US 20190065027A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2019/0065027 A1

Hauenstein et al. 43) Pub. Date: Feb. 28, 2019
(54) SYSTEMS, METHODS, AND GRAPHICAL GOG6F 3/0484 (2006.01)
USER INTERFACES FOR INTERACTING GOG6F 3/0488 (2006.01)
WITH AUGMENTED AND VIRTUAL (52) U.S. CL
REALITY ENVIRONMENTS CPC ...... GOG6F 3/04815 (2013.01); GOGF 3/04883
(2013.01); GO6F 3/04845 (2013.01); GO6T
(71) Applicant: Apple Inc., Cupertino, CA (US) 19/006 (2013.01)
(72) Inventors: Mark K. Hauenstein, San Francisco,
CA (US); Joseph A. Malia, San
Francisco, CA (US); Julian K. Missig, 7) ABSTRACT
Redwood City, CA (US); Lukas Robert
Tom Girling, San Francisco, CA (US) A computer system concurrently displays, in an augmented
reality environment, a representation of at least a portion of
(21)  Appl. No.: 16/116,276 a field of view of one or more cameras that includes a
. respective physical object, which is updated as contents of
(22) Filed: Aug. 29, 2018 thep field opf }\lliew chenge; and a rels)pective virtual user
Related U.S. Application Data interface object, at a respective location in the virtual user
interface determined based on the location of the respective
(60)  Provisional application No. 62/553,063, filed on Aug. physical object in the field of view. While detecting an input
31, 2017, provisional application No. 62/564,984, at a location that corresponds to the displayed respective
filed on Sep. 28, 2017. virtual user interface object, in response to detecting move-
A . . ment of the input relative to the respective physical object in
Publication Classification the field of V?GW of the one or mpore canlljer}e/ls, the sJystem
(51) Int. CL adjusts an appearance of the respective virtual user interface
GO6F 3/0481 (2006.01) object in accordance with a magnitude of movement of the
GO6T 19/00 (2006.01) input relative to the respective physical object.

i

\Q\'\

%




Patent Application Publication  Feb. 28,2019 Sheet 1 of 217  US 2019/0065027 A1
104 A = g {103 Memory
ornitrolier 102
Peripheral 22 Y y g
enpnerais 7y Cparating Sysiem 2
interface | i 128
118 Y Communication Module 43
— Processor(s) Contact/Motion Module L ,3?
- L2 Attitude Module a0
Graphics Module f153
Bower - RF Cirouitry < Hagptic Feadback Module 4 134
Sysiem 108 Text Input Module 4 135
162 [ External Part GPS Module ;‘:45
= 124 Virtual/dugmented Reality Mod. 156
— Applications =4
| Proximity Sensor . Yl
166 111 Contacts Module C 138
Portable Talephone Module /__139
Multifunction | Audio Circuitry Video Conference Module 140
Device 100 - 110 E-mail Client Module 144
\A E instant Massaging Module 4 142
| Accalerometer(s] | {13 | | Workout Support Module 1,5
167 Camara Module f,: 44
108~ Gyroscope(s) image Management Module y 52
168 Video & Music Piayer Module 1153
»| Magnetometar(s} Motes Module 154
189 Map Module f%?
/‘ E
»! 1O Subsystem 106 Browser Module 148
Calendar Module 4 149
Touch-Sensitive Display Widgat Modulas 4 149-1
Dsspia%/éystem ™ Controtier 156 Weather Widget(s) 14 9"2
— Stacks Widget 2 140.9
Optical . Calculator Widget 149.4
Sensor(s)  eja| OZo0 SIS Narm Ciock Widgel |/~
g4 Bictionary Widget 149-6
) Tntensity User-Craated Widget{s) 4 450
Coniact ¥(ntens;ty o sensor(s) Widgeat Creator Moduls e -
Sensoris) 169 Controfler 159 Saarch Module s :g;
e Onding Video Module 4
actile Outpy Hanti . .
o 4 pic Feadback H
Generalor(s) e Controller 161 ¢
183
Other fnput or O
. nN ther input 157
COW‘%‘ 1%9"“395 “I™ Controlier(s) 160 Dovice/Giobal nteral 5tae

