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D3 LED, LLC
UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA
D3 LED, LLC, Case No.: 2:18-cv-02690
Plaintiff,

Judge: Hon. George H. Wu

FIRST AMENDED COMPLAINT
FOR PATENT INFRINGEMENT

DEMAND FOR JURY TRIAL

V.

REVOLUTION DISPLAY, LLC;
FULL THROTTLE FILMS, LLC;
VIDEO EQUIPMENT RENTALS,
LLC; VER TECHNOLOGIES LLC;
VER TECHNOLOGIES HOLDCO
LLC; and DOES 1 through 10,
inclusive,

Defendants.
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Plaintiff D3 LED, LLC (“D3 LED”) hereby brings this Complaint for Patent
Infringement against Revolution Display, LLC; Full Throttle Films, LLC; Video
Equipment Rentals, LLC; VER Technologies LLC; VER Technologies HoldCo
LLC; and Does 1 through 10, inclusive, (collectively “Defendants”) for infringement
of U.S. Patent No. 7,948,450 (““450 Patent”), and alleges as follows:

NATURE OF THE ACTION
l. D3 LED is a global innovator and marketer of LED digital displays for

commercial and business use. D3 LED’s products include the “ripple” and wrap-
around display at ABC Studios in Times Square, the custom interior display for
ABC’s Good Morning America Show, and the custom interior LED displays on the
set of NBC’s TODAY Show.

2. D3 LED’s success is due in significant part to its investment in
research and development. Among its most important and valuable innovations are
methods and apparatus disclosed in the ‘450 Patent that allow display modules
making up a display panel to communicate information about themselves to
adjacent modules through adjacent receivers or transceivers controlled by a main
controller, enabling faster, simpler and more effective set up, operation, and repair
of LED display panels.

3. Defendants are direct competitors of D3 LED and are currently
marketing a LED digital display module controller they call the “M8 Distribution
Platform.” The M8 Distribution Platform, the Revolution Display RS1, and any
other module-based display panel with auto-mapping capability are collectively
referred to herein as the “Accused Device.” The advertising for the M8
Distribution Platform asserts that it enables “automatic mapping” of an LED display
panel using “intelligent sensors and software.” D3 LED is informed and believes
and thereon alleges that the Accused Device accomplishes this functionality by

utilizing adjacent receivers or transceivers mounted on individual display modules

|
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making up a display panel. Based on these facts, D3 LED believes that the Accused
Device infringes the ‘450 Patent.

4. D3 LED’s attorneys have sought Defendants’ response to D3 LED’s
accusation of patent infringement and Defendants’ disclosure of technical
information for the Accused Device subject to a confidentiality agreement.
Although Defendants’ attorney stated that he could “report” that there was no
infringement, Defendants would not provide evidence in the form of schematic
drawings or other documentation to support this “report” and would not agree to
enter into a confidentiality agreement, leaving D3 LED with no reasonable
alternative other than filing this action.

THE PARTIES

5. D3 LED is a Delaware limited liability company with its principal
place of business at 11370 Sunrise Park Drive, Rancho Cordova, California 95742.

6. On information and belief, Revolution Display, LLC, is a Delaware
limited liability company with its principal place of business at 757 West California
Ave., Glendale, California 91203.

7. On information and belief, Full Throttle Films, LLC, 1s a Delaware
limited liability company with its principal place of business at 912 Ruberta Ave.,
Glendale, California 91201.

8. On information and belief, Video Equipment Rentals, LLC, is a
Delaware limited liability company with its principal place of business at 757 West
California Ave., Glendale, California 91203.

0. On information and belief, VER Technologies LLC is a Delaware
limited liability company with its principal place of business at 757 West California

Ave., Glendale, California 91203.
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10.  On information and belief, VER Technologies HoldCo LLC is a
Delaware limited liability company with its principal place of business at 747 West
California Ave., Glendale, California 91203.

11. D3 LED is unaware of the true names of the Defendants listed as Does
1-10, inclusive, and will move to amend its Complaint upon discovering such
information.

12.  On April 5, 2018, Defendants filed a petition for Chapter 11
reorganization in the U.S. Bankruptcy Court for the District of Delaware (the
“Bankruptcy Proceeding”). On July 26, 2018, the Bankruptcy Court issued an order
(the “Order”) confirming the Plan of Reorganization (the “Plan”). The effective
date of the Plan is August 11, 2018 (“Effective Date”).

13.  On June 26, 2018, the parties entered into a stipulation pursuant to
which they agreed that D3 LED could pursue its patent infringement claim against
Defendants on or after the Effective Date. On June 27, 2018, the Bankruptcy Court
issued an order approving the stipulation.

14.  According to the Order, any and all property of the Defendants shall
vest in the Reorganized Debtors.

15.  According to the Plan, the Reorganized Debtors are Reorganized
HoldCo, which is VER Technologies HoldCo LLC.

JURISDICTION AND VENUE

16. This is an action for patent infringement arising under the patent laws
of the United States, 35 U.S.C. § 1 et seq. so this Court has original jurisdiction
under 28 U.S.C. § 1338(a).

17.  Venue is proper in this District because Defendants reside here and
because, as alleged herein, Defendants are responsible for acts of infringement

occurring within this District.

3
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THE PATENT IN SUIT
18.  On May 24, 2011, The United States Patent and Trademark Office
issued the ‘450 Patent titled Apparatus and Method for Allowing Display Modules

to Communicate Information About themselves to Other Display Modules in the
Same Display Panel. A true and correct copy of the ‘450 Patent is attached as
Exhibit 1 and incorporated herein by reference.

CLAIM FOR PATENT INFRINGEMENT

19. D3 LED incorporates the allegations in the Paragraphs above.

20. D3 LED is the owner of the ‘450 Patent with full rights to pursue
recoveries for infringement of the ‘450 Patent, including full rights to recover past
and future damages.

21.  Each Claim of the ‘450 Patent is valid and enforceable.

22.  The following text appears under the heading “Revolution Display M8

Platform” on the webpage located at https://www.ver.com/product/revolution-

display-m8-platform/:
AUTO MAPPING

When coupled with compatible panels, the M8 system will auto-map
the display thanks to intelligent sensors and software. Speed through
on-site setup and watch the system automatically integrate components
as they are connected or replaced.
23.  The web page states that “VER is a trademark of Full Throttle Films.”
24. The VER name has been associated with Video Equipment Rentals,
LLC, VER Technologies LLC and VER Technologies HoldCo LLC.
25. The web page also links to a brochure titled “M8 PLATFORM—
Realtime 4K LED Video Distribution” (“Brochure”). A true and correct copy of

the Brochure is attached as Exhibit 2 and incorporated herein by reference.

4
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26. The Brochure includes the following on page 2:

AUTO MAPPING
When coupled with compatible panels, the M8 system will auto-map the display thanks to intelligent sensors
and software. Speed through on-site setup and watch the system automatically integrate components as they
are connected or replaced.

27.  Upon information and belief, the Revolution Display RS1 is a
“compatible panel” as referenced on Defendants’ website and in the Brochure.

28. D3 LED’s attorneys have requested that Defendants’ attorney provide
documentation subject to a confidentiality agreement supporting Defendants’
assertion that the Accused Product does not infringe the ‘450 Patent, but Defendants
have refused to do so. Defendants’ attorney did not agree to enter into a
confidentiality agreement or provide documentation.

29. D3 LED also served Defendants with formal discovery requests during
the Bankruptcy Proceeding, but Defendants refused to respond, either formally or
informally, to any of D3 LED’s discovery requests.

