US010289929B2

a2 United States Patent

Dill

US 10,289,929 B2
*May 14, 2019

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

(54)

(71)

(72)

(73)

")

@
(22)

(65)

(63)

(1)

(52)

(58)

VISION-2-VISION CONTROL SYSTEM

Applicant: VISION-2-VISION, LLC, Allen, TX
(US)
Inventor: Deon K. Dill, Allen, TX (US)

VISION-2-VISION, LLC, Allen, TX
Us)

Assignee:

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 469 days.

This patent is subject to a terminal dis-
claimer.

Appl. No.: 14/581,591
Filed: Dec. 23, 2014

Prior Publication Data

US 2015/0110355 Al Apr. 23, 2015

Related U.S. Application Data

Continuation of application No. 13/088,036, filed on
Apr. 15, 2011, now Pat. No. 8,917,905.

(Continued)
Int. CL.
GO6K 9/00 (2006.01)
GO6K 9/62 (2006.01)
(Continued)
U.S. CL
CPC ..o GO6K 9/62 (2013.01); A63J 1/02

(2013.01); 463J 5/02 (2013.01); F21V
23/0471 (2013.01);
(Continued)
Field of Classification Search
CPC GO6K 9/00362; GO6K 9/00369; GO6K

ENVIRONMENT

9/00375; GO6K 9/00382; GO6K 9/00389;
GO6K 9/00342; GO6K 9/62; GOGF 3/011;
GOGF 3/012; GOGF 3/017; GOGF 3/0304;
GOGF 3/0425; GOGF 3/048; GOGF 3/0484;
GO6T 7/00; GO6T 7/70; GO6T 7/73;
GO6T 7/74; GO6T 7/75; GO6T 19/006;
HO5B 37/02; HO5B 37/0218; HO5B
37/0227; HO5B 37/0236; HOSB 37/0245;
HO5B 37/029; HO4L 12/2803; HOAL
12/282; F21V 23/0442; F21V 23/0471;

(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS
4947302 A * 81990 Callahan .............. HOSB 37/029
315/312

6/1991 Kita et al.
(Continued)

5,023,709 A

Primary Examiner — FEric Rush
(74) Attorney, Agent, or Firm — Gregory M. Howison

(57) ABSTRACT

A method for controlling an object space having an associ-
ated object environment includes the steps of, defining a
target set of coordinates in the object space, recognizing the
presence of a predetermined object in the object space, and
determining a coordinate location of the recognized prede-
termined object in the object space. The method further
includes determining the spatial relationship between the
recognized predetermined object and the target set of coor-
dinates, comparing the spatial relationship with predeter-
mined spatial relationship criteria, and if the determined
spatial relationship criteria falls within the predetermined
spatial relationship criteria, modifying the object space
environment.

22 Claims, 86 Drawing Sheets

102
100

e

112

CONTROL
INPUT(S)

106

DATABASE

PROCESSOR/

108

DEVICE
CONTROL

CONTROLLED | !
DEVICE(S)

ENVIRONMENT

CONTROLLER
114

B MEMORY

ENVIRONMENT

110

USER
INTERFACE




US 10,289,929 B2
Page 2

(60)

(1)

(52)

(58)

(56)

Related U.S. Application Data

Provisional application No. 61/324,443, filed on Apr.
15, 2010.
Int. C1.
A63J 5/02 (2006.01)
F21V 23/04 (2006.01)
HO5B 37/02 (2006.01)
A63J 1/02 (2006.01)
U.S. CL
CPC ...... F21V 23/0478 (2013.01); GO6K 9/00342
(2013.01); GO6K 9/00362 (2013.01); GO6K
9/00369 (2013.01); HO5B 37/02 (2013.01);
HO5B 37/029 (2013.01); HO5B 37/0227
(2013.01); HO5B 37/0236 (2013.01)
Field of Classification Search
CPC . F21V 23/0478; F21V 23/0485; Y02B 20/44;
YO02B 20/48; A63] 1/02; A63] 5/02
USPC ........ 382/100, 103, 286, 291; 345/632, 633;
715/757, 863; 348/135, 169
See application file for complete search history.
References Cited
U.S. PATENT DOCUMENTS
5,293,097 A 3/1994 Elwell
5,434,617 A 7/1995 Bianchi
5,550,726 A 8/1996 Hiromachi et al.
6,431,711 B1* 82002 Pinhanez ............... GO3B 21/28
348/E5.137
6,548,967 Bl 4/2003 Dowling et al.
6,698,897 B2* 3/2004 Hamana .............. GOGF 3/03542
345/158

7,069,516 B2*

7,225414 B1*
7,564,368
7,710,271
8,162,486

B2
B2 *

8,410,724
8,619,131

B2
B2 *

8,624,895
8,730,309

B2
B2 *

B2 *
Al*

9,526,156
2002/0038157
2002/0186221 Al*
2003/0210229 Al*

2004/0068409
2004/0183775

Al
Al*

2005/0114121
2006/0040739

Al

Al*
2007/0189026 Al*
2007/0285510
2010/0073363
2010/0191353

2010/0264830
2013/0328770

Al
Al
Al
Al
Al*

* cited by examiner

6/2006
5/2007
6/2009
5/2010
4/2012

4/2013
12/2013

1/2014
5/2014

12/2016
3/2002

12/2002

11/2003

4/2004
9/2004

5/2005
2/2006

8/2007

12/2007
3/2010
7/2010

10/2010

12/2013

Rekimoto ............... GOG6F 3/011
715/757
Sharma ........c.ccccen. GOGF 3/012
715/862
Segall
Frumau
Borger ..o GO6F 3/011
348/46
Adenau
Bergman ............... GO3B 21/00
348/54
Reese et al.
Wilson ....cocvevvenne, GOG6F 3/011
348/51
LaDuke ............... HO5B 37/029
Dowling .. . A63J 17/00
700/90
Bell ..o GOG6F 3/011
345/474
Nishimura ............ GOG6F 3/0386
345/157
Tanaka et al.
Bell ..o GOG6F 3/011
345/156
Tsingos et al.
Wells oo GO6F 3/01
463/37
Chemel ................ HO5B 37/029
362/458
Lipton et al.
Densham et al.
Boleko Ribas et al.
Van Endert et al.
Parham ................. GO6F 3/0304
345/157



U.S. Patent

US 10,289,929 B2

v

100

112

DATABASE

114

7
MEMORY

May 14, 2019 Sheet 1 of 86
__________________________ 102
o104
4 :
ENVIRONMENT | |
CONTROL E
INPUT(S) ;
; 106 PROCESSOR/
108 | 4
o ! CONTROLLER
7 'l ENVIRONMENT
CONTROLLED | | DEVICE i
DEVICE(S) E CONTROL
ENVIRONMENT /3/115
USER
INTERFACE

FIG. 1

110



U.S. Patent May 14, 2019 Sheet 2 of 86 US 10,289,929 B2

200
e
206D ST LI O O 206C
/’\ R R W B ]\
, 204
O 0] O O]
208 N
206B 206A
.
_..._’202
\ N

FIG. 2



U.S. Patent May 14, 2019 Sheet 3 of 86 US 10,289,929 B2

s 302 p 304 /306 p; 308

7 SYSTEM 7 SYSTEM S{{STEM EVENT 7/ SYSTEM
CONFIGURATION | DATABASE | '\ oo | RESOURCE
MANAGEMENT | MANAGEMENT MANAGEMENT

1
/3 0 /312 /314

’ / /
SYSTEM DS;(SEZM& USER
BACKGROUND MAINTENANCE INTERFACE
MONITORING MANAGEMENT MANAGEMENT

FIG. 3



U.S. Patent May 14, 2019 Sheet 4 of 86 US 10,289,929 B2

DEVICE CONTROL SERVICE: OBJECT DETECTION
AND TRACKING, IMAGE PROC., DEVICE
NORMALIZATION, VIDEO PROC,, VOICE PROC,,
MUSIC PROC.

SYSTEM LEVEL MANAGEMENT: INITIALIZATION,
CONFIGURATION, EVENT REPORTING, RESOURCE
MANAGEMENT, FAULT MANAGEMENT, ALARM
MANAGEMENT, PROFILE MANAGEMENT, CLOCK
MANAGEMENT, UPGRADE, STATE MANAGEMENT

MESSAGE TRANSPORT SERVICES
NODE OR DEVICE INTERFACE MANAGEMENT: SOFTWARE
INITIALIZATION, CONEIGURATION, TASK LOGICAL
MANAGEMENT, DIAGNOSTICS, FAULT PLANES
MANAGEMENT, CLOCK MANAGEMENT, "€ APPLICATION
EVENT MANAGEMENT, RESOURCE 408
MANAGEMENT, PROFILE MANAGEMENT, N NAGEMENT
RESOURCE MANAGEMENT, STATE 1 e ssacE
MANAGEMENT 404

PLATFORM

402

FIG. 4



U.S. Patent

May 14, 2019

Sheet 5 of 86

US 10,289,929 B2

/104 116 /106
EXAMPLE ( 502 V2V-VOX CORE SERVICES § \ EXAMPLE
ENVIRONMENT VOICE COMMAND, CONTROL §#§ ENVIRONMENT
CONTROL INPUT | | GRAMMAR Q DEVICE CONTROL

e VOICE 504 V2V-TRAX CORE SERVICES J| = (ATTRIBUTES)

e CONSOLE, REGION OF INTEREST, OBJECT §| S » CAMERA (FOCUS,
KEYBOARD, MANAGEMENT: o PAN, TILT, ZONE
TOUCH SCREEN, | | IDENTIFICATION, SIZE, SHAPE, fi < EVENT)

OR OTHER MOVEMENT, GESTURE, z o FIXTURE (COLOR,

PHYSICAL SPATIAL & ORIENTATION | PATTERN, PAN,

INTERFACE | ATTRIBUTES o \jTILT, TEST,

IMAGE OR BEHAVIOR OR
¢ IMAGE O 506 V2V-IMAGE CORE || MONITOR &

OBJECT DATA: TRACKING

GESTURE SERVICES UPDATE MODE)

’ EFFECT ENGINE, IMAGE \ ATTRIBUTES
SHAPE, SIZE, o VIDEO (LAYER,
CONTROL: COLOR, SHAPE,

COLOR, PIXEL MAP,

SOSITION TEXTURE, BRIGHTNESS PATTERN)

SPATIAL MAPPING & MANAGEMENT, DISCRETE EVENT

®
VIDEO MAPPING & MGMT.

RELATION ,\ TRIGGER (PLAY
® AUDIO 508 V2V-SYNC CORE SERVICES SOUND EFFECT,
« VIDED AUDIO PROCESSING, GENRE ENABLE SNOW)
o TIME CODE OR MANAGEMENT, e PROFILE {AUDIO

CLOCK (SMPTE SYNCHRONIZATION SERVICES SEMANTICS)

MIDI) >& EFFECT ENGINE o THERMOSTAT
e IMU, RFID 510 V2V-NOTE CORE SERVICES (TEMPERATURE)
e PRESSURE PROFILE MANAGEMENT, o SECURITY (SET

SENSOR EVENT LOGGING, ZONE ALARM)

e TEMPERATURE ENVIRONMENT DATA &

TRANSDUCER CONTROL ARCHIVING

.
FIG. 5
N i
YT

TOFIG. 5



U.S. Patent May 14, 2019 Sheet 6 of 86 US 10,289,929 B2

FROM FIG. 5

e
- N

/u

-~
USER OR CONTROL NODE
ENVIRONMENT PROFILE

DEVICE OR IMAGE CONTROL OR GENRE
PROFILE PROFILE
ENVIRONMENT / OBIECT CONTROL GENRE EVENT
ATTRIBUTES MODELS GRAMMAR PROFILE REPORTS
DEVICE IMAGE CONTROL AUDIC EVENT
ATTRIBUTES\ ATTRIBUTES \ ATTRIBUTES { ATTRIBUTES\ ATTRIBUTES

FIG. 5



U.S. Patent May 14, 2019 Sheet 7 of 86 US 10,289,929 B2

600
USER INTERFACE /
MANAGEMENT
SYSTEM EVENT c ON;SS‘;‘Z‘TI oN SYSTEM RESOURCE
MANAGEMENT MANAGEMENT MANAGEMENT
I l |
SYSTEM
OBJECT LOCALIZATION & ATTRIBUTE MANAGEMENT SERVICES
l l
!
OB}EELFSFER&%%\:\:EON LOCALIZATION/MAP DATA
SERVICES PROCESSING SERVICES
| l
IMAGE OBJECT DATA REFERENCE POINT OBJECT
PROCESSING SERVICES DATABASE
!
IMAGE OBJECT
DATABASE
*OBJECT VIDEOA4LINUX //LINUX//
VODELS DIRECTX (DIRECTSHOW)
1 //WIN//
OPERATING SYSTEM USB/IEEE +VIDEO/CAMERA
// LINUX OR 1394/RS485 INPUT
EMBEDDED WIN // (OR RFID DATA)

FIG. 6



U.S. Patent

May 14, 2019

Sheet 8 of 86

USER INTERFACE
MANAGEMENT

US 10,289,929 B2

700

/

SYSTEM EVENT
MANAGEMENT

SYSTEM

CONFIGURATION
MANAGEMENT

SYSTEM RESOURCE
MANAGEMENT

SYSTEM
ATTRIBUTE MANAGEMENT SERVICES

**OBJECT
MODELS

OBJECT RECOGNITION VIDEO EFFECT
SERVICES SERVICES
IMAGE OBJECT VIDEO
DATABASE OUTPUT
VIDEOALINUX //LINUX//
DIRECTX (DIRECTSHOW)
| //WIN//
OPERATING SYSTEM USB/IEEE VIDEO
// LINUX OR 1394/RS485 INPUT
EMBEDDED WIN //

FIG. 7




U.S. Patent May 14, 2019 Sheet 9 of 86 US 10,289,929 B2

800
USER INTERFACE g
MANAGEMENT
SYSTEM EVENT c ON?EE?XH oN SYSTEM RESOURCE
MANAGEMENT MANAGEMENT MANAGEMENT
VOICE PROCESSING
SERVICES
VOICE ACTIVITY AND
NOISE REDUCTION SERVICE
COMMAND
GRAMMAR
GRAMMAR MAPPING OPERATING
INTERFACE & SYSTEM
DATABASE (LINUX/EMBEDDED
WIN)

AUDIO INTERFACE
HEADSET/MIC INPUT

FIG. 8



U.S. Patent

May 14, 2019 Sheet 10 of 86

US 10,289,929 B2

900
USER INTERFACE /
MANAGEMENT
SYSTEM EVENT CON?IYSSERXTION SYSTEM RESOURCE
MANAGEMENT MANAGEMENT MANAGEMENT

AUDIO PROCESSING

SERVICES (PITCH/LOUDNESS/HARMONICS)

|

GENRE ANALYSIS
PROFILING SUBSYSTEM

|

GENRE-ATTRIBUTE
MAPPING
DATABASE

OUTPUT
TO LED
PANELS

LED PANEL
CONFIGURATION
DATABASE & OUTPUT
CONTROL SUBSYSTEM

FIG. S

OPERATING
SYSTEM
(LINUX/EMBEDDED
WIN)

AUDIO INTERFACE
INPUT




U.S. Patent May 14, 2019 Sheet 11 of 86 US 10,289,929 B2

L2R: PANELS WILL BE ENABLED IN COLUMNS FROM
LEFT TO RIGHT. PANELS WILL BE TURNED ON IN

SEQUENCE BASED UPON THE SYNC TRIGGER AN OTA A | A
PARAMETERS. IN THE EXAMPLE, EACH TIC MARK
ADDED TO THE LETTER “A” REPRESENTS A A TAT AT AT

CONSECUTIVE DISPLAY STEP (E.G. A” WOULD FOLLOW [ [ | |
). NO|A AT A

AI AII AHI AIIII

R2L: PANELS WILL BE ENABLED IN COLUMNS FROM
RIGHT TO LEFT. PANELS WILL BE TURNED ON IN

SEQUENCE BASED UPON THE SYNC TRIGGER AN AN
PARAMETERS. IN THE EXAMPLE, EACH TIC MARK
ADDED TO THE LETTER “A” REPRESENTS A AR AT LN

CONSECUTIVE DISPLAY STEP (E.G. A” WOULD FOLLOW [
A, AL AT A | A

AIIII AIII All AI

L2ZR-ODD: PANELS WILL BE ENABLED FROM LEFT TO
RIGHT SELECTING ODD NUMBERED PANELS. PANELS
WILL BE TURNED ON IN SEQUENCE BASED UPON THE A A
SYNC TRIGGER PARAMETERS. IN THE EXAMPLE, EACH
TIC MARK ADDED TO THE LETTER “A” REPRESENTS A | A” A
CONSECUTIVE DISPLAY STEP (E.G. A” WOULD
FOLLOW A). A A

LZR-EVEN: PANELS WILL BE ENABLED FROM LEFT TO

RIGHT SELECTING EVEN NUMBERED PANELS. PANELS
WILL BE TURNED ON IN SEQUENCE BASED UPON THE | o’ A"
SYNC TRIGGER PARAMETERS. IN THE EXAMPLE, EACH
TIC MARK ADDED TO THE LETTER “A” REPRESENTS A A” A

CONSECUTIVE DISPLAY STEP (E.G. A” WOULD FOLLOW | o
A).

Al AI}

FIG. 10



U.S. Patent May 14, 2019 Sheet 12 of 86 US 10,289,929 B2

1104
- [{l I /

///WUUL}UU

S

/ \

e %
DOWNSTAGE DOWNSTAGE DOWNSTAGE
1110 g \IGHT [DR|__CENTER [DC] __LEFT [DL]

=S

1102

GO

/,
/

]

FiG. 11



U.S. Patent May 14, 2019 Sheet 13 of 86 US 10,289,929 B2

\

O
A
U
()
DOWNSTAGE DOWNSTAGE
\ RIGHT [DR] CENTER [DC] LEFT [DL] /
FIG. 12A

‘ \
/\ I_Il_ll_][_ll_]:\

\\\ T

\ RIGHT [DR] CENTER [DC] LEFT[DL] |

FIG. 12B



US 10,289,929 B2

Sheet 14 of 86

May 14, 2019

U.S. Patent

VET 'Ol YET Dl 01
T
GIAYISHO 38 AVW LNIOd WYId 9
IHL ATNO YIATMOH ‘ALISYTD | GIAYISEO 38 AV LNIOd WY3Id B o
Y04 NMOHS Wv3Id 43SYT1:1LON | IHLAINO 4IATMOH ‘ALIYTD w E g
Y04 NMOHS Wv3g YISV 1LON amZ
s <
(3N SE&
HOIMd O1 IUVAINI0D) NOILYIOT IOVINI INITISYE ~INON | & < O

NOILVIO1

o\ /
Wy (¥4
o B
N rr_w_ W
o<
o &
] Q. o
\ / | Y \ VALEE
e &
- 1 [ - ) - [ - g =
o
NOILISOd SN204 L13IDUVL 83
d34is3id CL INJWNOYIANAT W m
NI H31NIOd 43SV SANIHS 43sn O«

-

FRAME | TIME | SYSTEM | VIDEO FRAME CAPTURE

D




U.S. Patent May 14, 2019 Sheet 15 of 86 US 10,289,929 B2

| ’/\
/é J‘z et} fan}
=
- 2
N i Z
o /""/NE Ll
] =
T S
(o
] R -
- )
AN % s
. L
A
/ —
/»/é - C
o
1 =
i
o~ O @ %
] o= .
- & <
] a0 g
~ Q.
L B ow 0]
=] &8 :
=0
g 0o
L4 1O
|
]
L}
el
< %
o 4 -
= B i
g & 9
S < FRAME | TIME | EXAMPLE USER EXAMPLE ) 9
2 iD INTERFACE EVENTS POSTED g
U (EXTERNAL USER VIEW) | TO USER =




U.S. Patent May 14, 2019 Sheet 16 of 86 US 10,289,929 B2

‘,—,
-
ek )
o 1
< =
w0
- . EQ
o S <
2 = )
of Ty O Ny
~ 0.::)
- = =
oo ><
= E SR
< < oo
Lid Ll
RS, a 2
52 |28
o0 > 7

FIG. 13A”

=

o}

Lo

©

0w ®

S «—¢ FRAME | TIME | EXAMPLE EXAMPLE

g | ENVIRONMENT
£ INTERNAL

- LOG DEVICE CONTROL

ATTRIBUTE UPDATES




US 10,289,929 B2

Sheet 17 of 86

May 14, 2019

U.S. Patent

dET D14 0L
4€T 'Ol H
|
JINYISHO 39 AVIN LNIOd WY38 | IAHISEO 39 AVIN INIOd Wv3g | 3
JHL ATNO YIAIMOH “ALIMVID FHL ATNO HIAIMOH ‘ALIHYTD w v
04 NMOHS WV38 H3SVT-3LON | HO4 NMOHS WVIE 43SV -310N w _W._ e
W o =
g <
(InTvA 435V ONINOILLISOd M m =
d01¥d 01 IHVdINOD) NOILYDOT 404 VIVA NOILYDO1 | W < O
[ [ VI \ | &
=
A % .
| | : | | , _ S =
\ ., \__/ \ \__/ w i &
\ f kY =8>
/ / g Q=
£ o 9
M \ O 6 &
i
é é \ \ 4 \ \ Szt
1 [0 3 [ [ 1 N o e T s | > L =
=4
283
43IVl & = 5
ONINOILISOd STTIVYNI WILSAS |» © <
[+
< =
e
had
9 S 14 m
=




US 10,289,929 B2

Sheet 18 of 86

May 14, 2019

U.S. Patent

LAET D14 0L
AET 'Ol ﬁ
»
o
= 4
5 =
w o
b e
(S3INTYA NOILISOd Q3SIATY W 2
NI d3L1NS3Y JAVH AVIA) NOILISOd NOILVAINYA SNOCH < W
J31vdarivA v1iva NOILISOd 139dvL - (33133130 103140 | w &
[ \ \ =
E
) >
. . _ _ : i
, / ] / ) | 8
o g
E L E
[
|\ V \ \ ZES
! e T e B e B | N e T T e O wew
Ld
« oS
E
ad
9 K} 14 W
=
d€T '91d WOYd




U.S. Patent May 14, 2019 Sheet 19 of 86 US 10,289,929 B2

A w
] T
= O
o
" S
t'li-~ v =
=g = 5
Z < S 4
W ) & [¥
— o =
w D ; et
= = i
< > [alla
g2 2
= = % O
x ®)
(GhE. =
L
20
o
Lo |
]
L.
<t
om
o
i
Y]
- @
%4—0 FRAME | TIME | EXAMPLE | EXAMPLE ENVIRONMENT
x 1D INTERNAL | DEVICE CONTROL
LOG ATTRIBUTE UPDATES




US 10,289,929 B2

Sheet 20 of 86

May 14, 2019

U.S. Patent

2T 5

QET DI 0L

J3INYISE0 39 AVIN INIOd W38

G3AH3SE0 38 AV INIOd Wv34
JFHL ATNO 4INIMOH ‘ALIHVTD

J3INY3Sa0 39 A¥IN LNIOd WY3d
JHL ATNO ¥IAIMOH “ALIEVID

G
Lad
2
IHL ATNO YIATMOH “ALI¥VTD | Y04 NMOHS WY 43SVT 310N | Y04 NMOHS WYIF ¥ISVTILON | m a
Y04 NMOHS Wv3g HISYT :ILON E2Z
(3NTVA ¥3SY1ONINOLLISOd | g m =
HOIYd OL FUVJINOD) NOILYIOT Y04 VLVA NOILYDO1T | i < O
[ Vi VI \ | &
=
e
Y Il A R
X i - ] X O W
\ N/ VAN, \ N o @
\ fn | 17X X S9s
< O =
A\ J\ NRRHE
[ %9 o 2
! 4 \ O o m
wos
/ﬁ /y \ é ,\ / \ é f \ o2k
N s O e FOUONN \ T N o O o T R -
o
LINN 1X3N OL IAON =42
OL S3¥VdI¥d ANV JdNLXI JUNLXI ONILHOI ISVl @ 2 5
ONILHOI 440 SNYNL NILSAS 1S¥14 NO SNYNLINFLSAS | ONINOILISOd S319YNI WIISAS | @ O <
L
< =
-
bad
€ z 1 =
=




U.S. Patent May 14, 2019 Sheet 21 of 86 US 10,289,929 B2

[ /\
_,—é B
B
o 0
A
N 2
.
,-é — g _
= Q
" S = =
:] " 8 ‘8
o~ \E) < Q
1 E “:," o -
o L LI
-l R = @ g =
= L |2 8= g
- o LA ke
AN %’ @ =
e (@] L L
— 1l
| |8
1 &
[
B o
- U 1IEB
1 Lt =
- &
¥ (] o2
U - U (%2
o P
7 \‘% =3 .
Ld o
= FRAME | TIME | EXAMPLE USER EXAMPLE EXAMPLE |, &
O P R— .
e iD INTERFACE EVENTS INTERNAL o
{EXTERNAL USER POSTED LOG =
VIEW) TO USER




U.S. Patent May 14, 2019 Sheet 22 of 86 US 10,289,929 B2

2
MAPPED ENVIRONMENT LIGHT
FOCUS AND RELATIVE POSITION

DATA UPDATED

FIG. 13C”

[®)

N

wf

W o

bl

s ¢+ FRAME | TIME | EXAMPLE

2 D ENVIRONMENT
- DEVICE CONTROL

ATTRIBUTE UPDATES




US 10,289,929 B2

Sheet 23 of 86

May 14, 2019

U.S. Patent

AdeT 'DI4 01

I N

3dVHS ‘SILYNIQY00D

53903 HO10D 3415 L JOVIAI JAVYE4 O3aIA L/

$53204Ud B F4NLdVI
£

123190 31dINVX3 »
80€T
[O4N1 3DIA3A] L0eT
INIAT XL ON IALLDY
QInYVIV NYIHLS O3AIA

1S0d V43NV Si

IVANYIN DILVYINOLNY "
‘1531 ‘SIJAL YOIAVHIE SND04 F1dINVX3 "

N

IA3Q/3D

B TOYLNOD "ANS
Q._OImmxI.r._Om.rZOu ._OE.ZOU L= OL A3ddvIN

NOILVAILDV ‘dAL YOIAYHIE :SY3 13 _>_<m<m
TOHLINOD YOIAVHIE SN304 IT1dNVX3 _

dNOYD I31A3A V HO ID0IA3A TOULNOD IT1ONIS "
V 404 d3719VN3 39 NVI HOIAVHIE SND204 _

—_——— e —

HOIAVHIE SND04
XVHL-AZA

OlaNv/03dIA 3AVS
‘J3INIVLG0 S31NgidLlv ‘>, (3LON-AZA '973) STDIAYIS
| INILSAS 4IHLO B STIEVINVA
m W3ILSAS NO ONIAN3d3d

Vd3aAvO
“LNdNI
F1dINVXE

T0ET

aetl 'O



US 10,289,929 B2

Sheet 24 of 86

May 14, 2019

U.S. Patent

LAET 'OI4 0L
>
~ e TN
NOILYD01 d314133dS ¥O 103740
A3IAYISA0 40 NOILISOd HDLYW
A" OLSINTVA LIL ANV Nvd 3Lv0dN
4 “TIVIAIS SIYI 13S “I2IA3A NO NYNL
N
IDIAIA TOULNOD
(@144 '9'3) VLVA 3DIA3A e ONIOLINON
ONIMOLINOW "ANT I9HIN ‘aTT1aYNT 41 LNFANOHIANA
va , i 1NdNI
8IET 9TET
(SITAVY HOId LSNIVOY & ||||||||||||||||||||||||||||| ;
JNVY IOVIAL TLYNTVAT .,_,u“ ADVHNIDVY QIACHIII |
rd

| 404 d3SSID0Yd STNVYA ITdILINIA |
b |

[O4NI 103140}

INELE!

