG . 87 

U.S. Patent 

1000 

Sep. 8 , 2020 

1012 

Sheet 75 of 98 

1012 
p 

1200a 

12006 

12002 

-1200b 

1630 

16387 
TH TITT 

1250 

TTTTTTTTA 
US 10,765,279 B2 

1620 

1620 

* 1250 



NO NE 

U.S. Patent Sep. 8 , 2020 Sheet 76 of 98 US 10,765,279 B2 

1012 
TRE THAT 

1620 1630 

06 912 11 
1200a 

1012 
vina Enne 

1620 1000 1630 

FIG . 89 

1200a « 

La 



MHDH SHAD 

FIG.91 

FIG.92 

U.S. Patent Sep. 8 , 2020 

1012 

1012 

Sheet 77 of 98 

1200a 

1630 

1200a 

1630 1620 

1620 

TTTTTH TTTTTTTT 

THO 

po prostor pre 

US 10,765,279 B2 



O AKCIA 
HONDA 
SHEH 

NON HOB 

U.S. Patent Sep. 8 , 2020 Sheet 78 of 98 US 10,765,279 B2 

1012 THI 
1210b 

1200b 
FIG.94 

1630 

1012 Can LllL 2 

. 

1200b 
1620 

FIG . 93 1630 ?? 



MA 

FIG.95 

FIG . 96 

U.S. Patent 

1000 

Sep. 8 , 2020 

1012 

1012 

Sheet 79 of 98 

***** 

1200b 

1630 

12000 

1630 . 

1620 

TTTTTTTTT 

MITT TTTTTT 

77777 
US 10,765,279 B2 

1620 



NEA 
NORD 

DOOR 
O 

U.S. Patent 

1000 

1 

Sep. 8 , 2020 

1012 
3 2 

* 

Sheet 80 of 98 

1300 16306 X16206 

1630a 

1610b 

16202 

777 
/ 

-1100 777 
1500 

FIG.97 

US 10,765,279 B2 



OD ON KA ARAW NOC 

FIG . 98 

FIG . 99 

U.S. Patent Sep. 8 , 2020 

1012 

9 

Sheet 81 of 98 

12 

1300 
1630b 

1630b 

1630a 

1630a 

1620b 

1300 

1610b 

1620b 

1620a 

1620a 

1650 
1100 

16106 

TTTTTTI 
im 

ITT TTTTTTTTTA Fint 

US 10,765,279 B2 



- L?u 

DB 
DMD 

MRU 

FIG . 100 

FIG . 101 

U.S. Patent 

1000 

Sep. 8 , 2020 

1012 

1012 

Sheet 82 of 98 

41 

1630a , 

1620a 

! " 

00 € 

1300 

1630a . 

1630b 

1630b 

1112 

1620a 

1500 

16206 

1620b 

1650 . 77 1955777 

4444444 

Tort TTTTT ) 

kih 

US 10,765,279 B2 

1122 

1500 1114 



U.S. Patent Sep. 8 , 2020 Sheet 83 of 98 US 10,765,279 B2 

FIG . 102 

1012 
1112 

1114 



U.S. Patent Sep. 8 , 2020 Sheet 84 of 98 US 10,765,279 B2 

FIG . 103 

CEO 

1500 

11122 .. 

HTTO 



U.S. Patent Sep. 8 , 2020 Sheet 85 of 98 US 10,765,279 B2 

FIG . 104 

00SL 
1500 1114 

OLSL 

III 



U.S. Patent Sep. 8 , 2020 Sheet 86 of 98 US 10,765,279 B2 

FIG . 105 

1112 
o 

O 

1500 

LILLIGE ILIT 



U.S. Patent Sep. 8 , 2020 Sheet 87 of 98 US 10,765,279 B2 

FIG . 106 

1012 

1112 

1500 00SL 

1500 



U.S. Patent Sep. 8 , 2020 Sheet 88 of 98 US 10,765,279 B2 

1004 F107 U 

9 

010 

1500 
1000 

HITINUUU 2001 



U.S. Patent Sep. 8 , 2020 Sheet 89 of 98 US 10,765,279 B2 

FIG . 108 

FINN 
ce JUNE 

1500 



U.S. Patent Sep. 8 , 2020 Sheet 90 of 98 US 10,765,279 B2 

FIG . 109 010 

000 

0001 
OOO 

???? 
1010 Qo 

? ? ? 

200 
oc ? ?? 

1500 1510 10 

( 1010 

noun 
01010 

? ? 



U.S. Patent Sep. 8 , 2020 Sheet 91 of 98 US 10,765,279 B2 

FIG . 110 

1000 



U.S. Patent Sep. 8 , 2020 Sheet 92 of 98 US 10,765,279 B2 

FIG . 111 

1200 00SL 



U.S. Patent Sep. 8 , 2020 Sheet 93 of 98 US 10,765,279 B2 

FIG . 112 

1600a 
1210 

9009 

007 



U.S. Patent Sep. 8 , 2020 Sheet 94 of 98 US 10,765,279 B2 

- ge FIG.113 ? a arc 

90091 ??? 
3-8 

1600a 
1210 1200 

1500 
OLS 

1002 



U.S. Patent Sep. 8 , 2020 Sheet 95 of 98 US 10,765,279 B2 

FIG . 114 
w 

zioni TELE 
OLCL 

1112 
114 

0071 



U.S. Patent Sep. 8 , 2020 Sheet 96 of 98 US 10,765,279 B2 

FIG . 115 

www 

1114 W 

OLZL 00CL 



U.S. Patent Sep. 8 , 2020 Sheet 97 of 98 US 10,765,279 B2 

FIG . 116 

OLOL 
WOK 1012 

1200 OOZL 
am 

1114 



U.S. Patent Sep. 8 , 2020 Sheet 98 of 98 US 10,765,279 B2 

1112 

1210 11 

1002 










































