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Description

Technical Field

ter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as

[0001] Embodiments generally relate to a coolingas- 5 limited to the exemplary embodiments set forth herein.
sembly for the back pan of an electronic display. Rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully con-
Background of the Art vey the scope of the invention to those skilled in the art.
In the drawings, the size and relative sizes of layers and
[0002] Electronic displays are now being used for a 70 regions may be exaggerated for clarity.
variety of applications, in addition to the traditional in- [6007] The terminology used herein is for the purpose
home viewing applications. 1t is now desirable for elec- of describing particular embodiments only and is not in-
tronic displays to be used as restaurant menu boards, tended to be limiting of the invention. As used herein, the
advertising, and general informational purposes. Each singular forms "a", "an" and "the" are intended to include
application may require a different set of electronic as- 15 the plural forms as well, unless the context clearly indi-
semblies, in order to drive the electronic display and pro- cates otherwise. It will be further understood that the
vide any ancillary services related to the electronic dis- terms "comprises" and/or "comprising,” when usedin this
play and its purpose. Electronic displays are typically specification, specify the presence of stated features, in-
manufactured in standard sizes, shapes, and with stand- tegers, steps, operations, elements, and/ or components,
ard electronic components. JP H11 296094, US 20 but do not preclude the presence or addition of one or
2012/020114 and US 2012/044217 disclose known elec- more other features, integers, steps, operations, ele-
tronic displays having cooling assembilies. ments, components, and/or groups thereof.
[0008] Embodiments of the invention are described
Summary of the Exemplary Embcdiments herein with reference to illustrations that are schematic
25 jllustrations of idealized embodiments (and intermediate
[0003] According to the presentinvention there is pro- structures) of the invention. As such, variations from the
vided a back pan cooling assembly for an electronic dis- shapes of the illustrations as a result, for example, of
play as claimed in claim 1. One exemplary embodiment manufacturing techniques and/or tolerances, are to be
provides a cooling back pan that is positioned behind the expected. Thus, embodiments of the invention should
rear pan of an electronic display, where the space be- 30 not be construed as limited to the particular shapes of
tween the cooling back pan and the rear pan defines a regions illustrated herein but are to include deviations in
gap. A fan is preferably positioned so as to cause a flow shapes that result, for example, from manufacturing.
of ambient air through the gap, cooling the rear pan and [0009] Unless otherwise defined, all terms (including
the cooling back pan. Electronic components for operat- technical and scientificterms) used herein have the same
ing the electronic display can be mounted to the cooling 35 meaning as commonly understood by one of ordinary
back pan and preferably are placed in conductive thermal skill in the art to which this invention belongs. It will be
communication with the cooling back pan. further understood that terms, such as those defined in
[0004] The foregoing and other features and advan- commonly used dictionaries, should be interpreted as
tages of the present invention will be apparent from the having a meaning that is consistent with their meaning
following more detailed description of the particular em- 40 inthe context of the relevant art and will not be interpreted
bodiments, as illustrated in the accompanying drawings. in an idealized or overly formal sense unless expressly
so defined herein.
Brief Description of the Drawings [0010] FIGURE 1 is a rear perspective view of an ex-
emplary back pan cooling assembly where the rear cover
[0005] Abetterunderstandingofanexemplaryembod- 45 100 has been removed. An electronic display 15 is pro-
iment will be obtained from a reading of the following vided on the bottom with an exemplary cooling back pan
detailed description and the accompanying drawings 45 positioned on the top. The electronic display 15 con-
wherein identical reference characters refer to identical tains a rear pan 22 on the rear surface of the electronic
parts and in which: display 15 (i.e. on the side opposing an intended observ-
50  er). The rear pan 22 is often a component in mass-man-
FIGURE 1is arear perspective view of an exemplary ufactured electronic displays and typically provides
back pan cooling assembly. mounts for electronic subassemblies or housings to go
FIGURE 2 is a sectional view of the embodiment with the electronic display. In some embodiments, the
shown in Figure 1. rear pan 22 is metallic. As used herein, the term ‘rear
55 pan’ does not require that the pan is actually the one that
Detailed Description came with the originally mass-manufactured display, as
this component may be upgraded from its ariginally
[0006] The invention is described more fully hereinaf- mass-manufactured form by downstream manufactur-
2
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ers.
[0011] Here, electronic components 10 and 11 for driv-
ing the electronic display 15 are fastened to the cooling
back pan45. In an exemplary embodiment, the electronic

air around the interior of the cocling back pan 45, without
mixing with the ambient air.

[0017] It should also be noted that it is preferable to
place the fan 30 near the center of the cooling back pan

components 10 and 11 may be placed inconductivether- 5 45, although this is not required. It may be preferable in
mal communication with the cooling back pan 22. The someinstances to place the fan 30 closer tothe horizontal
electronic components 10 and 11 may contain any one top edge of the cooling back pan 45 (as shown in Figure
of the following: timing and control boards (TCON), power 2), as the heat generated by the display assembly tends
supplies, video cards/drivers/players, input/output inter- to rise where additional flow rates of cooling air would be
faces, antennas, wireless receivers, modems, localelec- 70  beneficial in this area. In most cases, if using only one
tronic storage, and CPU/microprocessors. fan 30, it may be preferable to place the fan near the
[0012] The space between the rear pan 22 and the vertically-drawn centerline of the cooling back pan 45.
exemplary cooling back pan 45 defines an air gap 25. [0018] As used herein, the term ’electronic display’ is
The fan 30 is positioned so as to cause a flow of ambient any electronic assembly for generating an image to a
cooling air through the gap 25, in order to cool both the 15 viewer. The term specifically includes, but is not limited
rear pan 22 and the cooling back pan 45. The fan 30 to: liquid crystal displays (all types), OLED, light emitting
preferably draws ambient air from around the display diode (LED), field emitting display (FED), light emitting
housing, without letting the air enter other portions of the polymer (LEP), organic electro luminescence {OEL),
display housing, especially the portions of the coaling plasma displays, and any other type of thin/flat panel dis-
back pan 45 which contain the electronic components 10 20 play. In an exemplary embodiment, the electronic display
and 11 (i.e. the portions sealed off between the cooling 15 comprises an LED edge lit LCD display where the
back pan 45 and the rear cover 100). In other words, the LED backlight is placed in conductive thermal communi-
fan 30 is preferably placed in sealed gaseous communi- cation with the rear pan 22. In another exemplary em-
cation with the surrounding ambient air and the gap 25 bodiment, the electronic display 15 comprises an LED
such that ambient air can pass through the fan 30 and 25 direct backlit LCD display where the rear pan 22 is pro-
gap 25 without entering the area sealed by the cooling vided as the rear surface of the direct LED backlight.
back pan 45 and rear cover 100. [0019] Having shown and described a preferred em-
[0013] In at least one embodiment, a port 150 is pro- bodiment of the invention, those skilled in the art will re-
vided which provides sealed gaseous communication alize that many variations and modifications may be
between the ambientair surrounding the display housing 30 made to affect the described invention and still be within
and the fan 30. Once forced through the gap 25, the cool- the scope of the claimed invention. It is the intention,
ing air can exit any portion of the perimeter of the rear therefore, to limit the invention only as indicated by the
pan 22 and ccoling back pan 45 assemblies, and even- scope of the claims.
tually is exhausted out of the edges of the display hous-
ing. In other words, the gap 25 preferably extends to all 35
four edges of the display housing and allows ambient air Claims
to enter/exit the gap 25 along all four edges of the rear
pan 22 and cooling back pan 45. 1. A back pan cooling assembly for an electronic dis-
[0014] FIGURE 2is asectionalview ofthe embodiment play (15) having a rear pan (22), the assembly com-
shown in Figure 1. 40 prising:
[0615] As can be observed, the cooling back pan 45
can be used to mount any number of specialized electri- a coaling back pan (45) positioned behind the
cal compoenents 10 and 11 which may be required for the rear pan (22);
end-use of any electronic display. At the same time, the a gap (25) defined by the space between the
cooling back pan 45 can help remove heat from the elec- 45 cooling back pan (45) and the rear pan (22);
tronic components 10 and 11 as well as therearpan 22, arear cover (100} positioned on the cooling back
without exposing the sensitive components to ambient pan (45) to define a rear compartment which is
air (which may contain dirt, dust, or contaminates). sealed to prevent ambient air from entering the
[0016] it should be noted that although a single fan 30 rear compartment;
is shown, this is notrequired by any embodiment as there 50 aport(150)inthe rear cover (100) which accepts
can be multiple fans positioned on the cooling back pan ambient gas;
45 in other embodiments. Also, although an exemplary at least one fan (30), the port (150) being in gas-
embodiment uses the fan 30 to push the cooling air into eous communication with the fan (30), the fan
the gap 25, alternative embodiments could also be used (30) being oriented such that the ambient air is
to draw air from the edges of the display housing, through 55 drawn through the port (150) and exhausted out
the gap 25, and exhaust the air through the port 150. It of the gap (25);
should also be noted that additional fans may be posi- wherein the fan (30)is positioned to cause a flow
tioned within the cooling back pan 45 in order to circulate of ambient air through the gap (25); and
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an electronic component (10, 11) for driving the
electronic display (15) placed in the rear com-
partment and in conductive thermal communi-
cation with the cooling back pan (45) wherein:

mindestens ein Geblése (30), wobei die Offnung
(150) in Gasverbindung mit dem Geblase (30)
steht, wobei das Geblase (30) derart orientiert
ist, dass die Umgebungsiuft durch die Offnung

the fan (30)is sealed within the coolingbackpan 5 (150) gesaugt und durch den Spalt (25) ausge-
{45) such that ambient air is not permitted to blasen wird;
contact the electronic component (10,11). wobeidas Geblase (30) positioniertist, um einen
Strom von Umgebungsluft durch den Spalt (25)
2. The cooling assembly of claim 1 further comprising: zu bewirken; und
10 eine elektronische Komponente (10, 11) zum
an LED backlight within the electronic display Treiben der elektronischen Anzeigevorrichtung
(15) and placed in thermal communication with (15), die in dem hinteren Raum platziert ist und
the rear pan (22). in leitfahiger thermischer Verbindung mit der
Kuhlungsriickenschale (45) steht, wobei:

3. The cooling assembly of claim 1 wherein: 15 das Geblase (30) innerhalb der Kiuhlungsri-
the rear pan (22) comprises the rear surface of a ckenschale (45) dicht eingeschlossen ist, so-
direct-lit LED backlight. dass es Umgebungsluft nicht ermoglicht wird,

mit der elektronischen Komponente (10, 11) in

4. The cooling assembly of claim 1 wherein: Kontakt zu gelangen.

20

the rear pan (22) has a first pair of vertical edges Kuhlungsanordnung nach Anspruch 1, die weiter
and a first pair of horizontal edges; Folgendes umfasst:
the cooling back pan (45) has a second pair of eine LED-Hintergrundbeleuchtung innerhalb der
vertical edges and a second pair of elektronischen Anzeigevorrichtung (15), die in ther-
horizontal edges; 25 mischer Verbindung mit der hinteren Schale (22)
the first pair of horizontal edges are aligned with platziert ist.
the second pair of horizontal
edges; Kihlungsanordnung nach Anspruch 1, wobei:
the first pair of vertical edges are aligned with die hintere Schale (22) die hintere Oberflache einer
the second pair of vertical edges; 30 direkt beleuchteten LED-Hintergrundbeleuchtung
the gap (25) extends to each horizontal edge to umfasst.
define a pair of horizontal edge gaps
and to each vertical edge to define a pair of ver- Kuhlungsanordnung nach Anspruch 1, wobei:
tical edge gaps; and
the fan (30) is positioned to cause the flow of 35 die hintere Schale (22) ein erstes Paar vertikale
ambient air though the horizontal edge Réander und ein erstes Paar horizontale Rander
gaps and the vertical edge gaps. aufweist;

die Kiihlungsruckenschale (45)ein zweites Paar

vertikale Rénder und ein zweites Paar horizon-

Patentanspriiche 40 tale Rander aufweist;

das erste Paar horizontale Rander aufdas zwei-

1. Ruckenschalen-Kihlungsanordnung fir eine elek- te Paar horizontale Rénder ausgerichtet ist;
tronische Anzeigevorrichtung (15), die eine hintere das erste Paar vertikale Rander auf das zweite
Schale (22) aufweist, wobei die Anordnung Folgen- Paar vertikale R&nder ausgerichtet ist;
des umfasst: 45 sich der Spalt (25) zu jedem horizontalen Rand

erstrecki, um ein paar horizontale Randspalte

eine Kuhlungsrickenschale (45), die hinter der zu definieren, und zu jedem vertikalen Rand er-
hinteren Schale {22} positioniert ist; streckt, um ein Paar vertikale Randspalte zu de-
einen Spalt (25), der von dem Zwischenraum finieren; und
zwischen der Kuhlungsriickenschale (45) und 50 das Gebléase (30) positioniert ist, um den Strom
der hinteren Schale (22) definiert wird; von Umgebungsluft durch die horizontalen
eine hintere Abdeckung (100), die auf der Kilh- Randspalte und die vertikalen Randspalte zu
lungsriickenschale (45) positioniert ist, um ei- bewirken.
nen hinteren Raum zu definieren, der abgedich-
tet ist, um zu verhindern, dass Umgebungsiuft 55
in den hinteren Raum eintritt; Revendications
eine Offnung (150) in der hinteren Abdeckung
{100), die Umgebungsgas aufnimmt; 1. Ensemble de refroidissement de plaque cbté arriere

4

SEC et al. v. MRI
SEC Exhibit 1022.1007
IPR2023-00221



7 EP 2 909 829 B1

pour un affichage électronique (15) ayantune plague
arriére (22), 'ensemble comportant :

une plaque cété arriére de refroidissement (45)
positionnée derriére la plaque arriére (22) ;
une bréche (25) définie par'espace entre la pla-
que coté arriere de refroidissement (45) et la
plague arriére (22) ;

un couvercle arriére (100) positionné sur la pla-
que coté arriére de refroidissement (45) pour
définir un compartiment arriére qui est scellé
pour empécher l'air ambiant d’entrer dans le
compartiment arriére ;

un orifice (150) dans le couvercle arriére (100)
qui accepte du gaz ambiant ;

au moins un ventilateur (30), I'orifice (150) étant
en communication gazeuse avec le ventilateur
{30), le ventilateur (30) étant orienté de telle sor-
te que l'air ambiant est aspiré au travers de l'ori-
fice (150) et évacué par la bréche (25) ;

dans lequel le ventilateur (30) est positionné
pour amener un écoulement d’air ambiant au
travers de la bréche (25) ; et

un composant électronique (10, 11) servant a
entrainer l'affichage électronigue (15) placé
dans le compartiment arriére et en communica-
tion thermique conductrice avec la plaque coté
arriére de refroidissement (45) dans lequel :

le ventilateur (30) est scellé dans la plaque c6té
arriére de refroidissement (45) de telle sorte que
I'air ambiant n’est pas autorisé a entrer en con-
tact avec le composant électronique (10, 11).

Ensemble de refroidissement selon la revendication
1, comportant par ailleurs :

un rétroéclairage a DEL a Vintérieur de I'affichage
électronique (15) et placé en communication thermi-
que avec la plague arriére (22).

Ensemble de refroidissement selon la revendication
1, dans lequel :

la plaque arriere (22) comporte la surface arriére
d'un rétroéclairage a DEL 2 éclairage direct.

Ensemble de refroidissement selon la revendication
1, dans lequel :

la plague arriére (22) a une premiére paire de
bords verticaux et une premiére paire de bords
horizontaux ;

la plaque cbté arriere de refroidissement (45) a
une deuxiéme paire de bords verticaux et une
deuxiéme paire de bords horizontaux ;

les bords de la premiére paire de bords horizon-
taux sont alignés sur les bords de la deuxiéme
paire de bords horizontaux ;

les bords de la premiére paire de bords verticaux
sont alignés sur les bords de la deuxiéme paire

10
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de bords verticaux ;

la bréche (25) s’étend jusqu’a chaque bord ho-
rizontal pour définir une paire de bréches de
bords horizontaux et jusqu’'a chaque bord verti-
cal pour définir une paire de bréches de bords
verticaux ; et

le ventilateur (30) est positionné pour entrainer
I’écoulement de I'air ambiant au travers des bré-
ches de bords horizontaux et des bréches de
bords verticaux.
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Abstract

PROBLEM TO BE SOLVED: To suppress temperature variations among substrates mounting a plurality of light-emitting
elements and also improve the heat dissipation characteristics of the substrates mounting the light-emitting elements,
with a simple structure. SOLUTION: A light-emitiing diode (LED) light source includes: an LED element formed by
connecting an LED chip to slectrodes formed on a ceramic substrate; an LED element-mounting substrate on which a
plurality of the LED elemenis are mounted; and a heat dissipating element for releasing heat generated in the LED
element-mounting subsirate. In the LED light source, a thermally conductive resin is interposed between the LED
element-mounting subsirate and the heat dissipating element, and a portion of the thermally conductive resin protrudes
via through holes formed in the LED element-mounting substrate 1o a side of a surface of the LED element-mounting
subsirate, on which the LED elements are mounted, so that the part of the thermally conductive resin is joined with the
plurality of the LED elemenis.
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UM EISFEREIGTHEDOL E DXHE,

[k 3]

MR LEDETHEHEERCBRIONEEBEAEZNLTEZLEDETERERONMKZLE
DEFEIPEBHEH EINATVIEOMNCEE L MR CENERINTEROLEDERTFEHMN
KELEDETFTHRIVEBEOVEITREINTVERILERMLIZ2EREIITLKDOLE
Dt .

[#:k1H 4]

M LEDRERTBRALREAEIENEHXDODEPEHMEHOL Y AFEIARIENTVWEZ LR
ML ToaEREISEOLEDNE.

[k 5]

M EEEMIEOREEREIT, MMZLEDETERERORBREERIL VL AET VI LA
HELrILHFEREIGNHEO L EDHIE.

[#KHE 6]

BANBETRE, BARNEX—VRPERIDGBHANSNZ—VIERBE., EREPHBL T A
Lt —-AFAEBHatea T — 7L FERE, BN NAEFERLMAEE AL -V ERE
LHiR T — 7L FEBEEEZHAIZIFANFREPHEACELEEBE T > T. WadZEBLEXETF
BRBLEDNEZHMA., ZLEDXERER, 253 v 70BGKLEERLEERICIEXY A
FA—FR {(LED) Fv 7 EEHELEZLEDZEFKRE, ZELEDEFHREZEBEBEBHLEZLE
DETHERHERL., ZELEDETEREREBLIUHEZLEDETAR THAEL B ERE
THMBETELEFAL., MiZ LEDETEEEREWAEMNBAET L RIACGEEEENALT
EREINTEY., ZRACHEHBEO —SBEIMTZLEDETFERERCB|I OGN EZEENRRE N
LTEZLEDETHEHEROMTZLEDETHANMBHE N TV IHEOMICELEL THiLHE
HOLEDRFBRLEALTVWSZZLERHBEITZLEDAREZMALBXEE,
[FHRmET7]

MEBEERZ—YER#E., M — 7NV TFETHEH NG EROMBIIS U TERER
EBBXTENIZ—VOBREZEZDSCLENFBMETSIERHFCEMOLEDXEEMA -
TILEE,

[#HRkHE 8]

MEBNAABEFBEIKRS Yy 7ry PEMAZ., Bk Yy 7y FCHIEZL EDXEZSH
THRLERMELILZERACKEHEOLEDEFREEMWALBHLEB,

[F5FkmEH 9]

HMBAETF LA CEHBELZMB L., EEORCLEDEFHLZPEEBHLAELEDETFTEREA
WMOBEHU PG ACEMBEIRE I ZTNARFCHETORMBIC XS X THAT THR
AECEEEEZMAdMAET LT LEDRTFHRHERLOBMICEMOE, BiIEZELEDRT
BHERCBIEEERENLUCHEZRRARETENZLEDRTERER EOMIZE %6
ABACEEEO - FBEMEZLEDETFEHEEHOZMICHHB L TEZERRCER I ZER
ODLEDETFHOMIZAEL., Bicd A CEBEBEMINAET LM LEDETHERER
EDMEEPETCEZD—HEZMETEERENLTHENAETEMTLEDETHERE

10

20

30

40

50

SEC et al. v. MRI
SEC Exhibit 1022.1014

IPR2023-00221



3 JP 2011-14593 A 2011.1.20

MEODHERBEISRERETHRLUTELIEZ CLERBET S LEDXXEBEOREEAHE

[FFERE1 0]

ML LEDETFHEI., LSIvI/ORGFLEBRELEEREEXFE A —~F (LED)
Fv T EITAVYRYFT o YT RIDEF LTERENECEEFB LT SHEREIZERD
LEDXAEREDBE I,

[F5kmE1 1]
MAEABRCEEREORZEERE. X LEDETFHEBEEKOBREERIVERE N LE
BFHLISERFEBIONBROLEDAFEORE HE.

[fEkmE1 2]

BANBEFEIOEBH INLZENXNAEE XN I —VERBCBEHL., ZJ|XALLEHEE
NEBXRZ—ERBLIOREIANEERZ—VvEEMELI A MRBEHRINLZER
FlefBl., BB T —VIEEDHE LA NERENTEFETH - T,
MAEEANBAAENXYXFEFEOLEDARILOEHINAEZNXTH D, %L EDXEIRK
By X b THAETNALEDETERAEARCEHER I A THCACEBBEAREI A
HBEDODLEDEFURIPORF ENENTHIIZICLEZRBLEITSLEDNXNBEERAVERLES
7
[k 1 3]

fisdERE P El st —AmEBHAELR T~ Tl cEHB I, BidB X X - ERX
WE, LT — T A EEO - H AR I LZ2EROMBICICCTEZEREBENL T 5 /82—
VOBREEIASCLERMEITAHAHERELI 2E8BOLEDNEERAVWERLEAE.