XvYL 1SOd

/imﬁ
i\.\\
LAET Ol

A€T "Old WO



US 10,289,929 B2

Sheet 25 of 86

May 14, 2019

U.S. Patent

(LTIL
° ‘NVd LH9I1 '9'3) v1va ILNGI¥LLY
IDIAIA TOYLNOD "ANT 3LvYadn " oger
A '
CTTTToT T T
] snvd |
.| STIEVIHVA LNINNOYIANS /T LEIHNI m m
0ON "8 W3LSAS XD3HD | isiavivA | |
IN3AT 901 _ gzer” m I1dWVX3 m m
NOILISOd SND04 LHOT LNIYYND !
11anY '8 ¥3S¥1 NOILISOd NO N¥NL !
SATOHSIYHL WNMH v
JALLDY S3A2IA3d
YOIAVHIE SND04 T0YLINOD
31vadn/i13s 7eeT IN3 _ZZOm_>sz_
ON dAL NOILVYALLDY rm===—--—--- -7 o
s SNDJ04 SI '8 YISV | 3YNIXH |
pd ‘
vZET 7ZET | DNILHOIT ‘V¥INYD |
| :$30IA3Q I1dNYXT |
J
e -
T .AET 'Ol

AET 'OI4 INOYS



US 10,289,929 B2

Sheet 26 of 86

May 14, 2019

U.S. Patent

A

Vb1 'Ol NPT .OEHO,W.
G
i
o
) m a
Lad
z2 2
g <
SEk
ONILNIO - 34N1S3ID NOILVYOO1 IDYINIINITISYE —INON | W < O
[ \ \ VB
# =
_ N _ L _ N5 s
O &
, ) / / | B Y
- , = H 2
% g8 2
2 6 g
. o =
.\ 3 4 O o =
\ / |\ / |\ / |88s
=2 &
NI s O s OO s O | 111 [ N O s RO s O > L =
NOLLD3YIA NIAID o
V NI LNO INYY HIFHL SNII0H | ©
IONIIANV NOSH3d ¥ LIN3STdd3Y Ol W m
JHL GYVMOL LNO WYY diFHL «ONILNIOd,, 3WNLSID 103190 m m m
SAT0H 123190 J3AY¥3sg0 3HL JHL Q3ddVIN SYH WILSAS | v 2 <
il
2
=
ol
2
<
=
Ll

iD




U.S. Patent May 14, 2019 Sheet 27 of 86 US 10,289,929 B2

: ,
:’f-—*‘é: T )
§ SBE
§ / =
i / ] I
A ] %g Q
D
Ll
o
N % S
i L
™ Q
;,é T -
B
]
- 52 - X
iy A a 3
= 2 -
fad [ 5
! o
P
] —
K
=
B
< T~ R
= <«
) »
[ & 4
gﬁ’ FRAME | TIME | EXAMPLE USER EXAMPLE G g
< TID INTERFACE EVENTS POSTED =
{(EXTERNAL USER VIEW) | TO USER




U.S. Patent May 14, 2019 Sheet 28 of 86 US 10,289,929 B2

3
CRITERIA MET, INITIATE DEVICE

ATTRIBUTE UPDATES
MAPPED ENVIRONMENT LIGHT

GESTURE ENABLED —SEND
PAN, TILT, FOCUS DATA

FIG. 14A”

FR({M FIG. 14A’

" FRAME | TIME | EXAMPLE | EXAMPLE ENVIRONMENT
D INTERNAL | DEVICE CONTROL ATTRIBUTE
LOG UPDATES




US 10,289,929 B2

Sheet 29 of 86

May 14, 2019

U.S. Patent

Ar1 D14 01

INIAZ 901

IdVHS ‘INOZ/vIYY
‘SILYNIGHO0D ‘S393a3

‘IdAL "YOT0D ‘IZIS :aINIVLEO v IOV IV r
SILNGIMLLY 123790 T1dINVYXT 03QIA 553004d 73 JUNLdVD -

/ TR

[04N1301A3a) \ 8071 !
INIAT XvYlL !
QIWYVIV 1S0d m

TOHLNOD "AN3

_
_
‘IOHSIYHL YVI1D ‘AIOHSTYHL NOILVALLDY |
_ > Ol d3ddvIN

‘IJdAL NOILVAILOV TdAL HOIAVHIE :SHILINVYVd
TOHLNO3 HOIAVHIE m_m_D.fmm_w FTdWVXI 2

dNOYD DINIA Y m_O 321730 ,_Om_._.ZOU ' "YOIAVHIE FHNLISID
“ XVUL-AZA

N

[O4NI
173rg0]
IN3IAZ
XvdL 1S0d

01aNv/03aIA

IAVS (ILON-AZA

'0°3) SIDIAYIS WILSAS
YIHLO B ST1GVIUVA
INTLSAS NO ONIGN3d3d

YHINVO
‘1NdNi
..... F1dNVX3

ort

ar1 'O



US 10,289,929 B2

Sheet 30 of 86

May 14, 2019

U.S. Patent

(1711 ‘NY¥d LHOIT D7)

$33iIn3d

TOHLNGD
INFAINOHIANT ™

aN3 V1va 3LNEI¥LLY oS
IDIAIATOUINOD /[ oo e o
. 11 030IA‘I¥NIXH |
IN3AZ 901 L, eavadn “ | ONILHOI ‘V¥IAYD |
Y 14— S | :S3IDIAIA TTNYXT |
STIEVINYA L _

INIJNNOYIANT k| SATOHSIYHL

o777 30ON 8 IWILSAS XO3HD IAILDV HOIAVHIE
»  JYNLSIO ILVAdN/L3S
N pyT
(Al
SATOHSIUHL

VIO HOIAYHIE
I¥NLSID ILvaAdn/L3s

v
NN@H\

REIRINERLEl
ONIYOLINOW "ANT |
31943 ‘QI19VYNI 4

mmz._.mm_w
43S XY

Y

ERIELC
TOYLINOD
ONIHOLINOW
INIWNOYIANT
HDQZ_

4 STrT” f OTHT
(S)3NV¥ YOIYd LSNIVOY INVYA JOVINI 3LVATVAZ F——— - !
va | Q1Y ‘3UNSSTYd |
pvk : | ‘NISADIAIQ |
JYNLSIO ‘INIVLEO _ _
_ TIdNYXT |
SILNGINLLY Rt )
e 123790 F1dAVXI i\\
avT "ol

arT "Oid WOou4



U.S. Patent May 14, 2019 Sheet 31 of 86 US 10,289,929 B2

Yy —
/ 5\
| =
: ] <
| =
O
H 5
o e
=< =
1 o
3 Sz
= L] b 9
w
=] i3
L EQ
/\ uj
o
> <t
AL T
’ 7 ] 7
N S
)
|
ol U\
=
] ®) <
= e}
=L )
1 ] .
e Q 0
_IN m L
| N A
L’ [Zo BN
] /
Ll T
=
N "
- =
el
Ly
A
<L
2]
e | |
4]
% =
e Q -
4| <L
s =H
FRAME | TIME | VIDEQ FRAME CAPTURE | EXAMPLE OBIECT o
iD AND PROCESS ATTRIBUTES g
(INTERNAL VIEW) OBTAINED b=




U.S. Patent May 14, 2019 Sheet 32 of 86 US 10,289,929 B2

r/g "
[ ] .
B o
- 5
[¢2]
| b >
H o
/_,/
= w] G o
== ¢
=S <
7 i 2
o [ RNTT
]
]
~ oll 18
5
B ] <«
fe )
] a -
U]
== |°
! o
- @]
_-,/é/ e
]
B
"' 0
]
< L]
3 \ % P
. ¢ [Aal
&) L Lo}
T ® , O
EH’ FRAME | TIME | EXAMPLE USER EXAMPLE ) L
% D INTERFACE EVENTS POSTED E
(EXTERNAL USER VIEW) TO USER




U.S. Patent May 14, 2019 Sheet 33 of 86 US 10,289,929 B2

LLd -
O xI
= 2
)
Q —
= =
<< vy E
= =
iy Z 0
™ z O A
~ &0
-5 S =z
2“—‘ 2 o
= ol =
<o o=
o M L Q.
i o= o o
= & o o
= = < &
O < = @

FIG. 15A7

3

" FRAME | TIME | EXAMPLE | EXAMPLE ENVIRONMENT
iD INTERNAL | DEVICE CONTROL
LOG ATTRIBUTE UPDATES

FROM FiG. 15A’




U.S. Patent May 14, 2019 Sheet 34 of 86 US 10,289,929 B2

I /\
_-:%/ —
1 =3
o
i f
0 O %‘
P
S =z
] 5 8
% 28
) L ES
] LLf
(oW
<
N S
o)
i
~ <
N
o & g%
[ X 5 e
\0!5‘< I‘: E
% s
J
. o
. |
= S "
] @
<
=
] W
-~ <
]
: 3
n &
el |
Liy
% 2 A
g o
| DI L
FRAME | TIME | VIDEQ FRAME CAPTURE EXAMPLE OBJECT g
iD AND PROCESS ATTRIBUTES 0
{INTERNAL VIEW) OBTAINED =




U.S. Patent

May 14, 2019

Sheet 35 of 86

US 10,289,929 B2

&
=
]
]
[42]
B
B
;{é/
1
]
(o]
N s
=
- W
\ =
:”é L/
]
- - 0
]
) : 1Ny N
ul \ ) g
Y] . =
L & =
% » FRAME | TIME | EXAMPLE USER INTERFACE ) FC-?
& ID (EXTERNAL USER VIEW)




U.S. Patent May 14, 2019 Sheet 36 of 86 US 10,289,929 B2

2
%] 0
L5 = =
=g @Sz
< <L < > s
E = = w =
[ wi - &= [
T = o= S o
- = 5 <
v = < < Qo
80w 50 5
¥ 5 o <z
o o0oN =) 2o
a2
o~ = .
- 2
E =t
= O
(J [
i
o
@]
-
o)
[Ng]
—
U]
- @
g«’FRAME TIME | EXAMPLE EXAMPLE | EXAMPLE ENVIRONMENT
E 1Ib EVENTS POSTED | INTERNAL | DEVICE CONTROL
TO USER LOG ATTRIBUTE UPDATES




US 10,289,929 B2

Sheet 37 of 86

May 14, 2019

U.S. Patent

JST 'Ol4 OL
J5T 'O M
[ \ \ \ |
ZINO ﬂﬂmﬁmzoN ﬁzoNW\\.NﬁN ﬁu\\%mzoN ZINOZ %ﬂﬁz 77| 4
L\ NI \ JAR\WIY/ \ W\ L/ y
Jg 1) A1) [ \ﬁ, I/ A\ [ Iﬁ Ay m
L&)
NIRVIR! /AR R NIRREE
Wb ol |\ \l/ &3
(1]
.1 - \ s T O | N s T s T O o2
[+
SONILLIS STDOD INTLSAS SONILLIS SHOHYUIN INTLSAS AdVHS | 2 @ Z
Z OL T INOZ AdOD :3AON Z OL T INOZ YOHHIN :IAONW aNY ‘NOILYDO1 40100 3HL | & 2 B
ONIddVIN INOZ SLIS ¥3Isn ONIddVIN INOZ SLIS HISN | SLIS ‘LHOITV NO SNYNLYISN | & O <
[ ¥ 3]
< ? 2
=
(WK
£ z T =
rgl=




U.S. Patent May 14, 2019 Sheet 38 of 86 US 10,289,929 B2

‘ /\

%//”/ %k 2

= f S

oy it}

// I-.I.J\

i = | ﬁ S

M= f 5

e el Q:‘

\ o)

nnand

¢ O

L | )

:]< 3 =

H \‘\‘:\\:_\_éz 5

[~ O

od el

1 m
[ | o [

/

%* ﬂ < Y
[ ere=] - f % 8
e N | o __
\ % 2 -

=

< O

L O

5'224_—/ T brd

O

i =

S

(1

- 2

1 /jiﬂ &

%—" <

== ¥ &

e ~d] 0:-.

. O
= \‘ o 5
9' )\ L [ 2
g«} FRAME | TIME | PROCESS IMAGE FROM: VIDEO EXAMPLE OBJECT <>——>g'
8 iD FRAME, CAMERA, OR A DATABASE | ATTRIBUTES g
- {INTERNAL VIEW) OBTAINED =




US 10,289,929 B2

Sheet 39 of 86

May 14, 2019

U.S. Patent

«JST 'Ol 0L
«JST 'Ol H
o
bad
&
o g P
£E 3
Z ANOZ OL T INOZ NOHA Z 3NOZ OL T 3INDOZ INQOHS m m w
a31d0D ‘Q3L10313a 103rdo AIYOUHIA ‘03103130 1O3frdo T3INOZ Q310330 DIgo | W W =
[ A i \ m,
¢ 4ANQ, 1 ANQ/Z ¢ ANOZ sz N,mZONO wmz P4 e
] Aﬂa Amu >
BRI /TN _, \ =
(73]
! N 17 N YL M =
Ll
IRVIR AR | \ 292
Q. W o
ol M o Y]
\IRIA! VA \ \l/ |5E&
[ = ' i B ! N s O e IO B bEew
Wid
< ® =
=
(AR
z 2
£ o
R
A5T 'Ol4 INOHA




US 10,289,929 B2

Sheet 40 of 86

May 14, 2019

U.S. Patent

«J5T Ol
fooee
=
S
Z _kE
el
£
255
bdd o Lid
yo5
31402 SILNGIYLLV ¥3HLO W sl
310D SILNGIYLLY | “HOUYIA STLNGIYLLY NOILISOd M m m
INFWNOYIANT d3ddVIN INIAINOYIANT G3ddVIN w o<
W g
$31vadn gz
S31vadn FLVILINI ‘AdOD 3A0ON JLVILINI "YOUYIN JA0ON M s %
ONIddVIA INOZ ‘1IN VIHILIED | ONIddVIA INOZ LI VId3LID W £ S
bd
< & =
=
bl
£ z =
£ o

25T 'Old WOYd




U.S. Patent May 14, 2019 Sheet 41 of 86 US 10,289,929 B2

\ @
\\
=z
| o
I....
o (@]
[N 2
o2
& =
28
N 25
EQ
o e ™~
= o @ Z
& E T =
[«
~ == S
i R o
wy = E —
L e o ~ ]
= < wi
T &£ = [a% ﬂ
Lt O < < .
O F w % = O]
=8 = % =
208 K<< N
Ly
g
11 §
Ly
- 1 =
o
oy
<L
w
| |
\ ! \
)
S 5]
v pL)
FRAME | TIME | SYSTEM VIDEQ FRAME CAPTURE | EXAMPLE OBJECT (s
iD OR USER AND PROCESS ATTRIBUTES 9
ACTION (INTERNAL VIEW) OBTAINED




U.S. Patent May 14, 2019 Sheet 42 of 86 US 10,289,929 B2

=
% o
Ll
sad
o'}
H H <
Z
o0 P Lid
I.....
<f
[
[a
% -]
— [AH)
O
-
L
[
H }
[
o 1 E
O .
fan}
l_...
A -
- - &2}
\ 5 g
o
]
[
oo
i 1
a @.
Ly
=i =
T 2
u—'_ —i
& .
%"" FRAME | TIME | EXAMPLE USER EXAMPLE 2
T D INTERFACE EVENTS POSTED o
(EXTERNAL USER VIEW) | TO USER




U.S. Patent May 14, 2019 Sheet 43 of 86 US 10,289,929 B2

3
CRITERIA MET, INITIATE DEVICE

ATTRIBUTE UPDATES
MAPPED ENVIRONMENT TRIP

LINE ALARM ENABLED

FIG. 15D”

I

" FRAME | TIME | EXAMPLE | EXAMPLE ENVIRONMENT
iD INTERNAL | DEVICE CONTROL ATTRIBUTE
LOG UPDATES

FROM FIG. 15D’




US 10,289,929 B2

Sheet 44 of 86

May 14, 2019

U.S. Patent

[O4NI 1D3rg0]

ALINIXOY¥d %mﬁmﬁw LNIAT

LIN3IAT 90T N LSIXT NV.S XVYL 150d
IdYHS ANOZ/VIYY . e
‘STLVNIQHO0D ‘S3903 ‘IdAL IOV FINVYS OFAIA \_\_ OIaNv/03aIA IAVS

4

‘40102 ‘3ZIS “aINIVLEO

$SID0Yd 8 FUNLAYD ,7

SALNGIMLLY 123190 31dNVX3

[o4N1 3D1A3d]

80ST

INIAT XVYHL o
AINWHVIV 150d

123rg0 INIT dIYL ‘NOILVYI01 ‘INOZ _

S3dAL mo_><Imm ALINIXOYd JTdAVXT |

1I|.II|I||I||I..||.lr e e e o o e s e e s e e o e oy e e o e o o

JAYND° Q.“OImmEIH NOILYYNQ ‘IdAL NOILYYNG |

TOHLNOD YOIAVHIE >,_;__>:x0ma I1dNYXT |

dNOYS 30IA3A ¥V °O m_u”>mm TOYLNOD F1ONIS |
vV 404 J3718VNT 39 NVO dOIAVHIE >':_>:x0ma _

o e e et e e e

‘QTOHSIYHL ¥v3I1D ‘AIOHSIYHL NOLLVAILDY - =
‘IdAL NOILVAILOV ‘IdAL YOIAVHIG :SYILINVYVd _\\\\

TOULNGD "ANZ
2 Quma<_>_ HOIAVHI

(JLON-AZA "©°3) SADIAY3S

HOIAVHIE ALIWIXOdd
XVHL-ACA

0ST

_ W3ILSAS 4IHLO B SI1GVIIVA
W31SAS NO ONIAN3d3d

QdvOdAD
‘IOVINI
“43sv1 ‘olany
‘VHIWYD LNdNI
F1dINVYXE

451 'O



US 10,289,929 B2

Sheet 45 of 86

May 14, 2019

U.S. Patent

@ ani ‘Nvd LHDIT'©93) 0€ST

Viva 3iNgidliv

¥ |

EEBINELY
TOYLINOD
LINFNNOYIANT

-

(O¥Ad _\,ES,Q '9'3)

TNIAg 3DIA30 TOYLNOD SATOHSIYHL m
o awaawvadn | saavieva ALY | STVNSIS 3LIDSIa
— INIAINOYIANS YOIAVHIE || LVISONYHL
¥ Wi eieer] | L ‘O3QIA ‘F¥NLXI
| ISNVd LIEIHNI % JAON® e ALINIXOY¥d !
STIOHSIYHL | | :sT1aVIvA IIdAVX3 || IILSAS XDIHD 31vqdn/13s || ONLLHOM VHINYD
- | :SIDIAIA T1dAVXI
EAELS mNmH\ #Nmﬂ\ e 4
YOIAVHIE p—
ALINIXOYd (dNIL Q4 ‘NI D3) TOLNGD
31va4n/L35 V1vQ 3DIA30 ONINOLINOW |, ONINOLINOW
z2st” 4+~ ANZ I9d3IN AI19VNI I INIANOYIANT
$ y
TINLVEIANIL | 9TST LNdNI

‘ALIDOTIA (S)AINVY4 m ;;;;;;; YOSN3IS “

‘NOILVLNINO HOINd »mz_qw,« JAVYS IDOVIAL ILYNTVAS | JNIL ‘HOSNIS |

‘FIONV :Q3INIV.LE0 — m al4y ‘JYNSSIYd m

SILNGIYLLY N OLLON MOl m ‘NN SIDIAIA _

153780 F1dilivXd :Q3NIVLE0 SILNGIHNLLY L 1AV |

. 123780 I1dINVXT L

35T "9l4 WOYA AS1 O



U.S. Patent May 14, 2019 Sheet 46 of 86 US 10,289,929 B2

& o,
Lid
—d
2
:',{é/ T <
=z
i S
il [
e =< %
i >
S
i
| o
L
\ % <
e [a'sl
- =
— —T .
i o
1 Q
u S
~ =z
I < 5 g
O i
P o< S w e
\ W F i
i N T
.~ wy Wy
_"ﬁ/ D ] LS
i <
=
] g
- =
|
1 3
<L
i o
-\\- I
L
\% : ~
‘ B S
& =
FRAME | TIME | VIDEO FRAME CAPTURE EXAMPLE OBIJECT < Q
b L.
iD AND PROCESS ATTRIBUTES o
(INTERNAL VIEW) OBTAINED =




U.S. Patent May 14, 2019 Sheet 47 of 86 US 10,289,929 B2

A o,
= -
]‘% ~
. \\:\_\_’
- b=
L~
] 1
1] =
\ ____————T' o |
%
é S @
o
N\ 3
B o)
~ N\ 2
U -
1 NN w < <
NI IEE =
j—w:: b [ B (j
5 o
AN % T 3
f ) o
BERISRU]
:’é D T
1
B
[ ]
1
i
S |
L] 2
. = -
o » ]
= & U]
84«» FRAME | TIME | EXAMPLE USER EXAMPLE EVENTS ¢ »T
- iD INTERFACE POSTED TO USER 8
{(EXTERNAL USER VIEW)




US 10,289,929 B2

Sheet 48 of 86

May 14, 2019

U.S. Patent

V9T 'Ol

EXAMPLE ENVIRONMENT
DEVICE CONTROL ATTRIBUTE

175
V1Vad SNO04 ‘L11L ‘NYd AN3S | vivd SN204 ‘LL ‘Nvd GN3s m
— G319VNI ONDIDVHL dNOYD | — QF19VNI ONDIOVYL dNOYD I~
LHOIT INFWNOYIANT A3ddVYIN | LHOIT INTFWNOYIANT Q3ddviN -]
W
. 2
= £
S31vadn 3LNgidlly m ! %
IDIAIA ILVILING ‘L3N VI3 LD hE 3
{5 N
« * 2
i
Lad
£ z 2
ko
V9T 'Old WOY




US 10,289,929 B2

Sheet 49 of 86

May 14, 2019

U.S. Patent

A

99T ‘'Ol4 497 @Wn_ Ol
FIHID GILTTIdNCD -
DNIMOHS — dINHISE0 m
38 AVIN INIOd Wy3d FHL w .
AINOQ ¥IAFMOH ALIMYTD HOA w m m
NMOHS Wv3g ¥3sv71 310N W 0 m
<Ek
NOILOW ‘AHOLD3fvYL | $3903 Y0102 ‘3ZIS ‘NOILYDO1 IOVINIINITISYE ~INON | Wi < O
=
{ VL e \ \ =
o=
M i,
= g =
\ | e
283
/ L) |EgE
L L \ O O m
bid
- it
[
S8z
HILNIOd H3SYT VvV HLIM ININNOYIANT _cl.. W m
AHINIDS ¥YD SIT1OMID Hasn NI AHINIDS S3DV1d ¥3sn W O <
(143
2
-
bad
&
<X
[ 4
B

D




U.S. Patent May 14, 2019 Sheet 50 of 86 US 10,289,929 B2

\

/

TS,

/
1
\;‘\

1
1
-t
N /2
: |

\‘%/

<4 FRAME | TIME | EXAMPLE USER EXAMPLE
iD INTERFACE EVENTS POSTED
(EXTERNAL USER VIEW) | TO USER

FIG. 16B’

OBJECT DETECTED

FROM FIG. 16B
TO FIG. 16B”




US 10,289,929 B2

Sheet 51 of 86

May 14, 2019

U.S. Patent

891 914
s
z
=
%
Z =
O = <
£82
>
z 5D
ki bid
w & E
‘ ‘ ood o -]
(L71L ‘Nvd (L71L ‘Nvd 3
'D'3) 43LvAdN vivasndod | '9'3) 43lvadn ¥.1va sndod <2 m
LHOIT INIWNOYIANT A3ddVIAL | LHOIT LINIWNOYIANT a3ddVIN W o«
Y3
o 2
S x
S31vadn 31Ng1YLLyY <EY
3DIA3Q ILVILINI ‘L3N VIYILIND “E D
Lt
< ¢ =
=
bedod
: z Z
=
49T 'Ol %oﬁ




US 10,289,929 B2

Sheet 52 of 86

May 14, 2019

U.S. Patent

J91 B OL

[O4NI
1731801
INIAT
XVl 1S0d

INIAT D01

IdVHS INOZ/vIYY [ IOV IV & ..................