30. On information and belief, the Accused Device practices each aspect
of the apparatus and method disclosed in the ‘450 Patent. Specifically, on
information and belief, the Accused Device is an apparatus for allowing display
modules to communicate information about themselves to other display modules in
the same display panel, comprising a module-based display panel: wherein the
display panel comprises one or more faces, wherein each face comprises a plurality
of display modules, wherein each display module comprises at least three borders,
wherein at least one of the borders is adjacent to another display module, wherein a
transmitter, receiver or transceiver is located on each border that is adjacent to
another display module, wherein the transmitters, receivers and/or transceivers are
configured so that each transmitter or transceiver on a given display module is
adjacent to a receiver or transceiver on an adjacent display module, wherein each

display module has a unique identifier, wherein the transmitters or transceivers on a

5
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given display module transmit that display module's unique identifier to the
adjacent receivers or transceivers within a bandwidth of 10 Kbps or less, wherein
the receivers or transceivers on a given display module receive the unique identifier
of each adjacent display module from the adjacent transmitter[s] or transceiver[s]
within a bandwidth of 10 Kbps or less, wherein each display module sends its own
unique identifier and the unique identifiers of the adjacent display modules to a
main controller, and wherein the unique identifiers are used by the main controller
to determine the location of the display module within a display panel. The
allegations set forth in this paragraph are based on D3 LED’s direct observation of
the Accused Device, the fact that Defendants had a D3 LED panel in their
possession, and D3 LED’s understanding of how auto-mapping works in this
context.

31. The Accused Device infringes the ‘450 Patent literally and/or based on
the doctrine of equivalents.

32. Additionally, Defendants have infringed and/or induced others to
infringe the method claims of the ‘450 Patent because the Accused Device infringes
the apparatus claims.

33.  Upon information and belief, Defendants’ infringement of the ‘450
Patent is ongoing and continuous.

34.  Upon information and belief, Defendants are in possession or have
been in possession of a D3 LED module embodying the D3 LED patented
technology since at least as early as December of 2016. Defendants did not obtain
this module from D3 LED or with D3 LED’s knowledge or permission. Upon
information and belief, Defendants used this module to reverse engineer D3 LED’s
patented technology for the purpose of providing similar technology to a customer

of D3 LED.
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35.  The ‘450 Patent describes a LC resonator circuit method of
communication between modules, but also mentions infrared (IR) as another
preferred embodiment. The D3 LED module that Defendants have or had in their
possession employs IR to allow the modules to communicate with each other.

36. Upon information and belief, Defendants’ “Revolution Display RS1”
panels are capable of auto-mapping and have IR receivers and transmitters on the
edges of the panels capable of operating within a bandwidth below 10Kbps that
align with corresponding IR receivers and transmitters on adjacent panels for the
purpose of allowing the modules to communicate with each other. Upon
information and belief, the IR receivers and transmitters on the Revolution Display
RS1 panels enable the modules to communicate with each other for the purpose of
auto-mapping and sharing calibration data with each other.

37. Upon information and belief, Defendants have rented and/or sold the
Accused Device within the United States and have realized revenue from such
rentals and/or sales. Because the parties are direct competitors, every sale or rental
of an Accused Device constitutes a loss of revenue for D3 LED.

38.  Upon information and belief, Defendants refer to a “video wall” as a
composite of panels. D3 LED defines a “panel” as a composite of modules;
therefore, when VER uses the term “panel,” it is equivalent to D3 LED’s use of the
term “module.”

39. A representative of D3 LED has viewed the Revolution Display RS1
video wall in person and believes it to infringe the ‘450 Patent. Attached hereto as
Exhibit 3 is a series of photographs of the Revolution Display RS1 video wall
taken by this representative. These photos were taken on January 12, 2018.

40. D3 LED has been damaged by Defendants’ infringement of the ‘450
Patent and will suffer additional irreparable damage unless Defendants are enjoined

from continuing to infringe.
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41.  On information and belief, Defendants’ infringement has been willful
and continues to be, at least since receipt of a letter from D3 LED’s counsel on July
12, 2017, notifying them of the ‘451 Patent and asserting that the Accused Device
infringed its claims.

PRAYER

WHEREFORE Plaintiff D3 LED, LLC prays for judgment in its favor and
against Defendants as follows:

1. For compensatory damages in an amount not yet ascertained but in
excess of the jurisdictional minimum of this Court.

2 For disgorgement of Defendants’ revenues and/or profits.

3. For an award of treble damages.

4, For an order preliminarily and permanently enjoining Defendants from
infringing the ‘450 Patent.

3 For an award of reasonable attorneys’ fees and costs.

6. For prejudgment interest.

7. For such other relief as the Court deems just.

DATED: August 22, 2018 ANTOINETTE M. TEASE, P.L.L.C.

< ~/
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DEMAND FOR JURY TRIAL

Plaintiff hereby demands trial by jury of this case as provided by Rule 38(a)
of the Federal Rules of Civil Procedure for all claims for which a right to trial by

jury exists.

DATED: August 22,2018 ANTOIfiETTE M. TEASE, P.L.L.C.

-) -
“ 7

1

DEMAND FOR JURY TRIAL




Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 11 of 38 Page ID #:185

Exhibit |



s 2asvczion . oo AR

US007948450B2
a2 United States Patent 10) Patent No.: US 7,948,450 B2
Kay et al. (45) Date of Patent: May 24, 2011
(54) APPARATUS AND METHOD FOR ALLOWING 5,790,371 A * 8/1998 Latochaetal. ....... 361/679.32
DISPLAY MODULES TO COMMUNICATE g,g%%gg : : }8; iggg Beering etal. 347‘2%411431
INFORMATION ABOUT THEMSELVES TO oRe. ACUS v )
5,986,622 A * 11/1999 ONg .cocovvvvvvvnviiiiieiinne 345/1.1
OTHER DISPLAY MODULES IN THE SAME 6489937 Bl  12/2002 Rﬂfinsky
DISPLAY PANEL 6,501,441 B1* 12/2002 Ludtkeetal. ...... ... 345/1.1
6,583,771 B1* 6/2003 Fl_lruha_shi et al. . 345/1.1
(75) Tnventors: Jason E. Kay, Belgrade, MT (US); 0601425 BI* 122003 Hiroaki .. - 345029
,674, ujioka ...
Bryan L. Robertus, Bozeman, MT 6,714,172 B2* 3/2004 Matsuzaki etal. .......... 345/1.1
(US); Brett D. Swimley, Bozeman, MT 6741222 BL* 52004 Tucker ... 34511
(US); Jason A. Daughenbaugh, 6,859,219 B1* 2/2005 Sall ... e 3457111
Bozeman, MT (US); Jon D. Koon, 6,999,045 B2*  2/2006 Cok ........ .. 345/13
Bozeman, MT (US); Authony J. Lukes, 7029124 B2+ 42006 Dubimetal - 35369
,029, ubin et al. ...
Bozeman, MT (US) 7,057,590 B2 6/2006 Limetal.
. . . 7,071,894 B1* 7/2006 Thielemansetal. ........... 345/1.1
(73)  Assignee: D3 LED, LLC, Union City, NJ (US) 7,358,929 B2*  4/2008 Mueller etal. ..... . 345/13
7,453,418 B2* 11/2008 Palmquist .......ccccooveuene. 345/1.1
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35
U.S.C. 154(b) by 898 days. Primary Examiner — Amare Mengistu
Assistant Examiner — Gene W Lee
(21) Appl. No.: 11/558,014 (74) Attorney, Agent, or Firm — Antoinette M. Tease
(22) Filed: Nowv. 9, 2006 (57) ABSTRACT
(65) Prior Publication Data An apparatus for allowing display modules to communicate
US 2008/0114476 Al Mav 15. 2008 information about themselves to other display modules in the
Yo same display panel, comprising a module-based display
anel wherein each face of the panel comprises a plurality of
(51) Int.CL p p p plurality
G09G 5/00 (2006.01) display. modules, wherein the transmitters, rec.eivers and/or
. . ransceivers are configured so that each transmitter or trans-
(52) US.CL oo 345/1.3; 345/1.1: 345/1.2 tceiver on s given dig)glay gm d&?etis : d?atcem o :reoeiier >
(58) Field of Classification Search ............... .3.4.5/314;/11.31, transceiver on an adjacent display module, wherein the trans-
g lication file f et h hist B mitters or transceivers on a given display module transmit
e applcation lrie for complete search mstory. information about that display module to the adjacent receiv-
(56) References Cited ers or transceivers, wherein the receivers or transceivers on a

U.S. PATENT DOCUMENTS

4,562,450 A * 12/1985 Ellisetal. ......c.ooveernnn. 345/68
4,566,004 A * 1/1986 Emerson .. ... 345/68
4,924,410 A * 5/1990 Hamada ....... .. 345/1.1
5,283,861 A * 2/1994 Dangleretal. ......... 715/740
5,583,754 A 12/1996 Leonhardt et al.
_—Fﬁ_—ﬂ-—-
__,,_._....---*--r/
ADDB
ADGE A007
I
BTG ADO A002
""‘—“"—m—m__,,._“_“_"_m
Aggy
Iy
0y ADOS
Face 1

given display module receive information about the adjacent
display module from the adjacent transmitters or transceivers,
and wherein the information is used by the display modules
and/or a main controller to determine the location of the
display module within a display panel.