[ OFEMEHNE]

[ 5]

[o0oo0 1]

AFEHEZ., SEEPAHCELZSIKCHEH NS LED E., ThEHWVWE Ry oS5 7 FE
Pa— N Hm DRy S PRERBIIET S,

(& HH]

[ooo0 2]

— BB EKRDLED (BEXKXAL—F) HFrFrEHRCBUOIHERMAELT. Firg# 1 i
BHESIECARITESZLEDRTFERIMIBEATEZN TV S,

[0003]

M5BT, COLEDEFERIOOZ, E5I v 7HRI IOE®RICMEBLL a
BERENRT WD, ZOMEH 1 1 a NIKEEKR/SEZ—21 2083RIFoh, TOBRENSNZ—
iz, 1 BEZEZBRTLIRIEBEEILEHRDOLEDF > 71 3ESH (KRBT
) MEWCE > TEARYEENT WS, 2HEE, LEDF» 71 38k, EWE XA
DEHZELS I v ZEEMBL IafllicAI TCESZSEA TS, FOLEDF» 71 30&E
B RYXEHOERE D LI v 7ERME 1 1abDBRBESX—-2 1 20FEMNEE
B, R EHISRBIEFHAIAYI1AKKTTATYEYRFENR, MEB1 1 aoRAHEY 2
—HBEEEDE—NLEFMELISICEDVBDATHIEEATWE D, ERELEORELEN
AHBAZENTVSE, k., tSIvrERI I O—BHlEh,hs—HERmICHbIE>T, &
ODLEDETEHKIOEAFRLLERMNEIER I Z-HOBRERANT L 6RIENT
W5,

[o0O0 4]

THICHETXB1icE, EHERSKETRFT LSRR LEDRTFEHRIOCZHCWTRBHEHAXHK
ZYDLIEDABREBRIDZBAL., BHOLEDZFERI10%Z, ME6IKRT X5IC.
HSAZREFUHIELREILLESZEBEEERI 7TRERH1I 7 akliLsTHzE R
BEEACES IS EENTIAROOAUTZ2BEPHEAREN TS, 2DEE, LEDF v
F13a~clil, BABERAMOERESI v 7ERME1 1a~cflichmir TERD M
ohtwnas,

[000 5]
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Ehic. XMl R, AR BEXEECREHHEHEBEREICLEDXBELXA WV 24
HiIZE., LEDXBEIPKBHETHBE TN LD, TR0 AMADRLEBELLLE, T0X5355
Hicid, IBIKARI K3, HEOLEDRFEKRK I OPEOFAIENEEREK1I 7D
LED ETERRFEEEIRAMOTE (BE) i, e—r> 272803 BRBET
1 8AWMOHYNHIBEATVE, CASDOLEDER.,. R7TkyidT X3, "y 54 b
BEOBEMXKI oOfm (CEASME) ICih->T, BXIR1I ONICHEBAFTEINSE X512
BENhs,

[o006]

FOoENMCE, X 1ICE., LEDXBREBSUARABAEBEEL L THSKETRIT X XA
BEDEREINTVS, ENXEEFHBHEER I I L CEmMIEMB L lahBI oo
v ENRIIEOERBASAE—YICLEDF 1 38R HERIINUEET I v IR
M1l lalkmM3 TEARYFERTEDL, 2593 v 7 EFORXTEEEEHOEE
L— bR EORBETISHEEBESINTVS, EHREAK I 7TBZFTOTHICKSE
ENTVEZEBLOELIT v 7ERIICHILTLEDRTERI OO ZEBIES
FHOORBREME L TOEL 2 1P EINFNRILBATVS, £/, EHEKRL1 7IZIZL
EDF v X1l 3EEREZERBIDZLDOEHE NN ZI—V(ERETIEELTII v FEKRT 1O
EFHIERITISNEER S I —VERETIEDETIAFZOREICIIEREIN TS HE
BREEIN TV S,

[ooo0 7]

CDORFXHM1IOLEDEREBICINE, EEAENZ2LIEEX>TLEDF v 71
3 HTELNEH#AEZ, LEDFv 7132 IvIiBERIICEFALARYET ZEESH
B v 27ERI 1O ZRTHRAET IS KEABNS Y., LEDFT» 71 3
POERBEURLIIITICTENTE S,

[o0o0 8]

Fh, X2, 9 TRI EIFIECKSDODLEDETEKRI OOEREHEL T,
LEDF v 130 XTLARAMIIZ., IWICHEHAHEHRALBE23IZEITLIBNY
Py T22rERINEEHEBEBENEREINTL S,

o000 9]

BHACTE 2 TORABECLEVWTRE., LEDFv T 13 TORBIEBE T HF 22

8L, SACENZALEBMEASHMBMEE 2 3ZBLTCE®AHAICLEDFy 1 3
DO BMAEBMT I LATEEL SRS, LEDFy TORBLEEMEI TS LN TES,
Fi, FHFEFCm3kiE. AV LV ABEXERRC DV THESINT LS.
[ 17 % 7 STk )
[ %585 2k ]
[o010]
[Frerxmk 1] F¥F 2004 —-3117 91
[BFx@2]l #2008 —172177
[FFr w3l HHE2006—-250982
[ o E]
[HEPBHREL LD &9 58E]
[o011]
LHhLlLAads, LEMSERLELSSBFEFLHICHRENTWS LEDFETE., &
BMOLEDEFEHRI IAWOIN IS EZEHEERKRI 7TOLEDZEFERROMNTT L X
Reflom (BE) &, e— ¥ Y 2R 80XSHRRAETFISHFWROAFTFENTL S,
TS, LEDF v 71 3ETRELEZ#HIE., LEDEFERIOEZHERITZET I v
ZEBEILI 2EEERIT7TERTHREAET I SKEZAOND.,.

[O01 2]

ZCT. MIOKERTEICEBROLEDETFERI OV S EEICERAEHK 1 7 Eiz=E
BEINTWEEE., LEDETFERIObbZPHOERDLEDETFEMKR LI 0aANADLED
EFHORLELEZHE, LEDETFEIR1OOaMBRAK I TabBEEERL1 7 28A

0 ao Jo
B
o
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LTHAEF IS EIEETZ, HMAEFI1SHTR., LEDEFERIOOCaOETFIEE 3
MEET I SOREZ LA TE, ENAMLABMECTLIKETIREN FAZEESMAEE
e 5.

[o0o1 3]

LEDZFEHRI1O0ObDPS, BAX 1 7TabEREKR17EERBABLTHREAZT1 8
RELEEE, I TERBEFMLALTVIHRAEF I BATH., FiIHOLEDRTFERIL
OalbWRELEZBREERCERI S TCERNED, LEDETEKEIObDODOET
MBI SEAERBAIEE1 7T L RBAEZTORMERE18biE. RAINKEENLERE
5, FHhicf», LEDEFEHKIOLbTHRELAZRAREF., BEER1 7TICTORREET
AT lATEZWVWESD, LEDETFERIObbODOEBEEBERERET S, LiEMH-T., LEDZE
TEHRI1O0ObLbDEER. LEDZTEHRI40aDREELELRSZKEELLRSE, > T,
HE17TEFeFEEEINTVALBLEDEFERIORLBVWIKLDEZRARETIMENRE
5,

[o01 4]

ZTOHERE, KEHREC TR INSEAXAHAYECHREAELZ OIS, HEERE
HELZSDTLEDF v T 13HACDORBENFEZIZ L, BEEEDEREKRT S,
TH I, LEDETEROELEMBEIEIAZC2IEE-TE, BEEEEDERHE KT
B, Mmoo/ LEDEFEKRI0aTR., LEDFv X1 3 adbdmiEtis, LEDF v T
. BELIREECHADRIELI RS, BAEHEAE NI A3, EoEEEHER
BHANFEZLEDF v 7OERERBEETL-DICLIDOFRIREL RS2, coc kb, BEEIXS
DEDHERIZ., FEOETROREORESDE, LEDODHFMEF R LELOBENEL 2,
[0015]

— A, FREBFHF X1 OLEDETREETR., RAEXRTEEREREMAETETONRR
HERELTWVW2H, RAEFERAEAKREOBEZRSDZOMERIEEBE N TES Y. A
LI EEFRROBRICEIIZIBABBLERAEROBMENEDL 3,

[0016]

BHFEYHM2E2VWTaEBle., LEEROBRREISHME:ABEOMENEL S,
HAXBMIE TR LV AENXEBCHEHIZIHRET., XEL LT EKL -V XEKBT >
FRER /Sy THREORBES VT ERAWVWLIELAEHEIA TSN, LEDEXEL
LTHWS B Z DTN o T,

[o01 7]

AEHEHOBMNE., LR LAREOMBERLMRELT., TEEZMKT. E-BE LB LHE
o7, LEDRAETEAHEBCRELARAEXRTERERMOBEE S D& £ HK
LT - ZREZFEHTETLLEDHE,. RUCOXFEEAVEELEELZRMT S
TEREBET S,

[BEERRT DD TE]

[o01 8]
LFHLFEWUEZERT 2-DIE. REHATRE., Y5 Iv70RE FICEBRLEEHEICR
HEAF—F (LED) Fuv 7 2EEHELELEDZETFHA.RE., LEDETFEREHEEERL
LEDETHEERE, LEDETHEERTRELLEE#AETHNBTINBAEZTEE WAL
LEDXWICE VT, LEDETHERERE:MARTLOMCREHSELZNESE. C
ODBZEBEEEDC - HELEDETERERICLB[GONLEERENLTCLEDETHERE
WMOLEDEFHAPIBEHEEINTLVIWOMIEEEL THBOLEDEFKEEELT LS
BRELUE,

[0019]

Xk, ARHTE, LEDNXFOHBEAELELBLT, HAZFTLLAREHEEZHBL
. BB LEDEFGHZHEHBELELEDETEREROETGA PR ECEHENMBL S
NIEHMAERFECHREOERECEZETHMN U TACENEZPNMEAEZFELEDEFERE
WEDRICERoE, LEDEFREHEREHRLCF|UAZAIEFAREZNALTOHAEFELEDEF
BHER:IOHMIEL2ACEEEO—HZLEDETEREROXTTMICHBL TEHICHE
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WENEEROLEDETFHROBMIECAEHL, RCEMNEEZHRAELET L LEDETHERHER
COBICIENRGETTO—HEZEANREN L THAETF L LEDEFEEERLOBICHE
HMELSRRETMABLTHEIEEEZ E31IC L,

[o020]

EFi, AREATE., BXNEFERLE, BXARI—VEBRITAZBIEAAZ—VERSE L.
EEEFREBLIABEL—FAACBEHTEZTFT—7NLVTFEE, BXEXEBFETFERELBEN X
—VERBET—TFTNFELEHBEBTAIHBFERLEMALRELEB LV T, BXNE
FERRILEDXEZMWMA. LEDN ER., t53Iv /70REKLEIKERLEZERICHENXTA
A—R (LED) Fu72EELEZLEDZFHE. LEDETFAREPEHRBRLAEZLED
ETFHEEER:., LEDETFEBHEERLEBELITILEDEFARTRELIEAZRAT 2K
EZFLEAL., LEDEFEHERBERNAEFLRIACEBEEBERETLTEEENATEY.,
COBMZERHEBO TR LEDETFEHRARICRIONAEEIARENLITILEDETFESR
ERDODLEDETHRIFERERINTLVLIHOMNCEFLTCEROLEDEFREEAT S X
S Liz,

[002 1]

B, ARBETE., BANXETFERIOREINEBYE X 2B X —BERBICESL

L BAADPHEBEENEEEN I VERTFICEODREISNIENRSZ—EEREICL Y AR
HEFENLER FEEB/BL., BBELEXESZ—VEXIDHDLIYANERBATEZHERLLS
WT., BXHBIEANEFEROLEDXEIDODRHE ENENXTHED, OB KkEY
¥y P CHHENELEDEFEHEERIEBE SN THECRAGEME A REI W EER
DLEDEFUIOEFNEINZNETHLZEREHET 3.
[ DO E]
[o02 2]
AFEHICINE, ERNCHBLEAERORAEZEFIACEHERL I TERANZEREINT
WEBEHICRWET (LED) BH#ERKMOBEEL DZTRIBRKENE, 2hicimi T,
BREZEMEER. BRARTERERLIAAZTFLOMICEARACESERZBELCERELTL
BB ERBEMEERBZEAENAZTERERIPORBRTFTNORAEZLODHERLIGS
CENTEEEE S,

[o02 3]

EHILRAETEREHRELTRELOBBEERCRATCEAGCGEREORVWES I v FEW
PEEA-—REREACNE., BEELOXE -BEBETE S,

THhiEE>T. BREEZRNEETNOAZAMNL-RAEHREBE T2 T, EEHEZRETE S C
LHTES,

[0 2 4]

Fh, FTEADLEDAEHECLENTR, HRkoMETHRLEA TR TEHETZES 2
i, FIEAIEEFRTIZLEL R, MEEBOEBEALZLAEL V., COLbEE IR
FEAHRTBEIENTES,

Fle, AP IS5 LEDHBEAEAENNEBREERTIACLICLD., I o WEBENT
NRE—VOBENXEZITSCEHRREICE S,

[ B9 ng o> & BL 7% 3 BH ]

[o0025]

[M1] AHBHADODLEDNAFEOERMEE I CEBTLIBEAERIHERK TS 3,

(B2 A1 EEFA1CET2EREN:MBAEZTFOBSGTEEARLERT. BRBEF 4K
BMInEHES A EOEBHRBEINEREZTR IR TH %,

[KM2B] £l 1 IECHILEREREMAZTOESIEEZRALERT., Z#HEKI &
TP T THEAEFALOBICACERNEBES ZRABCALRKEEZRINTH 5.
[H2Cl EMEFA1ILBIS3EREREBABZETOBSTIERZRLERT., BEEKRI X
FEDMEBF TH T THAZTFALOUCEACAFRAGERBRES O —SBEEEN3 O
CFHBLTEFEERSIO LA CLEDEFERDODHEHMHEIICH Y CARKBERIK TS S,
(3] ARFDLEDNFEOEBERERBR2ECESILIEBEAERIHERKTD 5.
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(M4] *RPOEMPBREIEZRIBXEALEDABFEONAR TS %,

[H5] EDODLEDNEETERCBUY2BEERTREARTHL .

[KM6] HEDLEDNXFEOEBREZRIWNERTH B,

[B7) EDLEDNRN Yy PSS A FPEYa2a—OBKERIHEBRTS 5.

[(MS8] HEDLEDRBFRLEDLIHOBEZ RIWERTH S,

[KHo)] kD LEDNKELBUYZMMOEBEAE RITHERK TS 5,

(K1 0] HARDLEDRBICEVWTHOENZRIWERTH S,

(K1 1A) ARHOERBBEIETITENABEHOZABRETIHEBRTS 5,
(K1 1B AHHOEMEEAE R IEABLEEOENARGEER I IS TITH B,
[REZEHEET D -DDIEEE]

[00286]

BT, RRHODLEDAER. tchEZHWERY 754 MEBERBXUT., chEHNEEL
LBEOEMBEL1 ~4 LT, LEDXE., ChEPHVWALEDAAY 7S A PEBBXU
VINEFRHOVEEBAEREBEEALEBAEDVWTHEZEBHLENLIBHT 5,

(=1 ]

[o027]

M1k, *HHOLEDXHOE I ORKMAICBY I BAFAELERIHERTH S,
MlicB T, CTOLEDHEHE1E., EREEKI L COEREERIO LIc—F T3 EH
PR ERBEREATNTZEBORAETEHRERZ LTOEROLED ETERK2 L
EBEERIOTEELRIOAEZEL— YUY I LHREORBBH THELIMBAETF 4L, LE
DEFER2HELERERI EMAEFI4ORBICE >V O —VESA R ORI EKIE
SR TH B,

[002 8]

LEDZFEK2 a~clE,. B5ERLEZELEDEFERIOLALCEREFLTED
VRN EFERAERELTCO Z2om~TmmATEEIN1.5~3mmdDEI I v 75
W201la~ck,. T3 I v rEKR201KEB[UILNERAEBFORAEZFELTDO. 21
n~ 2amADHENAXX A A —RFF v I THBLEDFvy 202, I v Z7EKR201
toRZREHAO.3 pasll oA v, ERBAgERRAIZERHBOoOEVWEETEDLDN
TR —2 (( MRET) OFEMBELED Fv72020BBBEPERTSED
OEHFH7AY203 (FRBEHKBIAYY EEHLTWVS,

[0029)]

PSIvHTER201BT7TAIFREBETLIRIIBREN TS EHICREEEEN
L. v IvrERZOLKRRE., FO—K, EMmHPRBZMBLARILONT VS, M
HiIci 1W@ERiE,. BR3RACOEBMEAOLEDF vy F2020, RETMEERWHMO
WEmMZLIIvIER20IECMITFTIEBENT, MEB201 aRNKRIFSNTILHE
NE—v (HosBEY OEMEBELETARIFENTWSE, LEDFvF2020HN
HHOoBMEE., MF LRI oNERSEZ—2 ( MRET) OFEMBEEEERY A
Y203 RKREXHoT7AVYHRyXRFENRTWLS,

[loo30]

EHFERIG., TOLECEREOELS I v I/ER20 1 PEVENh TS, BEHEAERS
F. LEDF v L2022 EHREPHBIZLDOEBFERIZT—2 ((IREFT) &, 53
wZEK 201 0FBRECZVONIZERIZ—2 ( IRET) EHRIAEI2PEFENR
R—AbPzkvEREIIATWS,

[bD03 1]

EX0.5mmAE55mmOERAEKRIKCE. TOEFEREFISELSICEHENO. 5

mmAa LS 2mmODEROEERIOOFPFILN TS, EBENRNIOOREMNER. 5
Ty ERZOIZHEISNEBOERKEINECEICXD, BMEEBIBEs 2R L L
I 7ER2O1IDAEIECHIET I ENTES,

[003 2]

TNIFERR, UOBRECZEROBENESEBIC L THERENWERAETIZ. ToOL
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WEEBLEERERICALZEMESZNLTESENT VLS,
BnEEES ., YUV —-YEEFFERIRITCERMBICABZEOLEDIZT VIS, H—
Ry, BibFRy., YOI REOHBRBAHET r SHZREYEGHLERLOD T, BREEEDN 0
5~10WakTHhb, BAEEER2~100ppmOEE10~100Pa sk LizHBEHE
BWEEEZINNBEEMETHS, A-EHEIR, RO I v 7 HK201a~cOET
EFRBAmcEMLTED., 2ok, BEERIODBEANIOOREEDAI I3 ICEHEINT
W3, TS, MEZEBEEI R, BHEERIOEHMEMAETLIEEHAL TV S,
[o03 3]
H1OLEDXEOHERKECEIADT, EHOoLFTIv Z7EMR201a~cofilmEFiizE
HHABCZEBESCEELTIV2LDIEEHEROE Iy 7ER201 BO#IT., iz EH
BoZPMLTERPEIIVvIERZ201aBXU 201 cicmEL., 5 3IvI2HER?2
O1b2EISZTwv r/HR201 abBEU201 cDREEZEENIELES, 2D, H#E
DESIvIEHKE201a~c TOREBEOXLDEEIR LTS, LEDIEY D 2v0EAE
HEeWMUTHEHEKARLERROBR TR LTSIy ZER201bEESI vy ZEKZ201
a. cADEBEEZENTCTH -0, M1OBRIZBEWT., RESGEh (REE B
SHAELGENRIOEEALALO FCHETRZTOSE) Z 1 mmBELELT I L, €533 v VK
201 b&tEoIviEK201 aDREEEZICURNER- K,
[003 4]
ok, BEEEESORESETh25H3 28T, BcE8Es s3Iy 7 EKR2
Ola~c tDEFEBRBEERILZCEATESZ RS, ES5SI v FZEEK201 a~ch S
BIEHMES NOBZEN IO LTS, TOFHRELT, 39y 7RR201 akts
S IERZ2ZOIDDEEEZEZXIDNELTES,
[0035]
R, LEDHBEOREEBEB TR DV THET S,
M2ABHRZ2ClRIE, BFRER:NBERTFTOEBESZS ILEERL I,
H2ACRLEIETRE. EEH3ic@d3uvron—kwXaldAR X277 54 R
P ko THBROEINEEBODLEDETERZ a~cHhBEHINATLS,
T, BEEBES . RERE. FoAXRYY (BRET) Z2HE-TEAEAATI N
FIRETHAERFICEHREINT WV S,
[003 6]
MZ2ZBIiZmLAZIERETE., HAERI 2 ERERIE. EvabERIIMEILLEL
X3k, AR iBHEHDHOA I F(EREINEELHFBLTHELIDEEIT- R
RBAERACEREERIOERA . REEEES KL TESAENZ L3 CEADPLE
NEDPTD., FEALEI-> THAERA4CEFEERICOMRERIENZACEBEES &
BEEXREL RS, KTFTEANAMKELN S, HAEKILLERERICOEBHEUE
DEIEZ>TERATINEEZA MYy 79 5%,
PEEREHRI L, LEDETF2a~cDETIvIrHEKE211a~cDBELIKCEENRS
ONFBEBINTS D, THHNMEEE, BEEHMIIESH. EERIOEZBEBLT. #F
HEsomcFLHEINTL 5,
[0037]
M2CTR., SSKKEN2ZMAESREERIOETDICMLETALRACZHBESSDS., 5
wAEKR211la~cOEBBHERLRE., SOOI v FrER2 1 1a~cOBERICHE
hZoH, BBoEII vy 7EKR2 11l a~cHERCEMES TREXhEREEAEZD .,
I IvIZEHRZIla~cOfllmEld, EmrAEBEEEEBEIILX-STEST S
BHTEZ, TCTT. BEERSIOEHIECHLEIhZ#EEHMEOBRR. B otS
w O ERZ Il a~cBEAHEINZRBREEEEBESOXRBAOF IV T I v IERK?
1a~cOETEDLEELELEEAVESEERIRET S,
[0038]
F0H%, REEEBES R, 22, 1530 CEFORRICIKBAKEBT 28 0HIC
Ko THEET S, Bt o THAEHEEBBEL OABEERMIEEAEZVL RS, B X
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(57)  Asystemfor cooling an electronicimage assem-
bly with ambient gas, the system comprising:

a plurality of channels placed behind the electronicimage
assembly, each channel having an inlet and exif;

a first manifold in gaseous communication with the inlet
of each channel;

a second manifold in gaseous communication with the
exit of each channel;

a fan positioned to force ambient gas through the chan-
nels;

SYSTEM FOR COOLING AN ELECTRONIC IMAGE ASSEMBLY

a front plate placed in front of the electronic image as-
sembly, the space between the front plate and the elec-
tronic image assembly defining a front channel,

a circulating fan positioned to force circulating gas
through the front channel; and

across through plate having a first pathway for circulating
gas traveling through the front channel and a second
pathway for ambient gas traveling through the plurality
of channels behind the electronic image assembly.
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Description

Technical Field

front surface of the backlight could not be cooled for fear
that the backlight cavity would become contaminated
with dust, dirt, or cther particulate.