Figure 1A



Patent Application Publication  Feb. 28,2019 Sheet 2 of 217  US 2019/0065027 A1

Event Sorter

170 \
Everit Monitor Yalld
Hit View Determination /‘i 72

Module

Active Event Recognizer va 173
Determination Module

Event Dispatcher Module e 174

Application 136-1 ‘\

Application

Application View 181

1 Event Recognizer 180

Application View 181 s // Event Recognizer 180
: Event Receiver 182
Event Handler — \\ Event Recognizer 180 Event Comparator 184
Data Updater 1701 A Event Data 179 \ Event Definitions 186
Object Updater 177 \ Evert 1 1871
Gl Updater 178 \\ Event 2 187-2

5 \ vos
Event Handler 190 \\ Metadata 184

Event Delivery 188

Application Internal
State 192

Figure 1B



Patent Application Publication  Feb. 28,2019 Sheet 3 of 217  US 2019/0065027 A1
Portable Multifunction Device 100
,,,,,,,,,, 2_6_ 510 \ _121
s A
‘‘‘‘‘ Optical Proximity
[Speaker ﬁj) ( Sensor 164 ) [ Sensor 166 )
[en)
< 200
$

””” e ™
X
2
N
"""""" 210 is SIM card slot

212 is headphone fack

Touch Screen 112

" Contad fnterisity

Sensor(*.) ?8;}
| ~ Tactile 5utgu? N
Generator(s) 163
203
\.
Microphone Home Acceleromster(s}
113 L 204 187
\ 7 J

External Port 124

Figure 2



Patent Application Publication  Feb. 28,2019 Sheet 4 of 217  US 2019/0065027 A1

Memory 370\
QOperating System |~ 126
Communication Module |~ 128
Contact/Motion Module ::g?
Attitude Module 130
Graphics Module 133
Haptic Feedback Module e
Text Input Module va 134
Virtual/Augmented Reslity Mod. |7 145
Applications s 136
Device 300 Contacts Module = 1?7
Telephone Module 138
\ Video Conference Module 139
E-rnail Client Module L~ 140
Instant Messaging Module - 141
310~ CPUIs) Workout Support Module - ;:i
Camera Module -
320 frmage Management Module 7 144
D Browser Module - 147
330 Calendar Module 148
\ Widgst Modules 149
HO Interface Weather Widget L~ 149-1
Stocks Widget 1492
Display - 340 Calcutator Widget |~ 148-3
Alarm Clock Widget 1494
| KeyboardiMouse H— 350 Dictionary Widget - 148-5
[__Touchpad - 355 Us.eruCreated Widgets) -/~ 1496
Tactile Output Widget Creator Module L 150
Generator(s) [T~ 207 Search Module L 151
Video & Music Player Module L~ 152
Sensor(s) |- 350 Drawing Module L~ 380
Presentation Module 382
Notwork Word Processing Module 384
360 | Communications Website Creation Module s~ 388
~ Interface Disk Authoring Module 388
Spreadsheet Module 390
Device/Global Intemal State |~ 157

Figure 3A



Patent Application Publication  Feb. 28,2019 Sheet 5 of 217  US 2019/0065027 A1

F Computer System 301-a l
l Display I
input Device(s) Virtual/Augmented Generation
l 302 Reality Logic 303 Component(s) I
l 304
) Attitude
l Camera{s) 305 Sensor(s) 308 l
| — —
[ ComputerSystem3oth _l
l Display l
input Device(s) Virtual/Augmented Generation
l 302 Reality Logic 303 Component(s) l
l 304
Attitude
I Camera{s) 308 Sensor(s) 306 I
L”TMMMMTMJ
Input Device(s) Display
307 Generation
S Component(s}
308

Figure 3B



Patent Application Publication

input Device(s)
307

Compugter System ]

Feb. 28,2019 Sheet 6 of 217  US 2019/0065027 A1

301-¢
| Display
Virtual/Augmented Generation
Reality Logic 303 I Component(s)
308
L .
A \
\d \i
Attitude
Camera(s) 311 Sensor(s) 312

Figure 3C



Patent Application Publication  Feb. 28,2019 Sheet 7 of 217
Portable Multifunction Device 180 ™
7 ~
rme |\ () (D [yl 2 oo
: Sunday s _
Messages Calendar Photos Camera
424 428 428 430
W O
O i3 O 73°
Oniine Video Stocks Maps Weather
432 424
Clock Workout Support Notes Setlings
440 442 444 446
N
@A) L
\
App Store Calouiator Voice Meamao Utilities
@ O @ @
& —E"
Phone dMail Browser dusic
416 418 408 400 4 a2