20 Claims, 7 Drawing Sheets

—_-__'""—\-__
_-‘_‘-—-._____
M“‘-&“
Baog Bog
1 Boay
—
B9z BO04 BOOS
Bﬂgﬁ- BOU 7 Boos
»—“_P_—_‘_J—Ph—#—'_’—'_,_‘_‘_’—
Face 2

Sign Faces



Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18

Page 13 of 38 Page ID #:187

US 7,948,450 B2
9 9
Page 2
U.S. PATENT DOCUMENTS 2006/0030951 Al 2/2006 Davlin et al.
. !
7502070 B2* /2009 Matthics ctal. ... 345/13 2006/0033712 AL*  2/2006 Baudisch etal. ........ 345/157
itth 2006/0044215 A1* 3/2006 Brodyetal. ... . 345/13
2002/0027533 Al*  3/2002 Shishida et al. . 345/13 5006/0164326 AL* 7/2006 D
% - ate ... . 345/1.3
2002/0039084 Al*  4/2002 Yamaguchi ................. 345/1.1 006/0176240 AL* 82006 Nosakiotii 3431
2003/0061409 Al 3/2003 RuDusky 0070053617 AL* 320 ozaxie i Al
2003/0098820 AL*  5/2003 Someyaetal. ........... 345/13 N 07 Hanson et al. - 34513
2003/0146882 Al* 82003 Ogingetal. ....... . 345/1.1 2007/0065010 AL* ~3/2007 Shie et al. .o 382/173
2003/0210209 Al* 11/2003 Lagarrigue et al. . 34513 2007/0120762 Al* 52007 O’Gorman .............c..... 345/1.1
2004/0008155 A1l*  1/2004 COK wovvovevin, . 345/13 2007/0132659 Al* 6/2007 Maruyama et al. . . 345/1.1
2004/0036662 Al* 2/2004 Sakumura ... .. 345/13 2007/0159413 Al* 7/2007 Thorjussen et al. 345/1.3
2004/0085256 Al*  5/2004 Hereld etal. . 345/1.1 2007/0164924 Al*  7/2007 Anderson et al. .............. 345/1.1
2004/0090391 Al*  5/2004 Kondo .............. . 345/1.1 2007/0241988 Al* 10/2007 Zerphy etal. ... . 345/1.1
2004/0150581 Al* 82004 Westerinen et al. . 345/13 2007/0252779 Al* 11/2007 Nishiyama et al . 345/1.1
2004/0233125 AL* 11/2004 Tanghe et al. .................. 345/1.3 2007/0279314 Al* 12/2007 Brown ........... . 345/1.1
2005/0030255 Al*  2/2005 Chiuetal ..o 345/13 2007/0279315 AL* 12/2007 Laves et al. . 345/1.1
2005/0093006 Al 5/2005 Lim et al. 2007/0285341 Al* 12/2007 Manning ........ . 34513
ggggﬁg?ggzgg ﬁi 2%882 PDetVOS etal s 34513 2007/0285342 Al* 12/2007 Morikawa etal. ............ 345/1.3
etrocy 2008/0068287 Al*  3/2008 345/1.2
2005/0134525 Al1*  6/2005 Tanghe et al. ... . 345/1.1 2008/0284677 AL* 112008 345/13
2005/0156810 Al*  7/2005 Zerphy et al. . 345/1.1 . ' '
5006/0001595 AL* 19008 Aok 34512 2009/0016806 Al*  1/2009 Wolfetal. ..coooovvvvvveeeae.. 403/24
2006/0007052 Al*  1/2006 Nakamuraetal. ............ 345/1.2 * cited by examiner



Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 14 of 38 Page ID #:188

PD Display Module D/

=

.

Figure 1 — Transmitter and Receiver Locations on Display Module

Judred ‘SN

110T ‘b7 ARy

L3O T 133YS

7d 0SH°8Y6°L SN



Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 15 of 38 Page ID #:189

US 7,948,450 B2

Sheet 2 of 7

May 24, 2011

U.S. Patent

Wweibelq unolto epiwsues § - Z ainbiy

HN@Eo 1L

Kl tm:

2

ABBZ kG 'DdN
I:n {3 e

49a/% ¢/5

HN@ve L

ARG XS 'OdN

L]

__ Dg/
44@/% 1D )



Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 16 of 38 Page ID #:190

US 7,948,450 B2

Sheet 3 of 7

May 24, 2011

U.S. Patent

weibelq unoiD 1eneosy - € ainbiyg

L8 __!mr LD proysaay;

I AT
M6F'Q Bee Bt S _
M — AN age
76y 6 26X
naaz s G|
WECTANT
HAGRE L M_M®W¢ & : ) —
10 ; . .
E £
-0+ SYH HRY
dl 44 |‘|

e WELEANT
MIDE EG OdN . i R LHO e
s YN .
HRERE L ydp/ AGF Y /
A r——— ] e 2
T ] d
FO—-BFSYH
m|_|_ ds A




Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 17 of 38 Page ID #:191

U.S. Patent May 24, 2011 Sheet 4 of 7 US 7,948,450 B2
:
o i
J o S
o Q 3
i i ot
o
5
s = 5 &
o o =]
it i 1H
F
oy
& & L4 8
o & s &
&3 {0 4] L
i -
=
)
! “
o ™ e} ®
2 g8 | 8 5
of <, wd i
-
s | 8| 8§ /3
1 )]
< q o 8
LL
- 0 s
e | g2 |
i L o




Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 18 of 38 Page ID #:192

U.S. Patent May 24, 2011 Sheet 5 of 7 US 7,948,450 B2

PerformInternaldutoConfiguration

Set face id to
Zerg,

h 4

Set current st
slement to st
maodule in the List.

module element
Tisl empty?

current list element
coordinales
assigned?

Atthe endof
the list?

CorrectCoordinates

Set x and y
coorduales te¢ zero.

Y
Initialize "module_stack" state
information stack to empty

v

Set DONE to Set the Cusrent Module
FALSE. to the next module in
the Moedule list.
— -
¥ :
DONh Mo

FALSE?

Increment the x Assign Coordinates
coordimate 1o current Jist
element
* {x,y. lace id)
Set cwrrent mudule ¥
list element equal 1o
this new display FindDisplayModule to
module the right of the current
display module list
* element,

“Push" next state
information onto
the "module_slack".

)

Set up "nexi" state informarion:
state state = NEXT MODULE
BELOW
stale.x = x, state.y =y,
state.imodule = current module

T

Was a display
maodule
found?

Ne

Are the display
caardinates
assigned?

Figure 5



Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 19 of 38 Page ID #:193

U.S. Patent

May 24, 2011

A 4

“Push” next statc
information onto
the "module_stack"

4

Set current module
list element eqnal ra
this new display
medule.

k 4

Increment the ¥
coordinate

Decrement the
X coordinate

1

Set current module
list element equal to
this new display
module.