[0001] Exemplary embodiments generally relate to 5 Summary of the Exemplary Embadiments
cooling systems and in particular to cooling systems for
electronic displays. [0007] Exemplary embodiments use a combination of
circulating gas and ambient gas in order to adequately
Background of the Art cool an electronic display. Circulating gas may be used
10 to remove heat from the front of the image assembly.
[0002] Improvements fo electronic displays now allow When using a LCD as the electronic image assembly,
them to be used in outdoor environments for information- circulating gas may also be used to remove heat from
al, advertising, or entertainment purposes. While dis- the backlight cavity of the LCD. Because the gas is only
plays of the past were primarily designed for operation circulating within the display, it can remain free of partic-
near room temperature, it is now desirable to have dis- 75 ulate and contaminates and will not harm the display.
plays which are capable of withstanding large surround- [0008] Ambient gas may be ingested into the display
ing environmental temperature variations. For example, in order to cool the circulating gas. The ambient gas and
some displays are capable of operating at temperatures the circulating gas may be drawn through a heat ex-
as low as -22F and as high as 113 F or higher. When changer which will allow the heat to transfer from the
surrounding temperatures rise, the cooling of the internal 20 circulating gas to the ambient gas, preferably without let-
display components can become even more difficult. ting the ambient and circulating gases mix with one an-
[0003] Additionally, modern displays have become ex- other. An exemplary embodiment would use a cross-flow
tremely bright, with some backlights producing heat exchanger. An additional flow of ambient gas can
1,000-2,000 nits or more. Sometimes, these illumination be drawn across the rear surface of the image assembly
levels are necessary because the display is beingused 25 toremove heat from the rear portion of the image assem-
outdoors, or in other relatively bright areas where the bly. Whenusinga LCD as the electronic image assembily,
display illumination must compete with other ambient this additional flow of ambient gas can be used toremove
light. in order to produce this level of brightness, illumi- heat from the rear portion of the backlight for the LCD.
nation devices and electronic displays may produce a [0009] In order to reduce noise emissions, the fans
relatively large amount of heat. 30 which drive the ambient and/or circulating gas through
[0004]} Still further, in some situations radiative heat the heat exchanger may be placed within the heat ex-
transfer from the sun through a front display surface can changer, which can then act as a muffler and reduce the
alsoc become a source of heat. In some locations noise emitted by the fans. Further, if using the additional
800-1400 Watts/m2 or more through such a front display ambient gas pathway behind the image assembly, a
surface is common. Furthermore, the marketis demand- 35 manifold may be used to collect the ambient gas along
ing larger screen sizes for displays. With increased elec- an edge of the display and distribute this into a number
tronic display screen size and corresponding front display of smaller flows. The fans for driving this additional am-
surfaces, more heat will be generated and more heat will bient gas pathway can be placed within the manifold in
be transmitted into the displays. order to reduce the noise emitted by the fans and provide
[0005] Exemplary modern displays have found some 40 an even distribution of ambient gas across the display.
effective means for cooling the displays including circu- [0010] It has been found that ingesting ambient gas
lating a closed loop of gas around the display and drawing from the top or bottom edge of the display is preferable
ambient gas through the display so that the closed loop as these edges are not typically observable to the viewer.
of gas may be cooled (as well as portions of the electronic However, when ingesting ambient gas from the top or
display). Various thermal communications have been 45 bottom of a portrait-oriented display, it has been found
discovered which can transfer heat away from the sen- that as the cool ambient gas travels across the rear por-
sitive electronic components and out of the display. Heat tion of the electronic image assembly and accepts heat
exchangers were found to produce an excellent means itincreases in temperature. Once the cooling air reaches
for transferring heat between the closed loop of gas and the opposite edge (either top or bottom), it may have
the ambient gas. However, previous designs for moving 50 increasedin temperature substantially and may nolonger
the gas through the display have been found o generate provide adequate cooling to the opposing portion of the
an undesirable amount of noise emission fromthe display display. Thus, the manifolds herein allow for cool ambient
as well as thermal gradients where portions of the display air to adequately cool the entire electronic image assem-
were cooled but others remained warm. bly in an even manner and reduce any 'hot spots’ within
[0006] When using LCD displays, it was found that 55 the electronic image assembly.
backlights were often a source of heat and it was desir- [0011] The foregoing and other features and advan-
able to move gas across the rear surface of the backlight tages will be apparent from the following more detailed
in order to cool it. While desirable, it was thought that the description of the particular embodiments of the inven-
2
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tion, as illustrated in the accompanying drawings.

Brief Description of the Drawings

throughout. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated
listed items.

[0015] It will be understood that, although the terms
[0012] Abetterunderstandingofanexemplaryembod- 5 first, second, third, etc., may be used herein to describe
iment will be obtained from a reading of the following various elements, components, regions, layers and/or
detailed description and the accompanying drawings sections, these elements, components, regions, layers
wherein identical reference characters refer to identical and/or sections should not be limited by these terms.
parts and in which: These terms are only used to distinguish one element,
10 component, region, layer or section from another region,
FIGURE 1A provides a front perspective view of an layer or section. Thus, a firstelement, component, region,
exemplary embodiment of the electronic display. layer or section discussed below could be termed a sec-
FIGURE 1B provides a rear perspective view of an ond element, component, region, layer or section without
exemplary embodiment of the electronic display. departing from the teachings of the present invention.
FIGURE 2 provides a rear perspective view similar 15 [0016] Spatially relative terms, such as "lower", "upper”
to that shown in Figure 1B where the rear cover has and the like, may be used herein for ease of description
been removed. to describe the relationship of one element or feature to
FIGURE 3 provides a perspective sectional view another element(s) or feature(s) as illustrated in the fig-
along the A-A section line shown in Figure 1B. ures. [t will be understood that the spatially relative terms
FIGURE 4 provides a perspective sectional view 20 are intended to encompass different crientations of the
along the B-B section line shown in Figure 1B. device in use or operation, in addition to the orientation
FIGURE 5 provides a perspective sectional view of depicted in the figures. For example, if the device in the
insert C shown in Figure 4. figures is turmed over, elements described as "lower" rel-
FIGURE 6 provides a perspective sectional view of ative to otherelements or features would then be oriented
one embodiment of the cross through plate. 25 '"upper" relative the other elements or features. Thus, the
FIGURE 7 provides an exploded perspective view exemplary term "lower" can encompass both an orienta-
of one exemplary embodiment of the heat exchanger tion of above and below. The device may be otherwise
and fan assembly. oriented (rotated 90 degrees or at other orientations) and
FIGURE 8 provides a perspective sectional view of the spatially relative descriptors used herein interpreted
another embodiment which uses a flow of circulating 3¢ accordingly.
gas through the backlight cavity of a liquid crystal [0017] The terminoclogy used herein is for the purpose
display (LCD). of describing particular embodiments only and is not in-
FIGURE 9 provides a perspective sectional view of tended to be limiting of the invention. As used herein, the
an exemplary embodiment which uses a flow of cir- singular forms "a”, "an" and "the" are intended to include
culating gas through the backlight cavity in addition 35 the plural forms as well, unless the context clearly indi-
to the flow of circulating gas between the LCD and cates otherwise. It will be further understood that the
front plate. terms "comprises” and/or "comprising,” when used in this
specification, specify the presence of stated features, in-
Detailed Description tegers, steps, operations, elements, and/ or components,
40 but do not preclude the presence or addition of one or
[0613] The invention is described more fully hereinaf- more cther features, integers, steps, operations, ele-
ter with reference to the accompanying drawings, in ments, components, and/or groups thereof.
which exemplary embodiments of the invention are [0018] Embodiments of the invention are described
shown. This invention may, however, be embodied in herein with reference to cross-section illustrations that
many different forms and should not be construed as 45 are schematic illustrations of idealized embodiments
limited to the exemplary embodiments set forth herein. (and intermediate structures) of the invention. As such,
Rather, these embodiments are provided so that this dis- variations from the shapes of the illustrations as a result,
closure will be thorough and complete, and will fully con- for example, of manufacturing technigues and/or toler-
vey the scope of the invention to those skilled in the art. ances, are to be expected. Thus, embodiments of the
In the drawings, the size and relative sizes of layers and 50 invention should not be construed as limited to the par-
regions may be exaggerated for clarity. ticular shapes of regions illustrated herein but are to in-
[0014] It will be understood that when an element or clude deviations in shapes that result, for example, from
layerisreferredto as being "on"another element or layer, manufacturing.
the element or layer can be directly on another element [0019] For example, animplanted region illustrated as
or layer or intervening elements or layers. In contrast, 55 a rectangle will, typically, have rounded or curved fea-
when an element is referred to as being "directly on" an- tures and/or a gradient of implant concentration at its
other element or layer, there are no intervening elements edges rather than a binary change from implanted to non-
or layers present. Like numbers refer to like elements implanted region. Likewise, a buried region formed by
3
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implantation may resultin someimplantationin theregion
between the buried region and the surface through which
the implantation takes place. Thus, theregions illustrated
in the figures are schematic in nature and their shapes

exhausts it out of the exit aperture 25 (or a separate exit
aperture). In this embodiment, a manifold fan assembly
211 is used to draw the ambient gas 210 into the inlet
aperture 24 and force the ambient gas 210 across the

are not intended to illustrate the actual shape of aregion 5  display. For this particular embodiment, the manifold fan
of a device and are not intended to limit the scope of the assembly 211 is placed within the first manifold 30 and
invention. is used to draw the ambient gas 210 into the display as
[0620] Unless otherwise defined, all terms (including well as distribute the single flow intc a plurality of smaller
technical and scientific terms) used herein have the same flows (channels 60). This is not required however, as
meaning as commonly understood by one of ordinary 70  some embodiments may place the manifold fan assem-
skill in the art to which this invention belongs. It will be bly 211 in the second manifold 35, or within both the first
further understood that terms, such as those defined in and second manifolds 30 and 35.
commonly used dictionaries, should be interpreted as [0025] The first and second manifolds 30 and 35 may
having a meaning that is consistent with their meaning be placed along any opposing edges of the display. How-
in the context ofthe relevant artand will not be interpreted 75 ever, it is preferable that the first and second manifolds
in an idealized or overly formal sense unless expressly 30 and 35 are placed along the vertical edges of the dis-
so defined herein. play with the channels 60 travelling harizontally. Other
[0021] FIGURE 1A provides a front perspective view embodiments may place the first and second manifolds
of an exemplary embodiment of the electronic display 30 and 35 along the horizontal edges of the display with
100. A transparent front plate 10 is placed on the front 20 the channels 60 travelling vertically.
portion of the display to protect the internal components [6026] While both flows of ambient gas may be used
and allow the images produced by the display 100 to be in an exemplary embodiment, there is no requirement
seen. Some embodiments may use glass as the trans- that they are both used. Some embodiments may use
parent front plate 10. Exemplary embodiments may use only ambient gas 200 or ambient gas 210. Also, if using
two pieces of glass laminated with index-matchingoptical 25 bothflows of ambient gas 200 and ambientgas 210 there
adhesive. Some front plates 10 may provide other utility is no requirement that they share the same inlet and exit
such as antireflection or polarizing functions. An inlet ap- apertures. Thus, there may be separate inlet and exit
erture 24 and exit aperture 25 may be provided in the apertures for the two flows of ambient gas.
housing so that the display 100 can accept ambient gas [0027] FIGURE 3 provides a perspective sectional
for cooling the display 100. 30 view along the A-A section line shown in Figure 1B.
[0022] FIGURE 1B provides a rear perspective view Again, ambient gas 200 may be ingested into the display
of an exemplary embodiment of the electronic display through the inlet aperture 24 and pass through a heat
100. A rear cover 15 may be used to provide access to exchanger 45 and exit the display through the exit aper-
the internal components of the display 100. ture 25. The ambient gas 200 may be drawn into the
[0023] FIGURE 2providesarear perspectiveviewsim- 35 display and forced through the heat exchanger 45 using
ilar to that shown in Figure 1B where the rear cover 15 heat exchanger fan assembly 46. Obviously, the inlet ap-
has been removed. Ambient gas 200 may be ingested erture 24 may contain a filter or other coverings so that
into the display through the inlet aperture 24 and pass contaminates, insects, garbage, and/or water/fluids can-
through a heat exchanger45 and exit the display through not easily be ingested into the display. However, an ex-
the exit aperture 25. The ambient gas 200 may bedrawn 40 emplary embodiment would not be damaged if the am-
into the display and forced through the heat exchanger bient gas 200 contained contaminates as they would only
45 using heat exchanger fan assembly 46. An exemplary pass through the heat exchanger 45 which may not be
placement for the heat exchanger fan assembly 46 is susceptible to damage from particulate or contaminates.
discussed further below, but in many embodiments the Exit aperture 25 may also contain some type of covering
fan assembly 46 can be placed near the inlet aperture 45 to ensure that contaminates and/or insects could not en-
24 and/or exit aperture 25 and may or may not be placed ter the display.
within the heat exchanger 45 (as shown in Figure 2). [0028] An electronic image assembly 50 may be
[0024] Optionally,ambientgas 210may also be ingest- placed behind the front plate 10. A plurality of channels
edintothe display throughinlet aperture 24 (ora separate 80 may be placed behind the electronic image assembly
iniet aperture). Ambient gas 210 may then be directed 50 50. Ambientgas 210 may be forced through the channels
through a first manifold 30 which travels along the edge 60 after travelling through the first manifold 30 (not shown
of the display. The first manifold 30 accepts the single here). The flow of ambient gas 210 behind the electronic
larger inlet flow of ambient gas 210 and distributes itinfo image assembly 50 may be used to remove any buildup
a plurality of smaller flows (channels 60) across the dis- of heat from the rear portion of the electronic image as-
play. A second manifold 35 may be placed along the op- 55 sembly 50. It may be preferable to have a thermally con-
posite edge of the display as the first manifold 30. The ductive surface/plate on the rear portion of the electronic
second manifold 35 accepts the plurality of smaller flows image assembly 50 so that heat can easily transfer to
(channels 60} and combines them into a single flow and this surface/plate and be removed by the ambient gas
4
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210.

[0029] The channels 60 can take on any number of
forms. Although shown in this embodiment with a square
cross-section this is not required. Other embodiments

particulate or contaminates because it travels in front of
the electronic image assembly 50. Thus, to keep the im-
age quality from being impaired, it may be desirable to
keep the circulating gas 250 clean and prevent it from

may contain channels 60 with |-beam cross-sections, hol- 5  mixing with the ambient gas 210.
low square cross-sections, hollow rectangular cross-sec- [0033] FIGURE 5 provides a perspective sectional
tion, solid rectangular or solid square cross-sections, ‘T’ view of insert C shown in Figure 4. As noted above, if
cross-sections, 'Z’ cross-sections, a honeycomb cross- practicing an embodiment which uses ambient gas 210
section, or any combination or mixture of these. The as well as the circulating gas 250, the pathways of the
channels 60 are preferably thermally conductiveandalso 10 two gases may need to cross over one another and it
preferably in thermal communication with the electronic may be desirable to prohibit them from mixing to prevent
image assembly 50. Thus, in a preferred embodiment, contamination of sensitive portions of the display. Here,
heat which accumulates on the rear portion of the elec- cross through plate 500 allows the pathways of the two
tronic image assembly 50 may be transferred throughout gases to cross over one another without letting them mix
the channels 60 and removed by ambient gas 210. Pref- 15 together. The cross through plate 500 in this embodiment
erably, the channels 60 are metallic and even more pref- contains a series of voids which pass through the plate.
erably aluminum. Further, in an exemplary embodiment A first series of voids 550 passes through the cross
the channels 60 are in conductive thermal communica- through plate 500 and allows ambient gas 210 fo travel
tion with the electronic image assembly 50. from the first manifold 30 into the channels 60 which run
[0030] FIGURE 4 provides a perspective sectional 20 behind the electronic image assembly 50. A second se-
view along the B-B section line shown in Figure 1B. In ries of voids 525 pass through the cross through plate
this view, the path of the circulating gas 250 can also be 500 in a direction substantially perpendicular to that of
observed. The space between the front plate 10 and the the first series of voids 550. The second series of voids
electronicimage assembly 50 may define a front channel 525 allows the circulating gas to exit the front channel
251, through which the circulating gas 250 may travelin 25 251, cross over the ambient gas 210, and continue to-
order to remove any accumulation of heat on the front wards the heat exchanger 45. In this embodiment, a cir-
surface of the electronic image assembly 50. The circu- culating gas fan assembly 255 is used to draw the circu-
lating gas 250 is preferably then directed into the heat lating gas 250 through the front channel 251 and through
exchanger 45 where heat may be transferred from the the heat exchanger 45. Much like the other fan assem-
circulating gas 250 to the ambient gas 200. Upon exiting 3¢ blies shown and described here, the circulating gas fan
the heat exchanger 45, the circulating gas 250 may be assembly 255 could be placed anywhere within the dis-
re-directed into the front channel 251. In this way, the play, including but not limited to the entrance/exit of the
heat exchanger 45 and the front channel 251 are placed heat exchanger 45 or the entrance/exit of the front chan-
in gaseous communication with each other. nel 251.
[0031] The circulating gas 250 may also be directed 35 [0034] FIGURE 6 provides a perspective sectional
over various electronic components 7 so that heat may view of one embodiment of the cross through plate 500.
be transferred from the electronic components 7 to the In this embodiment, the cross through plate 500 is com-
circulating gas 250. The electronic components 7 could prised of a plurality of hollow blocks 503 sandwiched be-
be any one of the following but notlimited to: power mod- tween a top plate 501 and bottom plate 502 with sections
ules, heat sinks, capacitors, motors, microprocessors, 40 of the plates 501 and 502 removed to correspond with
hard drives, AC/DC converters, transformers, or printed the hollow sections of the blocks 503. A portion of the
circuit boards. top plate 501 has been removed to show the detail of the
[00632] Also shown in this sectional view is the path of hollow blocks 503, first series of voids 550, and second
the ambient gas 210 travelling down one of the channels series of voids 525. The cross through plate 500 could
60 behind the electronic image assembly 50. In thisem- 45 take on any number of forms and could be constructed
bodiment, the ambient gas 210 is forced out of the first in a number of ways. Some other embodiments may use
manifold 30, across the channels 60, and into the second a solid plate where the first and second series of voids
manifold 35 by manifold fan assembly 211. In other 550 and 525 are cut out of the sclid plate. Other embod-
words, each channel 60 preferably has an inlet which is iments could use two sets of hollow blocks where the
in gaseous communication with the first manifold 30 as 50 hollow sections are perpendicular to each other and the
well as an exit which is in gasecus communication with blocks are fastened together. Still other embodiments
the second manifold 35. As shown in this Figure, the could use a design similar to those that are taught below
paths of the ambient gas 210 and the circulating gas 250 forthe heat exchanger 45, for example any type of cross-
may cross, but it is preferable to keep the two gases from flow heat exchanger design could be used. Thus, an ex-
mixing (as the ambient gas 210 may contain particulate 55 emplary cross through plate 500 contains two gaseous
or contaminates while the circulating gas 250 can remain pathways where the two pathways do not allow the gas-
substantially free of particulate and contaminates). It may eous matter to mix. Here, the first gas pathway would be
be preferable to keep the circulating gas 250 from having 525 while the second gas pathway would be 550.
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[0635] FIGURE 7 provides an exploded perspective
view of one exemplary embodiment of the heat exchang-
er45 and fan assembly 48. In this view, the fan assembly
46 is shown removed from its mounted position within

and can be used with any of the embodiments herein.
The heatexchanger 45 may be a cross-flow, parallel flow,
or counter-flow heat exchanger. In an exemplary embod-
iment, the heat exchanger 45 would be comprised of a

the fan housing 51. In this embodiment, the heat ex- 5 plurality of stacked layers of thin plates. The plates may
changer 45 is divided into two portions 47 and 48 where have a corrugated, honeycomb, or tubular design, where
the fan housing 51 is used to provide a gaseous commu- a plurality of channels/pathways/tubes travel down the
nication between the two portions 47 and 48. Here, the plate length-wise. The plates may be stacked such that
fan assembly 46 is placed between the two portions 47 the directions of the pathways are alternated with each
and 48. While the fan assembly 46 can be placed any- 10 adjacent plate, so that each plate’s pathways are sub-
where so that it draws ambient gas 200 through the heat stantially perpendicular to the pathways of the adjacent
exchanger 45, it has been found that placing the fan as- plates. Thus, ambient gas or circulating gas may enter
sembly 46 between the two portions of the heat exchang- an exemplary heat exchanger only through plates whose
er can provide a number of benefits. First, the volumetric channels or pathways travel parallel to the path of the
flow rate of the ambient gas 200 through the heat ex- 75 gas. Because the plates are alternated, the circulating
changer is high, which results in better cooling capabili- gas and ambient gas may travel in plates which are ad-
ties for the heat exchanger 45. Second, the noise pro- jacent to one another and heat may be transferred be-
duced by the fan assembly 46 can be reduced because tween the two gases without mixing the gases them-
the surrounding portions 47 and 48 of the heatexchanger selves (if the heat exchanger is adequately sealed, which
45 essentizally act as a muffler for the fan assembly 46. 20 s preferable but not required).
[0636] In this embodiment, portion 48 is thinner and [06038] In an alternative design for a heat exchanger,
longer than portion 47. This was done in order to free up an open channel may be placed in between a pair of
more space within the housing so that additional elec- corrugated, honeycomb, or tubular plates. The open
tronic components could fit within the housing (adjacent channel may travel in a direction which is perpendicular
to portion 48). As shown, the fan housing 51 maybeused 25 tothe pathways of the adjacent plates. This open channel
to connect two portions of a heat exchanger which may may be created by running two strips of material or tape
be of different lengths. As shown, portion 48 of the heat (esp. very high bond (VHB) tape) between two oppasite
exchanger is thinner than the fan housing 51. In an al- edges of the plates in a direction that is perpendicular to
ternative embodiment, both portions 48 and 47 may be the direction of the pathwaysin the adjacent plates. Thus,
thinner than the fan assembly 46 such thatafan housing 3¢ gas entering the heat exchanger in a first direction may
51 may be used to provide a sealed gaseous communi- travel through the open channel (parallel to the strips or
cation between the two portions, even though they are tape). Gas which is entering in a second direction (sub-
both thinner than the fan assembly 51. This design may stantially perpendicular to the first direction) would travel
be preferable when it is desirable to create the largest through the pathways of the adjacent plates).
possible heat exchanger 45 (for maximum cocling abili- 35 [0039] Other types of cross-flow heat exchangers
ties) even though space is limited. This is of course not could include a plurality of tubes which contain the first
required, and other embodiments may have portions gas and travel perpendicular to the path of the second
which are of equal width and length. Also, although this gas. As the second gas flows over the tubes containing
embodiment uses the fan assembly 46 to drive the am- the first gas, heat is exchanged between the two gases.
bient gas 200, other embodiments could use a fan as- 40 Obviously, there are many types of cross-flow heat ex-
sembly placed within the heat exchanger to drive the cir- changers and any type would work with the embodiments
culating gas 250 instead and drive the ambient gas 200 herein.
with another fan assembly (possibly placed within the [0040] An exemplary heat exchanger may have plates
heatexchanger or lccated at the entrance/exit of the heat where the sidewalls have a relatively low thermal resist-
exchanger). Some exemplary embodiments may place 45 ance so that heat can easily be exchanged between the
fans within the heat exchanger 45 to drive both the am- two gases. A number of materials can be used to create
bient gas 200 and circulating gas 250. the heat exchanger. Preferably, the material used should
[0037] The ambient gas 200 travels through a first be corrosion resistant, rot resistant, light weight, and in-
pathway (or plurality of pathways) of the heat exchanger expensive. Metals are typically used for heat exchangers
45 while the circulating gas 250 travels through asecond 50 because of their high thermal conductivity and would
pathway (or plurality of pathways) of the heat exchanger work with these embodiments. However, it has been dis-
45. Although not required, it is preferable that the circu- covered that plastics and composites can also satisfy the
lating gas 250 and ambient gas 200 do not mix. This may thermal conditions for electronic displays. An exemplary
prevent any contaminates and/or particulate that is embodiment would utilize polypropylene as the maternial
present within the ambient gas 200 from harming the 55 for constructing the plates for the heat exchanger. It has
interior of the display. In a preferred embodiment, the been found that although polypropylene may seem like
heat exchanger 45 would be a cross-flow heat exchang- a poor thermal conductor, the large amount of surface
er. However, many types of heat exchangers are known area relative to a small sidewall thickness, results in an
6

SEC et al. v. MRI
SEC Exhibit 1022.1032
IPR2023-00221



11 EP 3 624 574 A1 12

overall thermal resistance thatis low. Thus, an exemplary
heat exchangerwould be made of plastic and would thus
produce a display assembly that is thin and lightweight.
Specifically, corrugated plastic may be used for each

lating gases 350 and 250 to cross paths with the ambient
gas 210 without letting the two gases mix.