Figure 4A

US 2019/0065027 A1

N Touch Screen 112



Patent Application Publication  Feb. 28,2019 Sheet 8 of 217  US 2019/0065027 A1

450
N\

468

470

453

'/ Tactie Sufgu—t. N

| 482
| Generators) 357,

“Cantact iﬁegs.i‘t‘\:/ N

\ Sensor(s) 359 _

Figure 4B



Patent Application Publication  Feb. 28,2019 Sheet 9 of 217  US 2019/0065027 A1

intensity A ;
dw;(z;ao /—476
7"’ P
/ \ 481 ,///// \478
/ \ V />\ 480
AN /

\//
//)(\
RN
1<
7 S—478 N
} e AT
'
Time

Figure 4C



Patent Application Publication  Feb. 28,2019 Sheet 10 of 217 US 2019/0065027 A1

intensity A ﬁﬁ L J— e i%
/ / 1, s
484
/ Nl
488 | \y
o | |
o
————
T by — = — — — - —————
l |
Ty | R : WWWWWWWWWWWWW
" Y
L J _
P | Time

Figure 4D



Patent Application Publication  Feb. 28,2019 Sheet 11 of 217 US 2019/0065027 A1

intensity A
&j 492
7o\
\
iT / \
i h 492
T omeat
T, _’r::'_-:_:\____#-_-—?/___—::
\ ’/ 484
Ty ’i ————— :_\ — =~ _/r_/_ _____
482 | \_ _.\_I

= bz 4 Time

Figure 4E



Patent Application Publication  Feb. 28,2019 Sheet 12 of 217 US 2019/0065027 A1

LS a4nbiy

s

AN

G
Q \\%v@ \/Q®

% . @@@@




o

Patent Application Publication  Feb. 28,2019 Sheet 13 of 217 US 2019/0065027 A1

Amwom/\ _
O,
NN

Zvs aanbig

Lp

9

@ Bam\@@
RO

AN

W\Amw% E@o@
o0
6.8,
% 9
NG
SORNIONG,

?@@?@@@@@@@

.

=

9%

@@ @@

INCINLON

9 @@@M@@@ AR
o N \

\\( \~

RSN

Qo

) o)

9

A

o/ ~



< 00

«&@\%@ RO

Patent Application Publication  Feb. 28,2019 Sheet 14 of 217 US 2019/0065027 A1

O

L

£Ys aanbid

Il

S NQLING

O

© % Wo
@o@é@w%%&w@@@

A N A 4 /\
TNOLLIA] / b NOLNE
A

N . 5 o
DR OHEIKONAS INIGAIONIONLG

V@\ov\/ @@@@ /
605,90
/o) KN Q' Gn



pvs ainbidg

N

Zil
LeBI0Y
yonaoy

Zlﬁ\: 77 /_D/

wwﬂ £ NOLING ‘ mwo\w/\ﬁ ZNOLING Tvxﬁ L NOLLNG

Patent Application Publication  Feb. 28,2019 Sheet 15 of 217 US 2019/0065027 A1

X _ 001 @91aag



Patent Application Publication  Feb. 28,2019 Sheet 16 of 217 US 2019/0065027 A1

Figure 5A5




Sheet 17 of 217 US 2019/0065027 A1

Feb. 28, 2019

Patent Application Publication

gvs aunbidg

w@%/\ﬁ gNOLINng

>

\}/\— ENOLINE 7=
9104 m T Pi0S

LAY

_

L NOLIRG

N

gl
LOBI0G

Yyono

R __ 001 83148(




Patent Application Publication  Feb. 28,2019 Sheet 18 of 217 US 2019/0065027 A1

LvG aunbi4

~

Zki
TERTOIN

Yono

R 001 991A8(




Patent Application Publication  Feb. 28,2019 Sheet 19 of 217 US 2019/0065027 A1

8ys a4nbid

£
=
8
‘mmmmmmmaa Xy

NOLing
7

N

Zii
UeRING

yanoy

R ___ 001 82148(]




Patent Application Publication  Feb. 28,2019 Sheet 20 of 217 US 2019/0065027 A1

6vS 24nbidg

T~

J O (s /
1

-
NOLLNE 3 | NOLLAE
(L /

™

2l
UeBINg
Yono

X __ 001 @31800




Patent Application Publication  Feb. 28,2019 Sheet 21 of 217 US 2019/0065027 A1

01vs aanbig

=
mzotmmls ZNOLING L NOLLNG
)
v, : .