INIAT XVl

‘S31VNIQYO0D ‘3903 030IA SS300¥d B FUNLdvD LI 0IaNY/03IA |

‘IdAL “40OT0D ‘3ZIS ‘GANIVLEO ” < 3AVS ‘(3LON !
SILNGIYLLY 103790 T1dINVX3 8091 | -AZA "9°3) SIDIAY3S |
[04N1 301A3a] e WILSAS BIHLO m

B STIGVIYVA INILSAS |

i

i

NO DNIGN3d3d

........ ¢ m._\mwm_..w@_:\:--:-c 209" ¥ g3,
| INIONILNOD ‘SNONNILNOD :SIdAL | INIAT D01

TOYLNOD "AN3
Ol d3addvin

‘0T0HSIYHL ¥VI1D ‘QTOHSIYHL NOILVAILDY "

. . ) _ AL ayuvOgAI
IdAL NOILVALLDV ‘IdAL HOIAVHIE ‘SYILINVYYd T\H.\H.W OV YIS
.......... 1OUINGY HOWVHIE ONPDVAL TNV 01aNY ‘YHINYD
"7 77T dN0YD IDIAIA Y ¥O 30A3Q TOYLNOD T1ONIS | HONYHIS ONDOVEL “LNdNI 31dINVYX3
¥V 404 a319VYN3T 39 NVD HOIAVHIE uzc_uqﬁ XVHL-AZA 0ot 291 'Oid




US 10,289,929 B2

Sheet 53 of 86

May 14, 2019

U.S. Patent

SIDIAIQ
N3 0 oq) TOMINOD
(LTL/NVd LHOI1 '9'3)
V1va 3LNGNLLY DIAIQ 701 HNINNOHIANT
N3A3 TOYLNOD "AN3 3LVCdN uq.o;mm%ww\: 1N
201 0£9T t SUTOHSIYHL 1 1 ONILHOIT |
. _ % SI18VIYVA LNIAINOYIANT | JAILDY YOIAVHIE m THINYD m
| 3SNVd ‘LIGIHNI " 300N 8 WILSAS ¥D3HD ONDBIDVYL ! 1$30IA3Q |
| STevvA T1aa | grgr” WS [ piawa |
SQTOHSIYHL ¥YI1D 9¢9t
¥OIAVH3E ONDIOVYL 31VdN/L3S
JUNLVYIdNIL Nyzor PIAIQ
‘ALIDOTIA (dW3IL ‘Qi4Y ‘NN '©°3) TOYLNOD
‘NOILVINIIHO ‘TIONV ,  V1VQ IDIAIA ONIMOLINOW [ ONIHOLINOW
:GANIVLEO STLNGINLLY | CANIIOUIN‘OTAVNIS | E%%%@SZM
123r40 31dNVX3 079T” 3 N ~
HOSNIS dN3L

JINVHED HOdd ISNIVOY FAVHL 3OVINI LVNIVAT

‘YOSN3S aly

|

(s) “
vl |

\.\ | I ‘
v191 _ 3YNSSIYd ‘NN
|
NOILOW ‘AYO1D3NvYL | 53IAIQ 3dINVXT |
° ‘Q3INIVLE0 SALNGIMLLY
/ 123r40 I1dNVX3 \

N 29T "OH

J8T "9id WOHS




U.S. Patent May 14, 2019 Sheet 54 of 86 US 10,289,929 B2

FIG. 17A

USER SHOWS A CARD WITH A
STARONITTO A CAMERA OR
CONFIGURES THE SYSTEM TO
O | USE AN IMAGE OF THE CARD

AS THE BASELINE IMAGE

FRAME | TIME | SYSTE R | PROCESS IMAGE FROM: VIDEO
iD USER FRAME, CAMERA, OR A
ACTION DATABASE (INTERNAL VIEW)

=
TO FIG. 17A

|




U.S. Patent May 14, 2019 Sheet 55 of 86 US 10,289,929 B2

e N
i
]ﬁ o~ —
'“ =5
Nt h
] ]
:] Ty
%
_',A/é = e
1
1
&
y : X
< 5
< ~ :
: \k
(3 -
= by
1
N
o
&
% B
< ::2" ; SNl %
i O
: =] | &
[T (&) > 1G]
= ® i
g “—¢ FRAME | TIME | EXAMPLE OBJECT | EXAMPLE USER 4»——-——-—-—»&
Lo

D ATTRIBUTES INTERFACE
OBTAINED (EXTERNAL USER VIEW)




U.S. Patent May 14, 2019 Sheet 56 of 86 US 10,289,929 B2

O b
> ©
Q a =
o P_‘-U__ E —
o [Ny RN
< <0 SV
prd b= - =z o
) - =z < o 9
Ll o &
F= -y = Q
g S w Z o
= =
= ) 0 <
s T2 g i
> SE |z
) O < =
= u
x
~ E 0
2 S »
'_
o) =
)
o @
L ]
=
I~
i
U]
L
=
EH’ FRAME | TIME | EXAMPLE EXAMPLE | EXAMPLE ENVIRONMENT
L D EVENTS POSTED | INTERNAL | DEVICE CONTROL
TO USER LOG ATTRIBUTE UPDATES




929 B2

U.S. Patent May 14, 2019 Sheet 57 of 86 US 10,289,
°2
S 1 2 3
Laa]
=
£ ¢ >
[ia]
» O @ | USER SHOWS A CARD | USER BEGINS TO USER CONTINUES TO
= = % |WITHASTARON IT | ROTATE THE CARD | ROTATE THE CARD
S f £ | TOA CAMERA
= 0<T
=252
m 2> Mo
T g Om
Z p m W
R B
- P =
<m2 3
mam3
m
Z gg; :
32
.-} o
oP»Om COLOR, SHAPE, COLOR, SHAPE,
=d2 ¥ TEXTURE TEXTURE
=202
z2 -3
m
o4 ™
(2]
S % 3 @ | NOTAPPLICABLE NOT APPLICABLE NOT APPLICABLE
x 5
EEE
< A Mmoo
mZ 2o
L
(%43
Lia]
=

TO FIG. 178’

FiG. 17B




U.S. Patent May 14, 2019 Sheet 58 of 86 US 10,289,929 B2

FROM FIG. 178

at |

OBJECT DETECTED IMAGE CONFIGURED
AS BASELINE

¥isn

01 431s0d

SIN3AT
FIdNYXT | FINLL | JIAVHd
&
Y

501
FdiNVX3

$31vadn

31INGId1LY T04INOD
IDIA3A0 INFINNOHIANT | TYNYILNI

FdINVXE

FiG. 178’



U.S. Patent May 14, 2019 Sheet 59 of 86 US 10,289,929 B2

A"~ "0

FIXTURE
X_&
3

SYSTEM TURNS OFF LIGHT

f/,é..z._ T
]
1
o~
: (T
i /ﬁ— .
//4/ <L 9]
e & -
=== . g
\ % S }
¢ @]
Lo [
CJ /
Z g
——vn-v—-I-———-_—__,
= a ,—_/é T
< Tz 1
- < Qo L
oy A
[V} - :] } ot i [a T
e <L P <
S
2 E It o
e S \ ©
Lo =z ! O
n U < - N
s =
FRAME | TIME | SYSTEM PROCESS IMAGE FROM: | EXAMPLE ~
iD OR USER | VIDEQO FRAME, CAMERA, | OBJECT ,_>g
ACTION OR ADATABASE ATTRIBUTES E

{INTERNAL VIEW) OBTAINED




U.S. Patent May 14, 2019 Sheet 60 of 86 US 10,289,929 B2

/é N o)
=

1 oD
=

L= § &
" %\\ Lid
\\'- F_

1 1 <
e

] )
e L L

\ L
% =

¢ i

L ]

=
+ 144
1 =X
=g
] s
o~ )
N el
e L
1 0 a s 5
= 1 st o
AN = 9 T
* 183
_,’é (e
]
1
L]
i 0
1
R ]
o \‘% 5
i ot E
T ¢ -
i FRAME | TIME | EXAMPLE USER EXAMPLE iy D
Lube
g** ID INTERFACE EVENTS POSTED o
& (EXTERNAL USER VIEW) | TO USER =




U.S. Patent May 14, 2019 Sheet 61 of 86 US 10,289,929 B2

Ll =

O T

= o

o

e -
= < =
< »n “"f"i;

l:LLJ E
e Zz <
Z < a O
o = m___]
- & = 9
[0 -’ = O
S W g Qo
= o
<> O
o m T
| I [ D—n_
'_0: C‘-<
Eﬁ < T
O < =6

FIG. 17C”

. FRAME | TIME | EXAMPLE | EXAMPLE ENVIRONMENT
ID INTERNAL | DEVICE CONTROL
LOG ATTRIBUTE UPDATES

FROM FIG. 17C




U.S. Patent May 14, 2019 Sheet 62 of 86 US 10,289,929 B2

A -
0
= 1
m ]
™ o
£ N
-
fooe w il
E :QD: e
].._.
2 [ NL==
nw »
:’é’ et
B
B
o~
i /’j: )
/" [
34 i
== O
‘\ o
,X
[}
= ‘_D_ :‘:é 2 e
& é 1
E =
Lz |H
=i Gl
i p = | //j:
~ < o» -
A CZ) 5 ]4 - f
g < P2 ~4
o
522 \%
n W < » .
® S
FRAME | TIME | SYSTEM | PROCESS IMAGE FROM: VIDED -
{»] OR USER | FRAME, CAMERA, OR A DATABASE ) %
ACTION | (INTERNAL VIEW) 8




U.S. Patent May 14, 2019 Sheet 63 of 86 US 10,289,929 B2

\%\

/
[ é‘;{/

A"~ £

/

\.

FIG. 17D

Vi \

COLOR, SHAPE, LOCATION

\

A" "7

COLOR, SHAPE, LOCATION

FRAME | TIME | EXAMPLE OBJECT | EXAMPLE USER >
¢ ID ATTRIBUTES INTERFACE
OBTAINED (EXTERNAL USER VIEW)

FROM FIG. 17D
TO FIG. 17D”




U.S. Patent May 14, 2019 Sheet 64 of 86 US 10,289,929 B2

A
’_
=
" 5 O
LL] — Py
a = — =
oy w g a4
- zZ QO
=) = o il a.
< < > S A
E = o =z 2
on W = 2 e <
< i S8
a oo
o < < o O
o 50 g ol
2 =z |25
a G a S5 5
=
2 g
o=
~ = O
29 :
= = )
o 5
- 1 .
TR 2
8 5
O w»n
e
fa)
P~
Lo}
ol
T L
< «—¢ FRAME | TIME | EXAMPLE EXAMPLE | EXAMPLE ENVIRONMENT
8 iD EVENTS POSTED | INTERNAL | DEVICE CONTROL
= TO USER LOG ATTRIBUTE UPDATES




U.S. Patent May 14, 2019 Sheet 65 of 86 US 10,289,929 B2

1\
i....
T
)
amad
[N
(4
o o
(%5
=z
[a's8
35
}....
zE
i....
2 &
[ T W
[a]
L
™~
]
W
[
fa)
=
=5
= L
< N &
. o
= = 58
< T oz [|0EX
el 2650 [ede
< 3 e b !
o e t :] , “ //‘
= <y R oy
Bz Z e
O < J
E o I-? k]
~ 9 a \ .
“>’—.’ O = it L
o wn U <€ o D
FRAME | TIME | SYSTEM | PROCESS IMAGE FROM: VIDEO ) %
iD OR USER | FRAME, CAMERA, OR A DATABASE E
ACTION | (INTERNAL VIEW)




U.S. Patent May 14, 2019 Sheet 66 of 86 US 10,289,929 B2

3
itz=)

)

2
/ [ I h‘\
Q ' ’:‘
S

L

(o

< .

= [N E]

v [

m\ i

O U]

5 o

[

i ,
o :

lc.;:l . K

3

& i 0
“” 5 2 :
™~ 2
el i | bdd
) o B S
o & 0]
§<~+ FRAME | TIME | EXAMPLE OBIECT | EXAMPLE USER T S g
o iD ATTRIBUTES INTERFACE -

OBTAINED (EXTERNAL USER VIEW)




US 10,289,929 B2

Sheet 67 of 86

May 14, 2019

U.S. Patent

ALT 'Ol
T
pd
S w
z £
O ot of
£
2k S
i 0 fEN]
W o5
135 40102 ANV sy @
3dVHS 43AVT 1INV OAIA I>F
a31 INIANOYIANT a3ddVIN 58
W
o &
M [+
S3LVAdN 3LNGIYLLY e
IDIAIA TLYILING ‘LT VI¥ILYD X229
[
[%]
T
1%}
o g o
g 2w
JUVAINOD TN4SS3DINS - m w
agvNa 31vadn IIAId HLIM Q3103130 103rdo Xa e
S
< ¢ >
=
]
€ z 2
o
v
32T "9l WOYH




US 10,289,929 B2

Sheet 68 of 86

May 14, 2019

U.S. Patent

ALT 914 0L
|>‘
—_ T
3271S ‘NY3Livd °
D y . v
3dVHS Y0102
- g3SSID0Yd IOVIAI MIN OL IDVINI INITISYE FUVAINOD/SSID0NUd
™~ ZTLT
SILNGIYLLY T i
IOVINT T1dINYXT NS ERELS IOVIAL INVYYHL OFAIA FHNLDYD
N N,
N OTLT
ON 40 FZITVINYON .
AOW 8 F19VTIVAY, N
G NOILYNISNOD |

_
[
‘NYILLVd IdVHS "HO10D ‘SIdAL |
_
[

HOIAVYHIEE 3YVIINGD 3TdINVXE TOHLNOD "AN3

i
|
I
i
i
|
mlllll///\\ |||||||||||||Iww.m<|_\l/ml._.lmlmml 01 d3ddvIN
|
| ‘T1OHSIYHL INIL HOLVIN "JAOW NOILYY3dO |
m ‘GTOHSIYHL HOLVIN NIW ‘QTOHSIYHL | QYVOEAD
I HOLVIA XYIN “3dAL HOIAVHIE 'SYILINVYY xm\m_w/\s_m\m_z_dm% INIH3A e ‘I9VIAII TT1H0Yd
“ TOYLNOD YOIAVHIE IYVINOD ITdNYXI 7 por17 3DIA3A YHINYD
w”llllllllﬂ.llll”ﬂ.llll”llll”llllllllﬂ.l\lIIIIIII.N.III!IPIJ ANdN ANdINY X3

dNOYS 3IJIAIA V HO IDIAIA TOYLNOI ITONIS || YOIAVHIE IUVDINOD

! V¥ 404 a319¥NT 39 NYD OIAVHIE T4VJINOD | ADVINI-ACA 0.1 441 'Oid
|||||||||||||||||||||||||||||||||||| i




US 10,289,929 B2

Sheet 69 of 86

May 14, 2019

U.S. Patent

(L71L ‘NVd “HO10D “IdVHS $301A3Q
'©3) (S)IDIAIA TOUINOD A TOHLINOD
OL SILNEIYLLY AlddV 1NINNOYIANT
% JOVIAI INITISYE $53004d 7 87LT

8TL1 pmmms” | ——

@m 39 NVO S30IA3d ONIZITYIWHON

! NVIYLS OFAIA ‘FYNLXIS |
' ONILHOIT :$3DIAIA ITdNVYXT LM
b e crmm corm e e e e e <. e . v e . e s e . e e .
S3A ON
30IA3Q L5V s 39IA30 MIN 1D313S
HLSIHLS —
92/1
]
I (LY0ddNS 380YLS ¥O ‘LTIL |
' ONV NVd ‘SN¥3LLVd ‘SHOT0D
I
[ '9'3) ALIEYdYD T19VHYdINOD
| v HLIM S3DIATA AdILNaal ¢ SYILINVEVd HOLVIN 313NV vd
m ! 1539 31vadn ANV L3N
| Ol INJNNOHIANT TOHLNOD | 104INOD
| | GIOHSIYHL IHVIINDD
_ ¥ NI SIDIAIQ INTYI44Ia 40 1 | FHVLINOD 31vdAdN
! _ N XYIN 41 INIAT 901 !
| SALNGIMLLY JYVINOD 0L a3sn |
M _
J

°/OND / @

—
447 "Ol4 NOY4 ALT 'O




US 10,289,929 B2

Sheet 70 of 86

May 14, 2019

U.S. Patent

A

NV8T Di4 0L
V8T 'Ol
[ \ \ || \ )
4 A 7 S
_/ / X\ / | R/ GEE-
, A N ] ! g .o
w Q<
1/ A\ TRV RN
-
. ol . o) M m Tr_“._
v | W1V |3
N O e Y o O \ - , = by
s
<
LIMV430 *NINOL 3DIA3C «SOVIN W “
LINv4330 *NINOL IDIN3A «3DVISYILINID, NILYVIAL, *NINOL 30IA3d M m
«340,, "NIIOL NOILDOV ‘NDIOL VLI «NO, 'NDIOLNOILDVY | O ©
2.
z= 42
SN | & 25
«330 SLHOIT NYNL, SAVS d3sn «ADVISYIINTD, SAYS HISN | NILYVIA NO NY¥NL, SAVSHISN | v O <
L
=
T




US 10,289,929 B2

Sheet 71 of 86

May 14, 2019

U.S. Patent

NET 'Ol
o
=
S
z -
£33
53
d 0 1T
wob
248
SO0 0L 138 ShHl SOVIAL NILHYIA NO d3.1vdadn N3dO OL13SSiHl | « M m
HO HILLNHS SOVIN NILYVYIA SANTVA LTIL NV NVYd LHO1T HO "3 LLNHS SOVIA NILYVIN ﬂ [ 4
wWoF
Q. 2
M [+
SOYIN NILYYIN OL 135 3D1IA30 M _.E.. %
ANVYININOD IDI0A 1TINV43Q0 | we €5
[
[X%}
s
[74]
L g o
2
440 SOVIN FOVISHILINGD SOVIN NO SOVIA M m W
NILYVIN ‘NOILYAILLDY 3DI0A NILYYIN ‘NOLLVAILDY 3DI0A NILYYIA ‘NOLVAILOY IDIOA | wi W =
{25
. 3 & M
=
V8T "'Oid WOH4




US 10,289,929 B2

Sheet 72 of 86

May 14, 2019

U.S. Patent

48T '9ld OL
487 'Ol M
[ V| \ \ £
! s
1
: AN . z M: / 4] ] P~
X\ A E, 17k & 8
Y] a U
i oY=
= < 2
bl gy
3 b e M m Y]
\WAAY \IWATAN \§ I SEE
' I ' r . i -
.SO000TTA, :NIIOL 3DIAIA N
«NO,, INIIOL NOILLDY <
SV W o
LINY430 INDIOL IDIAIA LINV430 INIIOL IDIAIA NILYVIAL, ‘NINOLIDIAIA | m
440, INIIOL NOILOVY | ,IOVISHILNID, :NINOL 1V.LId NO, INDIOLNOIDY | © ©
ot
=835
.SO00TTA NO NYNL, NIHL SOVN | 5 w E
440 SLHOIT NYNL, SAVS 43sn “ AOVISYILNID, SAVS HISN | NILYVIA NO N¥NL, SAVS ¥Isn | & © <
L
< =
=




US 10,289,929 B2

Sheet 73 of 86

May 14, 2019

U.S. Patent

481 ol
b=
2
S
Z B
O = «
£ 0o
> K o
N3dO OL zE5 >
13S SI¥1 YO ¥ILLNHS SO00TIA w S E
- Y 5
E
SO0 0L SOVIA NILYYIN NO d3Lvddn NIdO OL L3ISSHHI | « M _an
135 S 4O ¥3LLNHS SCO0TTA SANTVA LT1L ANV NVd 1H9DIN HO HILLINHS SOVIAN NILHVIN & o <
=
2z
SO0CTIA OL 135S 3DIA3d SOVIAL NILLYHVYIN O1 13S 3DIA3d M = %
ONVINIWOD 3DI0A 1TNVv43d ANVININOD IDIOA LINV4Ia | & £ 5
o
Lal
foeee
(%]
NO SO00TTIA ‘NOILVALLDY IDI0A w m o
a. _.b el
=z3
440 ADV1ISHIEINID SOVIA NO SOVIAl M W pt
SO00TIA ‘NOILVAILDV 3DI0A NILYVIN ‘NOILVAILDV 3DI0A NILYVIA ‘NOILVAILOV IDI0A | W @ =
LE
® =
| =
48T 'Oid INOY4




US 10,289,929 B2

Sheet 74 of 86

May 14, 2019

U.S. Patent

D81 91401
18T 'Ol M
[ \ | | \ |/ \ )
i
=
A SN Ar— ] LT 4
W VXV 7 ] |/ £ 2
/>\\/_>_\ ,,_n\ ,_ e R TT
i % ¥ A w J A
s / | I RREEE:
ROTFC: DTS 4 28§
T [ I SEE
\ ] el el == w = 5
LT YIAVL, INTIOL TIVLId
L3AIA, INIIOL IDIAIQ
:ZO: ZMV_OH ZO_.—.U/\ "4
z
«S000TIA, :NINOL IDIAIC o
«NO,, INDIOL NOLLDV P
SOV | Z
17Nv43a INDIOL IDIAIA 1INv43G INIOL IDINIA NILYVYIN, (NIIOLIDIAIA | <
«340, 'NIHNOL NOILDY | ,IOVISHIINID, ININOL VL] «NO, INDIOLNOILDY | ©
Q.ﬁ
[+
YIAYT OIAIA NO NYNL, NIHL 2 u g
‘,S000TTA NO N¥NL, NIHL S| G 2 F
«440 SLHOIT NYNL, SAVS ¥3sn * AOVISYILNTD, SAVS ¥ISN | NILYVIA NO NYNL, SAVS ¥3SN | & © <
i
=
T




US 10,289,929 B2

Sheet 75 of 86

May 14, 2019

U.S. Patent

28T 'S4
fooes
2
jau]
= @
NO IWVIHLIS T H3IAYT O34IA nNu o M
£ O 0
> Fa
N3dO OL m _M W
14S SIHHO H31LNHS SCO0TIA w w =
o =
S5 e
SO0 0L SOVIAL NILLYYIN NO d3Lvddn N3dO Ol 135S Sidi M N m..n
LIS SHE YO H3LILNHS SO00TIA SINTIVA LHL NV NVYd 1H9T HOYILINHS SOVIN NILYYIN | W O <
T H3AVY1 04 135S 3DIA3A C3AIA
ANVYININOD 3DI0A 1INVY430 s N..
zz
SO00TTIA OL 135 3DIA3d SIOVIAI NLLHVYIA O1 13S 40IA3d W o %
AONVYININOD 3DI0A 11Nv43d ONYIWINOD 3DI0A LINV430 | w =
T ¥3AVT -
¢ [+
NO O30IA 'NOLLYALLDY 331I0A _.N| H
€5
‘ w o
NO SOO0TTA 'NOILVAILDY J010A Wb
5 8
440 IOVISHAINID SOVIA NO SOVIN W W
SO00TTA ‘NOLLVALLDY 3DI0A NILHVIA ‘NOLLVYALLDY 3DI0A NILYVIN ‘NOILVALLDVY 3DI0N | W &
L
< 2
T'
J8T '©id W04




U.S. Patent May 14, 2019 Sheet 76 of 86 US 10,289,929 B2

FIG. 18D 1802 [ V2V-VOX COMMAND BEHAVIOR

r
v 1804 | gy DEFAULT THE

EXAMPLE

i

i

. r pd i

INPUT: COMMAND %, COMMAND BEHAVIOR IS |
MICROPHONE, e GRAMMAR ki APPLIED TO THE ‘
HEADSET, ; g
KEYBOARD DEFINED . |1 CURRENT ACTIVE DEVICE !
\ | ORGROUP OF DEVICES |

EXAMPLE COMMAND BEHAVIOR |
CONTROL PARAMETERS: i
LANGUAGE MODE, PRIVILEGE :
i
i
!
i
!