T

"Push" next siate
information onto
the "luodule_stack"

F Y

Set up "ncxt" state
informalion:
state.state = NEXT
MODULE LEFT
state.x = x.state. y —y,
stale.module — curreat
module

Set up "next" state
information:
state.state = NEXT
MODULE TOr
state.x = x,state. y =y,
state.nodule = current
module

Decrement the

Set current module
List ckement equal to

¥ coardinate,

this new display
mothle

Sheet 6 of 7

FindDispiayMo dnle
below the cazent
digplay module.

Was a display
medule foumd?

Are the display
coordinates
assigned?

FindDisplayModule ta
the telt of the current
display module.

Was g display
nodule
found?

Are Lle displny
coordinates
assipned?

Yes "
¥
Find DisplayModule

above the current
display nvodule.

Figure 6

US 7,948,450 B2

Was a display
module
found?

Are the display
conrdinates
agsigned?




Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 20 of 38 Page ID #:194

U.S. Patent May 24, 2011 Sheet 7 of 7 US 7,948,450 B2

3 o] Set "newDisplay Module”
IRVALID

Is "module_slack"
ampty?

Is "newDisplay Module”
INVALID?

Sel curreni module
Iyt vlement =
“newDisplayModule.

DONE = TRIE I

™

Is "newDisplay Module"
LNVALID?

v

Gzi the module slate
information o[ the
1op of the slack.

¥

currentDisplayMadule =
slale.displayModule

x = slatex, v = slate.y
slate = slate glale

Pop the Module

olf Ihe Sack
newDisplayModule = nevDisplayModule =
] FindDisplayModule lelt of —>] TindDisplapMadule above
the curtent display module Ithe curreits diwplay nudule.
Mo
Was a display
newDisplayModule = madule ‘Was a display
FindDisplayMeodiitle below Toumd? module found?
1ho cuerent displey module.
- Increment they |
N coordinate

Way a digelay
modde foumd?

Are the
coordinales
astigned?

Argihe
coordinates
assigned”

Arz the st
Decrement (e No cnorldinat:s “newDisplayModule” Fel
v coardinale assipned INVALID "newDisplay Moduls"
TNVALID
Sel

"nowDisplay Module" "

INVALID L] Decreme.m the

% conrdinate.

Figure 7



Case 2:18-cv-02690-GW-JC Document 34 Filed 08/22/18 Page 21 of 38 Page ID #:195

US 7,948,450 B2

1
APPARATUS AND METHOD FOR ALLOWING
DISPLAY MODULES TO COMMUNICATE
INFORMATION ABOUT THEMSELVES TO
OTHER DISPLAY MODULES IN THE SAME
DISPLAY PANEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the field of dis-
play panels, and more specifically, to an apparatus and
method for allowing display modules to communicate infor-
mation about themselves to other display modules in the same
display panel.

2. Description of the Related Art

Most electronic signs or display panels today are based on
a modular construction, that is, they are comprised of a plu-
rality of display modules. LED is the dominant technology
used in full-color outdoor display panels; however, there are
other types of display technologies—such as plasma, LCD
(liquid crystal display) and CRT (cathode ray tube)—that are
also based on a modular design. The challenge with any of
these modular display panels is ascertaining where each mod-
ule is relative to the other modules so that the controller can
send the appropriate video data to the correct module.

Existing methods of dealing with this problem include the
use of: (1) specific cabling; (2) daisy chain cabling; (3) mod-
ule address switch; (4) module address programming; and (5)
a software configuration file. Each of these methods, and its
shortcomings, is discussed below.

The problem with specific cabling is that each module has
to have its own special cable. A burden is therefore placed
upon the installer to connect each module to its specific cable.
In large display panels with hundreds of cables, wiring errors
are common and difficult to find and correct.

With daisy chain cabling, the controller is connected to the
first module, which is connected to the second module, which
is connected to the third module, etc. Daisy chain cabling is
not very flexible and requires specific cabinet layouts. Often
times cabinet designs or display panel configurations are not
optimal for the number of modules on a chain, requiring
additional controllers. Another problem with daisy chain
cabling is that if a module fails, all other modules connected
to it downstream will also lose data, causing a large portion of
the display panel to fail when only one module has failed.
Furthermore, daisy chaining modules creates electrical signal
integrity problems since a large amount of data must pass
through each module to get to the next one.

Another method for solving the problem of ascertaining
where each display module is located relative to other display
modules is to associate a switch (preferably a DIP (dual
in-line package) or rotary switch) with each module. Each
switch is uniquely set for each module by a technician. The
switch settings must be correctly set in order to identity the
position of the module in the display panel, and the setting
typically constitutes a row and column assignment. The prob-
lem with this method is that the burden for correctly setting
the switches falls on the installer. With large display panels
consisting of hundreds of modules, this can be a tedious and
error prone method of configuring the display panel. Further-
more, it is time-consuming.

Yet another method for solving the problem of mapping
displaying modules on a display panel is to use module
address programming. Module address programming
involves programming each module with an external device
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or via a control panel physically located on the module itself.
This method is obviously labor-intensive and prone to human
error.

Finally, a software configuration file can be used to map the
location of display modules on a display panel. This method
assigns to each module its own unique address, which is
usually programmed at the factory. A technician then enters
these addresses into a software configuration file, and a main
controller reads the software configuration file to generate a
lookup table to determine the coordinate location of each
module.

Although manual creation of the controller software con-
figuration file works, it can take a single technician two to
three hours to fully populate the configuration file with coor-
dinates and corresponding display module addresses before
the display panel can be tested and installed. As the overall
dimensions of the display panel increase, the size of the
configuration file must also increase; some larger display
panels require over 2000 separate entries in the configuration
file. Due to the sheer number of entries and the potential
complexity of the display module addressing scheme, manual
entry of display module addresses and coordinates is prone to
error. If a single character is transposed or typed incorrectly in
a module address or x-y coordinate, the display panel will
display image information incorrectly. Debugging these
errors is difficult and time-consuming, often requiring a tech-
nician to repeat the same process he or she used to create the
configuration file in the first place.

If the process of creating the configuration file is cumber-
some, maintenance of the configuration file after the display
panel has been installed can be equally complicated. When an
LED display module fails, an electrician or other sign tech-
nician must manually replace it. Because each display mod-
ule has its own unique address, the technician must update the
configuration file to match existing display panel coordinates
with the address of the new display module. This means the
technician must manually record the address of the old and
new circuit boards while in the field, and then gain access to
the controller software’s configuration file to replace the
address of the old display module with the address of the new
one. This manual process is susceptible to recording or input
error and is complicated by the fact that the individual replac-
ing the display module in the field may not have either the
computer expertise or the physical access to the controller
software to update the configuration file successfully.

What is needed is an automated method to populate the
configuration file of the display panel’s controller software
with the identifiers and associated x-y coordinates of each
display module in the display panel. Such a solution would
eliminate the manual steps required to create the controller
software configuration file, both when populating it before
installation of the display panel and when updating it during
maintenance following deployment.

BRIEF SUMMARY OF THE INVENTION

The present invention is an apparatus for allowing display
modules to communicate information about themselves to
other display modules in the same display panel, comprising
a module-based display panel, wherein the display panel
comprises one or more faces, wherein each face comprises a
plurality of display modules, wherein each display module
comprises at least three borders, wherein at least one of the
borders is adjacent to another display module, wherein a
transmitter, receiver or transceiver is located on each border
that is adjacent to another display module, wherein the trans-
mitters, receivers and/or transceivers are configured so that
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each transmitter or transceiver on a given display module is
adjacent to a receiver or transceiver on an adjacent display
module, wherein the transmitters or transceivers on a given
display module transmit information about that display mod-
ule to the adjacent receivers or transceivers, wherein the
receivers or transceivers on a given display module receive
information about the adjacent display module from the adja-
cent transmitters or transceivers, and wherein the information
is used by the display modules and/or a main controller to
determine the location of the display module within a display
panel.

In a preferred embodiment, the transmitters, receivers and/
or transceivers communicate information using L.C resonator
circuits to generate alternating magnetic fields between adja-
cent display modules. Preferably, the information that is
transmitted and received between adjacent display modules is
identifier information. The identifier information from the
display modules is preferably transmitted to a sign mapping
software program that maps the location of the display mod-
ules on the display panel. The sign mapping software pro-
gram preferably discovers all separate sign faces and assigns
x-y coordinates to every display module in each sign face.