[0044] Inanexemplary embodiment, the backlight 320
would contain a plurality of LEDs mounted on a thermally

plate layer where they are stacked togetherinalternating 5 conductive substrate (preferably a metal core PCB). On
fashion (i.e. each adjacent plate has channels which trav- the surface of the thermally conductive substrate which
el in a direction perpendicular to the surrounding plates). faces the channels 60 there may be a thermally conduc-
[00641] FIGURE 8 provides a perspective sectional tive plate which may be in thermal communication with
view of another embodiment which uses a flow of circu- the channels 60. In an exemplary embodiment, the ther-
lating gas 350 through the backlight cavity of aliquidcrys- 70 mally conductive plate would be metallic and more pref-
tal display (LCDj} 300. In this embodiment, a LCD 300 erably aluminum and the thermal communication be-
and an associated backlight 320 are used as the elec- tween the channels 60 and the backlight 320 would be
tronicimage assembly. A backlight wall 330 may enclose conductive thermal communication.

the area between the LCD 300 and the backlight 320 in [0045] As noted above, many electronic image assem-
order to create a backlight cavity. Typically, the backlight 15 blies (especially LEDs, LCDs, and OLEDs) may have
cavity is closed to prevent contaminates/particulate from performance properties which vary depending on tem-
entering the backlight cavity and disrupting the opti- perature. When ’'hot spots’ are present within an image
cal/electrical functions of the backlight 320. However, as assembly, these hot spots can result in irregularities in
discussed above the exemplary embodiments may use the resulting image which might be visible to the end user.
a clean gasecus matter for the circulating gases which 20 Thus, with the embodiments described herein, the heat
could now be used to ventilate the backlight cavity in which may be generated by the image assembly (some-
order to cool the backlight 320 and even the rear portion times containing a backlight assembly) can be distributed
of the LCD 300. An opening 340 can be placed in the (somewhat evenly) throughout the channels 60 and ther-
backlight wall 330 to allow circulating gas 350 to flow mally-conductive surfaces to remove hot spots and cool
through the backlight cavity. A fan assembly 360 may be 25 the backlight and/or electronic image assembly.

used to draw the circulating gas 350 through the backlight [0046] The circulating gases 250 and 350, ambientgas
cavity. In an exemplary embodiment there would be an 200, and optional ambient gas 210 can be any number
opening on the opposing backlight wall (on the opposite of gasecus matters. In some embodiments, air may be
side of the display as shown in this figure) so that circu- used as the gas for all. As well known by those of ordinary
lating gas 350 could easily flow through the backlight 30 skillinthe art, air typically contains some amount of water
cavity. In this way, the backlight cavity is placed in gas- vapor. It should be noted that the use of the term ‘gas’
eous communication with the heat exchanger 45. herein does not designate pure gas and that it is specif-
[0042] FIGURE 9 provides a perspective sectional ically contemplated that any of the gaseous matters de-
view of an exemplary embodiment which uses a flow of scribed herein may contain some amount of impurities
circulating gas 350 through the backlight cavity in addi- 35 including but not limited to water vapor. Preferably, be-
tion to the flow of circulating gas 250 through the front cause the circulating gases 250 and 350 may travel in
channel 251 (the area defined between the LCD 300 and front of the image assembly and backlight respectively,
front plate 10). Circulating fan assembly 255 may be they should be substantially clear, so that they will not
placed so that it can draw circulating gas 350 through affect the appearance of the image to a viewer. The cir-
the backlight cavity as well as circulating gas 250 through 40 culating gases 250 and 350 should also preferably be
the front channel 251. As discussed above, the circulat- substantially free of contaminates and/or particulate in
ing gases 250 and 350 are preferably forced through the order to prevent an adverse effect on the image quality
heat exchanger 45 (not shown in this figure) so that they and/or damage to the internal electronic components. it
may be cooled by the ambient gas 200 (also not shown may sometimes be preferable to keep ambient gases
in this figure). In this way, both the front channel 251 and 45 200 and 210 from having contaminates as well. Filters
the backlight cavity are placed in gaseous communica- may be used to help reduce the particulate within ambient
tion with the heat exchanger 45. gases 200 and 210. Filters could be placed near the inlet
[0043] Alsoshown in Figure 9is the optional additional aperture 24 sc that ambient gases 200 and/or 210 could
flow of ambient gas 210 which may travel immediately be drawn through the filter. However, in an exemplary
behind the electronic image assembly (in this embodi- 50 embodiment the display may be designed so that con-
ment backlight 320). Once travelling through the first taminates could be present within the ambient gases 200
manifold 30, the ambient gas 210 may pass through the and 210 but this will not harm the display. In these em-
channels 80 in order to remove heat from the backlight bodiments, the heat exchanger 45, manifolds 30 and 35,
320 and even the channels 60 themselves (if they are channels 60, and any other pathway for ambient or cir-
thermally conductive). The manifold fan assembly 211 55 culating gas should be properly sealed so that any con-
may be used tc draw the ambient gas 210 into the first taminates in the ambient gas would not enter sensitive
manifold 30 and through the channels 60. Again, the portions of the display. Thus, in these exemplary embod-
cross though plate 500 may be used to allow the circu- iments, ambient air may be ingested for the ambient gas-
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es 200 and 210, even if the ambient air contains contam-
inates or particulate. This can be particularly beneficial
when the display is used in outdoor environments or in-
door envircnments where contaminates are present in

a plurality of channels (60) placed behind the
electronic image assembly (50), each channel
having an inlet and exit;

a first manifold (30) in gaseous communication

the ambient air. 5 with the inlet of each channel (60);
[0047] The cooling systemmay run continuously. How- a second manifold (35) in gaseous communica-
ever, if desired, temperature sensing devices (not shown) tion with the exit of each channel (60);
may be incorporated within the electronic display to de- a fan (211) positioned to force ambient gas
tect when temperatures have reached a predeterminad through the channels (60);
threshold value. In such a case, the various cooling fans 10 a front plate (10) placed in front of the electronic
may be selectively engaged when the temperature in the image assembly (50), the space between the
display reaches a predetermined value. Predetermined front plate and the electronic image assembly
thresholds may be selected and the system may be con- defining a front channel (251};
figured to advantageously keep the display within an ac- a circulating fan (255) positioned to force circu-
ceptable temperature range. Typical thermostat assem- 15 lating gas through the front channel (251); and
blies can be used to accomplish this task. Thermocou- a cross through plate (500) having a first path-
ples may be used as the temperature sensing devices. way (525) for circulating gas (250) traveling
[0048] It is to be understood that the spirit and scope through the front channel (251) and a second
of the disclosed embodiments provides for the cooling of pathway (550) for ambient gas (210) traveling
many types of electronic image assemblies. As used 20 through the plurality of channels (60) behind the
herein, the term ’electronic image assembly’ is any elec- electronic image assembly (50).
tronic assembly for creating an image. At this time this,
these are LCD {all types), light emifting diode (LED), or- The cooling system of claim 1 wherein:
ganic light emitting diode (OLED), field emitting display the channels (60) are in thermal communication with
(FED), light emitting polymer (LEP), organic electro lu- 25 the electronic image assembly {50).
minescence (OEL), plasma displays, and any thin/flat
panel electronic image assembly. Furthermore, embod- The cooling system of claim 1 or 2 wherein:
iments may be used with displays of other types including the first {30} and second (35) manifolds are placed
those not yet discovered. In particular, it is contemplated along a pair of vertical edges of the electronic image
that the system may be well suited for use with full color, 30 assembly (50).
flat panel OLED displays. Exemplary embodiments may
also utilize large (55 inches or more) LED backlit, high The cooling system of any one of claims 1-3 wherein:
definition liquid crystal displays (LCD). While the embod- thefan (211)is placed within either the first or second
iments described herein are well suited for outdoor en- manifold.
vironments, they may also be appropriate forindoor ap- 35
plications (e.g., factory/industrial environments, spas, The cooling system of any one of claims 1-4 wherein:
locker rooms) where thermal stability of the display may the channels (60) are arranged in horizontal rows.
be a concern.
[0049] As is well known in the art, electronic displays The cooling system of any one of claims 1-5 wherein:
canbe oriented ina portraitmanner or landscapemanner 40 the channels (60) are metallic.
and either can be used with the embodiments herein.
[0050] Having shown and described preferred embod- The cooling system of any one of claims 1-6 wherein:
iments, those skilled in the art will realize that many var- the first {525) and second (550) gas pathways are
iations and modifications may be made to affect the de- substantially perpendicular.
scribed emboediments and still be within the scope ofthe 45
claimed invention. Additionally, many of the elements in- The cooling system of any one of claims 1-7 wherein:
dicated above may be altered or replaced by different the first (525) and second (550) gas pathways do
elements which will provide the same result and fall within not allow the ambient gas and circulating gas to mix.
the spirit of the claimed invention. itis the intention, there-
fore, to limit the invention only as indicated by the scope 50 The cooling system of any one of claims 1-8 further
of the claims. comprising:
a heat exchanger (45) having first and second
Claims gas pathways; and
55 a fan assembly (46) placed within the heat ex-
1. A system for cooling an electronic image assembly changer (45) to draw ambient gas (200) through
with ambient gas, the system comprising: the first gas pathway of the heat exchanger (45);
wherein the circulating fan (255) is placed to
8
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draw circulating gas (250) through the second
gas pathway of the heat exchanger (45).

The cooling system of any one of claims 1-8 further
comprising:

a heat exchanger (45) in gaseous communica-
tion with the front channel (251), the heat ex-
changer comprising two portions (48) and (47),
each portion having first and second gas path-
ways, where the first gas pathways are in gas-
eous communication with inlet (24) and exit (25)
apertures for ambient gas (200) and the second
gas pathways are in gaseous communication
with the channel (251); and

afanassembly (46) placed between the two por-
tions (48) and (47) of the heat exchanger (45)
to force ambient gas (200) through the first gas
pathways;

wherein the circulating fan (255) is positioned to
force circulating gas (250} through the second
gas pathways.

The cooling system of any one of claims 9 and 10
wherein:

the heat exchanger (45) is comprised of corrugated
layers.

The cooling system of any one of claims 9 and 10
wherein:
the heat exchanger (45) is a cross-flow heat ex-
changer.

The cooling system of any one of claims 1-12 where-
in:
the front plate 10 is transparent.

The cooling system of any one of claims 1-13 where-
in:

the circulating fan (255) is positioned to force circu-
lating gas in a closed loop that passes through the
front channel (251).

The cooling system of any one of claims 1-14 where-
in:

the electronic image assembly (50) comprises
a backlight; and

the channels (60) are in thermal communication
the backlight.

20

25

30

35

40

45

50

55

16

SEC et al. v. MRI
SEC Exhibit 1022.1035
IPR2023-00221



100

EP 3 624 574 A1

10

SEC et al. v. MRI
SEC Exhibit 1022.1036
IPR2023-00221



EP 3624574 5,

i1

SEC et al. v. MRI
SEC Exhibit 1022.1037
IPR2023-00221



12

SEC et al. v. MRI

SEC Exhibit 1022.1038

IPR2023-00221



EP 36y, 574 a4

FIG .

13

SEC et al. v. MRI
SEC Exhibit 1022.1039
IPR2023-00221



5

FIG

14

SEC et al. v. MRI

SEC Exhibit 1022.1040

IPR2023-00221



500

502

15

SEC et al. v. MRI
SEC Exhibit 1022.1041
IPR2023-00221



EP 3 624 574 a4

FIG - 7

16

SEC et al. v. MRI
SEC Exhibit 1022.1042
IPR2023-00221



EP 3 624 574 A1

i

FIG

17

SEC et al. v. MRI
IPR2023-00221

SEC Exhibit 1022.1043



550

9

FIG

18

SEC et al. v. MRI

SEC Exhibit 1022.1044

IPR2023-00221



10

15

20

25

30

35

40

45

50

55

EP 3 624 574 A1

9

des

Europiisches
Patentamt

European
Patent Office

Office européen

brevets

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 19 7577

Cat Gitalion of document with indication, where appropriate, Relevant GCLASSIFICATION OF THE
ategory of relevant passages to claim APPLICATION (IPC)
A US 6 198 222 B1 (CHANG SHAN-HAN [TW]) 1-15 INV.

6 March 2001 (2001-03-06) HOBK7 /20

* abstract; figures 2-4 * GO2F1/1333

* column 3, lines 3-11 * HO1L51/52
A EP 1 647 766 A2 (LG ELECTRONICS INC [KR]) |1-15

19 April 2006 (2006-04-19)

* abstract; figures 3,5,6,7 *

* paragraphs [0027]., [0036] *
A WO 2009/065125 A2 (MFG RESOURCES INT INC |[1-15

[US]; DUNN WILLIAM R [US])

22 May 2009 (2009-05-22)

* abstract; figures 2,3,4,8,9,10 *
* paragraphs [0638], [0039] *

TECHNICAL FIELDS
SEARCHED {IPC)

HB5K
1 The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
8 The Hague 31 January 2020 Schweiger, Dietmar
s
o CATEGORY OF GITED DOCUMENTS T : theory or principle underlying the invention
"8" E : earlier patent document, but published on, cr
- X : particularly relevant if taken alone after the filing date
3 Y : particularly relevant if combined with another D : document cited in the application
hat document of the same category L : document cited for other reasons
E A : technological background
¢ O : non-written disclosure & : member of the same patent family, corresponding
° P :intermediate document document
i1}

19

SEC et al. v. MRI
SEC Exhibit 1022.1045
IPR2023-00221



10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 624 574 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 19 7577

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as containad in the European Patent Office ECP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose cf information.

31-01-2020
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6198222 Bl 06-03-2001 TW 393666 B 11-06-2000
us 6198222 Bl 06-03-2001
EP 1647766 A2 19-04-2006 CN 1760734 A 19-04-2006
EP 1647766 A2 19-04-2006
JP 2006114501 A 27-04-2006
KR 20060033669 A 19-04-2006
™ 1275192 B 01-03-2007
US 2006082271 Al 20-04-2006
WO 2009065125 A2 22-05-2009  BR PI10820231 A2 16-06-2015
CA 2705814 Al 22-05-2009
EP 2225603 A2 08-09-2010
ES 2493592 T3 12-09-2014
JpP 5351898 B2 27-11-2013
JP 2011503663 A 27-01-2011
KR 20100119746 A 16-11-2010
KR 20150139625 A 11-12-2015
KR 20170091176 A 08-08-2017
KR 20180043849 A 30-04-2018
KR 20190026976 A 13-03-2019
RU 2010124380 A 27-12-2011
WO 2009065125 A2 22-05-2009

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

20

SEC et al. v. MRI
SEC Exhibit 1022.1046
IPR2023-00221



Australian Government

1P Austratia CERTIFICATE OF GRANT

STANI ) PATENT
S m:%. : %\m&* ,§. \.&\i‘ »~\‘ &

The Commissioner of Patents has granted the above patent on 5 Marck 2020
particulars have been registered in the Register of Patents.‘

lorrrrrs
7
iﬂmvl.'

Patent number: 2017228430

and certn‘xes that the below

Name and address of patentee(s):

Manufacturing Resources International, Inc
of America

_Title of invention:

Flled thh
US '

Dated this 5" day of March 2020

Commissioner of Patents

FATENTS ACY 1980

ng to this

SEC et al. v. MRI
SEC Exhibit 1022.1047
IPR2023-00221



(12) STANDARD PATENT (11) Application No. AU 2017228430 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(61)

(21)

(87)

(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Cooling system for double sided display assembly

International Patent Classification(s}

GO02B 27/00 (2006.01) HO5K 7/06 (2006.01)
GO02B 27/02 (2006.01) HO5K 7/20 (2006.01)
Application No: 2017228430 (22) Date of Filing:  2017.03.06

WIPO No: WO17/152166

Priority Data

Number (32) Date (33) Country
62/303,806 2016.03.04 us
Publication Date: 2017.09.08

Accepted Journal Date: 2019.11.21

Applicant(s)
Manufacturing Resources International, Inc.

Inventor(s)
Diaz, Marcos

Agent / Attorney
Spruson & Ferguson, GPO Box 3898, Sydney, NSW, 2001, AU

Related Art

US 20110085301 A1
US 20050253699 A1
US 2013/0279154 A1

SEC et al. v. MRI
SEC Exhibit 1022.1048
IPR2023-00221




o
<
o
o
A
o
' ¢}
—(
~
|
o
<~
o
g

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property -3

Organization é

International Bureau A
(43) International Publication Date _"j
8 September 2017 (08.09.2017)

WIPOIPCT

T 0000 O O O
(10) International Publication Number

WO 2017/152166 A1l

(51) International Patent Classification:
GO2B 27/00 (2006.01) HO5K 7/06 (2006.01)
GO02B 27/02 (2006.01) HOSK 7/20 (2006.01)

(€25]

International Application Number:

(81)

PCT/US2017/020884

(22) International Filing Date:

6 March 2017 (06.03.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/303.806 4 March 2016 (04.03.2016) us 849

(71) Applicant:

MANUFACTURING RESOURCES IN-

TERNATIONAL, INC. [US/US]; 6415 Shiloh Road East,

Alpharetta, GA 30005 (US).

etta, GA 30005 (US).

6300 Riverside Drive, Dublin, OH 43017 (US).

Inventor: DIAZ, Marcos; 6415 Shiloh Road East, Alphar-

Agent: SMITH, Adam, J.; Standley Law Group LLP,

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA,ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: COOLING SYSTEM FOR DOUBLE SIDED DISPLAY ASSEMBLY

FIG-1

(57) Abstract: A pair of electronic dis-
plays (30 and 31 ) are placed back to
back and are configured for mounting to
a vehicle. A pair of thermal plates (126
and 127) are located behind the electron-
ic displays and a pair of transparent
plates (35 and 36) are located in front of
the electronic displays. A closed loop of
air travels vertically through the space
between the electronic displays and
transparent panels and through a closed
loop plenum. An open loop of air travels
horizontally through the space between
thermal plates and the rear surface of the
electronic displays.

SEC et al. v. MRI
SEC Exhibit 1022.1049
IPR2023-00221



WO 2017/152166 A1 IO 1RV 000 0000 0 O

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

SEC et al. v. MRI
SEC Exhibit 1022.1050
IPR2023-00221



2017228430 05 Jul 2019

COOLING SYSTEM FOR DOUBLE SIDED DISPLAY ASSEMBLY

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The application claims priority from US Provisional Patent Application No.
62/303,806 filed on March 4, 2016, which is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

[0002] Embodiments of the present invention generally relate to cooling systems for

electronic displays.

BACKGROUND

[0003] Electronic displays are sometimes used in outdoor environments or other areas
where the surrounding temperatures may be high or there may be other sources of
heat such as solar loading causing the temperatures within the display to rise.
However, some portions of the display can be difficult to cool as simply ingesting
ambient air into some portions of the display can introduce dust and contaminates into

sensitive portions of the display, which can lead to premature failures.

SUMMARY OF THE INVENTIVE CONCEPT

[0003a] It is an object of the present invention to substantially overcome, or at least

ameliorate, one or more disadvantages of existing arrangements.

[0003b] According to one aspect of the present invention, there is provided a display
assembly for mounting to a roof of a vehicle comprising: a housing adapted to be
mounted to the roof of the vehicle; a first electronic display and a second electronic
display positioned in a back to back arrangement within the housing, wherein each of
said first electronic display and said second electronic display has a front surface and a
rear surface; a first transparent panel and a second transparent panel, wherein each of
said first transparent panel and said second transparent panel is positioned in front of
the front surface of one of the first electronic display and the second electronic display;
a first thermal plate and a second thermal plate, wherein each of said first thermal plate
and said second thermal plate is positioned behind the rear surface of one of the first
electronic display and the second electronic display; an open loop pathway comprising:

AH26(22974488 1):MSD
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an inlet aperture in the housing for ingesting ambient air; a first open loop channel and
a second open loop channel, wherein each of the first open loop channel and the
second open loop channel is located between one of the first thermal plate and the
second thermal plate, respectively, and the rear surface of one of the first electronic
display and the second electronic display, respectively; a number of entrance apertures
located on each of the first thermal plate and the second thermal plate, wherein each of
said entrance apertures is configured to permit gaseous communication between the
inlet aperture and the first open loop channel and the second open loop channel,
respectively; an exhaust aperture in the housing for exhausting ambient air; and a
number of exit apertures located on each of the first thermal plate and the second
thermal plate, wherein each of said exit apertures is configured to permit gaseous
communication between the exhaust aperture and the first open loop channel and the
second open loop channel, respectively; wherein the open loop pathway is configured
to accept a flow of ambient air, split said flow after entering the inlet apertures such that
a portion of said flow travels through each of said first open loop channel and the
second open loop channel, by way of each of said entrance apertures, and rejoin said
split flow, after exiting each of said exit apertures, prior to exhausting the flow through
the exhaust aperture; and a closed loop pathway comprising: a first closed loop
channel and a second closed loop channel, wherein each of said first closed lcop
channel and the second closed loop channel is located between one of the first
transparent panel and the second transparent panel, respectively, and one of the first
electronic display and the second electronic display, respectively; and a closed loop
plenum defined by the first thermal plate and the second thermal plate, wherein the
closed loop plenum is configured to permit gaseous communication with each of the
first closed loop channel and the second closed loop channel.

[0004] Exemplary embodiments may comprise multiple separate flow paths for a fluid,
such as air, through an electronic display housing. At least one path may be a closed
loop and several other paths may provide open loops. The closed loop path preferably
circulates through a sealed electronics compartment as well as pass between the
electronic display(s) and a front transparent panel. A first open loop of ambient air may
pass behind the first electronic display while a second path of ambient air may pass
behind the second electronic display. In some embodiments the open loop air also
removes heat from a thermal plate having electronic components and in some

embodiments the open loop air also removes heat from an LED backlight (or LED
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display). The fans can be positioned so as to precisely control the amount of fluid
travelling through each path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In addition to the features mentioned above, other aspects of the present
invention will be readily apparent from the following descriptions of the drawings and
preferred embodiments, wherein like reference numerals across the several views

refer to identical or equivalent features, and wherein:

[0006] FIGURE 1 is a front perspective view showing an exemplary embodiment of the
double sided display assembly, as well as the location for section lines A-A, B-B, and
C-C.

[0007] FIGURE 2 is a side section view of the embodiment shown in Figure 1, taken
along the section line A-A.

[0008] FIGURE 3 is a front section view of the embodiment shown in Figure 1, taken

along the section line B-B.

[0009] FIGURE 4 is a top section view of the embodiment shown in Figure 1, taken
along the section line C-C and indicating the location for Detail A.