IS VOICE
DETECTED

1808
AN

LEVEL, OPERATION MODE,
MATCH TIME THRESHOLD, NOISE

PROCESS WORDS AGAINST
COMMAND GRAMMAR

¥

THRESHOLD

1810

IS AVALID
OMMAND IDENTIFIED

LOG EVENT

THRESHOLD
ELAPSED

N
PLAY FEEDBACK TONE OR

’ CONFIRMATION AUDI
S 1822 © ON AUDIO
ENVIRONMENT 1818 v v
CONTROL CHECK SYSTEM & NODE
DEVICES ENVIRONMENT VARIABLES
N r__._____/ N e o e wmom e e <o oo e e :

UPDATE ENV.
CONTROL DEVICE
ATTRIBUTE DATA
(E.G. IRIS, PAN, TILT)




U.S. Patent May 14, 2019 Sheet 77 of 86 US 10,289,929 B2

FIG. 19 V2V-SYNC AUDIO BEHAVIOR ] e ——— :
| AUDIO BEHAVIOR |
EXAMPLE 1302 i CAN BE MAPPED TO i
INPUT: AUDIO  D-----=m-e- » 1504 _~~ ADEVICE OR GROUP !
STREAM v [/ _”-~7 OF DEVICES |
SELECT AUDIO STREAM 1 “““““““““““““““““
1906
MAP MUSIC CHARACTERISTICS TO EXAMPLE AUDIO
AUDIO ATTRIBUTES 4 ATTRIBUTES: BEAT,
PITCH OR FREQUENCY,
1908 KEY, TIME, VOLUME,
AND HARMONY
//1910 o |
MAP AUDIO ATTRIBUTES | EXAMPLE AUDIO BEHAVIOR

TO CONTROL DEVICE <=~ CONTROL PARAMETERS: SYNC
~. METHOD, DEVICE CONTROL
MODE, OPERATION, ATTRIBUTE
CHANGE THRESHOLD, DEVICE
CHANGE THRESHOLD, GENRE,

v
ENVIRONMENT
CONTROL

+, DEVICES

~
-
o
%

I ' 711912
EXAMPLE DEVICES: CHECK SYSTEM & NODE

|
|
LIGHTING FIXTURE, i ENVIRONMENT VARIABLES

7 X
VIDEO STREAM !

7 \
rd AN

1914 ==t eese s ms ooy

|

/ !
UPDATE ENV. | INHIBIT, PAUSE !
CONTROLDEVICE ~ / "= ===============-

ATTRIBUTE DATA

END



US 10,289,929 B2

Sheet 78 of 86

May 14, 2019

U.S. Patent

$
-
J
i
2]
oo
w = &
s 32
z <«
sEh
NOILYDO1 ‘NOILOW NOILVD01 IdVHS 3ZIS IDVINIINITISYE —INON | W < O
e
{ \ \ \ S
™ 5
_ b . ) S =
| L] \ L/ | / w o
7 7 s W=
%0 g
/ | to2
o& &
WO
é H\ \ /ﬁ _K \ é \ 225z
W B ] N e I . N e T oo N e S o > L
FHNLXIA o
FHL NO SNUNL NILSAS (A-X'SI INV1d F¥VNDS | ©
HINYOD 1SHld 43AC Wv3d SI3dVHS Sd3LINVEvYd W W
FHNLIXIH IAOW OL SINTYA LTIL JYN1XI4 INO HO4 IDNIND3IS TOY¥INOD) SNOILYDOT .__.\v.... mRn.. m
ANV NVd S3LvAdn INFLSAS LINTGC SHIDOML 43sN HINYOD HNO4 SINIHIAYIASN | v 2
L
=
=
L
940¢ 940¢ 9401 AMn
=




U.S. Patent May 14, 2019 Sheet 79 of 86 US 10,289,929 B2

F-N ‘/\
W-—“I“m-—,
= —100] | £
i i}
o
Ll
- I D
° >
(23]
[]~§: <>E
i
[] o
bl
=z
(o s
O
(@
_,-{é/
1
[(]
5 Sl LB \
o~ e i\\_:l E §
1 ©Q U]
LL)
! e
o]
1 Q
Z
w i o
o a
- ] o
L
1 £
>0 0 O
S O A
= e 3
g' s L z ~
2 !
S FRAME | TIME | EXAMPLE USER EXAMPLE %
o) iy <>~m—~m->o
v iD INTERFACE EVENTS POSTED =
- (EXTERNAL USER VIEW) | TO USER




U.S. Patent May 14, 2019 Sheet 80 of 86 US 10,289,929 B2

B
=
=
o)
= =
= <
') =
- = <
o < —
o = T -
& © &
5 o &
5 25
o Q.
O < &
Z s 9
0
ko
Q
(o]
<
S
(9]
U]
L.
W
| 59
@)
Lo |
=
S
o
W
Lhe &
%4———-—« FRAME | TIME | EXAMPLE | EXAMPLE ENVIRONMENT
o [3] INTERNAL | DEVICE CONTROL
LOG ATTRIBUTE UPDATES




US 10,289,929 B2

Sheet 81 of 86

May 14, 2019

U.S. Patent

40¢ '9i4

H0Z2 91401

5
]
oo
O m a
Rid
z 2 Z
= <
SEh
NOILVYI0T ‘NOILOW NOILVYD0O1T ‘NOILOW NOILVIOT‘NOILON | & < ©
o
[ V| [ V| V| &
=
m \ Y 7 X o
AN _ -\ ! : 7 I =
AN / NN / \ [/ w o W
ANAN AN 77 = 4>
< O -
N A\ ARREE
M L I O o m
Rk
\IERAY \ Y \ ¥
[ T o 11 ] 3 1 > g =
HANHOD HINHOD dINHOD o
HL¥N04 H3A0 Wv44d 3HNIXI4 QHIHL 43N0 Y39 JdNLXI4 ANQOD3S H3IA0 INVYEG JUN1IXi4 W _ua._ m
JAON OL SINTVA L1111l dNY JAOW OL SINTVA LT1L ONV JAOW OLSINIVA L1IL ANV m w m
NVd 3HNLIXIH STLVYAdN WILSAS | NVd T4NIXIH STLVAdN WILSAS | NVd FHNIXIH STIVAdN WILSAS | «n © <
[
< =
_vl.
Lid
9409 940§ 940 ¥ 2
x o




U.S. Patent May 14, 2019 Sheet 82 of 86 US 10,289,929 B2

I /\
_ ;ﬁ:‘@ o
L, } %
1 /f, 8
[Ce] L
1 7}
5 = g
0 ]/ 3
>
% =
fa'd
: o)
- 1O
Y
= J——/:g) ol | |2
] //— =2
L~ @
i i %/ »
[ [N
o A =
g 0
1 ™ &
Sy O o .
% Z <
o [
e @]
o’ [ WD)
== —0 O 2
o
] O
L.
o 1 ok
O o
q_ el
]\ | §
:] \\\._ ™~
5[0 Ol | |&
o =z
) o -
N ,% @) 0
L’j )\ - () g
g FRAME | TIME | EXAMPLE USER EXAMPLE 9
¢ ME— b L
2 ( iD INTERFACE EVENTS POSTED o
- (EXTERNAL USER VIEW) | TO USER =




US 10,289,929 B2

Sheet 83 of 86

May 14, 2019

U.S. Patent

807 'Ol
T
=
S
z
O <
£82
2 E5
[ X% o (71 ]
wob
6. W o
S Yz
¥ HINYOD HO4 € YINYOD HO4 Z YANYOD HO4 < > E
1711 ANV NVd IHDIT d3ddVYIN | L1 ANV NVd 1HOI Q3ddVIN | LT1L ANV NVd 1HOIT Q3ddVIN | W 0 <«
=
¥
SES
LT1L ANV NVd 3SYIHONI L71L ANV NYd 3SVIHINI 1L ONV NYd 3SYIUONI | i & =
(NN
< =
[
[ XN
9409 94056 940 ¥ AMn
X o
e o
,80Z "914 INOYA




US 10,289,929 B2

Sheet 84 of 86

May 14, 2019

U.S. Patent

[ — e e e e

D07 "©l4 0L
i\l‘\/(
~— m TN
SILVYNIQY00D ‘HOT0D ‘3ZIS
:@INIV180 SILNGLLY H
153160 T1dINYX b SIUI NIJO HO FUNLXIH NO NYNL ~
||/ I.Il|||||||||m
|||||||||||||||||||||||||||| Otoe m ADVHNDDV |
| SNOILYDOT¥INY0D LIS oL a3sn ===l 3ZITVILINI OL | QIAOHAII |
! -
|38 NVD 43SY1 NOILYAITVA SE@G, A V3V 40 S43INHOD INI43d | ¥O4 WV3g m
IIIIIIIIIIIIIIIIIIIIIIIIIIII |
Ngooz | LHOILMOYHYN YV |
lO4ANI 3DIAIA] \¢ | OLSNDO4 IHL L3S |
INIAT Xvdl INLIV N b |
QINYVYIV 1S0d INVIYLS

‘IO 440-NO ‘VLVJ ¥INYOD ADIA3A QI IDIAIA  _ e o v
“IdAL NOILVAILDV ‘JdAL HOIAVHIE mmm._.m_E<x<m _\\ YT
TO¥LNOD HOIAVHIE IAOWLINI a2 m.EE<Xm ............ L AdNI

FdNYX3

dNOYD 30IA3Q0 ¥V O FDIA3C AOMHZOU m.“mvz_m v “
i

04 379YN3T 39 NV HOIAVHIE JAOWLINI az ! YOIAVHIE JAONLINI AZ XVHL-AZA 307 ‘Ol




US 10,289,929 B2

Sheet 85 of 86

May 14, 2019

U.S. Patent

0 an3

{171 ‘NYd LHDIT '©'3)
v1vd 3LNgiLly IDIAIC
JOYINGD "ANT 31vadn

[O4NI 1D3rg0]

, Xvdl 150d

IN3AT

omom\

FERINEL
TOHLINOD
1NINNOYIANT /¥

vE07 " N 2N

e e o e o e e ot ——

JUNLXIS ONILHOIT

Sidi 3SOTD "o
FUNLXId 440 NNt

[a4er4

|
i
i
| YyIWYD 1$IDIAIA
“ TIdIAVXT

v _

|

{1711 ‘NVd LHON

'9'3) ViVQ ILNGIYLLY

A3IA30 TCHLINGD
"AN3 3LYAdn

NOILVD01
HINYOD 1X3AN Ol
Wv3g IAOWN OL
SANTVA LTIL ANV

HIENID HIAO
WV3gG NOILISOd
OLSINIVA LTIL

NV NVd 3Lvadn

A

dNOYD JAOWLINI GZ NI
FYLXid IXIN OL JIAOW
AN

Nvd 31vddn
_ 9102 F p| JNVHd IDOVINI ILVATVAS
0z07 1NIAT 901
e Z10Z e
207 'Sid WOY4 20Z "9l4

N\
870C




U.S. Patent May 14, 2019 Sheet 86 of 86 US 10,289,929 B2

FIG. 21 { V2V-NOTE PROFILE BEHAVIOR }
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VISION-2-VISION CONTROL SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/088,036, filed Apr. 15, 2011, now U.S. Pat.
No. 8,917,905, issued on Dec. 23, 2014, entitled VISION-
2-VISION CONTROL SYSTEM which claims benefit of
U.S. Provisional Application No. 61/324,443, filed Apr. 15,
2010, entitled VISION-2-VISION CONTROL SYSTEM,
the specifications of which are incorporated by reference
herein in their entirety.

TECHNICAL FIELD

Embodiments of the invention are related in general to
controlling output devices within an entertainment environ-
ment, and more particularly to controlling output devices
based upon the detection of objects in the entertainment
environment.

BACKGROUND

Modern stage lighting is a flexible tool in the production
of theatre, dance, opera and other performance arts. Several
different types of stage lighting instruments are used in the
pursuit of the various principles or goals of lighting. Stage
lighting has grown considerably in recent years partially due
to improved technical equipment. Lighting control tools
allow a user to change the quality of the lighting. Histori-
cally, this has been done by the use of intensity control.
Technological advancements have made intensity control
relatively simple—solid state dimmers are controlled by one
or more lighting controllers. Controllers are commonly
lighting consoles designed for sophisticated control over
very large numbers of dimmers or luminaires, but may be
simpler devices which play back stored sequences of light-
ing states with minimal user interfaces. Consoles are also
referred to as lighting desks or light-boards. For larger
shows or installations, multiple consoles are often used
together and in some cases lighting controllers are combined
or coordinated with controllers for sound, automated scen-
ery, pyrotechnics and other effects to provide total automa-
tion of the entire show. DMX512 is the control protocol
most prevalent in the industry. Newer control protocols
include RDM (remote device management) which adds
management and status feedback capabilities to devices
which use it while maintaining compatibility with DMX512,
ArtNet which is an implementation of DMX over Ethernet,
and Architecture for Control Networks (ACN) which is a
fully featured multiple controller networking protocol.
These allow the possibility of feedback of position, state or
fault conditions from units, whilst allowing much more
detailed control of them.

SUMMARY

A method for controlling an object space having an
associated object environment includes the steps of, defining
a target set of coordinates in the object space, recognizing
the presence of a predetermined object in the object space,
and determining a coordinate location of the recognized
predetermined object in the object space. The method further
includes determining the spatial relationship between the
recognized predetermined object and the target set of coor-
dinates, comparing the spatial relationship with predeter-
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mined spatial relationship criteria, and if the determined
spatial relationship criteria falls within the predetermined
spatial relationship criteria, modifying the object space
environment.

A system for controlling an object space having an
associated object environment includes at least one proces-
sor configured to receive a definition of a target set of
coordinates in the object space, recognize the presence of a
predetermined object in the object space, and determine a
coordinate location of the recognized predetermined object
in the object space. The at least one processor is further
configured to determine the spatial relationship between the
recognized predetermined object and the target set of coor-
dinates, compare the spatial relationship with predetermined
spatial relationship criteria, and if the determined spatial
relationship criteria falls within the predetermined spatial
relationship criteria, modify the object space environment.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding, reference is now
made to the following description taken in conjunction with
the accompanying Drawings in which:

FIG. 1 illustrates an embodiment of a system block
diagram for a control system;

FIG. 2 illustrates an embodiment of an entertainment
environment 200 for use with the control system;

FIG. 3 illustrates an embodiment of general software
components of the software architecture for the VISION-2-
VISION control system;

FIG. 4 illustrates an embodiment of a general overview of
software logical planes for the control system;

FIGS. 5-5' illustrate an embodiment of logical elements
and sequences that represent key control services capability
of the control system;

FIG. 6 illustrates a particular embodiment of software
components of the V2V-TRAX core services;

FIG. 7 illustrates a particular embodiment of software
components of the V2V-IMAGE core services;

FIG. 8 illustrates a particular embodiment of software
components for the V2V-VOX core services;

FIG. 9 illustrates a particular embodiment of software
components for the V2V-SYNC core services;

FIG. 10 illustrates an embodiment of an example of a 4x4
LED panel matrix under control of the V2V-SYNC software
components;

FIG. 11 illustrates an embodiment of a user interface of
the control system;

FIG. 12a illustrates a particular example embodiment of
an operator using a laser pointer to designate a particular
region of interest;

FIG. 125 illustrates an embodiment of a user interface
system with a touch screen where a user selects an object or
object region of interest by touching the area on the screen
interface;

FIGS. 13a-134" and 1356-135" illustrate an example
embodiment of an operator using a focus behavior function
of the V2V-TRAX software component, FIGS. 13a-13a"
show an example sequence of setting fixture focus using a
laser pointer, if the system is setup for focus validation, the
system can validate focus attribute data using a system
positioning laser, as represented in example FIGS. 1354-
13 b”,'

FIGS. 13¢-13¢" show an example sequence for automati-
cally setting fixture focus utilizing a system positioning
laser;
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FIGS. 13d-134" illustrate an embodiment of a flow dia-
gram for focus behavior;

FIGS. 14a-14a" illustrate an example sequence for a
gesture behavior function of the V2V-TRAX software mod-
ule: environment attributes are updated based upon the
observed objects gesture of pointing (other possible gestures
include clap, jump, sit, stand, lay down);

FIGS. 14b-145' illustrate a flow chart of an embodiment
of the gesture control behavior;

FIGS. 15a-154" illustrate an example sequence of a
proximity behavior function of the V2V-TRAX software
module where an environment light fixture groups’ attri-
butes are controlled by the relationship between an object
and predefined location;

FIGS. 156-156" illustrate an example sequence of the
proximity behavior function of the V2V-TRAX software
module where an environment LED panel is updated based
the relationship of an observed object and a predefined zone
or area;

FIGS. 15¢-15¢" illustrate an example sequence of the
proximity behavior function of the V2V-TRAX software
module where a light, located in a predefined target zone,
has its attributes updated based the attributes of an observed
device (light) located in a predefined reference zone;

FIGS. 15d4-154" illustrate an example sequence of the
proximity behavior function of the V2V-TRAX software
module where a discrete environment control device (e.g.
alarm) attribute is updated based upon an observed object’s
relationship to a predefined trip line location;

FIGS. 15¢-15¢' illustrate an embodiment of a flow chart
for the proximity behavior function of the V2V-TRAX;

FIGS. 16a-16a" illustrate an embodiment of tracking
behavior function for the V2V-TRAX software module
where lights in the environment are updated based upon the
observation of an object and its associated position;

FIGS. 165-165" illustrate an embodiment of tracking
behavior function for the V2V-TRAX software module
where lights are being updated relative to the position of an
object in the environment where object selection was done
by circling the object with a laser;

FIGS. 16c¢-16¢' illustrate an embodiment of a flow chart
for the tracking behavior function of the V2V-TRAX;

FIGS.17a-17a",17b-175',17¢-17c", 17d-17d", 17e-17¢",
and 17/-17f illustrate embodiments of a compare behavior
function of a V2V-IMAGE software component;

FIGS. 18a-184' 185-185', 18¢-18¢', and 18d illustrate
embodiments of command behavior function for the V2V-
VOX software module;

FIG. 19 illustrates an embodiment of the audio behavior
function of the V2V-SYNC software module;

FIGS. 20a-20a", 206-206", and 20c-20¢' illustrate
embodiments of a 2D_INIT mode behavior function of the
V2V-TRAX software module; and

FIG. 21 illustrates an embodiment of a procedure for a
profile behavior function of the V2V-NOTE software com-
ponent.

DETAILED DESCRIPTION

Referring now to the drawings, wherein like reference
numbers are used herein to designate like elements through-
out, the various views and embodiments of a Vision-2-
Vision (V2V) control system are illustrated and described,
and other possible embodiments are described. The figures
are not necessarily drawn to scale, and in some instances the
drawings have been exaggerated and/or simplified in places
for illustrative purposes only. One of ordinary skill in the art
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will appreciate the many possible applications and variations
based on the following examples of possible embodiments.

Various embodiments describe a control system for an
entertainment venue, which provides for the capability of an
operator to control devices such as lighting, video and audio
within an entertainment environment in response to envi-
ronmental control inputs such as a video image captured
from the observed environment, audio from the observed
environment, or other control devices or sensors within the
observed environment such as an Inertial Measurement Unit
[IMU], Radio Frequency Identification [RFID], tempera-
ture, or pressure sensor. In particular embodiments, the
control system can track objects within the environment and
trigger events based on motion or position of the object in
order to control a device such as a stage light, a video board,
an audio output or any other output device within the
environment.

FIG. 1 illustrates an embodiment of a system block
diagram for a control system. The control system 100
includes a processor/controller subsystem 102, an environ-
ment control input subsystem 104, an environment device
control subsystem 106, one or more controlled devices 108,
a user interface 110, a database 112, and a memory 114. In
the embodiment illustrated in FIG. 1, the environment
control input 104 and the environment device control 106
are each in communication with the processor/controller
102. The environment control input 104 receives one or
more inputs related to the environment, such as an enter-
tainment venue, in which it is located. In response to
receiving an environment control input, the processor/con-
troller 102 processes the environment control input and
provides a control signal to the environment device control
subsystem 106. In response to receiving the control output,
the environment device control 106 controls the operation of
one or more controlled devices 108 within the environment
116. In a particular embodiment, the controlled devices 108
may be one or more light fixtures. The controlling of the
controlled devices 108 may include controlling the pan and
tilt of the lighting device as well as controlling the intensity
of the output thereof. The user interface 110 is in commu-
nication with the processor/controller 102 and allows a user
or operator of the control system 100 to program behavior of
controlled devices 108 relative to their capability and in
response to environment control inputs 104 as well as
perform other functions of the system as will be further
described herein. The database 112 is in communication
with the process/controller 102 and functions to store data
related to various aspects of the control system 100. The
memory 114 is coupled to the processor/controller 102 and
functions to allow storage of data related to the processing
of signals as well as comprising a computer readable
medium for storing software to perform the various func-
tions of the control system 100 described herein.

In at least one embodiment, the environment includes an
object environment having an object space associated there-
with. The processor/controller 102 recognizes the presence
of a predetermined object in the object space. In at least one
embodiment, the processor/controller 102 receives one or
more images of the object space from an imaging device. In
a particular embodiment, the one or more imaging devices
are cameras configured to capture one or more images of at
least a portion of the object space. In various embodiments,
the predetermined object is previously selected by a user.
The processor/controller 102 then determines a coordinate
location of the recognized predetermined object in the object
space. In at least one embodiment, the determining of the
coordinate location of the predetermined object is based



US 10,289,929 B2

5

upon processing the one or more captured images of the
object space. In still other embodiments, the determining of
the coordinate location of the predetermined object may be
performed by GPS, triangulation, geolocation, location or
pressure sensors mounted in or on a floor surface, altitude
sensors, IMU sensors, or any other location method. Some
embodiments utilize a combination of methods and devices.
In a particular embodiment, the coordinate location is a
two-dimensional coordinate location within the object
space. In still other embodiments, the coordinate location is
a three-dimensional coordinate location within the object
space.

In at least one embodiment, the processor/controller
receives a definition of a target set of coordinates in the
object space. In at least one embodiment, the definition of a
target set of coordinates in the object space is performed by
a user in a prior setup procedure as will be further described
herein. The target set of coordinates represents a location
within the object space in which it is desired to trigger one
or more outputs by the controlled output devices 108 when
predefined criteria are satisfied. In at least one embodiment,
the defined criteria are related to a spatial relationship, such
a predefined proximity, between the coordinate location of
the predetermined object and the target set of coordinates.
The processor/controller 102 then determines the spatial
relationship between the recognized predetermined object
and the target set of coordinates and compares the spatial
relationship with predetermined spatial relationship criteria.
Examples of predetermined spatial relation criteria include
proximity of the recognized predetermined object to the
target set of coordinates where the target coordinates may
represent another observed or predetermined object, an area
or zone, a specific location, or a line defined as a delimiter
or “trip line” within the environment. If the determined
spatial relationship criteria falls within the predetermined
spatial relationship criteria, the processor sends control
signals to modify the object space environment. Examples
of predetermined object attribute criteria include location,
color, pattern or size of the recognized predetermined object

20
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beams within the object space environment. In other
embodiments, the control of devices 108 within the envi-
ronment may be mapped to audio attributes obtained from
the environment such as pitch or volume or mapped to
predefined set of environment control attributes defined by
a system profile.