™

Ztt
UG

Uono g

R __ 001 80ABQ




Sheet 22 of 217 US 2019/0065027 A1

Feb. 28, 2019

Patent Application Publication

LLYS aanbidg

™

(4%’
UesIIg

Hono}

: “..x(\,\ﬁ
P~020s

(\)v><\b¢; \\\V\/AO\\DJ? A

X ___ o0l esiaeg




Sheet 23 of 217 US 2019/0065027 A1

Feb. 28, 2019

Patent Application Publication

ZLvs ainbig

< /ﬁ“d ¥ ]
<}
¢ NOLLNG \ ZNOLINE 3 L NOLLNE
I _ I N
“ 7

49
UBBI0G

Yono L

¢

N N7 A
== % & @@
s \\>V><\Q¢ A \V >A\® A

Y X 00} 8920




Patent Application Publication  Feb. 28,2019 Sheet 24 of 217 US 2019/0065027 A1

£1vs aanbiy

™

cil
Usaiog
Yono

R ___ 00} saasg




yLys aanbiy

: @

= = =—9%,%,70,7

NN
020 90:% Qw@%@

N

A%
uss.Ing
Uono .

Patent Application Publication  Feb. 28,2019 Sheet 25 of 217 US 2019/0065027 A1

X ___ 00} 9s1aeg




Sivs sunbig

s

£ NOLING TNOLING [ L NOLLNG
~y

/«Q i

UsBInS

«Q@ 4 yonoy

= — SO
@@MM@AW@@W@MQM%MM©MM©MM®M® M
OO 026,20, 2%

XA S

00 8%, %

NN NG
@A ,AV@\/@>@ \9/00 >©\>/ >®\o¢ IS >®x

Patent Application Publication  Feb. 28,2019 Sheet 26 of 217 US 2019/0065027 A1

v X _ 004 991A3Q




Patent Application Publication  Feb. 28,2019 Sheet 27 of 217 US 2019/0065027 A1

91v6 ainbidg

8L0% W@

@@@@@@@@
@@@@M@@@@@ ® @@
%&&§3§§©@
AN
SOOI ONASI Ok

£ NOLLNG v
pd =~y
0 v mmmm Dmmm: CEDDDDDD O

XKL

/5] <7 AQ\ 0
y@§® G

o 7 ST

ZNCLING DDDD ~) ENCLING @A/

@ Zil
UeeIT

O 0 0

0% 96,9 @
95.%,96,%

%®§§§&§

969,

@ o @@ @@ @@A@V

9

AN o?@@?

O)

kX ___ 001 ao1ARQ




Patent Application Publication  Feb. 28,2019 Sheet 28 of 217 US 2019/0065027 A1

L1vS 84nbid

J

ONIN

2 m TS
L NOLLNG 4/

/«Q Zit

UsBIS

«@«Q« M@Q@ Agm yono g

4
0%
& %
N0, o,
et 80 670 %!

. .«r\/mmmow\,@ @
,@@@@@
XN @@@M@@M@ @@@M
SSPXIERY 5.6,
| @
on @ @OQ @@ @@ [ L1008 /3 g
@@@@W@@@@&o% %@%@b %\@Aw g

Y R 001 891A8Q



816 2inbidg

¢ NOLInG v ¢NOLING DDDD ~) P NOLLAE @A/
@ o 7~ mmmmm U00R) e M7z 2

O 0 DQDB DDDDDDD 1< AQ\ @ USROG
%Nw@@@ o/ mmauamm&v_%%% @@@@% @@ o

o K0 %0, %%, %
o e S 6%h20,%,% %

Patent Application Publication  Feb. 28,2019 Sheet 29 of 217 US 2019/0065027 A1

R __ 001 991Aag




6Lvs 24nbiyg

o2
-

v Vv,

@ on @@ o m,mwc\m%o/.\l iy Be-070%
PO

© XY

@ @ on g

© XN
OIS NG
XN NG
@@@@W@@@@W@@@o | %@ O

o —

b NOLLNG @

ey g
OSSR
@@@@M@ X

RO
SONORG

B
@@@M@ 5
RTa

05

~N/o

9

@M@
NS
ONIONG)
IR
2,2,

58

INCOIN

()

Patent Application Publication  Feb. 28,2019 Sheet 30 of 217 US 2019/0065027 A1

R __ 001 2masg




0Zvs ainbiyg

I s

,<..Hv ENOLINE |0 ] FROLING @

S \/J\DDDDD%L\ @@A\@@ 4 ueens
- A o yono
OF Py @@ @@ 9
Loy A< () @@ @@ @@
Al o©®®©® ©©A
oo DDDDDDDDDD 0@ @@ @@@@