[0010] FIGURE 5 is a detailed section view of Detail A.
[0011] FIGURE 6 is a partial exploded view of the embodiment shown in Figure 1.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S)

[0012] The invention is described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth herein. Rather, these

embodiments are provided so that this disclosure will be thorough and
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complete, and will fully convey the scope of the invention to those skilled in the art. In
the drawings, the size and relative sizes of layers and regions may be exaggerated
for clarity.

[0013] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an” and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises” and/or "comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/ or
components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof.

[0014] Embodiments of the invention are described herein with reference to
illustrations that are schematic illustrations of idealized embodiments (and
intermediate structures) of the invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing techniques and/or tolerances,
are to be expected. Thus, embodiments of the invention should not be construed as
limited to the particular shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufacturing.

[0015] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. It will be further understood that terms, such
as those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined

herein.
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[0016] FIGURE 1 is a front perspective view showing an exemplary embodiment of
the double sided display assembly, as well as the location for section lines A-A, B-B,
and C-C. Generally speaking, an exemplary embodiment includes two displays 30
and 31 positioned back to back and placed within a housing 25. An inlet aperture 50
accepts a flow of ambient air 60 into and through the housing 25. The ambient air 60
is preferably exhausted out of the housing 25 through the exhaust aperture 55. A
closed loop flow of circulating gas 70 travels within the housing 25 as well, but
preferably does not mix with the flow of ambient air 60 in any substantial manner.
[0017] As used herein, the term ambient air 60 simply refers to common atmospheric
air that would provide the surrounding environment for the assembly. This ambient
air 60 is known to contain a mixture of different types of gaseous elements, as well
as dust, dirt, pollen, water vapor, and other particulate. Also as used herein, the term
circulating gas 70 can refer to any gaseous matter, which might be a mixture of
different types of gases or could be a pure gaseous matter. Preferably, the circulating
gas 70 does not contain substantial amounts of dust, dirt, pollen, or other types of
particulate.

[0018] Exemplary embodiments of the present invention may be configured for
mounting to a vehicle, preferably to the roof. The housing 25 may be sized and
configured for fitting atop a vehicle roof. Further, the housing 25 may be sized and
adapted to minimize aerodynamic drag. The housing 25 may comprise a pair of feet
26 for mounting the housing 25 to the vehicle. The feet 26 may be sized and
configured o be secured to a vehicle’s roof, or to be secured to internal supports
placed on or within the vehicle. In such embodiments, the housing 25 is preferably
thin and comprises rounded corners and other features to minimize aerodynamic

drag. The housing 25 may comprise a variety of stiffening members to provide
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structural rigidity and strength to accommodate the forces caused by a moving
vehicle. Likewise, the various components of the display assembly may be configured
or comprised of a sufficiently rigid material so as to accommodate the forces caused
by a moving vehicle. Furthermore, the housing and various components of the display
assembly may be configured to withstand the forces, vibrations, and other rigors of
being mounted to a vehicle. For example, but not to serve as a limitation, the feet 26
and other components of the display assembly may comprise rubber pads or other
vibration and shock absorption devices.

[0019] As indicated in the figure, section line A-A is positioned horizontally down the
center of the assembly and cuts through the assembly vertically. Section line B-B is
oriented vertically and cuts through the assembly horizontally. Finally, section line C-
C is oriented horizontally and cuts through the assembly horizontally as well. The
section line arrows in figure 1 indicate the direction of hypothetical cut to obtain the
section view.

[0020] FIGURE 2 is a side section view of the embodiment shown in Figure 1, taken
along the section line A-A. The ambient air 60 may enter the housing 25 through the
inlet aperture 50, where it may then be directed into an entrance plenum, and pass
through one of a plurality of entrance apertures 200 which connect with the open loop
channels (described further below). The ambient air 60 is preferably pulled by one or
more fans 100, but the fans 100 could also be positioned to push the ambient air 60,
or several fans could be used for a combination of push/pull. In this particular
embodiment, the fan 100 is located near an exit plenum, where the ambient air 60 is
collected from the open loop channels by travelling through one of a plurality of exit
aperture 201, collected within the exit plenum, and directed out of the housing 25

through the exhaust aperture 55.
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[0021] As will be described further below, the entrance apertures 200 and exit
apertures 201 are in gaseous communication with a first open loop channel running
behind the electronic display 31. There is preferably another set of entrance
apertures and exit apertures on the opposite side of the assembly (not shown in this
view), which communicate with a second open loop channel running behind the
electronic display 30. The apertures 200 and 201 are preferably distributed across
the width of the electronic display 30/31 in a substantially equidistant manner from
one another. The apertures 200/201 allow the flow of ambient air 60 to pass through
the housing 25 and the open loop channels without substantially mixing with the
circulating gas 70 or entering the sealed electronics compartment 125.

[0022] A plurality of electronic components 110 are preferably placed within a sealed
electronics compartment 125 which forms a part of the closed loop for the circulating
gas 70. The electronic components 110 may comprise one or more of the following:
power modules, video player, electronic data storage, microprocessor,
satellite/wireless receiver/transmitter, and timing and control board. At least some of
the electronic components 110 may be in electrical connection with the displays 30
and 31.

[0023] One or more fans 90 may force the closed loop of circulating gas 70 over the
electronic components 110. While shown with two fans 90, this is not required.
Additionally, while shown pushing the circulating gas 70 over the electronic
components 110, this is not required as the fans 90 could aiso be positioned to pull
the circulating gas 70, or several fans 90 could be used in a combination push/pull of
the circulating gas 70.

[0024] FIGURE 3 is a front section view of the embodiment shown in Figure 1, taken

along the section line B-B. Here, the closed loop of circulating gas 70 can be clearly
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shown. As mentioned above, the circulating gas 70 preferably travels over the
electronic components 110 within the sealed electronics compartment 125 and then
splits to wrap around each of the displays 30 and 31. Regarding the first display 30,
a transparent panel 35 is preferably placed in front of the display 30 to define a closed
loop channel between the display 30 and the transparent panel 35 for accepting
circulating gas 70. Once the circulating gas 70 has travelled across the display 30, it
is directed back in to the sealed electronics compartment 125 to begin the closed loop
again.

[0025] Similarly, regarding the second display 31, a transparent panel 36 is preferably
placed in front of the display 31 to define a closed loop channel between the display
31 and the transparent panel 36 for accepting circulating gas 70. Once the circulating
gas 70 has travelled across the display 31, it is directed back in to the sealed
electronics compartment 125 to begin the closed loop again.

[0026] As shown, the flow of ambient air 60 is preferably split into at least two
channels, with one open loop channel travelling behind each display. Regarding
display 30, a path of ambient air 60 preferably travels between the rear surface of the
display 30 and a thermal wall 126 of the sealed electronics compartment 125.
Although not required, when using a direct LED backlit LCD as the display 30, the
ambient air 60 preferably travels between the rear surface of the LED backlight 40
and the thermal wall 126. As shown above, a plurality of electronic components 110
are preferably attached to (or near) one or both thermal walls 126 and 127. In this
way, heat from the electronic components 110 may be transferred (preferably through
conduction but some convection and radiation may occur as well) to the walls 126

and 127 and removed by the flow of ambient air 60.
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[0027] Similarly regarding display 31, a path of ambient air 60 preferably travels
between the rear surface of the display 31 and a thermal wall 127 of the sealed
electronics compartment 125. Although not required, when using a direct LED backlit
LCD as the display 31, the ambient air 60 preferably travels between the rear surface
of the LED backlight 41 and the thermal wall 127. It should be expressly noted that
although a direct LED backlit LCD is shown in these embodiments, this type of display
and its associated backlight is not necessary for every embodiment. The displays 30
and 31 could be any one of the following: plasma, OLED, LCD (direct lit or edge lit),
LED, and any type of electroluminescent polymer display.

[0028] FIGURE 4 is a top section view of the embodiment shown in Figure 1, taken
along the section line C-C and indicating the location for Detail A. In this figure, the
two channels for ambient air 60 behind each of the displays 30 and 31 can be seen.
Again, preferably the two paths of ambient air 60 can remove heat from the electronic
displays 30 and 31 as well as the electronics 110 (through the thermal walls 126 and
127).

[0029] FIGURE 5 is a detailed section view of Detail A. Once the ambient air 60 has
travelled through each of the open loop channels, it can be gathered by the exit
plenum and forced out of the display housing 25 by the fan 100.

[0030] FIGURE 6 is a partial exploded view of the embodiment shown in Figure 1.
This shows the stacking of the elements for one side of the assembly, i.e. the
components surrounding electronic display 31. The ambient air 60 is preferably
directed through the entrance apertures 200 so that it may pass between the thermal
plate 127 and the rear of the electronic display 31 (in this embodiment, the rear
surface of the LED backlight 41). Once passing through the open loop channel, the

ambient air 60 is preferably directed out of an exit aperture 201 so that it can be

SEC et al. v. MRI
SEC Exhibit 1022.1059
IPR2023-00221



WO 2017/152166 PCT/US2017/020884

collected in the exit plenum and exhausted out of the display housing. The circulating
gas 70 generally encircles the open loop channel(s) having the ambient air 60. In
other words, the open loop ambient air 60 passes through the center of the closed
loop of circulating gas 70.

[0031] As noted above, the circulating gas 70 preferably passes over electronic
components 110, exits the sealed electronics compartment 125, travels between the
front transparent plate 36 and the front of the electronic display 31, eventually
returning to the sealed electronics compartment 125. Again it should be noted that
only one half of the embodiment is shown in this partial exploded view. Generally,
there would be a second closed loop of circulating gas 70 travelling around the
opposing display 30 and a second open loop channel for ambient air 60 passing
behind the display 30, as shown and described above.

[0032] It should also be noted that the variety of open and closed cooling loops that
are shown in the figures may be shown in a horizontal or vertical arrangement but it
is clearly contemplated that this can be reversed or changed depending on the
particular embodiment. Thus, the closed loop may run horizontally or vertically and in
a clockwise or counter-clockwise direction. Further, the open loop may also be
horizontal or vertical and can run left to right, right to left, and top to bottom, or bottom
to top.

[0033] Having shown and described a preferred embodiment of the invention, those
skilled in the art will realize that many variations and modifications may be made to
affect the described invention and still be within the scope of the claimed invention.
Additionally, many of the elements indicated above may be altered or replaced by

different elements which will provide the same result and fall within the spirit of the
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claimed invention. It is the intention, therefore, to limit the invention only as indicated

by the scope of the claims.
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CLAIMS

1. A display assembly for mounting to a roof of a vehicle comprising:

a housing adapted to be mounted to the roof of the vehicle;

a first electronic display and a second electronic display positioned in a back to
back arrangement within the housing, wherein each of said first electronic display and
said second electronic display has a front surface and a rear surface;

a first transparent panel and a second transparent panel, wherein each of said
first transparent panel and said second transparent panel is positioned in front of the
front surface of one of the first electronic display and the second electronic display;

a first thermal plate and a second thermal plate, wherein each of said first
thermal plate and said second thermal plate is positioned behind the rear surface of one
of the first electronic display and the second electronic display;

an open loop pathway comprising:

an inlet aperture in the housing for ingesting ambient air;

a first open loop channel and a second open loop channel, wherein each
of the first open loop channel and the second open loop channel is located
between one of the first thermal plate and the second thermal plate, respectively,
and the rear surface of one of the first electronic display and the second
electronic display, respectively;

a number of entrance apertures located on each of the first thermal plate
and the second thermal plate, wherein each of said entrance apertures is
configured to permit gaseous communication between the inlet aperture and the
first open loop channel and the second open loop channel, respectively;

an exhaust aperture in the housing for exhausting ambient air; and

a number of exit apertures located on each of the first thermal plate and
the second thermal plate, wherein each of said exit apertures is configured to
permit gaseous communication between the exhaust aperture and the first open
loop channel and the second open loop channel, respectively;

wherein the open loop pathway is configured to accept a flow of ambient
air, split said flow after entering the inlet apertures such that a portion of said flow
travels through each of said first open loop channel and the second open loop
channel, by way of each of said entrance apertures, and rejoin said split flow,
after exiting each of said exit apertures, prior to exhausting the flow through the

exhaust aperture; and
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a closed loop pathway comprising:

a first closed loop channel and a second closed loop channel, wherein
each of said first closed loop channel and the second closed loop channel is
located between one of the first transparent panel and the second transparent
panel, respectively, and one of the first electronic display and the second
electronic display, respectively; and

a closed loop plenum defined by the first thermal plate and the second
thermal plate, wherein the closed loop plenum is configured to permit gaseous
communication with each of the first closed loop channel and the second closed
loop channel.

2. The display assembly of claim 1, further comprising:
a number of electronic components mounted to a rear surface of at least one of

the first thermal plate and the second thermal plate.

3. The display assembly of claim 1, further comprising:

a number of closed loop fans, wherein said closed loop fans are spaced apart
from one another and are each configured to propel circulating gas through the closed
loop plenum and one or more of the first closed loop channel and the second closed

loop channel.

4. The display assembly of claim 1, further comprising:
an open loop fan positioned to propel ambient air through one or more of the first

open loop channel and the second open loop channel.

5. The display assembly of claim 1, further comprising:

a number of feet attached to said housing, wherein each of said feet has a lower
surface which is configured to contact, and substantially match the pitch of, an upper
surface of the roof of the vehicle.

6. The display assembly of claim 1, wherein:

each of the number of entrance apertures are spaced apart along a first end of
each of the first and second thermal plates; and

each of the number of exit apertures are spaced apart along a second end of the
first and second thermal plates.
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7. The display assembly of claim 6, wherein:

each of the number of entrance apertures are vertically spaced apart; and

each of the number of exit apertures are vertically spaced apart.

Manufacturing Resources International, Inc.
Patent Attorneys for the Applicant/Nominated Person
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Notice

This translation is machine - generated. It cannot be guaranteed that it is intelligible,

accurate, complete, reliable or fit for specific purposes. Critical decisions, such as
commercially relevant or financial decisions, should not be based on machine -

translation output.

ABSTRACT KR102104342

The pair of electronic display devices 30 and 31 are arranged to face each other and are
mounted on the vehicle. A pair of heat plates 123 and 127 are located behind the
electronic display device, and a pair of transparent panels 35 and 386 are located on the
front surface of the electronic display device. The closed - loop air moves vertically
through the space between the electronic display and the transparent panel and through
the closed - loop ventilation space. The open - loop air moves horizontally through the
space between the back of the electronic display and the heat plate.
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ABSTRACT KR102109072

Exemplary embodiments herein provide an electronic display assembly having an
electronic display surrounded by a front panel and a housing. An intake gap can be
disposed near a portion of the outer periphery of the front panel, and an exhaust gap can
be disposed near an opposite portion of the cuter periphery of the front panel. A buffer
zone may be formed between the suction gap and the discharge gap. It can be arranged
to cause the open loop fluid to enter the intake gap, to pass through the channel behind
the electronic display, and to lead to the exit gap. Such fans may direct open loop fluid
through an optional heat exchanger. A circulation fan can direct the circulating air

through an optional heat exchanger.
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(57) Abstract: A method is disclosed for displaying dynamic me-
dia content on a vehicle-mounted display as the vehicle travels

along aroute. The dynamic content may be audio orvideo content,

and is selected based in part on sensor data, which may pertain to
contextual or environmental factors. The content may be dynam-
ically adjusted during playback, such as by bouncing or sharply
changing direction during a sudden change in velocity or accel—
eration. Aside from motion-related factors, other contextual and
environmental factors include weather, visibility, traffic, location,
and time of day.
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VEHICLE-MOUNTED DYNAMIC CONTENT DELIVERY SYSTEMS

CROSS-REFERENCE
[0001] This application claims priority to U.S. Provisional Application. No. 62/747,052, filed
on October 17, 2018, which is entirely incorporated herein by reference.

BACKGROUND

[0002] For decades, billboards have been erected to display content to drivers of vehicles on
major roads. Displaying content on billboards makes it possible for hundreds of thousands of
people to see the content daily.
[0003] Billboards may be installed at various locations, such as highways, roads or on

buildings. The content of billboards may be changed on a periodic basis.

SUMMARY
[0004] As compared to stationary billboards, potentially even more people may be reached
by displaying content on mobile billboards, such as displays mounted to trucks, trains, or other
vehicles. Much of the content displayed on these billboards may not be targeted to specific
demographics and may not be adjusted dynamically in response to external factors. Thus, many
audiences may not be receptive to this displayed content.
[0005] Displaying dynamically adjustable, targeted content on vehicle-mounted display may
be beneficial to content providers, as it may be possible to find many different audiences
receptive to dynamically adjusted content along a traveled route.
[0006] In an aspect, a method for displaying media content on a vehicle is disclosed. The
method comprises providing the vehicle comprising a display screen on an exterior portion of the
vehicle, dynamically selecting the media content while the vehicle is travelling along a route, and
displaying the media content dynamically selected in (b) on the display screen.
[0007] In some embodiments, the display screen is part of a display unit mounted on the
exterior portion of the vehicle, where the display unit comprises one or more members selected
from the group consisting of a global positioning system (GPS), a wireless transmitter, a wireless

receiver, an optical sensor, an audio sensor, an accelerometer, and a gyroscope.

[0008] In some embodiments, the optical sensor is a camera or video unit.
[0009] In some embodiments, the optical sensor is a particle sensor.
[0010] In some embodiments, the media content is dynamically selected at least in part on (i)

a speed, velocity or acceleration of the vehicle along a route, or (ii) contextual or environmental

factors along the route.
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[0011] In some embodiments, the contextual factors include a geographic location of the
vehicle along the route.

[0012] In some embodiments, the contextual factors include atime of day in which the
vehicle is travelling the route.

[0013] In some embodiments, the environmental factors include traffic conditions or ambient
lighting along the route.

[0014] In some embodiments, the vehicle comprises a roof rack, and providing the vehicle

with the display screen comprises fixing the display screen to the roof rack.

[0015] In some embodiments, the environmental factors include weather conditions along the
route.

[0016] In some embodiments, the contextual factors include places of interest along the
route.

[0017] In some embodiments, places of interest include apartments, hotels, museums, parks,

shopping centers, restaurants, and bars.

[0018] In some embodiments, the contextual factors include entertainment events happening
in a vicinity of the route.

[0019] In some embodiments, wherein along the route, the vehicle undergoes a change in
velocity or acceleration, and wherein the media content is dynamically adjusted in response to
the change in velocity or acceleration.

[0020] In some embodiments, along the route, the vehicle stops.

[0021] In some embodiments, the method further comprises using a sensor to collect audio or

video data along the route and using the audio or video data to dynamically select the media

content.

[0022] In some embodiments, the sensor captures a multi-angle video of conditions along the
route.

[0023] In some embodiments, the conditions are route conditions.

[0024] In some embodiments, the method further comprises using a sensor to collect

geographic data along the route and using the geographic data to dynamically select the media
content.

[0025] In some embodiments, the method further comprises using one or more sensors to
collect environmental data.

[0026] In some embodiments, the environmental data includes data indicative of visibility

along the route.
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[0027] In some embodiments, the method further comprises adjusting the media content in
response to the change in visibility.

[0028] In some embodiments, the method further comprises determining one or more
environmental conditions from the environmental data and adjusting the media content in
response to the environmental conditions.

[0029] In some embodiments, the one or more environmental conditions includes air

pollution or light pollution.

[0030] In some embodiments, the method further comprises logging information along the
route.
[0031] In some embodiments, the method further comprises logging demographic

information along the route.

[0032] In some embodiments, the demographic information includes a number of passengers
along the route.

[0033] In some embodiments, the demographic information includes video of pedestrian or

vehicle traffic along the route.

[0034] In some embodiments, the content is dynamically selected using a machine learning
algorithm.
[0035] In another aspect, a system for displaying media content on a vehicle is disclosed. The

system comprises a display screen mountable on an exterior portion of the vehicle and a
controller operatively coupled to the display screen, wherein the controller is programmed to (i)
dynamically select the media content while the vehicle is travelling along a route; and (ii) direct
the media content dynamically selected in (i) to be displayed on the display screen.

[0036] In some embodiments, the controller is programmed to dynamically select the media
content based at least in part on (i) a speed, velocity or acceleration of the vehicle along a route,
or (ii) contextual or environmental factors along the route.

[0037] In some embodiments, the method further comprises a sensor for collecting audio or
video data along the route.

[0038] In some embodiments, the sensor is a multi-angle camera.

[0039] In some embodiments, the system further comprises further comprising a logging
module for storing information collected along the route.

[0040] In some embodiments, the system further comprises further comprising a sensor for

determining the velocity and acceleration of the vehicle along the route.
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[0041] In some embodiments, the media content is selected from content stored on an online
portal.
[0042] In some embodiments, the online portal is configured to permit content providers to

upload content.

[0043] In some embodiments, the online portal is configured to permit content providers to
choose a time interval in which to display content.

[0044] In some embodiments, the online portal is configured to permit content providers to
choose how often the content is played back.

[0045] In some embodiments, the online portal allows content providers to choose a bounded
area in which media content playback occurs.

[0046] In some embodiments, the system communicates with connected devices using Wi-Fi
and Bluetooth.

[0047] In another aspect, the present disclosure provides a method for determining an
impression. The method can comprise (a) displaying media content on a screen during a first time
period; (b) obtaining, using a camera, video of a subject adjacent to the screen; and (c) processing
the video, using a gaze-tracking algorithm, to determine whether the subject looked at the screen

during the time period.

[0048] In some embodiments, the media content can be an advertisement.

[0049] In some embodiments, the screen can be disposed on a vehicle.

[0050] In some embodiments, the camera can be integrated into the screen.

[0051] In some embodiments, the gaze-tracking algorithm can comprise a machine learning

algorithm. The machine learning algorithm can comprise a convolutional neural network.
Alternatively, the gaze-tracking algorithm can use geometric techniques.

[0052] In some embodiments, the method can further comprise, using a facial model,
determining an emotional reaction of the subject to the advertisement.

[0053] In some embodiments, the method can further comprise selecting second media
content to display on the screen during a second time period. The selecting can comprise
considering the emotional reaction of the subject to the advertisement.

[0054] In some embodiments, the method can further comprise repeating (a) to (c¢) for a
plurality of subjects other than the subject and computing an impression rate for the media
content.

[0055] In another aspect, the present disclosure provides a method for determining a rate of

engagement by a target group. The method can comprise (a) displaying media content on a

SEC et al. v. MRI
SEC Exhibit 1022.1148
IPR2023-00221



WO 2020/081687 PCT/US2019/056542

display screen at a first time at a first location and (b) determining, using mobile phone data, one
or more subjects who were within a specified distance of the first location at the first time. The
one or more subjects can comprise the target group. The method can further comprise (c)
tracking, using the mobile phone data, a subset of the target group to a second location indicative
of an engagement associated with the media content; and (d) determining the rate of engagement

by processing a size of the subset and a size of the target group.

[0056] In some embodiments, the display screen can be on or mounted to a vehicle.

[0057] In some embodiments, the tracking can be performed within a specified time of the
first time.

[0058] In some embodiments, the specified time can be at most one week.

[0059] Another aspect of the present disclosure provides a non-transitory computer readable

medium comprising machine executable code that, upon execution by one or more computer
processors, implements any of the methods above or elsewhere herein.