In various embodiments, the system supports various
fixture control protocols such as the following industry
protocols: Digital Multiplexing—DMX 512=E1.11, USITT
DMX512-A (maintained by Entertainment Services and
Technology Association [ESTA]); Remote Device Manage-
ment—RDM; and Architecture for Controls Networks—
ACN=ANSI E1.17 (maintained by ESTA).

For fixture control signal data management, leverages
several mechanisms to manage/control the new attributes
that one can now associate to fixtures. Some of the attribute
fields that are utilized in building fixture lighting cues today
include: dimming (intensity), pan, tilt, color, gobo, iris
(beam angle), frost (beam edge control), focus, and shutter/
strobe. The Vision-2-Vision system provides new attri-
butes—examples include: attributes that manage object
tracking, object selection, V2V-TRAX behavior and rate of
change, audio frequency select, V2V-SYNC behavior and
rate of change, V2V-IMAGE effect(s), and V2V-IMAGE
behavior and rate of change. To the user, the new fields can
be thought of as additional fixture channels added to and
utilized by an associated device. In various embodiments,
the user interface presents a control interface that is consis-
tent with systems today presenting new attributes as addi-
tional fixture channels so that users can manage the new
capability in a familiar way. In addition, in some embodi-
ments the system offers simplified interfaces to offer a
simpler control interface strategy for cue management and
creation. An example would be to utilize a behavior latch
interface tool to link a new feature and control capability to
mark/pre-set cue in a standard industry cue stack. An
example of using some of the fields described is shown in
the table below (note, example shown in non-tracking cue
mode):

FIXTURE OBJECT OBJECT V2V-TRAX CUE
D DIMMER PAN TILT COLOR GOBO TRACKING SELECT BEHAV./RATE D
MFG- 50 30 25 GREEN SQUARE OFF 1
A_UNIT
11
MFG- 50 *60  *25 BLUE CIRCLE  OBJ_IDI12 AUTO-  FOLLOWSPOT 1
A_UNIT 388
12
MFG- 50 90 25 **GREEN SQUARE OBI_IDI12 MAN- COMPLEMENT 1
A_UNIT RP
13

*Given V2V-TRAX is in use for the cue, the pan and tilt values represent a mark/pre-set cue value.
**The console will evaluate the primary color stored for OBJ_ID12 in the image DB and override the COLOR attribute control to select

a complementary color

within the object space. If the predetermined object’s attri-
bute criteria falls within the predetermined attribute criteria,
the processor sends control signals to modify the object
space environment. Examples of predetermined motion cri-
teria include the motion of the predetermined object relative
to a predetermined path in the environment and or detecting
a gesture of the recognized predetermined object. In various
embodiments, the object space environment is modified by
controlling one or more controlled devices 108 within the
environment. In a particular example, object space environ-
ment is modified by controlling the pan, tilt, and light
intensity of one or more light fixtures to direct their light

55

60

65

In some embodiments, solutions that leverage an existing
controller that is used in conjunction with a rack mount/
standalone Vision-2-Vision controller may leverage one of
several strategies to manage fixture control operations. One
can use a multiplexed control signal (e.g. DMX universe)
and connect it to the V2V controller, define/map key fixture
attribute data into the external device controller, or leverage
an overlay approach where devices are programmed via an
industry standard protocol directly to the external device
controller.

FIG. 2 illustrates an embodiment of an entertainment
environment 200 for use with the control system 100. The
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entertainment environment 200 includes a stage 202 and a
truss structure 204 attached thereto. The truss structure 204
functions to suspend various equipment such as lighting
fixtures and other devices above the stage 202. A downstage
left camera 206a, a downstage right camera 2065, an
upstage left camera 206¢ and an upstage right camera 2064
is attached to the truss structure 204 and are coupled to the
processor 102 as environment control inputs 104. The cam-
eras 206a-d are directed downward toward the stage area
and capture video and/or still images of the environment
200. One or more stage lights 208 or other devices are
affixed to the truss structure and function as controlled
devices 108 under control of the processor/controller 102 as
further described herein. Although the embodiment illus-
trated in FIG. 2 uses four cameras, it should understood that
in other embodiments any number of cameras or imaging
devices may be used. In particular, in one embodiment, the
entertainment environment may include one imaging device.
In some embodiments, other environmental sensors may be
attached to the truss 204 structure such as IMUs, pressure
sensors, or lasers, and objects which may appear in the
volume of space defined by the truss 204 and stage 202 may
have sensors attached such as RFID.

FIG. 3 illustrates an embodiment of general software
components of the software architecture for the VISION-2-
VISION control system. The general software components
include a system configuration management component 302,
a system database management component 304, a system
event management component 306, a system resource man-
agement component 308, a system background monitoring
component 310, a system debug and maintenance manage-
ment component 312, and a user interface management
component 314. In various embodiments, the control system
is designed to be scalable so that the system can grow as the
user’s needs grow or system feature performance demands
increase. In a particular embodiment, components can be
mapped to a specific CPU core or deployed in an indepen-
dent computing platform blade/interface depending on the
user/performance needs. If a particular service or component
is hosted on a different platform blade, Ethernet, RS-232; or
any other suitable protocol may be used to communicate
data to the master control computing interface.

FIG. 4 illustrates an embodiment of a general overview of
software logical planes for the control system. FIG. 4
illustrates various software components of the vision-2-
vision control system for a particular embodiment, but it
should be understood that it does not represent a compre-
hensive view of such. In other embodiments, additional or
different software components may be present. The software
logical planes include a platform logical plane 402, a mes-
sage logical plane 404, a management logical plane 406 and
an application logical plane 408. The platform logical plane
402 may include node or device interface management
functions including initialization, configuration, task man-
agement, diagnostics, fault management, clock manage-
ment, event management, resource management, profile
management and rend-state management. The message logi-
cal plane 404 includes message transport services. The
management logical plane 406 includes system level man-
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agement functions such as a initialization, configuration,
event reporting, resource management, fault management,
alarm management, profile management, clock manage-
ment, upgrade and state management. The application logi-
cal plane 408 includes device control service functions such
as object detection and tracking, image processing, device
normalization, video processing, voice processing and
music processing.

FIGS. 5-5' illustrate an embodiment of logical elements
and sequences that represent key control services capability
of'the control system 100. It should be understood that FIGS.
5-5' does not represent a comprehensive view of the soft-
ware components defined absolute grouping of capability to
service, nor sequences managed in the vision-2-vision con-
trol system in all embodiments. In other embodiments,
different services, groupings or sequences may be used. In
the embodiment illustrated in FIGS. 5-5', the control system
100 includes a number of core services including V2V-VOX
core services 502, V2V-TRAX core services 504, V2V-
IMAGE core services 506, V2V-SYNC core services 508,
and V2V-NOTE core services 510. The V2V-VOX core
services 502 provide such services as voice command, and
control grammar. The V2V-TRAX core services 504
includes services such as region of interest and object
management. The object management may include identi-
fication, size, shape, movement, gesture, and special and
orientation attributes. The V2V-IMAGE core services 506
may include an effect engine, and image control such as
color, shape, texture, brightness mapping and management.
The V2V-IMAGE core services 506 may further include
video mapping and management. The V2V-SYNC core
services 508 may include audio processing, genre manage-
ment, synchronization services, and an effects engine. The
V2V-NOTE core services 510 may include profile manage-
ment, event logging, environment data and control
archiving.

In various embodiments, the voice control capability
design provided by V2V-VOX core services 502 is built
around infrastructure that prevents the need for training the
system for each user. In some embodiments, multiple lan-
guage support is possible. The command grammar is based
upon a set of fields that map to specific terms/tokens. The
term may be an attribute of a fixture or desired operations
against the active fixture(s). For example, if one says: “lights
on”, “turn the lights on”, or simply “on”, one or more
fixtures will be turned on. The fixtures that will come on are
based upon a number of factors. If no fixtures had ever been
turned on, then all fixtures will come on. If a prior command
had been issued that turned on a specific set of fixtures, then
no action will occur as the prior command had already
turned on fixtures.

In various embodiments, the system tracking control
capability provided by V2V-TRAX core services 504 uses
cameras for system computer vision control and leverages
edge detection and motion detection algorithms to locate and
identify objects as well as obtain object characteristics and
attributes. Examples of edge detection algorithms that may
be used in various embodiments are listed in the following
table:

Vision Algorithm or Technique

Associated Function or Task

Boosting, Random Trees, Expectation

Machine Learning

Maximization, K-nearest Neighbor

Canny, Subtraction, Sobel
Delaunay Triangulation

Edge Detection
3D Shape Rendering
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Vision Algorithm or Technique

Associated Function or Task

Delaunay Triangulation

Distance Transform

Frame Differencing, Codebook, Averaging
Background Method

Gaussian, Laplacian of Gaussian

Gradient processing

Haar Classifier

Harris

Histogram Equalization
Hough Transform

Hough Transform

Inpainting

Line Fitting

Lucas-Kanade, Horn-Schunck

Morphology, Flood Fill, Threshold, Pyramid
Reprojection

Tracking Objects

Image Processing of Edge Detection
Background Subtraction: Isolating Image
Objects

Edge Detection Filter

Corner Detection

Machine Learning; Face Detection
Corner Finding: Extracting Geometric
Measurements

Image Processing for Better Contrast
Circle Detection & Detection of other
Simple Forms

Line Detection

Image Repair

3D Point Analysis

Optical Flow: Tracking & Motion
Image Segmentation

Depth Map Generation; 3D Structure of

10

Environment
SIFT Key Feature Detection
SLAM
Mapping
Structure From Motion
Environment
Subpixel Corners
Time of Flight, Projected Light
Watershed Algorithm, Pyramid Mean-Shift,
Pyramid Segmentation

Camera Type for Depth

Background Image

Image Segmentation without a

Simultaneous Localization and Depth
Camera Trajectory; 3D Structure of

Corner Finding: Extracting features

In a particular embodiment, a detection algorithm based
upon a Harris type of edge detection is used. Images are
cross-referenced via in-memory database searches that uti-
lize search methods selected to return/locate data as effi-
ciently and quickly as possible. In some embodiments,
data/image matching is performed based upon evaluating the
tracked object attributes against object images in a system
database. System control parameters determine how many
attributes, of an object observed by a camera, must match an
object in the database for a consecutive set of frames to
determine whether an object is one that should be tracked.
Motion detection capability is leveraged to facilitate auto-
matic selection of an object based upon its location and the
period for which the object resides at a given location. For
objects that are actively tracked, the system will return the
object ID, object group ID, Cartesian coordinates, as well as
the observed height and width of the object. Some attributes
of'a given objective can be derived directly from the systems
image database based upon the object ID (e.g. color attri-
butes, object complexity factor, etc). The data is used to
update the value of the attributes sent in the fixture control
signal to define the associated operation. In various embodi-
ments, the system V2V-TRAX control is protocol agnostic
so that any industry protocol can be supported at the
hardware and/or device control layer (e.g. DMX, RDM,
ACN). In still other embodiments, the system can support
interaction with devices tracked via RFID methods.

The system will define the event (or object) space via
several mechanisms. The data can be manually entered into
the system database based upon data from the fixture plot
and data associated with the dimensions from the stage that
will be used for the event. Alternately, the system can obtain
localization data by reference to a number of points obtained
during load in or as part of the system init sequence during
the product setup. Localization data is used to provide the
master set of reference dimensions and data to be used for
a given event. The data is stored with an event location
name/ID for reference should a future event be done at the
same location.
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In various embodiments, image management capability
provided by V2V-IMAGE core services 506 is based upon
two key areas. One area is the video effect engine that
applies effects to a provided video stream. Most systems to
date utilize canned streams created prior to the event which
complicates the ability for the lighting designer to mesh the
video with the fixtures in real time. Embodiments of the new
engine allow the user to create a cohesive look that ties
fixture attributes to any projected video. The second area
leverages computer vision principles associated with image
database analysis. This subsystem is used to perform attri-
bute analysis of an object so that fixture attributes can be
defined based upon an observed object’s attributes (e.g. use
colors in the fixtures that compliment the color of a piece of
material that will be used in a costume). Image mapping
control parameters allow the artist to set how a fixture should
map to the attributes of an object and what behavior is
desired (e.g. compliment the attributes, use consistent attri-
butes, use contrasting attributes, etc). In other embodiments,
the image management capability is utilized to process and
compare shapes or patterns control devices can create. This
facilitates the ability to compare two different devices,
evaluating all control capability and attributes of the device,
to determine if one device would be a suitable replacement
for the other.

In various embodiments, the audio synchronization sub-
system provided by the V2V-SYNC core services 508 is
based upon an audio processing engine that will split an
audio stream out into specific data attributes. Analysis may
be done via hardware or software utilizing Fast Fourier
Transforms [FFTs] for spectrum analysis or any other suit-
able technique. In some embodiments, the data is accessible
via software access methods defined on an industry standard
protocol (e.g. XML). Various attributes can be collected and
stored in audio attribute tokens—examples include: beat,
pitch/frequency, key, time, volume/loudness, and harmony.
Attributes may be cross linked to data that tracks/records
changes across specific sampling periods—this allows the



US 10,289,929 B2

11

system to detect if there is a change in a given attribute. The
audio attributes will then be available to the designer to map
specific fixture behavior to a given sound characteristic.
Sample applications include applications in which the
designer configures a group of fixtures so that cues trigger
based upon the audio sensitivity within a specified fre-
quency, or the designer may associate how quickly a fixture
pans or how bright the light is based upon the volume of
sound. In various embodiments, the audio engine will be
used to trigger operations against video panels to control
which panels are turned on/off. The display panel control
interface will be based upon a user defined panel matrix that
maps the installed location of the panels against their
associated control address—for a set of panels used to
construct a video wall, the panel matrix could look some-
thing like a checker board.

In various embodiments, the journaling subsystem pro-
vided by the V2V-NOTE core services 510 is based upon
detailed table structure definitions and relationships coupled
with efficient search algorithms and tools. In some embodi-
ments, templates are used, based upon an industry standard
software language (e.g. XML), for fixture definition and
music semantic data storage. In some embodiments, the
templates may be offered to fixture vendors for defining
library plug-ins of their fixture set. The V2V-NOTE subsys-
tem supports the capability of storing video streams
observed during a rehearsal or live event. In such embodi-
ments, the system may require additional storage devices to
prevent burdening the control system with the overhead of
the associated storage. Notes taken during rehearsals/live
events can be coupled to a live video stream. In various
embodiments, a table structures is defined and utilized to
generate numerous system, event/show, configuration, sta-
tus, and equipment reports. Some reports may be based upon
a cross-section of system events that were posted/reported
for a specified period of time.

The example environmental control input 104 may
include: voice, console, keyboard, touch screen, or other
physical interface control signals, audio, video, time code or
clock (SMPTE, MIDI), signals from a inertial motion unit
(IMU), a signal from an RFID, a pressure sensor or a
temperature transducer. The example environmental control
input 104 may further include image or object data such as
a gesture, shape, size, color, position, and spatial relation.

Examples of environment device control 106 attributes
may include: camera attributes such as focus, pan, tilt, zoom,
zone event, fixture attributes such as color, pattern, pan, tilt,
test behavior, or tracking mode, video attributes such as
layer, pixel map, and pattern, discrete event attribute triggers
such as playing a sound effect enabling snow effects, etc., a
profile containing audio semantics, a thermostat used to
manage temperature in the environment, and or security
control attributes such as camera pan, tilt, zoom, or zone
alarms.

The environment control inputs 104 are provided to the
various core services, which are processed by the core
services and used to monitor and update environment device
control attributes within the control environment 116. The
control system may further generate data 512 that is stored
in the database 112, which may include user or control mode
environment profiles, device or image profiles, control or
genre profiles, event reports, genre profiles, controlled gram-
mar, object models, environment attributes, device attri-
butes, image attributes, control attributes, audio attributes,
event attributes, and system logs.

FIG. 6 illustrates a particular embodiment of software
components 600 of the V2V-TRAX core services 504. In
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various embodiments, a complex object may have one or
more models associated with it. Each model may contain
specific details of an object. For an object to be observed by
the system, a user defined number of details is observed for
a user defined set of consecutive frames. Simple objects will
have fewer details/models as the object will be defined more
so by its edges than specific image details of the object. In
particular embodiment, a laser can be used to set fixture
focus. Additionally, the color of the laser as well as the shape
of the image projected by the laser can be used to define/set
fixture attributes. An input device to the system in this
particular embodiment is a camera, which will see the laser
beam and associated shape. When a camera is present, some
embodiments may utilize the observed shape of a fixture’s
projected beam of light to manage system initialization
operations as well as attribute management to various envi-
ronment control devices. Other embodiments leverage the
observed objects width and height to manage what attributes
to update in the various control devices within the environ-
ment. Given the control system 100, comprehends volumes
of space, the system will have a 3D effects engine which
defines default control attributes values that generate spe-
cific 3D looks/effects—effects can be dynamic and change
in relation to predetermined objects within the space. For
example, the system may provide a collection of 3-D effects
based upon these object’s attributes such as a wave, tear-
drop, heartbeat and many more.

FIG. 7 illustrates a particular embodiment of software
components of the V2V-IMAGE core services 506. In
particular embodiments, a complex object may have one or
more models associated with it. Each model contains spe-
cific details of an object for an object to be observed by the
system, a user defined number of details may be observed
for a user defined set of consecutive frames. Simple objects
will have fewer details/models as the object will be defined
more so by its edges than specific image details of the object.
Image processing services may provide facilities to search
object models for matching characteristics across multiple
objects. This allows the system to normalize gobo selection
of cross fixtures by finding similar images. A gobo is a
physical template which is slotted inside or placed in front
of a lighting source and is used to control the shape of
emitted light. A gobo may have a particular color or shape,
such as a star, a spiral, a flower, etc., or other shapes and
colors as are known in the art.

FIG. 8 illustrates a particular embodiment of software
components 800 for the V2V-VOX core services 502. The
V2V-VOX software components provide voice control of
the control system 100. In a particular embodiment, V2V-
VOX services have a setting to control which fixtures a
particular voice command will apply to. The interface pro-
cesses command strings constructed from a set of terms that
are used to form command grammar for the system. The user
is able to reorder the sequence and which terms are used to
alter the command grammar. For example, this allows the
user to determine/configure the system to either accept the
command “turn on the Martin Macs” or “turn the Martin
Macs on” by simply changing the order of the action and
device terms used in the command grammar. In the particu-
lar embodiment described herein, Martin Macs are a par-
ticular type of lighting fixture. Other embodiments of the
V2V-VOX software provide methods where devices can be
categorized into device types (e.g. Martin Mac is device type
lighting or profile lighting), this allows the system to apply
actions on different devices based upon the device type. An
example of grammar terms and values includes:
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ACTION On, off, dim, intensity, pan, tilt, focus,
strobe, frost

Up, down, percentage, upstage,
downstage, stage right, stage left,
reference point 1, reference point 2 and
laser

Fixture name, name for group of
fixtures, name for a group of fixtures
based upon location, and name of a
group of fixtures based upon fixture

type.

DETAIL

DEVICE

In various embodiments, the V2V-VOX core services 502
may support a number of different languages including
English, Canadian French, Spanish, German, Arabic and any
other dialect. Supported languages may be further broken
down such that English may be broken down into U.S.
English, U.K. English, Australia English, and New Zealand
English. Spanish may be broken down into Mexican Span-
ish, South American Spanish, and European Spanish.

FIG. 9 illustrates a particular embodiment of software
components 900 for the V2V-SYNC core services 508. The
components 900 allow music genres to be associated to
fixture attribute profiles such as those used in prior events or
from a genre system default database to quickly create
different looks by setting up the system to utilize a music
genre to define fixture behavior and attribute usage. For
example, a particular genre of music may be used to control
a particular light pattern, color, movement, etc. In a particu-
lar embodiment, a projection system or video panel may be
used such that it can appear to sync to music attributes by
utilizing the audio processing services to control when the
output to specific panels will be enabled.

FIG. 10 illustrates an embodiment of an example of a 4x4
LED panel matrix under control of the V2V-SYNC software
components 900. In the first example illustrated in FIG. 10,
the panels of the 4x4 LED matrix will be enabled in columns
from left to right with the panels being turned on in sequence
based upon the sync trigger parameters. In this example,
each tick mark added to the letter “A” represents a consecu-
tive display step (e.g., A" would follow A"). In the second
example, the panels are enabled in columns from right to
left. Panels will be turned on in sequence based upon the
sync trigger parameters. In the third example, the panels will
be enabled from left to right by selecting odd numbered
panels. Panels will be turned on in sequence based upon the
sync trigger parameters. In the fourth example, panels will
be enabled from left to right selecting even numbered
panels. Panels will be turned on in sequence based upon the
sync trigger parameters.

FIG. 11 illustrates an embodiment of a user interface of
the control system 100. The user interface includes a touch
screen 1102, a physical interface 1104, a voice interface
1106, a laser pointer interface 1108, and a camera interface
1110. The touch screen 1102 allows an operator to interface
with the control system 100 such as designating objects for
tracking, designating a region of interest, controlling a
fixture shown in the touch screen display or any other
functions of the control system 100. The physical interface
1104 may include a keyboard, one or more buttons, sliders,
control panels or any other physical interface which may be
used to control various aspects of the control system 100.
The voice interface 1106 may include a microphone or
headset used to issue voice commands to the control system
100. Different embodiments of the system will utilize dif-
ferent types and combinations of cameras such as local
control cameras or environmental control cameras. The local
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control camera 1110 is used not to capture images of the
environment itself but instead used as a local input control
interface for the operator. For example, the operator may
make gestures at the local control camera to control the
various aspects of the control system 100. In another
example the operator may hold up a card printed with an
image of a specific: color, shape, colored shape, or any other
object which will then be recognized by the camera and used
to control various aspects of the control system 100. The
laser pointer 1108 may be used to point to a particular
location within the controlled environment. For example, the
laser pointer 1108 may be used to point to a specific location
upon the stage and the control system 100 may recognize the
focus of the laser pointer using the cameras which capture
images of the environment and designate the particular area
pointed to as a region of interest to be used in further control
of devices such as lighting fixtures. Although various
embodiments have been described as using a laser pointer
1108, it should be understood that other embodiments may
use any type of light source such as a fixture, laser, or laser
pointer.

FIGS. 124-125 illustrate a particular embodiment of an
operator using the laser pointer 1108 to designate a particu-
lar region of interest. Referring to FIG. 12a, the operator
points a laser to a location on the stage of the entertainment
environment and in response the area defined by the laser
pointer as an area or region of interest will be identified on
the user interface. In the particular example illustrated in
FIG. 124, the area is identified on the user interface by an
oval shape. In another example, the operator may issue a
voice command of “downstage center.” In response the
control system will identify the downstage center portion of
the stage as an region of interest on the user interface using
an oval shape. Referring now to FIG. 124, in another
example of a selection or identification of an object or region
of interest, the user selects an object displayed on the touch
screen 1102 and the selected object will be identified using
image processing and will be designated as a selected object
in the user interface on the touch screen 1102. In the
particular embodiment illustrated in FIG. 125, the selected
object, which in this case is a person, is identified as being
selected by the object being surrounded by a rectangle with
a cross sectioned with an X. In still another example, an
operator may touch or select a particular area displayed on
the touch screen. The area selected will now be identified on
the touch screen 1102 of the user interface as a region of
interest. In the particular embodiment illustrated in FIG.
125b, the entire upper stage is designated as a region of
interest by the selection of a portion of the upper stage by the
operator. In other embodiments, a particular laser image
shape or color can be mapped to control other attributes such
that different laser pointers and/or laser pointer colors may
be used to control different aspects of the control system
100. In still other embodiments, the operator may select a
portion of the environment displayed on the touch screen
1102 by drawing a border around the desired region of
interest using the touch screen interface or circling the object
of interest in the control environment via a laser pointer. The
mechanisms and associated attributes used to provide feed-
back to the user regarding a defined location, region, or
object of interest may vary. The use of an oval to represent
a location, a rectangle cross sectioned with an X for an
object, or filling an area with lines are shown as possible
examples.