@

S 2 NN
Ve tinzr NN
on C aTL0S A0 = @ A @@@@@@@@@

=t

AVESES /V//Q@Namo@@@@@\/@@

\@ on@ m-ﬁoo@m,v@ v @4\@ 0, £00S ‘0 @
@i%\ @@@@@@@w O SN

NN IR AN

pay

Patent Application Publication  Feb. 28,2019 Sheet 31 of 217 US 2019/0065027 A1

R _ 00} so1a8g




L2ys aanbiyg
D 4 A AN L 1
£HNOLINY ZNOLING PNOLING ,DA/
144>
=2 uselg
S b Yono |

R __ 001 80143

Patent Application Publication  Feb. 28,2019 Sheet 32 of 217 US 2019/0065027 A1



Zzys aanbidg

¢ NOLLng LNOLLNG

N

tA %S
ueRIng
Hano L

Feb. 28,2019 Sheet 33 of 217 US 2019/0065027 A1
=z
(@
: foom
-
oo
0

kX ___ 00} 831aeg

Patent Application Publication



£Zys ainbig
-
e

|

| ENOLLnG ZNGLLNG L NOLING 4/

] !

s rAR)

=T o BETECT T
-8 HoNG |

Feb. 28,2019 Sheet 34 of 217 US 2019/0065027 A1

R __ 00} 99148(

Patent Application Publication



Patent Application Publication

Feb. 28,2019 Sheet 35 of 217 US 2019/0065027 A1

//4’;}/55/,;,’ '
il
.,’I;,'
%//

I

i
il //// ﬁ‘o“
/ //47’1{(’0’0‘\\\

\
\

100 ¢

/]
by,

il
//// ,

il \ T

‘

Davice

>
d
g

i

)

(]
f J

N1 / i///i"
Il

7
Il

l/ifl'/[li/lllét 0

/1
it
/ ///tllll’l'}’il’\‘f;
// ik i‘l\\
I

A
b

i

// / : /{\‘::l\ !!\\w‘ ol

Jy R

i \%%%’*
\\!!‘\i\\!li Li)

\\

|

Ao

|

i

/ ’Illfl7//'/,'{,/‘l};’b\

0
Ilg"li" /
(TR

7}}

/]

i

L

MMM
)
\‘;‘éﬂt{“

&%‘{'@'

Figure 5A24

A
A\

\

q ‘ ‘ ] ‘)‘
B

/,-”;i"« I‘é -
3’/’ 7 .

7 2=

o
ffan i
“.aw"t;_ar,ﬁtiv

(L}

=

v

o

Jtéi.‘.'

e
s——

—

4!

=%

I

) il




GZys aunbiyg

N

2l
USBIIG
yonoy

X __ 001 991a8()

Patent Application Publication  Feb. 28,2019 Sheet 36 of 217 US 2019/0065027 A1



Patent Application Publication  Feb. 28,2019 Sheet 37 of 217 US 2019/0065027 A1

9zys eunbi

~<7 wbinieg \./M

9105 {]

Q \/@\,@@\70 o)

™

[4%°
USBIG
yono}

0 %

0,9 9%

0,2, ;%0 2 s
K %w@%v@ NYINEE

R __ 001 ed1asq




LZvs 2inbig

~

Zibi
USRIDg

Uonoy

R __ 00l @91a0g

Patent Application Publication  Feb. 28,2019 Sheet 38 of 217 US 2019/0065027 A1



2zvs aanbidy

Feb. 28,2019 Sheet 39 of 217 US 2019/0065027 A1

A

£ NOLLNG ZNOLLNG I

™

[47%%
UeBIIg
Lono .