In a preferred embodiment, the x-y coordinates that are
assigned to each display module by the sign mapping soft-
ware program are converted to actual x-y coordinates, and the
actual x-y coordinates are converted to video coordinates.

The present invention also covers a method for allowing
display modules to communicate information about them-
selves to other display modules in the same display panel,
comprising: wherein a display panel comprises one or more
faces, wherein each face comprises a plurality of display
modules, wherein each display module comprises at least
three borders, wherein at least one of the borders on each
display module is adjacent to another display module, locat-
ing a transmitter, receiver or transceiver on each border that is
adjacent to another display module; and configuring the
transmitters, receivers and/or transceivers so that each trans-
mitter or transceiver on a given display module is adjacent to
a receiver or transceiver on an adjacent display module;
wherein the transmitters or transceivers on a given display
module transmit information about that display module to the
adjacent receivers or transceivers, wherein the receivers or
transceivers on a given display module receive information
about the adjacent display module from the adjacent trans-
mitters or transceivers, and wherein the information is used
by the display modules and/or a main controller to determine
the location of the display module within a display panel.

In a preferred embodiment, the method further comprises
using L.C resonator circuits to communicate information
between the transmitters, receivers and/or transceivers by
generating alternating magnetic fields between adjacent dis-
play modules. Preferably, the information that is transmitted
and received between adjacent display modules is identifier
information. The identifier information from the display
modules is preferably transmitted to a sign mapping software
program that maps the location of the display modules on the
display panel. The sign mapping software program preferably
discovers all separate sign faces and assigns x-y coordinates
to every display module in each sign face.

In a preferred embodiment, the x-y coordinates that are
assigned to each display module by the sign mapping soft-
ware program are converted to actual x-y coordinates, and the
actual x-y coordinates are converted to video coordinates.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of one embodiment of the present
invention in which a display module has four borders and is
equipped with two transmitters and two receivers.
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FIG. 2 is a diagram of the transmitter circuit of the present
invention.

FIG. 3 is a diagram of the receiver circuit of the present
invention.

FIG. 4 is a diagram of a display panel with two faces.

FIG. 5 is a flow diagram of one aspect of the software
functionality of the present invention.

FIG. 6 is a flow diagram of yet another aspect of the
software functionality of the present invention.

FIG. 7 is a flow diagram of yet another aspect of the
software functionality of the present invention.

REFERENCE NUMBERS

1 Top display module transmitter

2 Right display module receiver

3 Bottom display module receiver
4 Left display module transmitter

DETAILED DESCRIPTION OF INVENTION

The present invention allows the individual display mod-
ules of a module-based display panel to communicate with
adjacent display modules to share information. In the pre-
ferred embodiment, each display module shares its identifier
information with display modules adjacent to its left and top
borders.

In the preferred embodiment, as each display module
receives identifier information from neighboring modules
located to its right and bottom, it uses known communication
mechanisms to send this identifier information—plus its own
identifier—to the display panel’s main control module, which
in turn sends the data to the display panel’s controller soft-
ware.

The present invention includes software code that inter-
prets the identifier data collected from the individual display
modules to calculate the position of each display module in
the display panel and associate its identifier with the appro-
priate x-y coordinates. Once the software calculates this
information, a sign technician can save the information in the
controller software’s configuration file, eliminating the need
to collect and update this information manually.

The present invention comprises a hardware component
and a software component, both of which are described more
fully below.

A. Hardware

To allow the display modules to communicate information
with one another, each display module is preferably equipped
with two transmitters and two receivers. In an alternate
embodiment, the display module is equipped with one or
more transceivers in lieu of one or more of the transmitters
and/or receivers. For purposes of illustration, the following
description will refer to transmitters and receivers; however,
a transceiver could be used in place of any or all of the
transmitters and receivers.

As shown in FIG. 1, one transmitter is located on the top
border of the display module (1), while the second transmitter
is located on the display module’s left border (4). The first
receiver is located on the display module’s right border (2),
while the second receiver is located on the display module’s
bottom border (3). With this configuration, a display mod-
ule’s transmitters are adjacent to the receivers of the display
module next to it. This allows a display module to communi-
cate information about itself to the display module above it
and to its left; it learns about display modules located to its
right and below it.
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In a preferred embodiment of the present invention, the
transmitters and receivers communicate information using
LC (inductor/capacitor) resonator circuits to generate alter-
nating magnetic fields between adjacent display modules.
This approach is advantageous because of its low cost, its low
Electromagnetic Interference (EMI), and the fact that it
requires no change to the display module installation process.
Other preferred embodiments to allow communication
between display modules could include wired connections or
short-distance wireless communication mechanisms such as
Infrared (IR), Bluetooth, or Radio Frequency Identification
(RFID).

In a preferred embodiment, each display module transmits
an identification packet to its neighbors every ten seconds
using On-Off Keying (OOK). Circuit board logic converts
information to be transmitted in this information packet into
electromagnetic pulses that are sent via the LC resonator
circuit to the receiving display module. Logic on the receiving
display module converts the received signals to a binary for-
mat that can be used to “read” the information sent across the
connection. In the preferred embodiment, this communicated
information is the identifier of the transmitting display mod-
ule. In other preferred embodiments, the communication
mechanism of the present invention can be used to send
diagnostic data or other information of interest from one
display module to another. Table 1 shows the format of the
communication packets in the present embodiment.

TABLE 1
Communication Packet Structure
Name Identifier Bits  Description
START_CODE 0x00-0x01 15-0  0xASC3: used to verify packet
start.
MAC 0x02-0x07 47-0  Module identifier
MAC_XSUM 0x08-09 15-0 16-bit checksum over the

module identifier field. IP
checksum algorithm - RFC
791/768

The preferred embodiment uses serial communication
between the display modules with a baud rate of 1000 bps and
one start bit, 8 data bits and one stop bit.

The LC circuits have a resonance frequency set by the
inductance of the inductor and the capacitance of the capaci-
tor. FIG. 2 shows the transmitter circuit of the present inven-
tion. The transmitter circuit drives both ends of the LC circuit
with opposite levels of 3.3V CMOS logic to effectively gen-
erate a 6.6V square wave, driven at the resonant frequency.
The circuit can store this energy because the wave is driven at
the resonant frequency. The amplitude increases until the
energy losses equal the energy added, resulting in large trans-
mit signal strength.

FIG. 3 shows the receiver circuit of the present invention.
Thereceiver circuit includes an L.C circuit that absorbs energy
from the alternating magnetic field generated by the transmit-
ter. One side of the resonator is biased to approximately 1.6V,
and a set of Schottky diodes limits the amplitude from getting
too large. A comparator compares the resonator voltage to a
threshold voltage of approximately 82 mV. If no or very little
signal is present (less than the threshold voltage), the com-
parator will not trip and the output remains low. If the signal
is of sufficient amplitude to tip the comparator, the compara-
tor will output a square wave at the resonance (carrier) fre-
quency. Circuit board logic processes the output of the
receiver circuit to detect the presence of the square wave and
convert it to binary format. An active square wave indicates a
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binary value of “0,” while an idle signal indicates a binary
value of “1.” Using this method, the receiving display module
converts the square waves sent by the transmitting display
module into binary data that contains information: in this
case, the identifier of the transmitting display module.

After using the communication mechanism of the present
invention to learn the identifiers of the display modules
located on its right and bottom borders, each display module
stores the identifiers of its neighbors in memory. When
polled, each display module sends this stored identifier infor-
mation—along with its own identifier—to the display panel’s
main controller. The main controller can then pass this col-
lected information to the software algorithm that maps the
location of the display modules on the display panel. Alter-
natively, each module could immediately send identifier
information to the controller without storing in memory,
either autonomously or in response to a poll. Another alter-
native would be for each module to broadcast the identifier
information to all other modules in the display. Each module
could then determine its own position in the display panel
using the information received without intervention from the
controller.