FIGS. 13a4-13a" and 135-135" illustrate an embodiment
of'a sequence of an operator using a focus behavior function
of'the V2V-TRAX software component. The focus behavior



function allows the control system 100 to update the attri-
butes of devices and the control environment based upon the
position of an object, the color or shape of an object, or both
the position and color or shape of an object. For example, the
function allows an operator to set a pan and tilt value of a
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particular light or group of lights such that the light is
positioned to focus at the location where an object is
observed. Further detail of the V2V-TRAX Focus Behavior

function is described in the following table:

Control System Service
Tool Service Operation

V2V-TRAX
Focus Behavior

Example

Control
Capability
Introduced

Key Components

Example
Additional
Components
Utilized
Based Upon
Desired
System
Services and
Control
Capability
Example
Devices
Controlled
by the
System
Example
General Tool
Service
Provisioning
Steps
Example Tool Control
Parameters

Example
Tool Control
Behavior
Types

Update the attributes of devices in the control environment based upon
The position of an object or both the position and color or shape of an
object (e.g. set a lights pan and tilt values such that the light is positioned
to focus at the location where an object is observed)
*Control System: Provides computational power, storage, and user interfaces
Camera(s): Provides video and image input to computer vision pipeline tasks
May be packaged with IMU, pressure, laser, and or GPS
Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in the
environment
Additional Data Storage Units: Used to archive video and or audio streams
Head Set: Used to tell the system a location in the environment (e.g. Don’s
office, Downstage Center) where tool operation is mapped
Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in the
environment
Touch Panel: Used as a control interface to select objects, zones, locations, and
lines
Sensors: IMU, pressure, RFID, color, and temperature sensors may be used for
additional attributes of devices in the environment
Lighting Fixtures, LED Panels, Cameras

Map the tool service, Focus Behavior, to a control device or group of devices
(e.g. Lighting Fixture(s)) and to one or more of the given control device’s
attributes (e.g. Light Fixture(s) pan, tilt, and iris size)

Behavior Type: Test, Automatic, Manual
Activation Type: Automatic, Manual, Validate, Test
Activation Threshold: Control parameter used to control how long a device’s
parameters are updated
Sequence Control: Control parameter used to manage how the system moves
between control devices contained in a group (e.g. automatically, manually,
by type, by location, for system)
Control Threshold: Control parameter used to manage timing associated with
when the system moves to a new device in a group

Service Tool Type & Control Device Example Service Tool Type

Update Criteria Provisioning Methods

Focus can be configured via a system
control interface; the target focus
position can be manually entered,
specified via a voice command, or set
using a laser pointer

Test: After position data is determined
to focus a device to a location,
sequence through testing other
attributes used on the device (e.g.
color)

Automatic: Once a device(s) is/are
mapped to focus behavior,
automatically turn on the device, set the
focus position, and based upon other
control parameters, move to another
device

Manual: Once a device(s) is/are
mapped to focus behavior,
automatically turn on the device, and
wait for the operator to accept or
modify then accept the data

FIGS. 13a-134" and 135-134" illustrate an embodiment

1D 2, the user shines a laser pointer in the environment to a

of a sequence for setting the focus position using a laser 4, desired target focus position. It should be noted that the laser

pointer. The sequence is illustrated as using frame IDs to
indicate the progression of time. It should be understood that
a particular frame ID may not refer just to one frame but
may, in fact, include multiple frames of a video sequence. In
frame ID 1, a baseline image of the entertainment environ- 65
ment is captured in a video frame and processed to provide
an image of the environment to the user interface. In frame

beam is shown in the figure for clarity, however, in actual
use, only the beam point may be visible. The control system
detects the position of the laser pointer and sets a location
object at that point. In the user interface, the operator is
provided with an indication that the system has selected the
particular location.
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In the particular embodiment illustrated in FIGS. 13a-
134", the position is indicated by an oval. In frame ID 3, the
location is mapped to a control device or group of devices
such as a lighting fixture or fixtures and to one or more of
the given control device’s attributes such as light fixture,
pan, tilt and iris size. In the user interface, a particular light
fixture is shown as enabled for that location. In a particular
embodiment, the control system may generate an internal
log including an indication that the criteria have been met
and the devise attribute updates have been initiated. The
device control attributes of the control system are updated to
indicate that mapped environment light focus data has been
updated. Continuing to FIGS. 135-136", additional frames
continue to illustrate the scenario for a sequence where the
positioning laser is present and focus type activation is
validated. In frame ID 4, the system enables a positioning
laser and location data for the positioning laser is obtained.
The control system provides a validation of the target focus
position to the user through the user interface. In frame 1D
5, the location is compared to a prior value. In frame ID 6,
the position data is validated by the user interface displaying
an indication that the location is mapped to the particular
light fixture. As before, an internal log may be generated
indicating that the criteria has been met and that devices
attribute updates have been initiated. In the prior step of the
position data being validated, if the focus position has
changed from the prior value, the position data may be
updated with the revised position values. The environment
device control attributes are updated to reflect the new
mapped environment light focus data. FIGS. 13¢-13¢" illus-
trate another example sequence for focus behavior.

The embodiment illustrated in FIGS. 13¢-13¢" show an
example sequence for automatically setting fixture focus
utilizing a system positioning laser. In frame ID 1, the
system enables the positioning laser and location data for the
positioning laser is obtained. The detected object is then
shown as a target focus position to the user. In frame ID 2
the system turns on the first lighting fixture in the device
control group. The control system then focuses the first
lighting fixture at the positioning laser location that indicates
to the user that position data has been obtained and updates
the map environment light focus and relative position data
for the first lighting fixture. In frame ID 3 the system turns
off the lighting fixture and prepares to move to the next unit.

FIGS. 13d-134" illustrate an embodiment of a flow dia-
gram for focus behavior. Focus behavior can be enabled for
a single control device or a device group. Example focus
behavior control parameters include behavior type, activa-
tion type, activation threshold, sequence control and control
threshold. Example focus behavior types include test mode,
automatic mode or manual mode. In step 1301 a camera
input is provided to the control system. In step 1302 it is
determined if focused behavior is mapped to environmental
control devices. If not, a log event is generated in step 1304
and the procedure ends. If yes, the procedure continues to
step 1306 in which it is determined whether a camera or
video stream is active. If not, a TRAX event alarm is posted
providing device information in step 1307 and the procedure
ends. If yes, the video frame image is captured and pro-
cessed in step 1308. Example object attributes that may be
obtained in step 1308 include size, color, edges, coordinates
or shape of an object. In step 1310, it is determined if an
object is observed in the video image frame. If yes, the
image frame is evaluated against prior frames and feedback
to this effect is provided as output in step 1312. In step 1316
the control system 100 may optionally receive environment
monitoring control device input. This input may include data
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output from an RFID, monitored temperature, a monitored
volume level, or any other parameter of the environment
which may wish to be monitored. In step 1318, if enabled,
the environmental data is merged with the data received
from the evaluation of the image frame in step 1312. If in
step 1310 it is determined that there is no object observed in
the video image frame, the procedure continues to step 1311
in which it is determined if a target focus position has been
provided. If no, a log event is generated and the procedure
ends. If yes, the procedure proceeds to the aforedescribed
step 1318. In step 1320 the control device, such as a lighting
fixture is turned on, the iris setting is set to small, and pan
and tilt values of the device are set to match the position of
the observed object or specified location. In step 1322 it is
determined if the system has a position laser and if focus
activation type is validated. If no, the focus behavior active
thresholds are set or updated. In particular embodiments, the
focus behavior active thresholds include a setting of a
predetermined time period for which mapped control device
attributes are to be updated. If in step 1322 it is determined
that the system does have a position laser and that focus
activation type is validated, the procedure continues to step
1326 in which the position laser is turned on and the current
light focus position is audited. The system then returns to
step 1324. In step 1328 the system and node environment
variables are checked. An example of such a variables are
inhibit and pause. In step 1330 the environmental control
device attribute data is updated. This environmental control
device attribute data may include light pan and tilt. In step
1332 a particular environment control device is controlled.
An example of such devices include a camera or a lighting
fixture.

FIGS. 14a-14a" illustrate an embodiment of a sequence
for a gesture behavior function of the V2V-TRAX software
module. Using such a function, an operator may update the
attributes of devices in the control environment based upon
the gesture, color, size, and/or shape of an object. For
example, the control system 100 may be configured to strobe
a particular light if an object gesture is a clap. In still other
embodiments, the gesture, color and/or shape of an object at
a given location may be used to update the attributes of
devices in the control environment. For example, the control
system may be configured to change the color of a light if an
object gesture is a jump and the object is located in the area
of center stage. In still other embodiments, the control
system may be configured to trigger events in the environ-
ment based upon a gesture, color and/or shape of an object.
For example, the system may be configured to change the
color of a light in use if the object observed is a circle. Other
examples of devices which may be controlled by the system
include lighting fixtures, LED panels, cameras, security
systems, and thermostats. The gesture behavior function
may be used to map a particular gesture to a control device
or group of devices such as lighting fixtures and to one or
more of the given control devices attributes such as a light
fixture’s color and iris size. Examples of gestures include
jumping, clapping, pointing, sitting, standing or laying
down. An individual gesture may be a gesture observed
relative to an individual object, an object in a given area, or
as a group gesture where a gesture observed is relative to a
group of objects or objects in a given area. Further detail of
the V2V-TRAX Gesture Behavior function is described in
the following table:
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Control System Service
Tool Service Operation

V2V-TRAX
Gesture Behavior

Example Update the attributes of devices in the control environment based upon
Control The gesture, color, and or shape of an object (e.g. strobe a light if an
Capability object gesture is a clap)

Introduced The gesture, color, and or shape of an object at a given location (e.g.

Key Components

change color of light if an object gesture is a jump and the object is
located in the area of center stage)
Trigger events in the environment based upon
The gesture, color, and or shape of an object (e.g. change the color of
light in use if the object observed is a circle)
*Control System: Provides computational power, storage, and user
interfaces
Camera(s): Provides video and image input to computer vision pipeline
tasks
May be packaged with IMU, pressure, laser, and or GPS

Example Additional Data Storage Units: Used to archive video and or audio streams
Additional Head Set: Used to tell the system a location in the environment (e.g. Don’s
Components office, Downstage Center) where tool operation is mapped

Utilized Laser Pointer: Used to point to a location in the environment where tool
Based Upon operation is mapped; Used to point to or select (e.g. circle) an object in the
Desired environment

System Touch Panel: Used as a control interface to select objects, zones, locations,
Services and and lines

Control Sensors: IMU, pressure, RFID, color, and temperature sensors may be used
Capability for additional attributes of devices in the environment

Example Lighting Fixtures, LED Panels, Cameras, Security Systems, Thermostats
Devices

Controlled

by the

System

Example Map the tool service, Gesture Behavior, to a control device or group of
General devices (e.g. Lighting Fixture(s)) and to one or more of the given control

Tool Service
Provisioning Steps

device’s attributes (e.g. Light Fixture(s) color and iris size)

Example Behavior Type: Individual, Group

Tool Activation Type: Automatic, Manual, Copy, Auto-Specific,

Control Rotation/Angle

Parameters Activation Threshold: Control parameter used to qualify when attribute

Example Tool
Control Behavior
Types

updates are qualified for posting/sending
Clear Threshold: Control parameter used to qualify when attribute updates
should stop
Duration Type: Control parameter used to specify complex or linked
operations
Duration Threshold: Control parameter used to manage duration of updates
or control based upon duration type
Gesture: Control parameter used to specify the gesture type for an object
(examples: jump, clap, point, sit, stand, lay down)
Service Tool Type & Control Device Example Service Tool Type
Update Criteria Provisioning Methods

Individual: Gesture observed relative to Gesture recognition can be

an individual object or object in a given configured via a system control
area interface

Group: Gesture observed relative to a

group of objects or objects in a given

area

50

Referring to FIGS. 14a-14a", in a frame ID 1, the system
has mapped the object gesture pointing to represent a person
holding their arm out in a given direction. In frame ID 2, an
object is detected and an indication of the detected object is
shown in the user interface. In frame ID 3, the observed 55
object holds his or her arm out towards the audience and
points in a particular direction. In response the system
obtains a gesture pointing object attribute. The control
system then updates the device associated with that gesture
by positioning the lighting fixture in the direction pointed to 60
by the observed object. This is performed by mapping the
environment attribute gesture to send pan, tilt and focus data
to the selected control lighting fixture.

FIGS. 14b-145' illustrate a flow chart of an embodiment
of the gesture control behavior. In step 1402, the control 65
system 100 receives a camera input which includes one or
more images of the control environment. In step 1404 it is

determined whether there is gesture behavior mapped to
environmental control devices. Gesture behavior can be
enabled for a single control device or a device group.
Examples of gesture behavior control parameters include
behavior type, activation type, activation threshold, clear
threshold, duration type, duration threshold and gesture.
Example gesture behavior types may include individual or
group behavior types. If the answer is determined to be no
in step 1404, a log event is generated and the procedure
ends. Ifit is determined to be yes in step 1404, the procedure
continues to step 1406 in which it is determined whether the
camera video stream is active. If the camera video stream is
not active, a TRAX event alarm is posted related device
information is generated and the procedure ends. If the
camera video stream is indicated as active, the procedure
continues to step 1408 in which the video frame image is
captured and processed to determine whether there are any
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objects observed in the frame. Example object attributes
which may be obtained during the processing include size,
color, type, edges, coordinates, area/zone and shape.

In step 1410 it is determined if there is an object observed
in the video frame image. If the answer is no then in step
1412 it is determined whether there is an existing gesture
event active. If not, a log is generated and the procedure
ends. If yes, the procedure continues to step 1414. If in step
1410 it is determined that an object is observed in the video

22

distance between an object and a reference point or area or
based upon the size, color, shape, motion and/or direction of
an object observed in the environment. For example, select-
ing a particular light color based upon the height or color of
an observed object. In other embodiments the attributes of
devices in the control environment can be updated based on
parameters that define a space or operational containment
area. For example, a dark zone could represent an area where
a television camera may reside so light beams should not
take a direct path across the area to prevent camera spot

image frame, the procedure also continues to step 1414 and ' blindness.
a TRAX event is posted indicating that an object has been The attributes of devices in the control environment may
found may be generated and output to the user. In step 1416 also be updated based upon attributes defined for devices in
optional environment control device data may be put into the a specified zone. For example, based upon attributes defined
system and in step 1418, if enabled, the environmental s for devices in a specified reference zone, the attributes for
monitoring device data may be merged with the information devices specified in the target zone may be mirrored, copied,
obtained from processing the video frame image. An inverted or other changes may be applied. For example,
example of environmental monitoring device data may attributes can be updated to use the same colors present in
include data from an IMU. In step 1420 it is determined the specified reference zone in other environment target
whether criteria for a certain gesture has been met. If not, the zones by performing a copy operation. The proximity behav-
. . . .20 . : . .

process continues to step 1422 in which gesture behavior ior function may also be used to trigger events in the
clear thresholds are either set or updated and a log event is environment based upon the location of an object observed
generated and a procedure ends. If it is determined in step in the environment. For example, a trigger event may be set
1422 that gesture criteria have been met, the system con- to turn on lights when an object reaches a specific location
tinues to step 1424 in which gesture behavior active thresh- 55 OF to change LED panel colors based upon the location of an
olds are either set or updated. In step 1426 system and node object relative to a given panel or to a set of panels. A trigger
environment variables are checked. Examples of variables event may be set based upon a relationship, i.e., distance,
include inhibit and pause. In step 1428 environmental con- between objects observed in the environment. For example,
trol device attribute data is updated. Examples of attribute the system may be configured to turn off particular lights
data include light pan and tilt parameters. In step 1430, 30 when selected objects are more than five feet apart. The
environment control devices are controlled in accordance distance relationship can be relative to two objects or
with the device attribute data. Example devices include between an object and a reference point or area. Other
cameras, lighting fixtures and video streams. trigger events may be set based upon the size, color, shape,

FIGS. 15a-154" illustrate an embodiment of sequences of motion and/or direction of an object observed in the envi-
a proximity behavior function of the V2V-TRAX software 55 fonment. For example, the system may be configured to dim
module. The proximity behavior function allows the update lights when motion of a particular object is detected upstage.
of attributes of devices in the control environment based In still other embodiments, a trigger event may be set based
upon the relationship, i.e., distance, between objects upon an objects relationship to a specific line. For example,
observed in the environment. For example, light behavior the system may be configured to start a snow effect when an
like color or intensity can be controlled based upon the 2 actor walks past a door threshold. Further description of the
distance between objects. The proximity behavior function V2V-TRAX Proximity Behavior function is described in the
can also update attributes of control devices based upon the following table:

Control System Service V2V-TRAX

Tool Service Operation

Proximity Behavior

Example
Control Capability
Introduced

Update the attributes of devices in the control environment based upon
The relationship (i.e. distance) between objects observed in the environment
(e.g. light behavior, like color or intensity, can be controlled based upon the
distance between objects; relationship can also be based upon the distance
between an object and a reference point or area)
The size, color, shape, motion, and or direction of an object observed in the
environment (e.g. light color can be selected based upon the height or color
of an object observed)
The parameters that define a space or operational containment area (e.g. a
dark zone can represent the area where a television camera may reside so
light beams should not take a direct path across the area to prevent camera
spot blindness)
The attributes defined for devices in a specified zone
Mirror, copy, invert, or apply other changes to devices in the control
environment based upon the attributes defined for the specified zone
(e.g. use the same colors present in the specified zone in other
environment zones by performing a copy operation)
Trigger events in the environment based upon
The location of an object observed in the environment (e.g. turn on lights
when an object reaches a specific location, change LED panel colors based
upon the location of an object relative to a given panel or set of panels)
The relationship (i.e. distance) between objects observed in the environment
(e.g. turn off lights when objects more than 5' apart); the distance
relationship can be relative to two objects or between an object and a
reference point or area
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-continued

Control System Service
Tool Service Operation

V2V-TRAX

Proximity Behavior

Key Components

Example
Additional
Components
Utilized
Based Upon
Desired
System
Services
and

Control
Capability
Example
Devices
Controlled
by the
System
Example
General
Tool

Service
Provisioning
Steps
Example Tool
Control Parameters

Example Tool
Control
Behavior Types

*

The size, color, shape, motion, and or direction of an object observed in the
environment (e.g. dim lights when motion of object is upstage)
Object relationship to a specific line (e.g. start snow when actor walks past
door threshold)
Control System: Provides computational power, storage, and user interfaces
Camera(s): Provides video and image input to computer vision pipeline tasks
May be packaged with IMU, pressure, laser, and or GPS
Additional Data Storage Units: Used to archive video and or audio streams
Head Set: Used to tell the system a location in the environment (e.g. Don’s
office, Downstage Center) where tool operation is mapped
Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in the
environment
Touch Panel: Used as a control interface to select objects, zones, locations, and
lines
Sensors: IMU, pressure, GPS, RFID, color, and temperature sensors may be
used for additional attributes of objects in the environment

Lighting Fixtures, LED Panels, Cameras, Security Systems, Thermostats

Map the tool service, Proximity Behavior, to a control device or group of devices
(e.g. Lighting Fixture(s)) and to one or more of the given control device’s
attributes (e.g. Light Fixture(s) Focus Parameters = Pan and Tilt)

Service Tool Type & Control Device
Update Criteria

Behavior Type: Zone, Location, Trip Line, Object

Activation Type: Automatic, Manual, Copy, Auto-Specific, Rotation/Angle
Activation Threshold: Control parameter used to qualify when attribute
updates are qualified for posting/sending

Clear Threshold: Control parameter used to qualify when attribute updates
should stop

Duration Type: Control parameter used to specify complex or linked
operations

Duration Threshold: Control parameter used to manage duration of updates or
control based upon duration type

Control Curve: Control parameter used to manage operation across a group of
devices to normalize or smooth the capability (e.g. pan or tilt control curve
value smoothing)

Example Service Tool Type
Provisioning Methods

Zone: An object has entered a defined
zone or area in the control environment
and the control constraints have been met with a laser pointer, by telling the

A zone can be a predefined region of
space, defined by outlining the area

(e.g. the object stayed within the zone the system the name of a zone, or by

required amount of time)

Location: An object is at a defined
location in the control environment and
the control constraints have been met (e.g. a location, by telling the system a
the object stayed at the location for
required time)

Trip Line: An object has crossed a line
that delimits or defines a given location in location, drawn with a laser,
the environment

Object: An object is at a defined distance
from another object, zone, location, or trip system, selected by the user telling
line and the control constraints have been the system which object to use, or by
met selecting an object via a control

specifying an area via a control
interface

A location can be a predefined spot,
defined by pointing a laser pointer to

specific location, or by specifying the
location via a control interface
A trip line can be a predefined line

specified by telling the system a line
location, or specifying the location
via a control interface

An object can be predefined to the

interface

FIGS. 15a-154a" illustrate an embodiment of an example
sequence showing a light group operation mapped to an
observed objects predefined target location. In frame ID 1,
a baseline image of the entertainment environment is dis-
played. In frame ID 2, an object is detected within the 5 defined location, a light group mapped to that specific
environment and the size, location, color, shape or edges of
the object are acquired as object attributes. In the user

60

interface, an indication is provided that an object has been
detected. In frame ID 3 as the object moves across the stage,
object attributes including trajectory, motion, angle and
location are obtained. When the object moves to a pre-

location is turned on. In this example, the predefined target
location for the object is represented by an oval.
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FIGS. 15b6-155" illustrate an embodiment of a sequence
for updating LED panels based upon the location of an
observed object relative to a predefined area or zone. In
some embodiments, the location of an observed object could
be determined from pressure sensors assuming the floor
structure of the stage was equipped with them. In the
embodiment illustrated in FIGS. 1556-1556", LED panels are
placed on the stage. When a detected object moves into an
enabled target area or zone, one or more LED panels are
enabled causing them to light up. In this example, the
predefined target location for the object is represented by an
oval.

FIGS. 15¢-15¢' illustrate an embodiment of a sequence for
managing how attributes are set on a mapped lighting fixture
based upon the attributes of a fixture in a preselected
reference zone or area. In frame 1D 1 a user turns on a light
and sets the color, location and shape of the light. In the
particular illustration, the light is located in a Zone 1 and is
shaped as a star. The star is detected as an object and
attributes of color, shape and location are obtained. An
indication is given to the user that the object has been
detected in Zone 1. In frame ID 2, the user sets a zone
mapping mode and sets a function to mirror Zone 1 to Zone
2. The system then mirrors the settings from Zone 1 to Zone
2. In frame ID 3, the user sets the zone mapping mode to
copy Zone 1 to Zone 2 and a user is given an indication that
the object has been detected and copied from Zone 1 to Zone
2.

FIGS. 15d4-154" illustrate an embodiment of a sequence
showing how a trip line location may be utilized to trigger
an alarm indicator if an object moves past the defined trip
line. In frame ID 1 a baseline image of an office environment
is shown. In frame ID 2 the user defines a trip line location
using the user interface and maps the trip line location to a
device alarm attribute. An object is detected in frame ID
2-attributes of the object include location size, shape, and
location. When an objected detected within the environment
moves to a location past the trip line based on object
attributes such as trajectory, motion and location, a trip line
alarm is enabled.

FIGS. 15¢-15¢' illustrate an embodiment of a flow chart
for the proximity behavior function of the V2V-TRAX
software module. In step 1502 an input, such as from a
camera, audio, laser, image or keyboard, is obtained by the
control system 100. In step 1504 it is determined whether a
proximity behavior has been mapped to environmental con-
trol devices. Proximity behavior can be enabled for a single
control device or a device group. Example proximity behav-
ior control parameters include behavior type, activation
type, activation threshold, clear threshold, duration type,
duration threshold and curve. Example proximity behavior
types may include zone, location, trip line or object. If in
step 1504 it is determined that the answer is no, a log event
is generated and the procedure ends. If the answer in step
1504 is yes, the process continues to step 1506 in which it
is determined whether the camera video stream is active. If
no, a TRAX alarm event is posted and the procedure ends.
Ifyes, the procedure continues to step 1508 in which a video
frame image is captured and processed. During processing
the attributes of any objects within the video frame image
are obtained. These object attributes may include size, color,
type, edges, coordinates, area/zone or shape. In step 1510 it
is determined whether a new object is observed in the video
frame image. If not, the procedure continues to step 1512 in
which it is determined whether an existing proximity event
is active. If no, a log event is generated and the procedure
ends. If yes, the procedure continues to step 1514. If the
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answer in step 1510 is yes, then the procedure also continues
to step 1514. In step 1514 the image frame is evaluated
against prior frames to determine additional object attributes
such as trajectory and motion. In an optional step, 1516,
environment monitoring control device data may be input. If
enabled, in step 1518, this environmental monitoring device
data may be merged with the object attributes previously
obtained. Additional object data that may be obtained by the
environment monitoring control device includes angle, ori-
entation, velocity and temperature of an object. In step 1520
it is determined whether proximity criteria has been met. If
not, the procedure continues to step 1522 in which proximity
behavior clear thresholds are set or updated. A log event is
then generated and the procedure ends. If in step 1520 the
proximity criteria has been met, the procedure continues to
step 1524 in which proximity behavior active thresholds are
set or updated. In step 1526 system and node environment
variables are checked. Examples of environment variables
include inhibit and pause. In step 1528 the environment
control device attribute data such as light pan and tilt is
updated. In step 1530 environment control devices are
controlled in accordance with the proximity data obtained by
the procedure. Examples of control devices include cameras,
lighting fixtures, video, thermostats and other discrete sig-
nals such as alarms and the activation of pyrotechnic dis-
plays.