[0060] Another aspect of the present disclosure provides a system comprising one or more
computer processors and computer memory coupled thereto. The computer memory comprises
machine executable code that, upon execution by the one or more computer processors,
implements any of the methods above or elsewhere herein.

[0061] Additional aspects and advantages of the present disclosure will become readily
apparent to those skilled in this art from the following detailed description, wherein only
illustrative embodiments of the present disclosure are shown and described. As will be realized,
the present disclosure is capable of other and different embodiments, and its several details are
capable of modifications in various obvious respects, all without departing from the disclosure.
Accordingly, the drawings and description are to be regarded as illustrative in nature, and not as

restrictive.

INCORPORATION BY REFERENCE
[0062] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or
patent application was specifically and individually indicated to be incorporated by reference. To
the extent publications and patents or patent applications incorporated by reference contradict the
disclosure contained in the specification, the specification is intended to supersede and/or take

precedence over any such contradictory material.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0063] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings (also “Figure” and “FIG.” herein), of which:
[0064] FIG. 1 schematically illustrates an example of a system for displaying media content
on a vehicle;
[0065] FIG. 2A schematically illustrates a display unit;
[0066] FIG. 2B schematically illustrates a circuit diagram of the display unit;
[0067] FIGs. 2C-F show multiple views of the display unit;

[0068] FIG. 3 shows an example of a method for displaying media content on the vehicle;
[0069] FIG. 4 schematically illustrates a self-serve portal for content providers;
[0070] FIG. 5 shows an analytics portal that may allow content providers to receive data

about content presentation statistics;

[0071] FIG. 6 shows multiple views of a mobile application that may be used by a driver
renting a display unit;

[0072] FIG. 7 shows a computer system that is programmed or otherwise configured to
implement methods provided herein; and

[0073] FIG. 8 illustrates another display unit.

DETAILED DESCRIPTION
[0074] While various embodiments of the invention have been shown and described herein, it
will be obvious to those skilled in the art that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions may occur to those skilled in the art
without departing from the invention. It should be understood that various alternatives to the
embodiments of the invention described herein may be employed.
[0075] The term “media content,” as used herein, generally refers to visual and/or audio
content for broadcast. The media content may be an image, audio, or video. Examples of media
content include advertising content, alerts, and information material.
[0076] Whenever the term “at least,” “greater than,” or “greater than or equal to” precedes

3% <<

the first numerical value in a series of two or more numerical values, the term “at least,” “greater

than” or “greater than or equal to” applies to each of the numerical values in that series of
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numerical values. For example, greater than or equal to 1, 2, or 3 is equivalent to greater than or
equal to 1, greater than or equal to 2, or greater than or equal to 3.

El

[0077] Whenever the term “no more than,” “less than,” or “less than or equal to” precedes
the first numerical value in a series of two or more numerical values, the term “no more than,”
“less than,” or “less than or equal to” applies to each of the numerical values in that series of
numerical values. For example, less than or equal to 3, 2, or 1is equivalent to less than or equal

to 3, less than or equal to 2, or less than or equal to 1.

Systems and Methods for displaying media content on a vehicle

[0078] An aspect of the present disclosure provides methods for displaying media content on a
vehicle. A method for displaying media content on a vehicle may comprise providing the vehicle
comprising a display screen on an exterior portion of the vehicle. Next, the media content may
be dynamically selected while the vehicle is travelling along a route. Next, the media content
dynamically selected may be displayed on the display screen.

[0079] The display screen may be part of a display unit mounted on the exterior portion of the
vehicle. The display unit may comprise one or more members selected from the group consisting
of a global positioning system (GPS), a wireless transmitter, a wireless receiver, an optical
sensor, an audio sensor, an accelerometer, and a gyroscope. The optical sensor may be a camera
or video unit. As an alternative or in addition to, the optical sensor may be an infrared sensor or
an ultraviolet sensor. The optical sensor may be a particle sensor (e.g., a sensor for measuring
particles, such as a soot or pollution sensor). The wireless receiver may allow the display screen
to computing devices in a local area. In some instances, the wireless receiver may allow the
display unit to download content from one or more connected computing devices, in order to
obtain data to provide instructions for the display unit to dynamically adjust or select media
content.

[0080] The media content may be dynamically selected at least in part on the speed, velocity or
acceleration of the vehicle along a route, or contextual or environmental factors along the route.
The contextual factors may include a geographic location (or geolocation) of the vehicle along
the route. The contextual factors may also include a time of day in which the vehicle is travelling
the route. The environmental factors may include traffic conditions or ambient lighting along the
route. The environmental factors may also include weather conditions along the route. The
contextual factors may also include places of interest along the route. The places of interest may
include apartments, hotels, museums, parks, shopping centers, restaurants, and bars. The

contextual factors may also include entertainment events happening in a vicinity of the route.
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[0081] Along the route, the vehicle may undergo a change in velocity or acceleration. The media
content may be dynamically adjusted in response to the change in velocity or acceleration. Along
the route, the vehicle may stop. The content may be adjusted by adopting a faster or slower
framerate or rate at which media content is cycled or adjusting its motion in response to the
changes in velocity or acceleration, according to events received by an accelerometer or a
gyroscope. The display unit may display videos that are shorter in duration or static images when
the vehicle moves at a faster speed and play longer content when the vehicle is at a standstill.
[0082] The media content may be selected and/or adjusted, and displayed on the display screen
automatically without any involvement from a user. As an alternative, the media content may be
selected by a user (e.g., through a mobile device of the user in communication with the display
screen) and display upon request from the user. The user may be a driver of the vehicle, a remote
user, or a passenger of the vehicle.

[0083] A sensor may be used to collect audio or video data along the route, and the audio or
video data may be used to dynamically select the media content. The sensor may capture a multi-
angle video of conditions along the route. The conditions may be route conditions. Further, the
display unit may use a sensor to collect geographic data along the route and use the geographic
data to dynamically select the media content. Route conditions may include vehicle traffic,
pedestrian traffic, visibility, route topography (e.g., hilly, flat, winding roads, dirt road, one-way
street), lighting, weather, climate, road conditions, traffic accidents, or other events or conditions
external to the vehicle.

[0084] The one or more sensors may be used to collect environmental data. The environmental
data may include data indicative of visibility along the route. The media content may be adjusted
in response to the change in visibility.

[0085] One or more environmental conditions may be determined from the environmental data,
and the media content may be adjusted in response to the environmental conditions. One or more
environmental conditions may include air pollution or light pollution.

[0086] Information may be logged along the route, as data is collected from different sources as
the vehicle travels along the route. Data may be collected by sensors or by devices that connect to
the display unit over a network, such as a WiFi network or a cellular network.

[0087] Demographic information may be logged along the route. The logged demographic
information may include a number of passengers along the route. The demographic information

may include video of pedestrian or vehicle traffic along the route.
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[0088] The content may be dynamically selected using a machine learning algorithm. For
example, a machine learning algorithm may be used to predict the route a vehicle will travel,
based on past traveling history. Content may then be allocated by the display unit in response to
the predicted route. Example algorithms used may include logistic regression, linear regression,
decision trees, and neural networks.

[0089] Another aspect of the present disclosure provides systems for displaying media content on
a vehicle. A system for displaying media content on a vehicle may comprise a display unit
mountable on an exterior portion of the vehicle. The display unit may include a controller
operatively coupled to a display screen. The controller may be programmed to dynamically select
the media content while the vehicle is travelling along a route; and may also direct the media
content dynamically selected to be displayed on the display screen.

[0090] The controller may be programmed to dynamically select the media content based at least
in part on a speed, velocity or acceleration of the vehicle along a route, or contextual or
environmental factors along the route.

[0091] The system may include a sensor for collecting audio or video data along the route and
the audio or video data may be used to dynamically select the media content. The sensor may be
a camera that captures a multi-angle video of conditions along the route. The conditions may be
route conditions. Further, the display unit may use a sensor to collect geographic data along the
route and use the geographic data to dynamically select the media content. Route conditions may
include vehicle traffic, pedestrian traffic, visibility, route topography (e.g., hilly, flat, winding
roads, dirt road, one-way street), lighting, weather, climate, road conditions, traffic accidents, or
other events or conditions external to the vehicle.

[0092] The system may include a logging module for storing information collected along the
route. The logging module may be a database or data structure. Such information can include
passenger information, route information, and/or weather information.

[0093] The system may also include a sensor for determining the velocity and acceleration of the
vehicle along the route. Further, the system may use a sensor to collect geographic data along the
route and use the geographic data to dynamically select the media content. Route conditions may
include vehicle traffic, pedestrian traffic, visibility, route topography (e.g., hilly, flat, winding
roads, dirt road, one-way street), lighting, weather, climate, road conditions, traffic accidents, or

other events or conditions external to the vehicle.
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[0094] The one or more sensors may be used to collect environmental data. The environmental
data may include data indicative of visibility along the route. The media content may be adjusted
in response to the change in visibility.

[0095] One or more environmental conditions may be determined from the environmental data,
and the media content may be adjusted in response to the environmental conditions. One or more
environmental conditions may include air pollution or light pollution.

[0096] Information may be logged along the route, as data is collected from different sources as
the vehicle travels along the route. Data may be collected by sensors or by devices that connect to
the display unit over a network, such as a Wi-Fi network or a cellular network.

[0097] Demographic information may be logged along the route. The logged demographic
information may include a number of passengers along the route. The demographic information
may include video of pedestrian or vehicle traffic along the route.

[0098] The media content displayed on the display screen may be selected from content stored
on an online portal. The online portal may allow content providers to upload content for playback
on the display unit’s display screen. The content providers may be allowed to choose atime
interval in which to display the uploaded content. The content providers may select a time
interval that allows them to target a specific audience. For example, content displayed after
midnight near bars may relate to local hotels. The online portal may also allow content providers
to choose how often the content is replayed during the time interval. The content providers may
be charged additionally for more plays of their content. The online portal may allow content
providers to choose a bounded geographic area in which media content playback occurs. The
area may be a square, triangular, or arbitrarily-shaped area. The area may be adjusted by the
content provider before or during content presentation. The online portal also may allow content
providers to collect data about their content as it is being displayed, including data regarding how
many impressions the content receives from being displayed to external audiences.

[0099] The system may allow users to communicate with connected devices using Wi-Fi and
Bluetooth. The system may connect to external devices, such as computing devices, and collect
data from these devices over a network. This data may be combined with sensor data to select
content for presentation. For example, the system may passively connect data from connected
mobile phones including device identifiers and location information. The system may collect
location information from Bluetooth Low Energy (BLE) beacons, in densely populated areas
GPS information is unavailable or unreliable due to occlusions. The system may allow drivers

and passengers to connect using an application and may receive demographic data from the
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drivers and passengers. The system may be able to stream audio content from a connected
Bluetooth device, and play the audio content for one or more external audiences.

[00100] FIG. 1 schematically illustrates an example of a system 100 for displaying media
content on a vehicle 110. The system 100 includes a vehicle, a display unit 120 mounted to the
vehicle, and a network. The display unit is mounted on a roof of the vehicle 110. However, the
display unit 120 may be mounted on other locations of the vehicle 120, such as, for example, a
side or rear of the vehicle 120. As an alternative or in addition to, the display unit 120 may be
integrated into a door or panel of the vehicle 120.

[00101] The display unit 120 may be mounted to the vehicle 110 using various
approaches. For example, the display unit 120 is mounted to the roof of the vehicle 110 using
two straps on opposing ends along a length of the display unit 120. As an alternative or in
addition to, adhesive applied to a base of the display unit 120 may be used to secure the display
unit 120 to the roof of the vehicle 110.

[00102] The system 100 may have at least 1,2, 3,4, 5, 6,7, 8,9, 10 or more display units.
The display units may be of the same size or different sizes.

[00103] A display unit may have a width of at least about 0.1 meters (m), 0.2 m, 0.3 m, 0.4
m,05m,0.6m,07m,08m,09m, Im,2m,3m,4m,5m, 10 m, or greater. The display unit
may have a width less than or equal to about 10 m, Sm,4 m,3m,2m, I m, 0.9 m, 0.8 m, 0.7 m,
0.6 m, 0.5 m, 04 m, 03 m, 02 m,0.1m, orless. The display unit may have a height of at least
about 0.1 m,0.2m, 03 m,04m,05m,06m,0.7m,08m,09m, Im,2m,3m,4m,5m, 10
m, or greater. The display unit may have a height less than or equal to about 10 m, Sm, 4 m, 3
m,2m, 1m,09m,08 m,07m,0.6m,05m,04m, 03 m,02m,0.1 m, or less. The display
unit may have alength of at least 0.1 m, 0.2 m, 03 m,04 m,05m,0.6m,07m,08 m,09m, 1
m,2m,3m,4m,5m, 10 m, or greater. The display unit may have a length less than or equal to
about 10 m,5m,4m,3m,2m, 1m,09m,08 m,0.7m,0.6m,05m,04m,03m,02m,0.1
m, or less.

[00104] The vehicle 110 may be a land vehicle, such as a car, train, truck, van, or bus, and
also may be an airborne or seaborne vehicle, such as an airplane, helicopter, blimp, unmanned
aerial vehicle (UAYV), ship, or boat. The vehicle may be an autonomous or semi-autonomous
vehicle. The vehicle 110 may be a personal vehicle, ataxicab, a self-driving vehicle, or a public
or mass transportation vehicle. The vehicle 110 may transport passengers or cargo along a route
and may allow the display unit to display media content and/or collect information along the

route.
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[00105] The display unit 120 may be mounted to the vehicle and displays dynamic media
content to external audiences. The display unit may be purchased by, rented by, or leased to an
owner or driver of the vehicle 110. The display unit 120 may be mounted on top, on the side, or
above the trunk or license plate of the vehicle 110. The display unit may be stationary or may
rotate in place.

[00106] The network 130 may connect to the display unit 120 and may enable the display
unit 120 to interface with other network-connected devices. These network-connected devices
may include, for example, computing devices, such as mobile phones, tablets, and desktop or
laptop computers. For example, the display unit 120 may connect to a mobile device owned by
the driver of the vehicle, in order for the driver to log information about the traveled route or to
passively collect data from the driver’s mobile device. The display unit may also passively
collect data from other connected computing devices, or position information from devices such
as Wi-Fi beacons. The network 130 may be a cellular network, a Wi-Fi network, or another type

of network.

[00107] FIG. 2A schematically illustrates the display unit 120 from FIG. 1. The display
unit 120 may include a display screen 210 mountable on an exterior portion of the vehicle, a
controller 220 operatively coupled to the display screen 210, a power source unit 240, a sensor
unit 230, and a storage unit 250.

[00108] The display screen 210 may display dynamic content to an audience that is
positioned outside of the vehicle itself (e.g., on a sidewalk along the route). The displayed
content may be dynamically selected responsive to data collected regarding contextual or
environmental conditions. Contextual and environmental conditions may include the time of day,
the amount of traffic, the acceleration and velocity of the vehicle, the amount of air and light
pollution, and other factors observed along the vehicle’s traveled route. The display unit may be
programmed to display graphic image or video content in response to the contextual or
environmental conditions. The display screen 210 may be a liquid crystal (LCD) display device,
a flat panel cathode ray tube (CRT), a thin film transistor (TFT) display device, a plasma device,
or another type of electronic display device.

[00109] The controller 220 may direct the playback of media content on the display
screen. The controller may be a general-purpose computer or a mobile device running a mobile
operating system. Alternatively, the controller may be an integrated circuit device such as a

processor, microcontroller, Application-Specific Integrated Circuit (ASIC) device, or a Field
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Programmable Gate Array (FPGA) device capable of executing instructions contained in one or
more software programs. The controller 220 may be integrated with a sensor unit 230 including
one or more sensors that collect data regarding environmental or contextual conditions. For
example, the controller may be integrated with a sensor unit 230 including one or more of a
global positioning system (GPS), a media sensor, an accelerometer, a gyroscope, a microphone,
or another type of sensor. The sensor unit 230 may include storage to log sensor data. The sensor
data 230 may also upload sensor data to an external server, such as a cloud server. The sensor
data may be made accessible to the controller 220, in order to allow the controller 220 to select
media content for presentation on the display screen 210.

[00110] The controller 220 may select content for presentation from the storage unit 250,
in response to the collected data regarding environmental or contextual conditions. The storage
unit 250 may be a memory unit that is co-located with the controller 230 on the same device.
Alternatively, the storage unit may be located on a different device. The storage unit 250 may be
a Random-Access Memory (RAM) device, a Read Only Memory (ROM) device, a flash memory
device, or another type of storage device.

[00111] Alternatively, the controller 220 may stream content from a remote server. The
controller may connect to this server using Wi-Fi or a cellular network, such as a 3G or 4G
cellular broadband network. The server may be a web server from which publicly available
content may be streamed, or a private server.

[00112] The power source unit 240 provides power to the components of the display unit.
The power source unit 240 may be a battery, such as a lithium-ion battery, a set of AA batteries,
or a set of AAA batteries. The power unit may receive power from a vehicle battery and
alternator.

[00113] FIG. 2B schematically illustrates a circuit diagram of the display unit 120. In
FIG. 2B, two display screens 210A and 2 10B are shown, as well as the controller 220, the power
source unit 240, a cooling unit 255, and the sensor unit 230. Although two display screens are
included in the figure, the display unit may have one display screen or more than two display
screens. Components of the display unit circuit may be printed on one or more printed circuit
boards (PCBs).

The power source unit 240 provides power to the display unit 120 and directs the provided power
to the components within the display unit 120. The power source unit 240 includes a power
supply 242 and a power distribution unit 244. The power source unit 240 may provide the

components with direct current (DC) voltage.
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[00114] The power supply 242 may supply power to the components of the display unit
120. The power supply may be a battery. The power supply may supply, for example, a
symmetric voltage of +/- 12 V DC. The power supply 242 may include the battery and the
alternator of the vehicle 110. The power supply 242 also may include an on/off switch connected
to an accessory circuit. The accessory circuit may, for example, be supplied power through an
accessory source such as the car cigarette lighter and may supply 12 V DC. The accessory circuit
may also include a relay, which may turn on when power is supplied through the accessory
source and may stay off when power is not supplied through the accessory source. The accessory
circuit may also include an on/off switch, which breaks the connection and shuts off power to the
rest of the display unit 120.

[00115] The power distribution unit 244 may direct the power from the power supply 242
to the other components of the display unit 120 using a plurality of wires and terminal blocks.
The power distribution unit 244 may contain one or more DC converters to lower or raise the
voltage supplied by the power supply 242, depending on the voltages required by the components
of the display unit 120. For example, a car battery power supply may supply a system with a DC
symmetric voltage of +/- 12 volts. But individual components of the display unit 120 may only
be rated for +/- 5 volts of DC symmetric voltage. The power distribution unit 244 may use one or
more terminal blocks to connect the components of the display unit 120 to the power supply. The
terminal blocks fasten wires to terminals on the displays 210A and 2 10B in order to supply
potential differences to the displays. The terminal blocks may enable each sub-display to receive
10 V (+5/-5 symmetric) from the power source unit 240. To hold a wire in place, a terminal
block may use a spring-cage connection, in which the connecting wire is enclosed in a cage that
is secured using a spring, a screw connection, in which the wire is held in place using a screw, a
hybrid connection including screw and spring connections, or another type of connection.
[00116] Wires may supply a symmetric DC voltage of +/- 12 V to the power distribution
unit. The DC converters may lower the supplied voltage to +/- 5 V. Then, the terminal blocks
supply voltages of 10 V to each sub-display. The terminals receiving +5 V, in the circuit
diagram, are B, D, F, G, I, and K. The terminals receiving -5 V (the ground terminals) are (A, C,
E.H,J, and, L).

[00117] The display screens 210A and 2 10B may use LEDs to present content to one or
more external audiences along the route. The display screens 210A and 2 10B may comprise
multiple sub-displays. A sub-display may have a terminal, through which the sub-display may

receive power serially from the power distribution unit 244. The display screens 210A and B may
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receive the power after one or more DC converters raise or lower the voltage output from the
power supply unit 242. For example, each sub-display may receive 10 V (+/- 5V symmetric)
from the power distribution unit 244, and the display screens may comprise 12 sub-displays,
which each receive 5 V from the power source 240. The display screens 210A and 2 10B may
receive content for presentation serially from a computing device, such as a mobile phone,
laptop, or tablet.

[00118] In FIG. 2B, the input terminals in each of the sub-displays are labeled B, D, F, G,
1, and K, and receive the voltage supplied by the power distribution unit 244. The ground
terminals are labeled A, C,E, H,J, and, L. The 12 sub-displays are arranged in a 6x2 grid but
may be arranged in another configuration. For example, the 12 sub-displays may be arranged as a
12x1 grid, a 4x3 grid, or a 3x4 grid. There may be more than 12 sub-displays, depending on the
size of the sub-displays used. The LEDs used in the displays 210A and 2 10B may be, for
example, SMD 2020 LEDs.

[00119] The cooling unit 255 prevents the display unit 120 from overheating. The cooling
unit may include one or more heat sinks, fans, liquid cooling devices, heat pipes, or other cooling
devices. A cooling unit fan may be able to operate at one or more speeds when the power source
unit 240 supplies a voltage to the fan. For example, the fan may be able to operate at a fast speed
or a medium speed. The fan may indicate its speed using one or more LEDs or other visual aids.
For example, the fan may indicate a fast speed with a red LED, a medium speed with an orange
LED, or that it is turned off with a blue LED.

[00120] The controller 220 may direct content to the display screens 210A and 2 10B for
presentation and may adjust the presented content in response to received data from one or more
sensors from a sensor unit 230. The controller 220 may include a computing unit 224 and a
diagnosis unit 228.

[00121] The sensor unit 230 may include one or more sensors that collect data, such as
environmental data and context data. The circuit diagram includes atemperature sensor and a
light sensor, but the sensor unit 230 may include other sensors, including one or more of a
particle sensor, an air pollution sensor, a humidity sensor, a microphone or noise meter, a
gyroscope, a GPS, an accelerometer, a camera, a radar system, a light detection and ranging
(LIDAR) system, or the like. As sensors collect data, they may place the data into one or more
discrete groups, based on defined ranges of data values. For example, a temperature sensor may
group temperatures above 60 F into a “high” temperature bucket and temperatures below 60 F

into a “low” temperature bucket. A light sensor may group measurements of more than 1000 lux
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as “bright” and of less than 1000 lux as “dark™. A light sensor may use one or more LEDs to
provide a visual representation of the data it receives. For example, the temperature sensor may
use a black LED to signify a cold temperature, a yellow LED to signify a mild temperature, and a
red LED to signify a hot temperature. The light sensor may have green and white LEDs, for
signifying ambient darkness and ambient lightness, respectively.

[00122] The data collected by the sensors in the sensor unit 230 can be shared with
municipalities or sold to third-parties. For example, municipalities may be interested in obtaining
micro-climate and air pollution data so that they can issue severe weather or air quality alerts.
Ride-share and autonomous vehicle companies, on the other hand, may be interested in obtaining
camera, radar, or LIDAR data.