The above discussion assumes that a display module has
fourborders (top, right, left and bottom); however, the present
invention also works with display modules that have three
borders. In the case of a display module with three borders, a
transceiver would be located on each border of the display
module that is adjacent to another display module. The
present invention would work as described above in all other
respects.

B. Software

The sign mapping software of the present invention accepts
collected identifier information and processes it to determine
the x-y coordinates of each display module on one or more
sign ‘faces.” A display panel may have multiple screens, or
faces, as shown in FIG. 4. A face is a grouping of display
modules that are physically contiguous; faces are not physi-
cally contiguous to each other and may or may not display the
same video data as other faces in the display panel.

The present invention will work with any sign mapping
software program that can take the information from the
receivers or transceivers located on the display modules and
use that information to map the location of the display mod-
ules on the display panel. Thus, the present invention is not
limited to any particular type of sign mapping software pro-
gram, as long as it accomplishes this function. The discussion
below is intended to describe one possible version of the sign
mapping software program.

In a preferred embodiment of the software, the display
modules report their identifier information back to the soft-
ware. This identification information includes the module ID
itself (“me”), as well as ID information for a module to the
right of the module (if detected) and ID information for a
module below the module (if detected). A list is then built of
this module information, and all elements in the list (“module
list elements”™) are initialized to indicate that coordinate infor-
mation has not been assigned to the module associated with
the list element (e.g., coordinatesValid=false). The module
list element includes coordinate information (x and y), face
ID information, and coordinate validity information (which
indicates whether coordinates have been assigned to that
module).

Processing begins by initializing the first face identifier to
zero (i.e., assigning an index or identifier of zero to the first
face). Subsequent faces are preferably assigned face identifi-
ers in increments of one (1, 2, 3, etc.). The software then starts
at the beginning of the list and examines the first module list
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element to determine whether coordinates have been
assigned to that module. If a module list element is found with
invalid coordinates (i.e., no coordinates assigned), then mod-
ule coordinate processing begins for that module. If a module
list element has valid coordinates (i.e., coordinates have been
assigned to the module), then the next module list element in
the list is examined in turn until the end of the list is encoun-
tered.

Once all of the module list elements contained within the
list have been examined to determine coordinate validity,
coordinates can be “corrected” and translated from module
coordinates to video coordinates. Specifically, module coor-
dinates are normalized such that the upper left module has
coordinates (0,0), and module coordinates are converted to
video (pixel) coordinates, as explained more fully below.

If'the software encounters a module with invalid (i.e., unas-
signed) coordinates, the software algorithm assumes that this
is the start of a new face and initializes the initial face coor-
dinate values to (0,0). These initial coordinates are assigned
to the first module comprising the face (which is the first
module to be examined and not necessarily the module that
ultimately ends up with coordinates (0,0) after correction).

The algorithm then attempts to see, in turn, if there is a
module to the right, below, to the left, or above the current
display module that does not have coordinates assigned. The
first of these situations that is encountered (for example, if
there is a module to the right of the current display module)
causes the module processing to shift to the newly discovered
module, with a change in the module’s coordinates based
upon the position of the new module. In other words, a mod-
ule to the right has the x coordinate increased by one, below
has y increased by one, to the left has x decreased by one, and
above has y decreased by one.

Before processing shifts to this new module, however, the
software algorithm saves the state of the next processing path
that can be performed on the current module list element to a
LIFO (Last In First Out) list of module “state” information
records (also called a “stack™). This state information allows
the algorithm to come back and pursue alternate module
configuration processing paths on a face, in the event that a
processing path comes to a dead end. For example, if a mod-
ule is found to the right of a display module, the algorithm
would “push” the state of the processing to indicate that the
next processing to be performed would be below the current
display module. The current module coordinates (x and y) are
saved, as well as a reference to the current display module list
element.

Once a processing path has been exhausted (e.g., there is no
module to the right, below, to the left, or above the current
display module), the processing stack for the face is exam-
ined. If stack is not empty, the last entry pushed (or added to
the stack) is “popped” off (removed from) the stack, that
record information is used to restore the processing state
information for the module referenced by the stack record,
and a new module processing path begins. In other words, the
state information is used by the software to pick up where it
left off in module processing. For example, if a module was
being processed, and a module to the right was found, the
processing path would follow the module to the right. The
software needs to remember, however, that other processing
paths (above, below and to the left of the current module) are
still available for processing. Ultimately, if no module list
elements are left on the stack, then the algorithm assumes that
all the processing that can be performed on that face is com-
pleted, and it subsequently goes back to examine the overall
module list to see if subsequent faces need to be processed.
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When all of the faces in the display panel have been pro-
cessed, then the software performs a coordinate correction
function. Each module has “module coordinates,” which are
relative to the first module in the face that was encountered
(which is assigned module coordinates 0,0 by default). Note
that a module’s coordinates may be negative in both coordi-
nate axes.

The software then “normalizes” the coordinates for a face,
such that the module with the most negative coordinates
(preferably the module in the upper left-hand corner of the
face) is normalized to coordinates (0,0), and other modules
that comprise the face are reassigned module coordinates
relative to this particular module. In this manner, all negative
coordinates are eliminated.

After this is accomplished, the module coordinates are
converted to video coordinates by multiplying each module’s
x coordinate by the module’s width (in video pixels) and by
multiplying each module’s y coordinate by the module’s
height (in video pixels).

This process is explained more fully below in connection
with FIG. 5-7. Referring to FIG. 5, upon execution of the
PerformInternal AutoConfiguration algorithm, it is assumed
that the list of module element information has been created,
and that all module coordinate assignment information has
been initialized to “unassigned.” Starting at the top of FI1G. 5,
the software initializes the face ID to zero. The first decision
box evaluates whether any module elements have been added
to the list. If not, there is no further processing to be per-
formed. Otherwise, the current module list element is set to
the first element of the module list.

The element is examined to see if coordinates have been
assigned. If so, the algorithm moves to the next element in the
module element list and checks this element to see if coordi-
nates have been assigned. This step is repeated in turn until a
module is encountered that has unassigned coordinates, or
until the end of the list is reached. When the end of the list is
reached, all faces have been identified, and all relative coor-
dinates of the modules that comprise the face have been
assigned. The CorrectCoordinates algorithm is called to nor-
malize module coordinates and to convert the module coor-
dinates to video pixel coordinates. Otherwise, if an element is
encountered with unassigned coordinates, it is assumed that
this module is a member of a new face.

For the new face, x and y coordinate variables are initial-
ized to zero to provide a reference for the initial coordinate
assignment. The “module_stack” state information stack list
is initialized to empty (e.g., no state information has been
added to the stack list). The variable DONE is then initialized
to FALSE, indicating that all processing paths for this face
have not been completed. The current x and y coordinates are
then assigned to this module list element.

The module element list is then examined to see if a module
within the list has the same “me” module identifier as the
current module’s “right” identifier. If a module is found, this
new module’s coordinates are examined to see if they have
been assigned. If not, the state information pertaining to the
current module is saved by pushing state information that is
comprised of the module list element reference, the current x
and y coordinate values and the next processing path that
needs to be evaluated for this module (in this case the NEXT
MODULE BELOW the current module). The x coordinate is
then incremented by one, indicating that the next module to
be evaluated is to the right of the current module. The current
module list element is then replaced by a reference to the new
display module that has been found, and the algorithm jumps
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back to the point where x and y coordinates are assigned to the
current module list element (connector designator 1 within
FIG. 5).

If no display module is found to the right of the current
display module, or if a display module is found but its coor-
dinates had already been assigned, the algorithm moves to
connector designator 2, on the top of FIG. 6.