bNOLLNG

\/‘M\% \%@M@@o@@> .\v NI

Patent Application Publication

X 00} 90188



Patent Application Publication  Feb. 28,2019 Sheet 40 of 217 US 2019/0065027 A1

62vS ainbig

m _ ¢ NOLING _ ZNOLing LNOLING ,@4/

I O 7 AN L.LO

Zii
UBBI0g

yono§

X ___ 001 831820




peYs sunbiy

£ NOLLING

™

24
UBRING
HONO |

Feb. 28,2019 Sheet 41 of 217 US 2019/0065027 A1

R ___ 00} sniasg

Patent Application Publication



LEYS aanbidg

N

(AN
LBBI0G

Yono L
G

0804

9
=
L
\

\

113

B\ — a0

9605 @ﬂﬁ\ DDH?H_D

Feb. 28,2019 Sheet 42 of 217 US 2019/0065027 A1

(&3]
-
<
w2

X __ 001 8oir8(

Patent Application Publication



Zeys aanbidg

N

Zit
UsBIng

yono

Feb. 28,2019 Sheet 43 of 217 US 2019/0065027 A1

X ___ 00} estreg

Patent Application Publication



Patent Application Publication  Feb. 28,2019 Sheet 44 of 217 US 2019/0065027 A1

y |
w; R

< D

Device 100 7
Figure 5A33

Touch
Screen
112




Patent Application Publication  Feb. 28,2019 Sheet 45 of 217 US 2019/0065027 A1

5019

< D

/
5062
5080
Figure 5A34

Device 100 7 ¢

112

Touch
Scraen




Patent Application Publication

Feb. 28,2019 Sheet 46 of 217

Device 100 7y

depiedete
)

”

14

231t
“‘ll

*
ey ered
‘

l)li:(\l

corde
i
n'hn:“':“o

US 2019/0065027 Al
L
5]
<
i
©
o
=3
B@
™

Touch
Screen
112




Patent Application Publication  Feb. 28,2019 Sheet 47 of 217 US 2019/0065027 A1

s
lafiety
<

.
(] -'lu nl»”!“,

e
Yz

/
7

X%} ,,’.13:: ’

Figure 5A36

Device 100 7
S
fihre

Touck

5064



Patent Application Publication

Device 100 7 g

Feb. 28,2019 Sheet 48 of 217

US 2019/0065027 A1

R
v oy

Touch et
Screen SRR
112
~N
\ SN

Figure 5A37




Patent Application Publication

Feb. 28,2019 Sheet 49 of 217

US 2019/0065027 A1

5018

Device 100 7

v
yaln e

]

Figure 5A38

Touch
Screen
112




Patent Application Publication  Feb. 28,2019 Sheet 50 of 217 US 2019/0065027 A1

—F
] I

]

10w f
|

|

|

Figure 5A39

Device 100 7

500\7
(
AN




Patent Application Publication  Feb. 28,2019 Sheet 51 of 217 US 2019/0065027 A1

OPVS aInbi4

™

eit
LBBIG
YONOo}

4”!!.%

nooolooog

= 000000000y
0000000000

e @@ =
s %%o s Q%A

X __ 001 831a8(



Patent Application Publication  Feb. 28,2019 Sheet 52 of 217 US 2019/0065027 A1

Figure 5B1




Feb. 28,2019 Sheet 53 of 217 US 2019/0065027 A1

Patent Application Publication

X 5200

Figure 5B2



Patent Application Publication  Feb. 28,2019 Sheet 54 of 217 US 2019/0065027 A1

52007 T4

Figure 583



Patent Application Publication  Feb. 28,2019 Sheet 55 of 217 US 2019/0065027 A1

52007 4

Figure 584



Patent Application Publication  Feb. 28,2019 Sheet 56 of 217 US 2019/0065027 A1

Figure 5BS




Patent Application Publication  Feb. 28,2019 Sheet 57 of 217 US 2019/0065027 A1

Figure 5B6




Patent Application Publication  Feb. 28,2019 Sheet 58 of 217 US 2019/0065027 A1

Figure 587




Feb. 28,2019 Sheet 59 of 217 US 2019/0065027 A1

Patent Application Publication




Patent Application Publication  Feb. 28,2019 Sheet 60 of 217 US 2019/0065027 A1

Figure 589




Feb. 28,2019 Sheet 61 of 217 US 2019/0065027 A1

Patent Application Publication

Figure 5810




Feb. 28,2019 Sheet 62 of 217 US 2019/0065027 A1

Patent Application Publication

Figure 5811




Patent Application Publication  Feb. 28,2019 Sheet 63 of 217 US 2019/0065027 A1

Figure 5812




Patent Application Publication  Feb. 28,2019 Sheet 64 of 217 US 2019/0065027 A1




Patent Application Publication  Feb. 28,2019 Sheet 65 of 217 US 2019/0065027 A1




Feb. 28,2019 Sheet 66 of 217 US 2019/0065027 A1

Patent Application Publication

Figure 5815




Feb. 28,2019 Sheet 67 of 217 US 2019/0065027 A1

Patent Application Publication

Figure 5B16




Patent Application Publication  Feb. 28,2019 Sheet 68 of 217 US 2019/0065027 A1