[00123] The computing unit 224 may provide content to the display screens 210A and

2 10B for presentation. The computing unit may be a mobile computing device containing a
mobile operating system (OS), such as an ANDROID® or iOS® operating system. The
computing unit 224 may be built with a central processing unit (CPU) that operates in low-power
environments. Because of this, the computing unit may receive a voltage that is lower than the
voltage supplied by a vehicle battery or accessory circuit. This may be achieved by the one or
more DC converters from the power source unit 240. The computing unit 224 may include
storage to store content for presentation or may receive content from an external storage source
over a network, such as the network 130. The computing unit 224 may connect to multiple sub-
displays within the display screens 210A and 2 10B using a plurality of serial port connections.
Data from the computing unit 224 may be transmitted to a sub-display using a serial cable, and
from that sub-display to additional sub-displays within the display screen. The computing unit
224 may have one or more connection slots, such as flat cable connection slots, in order to
transmit data to the display screens 210A and 210B. The computing unit 224 may have one or
more serial ports for transmitting and receiving data. The computing unit 224 may receive
information from the sensing unit 230 at the receiving port and use the received information to
dynamically adjust playback of content. The computing unit 224 may transmit collected data
from the route to an external application or service.

[00124] The diagnosis unit 228 enables inspection of the components of the display unit
120. The diagnosis unit 228 may be a circuit board including terminals that connect in parallel
with the various components of the display unit 120, in order to measure voltages across the
components. For example, the diagnosis unit 228 may measure the supplied voltage, the voltage

across the fan, the power to the computing unit 224, and the voltage across the serial terminals of
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the computing unit 224. The diagnosis unit 228 may also display the values received from
sensors within the sensor unit 230, for example, by illuminating LEDs corresponding to the
received sensor data. For example, the diagnosis unit may illuminate a black LED to signify a
low temperature reading.

[00125] The display unit can be attached to the roof-rack of the vehicle.

[00126] FIGs. 2C-F show multiple views of the display unit 120. FIG. 2C shows an oblique
view of the display unit 120, as well as a view of electronic components inside the display unit
120. These electronic components may include the electronic components described in FIG. 2B.
FIGs. 2D, 2E, and 2F show different views of the exterior of the display unit 120. FIG. 2D

shows a side view. FIG. 2E shows a front view. FIG. 2F shows an oblique view.

[00127] FIG. 3 shows an example of a method 300 for displaying media content on the
vehicle 110. The process is implemented in a system including the vehicle 110 and the display
unit 120.

[00128] In a first operation 301, the vehicle 110 is provided comprising a display screen on an
exterior portion of the vehicle. The display screen may be purchased by or licensed to the owner
of the vehicle. The display screen may be part of the display unit 120, also including the
controller 220, the sensor unit 230, the power source unit 240, and the storage unit 250.

[00129] Next, in a second operation 302, the media content is dynamically selected by the
controller 220 while the vehicle 110 is travelling along a route. The dynamically selected media
content may be loaded by the controller onto the display screen via the storage unit 250, or it may
be streamed from a computing device connected to a network, such as the network 130, and
electronically coupled to the display screen. Individual content items may be manually selected
(e.g., selected by the driver, an operator of the vehicle 110, or a passenger) or periodically
selected (e.g., randomly or from a premade queue) according to a time interval. If individual
content items are manually selected, they may still dynamically adjust in response to sensor
events. In addition, the media content may be selected in response to events triggered when the
display unit receives sensor data. The media content may originate from one or more content
providers that have purchased one or more time intervals in which the display unit 120 streams
their content to external audiences along the route. Depending on the route, different media
content may be loaded into the display unit 120 or streamed by the display unit 120.

[00130] The controller 220 may select the media based in part on the speed, velocity, or

acceleration of the vehicle along the route, or environmental or contextual factors along the route.
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Information on motion, contextual, or environmental factors may be collected by one or more
sensors within the sensor unit 230. For example, motion information may be collected by an
accelerometer, a gyroscope, or both. Environmental or contextual factors may be collected by a
global positioning system (GPS), a light sensor, a particle sensor, a photo or video camera, or
another sensing device. Contextual factors may include the geographic location of the vehicle,
the time of day, traffic conditions, ambient lighting, weather conditions, places of interest and
entertainment venues. Places of interest may include apartments, hotels, museums, restaurants,
parks, shopping centers, and bars.

[00131] Next, in a third operation 303, the media content dynamically selected by the
controller 220 is displayed on the display screen 210. The media content is viewable by an
audience external to the vehicle 110. The controller 220 directs playback of the dynamic media
content and may select additional content items after the current content has finished playback.
The controller 220 may select a piece of media content in response to the collected
environmental and contextual data. The controller 220 may select content for display based on a
hierarchy of environmental or contextual data. For example, positioning data may be classified as
more important than air pollution data or light pollution data. When the vehicle reaches a
particular landmark or region, an item with content matching the geographic region may be
selected. The controller may also select based on a weighting of the environmental or contextual
data. The controller 220 may weight environmental and contextual factors, such as positioning,
pollution, lighting, traffic, velocity, and other data, and use the weighted factors in an algorithm
to select content to display, based on the characteristics of the content. Example algorithms used
to select content may be machine learning algorithms. The controller 220 may predict different
external audiences corresponding to different sections of the route, according to logged historical
route data and sensor data from the sensor unit 230. Content items may be matched to the
predicted external audiences and presented based on their degrees of matching to predicted
external audiences at different points along the route. For example, in a geographic area that gets
crowded during rush hour, the controller may select content advertising public transit close to the
area. Within an area at night containing popular nightlife attractions, the controller 220 may
select content advertising popular hotels. The controller 220 may select the data based on
instructions from a content provider, as specified by input instructions through a self-service
portal for content providers.

[00132] The controller 220 may modify the playback of media content in response to

retrieved data in real-time or near real-time. The controller 220 may program specific events to
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occur in response to receiving data from sensors. For example, the controller 220 may respond to
a change in acceleration, retrieved from accelerometer or gyroscope data, by changing the speed
or direction of objects within the content. For example, in response to a vehicle braking sharply,
an ad displaying moving text may cause the text to bounce or collide with the side of the display
and sharply reverse direction. In response to pollution or decreased visibility, a content item may
darken. In response to glare detected by a camera or light sensor, a content item may darken. The
controller 220 may slow down or speed up playback of a content item when the vehicle moves at
a faster or slower velocity.

[00133] FIG. 4 is a diagram of a self-serve portal 400 for content providers. The self-serve
portal allows a content provider to purchase a content presentation opportunity. The portal may
allow a provider to upload content for presentation. Once the content is uploaded, the content
provider may choose date and time ranges in which the content is to be presented. For example, a
date range may be 8/17/17 - 8/18/17, and a time range within that date range may be 5:00 PM -
11:00 PM. In FIG. 3, one date range and associated time range is presented, but multiple non-
contiguous date and time ranges may be chosen. The content provider may also choose a
coverage zone bounding an area in which the content is to be presented. The content provider
may choose one or more coverage zones, which may or may not be contiguous. When
determining the coverage zone or zones, the content provider may be provided with information
about the size of the zone, the purchase price for presenting content within the zone, and the size
of the potential audience that will view the content as it drives along the route. The content
provider may also choose a method to purchase the content presentation opportunity. The content
presentation opportunity may be purchased electronically, using a credit card, debit card,
payment service, or electronic check. The provider may be billed proportionally to the time
period in which the content is presented, the area, the number of content presentations over the
duration of the content presentation opportunity, the length and type of content presented, or
some combination of these factors.

[00134] FIG. 5 shows an analytics portal 500 that allows content providers to receive data
about content presentation statistics. The analytics portal 500 may show statistics for content
groupings, including where the content is being presented and the price charged per piece of
content in each grouping. The analytics portal 500 may show a distribution of impressions of
content played during a selected duration. The analytics portal 500 also may designate atime
period with the largest number of content presentations, a day with the largest number of content

presentations, the number of vehicles presenting the content, the demographics of the audience
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being shown the content, and other data. The analytics portal 500 also may present to content
providers a map showing how many drivers are currently presenting their content as well as the
locations of the drivers presenting the content.

[00135] The analytics portal 500 may also display hardware information. The analytics
portal 500 may display information about the display unit 120, including the type of board,
screen, fan, and when the display unit 120 was last inspected. The analytics portal may also
display information about how often the vehicle 110 was driven within a selected time period.
[00136] FIG. 6 shows multiple views of a mobile application 600 that may be used by a
driver renting a display unit. The driver may be a commercial vehicle driver, a person with a
private car who performs ridesharing activities, a taxicab driver, or a bus driver. Upon purchasing
the display unit, the owner of the vehicle may mount the display unit to his or her vehicle and
earn money by displaying content to external audiences as he or she drives along a route. The
mobile application may upload data obtained along the route from the sensors in the display unit,
which may be seen by content providers. Within the application, a driver may view a total
amount earned to date, as well as target earnings and methods to earn more money. A driver may
also be able to report bugs or issues through the application and receive support for dealing with
the reported issues.

Cameras

[00137] As mentioned above, the sensor unit 230 of the display unit 120 can have one or
more cameras. The cameras can be disposed outside of the display unit 120 (e.g., on the roof or
roof-rack of the vehicle on which the display unit 120 is installed), or they can be integrated into
the display unit 120. The cameras can be integrated into the sides or top of the display unit 120.
In some cases, the cameras can include a camera with a fish-eye lens located in the top of the
vehicle. Together or separately, the cameras can generate a 360-degree view of the environment
of the vehicle.

[00138] In some cases, the sensor unit 230 can instead have other types of imaging device
such as infrared cameras, radar systems, LIDAR systems, or the like. Such imaging devices can
perform some or all of the same functions described below.

[00139] The cameras can obtain images or video of the environment of the vehicle. The
video can provide useful contextual information about (i) demographic groups in particular
locations at particular times and (ii) advertising impressions.

[00140] For example, the video can indicate the age, gender, race, or nationality of people

in the vicinity of the vehicle. Additionally, the video can indicate what clothing those people
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wear, what products (e.g., backpacks, purses, mobile devices, strollers, vehicles) they use,
whether they have children or pets, and whether they are in a relationship (e.g., based on whether
they are holding hands with another person), to name a few examples.

[00141] Machine learning or computer vision algorithms implemented on the display or a
remote server can process the video to provide these insights. For example, a machine learning
algorithm can be configured to predict the age or classify the gender or race of a person in the
video. A different machine learning or computer vision algorithm can be trained to classify
products that people in the vicinity of vehicle are carrying. Such a machine learning algorithm or
computer vision algorithm can classify the products by type (e.g., mobile device, backpack, etc.)
or by brand (e.g., for products classified as a mobile device, whether the mobile device is an
Android or Apple device). Other machine learning algorithms can be configured to predict
whether a person in the video has children, pets, or a partner, e.g., based on the person’s physical
proximity to children, pets, or other people in the video. Still other machine learning algorithms
can be configured to predict the occupation of a person in the video. Such machine learning
algorithms can use features like the person’s clothing, products, and walking direction to make
such a prediction.

[00142] The machine learning algorithms can be supervised, semi-supervised, or
unsupervised. A supervised machine learning algorithm can be trained using labeled training
inputs, i.e., training inputs with known outputs. The training inputs can be provided to an
untrained or partially trained version of the machine learning algorithm to generate a predicted
output. The predicted output can be compared to the known output, and if there is a difference,
the parameters of the machine learning algorithm can be updated. A semi-supervised machine
learning algorithm can be trained using a large number of unlabeled training inputs and a small
number of labeled training inputs. An unsupervised machine learning algorithm, e.g., a clustering
algorithm, can find previously unknown patterns in data sets without pre-existing labels.

[00143] One example of a machine learning algorithm that can perform some of the
functions described above, e.g., making classifications and predictions based on video data, is a
neural network. Neural networks can employ multiple layers of operations to predict one or more
outputs, e.g., the age of a person, from one or more inputs, e.g., frames of video of the person.
Neural networks can include one or more hidden layers situated between an input layer and an
output layer. The output of each layer can be used as input to another layer, e.g., the next hidden
layer or the output layer. Each layer of a neural network can specify one or more transformation

operations to be performed on input to the layer. Such transformation operations may be referred
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to as neurons. The output of a particular neuron can be a weighted sum of the inputs to the
neuron, adjusted with a bias and multiplied by an activation function, e.g., a rectified linear unit
(ReLU) or a sigmoid function.

[00144] Training a neural network can involve providing inputs to the untrained neural
network to generate predicted outputs, comparing the predicted outputs to expected outputs, and
updating the algorithm’s weights and biases to account for the difference between the predicted
outputs and the expected outputs. Specifically, a cost function can be used to calculate a
difference between the predicted outputs and the expected outputs. By computing the derivative
of the cost function with respect to the weights and biases of the network, the weights and biases
can be iteratively adjusted over multiple cycles to minimize the cost function. Training can be
complete when the predicted outputs satisfy a convergence condition, such as obtaining a small
magnitude of calculated cost.

[00145] Convolutional neural networks (CNNs) and recurrent neural networks can be used
to classify or make predictions from images or video. CNNs are neural networks in which
neurons in some layers, called convolutional layers, receive pixels from only small portions of an
image or video. These small portions may be referred to as the neurons’ receptive fields. Each
neuron in such a convolutional layer can have the same weights. In this way, the convolutional
layer can detect features, e.g., shapes or edges, in any portion of the input image.

[00146] RNNs, meanwhile, are neural networks with cyclical connections that can encode
dependencies in time-series data, e.g., video frames. An RNN can include an input layer that is
configured to receive a sequence of time-series inputs. An RNN can also include one or more
hidden recurrent layers that maintain a state. At each time step, each hidden recurrent layer can
compute an output and a next state for the layer. The next state can depend on the previous state
and the current input. The state can be maintained across time steps and can capture
dependencies in the input sequence. Such an RNN can be used to encode times-series features of
a video.

[00147] One example of an RNN is a long short-term memory network (LSTM), which
can be made of LSTM units. An LSTM unit can be made of a cell, an input gate, an output gate,
and a forget gate. The cell can be responsible for keeping track of the dependencies between the
elements in the input sequence. The input gate can control the extent to which a new value flows
into the cell, the forget gate can control the extent to which a value remains in the cell, and the

output gate can control the extent to which the value in the cell is used to compute the output
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activation of the LSTM unit. The activation function of the LSTM gate can be the logistic
function.

[00148] Other examples of machine learning algorithms that can be used to process video
data are regression algorithms, decision trees, support vector machines, Bayesian networks,
clustering algorithms, reinforcement learning algorithms, and the like.

[00149] The demographic information gleaned from the videos can be used to generate
equivalent or substantially equivalent target and control groups of people. A target group can be a
group of people who had an opportunity to view an advertisement on a display on a vehicle. A
control group can be a demographically similar or identical group of people who did not have an
opportunity to view the advertisement. Companies can measure the effectiveness of the
advertisement by comparing (i) the engagement of the target group with the product, service, or
message was that the subject of the advertisement to (ii) the engagement of the control group.
The measure can be more accurate when the target group and the control group are
demographically identical or substantially identical. The video collected by the vehicle, which
can provide detailed demographic information about people in the vicinity of the vehicle, can aid
in generating these identical target and control groups.

[00150] The information about products that people use can be used to do targeted
advertising. For example, if the video data reveals that many people in a particular location at a
particular time use a particular brand of backpack, the display can advertise other products made
by the company that makes the brand of backpack.

[00151] The video can also be used to more accurately measure advertising impressions.
To that end, the cameras can obtain video of people’s faces and gazes. Thereafter, gaze-tracking
algorithms can be used to process the video data to determine whether people in the vicinity of
the vehicle actually viewed an advertisement on the vehicle’s display. This data can be used to
more accurately count the number of people who viewed an advertisement. A true count of
people who viewed an advertisement can be used to compute a more accurate effectiveness
metric of the advertisement than a count of people who simply had an opportunity to view the
advertisement but may or may not have actually viewed it.

[00152] Gaze tracking algorithms can use geometric or statistical techniques to determine
whether a person is looking a camera. In some cases, the camera may contain a particular type of
LED that shines a light at the pupil and measures reflections. Geometric techniques can involve
the use of two or more cameras. Statistical techniques can involve the use of, for example,

convolutional neural networks trained on a data set comprising video or images of people looking
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at particular points. Gaze tracking algorithms are discussed in detail at

https://arxi v.org/ftp/arxiv/papers/1 708/1 708.01 817 pdf, which is entirely incorporated herein by
reference.

[00153 The video can also indicate reactions to advertisements on the display. The
reactions can be used to optimize the type and form of advertisements that are shown on the
display. For example, if video indicates that people are more responsive, or more often look at,
advertisements with red backgrounds than blue backgrounds, the display can show
advertisements with red backgrounds more often. Other aspects of advertisements, including font
color, font size, and length, can be optimized in the same way.

[00154] Responsiveness to advertisements can be measured using one or more facial
models. The facial models can be configured to predict a person’s emotional response to an
advertisement. For example, the facial models can classify a person as being happy, sad, or angry
in response to viewing an advertisement. The facial model can use as features the facial features
or expressions of the person, e.g., laughing, smiling, frowning, or scoffing. The facial model can
be one of the machine learning algorithms described above, e.g., a neural network.

[00155] To optimize the type or form of an advertisement, the camera can obtain a large
set of data comprising various advertisements and corresponding view rates and/or reactions to
the advertisements. Each advertisement can be defined by a plurality of parameters, e.g.,
background color, font color, font size, length, and the like. Each advertisement can be associated
with a view rate and a plurality of reactions. This data can be used, for example, to create a
multiple-regression model or train a machine learning algorithm to optimize the parameters of an
advertisement. The machine learning algorithm can be any of the machine learning algorithms
described herein. In some cases, an advertisement selection algorithm can be adjusted or
retrained as new impression and reaction data becomes available.

Tracking User Engagement Using Credit Card Identifiers

[00156] The display unit of FIG. 2 can be installed in taxis that accept credit cards. In
some cases, a rider may see an advertisement on the display unit as he is entering a taxi and then
swipe his credit card to pay for the taxi. The business responsible for the advertisement can track
whether that user then uses that credit card at the business, which can indicate a conversion based
on the advertisement.

Use of Mobile Location Data to Track Conversions/Engagements

[00157] Location-based mobile data can be used to track customer conversions or

engagements. The display unit can maintain a log of the advertisements it displayed in particular
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locations at particular times. Location data from mobile phones can be used to determine which
people were in the vicinity of the display at the time and therefore had an opportunity to view the
display and the advertisement.

[00158] The mobile data can then be used to determine, for example, if those people,
within a specified time period, visited a store or other location selling the product or service that
was the subject of the advertisement on the display. In some cases, other phone data may be
available. For example, in addition to a person’s location, the person’s online activity may be
available. If a person saw an advertisement for a product and then online shopped for that
product, that may be considered an engagement or a conversion. This location-based and other
mobile data may be obtained from third-parties, or it can be provided by the user directly to the
company responsible for the advertisement. This method of determining customer engagement
can be used in conjunction with any of the other methods described herein.

[00159] FIG. 8 shows a second implementation of the display unit. As depicted in FIG. 8,
the display unit can have alength of at least about 0.7 meters (m), 0.8 m, 0.9 m, 1.0 m, 1.1 m, 1.2
m, 1.3 m, 1.4 m, 1.5 m or more. In one implementation, the display unit can have a length of
1.182 m. The display unit can have a height of at least about 0.1 m, 0.2 m, 0.3 m, 0.4 m, 0.5 m, or
more. In one implementation, the display unit can have a height of 0.372 meters. The display unit
can have a width of at least about 0.05, 0.1, 0.15, 0.2 meters. In one implementation, the display
unit can have a width of 0.12 meters.

[00160] The display unit can have a thin bezel such that the screens of the display unit
occupy 80-100% of the largest faces of the display unit. In one implementation, the screen can
have alength of 1.120 m and a height of 0.320 m. The screen can be a unitary piece, or it can be
made of several panels. For example, the screen can be made of 2, 3,4, 5, 6,7, 8, 9, 10 or more
panels of equal or unequal size.

[00161] The display unit can be configured to attach to the bars of a standard roof rack.

Computer systems

[00162] The present disclosure provides computer systems that are programmed to implement
methods of the disclosure. FIG. 7 shows a computer system 701 that is programmed or
otherwise configured to process various types of data collected from sensors and dynamically
select content for display by the display unit. The computer system 701 can regulate various
aspects of data collection, prediction, and content selection of the present disclosure, such as. for
example, storing data from sensors, storing content, and selecting data for presentation. The

computer system 701 can be an electronic device of a user or a computer system that is remotely
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located with respect to the electronic device. The electronic device can be a mobile electronic
device.

[00163] The computer system 701 includes a central processing unit (CPU, also “processor”
and “computer processor’ herein) 705, which can be a single core or multi core processor, or a
plurality of processors for parallel processing. The computer system 701 also includes memory
or memory location 710 (e.g., random-access memory, read-only memory, flash memory),
electronic storage unit 715 (e.g., hard disk), communication interface 720 (e.g., network adapter)
for communicating with one or more other systems, and peripheral devices 725, such as cache,
other memory, data storage and/or electronic display adapters. The memory 710, storage unit
715, interface 720 and peripheral devices 725 are in communication with the CPU 705 through a
communication bus (solid lines), such as a motherboard. The storage unit 715 can be a data
storage unit (or data repository) for storing data. The computer system 701 can be operatively
coupled to a computer network (“network’) 730 with the aid of the communication interface 720.
The network 730 can be the Internet, an internet and/or extranet, or an intranet and/or extranet
that is in communication with the Internet. The network 730 in some cases is a
telecommunication and/or data network. The network 730 can include one or more computer
servers, which can enable distributed computing, such as cloud computing. The network 730, in
some cases with the aid of the computer system 701, can implement a peer-to-peer network,
which may enable devices coupled to the computer system 701 to behave as a client or a server.
[00164] The CPU 705 can execute a sequence of machine-readable instructions, which can be
embodied in a program or software. The instructions may be stored in a memory location, such
as the memory 710. The instructions can be directed to the CPU 705, which can subsequently
program or otherwise configure the CPU 705 to implement methods of the present disclosure.
Examples of operations performed by the CPU 705 can include fetch, decode, execute, and
writeback.

[00165] The CPU 705 can be part of a circuit, such as an integrated circuit. One or more other
components of the system 701 can be included in the circuit. In some cases, the circuit is an
application specific integrated circuit (ASIC).

[00166] The storage unit 715 can store files, such as drivers, libraries and saved programs.
The storage unit 715 can store user data, e.g., user preferences and user programs. The computer
system 701 in some cases can include one or more additional data storage units that are external
to the computer system 701, such as located on a remote server that is in communication with the

computer system 701 through an intranet or the Internet.
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[00167] The computer system 701 can communicate with one or more remote computer
systems through the network 730. For instance, the computer system 1101 can communicate
with a remote computer system of a user (e.g., a member of the external audience). Examples of
remote computer systems include personal computers {e.g., portable PC), slate or tablet PC’s
{e.g., Apple® iPad, Samsung® Galaxy Tab), telephones, Smart phones (e.g., Apple® iPhone,
Android-enabled device, Blackberry®), or personal digital assistants. The user can access the
computer system 1101 via the network 730.