Beginning at connector designator 2 at the top of FIG. 6,
the module element list is then examined to see if a module
within the list has the same “me” module identifier as the
current module’s “below” identifier. If a module is found, this
new module’s coordinates are examined to see if they have
been assigned. If not, the state information pertaining to the
current module is saved by pushing state information that is
comprised of a the module list element reference, the current
x and y coordinate values and the next processing path that
needs to be evaluated for this module (in this case the NEXT
MODULE LEFT of the current module). The y coordinate is
then incremented by one, indicating that the next module to
be evaluated is below the current module. The current module
list element is then replaced by a reference to the new display
module that has been found, and the algorithm jumps back to
the point where x and y coordinates are assigned to the current
module list element (connector designator 1 within FIG. 5).

If no display module is found below the current display
module, or if a display module is found but its coordinates
have already been assigned, the module element list is then
examined to see if a module within the list has a “right”
module identifier that matches the current module’s “me”
identifier (a match indicates that the module found is to the
left of the current module). If a module is found, this new
module’s coordinates are examined to see if they have been
assigned. Ifnot, the state information pertaining to the current
module is saved by pushing state information that is com-
prised of the module list element reference, the current x and
y coordinate values and the next processing path that needs to
be evaluated for this module (in this case the NEXT MOD-
ULE ABOVE the current module). The x coordinate is then
decremented by one, indicating that the next module to be
evaluated is to the left of the current module. The current
module list element is then replaced by a reference to the new
display module that has been found, and the algorithm jumps
back to the point where x and y coordinates are assigned to the
current module list element (connector designator 1 within
FIG. 5).

If no display module is found to the left of the current
display module, or if a display module is found but its coor-
dinates had already been assigned, the module element list is
then examined to see if a module within the list has a “below”
module identifier that matches the current module’s “me”
identifier (a match indicates that the module found is above
the current module). If a module is found, this new module’s
coordinates are examined to see if they have been assigned. If
not, the y coordinate is then decremented by one, indicating
that the next module to be evaluated is above the current
module (no processing path state information needs to be
saved here because this processing path is the last that needs
to be evaluated for the current module). The current module
list element is then replaced by a reference to the new display
module that has been found, and the algorithm jumps back to
the point where x and y coordinates are assigned to the current
module list element (connector designator 1 within FIG. 5).

If no display module is found above the current display
module, or if a display module is found but its coordinates
have already been assigned, control passes to connector des-
ignator 3 at the top left of FIG. 7.
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Beginning at connector designator 3 at the top left of FIG.
7, at this point in the algorithm, a single processing path has
been exhausted. However, alternate processing paths may
have been saved (pushed to the stack) for each module pro-
cessed. These processing paths represent processing paths
that have not yet been pursued.

A reference to a “newDisplayModule” is initially set to an
INVALID reference, indicating that no suitable new process-
ing path has been found. Note that the “newDisplayModule”
reference will be set to a valid display module reference in the
algorithm as described below, should a display module with a
valid processing path be found.

The “module_stack™ state information list is examined,
and if it is empty, a check is executed to determine if a
“newDisplayModule” reference has been found, indicating a
new processing path that can be pursued. If so, the current
module list element is assigned to this “newDisplayModule,”
and the algorithm jumps back to the point where x and y
coordinates are assigned to the current module list element
(connect designator 1 within FIG. 5). Note that these x and y
coordinates are based upon the state information retrieved
from the “module_stack,” described in more detail below.

Ifthe “module_stack” is found to be empty (no state infor-
mation elements are left in the list) and the “newDisplayMod-
ule” reference is INVALID, the algorithm assumes that all
processing paths that could have been pursued for the current
face are complete. The algorithm then increments the face ID
by 1 (in anticipation of identifying another face) and sets the
DONE flag to TRUE (indicating that the current face process-
ing is complete). The algorithm then jumps to connector
designator 1 within FIG. 5.

Ifthe “module_stack™ is not empty, state information from
the first element off the stack is retrieved. Since the stack list
is a LIFO (Last In First Out) stack, the state information from
the last module processed will be retrieved. This state infor-
mation represents an alternate processing path for a module
that has not yet been explored, and may be available as a path
for further module coordinate assignment.

The x and y coordinates for the display module are restored
from the state information retrieved from the stack. These are
the x and y coordinates that have already been assigned to the
retrieved display module whose information has just been
retrieved from the stack. The current module list element is
then set to the list element reference contained within the state
information retrieved from the stack. Next, the saved “state”
variable is examined. This represents the next processing path
that should be examined for the retrieved display module.

If the state is NEXT MODULE BELOW, the module ele-
ment list is then examined to see if a module within the list has
the same “me” module identifier as the current module’s
“below” identifier. If a module is found, this new module’s
coordinates are examined to see if they have been assigned. If
not, the y coordinate is then incremented by one, indicating
that the next module to be evaluated is below the current
module, the “newDisplayModule” is set to the reference to
the new display module that has been found, the current state
information record is “popped” (removed) from the “mod-
ule_stack,” and the algorithm jumps back to the point where
the module stack is examined to determine if it is “empty” (as
described above).

Ifthe state is NEXT MODULE LEFT, or the results of the
NEXT MODULE BELOW examination either did not find a
display module below the current module list element or a
display module was found but already had coordinates
assigned, the module element list is then examined to see if a
module within the list has the same “right” module identifier

as the current module’s “me” identifier. If a module is found,
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this new module’s coordinates are examined to see if they
have been assigned. If not the x coordinate is then decre-
mented by one, indicating that the next module to be evalu-
ated is to the left of the current module, the “newDisplay-
Module” is set to the reference to the new display module that
has been found, the current state information record is
“popped” (removed) from the “module_stack,” and the algo-
rithm jumps back to the point where the module stack is
examined to determine if it is “empty” (as described above).

If the state is NEXT MODULE TOP, or the results of the
NEXT MODULE LEFT examination either did not find a
display module to the left of the current module list element or
a display module was found but already had coordinates
assigned, the module element list is then examined to see if a
module within the list has the same “below” module identifier
as the current module’s “me” identifier. If a module is found,
this new module’s coordinates are examined to see if they
have been assigned. If not, the y coordinate is then decre-
mented by one, indicating that the next module to be evalu-
ated is above the current module, the “newDisplayModule” is
set to the reference to the new display module that has been
found, the current state information record is “popped” (re-
moved) from the “module_stack,” and the algorithm jumps
back to the point where the module stack is examined to
determine if it is “empty” (as described above).

If the state is none of NEXT MODULE BELOW, NEXT
MODULE LEFT, NEXT MODULE TOP, or the results of the
NEXT MODULE LEFT examination either did not find a
display module to the left of the current module list element or
a display module was found but already had coordinates
assigned, the “newDisplayModule” reference is set to
INVALID, the current state information is “popped” (re-
moved) from the “module_stack,” and the algorithm jumps
back to the point where the module state is examined to
determine if it is “empty” (as described above).

Ultimately, if a “newDisplayModule” is found, the module
processing information (current module list element, x and y
coordinates) has been restored to the point that coordinates
can be assigned to the new module, and processing can con-
tinue via the newly determined processing path.

Although the preferred embodiment of the present inven-
tion has been shown and described, it will be apparent to those
skilled in the art that many changes and modifications may be
made without departing from the invention in its broader
aspects. The appended claims are therefore intended to cover
all such changes and modifications as fall within the true spirit
and scope of the invention.

We claim:

1. An apparatus for allowing display modules to commu-
nicate information about themselves to other display modules
in the same display panel, comprising a module-based display
panel,

wherein the display panel comprises one or more faces,

wherein each face comprises a plurality of display mod-

ules,

wherein each display module comprises at least three bor-

ders,

wherein at least one of the borders is adjacent to another

display module,
wherein a transmitter, receiver or transceiver is located on
each border that is adjacent to another display module,

wherein the transmitters, receivers and/or transceivers are
configured so that each transmitter or transceiver on a
given display module is adjacent to a receiver or trans-
ceiver on an adjacent display module,

wherein each display module has a unique identifier,
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wherein the transmitters or transceivers on a given display
module transmit that display module’s unique identifier
to the adjacent receivers or transceivers within a band-
width of 10 Kbps or less,

wherein the receivers or transceivers on a given display
module receive the unique identifier of each adjacent
display module from the adjacent transmitter[s] or trans-
ceiver[s] within a bandwidth of 10 Kbps or less,

wherein each display module sends its own unique identi-
fier and the unique identifiers of the adjacent display
modules to a main controller, and

wherein the unique identifiers are used by the main con-
troller to determine the location of the display module
within a display panel.