FIGS. 16a-165" illustrate an embodiment of a tracking
behavior function for the V2V-TRAX software module.
Using the tracking behavior function, the attributes of the
devices in the control environment may be updated based
upon the location of an object observed in the environment.
For example, moving lights will track an object similar to
the operation of follow spots. In other embodiments, the
attributes of devices may be updated based upon the rela-
tionship, i.e., distance, between objects observed in the
environment. For example, light tracking can be condition-
ally controlled based upon the distance between objects.
Relationships can also be based upon the distance from the
object and a reference point or area. The attributes of devices
in the control environment can be updated based upon the
size, color, shape, motion and/or direction of an object
observed in the environment. For example, a tracking light
color can be selected based upon the height or color of an
object observed. The tracking behavior function may be also
used to set trigger events advancing environment attributes
based upon the location of an object observed in the envi-
ronment. For example, a system can be configured to begin
tracking and turn on lights when an object reaches a speci-
fied location or change LED panel colors based upon the
location of an object relative to a given panel or several
panels.

In other embodiments, trigger events in an environment
may be based upon the relationship, i.e., distance, between
objects observed in the environment. For example, the
system may be configured to turn off lights, i.e., stop
tracking when objects are more than five feet apart. The
distance relationship can be relative to two objects or
between an object and a reference point or area. In still other
embodiments, trigger events in the environment may be
based upon the size, color, shape, motion and/or direction of
an object observed in the environment. For example, a
system may be configured to dim lights when motion of an
object is upstage. Further description of the V2V-TRAX
Tracking Behavior function is described in the following
table:
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Control System Service
Tool Service Operation

V2V-TRAX
Tracking Behavior

Example Update the attributes of devices in the control environment based upon
Control The location of an object observed in the environment (e.g. moving lights
Capability will track an object similar to the operation of follow spots)

Introduced The relationship (i.e. distance) between objects observed in the

Key Components

environment (e.g. light tracking can be conditionally controlled based upon
the distance between objects; relationship can also be based upon the
distance between an object and a reference point or area)

The size, color, shape, motion, and or direction of an object observed in the
environment (e.g. the tracking light color can be selected based upon the

height or color of an object observed)

Trigger events in the environment based upon
The location of an object observed in the environment (e.g. begin tracking
and turn on lights when an object reaches a specific location, change LED
panel colors based upon the location of an object relative to a given panel

or set of panels)

The relationship (e.g. distance) between objects observed in the
environment (e.g. turn off lights (i.e. stop tracking) when objects more than
5" apart); the distance relationship can be relative to two objects or between

an object and a reference point or area

The size, color, shape, motion, and or direction of an object observed in the
environment (e.g. dim lights when motion of object is upstage)
*Control System: Provides computational power, storage, and user interfaces
Camera(s): Provides video and image input to computer vision pipeline tasks
May be packaged with IMU, pressure, laser, and or GPS

Example Additional Data Storage Units: Used to archive video and or audio streams
Additional Head Set: Used to tell the system a location in the environment (e.g. Don’s
Components office, Downstage Center) where tool operation is mapped

Utilized Laser Pointer: Used to point to a location in the environment where tool
Based Upon operation is mapped; Used to point to or select (e.g. circle) an object in the
Desired environment

System Touch Panel: Used as a control interface to select objects, zones, locations, and
Services and lines

Control Sensors: IMU, pressure, RFID, color, and temperature sensors may be used for
Capability additional attributes of devices in the environment

Example Lighting Fixtures, LED Panels, Cameras, Security Systems, Thermostats
Devices

Controlled

by the

System

Example Map the tool service, Tracking Behavior, to a control device or group of devices
General Tool (e.g. Lighting Fixture(s)) and to one or more of the given control device’s
Service attributes (e.g. Light Fixture(s) Focus Parameters = Pan and Tilt)

Provisioning

Steps

Example Tool Behavior Type: Continuous, Contingent

Control Parameters Activation Type: Automatic, Manual, Copy, Auto-Specific, Rotation/Angle
Activation Threshold: Control parameter used to qualify when attribute
updates are qualified for posting/sending

Clear Threshold: Control parameter used to qualify when attribute updates
should stop

Duration Type: Control parameter used to specify complex or linked
operations

Duration Threshold: Control parameter used to manage duration of updates or
control based upon duration type

Control Curve: Control parameter used to manage operation across a group of
devices to normalize or smooth the capability (e.g. pan or tilt control curve
value smoothing)

Service Tool Type & Control Device Example Service Tool Type
Update Criteria Provisioning Methods
Example Continuous: Tracking, once triggered, will Continuous tracking can be
Tool Control operate continuously configured via a system control
Behavior interface
Types Contingent: The trigger to track an Contingent tracking can be

observed object is contingent upon a configured via a system control
control parameter (e.g. distance to another interface
object, or location in environment)

FIGS. 16a-164" illustrates an embodiment of a sequence 60 light group to focus their respective lights on the detected
showing light beams tracking the position of an object. In object. As illustrated in frame ID 3, as the object moves
frame ID 1 a baseline image is obtained. In frame ID 2 an across the stage, the lights continue to track it.
object is detected and a group update is enabled to set the FIGS. 165-165" illustrates an embodiment of a sequence
device attributes to map a light group to the object. Envi- 45 in which a user selects moving scenery as an object to track
ronment device control attribute updates are sent to update by circling it with the laser pointer. If the moving scenery is
the pan, tilt and focus data on each of the lights within the comprised of one piece with clear boundaries the laser can
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simply be pointed to the piece of scenery. In frame 1D 1 the
user places scenery in the environment. In the particularly
illustrated embodiment, the scenery is a car. In frame ID 2
the user circles the car scenery with a laser pointer. In
response the control system 100 detects the object and maps
light focus data such as pan and tilt to the detected object.
As can be seen in frame ID 3, as the object moves through
the environment the light focus is updated to follow the
object based upon trajectory and motion attributes obtained
from the object.

FIGS. 16¢-16¢' illustrates an embodiment of a procedure
for the tracking function behavior of the V2V-TRAX soft-
ware module. In step 1602, the control system 100 receives
an input for example, from a camera, audio input, laser,
image or keyboard. In step 1604 it is determined whether
tracking behavior is mapped to environmental control
devices. The tracking behavior can be enabled for a single
control device or a device group. Example behavior control
parameters include behavior type, activation type, activation
threshold, clear threshold, duration type, duration threshold
and curve. Example tracking behavior types include con-
tinuous and contingent. Ifthe answer in step 1604 is no, a log
event is generated and the procedure ends. If the answer in
step 1604 is yes, the procedure continues to step 1606 in
which it is determined whether the camera video stream is
active. If not, a TRAX alarm event is generated and the
procedure ends. If yes, the procedure continues to step 1608.
In step 1608 the video frame image is captured in process to
obtain object attribute data of any object detected within the
video frame image. The object attributes may include, for
example, size, color, type, edges, coordinates, area/zone or
shape. In step 1610 it is determined if a new object is
observed in the video image frame. If no new object is
observed in the video image frame, the procedure continues
to step 1612 where it is determined if an existing tracking
event is active. If not, a log event is generated and the
procedure ends. If an existing tracking event is active, the
procedure continues to step 1614 in which the image frame
is evaluated against prior image frames to obtain object
attribute data such as trajectory and motion. If the answer to
step 1610 is yes, the procedure still continues to step 1614.
In step 1616 a TRAX event is posted, indicating the detec-
tion of a new object, is provided to the user. In step 1618
environment monitoring control device inputs may option-

30

ally be obtained. In step 1620, if it is enabled and there is
environment monitoring control device data present, it is
merged with the previously obtained object attribute data.
Examples of environment monitoring control device data
5 may include data from an IMU, RFID or temperature. This
additional object data obtained from the environment moni-
toring control devices may include angle, orientation, veloc-
ity and temperature. In step 1622 it is determined whether
the tracking criteria has been met. If not, the procedure
10 continues to step 1624 which sets or updates the tracking
behavior clear thresholds. A log event is generated, and the
procedure ends. If tracking criteria is met in step 1622, the
procedure continues to step 1626 in which tracking behavior
active thresholds are set or updated. In step 1628 system and
15 node environment variables are checked. Examples vari-
ables may include an inhibit or pause variable. In step 1630
control device attribute data, such as light pan and tilt, is
updated. In step 1632 environment control devices are
controlled in accordance with the control device attribute
20 data to correspond with any behavior tracked within the
environment.

FIGS. 17a-17a",17b-175',17¢-17¢",17d-17d", 17e-17¢",
and 17f-17f illustrate embodiments of a compare behavior
function of a V2V-IMAGE software component. The com-

25 pare behavior function allows for update of the attributes of
devices in the control environment based upon the color of
an image defined or shown to the system by an operator or
user. For example, the color of a light beam can be set to
match, compliment or contrast the color of an image shown

30 to the system. The compare behavior function further allows
updates of the attributes of devices in the control environ-
ment based upon the shape or pattern of an image defined or
shown to the system. For example, the shape or color may
be mapped to an LED panel, a video stream layer or be used

35 to set the GOBO pattern of a light based upon comparison
to the image shown to the system. The compare behavior
function also allows the comparison of device attributes
identifying devices with similar or matching capability.
When device inventory changes, it can be used to determine

40 which devices are best suited to replace the original equip-
ment inventory. For example, by comparing colors, GOBO
patterns, pan and tilt capability and other attributes. Further
description of the V2V-IMAGE Compare Behavior function
is provided in the following table:

Control System Service V2V-IMAGE
Tool Service Operation  Compare Behavior

Example
Control
Capability
Introduced

Key Components

Example
Additional
Components
Utilized
Based Upon
Desired
System
Services and

Update the attributes of devices in the control environment based upon
The color of an image defined or shown to the system (e.g. set the color of a
light beam to match, compliment, or contrast the color of an image shown to
the system)
The shape or pattern of an image defined or shown to the system (e.g. map
the shape or color to an LED panel, a video stream layer, or to set the gobo
pattern of a light based upon comparison to the image shown to the system)
Compare device attributes to find devices with similar or matching capability
When inventory changes, determine which devices are best suited to replace
the original equipment inventory (e.g. compare colors, gobo patterns, pan
and tilt capability, and other attributes)
*Control System: Provides computational power, storage, and user interfaces
Camera(s): Provides video and image input to computer vision pipeline tasks
May be packaged with IMU, pressure, laser, and or GPS
Additional Data Storage Units: Used to archive video and or audio streams
Head Set: Used to tell the system a location in the environment (e.g. Don’s
office, Downstage Center) where tool operation is mapped
Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in the
environment
Touch Panel: Used as a control interface to select objects, zones, locations, and
lines
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V2V-IMAGE
Compare Behavior

Control System Service
Tool Service Operation

Control Sensors: IMU, pressure, GPS, RFID, color, and temperature sensors may be
Capability used for additional attributes of objects in the environment
Example Lighting Fixtures, LED Panels, Cameras, Video Streams

Devices Controlled
by the System

Example Map the tool service, Compare Behavior, to a control device or group of
General Tool devices

Service Obtain environment control device capability profiles or descriptions
Provisioning Obtain images of reference control shapes, colors, or patterns

Steps

Example Tool
Control Parameters
match comparison value required

Behavior Type: Color, Shape, Pattern, Combination
Max Match Threshold: Control parameter used to define the maximum target

Min Match Threshold: Control parameter used to define the minimum target

match comparison value required
Operation Mode: Set, Normalize, Match

Match Time Threshold: Control parameter used to manage the duration for

comparing objects

Best Match: Parameter used to maintain an index of the top matches
Example Service Tool Type

Service Tool Behavior Type

Provisioning Methods

Example Color: The color of the baseline object is
Tool Control compared to the supported color pallet in
Behavior a device or is used to set the mapped

Types device to a similar color, complimentary

color, or contrasting color

Shape: The shape of the baseline object is
compared to the supported shapes in a
device or is used to set the mapped device
to a similar shape

Pattern: The pattern of the baseline object
is compared to the supported patterns in a
device or is used to set the mapped device
to a similar pattern

Combination: The type is used when
normalizing or looking for similar

devices - indicates a suite of attributes
will be compared

Compare behavior type can be
configured via a system control
interface

FIGS. 17a-17a" illustrate an embodiment of a sequence
for setting a light GOBO pattern and color on a mapped
device based upon an object shown to the system by a user.
In frame ID 1, the user shows a card with a star on it to a
camera or alternately configures the system to use an image
of the card as a baseline reference image. The image of the
card is processed to determine color and shape object
attributes. In frame ID 2, the system has successfully
detected the object and compared it to an object stored in the
database which is mapped to a particular light GOBO
pattern. In frame 1D 3, the light GOBO pattern associated
with the detected object is enabled and environment device
control attributes are updated to map the environmental light
shape and color set.

FIGS. 175-174' illustrates an embodiment of a sequence
for defining the baseline image without requiring a user to
touch the user interface. In frame ID 1, the user shows a card
with a star on it to the camera. In frame ID 2, the user begins
to rotate the card and the system detects object attributes
including color, shape and texture. In addition, the user is
notified that the object has been detected. In frame ID 3 the
user continues to rotate the card and the object attributes of
color, shape and texture are obtained therefrom. In response
to the rotation of the card by the user, the image on the card
is configured as a baseline.

FIGS. 17¢-17¢" illustrate an embodiment of a sequence
for setting a light GOBO pattern and color on a mapped
device based upon the object observed by the system by an
enabled light fixture. In frame ID 1, the system sets a pattern
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and color on a light fixture and turns it on. The control
system then obtains the color and shape of the pattern from
the captured video image and indicates to the user that the
pattern has been detected as an object. In frame 1D 2, the
object has been detected and successfully compared to a
matching object within a database. In frame ID 3, the control
system turns off the light fixture and enables the device
having a light GOBO pattern and color matching that of the
first light fixture.

FIGS. 17d-17d" illustrate an embodiment of a sequence
for setting a light GOBO pattern, color and beam position on
a mapped device based upon the object observed by the
system via an enabled light fixture. This example sequence
is similar to that of FIGS. 17¢-17¢" except that the system,
in addition to obtaining object attributes of color and shape,
also obtains an object attribute of location of the pattern of
the first light fixture. Upon successful object detection and
comparison of the light pattern with a matching light pattern
of another light pattern of another fixture within the data-
base, the matching light fixture is enabled and the environ-
mental device controller attributes are updated to set the
shape, color and position that the light fixture is directed to
be the same as that of the first light fixture.

FIGS. 17e-17¢" illustrate an embodiment of a sequence
for setting an LED panel video layer pattern and color on a
mapped device based upon an object observed by the system
via an enabled light fixture. In frame ID 1, the system sets
a pattern and color on a light fixture and turns it on. The
control system then processes a video image of the envi-
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ronment to obtain color and shape object attributes of the
pattern. In frame ID 2, the control system compares the
detected object with other patterns in a database. In frame ID
3, the system turns off the light fixture. The system then
enables device updating for the LED panel video layer
pattern and sets the LED video panel layer shape and color
to display one or more patterns corresponding to the pattern
projected by the light fixture.

FIGS. 17/-17f illustrate an embodiment of a procedure for
the compare behavior function of the V2V-IMAGE software
component. In step 1702, the control system receives an
input containing a designation of an image which is desired
to be defined as a baseline image. The input may include an
input from a camera, an input of a device profile, a stored
image, or a command from a keyboard. In step 1704, a
baseline image is defined based upon the input data. In some
embodiments, the compare behavior can be enabled for a
single control device or in other embodiments for a device
group. Example compare behavior control parameters may
include behavior type, maximum match threshold, minimum
match threshold, operation mode, match time threshold or
best match. Example compare behavior types may include
color, shape, pattern or a combination of these. In step 1706,
it is determined whether compare behavior has been mapped
to one or more environmental control devices. If the answer
is no, the procedure ends. If the answer is yes, the procedure
continues to step 1708 in which it is determined whether the
camera video stream is active and the current mode is a
normalized or match mode. If the answer in step 1708 is yes,
the process continues to step 1710 in which the video frame
image is captured. Then, in step 1712, the baseline image is
processed and compared to the new image. If, in step 1708,
it is determined that the camera video stream is not active,
the process continues to step 1714 in which it is determined
whether there are images available for matching and the
mode is set to normalize or match. If the answer to step 1714
is yes, the process continues to step 1716 in which an image
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is selected. From step 1716 the process continues to step
1712 as previously described. Example image attributes that
may be processed in step 1712 include color, shape, pattern
and size. If it is determined in step 1714 that there are no
images available, the procedure continues to step 1718 in
which the baseline image is processed and attributes are
applied to control one or more devices. The attributes may
include, for example, shape, color, pan or tilt. From step
1712 the procedure continues to step 1720 in which control
parameters are updated. In step 1722 it is determined
whether the operation mode is set to normalize device.
Normalizing devices can be used to compare attributes to
different devices in a control environment to identity devices
with comparable capability. For example, comparative capa-
bility may include devices that have comparable colors,
patterns, pan and tilt or strobe support. If the answer in step
1722 is no, the procedure continues to step 1718 which has
been previously described above. If the answer to step 1722
is yes, the procedure continues to step 1724 in which it is
determined whether the current device is the last device to
be normalized. If this is the last device to be normalized, the
procedure returns to the aforementioned step 1718. If this is
not the last device to be normalized, the procedure continues
to step 1726 in which a new device can be selected and then
to the previously described step 1708. After step 1708 is
performed, the procedure continues to step 1728 in which an
environment control device is controlled. Example devices
which may be controlled may include lighting fixtures and
video streams.

FIGS. 184-18a', 18b-18b°, 18¢-18¢’, and 184 illustrate
embodiments of command behavior for the V2V-VOX soft-
ware module. The command behavior function allows the
attributes of the devices in the control environment to be
updated based upon a valid command spoken to the system
via a microphone or headset. Example commands may
include “lights on,” “Don’s office,” and “downstage center.”
Further description of the V2V-VOX Command Behavior
function is provided in the following table:

Control System Service
Tool Service Operation

V2V-VOX
Command Behavior

Example
Control
Capability
Introduced
Key
Components

Example
Additional
Components
Utilized
Based Upon
Desired
System
Services and
Control
Capability

Example
Devices
Controlled
by the
System
Example
General Tool
Service
Provisioning
Steps

Update the attributes of devices in the control environment based upon
A valid command spoken to the system via a microphone or headset
(e.g. command “lights on”, “Don’s office”, “downstage center”)

*Control System: Provides computational power, storage, and user
interfaces

Voice user interface

Additional Data Storage Units: Used to archive video and or audio
streams

Head Set: Used to tell the system a location in the environment (e.g.
Don’s office, Downstage Center) where tool operation is mapped

Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in
the environment

Touch Panel: Used as a control interface to select objects, zones,
locations, and lines

Sensors: IMU, pressure, GPS, RFID, color, and temperature sensors may
be used for additional attributes of objects in the environment

Lighting Fixtures, LED Panels, Cameras, Video Streams

Map the tool service, Command Behavior, to a control device or group of
devices
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V2V-VOX
Command Behavior

Control System Service
Tool Service Operation

Example Language Mode: Control parameter used to set default language mode -
Tool Control example options: automatic, English, French, Spanish
Parameters Privilege Level: Control parameter used to manage the user privilege

level for the capability

Operation Mode: Control parameter used to manage general command
operations - example options: audible feedback, feedback tone, feedback

message

Match Time Threshold: Control parameter used to manage the duration

for searching for a valid command grammar

Noise Threshold: Control parameter used to set audio filter levels

FIGS. 184-18q' illustrate an embodiment of a sequence
for voice activation of devices based upon device manufac-
turer. Beam position is also set by voice activation in this
example. The user says a voice command of “turn on Martin
Macs.” It should be noted that Martin Macs is a particular
manufacturer of a control device that is a control device
having a type of a lighting fixture. The control system 100
then performs a grammar check on the spoken command to
identify an action token of “on” and a device token of
“Martin Macs.” In response, the default voice command
device is set to the Martin Macs. In addition, the environ-
ment device control attributes are updated to set the Martin
Macs shutter or iris to open. The user next issues a command
of “center stage.” The control system then performs a
grammar check on the command to indentify a detail token
of “center stage”. The device token is the default previously
set. In this case, the Martin Macs. In response to this
command, the light pan and tilt values are updated on the
Martin Macs to position the beam of the Martin Macs to the
center stage. The user may then issue a command of “turn
lights off” The control system 100 performs a grammar
check on the command to identify an action token of “off”
and a device token of the default, the default being the
Martin Macs. In response to this command, the Martin Macs
shutter or iris are set to close.

FIGS. 185-185' illustrate an embodiment of a sequence
for voice activation based upon device manufacturer in
which multiple types of devices are commanded. Beam
position is also set by voice activation. In the particular
embodiment illustrated in FIGS. 185-184', the lighting fix-
ture control devices include Martin Macs and VL1000s,
which are another type of lighting fixture. The user first
issues a command of “turn on Martin Macs.” The control
system 100 performs a grammar check to identify an action
token of “on” and a device token of “Martin Macs.” The
default voice command device is set to Martin Macs, and the
environment device control attributes are updated to set the
shutter or iris on the Martin Macs to open. The user then
issues another voice command of “center stage” followed by
a voice command of “turn on VL1000s.” In response, the
control system 100 performs a grammar check to identify a
detail token first of “center stage” and a device token of the
default, the default being the Martin Macs. In addition, an
action token of “on” and a device token of “VL1000s” is
identified. In response to the center stage command, the
environment device control attributes are updated on the
Martin Macs to set the light pan and tilt values to center
stage. In addition, the VL.1000s shutter or iris is set to open
and the default voice command device is set to the VL.1000s.
The user then gives a voice command of “turn lights off.”
The control system 100 performs a grammar check to
identify an action token of “off” and a device token of
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default, the default devices now being the VL1000s. In
response to the command, the VL1000s shutter or iris is set
to close.

FIGS. 18¢-18¢' illustrate an embodiment of a sequence for
voice activation of multiple devices based upon device
manufacturer as well as the setting of beam position and a
video layer by voice activation. In the example illustrated in
FIGS. 18¢-18¢', control devices of Martin Macs and
VL1000s lighting fixtures as well as a layer 1 control device
which is a video fixture. A user first says a command of “turn
on Martin Macs” and the control system 100 performs a
grammar check to identify an action token of “on” and a
device token of “Martin Macs.” In response the environment
device control attributes are updated such that the Martin
Macs shutter or iris is set to open. In addition, the default
voice command device is set to Martin Macs. In a next time
period, the user says a command of “center stage” followed
by a command of “turn on VL1000s,” then followed by
another command of “turn on video layer 1.” For the first
command the control system 100 performs a grammar check
to identify a detail token of “center stage” and a device token
of the default, that is the Martin Macs. For the second
command an action token of “on” is identified followed by
a device token of VLL1000. For the third command, an action
token of “on,” a device token of “video” and a detail token
of “layer 1” is identified. In response to these commands, the
light pan and tilt values of the Martin Macs are updated to
direct the Martin Macs to the center stage. In response to the
turn on VL1000s command, the VL1000 shutter or iris is set
to open and the default voice command device is sent to the
VL1000s. In response to the command of turn on video layer
1, the video layer 1 stream is turned on and the default voice
command video device is set to layer 1. In a next time
period, the user says the command “turn lights off” The
control system 100 performs a grammar check to identify an
action token of off and a device token of the default, which,
in this case, is the VL.1000s. In response to the command
“turn lights off,” the VL1000 shutter or iris is set to close.