[00168] Methods as described herein can be implemented by way of machine (e.g., computer
processor) executable code stored on an electronic storage location of the computer system 701,
such as, for example, on the memory 710 or electronic storage unit 715. The machine executable
or machine-readable code can be provided in the form of software. During use, the code can be
executed by the processor 705. In some cases, the code can be retrieved from the storage unit
715 and stored on the memory 710 for ready access by the processor 705. In some situations, the
electronic storage unit 715 can be precluded, and machine-executable instructions are stored on
memory 710.

[00169] The code can be pre-compiled and configured for use with a machine having a
processer adapted to execute the code or can be compiled during runtime. The code can be
supplied in a programming language that can be selected to enable the code to execute in a pre-
compiled or as-compiled fashion.

[00170]  Aspects of the systems and methods provided herein, such as the computer system
701, can be embodied in programming. Various aspects of the technology may be thought of as
“products” or “articles of manufacture” typically in the form of machine (or processor)
executable code and/or associated data that is carried on or embodied in a type of machine
readable medium. Machine-executable code can be stored on an electronic storage unit, such as
memory (e.g., read-only memory, random-access memory, flash memory) or a hard disk.
“Storage” type media can include any or all of the tangible memory of the computers, processors
or the like, or associated modules thereof, such as various semiconductor memories, tape drives,
disk drives and the like, which may provide non-transitory storage at any time for the software
programming. All or portions of the software may at times be communicated through the
Internet or various other telecommunication networks. Such communications, for example, may
enable loading of the software from one computer or processor into another, for example, from a
management server or host computer into the computer platform of an application server. Thus,

another type of media that may bear the software elements includes optical, electrical and
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electromagnetic waves, such as used across physical interfaces between local devices, through
wired and optical landline networks and over various air-links. The physical elements that carry
such waves, such as wired or wireless links, optical links or the like, also may be considered as
media bearing the software. Asused herein, unless restricted to non-transitory, tangible
“storage” media, terms such as computer or machine “readable medium” refer to any medium
that participates in providing instructions to a processor for execution.

[00171] Hence, a machine readable medium, such as computer-executable code, may take
many forms, including but not limited to, a tangible storage medium, a carrier wave medium or
physical transmission medium. Non-volatile storage media include, for example, optical or
magnetic disks, such as any of the storage devices in any computer(s) or the like, such as may be
used to implement the databases, etc. shown in the drawings. Volatile storage media include
dynamic memory, such as main memory of such a computer platform. Tangible transmission
media include coaxial cables; copper wire and fiber optics, including the wires that comprise a
bus within a computer system. Carrier-wave transmission media may take the form of electric or
electromagnetic signals, or acoustic or light waves such as those generated during radio
frequency (RF) and infrared (IR) data communications. Common forms of computer-readable
media therefore include for example: a floppy disk, a flexible disk, hard disk, magnetic tape, any
other magnetic medium, a CD-ROM, DVD or DVD-ROM, any other optical medium, punch
cards paper tape, any other physical storage medium with patterns of holes, a RAM, a ROM, a
PROM and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave
transporting data or instructions, cables or links transporting such a carrier wave, or any other
medium from which a computer may read programming code and/or data. Many of these forms
of computer readable media may be involved in carrying one or more sequences of one or more
instructions to a processor for execution.

[00172] The computer system 701 can include or be in communication with an electronic
display 735 that comprises a user interface (El ) 740 for providing, for example, content providers
to view analytics. Examples of ET’s include, without limitation, a graphical user interface (GET)
and web-based user interface.

[00173] Methods and systems of the present disclosure can be implemented by way of one or
more algorithms. An algorithm can be implemented by way of software upon execution by the
central processing unit 705. The algorithm can, for example, use sensor data to select content for

presentation.
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[00174]  While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Itis not intended that the invention be limited by the specific examples
provided within the specification. While the invention has been described with reference to the
aforementioned specification, the descriptions and illustrations of the embodiments herein are not
meant to be construed in a limiting sense. Numerous variations, changes, and substitutions will
now occur to those skilled in the art without departing from the invention. Furthermore, it shall
be understood that all aspects of the invention are not limited to the specific depictions,
configurations or relative proportions set forth herein which depend upon a variety of conditions
and variables. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is therefore
contemplated that the invention shall also cover any such alternatives, modifications, variations
or equivalents. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED I8S:

1. A method for displaying media content on a vehicle, comprising:
(a) providing said vehicle comprising a display screen on an exterior portion of said
vehicle;
{b) dynamically selecting said media content while said vehicle is travelling along a
route; and
{c) displaying said media content dynamically selected in (b) on said display screen.
2. The method of claim 1, wherein said display screen is part of a display unit mounted on
said exterior portion of said vehicle, which display unit comprises one or more members selected
from the group consisting of a global positioning system (GPS), a wireless transmitter, a wireless

receiver, an optical sensor, an audio sensor, an accelerometer, and a gyroscope.

3. The method of claim 2, wherein said optical sensor is a camera or video unit.
4. The method of claim 2, wherein said optical sensor is a particle sensor.
5. The method of claim 1, wherein in (b), said media content is dynamically selected at least

in part on (i) a speed, velocity or acceleration of said vehicle along a route, or (ii) contextual or
environmental factors along said route.

6. The method of claim 5, wherein said contextual factors include a geographic location of
said vehicle along said route.

7. The method of claim 5, wherein said contextual factors include a time of day in which
said vehicle is travelling said route.

8. The method of claim 5, wherein said environmental factors include traffic conditions or
ambient lighting along said route.

9. The method of claim 1, wherein said vehicle comprises a roof rack, and wherein (a)
comprises fixing said display screen to said roof rack.

10. The method of claim 5, wherein said environmental factors include weather conditions

along the route.

11. The method of claim 5, wherein said contextual factors include places of interest along
said route.
12. The method of claim 11, wherein places of interest include apartments, hotels, museums,

parks, shopping centers, restaurants, and bars.
13. The method of claim 5, wherein said contextual factors include entertainment events

happening in a vicinity of the route.
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14. The method of claim 1, wherein along said route, said vehicle undergoes a change in
velocity or acceleration, and wherein said media content is dynamically adjusted in response to
said change in velocity or acceleration.

15. The method of claim 14, wherein along said route, said vehicle stops.

16. The method of claim 1, further comprising using a sensor to collect audio or video data
along said route, and using said audio or video data to dynamically select said media content.
17. The method of claim 16, wherein said sensor captures a multi-angle video of conditions
along said route.

18. The method of claim 17, wherein said conditions are route conditions.

19. The method of claim 1, further comprising using a sensor to collect geographic data along
said route, and using said geographic data to dynamically select said media content.

20. The method of claim 1, further comprising using one or more sensors to collect
environmental data.

21. The method of claim 20, wherein said environmental data includes data indicative of
visibility along said route.

22. The method of claim 21, further comprising adjusting said media content in response to
said change in visibility.

23. The method of claim 20, further comprising determining one or more environmental
conditions from said environmental data, and adjusting said media content in response to said
environmental conditions.

24, The method of claim 23, wherein said one or more environmental conditions includes air

pollution or light pollution.

25. The method of claim 1, further comprising logging information along said route.

26. The method of claim 1, further comprising logging demographic information along said
route.

27. The method of claim 26, wherein said demographic information includes a number of

passengers along said route.

28. The method of claim 26, wherein said demographic information includes video of
pedestrian or vehicle traffic along said route.

29. The method of claim 1, wherein said content is dynamically selected using a machine

learning algorithm.
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30. A system for displaying media content on a vehicle, comprising:

a display screen mountable on an exterior portion of said vehicle; and

a controller operatively coupled to said display screen, wherein said controller is
programmed to (i) dynamically select said media content while said vehicle is travelling along a
route; and (ii) direct said media content dynamically selected in (i) to be displayed on said
display screen.
31. The system of claim 30, wherein said controller is programmed to dynamically select said
media content based at least in part on (i) a speed, velocity or acceleration of said vehicle along a
route, or (ii) contextual or environmental factors along said route.
32. The system of claim 30, further comprising a sensor for collecting audio or video data
along said route.
33. The system of claim 32, wherein the sensor is a multi-angle camera.
34. The system of claim 30, further comprising a logging module for storing information
collected along said route.
35. The system of claim 30, further comprising a sensor for determining the velocity and
acceleration of the vehicle along said route.
36. The system of claim 30, wherein the media content is selected from content stored on an
online portal.
37. The system of claim 36, wherein the online portal is configured to permit content
providers to upload content.
38. The system of claim 36, wherein the online portal is configured to permit content
providers to choose a time interval in which to display content.
39. The system of claim 36, wherein the online portal is configured to permit content
providers to choose how often the content is played back.
40. The system of claim 36, wherein the online portal is configured to permit content
providers to choose a bounded area in which media content playback occurs.
41. The system of claim 30, wherein the system communicates with connected devices using
Wi-Fi and Bluetooth.
42. A method for determining an impression, comprising:

{a) displaying media content on a screen during a first time period;

{b) obtaining, using a camera, video of a subject adjacent to said screen; and

{c) processing said video, using a gaze-tracking algorithm, to determine whether said

subject looked at said screen during said time period.
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43. The method of claim 42, wherein said screen is disposed on a vehicle.
44, The method of claim 42, wherein said camera is integrated into said screen.
45. The method of claim 42, wherein said gaze-tracking algorithm comprises a machine

learning algorithm.

46. The method of claim 45, wherein said machine learning algorithm comprises a
convolutional neural network.

47. The method of claim 42, wherein said gaze-tracking algorithm uses geometric techniques.
48. The method of claim 42, further comprising, repeating (a) to (c) for a plurality of subjects
other than said subject and computing an impression rate for said media content.

49. A method for determining a rate of engagement by a target group, comprising:

(a) displaying media content on a display screen at a first time at a first location;

(b) determining, using mobile phone data, one or more subjects who were within a
specified distance of said first location at said first time, which one or more subjects comprise
said target group;

(c) tracking, using said mobile phone data, a subset of said target group to a second
location indicative of an engagement associated with said media content; and

(d) determining said rate of engagement by processing a size of said subset and a size of
said target group.

50. The methed of claim 49, wherein said display screen is on or mounted to a vehicle.
51. The method of claim 49, wherein said tracking is performed within a specified time of
said first time.

52. The method of claim 51, wherein said specified time is at most one week.

53. A system for determining an impression, comprising:

a display screen mountable on an exterior portion of a vehicle, which display screen is
configured to display media content during a first time period;

a camera configured to obtain video of a subject adjacent to said display screen; and

a controller operatively coupled to said display screen, wherein said controller is
programmed to process said video, using a gaze-tracking algorithm, to determine whether said

subject looked at said display screen during said time period.

SEC et al. v. MRI
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54. A system for determining a rate of engagement by a target group, comprising:

a display screen mountable on an exterior portion of a vehicle, which display screen is
configured to display media content at a first time at a first location;

{b) determining, using mobile phone data, one or more subjects who were within a
specified distance of said first location at said first time, which one or more subjects comprise
said target group;

(c) tracking, using said mobile phone data, a subset of said target group to a second
location indicative of an engagement associated with said media content; and

{d) determining said rate of engagement by processing a size of said subset and a size of

said target group.
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FIG. 2C
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FIG. 2F
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. I Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this intemational application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rute 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group I: Claims 1-41 are directed towards a method and system for displaying media content on a vehicle. -
Group Il: Claims 42-48 & 53 are directed towards a method and system for determining an impression.
Group lll: Claims 49-52 & 54 are directed towards a method and system for determining a rate of engagement by a target group.

***.continued in last supplemental box-***

1. D As all required additional search fees were timely paid by the applicant, this intemmational search report covers all searchable

claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Group I: 1-41

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/2 10 (continuation offirst sheet (2)) (July 2019)
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-***-Continued from Box No. 1l Observations where unity of invention is lacking -**-

The inventions listed as Groups |-} do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group ! include at least providing said vehicle comprising a display screen on an exterior portion of said
vehicle; dynamically selecting said media content while said vehicle is travelling along a route, which are not present in Groups Il-Ill.

The special technical features of Group Il include at least obtaining, using a camera, video of a subject adjacent to said screen; and
processing said video, using a gaze-tracking algorithm, to determine whether said subject looked at said screen during said time period,
which are not present in Groups | and Hii.

The special technical features of Group il include at least determining, using mobile phone data, one or more subjects who were within a
specified distance of said first location at said first time, which one or more subjects comprise said target group; tracking, using said
mobile phone data, a subset of said target group to a second location indicative of an engagement associated with said media content;
and determining said rate of engagement by processing a size of said subset and a size of said target graup, which are not presentin
Groups i-1l.

The common technical features shared by Groups I-1ll are a method and system, comprising: displaying media content on a screen; and
tracking engagement associated with the media content.

However, these common features are previously disclosed by US 2016/0083136A1 to BALLY GAMING INC. (hereinafter "Bally”). Bally
discloses a method and system, comprising: displaying media content on a screen and tracking engagement associated with the media
content (a system and method includes capturing images of the player's gaze with a camera while displaying a plurality of reference
symbols at locations on the display during seriat display of game video content; Abstract).

Since the common technical features are previously disclosed by the Bally reference, these common features are not special and so
Groups I-1l] lack unity.
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JPZ006032890A CLOSED LOOP CIRCULATING RADIATOR AND SCREEN MODULE USING SAME

Espacenet

Applicants: METAL IND RES & DEV CT
Inventors: HUANG TSUNG-WEN, LA CHYI-LANG

Classifications:
PC HO11L.23/487; HOSKT/20;

CPC HOBK7/206 {(EP};

Priorities: TW83121717A 2004-07-21

Application: JP2006032880A-2004-12-08

Publication: JP2006032880A-2006-02-02

Published as: JP2006032880A,; TW2006057584; US2006018033A1

CLOSED LOOP CIRCULATING RADIATOR AND SCREEN MODULE USING SAME
Abstract

<P>PROBLEM TO BE SCLVED: To provide a closed loop circulating radiator which efficiently radiates a heating value
generated in a housing and reduces inside and ouiside temperature differences, and a screen module of a liquid crystal
screen module or the like using the closed loop circulating radiator. <P>SOLUTION: A portion between an upper outliet
7 of a housing 2 and a lower inlet 8 of the housing 2 is communicated by means of a metal duct 3, and a closed loop
thermal circulation is formed by the housing 2 and the metal duct 3. And, gas {refrigerant) filled in the housing 2 is
circulated through the metal duct 3 and there is effectively and oulside radiated a heat which is generated in the housing
2 by plural radiation fins 5 formed around the metal duct 3. With respect o a ciosed loop radiation circulating path, one
piece or plurality may be sufficient. <P>COPYRIGHT: (C)2006,JPO&NCIF]

https://worldwide.espacenet.com/patent/search/family /035656903 /publication/JP2006032890A 7q=pn%20any %20%22jp2006032... 8/12/2020
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Abstract of JP200200D6382 (&)

FROBLEM TO BE SOLVED: To provide a liquid crystal display device in which
temperaiure increase is preveniad by cocling a guid orystal panel and a polanzing
plate with a cooling Haguid and which device can be efficiently cooled with a simple
structure. SCLUTION: A container is disposed on the optical axis of the light from a
light source. The container has an insert port where a liguid orysial panel can be
inserted and has a window on each face in the enfrance side and exit side for light, with
each window coverad with g first or second polarizing plate. After the liguid crystal
panel is inserted into the container, the insert port i closed and sealed to form a space
i the container by the first and second polarizing plates and the aforementioned
sealng means. Than a Hght- ransmitting cooling medium is iniscted inte the space to
absorb the heat generaling in the liguid crysial panel and polarizing plates and o
raciate the heat to the outsids through the container,
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(57} [Claim{s)]
[Claim 1]
A display assembly mounted on a roof of

a vehicle.

A housing adapted to be mounted on the
roof of the vehicle ;

In the housing, 1 and 2 electronic displa

vs arranged back-to-back and having fro
nt and rear surfaces ;

Al and a 2 transparent panel, each of w
hich is disposad in front of the front surf

ace of one of the 1 and 2 electronic dispi
ays ;

A1 and a 2 thermal plate, each of which
is disposed behind the back of one of the
1 and 2 electronic displays ;

An open loop path, said open loop path ¢
omprising :

A suction opening located in the housing

to take up ambient air ;

A 1 and a Z open loop channel, each of w
hich is disposad batween one of said 1 a

nd 2 heat plates and one of said 1 and 2

displays ;

A plurality of inlet openings disposed in e

ach of said 1 and 2 heat plates, sach of s
aid inlet openings being in gas communic
ation between said inlat opening and at

aast one of said 1 and 2 open loop chann
els ;

A discharge opening located in the housi

ng for discharging ambient air ;

A plurality of cutlet openings arranged in
each of said 1 and 2 heat plates, sach of

said ocutiat openings being batween said
discharge opening and at lzast one of sai
d 1 and 2 open loop channels ;

A plurality of outlet openings connected i
n gas communication ;
It ** and the aforementionad open loop

course,
Aliowing the flow of ambient air to be ad
mitted to the 1 and 2 portions of the rec

https:/fwww j-platpat.inpit. go jp/p0260 7312026
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6]
(¢
()

gived stream through the inlet opening
nd into the 1 and 2 opan loop channals ;
The open loop path is configured to coupl
e the 1 and 2 segments after exiting the
outlet opening and to drain the combined
stream through the discharge opening.

A closad loop path, wherein the cdosad lo
op path is a closed loop path.

A1 and a 2 dosed ioop channel, each of
which is arranged between one of the 1
and the 2 transparent panel and one of t
he 1 and the 2 display ;

A closed loop plenum defined by said 1 2
nd 2 heat plates, said closed lcop plenu
m baing configured to be in gas commun
ication with said 1 and 2 dlosed loop cha
nnels ;

A closead loop path

****;

A display assembly.

[Claim 2]

A display assembly according to claim i,
wherein :

A plurality of electronic components mou
nted on a back of at least one of said 1 a
nd 2 thermal plates.

Further provided is a display assembly.
fClaim 3]

A display assembly according to claim 1,

wherein :

A plurality of closed loop fans, each of w
hich is arranged spaced apart from each
other and which is configured such that a
circulating gas travels through the closed
loop plenum and at least one of the 1 an
d 2 closed loop channels,

Further provided is a display assembly.
[Claim 4]

A display assembly according to claim 1,

wherein :

An open loop fan arranged so that ambie
nt air fravels through at least one of said
i and 2 open loop channels.

Further provided is a display assembly.
[Claim 5]

A display assembly according to claim 1,

whereain :
The housing has a plurality of legs.

https:/fwww j-platpat.inpit. go jp/p0260 7312026
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A display assembly, wherain each of said
plurality of tegs has a lower surface confi
gured to contact and substantially confor
m to an upper surface of said roof of said
vehicle.

[Claim 6]

A display assembly according to claim &,
wharein :

Each of the plurality of inlet openingsis s
paced afong a 1 end of tha 1 and 2 haat
plates.

Each of the plurality of outlet openings is
spaced along a 1 end of the 2 and 2 haat
plates.

A display assembly.

[Claim 7]

A display assembly according to claim &,
wherein :

Each of the plurality of inlel openings is
vertically spaced.

Each of said plurality of cutlet opanings i
s vertically spacad.

A display assembly.

[Detailed description of the invention]
[Technical field}

{0001}

CROSS-REFERENCE TO RELATED APPLIC
ATIONS

{00011 The present invention claims the
priority of U.S. Provisional Patent Applica
tion No. 52/303,806, filed March 4, 201
&, which is incorporated herein by refere

nce in its entirety.

[oo02]

{Technical field}

{00027 Embodiments of the present inve
ntion generally relate to cooling systems

for electronic displays.
[Background of the Invention]
{6003]

https:/fwww j-platpat.inpit. go jp/p0260 7312026
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6]
(¢

{Background}

[0003] Etectronic displays are sometimes
used in an outdoor environment or other
areas where the ambient temperature is
high, or other areas where the ambient t
emperature is high, other heal sources
hat increase in temperature in the displa
y, such as a solar load, and the like. *. H
owaver, some portions of the display are
difficult to cool. This is because simply su
cking ambient air into that portion of the
portion causes dust to be introduced into
and contaminate the sensitive portion of
the display which could lead to prematur
e failura,

[Summary of the invention]

{Maans for solving the problem]

[0004]

{Summary of an invention concept)
{00047 An exemplary embodiment includ
es various channels of fluid, e.g., air, pas
sing through an electronic display housin
g. At least one channal is a closed loop a
nd some other channeals can provide an o
pen loop. Tha closed loop flow path prefe
rably circulates through the sealed electr
onics compartment and passes between
the elactronic display and the front trans
parent panel. A 1 open loop of ambient a

ir passes behind the 1 electronic display,
while a 2 flow path of ambient air can pa
55 behind the 2 display. In some embodi
mants, open loop air may also remove h
eat from a thermal plate having an elaclr
onic component, and in some embodime
nts, open loop air may also remove haat
from an LED backlight (LED display).
[Briaf Description of the Drawings]
[0005]

BRIEF DESCRIPTION OF THE DRAWINGS
In addition to the features described abo

ve, other aspects of the present inventio
n will becomne apparant from the followin
g description of the drawings and from t
he description of the exemplary embodi

ments of the invention, wherein : 0005.
In the drawings, like referance numerals
common o several figures represent ide

https:/fwww j-platpat.inpit. go jp/p0260 7312026
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ntical or equivalent faaturas.

[Fig. 1JFIG. 1 is a front perspective view
of an exemplary ermnbodiment of a double
-sided display assembly, also showing cu
tting linas A-A, B-B, and C-C, 0006.

[Fig. 2JFIG. D007 is a side cross-sections
I view of the embodiment of FIG. 1 taken
along line A-A of FIG. 2 ;.

[Fig. 3IFIG. 0008 is a front cross-section
al view of the embodiment of FIG. 1 take
n along line B-B of FIG. 3 ;.

[Fig. 41[0009] FIG. 4 is a top cross-secti
onal view of the embodiment of FIG. 1 ta
ken along line C-C, showing the location
of Detail A,

{Fig. 5][0010] FIG. 5 is a detailad parspe
ctive view of Detail A,

{Fig. 6J[0011] FIG. 6 is an exploded vie
w of 2 portion of the embodiment of FIG.

[FIG.2]

[FIG.3]
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[FIG.4]

[FIG.5]
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Abstract of WOZ2003088125 (A3}

Embodiments relate generaily (o various thermal control featurss for slecltronic
displays. One featurs comprises a closed loop isolated gas chamber, where a first
chamber is in contact with the display surface and transfers heat betwsen the isclated
gas and the display surface. A second chamber is in gaseous communication with the
first chamber and is adapled to heat or cool the isolaiad gas and reintroduce the
isolated gas into the first chamber. Ancther feature usss consiricted convention to
facilifate the cooling of the backlight assembly for the electronic display. Another
feature usas an air curtain to further heat or cool the exterior viswing surface of the
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display. Ancther featurs uses & linear By
polarizer with an insulating gap 1o reducs ‘ i
the solar loading of the display stack and
provida insulation from the ambient air
temperatura. Another Teature uses a flud
system {o contact fluid coolant with the
display surface in order {0 cool the
display. Each of the features may be used
alone, or in combination {o provide the a7
proper operating temperature for the '
display depending on itg desired
operating environment.

g
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