2. The apparatus of claim 1, wherein the transmitters,
receivers and/or transceivers communicate information using
LC resonator circuits to generate alternating magnetic fields
between adjacent display modules.

3. The apparatus of claim 1, wherein the information that is
transmitted and received between adjacent display modules is
identifier information.

4. The apparatus of claim 3, wherein the identifier infor-
mation from the display modules is transmitted to a sign
mapping software program that maps the location of the
display modules on the display panel.

5. The apparatus of claim 4, wherein the sign mapping
software program discovers all separate sign faces and
assigns x-y coordinates to every display module in each sign
face.

6. The apparatus of claim 5, wherein the x-y coordinates
that are assigned to each display module by the sign mapping
software program are converted to actual x-y coordinates.

7. The apparatus of claim 6, wherein the actual x-y coor-
dinates are converted to video coordinates.

8. A method for allowing display modules to communicate
information about themselves to other display modules in the
same display panel, comprising:

(a) wherein a display panel comprises one or more faces,
wherein each face comprises a plurality of display mod-
ules, wherein each display module comprises at least
three borders, wherein at least one of the borders on each
display module is adjacent to another display module,
locating a transmitter, receiver or transceiver on each
border that is adjacent to another display module; and

(b) configuring the transmitters, receivers and/or transceiv-
ers so that each transmitter or transceiver on a given
display module is adjacent to a receiver or transceiver on
an adjacent display module,

wherein each display module has a unique identifier,

wherein the transmitters or transceivers on a given display
module transmit that display module’s unique identifier
to the adjacent receivers or transceivers within a band-
width of 10 Kbps or less,

wherein the receivers or transceivers on a given display
module receive the unique identifier of each adjacent
display module from the adjacent transmitter[s] or trans-
ceiver[s] within a bandwidth of 10 Kbps or less,

wherein each display module sends its own unique identi-
fier and the unique identifiers of the adjacent display
modules to a main controller, and

wherein the unique identifiers are used by the main con-
troller to determine the location of the display module
within a display panel.

9. The method of claim 8, further comprising using L.C

resonator circuits to communicate information between the
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transmitters, receivers and/or transceivers by generating
alternating magnetic fields between adjacent display mod-
ules.

10. The method of claim 8, wherein the information that is
transmitted and received between adjacent display modules is
identifier information.

11. The method of claim 10, wherein the identifier infor-
mation from the display modules is transmitted to a sign
mapping software program that maps the location of the
display modules on the display panel.

12. The method of claim 11, wherein the sign mapping
software program discovers all separate sign faces and
assigns x-y coordinates to every display module in each sign
face.

13. The method of claim 12, wherein the x-y coordinates
that are assigned to each display module by the sign mapping
software program are converted to actual x-y coordinates.

14. The method of claim 13, wherein the actual x-y coor-
dinates are converted to video coordinates.

15. The apparatus of claim 1, wherein communication
links between adjacent display modules are unidirectional
only.

16. The apparatus of claim 1, wherein no data other than a
start code header, the unique identifier of a given display

20

14

module and a checksum is transmitted by that display module
to an adjacent display module.

17. The apparatus of claim 1, wherein the unique identifier
is a Media Access Control address.

18. The apparatus of claim 1, wherein the display modules
do not process any location data.

19. The apparatus of claim 1, wherein the module com-
prises four borders,

wherein the apparatus requires only two transmitters and

two receivers, and

wherein the two transmitters are located on two of the

module borders, and the two receivers are located on the
other two module borders.

20. The apparatus of claim 1, wherein the module com-
prises a first border, a second border, a third border and a
fourth border, and

wherein a transmitter is located on the first border, a trans-

mitter is located on the second border, a receiver is
located on the third border, and a receiver is located on
the fourth border.
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‘M8 PLAT

Realtime 4K LED. Video Distribution

The new M8 Distribution Platform has been reimagined from REALTIME 4K

the ground up to support the next generation of high density LONG DISTANCE BUILT-IN
display products for use in demanding pro AV, broadcast and AUTO MAPPING
production applications. Now, you can build displays with the COLOR STANDARDS

greatest visual impact by leveraging modern video formats at BEST-IN-CLASS SPATIAL RESOLUTION

lUt] to 4K STUNNING PERFORMANCE
resolutions up to !
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M8 PLATFORM

Realtime 4K LED Video Distribution

4K

Build displays with the greatest visual impact by leveraging modern video formats at resolutions up to 4K.
Compatible with UHD/4K media servers, production switchers, and broadcast cameras.

LONG DISTANCE BUILT-IN
Easily accommodate the most common venue layouts with native support for 1km separation between the M8
Processor at front of house and the display on stage via a single strand of single mode fiber.

AUTO MAPPING

When coupled with compatible panels, the M8 system will auto-map the display thanks to intelligent sensors
and software. Speed through on-site setup and watch the system automatically integrate components as they
are connected or replaced.

COLOR STANDARDS

In addition to best-in-class spatial resolution, the M8 platform also provides industry leading color processing,
integrating with color managed cameras and servers to ensure that your image is true to life.
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AUDIO | AV | BROADCAST | CAMERA | LED | VIDEO | LIGHTING | RIGGING ver.com
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THE ALL NEW M8 PLATFORM

. . o Page 3
Realtime 4K LED Video Distribution
- a breakthrough, award-winning product from the VER R&D and Manufacturing teams!

“... this sounds like a very cool product!”

Ellen Lampert-Greaux
creative director, Live Design
conference director, LDI

M8 PLATFORM

Realtime 4K LED Video Distribution

2015-2016 Live Design Products Of the Year Award for the M8

M8 LED Processor: VER Revolution Display M8 is a powerful new evolution of a critical component
—the LED processor, for real-time 4K LED video distribution. So often the source of frustration in
configuring the complex screen displays so common in today's design, LED processors are the key
to quickly placing content in the right place, in the best color space, and at the highest quality.
The Revolution Display M8 is a native 4K LED processor from VER that offers deep and intuitive
control for configuring a wide range of LED products. As attests one our judges: “A true power tool,
that can strip hours out of the production process and make every pixel shine.”
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...Up to four Distro units
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Technical Specifications

Display Port | HDMI | SDI

System Video Input

Quad 3G-SDI up to 4K DCI (4096 x 2160 px) YUV, 10 bits per channel, 4:2:2
DisplayPort 1.2 up to 4K DCl (4096 x 2160 px) RGB/YUV, 8 bits per channel
HDMI 1.4 UHD (3840 x 2160 px @30Hz max.), 2560 x 1600 @60Hz max. RGB/YUV, 8 bits per channel

Except where noted, inputs support frame rates: 23.98, 24, 25, 29.97, 30, 48, 50, 59.94, and 60Hz

Backhaul Link

Single strand of single mode fiber, ST connector, up to 1000m between devices

Distro

Up to 4 M8 Distro units daisy-chained per system, each unit capable of 2 megapixels

Last-hop Links

8x Gigabit Ethernet output per Distro unit, locking etherCON compatible connector

Genlock Tri-level
M8 Processor Physical Details | 2RU, Indoor use only IP 20, 6.1 kg (13.6 Ibs), 0° - 50°C (32° - 122°F)
M8 Distro Physical Details Truss box or rack mount, Indoor/Outdoor use IP 53, 3.9 kg (8.6 Ibs), 0° - 50°C (32° - 122°F)

NOTE: Specifications are preliminary and subject to change without notice

VER is your global resource for
Production Equipment, Support
and Creative Solutions

USA | Canada | Europe
USA and Canada: 800.794.1407

Europe: +44 (0) 20 8445 0267

Copyright © 2016 VER | All rights reserved | Patents pending and issued worldwide ver.com
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