FIG. 184 illustrates an embodiment of a procedure for the
command behavior of the V2V-VOX software component.
In step 1802 a voice command is received by the control
system 100. The voice command in some embodiments may
include, for example, a voice command input into a micro-
phone, a headset or a command type for the keyboard. In
step 1804 command grammar is defined. By default, the
command behavior is applied to the current active device or
group of devices. Example command behavior control
parameters include language mode, privilege level, opera-
tion mode, match time threshold and noise threshold. In step
1806 it is determined whether a voice has been detected. If
a voice has not been detected the procedure ends. If a voice
has been detected, the procedure continues to step 1808 in
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which the words of the voice command are processed
against the command grammar defined in the system. In step
1810 it is determined whether a valid command has been
identified. If the answer is no, the procedure continues to
step 1812 in which it is determined whether a match
threshold has elapsed. If the matched threshold has not
elapsed, the procedure returns to step 1808 in which the
words continue to be processed against the command gram-
mar. If it is determined that the match threshold has elapsed,
the procedure continues to step 1814 in which it is deter-
mined whether the operation mode is set to audible feed-
back. Referring again to step 1810, if a valid command is
identified, a log message is generated and the procedure
continues to the aforementioned step 1814. In step 1814, if
it is determined that the operation mode is audio feedback,
the procedure continues to step 1816 in which a feedback
tone or confirmation audio is played back to the user to
confirm that a valid command has been identified. The
procedure then continues to step 1818 in which system and
node environment variables are checked. Examples of vari-
ables that may be checked include an inhibit variable and a
pause variable. If it is determined in step 1814 that the
operation mode is not set to audible feedback, the procedure
also continues to step 1818. In step 1820, the environment
control device attribute data of the device identified by the
command is updated and a VOX event is posted. Examples
of the environment control device attribute data may include
an iris setting, pan and tilt. In step 1822 the updated
environment control device attribute data is used to control
one or more environment control devices. Examples of
environment control devices may include lighting fixtures
and video stream boards.

FIG. 19 illustrates an embodiment of the audio behavior
function of the V2V-SYNC software module. The audio
behavior function allows the attributes of devices in the
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control environment to be updated based upon an audio
profile associated with a specific genre of music, or one or
more discrete audio attributes. For example, the video
streams on a given video layer may be changed based upon

5 the beat of an audio stream. In another example, the light

fixture intensity may be set based upon the volume changes
in an audio stream. In step 1902, an audio stream is received
by the control system 100. In step 1904 the audio stream is
selected by the user. Audio behavior can be mapped to a
device or group of devices. In step 1906 the music charac-
teristics of the audio stream are mapped to audio attributes.
Example audio attributes may include beat, pitch or fre-
quency, key, time, volume and harmony.

In step 1908 an indication is output to the user to indicate
the mapping. In at least one embodiment, the mapping of the
music characteristics to audio attributes may be performed
by the user. As to other embodiments, the mapping of the
musical characteristics to audio attributes may be automati-
cally performed by the system. In step 1910, the audio
attributes are mapped to a control device. The mapping of
the audio attributes to the control device may be performed
by the user, or alternately automatically performed by the
system. Example audio behavior control parameters may
include sync method, device control mode, operation, attri-
bute change threshold, device change threshold, genre and
label. In step 1912, the system and node environment
variables are checked. Example environment variables
include inhibit and pause. In step 1914, the environment
control device attribute data is updated for the particular
control devices and a SYNC event is posted. In step 1916,
the environment control devices are controlled according to
the updated environment control device attribute data.
Example environment control devices may include lighting
fixtures and video streams.

Further description of the V2V-SYNC Audio Behavior
function is provided in the following table:

Control System Service
Tool Service Operation

V2V-SYNC
Audio Behavior

Example
Control
Capability
Introduced

Key Components

Example
Additional
Components
Utilized Based
Upon Desired
System
Services and
Control
Capability

Example
Devices
Controlled by
the System
Example
General Tool
Service
Provisioning
Steps
Example Tool Control
Parameters

Update the attributes of devices in the control environment based upon
The audio profile associated with a specific genre of music
Based upon one or more discrete audio attributes (e.g. change the video
streams on a given layer based off of the beat or set the light fixture
intensity based upon the volume changes)
*Control System: Provides computational power, storage, and user interfaces
Audio stream or recorded music
Additional Data Storage Units: Used to archive video and or audio streams
Head Set: Used to tell the system a location in the environment (e.g. Don’s
office, Downstage Center) where tool operation is mapped
Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in the
environment
Touch Panel: Used as a control interface to select objects, zones, locations,
and lines
Sensors: IMU, pressure, GPS, RFID, color, and temperature sensors may be
used for additional attributes of objects in the environment

Lighting Fixtures, LED Panels, Video Streams

Map the tool service, Audio Behavior, to a control device or group of devices

Sync Method: Control parameter used to track the audio attributes mapped to
a given device

Device Control Mode: Control parameter that defines the type of sync
control data management - examples include profile, cross linked, mapped,
threshold

Operation Mode: Control parameter used to define the method used to trigger
updates to a mapped device - examples include random, sequential, static
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V2V-SYNC
Audio Behavior

Control System Service
Tool Service Operation

Attribute Change Threshold: Parameter used with operational mode to
manage when sync operations may move to a new audio attribute value or
used as the threshold value to control when to trigger updates on the mapped
device (e.g. volume increases 10 decibels over a 10 second period)

Device Change Threshold: Parameter used with operational mode to manage

time interval between control device updates

Genre: Audio category assigned based off of the characteristics of the audio

stream

Label: Parameter used to store an alternate genre or user specified label

FIGS. 204-20a", 205-205", and 20¢-20¢' illustrate
embodiments of a 2D_INIT mode behavior function of the
V2V-TRAX software module. The 2D_INIT mode behavior
function allows for updating of the pan and tilt attributes of
devices in the control environment based upon pan and tilt
values initialized in the 2D_INIT mode operations. FIGS.
20a-20a" and 205-206" illustrate an example sequence of
initializing a light fixture for the environment. In this par-
ticular operation, system control parameters to define area
shape are used to set the shape equal to a square or
alternately a rectangle and the plane of control is set to the
XY plane. In a first frame ID, the user defines four corner
locations in a baseline image. The four defined corners
define an area to which a particular light fixture is to be
limited in its travel relative to the associated plane. During
the process, focus points used to populate device system
parameter corner data (i.e. device pan and tilt values) are
obtained for each corner of the shape defined in the target
control plane. In frame ID 2, the user triggers the 2D_INIT
sequence for a particular light fixture. In response, the
system turns on the fixture and the system detects the beam
as an object. In addition, object attributes are obtained of
size, shape and location of the beam. In frame ID 3, the
system updates the pan and tilt values to move the fixture
beam over the first corner. As a result the system obtains
motion and location object attributes of the beam. Having
found the first corner location, the system maps the light pan
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and tilt of the current position of the light fixture for corner
1 into the device corner data system control parameters.

In frame ID 4 the system updates the fixture pan and tilt
values to move the fixture beam over to the second corner.
The system monitors the beam and obtains object attributes
of motion and location and the current light pan and tilt
values. Once the beam has reached corner 2, the light fixture
pan and tilt values are mapped as corner 2 system control
parameters. Similarly, in frame ID 5, the system updates the
fixture pan and tilt values to move the fixture beam over the
third corner. The system obtains the object attributes of
motion and location associated with the current position of
the beam and the current light pan and tilt values. Once the
beam has reached the location for corner 3, the device’s pan
and tilt values are stored in the system corner control
parameters. Finally, in frame ID 6, the system updates the
fixture pan and tilt values to move the fixture beam over to
the fourth corner and the system detects the location of the
beam to obtain the object attributes of pan and tilt, having
found the fourth corner. The system maps the light pan and
tilt values of the current position of the beam to the corner
4 system control parameters. Having stored the values which
represent the 4 corners of the defined control space in the
XY plane for a given mapped control fixture, the system can
utilize the data to position the associated fixture within the
plane.

Further description of the V2V-TRAX 2D_InitMode
Behavior function is provided in the following table:

Control System Service
Tool Service Operation

V2V-TRAX
2D_ InitMode Behavior

Example

Control
Capability
Introduced

Key Components

Example
Additional
Components
Utilized
Based Upon
Desired
System
Services and
Control
Capability
Example
Devices
Controlled by
the System

Update the pan and tilt attributes of devices in the control environment
based upon
The 2D__InitMode operations pan and tilt values

*Control System: Provides computational power, storage, and user
interfaces
Camera(s): Provides video and image input to computer vision pipeline

tasks

May be packaged with IMU, pressure, laser, and or GPS
Laser: Used to define the corners of the initialization region
Additional Data Storage Units: Used to archive video and or audio streams
Head Set: Used to tell the system a location in the environment (e.g. Don’s
office, Downstage Center) where tool operation is mapped
Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in the
environment

Touch Panel: Used as a control interface to select objects, zones, locations,
and lines

Sensors: IMU, pressure, RFID, color, and temperature sensors may be used
for additional attributes of devices in the environment

Lighting Fixtures, Cameras
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V2V-TRAX
2D_ InitMode Behavior

Control System Service
Tool Service Operation

Example Map the tool service, 2D__InitMode Behavior, to a control device or group of
General Tool devices (e.g. Lighting Fixture(s)) and to one or more of the given control
Service device’s attributes (e.g. Light Fixture(s) Focus Parameters = Pan and Tilt)
Provisioning

Steps

Example Tool
Control Parameters

Behavior Type: Continuous, Contingent

Activation Type: Automatic, Manual, Single Step, Group Based

Device ID: Control parameter used when initialization is based upon a

group (i.e. activation type is Group Based)

Device Corner Data: Array of data used to store device pan and tilt values

for a given corner location

On-Off Mode: Control parameter used to manage how a fixture beam is
turned on or off (example values: power, iris, shutter)
Area Shape: Control parameter used to capture the shape defined by the

corners (e.g. square)

Plane: Control parameter used to capture the plane in which the corners

reside (e.g. X-Y)
Service Tool Type & Control Device
Update Criteria

Example Service Tool Type
Provisioning Methods

Example Continuous: 2D__InitMode, once triggered,
Tool Control will operate continuously

Behavior Contingent: The trigger the 2D__InitMode
Types is contingent upon the value of the

activation type

Parameter can be configured via a
system control interface

FIGS. 20c-20c¢' illustrate an embodiment of the 2D_INIT
behavior function of the V2V-TRAX software. In step 2002
a camera or laser input is received by the control system 100.
In step 2004 it is determined whether 2D_INIT mode
behavior is mapped to one or more environment control
devices. If the answer is no, a log event is generated and the
procedure ends. If the answer is yes, the procedure continues
to step 2006 in which it is determined if the camera video
stream is active. If the camera video stream is not active, the
procedure ends and a TRAX alarmed event is posted. If the
camera video stream is active, the procedure continues to
step 2008. Referring back to step 2004, 2D_INIT mode
behavior can be enabled for a single control device or a
group of devices. Example 2D_INIT mode control param-
eters include behavior type, activation type, device ID,
device corner data, on-off mode, area shape and plain.
Examples of 2D_INIT mode behavior types include con-
tinuous and contingent. If it is determined in step 2006 that
the camera video stream is active, the procedure continues
to step 2008 in which the corners of the areas to initialize are
defined. In a particular embodiment, a system validation
laser can be used to set the four corner locations. In step
2010 the fixture is turned on or the iris associated with the
fixture is opened. In a particular embodiment, the focus of
the fixture may be set to a narrow tight beam for improved
accuracy. In step 2012 the image frame is evaluated to obtain
object attributes such as size, color and coordinates within
the XY plain. In step 2014 it is determined if the fixture
beam is centered over the corner location. If the answer is no
in step 2016, the pan and tilt values are updated to position
the beam over center and the procedure continues back to
step 2012 where the image frame is again evaluated. If in
step 2014 it is determined that the answer is yes, the
procedure continues to step 2018 in which it is determined
whether this is the last corner to be defined. If this is not the
last corner to be defined, the procedure continues to step
2020 in which the pan and tilt values are updated to move
the beam to the next corner location and the procedure
returns to step 2012 in which the image frame is again
evaluated. If in step 2018 it is determined that this is the last
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corner to be defined, the procedure continues to step 2022 in
which the fixture is turned off or the iris is closed. In step
2024 it is determined whether this is the last fixture in a
group to be initialized. If the answer is no, the procedure
continues to step 2026 in which the environment control
device attribute data for the current fixture is updated.
Examples of this control device attribute data include light
pan and tilt. The procedure then moves to step 2028 in which
the next light fixture in the group is selected and the
procedure returns to step 2010. If it is determined in step
2024 that this is the last fixture in the group, the procedure
continues to step 2030 in which an output is provided to the
user indicating that the last fixture has been initialized and
the procedure continues to step 2032 in which the environ-
ment control device attribute data such as light pan and tilt
for the last fixture is updated. The procedure then continues
to step 2034 in which one or more environment control
devices are controlled.

FIG. 21 illustrates an embodiment of a procedure for a
profile behavior function of the V2V-NOTE software com-
ponent. The profile behavior function allows a user to
generate a profile archive that captures the light cues or
attribute cues on a given show. The profile behavior function
further allows a user to generate a profile archive that
captures the light cues or attributes and video used on a
given show. Still other functions of the profile behavior
function includes allowing a user to generate a profile
archive that captures the light cues or attribute cues on a
given show mapped to a specific genre. For example, the
light attributes for a show with a music genre of rock. In
another function of a profile behavior function, show or
event profiles that are stored can be used as the basis to
generate a new show where similar operations or behavior is
desired. In step 2102, stored video, audio, light queues and
show data are provided to the control system 100.

In step 2104, a profile generation type is selected.
Example profile behavior control parameters can include
behavior type, error management, duration threshold, dura-
tion type, user ID and label. Example profile behavior types
include audio, lights, video, show or combined. In step 2106
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stored data is selected for profile creation. In step 2108 it is
determined whether selected file streams are closed. If the
answer is no, an alarm event is provided to the user and the
procedure ends. If the selected file streams are closed, the
procedure continues to step 2110 in which the user can
initiate or continue profile creation. In step 2112 it is
determined if there were errors reported during generation.
If the answer is yes, the procedure continues to step 2114 in
which it is determined whether a continue on error flag is set.
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If the flag is not set, a log is generated and the procedure
ends. If the flag is set, a log event is generated and the
procedure continues back to step 2110. If in step 2112 there
were no errors reported during generation, the procedure
continues to step 2116 in which the profile is stored in a
location in a database based upon user ID and label. After
step 2116 a NOTE event is posted and the procedure ends.

Further description of the V2V-NOTE Profile Behavior
function is provided in the following table:

Control System Service
Tool Service Operation

V2V-NOTE
Profile Behavior

Example Control
Capability
Introduced

Key Components

Example
Additional
Components
Utilized Based
Upon Desired
System Services
and Control
Capability

Example Devices
Controlled by the
System

Example General
Tool Service
Provisioning Steps
Example Tool
Control
Parameters

Generate a profile archive that captures the light cues or attributes used
on a given show

Generate a profile archive that captures the light cues or attributes and
video used on a given show

Generate a profile archive that captures the light cues or attributes used
on a given show mapped to a specific music genre (e.g. the light
attributes used for a show with a music genre of rock)

Generated show or event profile archives can be used as the basis to
generate a new show where similar operations or behavior is desired
*Control System: Provides computational power, storage, and user
interfaces

Archived/saved show data, video streams, and or audio

Additional Data Storage Units: Used to archive video and or audio
streams

Head Set: Used to tell the system a location in the environment (e.g.
Don’s office, Downstage Center) where tool operation is mapped

Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in
the environment

Touch Panel: Used as a control interface to select objects, zones,
locations, and lines

Sensors: IMU, pressure, RFID, color, and temperature sensors may be
used for additional attributes of devices in the environment

Define the type of profile criteria desired and error management operation

Behavior Type: Audio, Lights, Video, Show, Combined = types of
profiles (e.g. shows)

Error Management: Control parameter used to store flags that determine
what operations or steps should be taken if an error is encountered
Duration Threshold: Control parameter used to define the maximum
duration allowed to generate a profile

Duration Type: Control parameter used to manage what mechanism is
used to control the duration threshold (e.g. user with manual start stop
indications, internal timer)

User ID: Control parameter used to internally generate a profile label
based upon system or node user information

Label: Control parameter used to store a custom label for the profile; the
name is specified by the user
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Although not illustrated in the figures, a further function
that may be performed by the V2V control system may
include a symmetry behavior function. In the symmetry
behavior function the attributes and devices in the control
environment may be updated based upon changes in the
designed look of an image. For example, a particular image
may be formed with symmetric beams and the symmetry
behavior function will maintain symmetry of the image on
device failure. In this example, an image is created with light
which is supposed to be symmetric. One of the fixtures in the
group fails. If the device count is even, that is if there were
an even number of fixtures in the image, the control system
will evaluate how many fixtures are still operating in the
image. I[f more than two fixtures are still working, the system
will close the iris or shutter on the failed unit’s mate device
so that it also appears off. In this way, symmetry of the image
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Although not illustrated in the figures, a further function
that may be performed by the V2V control system may
include a symmetry behavior function. In the symmetry
behavior function the attributes and devices in the control
environment may be updated based upon changes in the
designed look of an image. For example, a particular image
may be formed with symmetric beams and the symmetry
behavior function will maintain symmetry of the image on
device failure. In this example, an image is created with light
which is supposed to be symmetric. One of the fixtures in the
group fails. If the device count is even, that is if there were
an even number of fixtures in the image, the control system
will evaluate how many fixtures are still operating in the
image. If more than two fixtures are still working, the system
will close the iris or shutter on the failed unit’s mate device
so that it also appears off. In this way, symmetry of the image
is maintained.

Further description of the V2V Symmetry Behavior func-
tion is provided in the following table:
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It will be appreciated by those skilled in the art having the
benefit of this disclosure that this Vision 2 Vision control
system provides a system and method for controlling output
devices based upon the detection of objects in an entertain-
ment environment. It should be understood that the drawings
and detailed description herein are to be regarded in an
illustrative rather than a restrictive manner, and are not
intended to be limiting to the particular forms and examples
disclosed. On the contrary, included are any further modi-
fications, changes, rearrangements, substitutions, alterna-
tives, design choices, and embodiments apparent to those of
ordinary skill in the art, without departing from the spirit and
scope hereof, as defined by the following claims. For
example, although certain embodiments are described for
use in an entertainment environment, it should be under-
stood that in still other embodiments, the control system may
be used in any type of environment—an example of an
alternate control environment could be a building where
controlling the environment facilitates the integration of
systems building systems such as lighting, HVAC, and

V2V-Standard
Symmetry Behavior

Control System Service
Tool Service Operation

Example Control
Capability

Introduced symmetric beams)

Update the attributes of devices in the control environment based upon
Changes in the designed look of an image (e.g. image with

Example Sequence = Maintain Symmetry on Device Failure:

Assume

an image created with lights is supposed to be symmetric

one of the fixtures in the group fails

the device count is even (i.e. there were an even number of

fixtures in the image)
Control System Actions

control system will evaluate how many fixtures are still

operating in the image

if more than two fixtures are still working, the system will close

the iris or shutter

on the failed unit’s mate device so that it also appears off

Key Components
interfaces

*Control System: Provides computational power, storage, and user

Camera(s): Provides video and image input to computer vision pipeline

tasks

May be packaged with IMU, pressure, laser, and or GPS

Example Additional

Components Utilized streams

Additional Data Storage Units: Used to archive video and or audio

Based Upon Desired
System Services and
Control Capability

Example Devices
Controlled by the
System

Example General
Tool Service
Provisioning Steps
Example Tool
Control Parameters

Head Set: Used to tell the system a location in the environment (e.g.
Don’s office, Downstage Center) where tool operation is mapped
Laser Pointer: Used to point to a location in the environment where tool
operation is mapped; Used to point to or select (e.g. circle) an object in
the environment
Touch Panel: Used as a control interface to select objects, zones,
locations, and lines
Sensors: IMU, pressure, RFID, color, and temperature sensors may be
used for additional attributes of devices in the environment

Light Fixtures, Video Panels

When a set of attributes is mapped to a cue (i.e. a specific look) additional
parameters are utilized to store the designed image look type (e.g. random,
symmetric, asymmetric)
Behavior Type: Automatic, Manual
Look Type: Random, Symmetric, Asymmetric, Fan, Custom
Device Count: Control parameter used to indicate how many fixtures
are used in the image
Fixture Gap: Control parameter used to control spacing of fixture beams
in a given look (e.g. for a look type of fan, space the beams using a
specific angel of separation between each of the beams)
Error Management: Control parameter used to store flags that determine
what operations or steps should be taken if an error is encountered
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security. Thus, it is intended that the following claims be
interpreted to embrace all such further modifications,
changes, rearrangements, substitutions, alternatives, design
choices, and embodiments.

What is claimed is:

1. A method for controlling an object space having an
associated physical object space environment, comprising
the steps of:

defining the object space within a viewable image having

a viewable image area as a set of object space coordi-
nates within the viewable image to create a fixed object
space area, wherein the fixed object space area is less
than the viewable image area;

defining a fixed target set of coordinates within a portion

of the viewable image area overlapping and within the
object space coordinates in response to a change in the
portion of the viewable image area within the object
space;

creating a baseline reference image, including

capturing one or more images of a reference object
within the viewable image area,

detecting object attributes of the reference object
including color, shape, or texture attributes, and

configuring an image of the reference object as the
baseline reference image;

recognizing a presence of one or more objects in the

object space;

determining a coordinate location of the recognized one

or more objects in the object space relative to the object
space coordinates;

determining a spatial relationship between the recognized

one or more objects and the fixed target set of coordi-
nates;

comparing the spatial relationship with predetermined

spatial relationship criteria; and

if the determined spatial relationship falls within the

predetermined spatial relationship criteria, modifying
the physical object space environment by projecting the
baseline reference image into the physical object space
environment.

2. The method of claim 1, wherein the coordinate location
is a two-dimensional coordinate location.

3. The method of claim 1, wherein the coordinate location
is a three-dimensional coordinate location.

4. The method of claim 1, wherein the physical object
space environment is a visual environment.

5. The method of claim 1, wherein the physical object
space environment is an audio environment.

6. The method of claim 1, wherein the physical object
space environment is a sensor environment.

7. The method of claim 1, wherein the step of recognizing
the presence of the one or more objects in the object space
further comprises:

capturing an image of the object space; and

detecting the presence of the one or more objects within

the object space using the image of the object space.

8. The method of claim 1, wherein the step of modifying
the physical object space environment comprises controlling
at least one output device within the physical object space
environment.

9. The method of claim 8, wherein the controlling of the
at least one output device comprises controlling at least one
control attribute of the at least one output device.

10. The method of claim 9, wherein the at least one
control attribute includes one or more of, a pan value, a tilt
value, a color, a location, a position, a shape, a pattern, a
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texture, an image, a video, zoom, audio attributes, atmo-
spherics, a temperature, and an output intensity value of the
at least one output device.

11. The method of claim 8, wherein the at least one output
device comprises at least one of a lighting fixture, a camera,
a video screen, a video stream, an audio device, an HVAC
device, and an effects device.

12. The method of claim 1, wherein the defining of the
fixed target set of coordinates within the portion of the
viewable image area overlapping and within the object space
coordinates further comprises:

capturing an image of the object space; and

detecting a designated target location or a designated

target area within the object space from the image of
the object space; and

determining the fixed target set of coordinates from the

designated target location or the designated target area.

13. The method of claim 12, further comprising directing
a beam of a light source to the designated target location, or
to a set of locations defining the designated target area, by
a user, wherein the detecting of the designated target loca-
tion or area comprises detecting the light source at the
designated target location or area.

14. The method of claim 1, further comprising storing
data representing at least one of the object space and the
fixed target set of coordinates.

15. The method of claim 1, wherein the defining of the
fixed target set of coordinates in the object space further
comprises:

selecting a designated target location by a user using a

user interface device; and

determining the fixed target set of coordinates based upon

the selected designated target location.

16. The method of claim 15, wherein the user interface
device comprises at least one of a touch screen and a light
source.

17. The method of claim 1, further comprising detecting
a gesture of the one or more objects within the physical
object space environment.

18. The method of claim 1, further comprising:

determining attributes of the recognized one or more

objects; and

comparing the attributes of the recognized one or more

objects to those of predefined attribute criteria, and if a
determined attribute criteria falls within the predefined
attribute criteria, modifying the physical object space
environment.

19. The method of claim 18, wherein the attributes include
at least one of color, size, shape, pattern, texture, trajectory,
motion, angle, height, intensity, location, position, audio,
image, and temperature.

20. The method of claim 1, further comprising:

determining characteristics of an audio stream and map-

ping the characteristics to audio attributes;

comparing the audio attributes with predefined audio

mapping criteria; and

if the audio attributes fall within the predefined audio

mapping criteria, modifying the physical object space
environment.

21. The method of claim 1, wherein defining the object
space within a viewable image as a set of object space
coordinates within the viewable image further comprises
directing a beam of a light source to a plurality of target
locations, the plurality of target locations defining bound-
aries of the object space.
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22. The method of claim 1, wherein the fixed target set of
coordinates is a subset of the object space.
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